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Data Booklet

for
Chemistry (Advanced Level)

TABLES OF CHEMICAL DATA
Important values, constants and standards
molar gas constant R =831 JK mol”’
the Faraday constant F =965 x 10*C mol™'
the Avogadro constant @ =6.02 x 102 mol™"
the Planck constant h =663x10%¥Js
speed of light in a vacuum c =300x108ms™
rest mass of proton, |H my =167 x 107 kg
rest mass of neutron, jn my,  =167x107 kg
rest mass of electron, Je Mg - 9.11 x 10 kg
electronic charge e =-160x107"°C
molar volume of gas Vm  =22.4dm°mol” ats.t.p.
Vm =24 dm’mol™" under room conditions

(where s.t.p. is expressed as 101 kPa, approximately, and 273 K (0 °C))

" jonic product of water K,  =1.00x 10" mol dm™
(at 298 K [25 °C])
specific heat capacity of water =4.18 kJ kq-1 K-
(=4.18Jg " K™
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Bond energies

(a) Diatomic molecules

Bond Energy/kJ mol™
H—H 436
D—D 442
N=N 994
0=0 496
F—F 158
cCl 244
Br—Br 193
—I 151
H—F 562
H—C! 431
H—Br 366
H—I 299

(b) Polyatomic molecules

Bond Energy/kJ mol™
cC—C 350
Cc=C 610
C=C 840
C=C (benzene) 520
o H 410
c—Cli 340
Cc—Br 280
C—I 240
C—0O 360
o= 740
o N 305
N 610
C=N 890
N—H 390
N—N 160
N=N 410
O—H 460
0—0 150
S—Cl 359
Si—H 320
Si—0 44
. 222
s —Cl 250
S—H el
s—S 264

1000 Chemistry #eq uit i )



i %at298K (25°C)
de potential and redox potentials, E®a
lectro
Standard e

i der, ,
st i alphabetical or i i.e. a redox series.
(a) an extendﬁdtl;:t‘;:cre':sing order of magnitude, i..
is
(b) ashorter

(a) E®in alphabetical order
(a) £ WA — —

E°I
Electrode reaction o

i B} y -1.66

APt 43¢ % Al e
Ba?® + 2¢” - Ba ] 2%

Br, + 2e” = 2Br o
Ca®*+2e” Ca ] 207
Clz+2e' = 2Cl1 oy

2HOCI + 2H" + 2¢” = Clh+ 2H;0 e
Co® +2e” = Co2+ o2
Co*+e = Co ez
[Co(NHa)el* +2¢~ = Co +6NH;, o4
Ccr' +2e” - Cr os!

cr** +3e” = Cr ’ o7
crt+e = cr ) . o

CrO” +14H" +6e” = 2Cr* + 7TH, 38
o - cu +0.34
e - o +0.15

T - o -0.05
[CU(NHS)..]z* + 2e” = Cu + 4NH, 008
Ce - e -0.44
Fe*+2¢ =  Fe o

F‘es" + 3e” = Fe +0_77

Fea+ e - Fe2* | 6

[Fe(CN)el* +&~ = [Fe(CN)" +0.3
Fe(OH); + e~ = Fe(OH), + OH" 056
sfess = 0.00

hree -2 +0.54

Kre ~ B -2.92

Li'+e = Li | a04
Mg“ +2e” - Mg 238
Ml‘l2+ + 2e” = Mn 118
Mn” +e = Mn2* I
MnO +4H"+2¢" = Mn™+2H;0 +1.23
MnO,"+ & = MnO* +0.56
MnO, + 4H" + 3e” - MnO, + 2H,0 +1.87
MnO4 + 8H* + 5¢- - Mn2* + 4H,0 s
NOy+2H'+e” = NO,+H,0 . +0.81
NO;y + 3H* + 20 - HNO, + H,0 004
NOy™ + 10H" + 8¢~ - NH," + 3H,0 0.87

1000 Chemistry Meg uith Helps



Na*+e” - Na 2.7
Ni*+2e” = N -0.25
[Ni(NHy)e]** +2¢= = Ni+6NH, -0.51
HO;+2H" +2¢° =  2H,0 +1.77
Oz +4H" + 4¢” = 2H,0 +1.23
02+ 2H,0 + 4e” - 40H" +0.40
Q, + 2H" + 2¢ = H,0, +0.68
2H,0 + 2e” = Hy + 20H" -0.83

Pb* +2e” = Pb -0.13

Pb* +2e” = Pb?* +1.69

PbO, + 4H" + 2¢” = Pb% + 2H,0 +1.47
SOZ +4H'+26" =  50,+2H,0 +0.17
S0 +2e" = 23502 +2.01
SO0 +2e" = 25,07 +0.09

Sn?* +2e” = Sn -0.14
Sn*"+2¢" = gp®* +0.15

V2 +2e” = v -1.20

V¥ +e = Va -0.26

VO™ +2H" + e~ = V¥ + H,0 +0.34
VO,' +2H" + e~ = VO? + H,0 +1.00
VO; +4H" + ¢~ = VO? + 2H,0 +1.00
Zn** +2e” = Zn -0.76

All ionic states refer to aqueous ions but other state symbols have been omitted.

1000 Chemistry m;:? with Helps




S

(b E®in decreasing order of oxidising power
(see also the extended alphabetical list on the previous pages)
Electrode reaction
Fp+2e ha 2F
S0 +2 T 2507
H0: + 2H" +2e vt 2H,0
MnO, +8H" +5€ = Mn?" + 4H.0
PbO; + 4H" + 2e sz' + 2H,0
Ch+2e = 2CI~
Cr,07 + 14H" + 6e” 2Cr* + TH0
Brp+2e” = 280
NO{ + 2H+ +e = NO2 + HzO
Ag +e” T Ag
Fe* +¢” = Fe2
I+ 2e” = I
0,+2H0+4e” =  40H
Cu20 +2e = Cu
SO,/ + 4H" +2e = SO, + 2Hzo
Sn"’ +2e = Sn2+
S.06 +2€” = 25,0:%
2H* + 2e” = H,
Pb2+ +2e” = Pb
Sn’* +2e = Sn
Fez’ + 2e” = Fe
an" + 2e” = Zn
M92+ +2e = Mg
Ca"’ +2e” = Ca
K'+e = K
1000 Chemistry ”kg with “Blps

+2.87
+2.01
+1.77
+1.52
+1.47
+1.36
+1.33
+1.07
+0.81
+0.80
+0.77
+0.54
+0.40
+0.34
+0.17
+0.15
+0.09
0.00
-0.13
-0.14
—0.44
-0.76
-2.38
—2.87
-2.92



Atomic and ionic radii

(a) Period 3 atomic/nm lonic/nm
metallic Na 0.186 Na* 0.005
Mg  0.160 Mg* 0.086
Al 0.143 Al 0.050
single covalent Si 0.117 si"  0.041
P 0.110 p* 0.212
S 0.104 s  0.184
o] 0.099 cl~ 0.181
van der Waals Ar 0.192
(b) Group Il ,
metallic Be 0.112 Be**  0.031
Mg  0.160 Mg?*  0.085
Ca  0.197 ca®* 0.099
Sr 0.215 Sr*  0.113
Ba 0.217 Ba** 0.135
Ra 0.220 Ra**  0.140
(c) GrouplVv
single covalent C 0.077
Si 0.117 Si*'  0.041
Ge  0.122 Ge** 0.093
metallic Sn 0.162 sn®*  0.112
Pb 0.175 Pb*  0.120
(d) Group VIl
single covalent F 0.072 F 0.136
Cl 0.099 cl-  0.181
Br 0.114 Brr  0.195
I 0.133 I 0.216
At 0.140
(e) First row transition elements .
single covalent Sc 0.144 Sc 0.081
Ti 0.132 Ti**  0.090
v 0.122 V' 0.074
Cr 0.117 cr  0.069
Mn  0.117 Mn*  0.080
Fe 0.116 Fe:* 0.076
Fe*  0.064
Co 0.116 Co*  0.078
NI 0.115 Ni**  0.078
Cu 0117 Cu®*  0.069
Zn 0125 Zn*  0.074

1000 Chemistry mcg with Helps
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Characteristic ranges

Wavenumber
(reciprocal wavelength)
/ecm™!
Bond
700 to 800
c—Cl
c—0 alcohols, ethers, esters 1000 to 1300
c=C 1610 to 1680
c=0 aldehydes, ketones, acids, esters 1680 to 1750
c=C 2070 to 2250
C=N 2200 to 2280
O—H ‘hydrogen-bonded’ in acids 2500 to 3300
c—H alkanes, alkenes, arenes 2840 to 3095
O—H ‘hydrogen-bonded’ in alcohols, phenols 3230 to 3550 |
N—H primary amines 3350 to 3500
O—H ‘free’ 3580 to 3650

000 chemistry /g uith heps E
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Typical proton chemical shift value (&) relative to T.M.S.=0

Type of proton
R_CH‘
R—CH,—R
R,CH

#°

CH,—C
> "Nor

R _CH,

R—CH,—Hal
R—O—CH,
R—O—H

R,C=CH—

OH

R—NH2

O—NH,

R—C:
NH—
* . sensitive to solvent, concentration

1000 chemistry /e uith Helps

Chemical shift (ppm)
0.9

1.3

1.4-1.7

2.0

2.1

2.3

1.8-3.1

3.2-3.7
3.34.0
0.5-6.0*

4.5-6.0

4.5-7.0*

6.0-9.0

9.0-10.0

9.0-13.0"
1.0-5.0*

3.0-6.0*

5.0-12.0*



. Atoms, Molecules and Stoichiometry

g—r Key content that you will be examined on:

1. Relative masses of atoms and molecules

2. The mole, the Avogadro constant

3. The calculation of empirical and molecular formulae

4. Reacting masses and volumes (of solutions and gases)

IChemistry MC? uih g




Rtoms, Molecules and Stoichiometry

b:'.' .
Topi

E&am Favourite Rating: *Might be tested Yk Likely to be tested JrkkAlways tested

Section A

1. The relative atomic mass of boron, which con-
sists of the isotopes 'SB and B is 10.8. What
is the percentage of ';B atoms in the isotopic
mixture?

A 0.8% B
C 20%

Helping Concepts ' Exam Favourite Ta/inb***

Let x be the percentage of ';B atoms in the isotopic
mixture.

10(1-x)+11x=10.8
x=0.8 (or 80%)

2. In the absence of a catalyst, ammonia burns in an
excess of oxygen to produce steam and nitrogen.
What is the volume of oxygen remaining when
60 cm3 of ammonia is burnt in 100 cm? of oxygen,
all volumes being measured at the same tempera-
ture and pressure?

A 35cm’ B 40 cm?

C 45cm’ ‘D 55 cm?

Helping Concepts ’ Eram Favourite 7?0@***

4NH;(g) +30,(g) = 2N,(g)+ 6H,0(g)

60 cm? of NH, requires 3x 60=45 cm’ of O, .

. Volume of excess O, =100 -45=55 cm’

3. For complete oxidation, 1 mol of an organic com-
pound requires 3 mol of oxygen gas. What could
be the formula of the compound?

A CH,CHO (B cH,CH,OH
C CH,CH, D CH,COH

IIIIH Chemistry MC? with HEIIIS

Helping Concepts ' Enam Favourite ?a/iny>***

CH,CH,OH +30, - 2CO, +3H,0

A: CH,CHO+ 20, — 2CO, +2H,0
G CH,CH, + 10, — 2CO, +3H,0
D: CH,CO,H+20, - 2CO, +2H,0

_) Use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of
oxygen under room conditions?

A 125x10%2 B 1.34x10%

C 3.0x102 D 3.0x10%

HEI[JII"IQ Concepts 'G\am TFavourrfe Ta/fny>***

Under room conditions, 1 mole of gas occupies
24000 cm®.

500 _ A, 10-2
24000—2.083x10 mol

. N=2.083x107x6.02x10%
=1.25%10%

Hence, n=

5. °Be is used in the production of 'fast neutrons'.

How many neutrons are present in 0.09 g of *Be?
[L =Avogadro constant]

A 0.04L (? 0.05L
0.45L

C 0.09L

'Cx\am Tavourite Ta[iny >* *

In }Be, there are 4 protons and 9 -4 =5 neutrons.

e, =°'9£=0.01 mol
. =5%0.01=0.05 mol

o N oo =0.05L

n
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gas contains the sam

Which of these samples of 2)?

number 0 1 g of hydrogen (M,: Hp
A 22 gof carbon dioxide (M CO,, 44)

B 8 gof methane (M: CH,, 16)
C 20 g of neon (M: Ne, 20)
D 8§ g of ozone (M2 O3, 48)

Enam Favoursle Raling ***

®

A: n=:—i-x3=l.5mol
B n=%x5=2.5 mol
c n=%%=lmol

D: n=-f§x3=0.5mo|

7. Which statement about one mole of metal is al-

ways correct?
, A It contains the same number of
s 1 mol of hydrogen atoms.
B It contains the same number of atoms as
mol of 12C.
C It has the same mass as 1 mol of hydrogen
atoms.
D It is liberated by 1 mol of electrons.

mr&mm Favourile le@ * *

1 mol of a substance contains 6.02 x 1023 of that sub-
stance. Hence, 1 mol of a metal contains the same
number of atoms as 1 mol of hydrogen atoms.

atoms as

1
12

8. How many atoms of carbon are present in 18 g of
glucose, CgH;,04?
A 6.0x102 B 3.6x103
C 6.0x108 D 3.6x10%

M'am Favourile Tah’nz >***

Molar mass of C(H,,0, =6x12+12x1+6x16
=180 g mol™

18
180

Ameunt of C atomsw6x0.1=0.6 mol
Number of C atoms=0.6x6x10% =3.6x10%

Amount of CgH, ,06= =0.1 mol

e 9

M Enam TFavourile Kaling ***

Volume of O
Volume of O,

Total volume of O,

R

1000 Chemistry g uith ol

Frequently Examined Questins

ume of oxygen is required for the com- .

What vol ; 3
bustion of a mixture of 5 cm” of CH, and

plete com

5 cm? of CoHy?
A 10 cm’ B 15cm’
C 20 cm’ p 25cm’

(g) +2H,0(0

(g)+2H20(£’)

3 of CHy=2x5 |
=10cm’

H,=3x5
=15cm’

CH,(g) +20:(®) 7 Co,
C,H,(g)+30:(8) ~ 2CO0,

required to burn 5 cm
required to burn 5 cm? of G,

required =10+15=25 cm’

Use of the Data Booklet is relevant to this question.

A substance X was found to contain 72% carbon,ll
12% hydrogen and 16% oxygen.
What is the empirical formula of X?
A C,HO B C;HO

O)CeH 20 D CgHy0,

Helping Concepts ' Exam Favourile Ta/l‘né >*** "

C H (0]
% mass 72 12 16
A, 12 1 16
Molar ratio 2 .12z .18
12 | 16
=6 12 1

11) What volume of 0.10 mol dm™3 aqueous silver =
nitrate reacts with 20 cm? of 0.20 mol dm™> barium

chloride?
A 10 cm’ B 20 cm3
C 40 cm? ' 80 cm?
Helping Concepts '{fr,\am Favourile Tah’ny>
2AgNO,(aq) + BaCl, (aq)

— 2AgCI(s) + Ba(NO, ), (aq)
Amount of Bz'LCl2 = concentration x volume
=0.20 mol dm~ x -2 dm’
1000

=4x10~ mol



topic 1 Atoms, Molecules and Stoichiometry

Frequently Examined(S)uestions

Amount of AgNO, =2x(4x107%)
=8x107 mol

-3
Volume of AgNO, = 810
0.10

=0.08 dm’
=80 cm?

12. When 20 cm® of a gaseous hydrocarbon were
completely burnt in an excess of oxygen, 60 cm?
of carbon dioxide and 40 cm? of water vapour were
formed, all volumes being measured at the same
temperature and pressure.

What is the formula of the hydrocarbon?
A CH, B C;H,
C C,H, D C,H,

Helping Concepts ! Enam Favourite 7?:1/@**

CH, +(x+3)0, — xCO, + £{H,0

1 volume of C_ H  produces x volumes of CO, and %
volumes of H,O vapour. Therefore from the data, x =3
and %:2, Hence, the hydrocarbon is C,H,.

13. Naturally occurring silicon is a mixture of three
isotopes, 28Si, 2%Si and 30Si. The relative atomic

mass of silicon is 28.109.

What could be the relative abundance of each of
the three isotopes?

1.1% 288, 7.9% 29Si and 1.0% *°Si
B 92.2% 28Si, 4.7% 29Si and 3.1% 30Si
C 95.0% 23Si, 3.2% 29Si and 1.8% 30Si
D 96.3% 28Si, 0.3% 29Si and 3.4% 30Si

Helping Concepts ’ Eram Favourite 7?0/1'!75/ H*’

A: A, =(0.911x28)+(0.079x29)+(0.01x30)

=28.099
C A, =28.068 b
& ‘é‘W

D: A, =28.071

@ A 0.20 g sample of a monobasic acid re'quires

8.0 cm? of 0.40 mol dm™ sodium hydroxide for
complete reaction.

1000 chemistry Mcg with Helps

What is the relative molecular mass of the acid?

A 625 B 250
C 625 D 640

Helping Concepts 'C‘.\am Tavouriie ’J?a/iny>**

HA(aq) + NaOH(aq) — NaA(aq) + H,0(()

Amount of NaOH used = concentration x volume
- Sy 2 dm’
=0.4 mol dm™ x e dm

=3.2x10"° mol

Amount of HA =3.2x10™ mol
020g
3.2x107 mol
=62.5 g mol™

Molar mass of HA =

15. On collision, airbags in cars inflate rapidly due to
the production of nitrogen.

The nitrogen is formed according to the following

equations.
2NaN; — 2Na+ 3N,

I0Na +2KNO, — K,O +5Na,0+N,

How many moles of nitrogen gas are produced
from 1 mol of sodium azide, NaN,?

A 1S (B 16
C 32 D 4.0

Helping Concepts '(S.\am Tavourile 'Walmy>*‘**

I mol of NaN, produces 1 mol of Na and 1.5 mol of
N,.
1 mol of Na produces 0.1 mol of N,.

Hence, total amount of N, = 1.5+0.1=1.6 mol

16. Compound G is a diesel fuel additive which re-
duces the amount of soot formed when the fuel
burns.

0]

07\

0]
compound G

How many moles of oxygen gas are needed to

completely burn 1 mole of compound G?



1 Atoms, Molecules and stoichiometr

B 90
5
2 : g p 100

W KAk

Gis C7H1203'
! C,H;05 * %,—02 - 7€0; +6H,0

.

sl
2

P, with water this

. +onitino flares contain Mg
Self-igniting © 2" 3 vhich is spontane-

produces diphosphane, P2H4, w
ously flammable in air.

Which equation that includes the
diphosphane is balanced?

i A Mg,P,+6H,0 - 3Mg(OH), + P.H,

| B Mg,P,+6H,0 - 3Mg(OH), + PH* Hy
C 2Mg,P,+12H,0 — 6Mg(OH), + P,H, + 2PH,
D 2Mg,P,+ 12H,0 — 6Mg(OH), + 3PH,

m’ Eram Favourile .T@ * *

A: H is not balanced.
C H is not balanced.
D: P is not balanced.

g 17.

g

formation of

18. A gaseous organic compound, X, was burnt in an
ﬁ excess of oxygen. A 0.112 dm? sample of X, mea-
sured at s.t.p., produced 0.88 g of carbon dioxide.

How many carbon atoms are there in one mol-

ecule of X7
Al B 2
C3 D

Helping Concepts

Enam 7a’z:our/'/e Wa/lb***

Let x be the number of C atoms per molecule of X,
Therefore, 1 mole of X will produce x moles of CO
when completely burnt in 0,. :

Amount of X used = 0.112
224

=5.00x10~ mol
0.88
12+2(16)
=2.0x10"% mol
< (5.00x107)x=2.0x102 = x=4

Amount of CO, produced =

1000 chemistry m% with Helps

D

Frequently Examined )uestiong

oate ions, C,04% are oxidised by hot
aqueous potassium manganate(VII) ac.
he following equation.

2MnO, " (2@) * 5C,0,> (aq) + 16H" (aq)

—» 2Mn*"(aq) * 10CO, (g) + 8H,0(0)

-3 potassium -
jume of 0.020 mol dm potassium
e Voe‘(lVII) is required to oxidise completely -

19. Ethanedi

acidified,
)0 cording to t

anganat
TO f 103 mol of the salt KHC,0,.H,C,04?
A 20 cm’ B 40 cm’
c 50 cm’ p 125 cm?

Helping Concepts Exam Favourile Raling *** ‘

In 1 mole of KHC2O4-H2C204’ there are 2 moles of

C0,%

Aeor = 2.0x 10~ mol

Mo, = %x M or = 8x10~* mol

Vo = :M"O*’ = %é—gg —4x107 dm’ =40 cm’

n0,~

20. Nervous disorders resulting from mercury poison-
ing occur because mercury forms a 1:1 complex

with lipoyl groups which are vital for glucose me- 4

tabolism.

If the average concentration of lipoyl groups in -

the body fluid is 1.0 x 1078 mol kg1, what mass of
mercury could complex all the lipoyl groups in 3 3

human containing 5.0 kg of body fluid?

[Relative atomic mass: Hg, 200]

A 25x107 g B 4.0x107° g
-7 -5

C 1.0x107" g pjl.OxlO g

Helping Concepts 'c‘i\um Favourite 7?a/m5;>*** ‘

Amount of lipoyl groups in 5.0 kg of body liquid
=(1.0x107%)%5.0

=5.0%10"% mol
Mass of Hg=(5.0x10"%)x 200
=1.0x107 g

21. A mixture of 10 cm?3 of oxygen and 50 cm® of

hydrogen is sparked continuously.

What is the maximum theoretical decrease in vo*

5

ume?




topic 1_Atoms, Molecules and Stoichiometry

Frequently Examined (J)uestions

[All gas volumes are recorded at 298 K and stan-
dard atmospheric pressure.]

A 10cm? B 15c¢m3
C 20 cm’ ‘3 30 cm3

Helping Concepts M?ﬂuouﬂ'/e Taliny >*‘**

2H,(g) + O,(g) — 2H,0(¢) /7

1

0O, is the limiting agent.
Volume of H, used=2x10=20 ¢cm?

.. Maximum decrease in volume
= volume of gases reacted
=10+20=30 cm®

22. Which of the following contains two moles of
solute particles?

A 1.0 dm® of 0.50 mol dm™3 Na,S0,(aq)

B 1.0 dm? of 0.20 mol dm™3 Aly(80,);(aq)
C 4.0 dm? of 0.25 mol dm™3 CH,CO,Na(aq)
D 8.0 dm® of 0.125 mol dm™ CH,CO,H(aq)

Helping Concepts ' Cxam Favourite Tah’ny >*‘**

Amount of CH;CO,Na=0.25x4.0
=1.0 mol

Each CH;CO,Na gives 2 particles, Na* and CH;CO,.

.. Amount of particles present =2x1.0 = 2.0 mol

A: 1.5mol
B: 1.0 mol
D Between 1.0 mol and 2.0 mol

23. The reaction of hydrogen sulfide with sulfur di-
oxide gives sulfur as one of the products.

H,S(aqg) — S(s)+2H"(aq) +2¢"
SO, (aq) + 4H" (aq) + 4- === S(s) + 2H,0(!)

How many moles of hydrogen sulfide are needed
to react with sulfur dioxide to produce 1 mol of
sulfur?

A 1 mol

2
3 B Emol

C 3 mol D 2 mol

m’ Exam Favourile Ta/r'nz >***

2H,S8(aq) + SO, (aq) — 3S(s) + 2H,0(0)
]ﬂﬂl] Chemistry Mc:? with Hﬂllls

From the equation, it can be seen that 2 moles of H,S
react to give 3 moles of S.

Hence, to give 1 mole of S, % mole of H,S is required.

roup I and Group II ionic hydrides react with
water:

H™(s) + H,0(¢) - OH (aq) + H,(g)
In an experiment, 1 g samples of each of the fol-
lowing five ionic hydrides are treated with an ex-
cess of water.
Which sample produces the greatest mass of hy-
drogen?
A CaH, B LiH
C MgH, D NaH

Helping Concepts r&\am Tavourite Wah‘ny>***

1 mol of H™ gives 1 mol of H,. The salt with the great-
est amount of H™ will therefore give the highest amount
of H

2-

A: Amount of H =

B: 0.127 mol
C  0.0760 mol
D: 0.0417 mol

l_x2=0.0475 mol
40,142

- Use of the Data Booklet is relevant to this question.

How many molecules are present in 1 cm? of
oxygen gas under room conditions?

1 x 24000
6.02x10%

1x6.02x10%
24000

C 1x6.02x10% x32

6.02x10% x 24000
1x1000

Helping Concepts ! Crnam Favourite Ta/iny >***

Under room conditions, ¥, =24000 cm® mol™.

B

D

Volume of 1 mol of O, =1 molx 24000 cm® mol™!

1 mol
1 mol x 24000 cm® mo]™!

Amount in 1 cm’® =
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Frequently Examined(,)uestons 1
topic 1 Atoms, Molecules ond stoichiomet : A,m.;:m:) 1:71—0 D otm o ;'
There are 6.02 = 102 molecules in | mol of oxygen- 28. hane Was sparked with an excess of oxygen,

” . : ]_,:_5_9_2_1@3 {ﬂcf cooling to room temperature, the residuaj

-, Number of molecules in 1 ¢m" ="124000 gas was passed through aqueous potassium
’// hydroxide. What volume of gas was absorbed by
the alkali? .

3

; A 15cm’ B 20cm

- jons react 10
26. Equimolar amounts of Cl0, and OH loen(sl lrl s c 25 cm’ b 30 cm’

produce three products; water, ctg!orat
hloro-oxy anion Q.

ClO,~ and another ¢ '
What is the oxidation state of chlorine in the 100 CH,(g) +20,(8) CO,(g)+ 2H,000)

-—

N B +2 C,H,(g)* %()2(;5) —y 2C0,(g)* IH,0(1)
A +l1 2 o
C +5 D +7 The gas absorbed by KOH m'(,f)z.
m Tram Javmurile Rating > W CO, (g) + 20H (ag) — CO” (407 H, (1)
wam Javouril€ alin
There is a di ionation reaction Volume of CO, produced by CH, =10 cm’
ere is a disproportiona . oot =20 .
Clo, is oxidised to ClO,” (oxidation state of Cl de- Volume of COy produced by L3ty ;
creases from +4 to +3). . Total volume of CO, produced =10+ 20=30 cw”
e oxidation state of - 3

Hence, in the chloro-oxy anion, th
Cl should have increased to either +5 or +7.

For +5: 2CI0, +20H" — CIO, * clo;” +H,0 ri;_jJSE of the Data Booklet is relevant to this question. -

For +7: 4CI0, +40H" — 3CI0: +ClO,” +2H,0 Most modern cars are fitted with airbags. These
Note: Both balanced equations fit the informa- work by decomposing sodium azide to liberate
nitrogen gas, which inflates the bag.

tion provided (equimolar amounts of ClO,
and OH"). Hence, both (C) and (D) are ac-
ceptable answers. A typical driver's airbag
azide.
Calculate the volume of nitrogen this will produce.
at room temperature. '

INaN, — 3N, +2Na
contains 50 g of sodium_

Sodium azide, NaN,, is made for use in car ‘airbags’.
hen this compound is heated to 300 °C, it rap- A 9.2 dm’ B 13.9 dm’
idly decomposes into its elements. C 27.7 dm’ D 72.0 dm’

Which volume of gas, at room temperature and  [FRETRERLLEIE ',’:‘m Tarmsrite Fating > ok 1

pressure, would be produced by the decomposi-
tion of one mole of sodium azide? M, (NaN,)=23.0+3(14.0)= 65

3 3 (
A 24dm B 36 dm M, = %3’ =0.769 mol

C 48 dm? D 72 dm?
'C)am Favourile Taliﬂy>***

INaN; — 2Na+3N,

Py, = 2% Ny, =1.154 mol

Helping Concepts

VN: = n_\-: x24=127.7 de

2 mol of NaN, give 3 mol of N,.

- 1 mol of NaN;, give 3 mol of N,. :
3 2 30. Use of the Data Booklet is relevant to this question

3 3 i
Volume of 2 mol of N, =3 24 =36 dm’ Burning sodium reacts with carbon dioxide to P
duce sodium carbonate and carbon only. b

4Na + 3C0O, — 2Na,CO,; +C
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wopic 1_Atoms, Molecules and Stoichiometry

If all the 1.1 x 107 dm? carbon dioxide, measured 32. When Fe is reacted with Fe3*(aq) ions, Fe?*(aq)

at standard temperature and pressure, produced
by each person in a year, could be reacted with

sodium, what would be the mass in grams of so-
jum carbonate produced?

3.2x 107 B 3.5x107
C 73x107 D 7.8x107
Helping Concepts ' Caam Favourite 74@***
7
eo, ='-;’2"4° =4.91x10° mol
ﬂ&:co! =%Xn(~0:

=§x(4.9|x|os)
=3.274x10° mol

ions are formed.

Assuming the reaction goes to completion, how
many moles of Fe and Fe**(aq) would result in a
mixture containing equal numbers of moles of
Fe3*(aq) and Fe?*(aqg) once the reaction had taken

place?

moles of Fe | moles of Fe’* (aq)
A 1 2
B 1 3
C 1 5
D 2 3

Mya.co,

My, co, =223)+12+3(16) =106
=nxM
=(3.274x10°)x106
=347x10" g

31. When an excess of aqueous potassium iodide is

gradually added to aqueous mercury(II) chloride,
the following reaction occur:

Helping Concepts ' Eram Favourile Talinz >**

Fe + 2Fe3* — 3Fe**
1 mole of Fe react with 2 moles of Fe* to form 3 moles
of Fe*. There will be no more Fe3* at the end of the
reaction.
Hence, to have 3 moles of Fe**, we will have to use
1 mole of Fe and (2 +3) moles of Fe3*. This will result
in an excess of 3 moles of Fe’*

HgCl,(aq) + 2KI(aq) — Hgl,(s) + 2KCl(aq) @I 1892, Lord Rayleigh made 'atmospheric nitro-

Hgl, (s) + 2Kl(aq) — K,Hgl, (aq)

Which diagram shows how the mass m of the pre-
cipitate varies with the volume V of aqueous po-
tassium iodide added?

Lot
¢ ¥ O]A

0 \

gen' by removing carbon dioxide, water vapour
and oxygen from a sample of air. He found the
density of this nitrogen to be 1.2572 g dm™3

5.t.p. Chemically pure nitrogen has a density of

1.2505 g dm= at s.t.p.

Which gas present in 'atmospheric nitrogen'
caused this discrepancy?

CA/irgon B helium

C methane D neon

'C; am Favourile 7allhy> * *

The density of 'atmospheric nitrogen' is denser than
pure N,. The impurity in 'atmospheric nitrogen' is
denser than N,.

Comparing M;: M, of N, =28.0

Helping Concepts ' Exam Favourile Ta/ini>**

When KI is gradually added, Hgl, precipitates out
and therefore m increases. After reaching the maxi-
mum, additional KI added is in excess and the precipi-
tate dissolves to form the complex, K,Hgl,. Hence, m
decreases to zero.

1000 chemistry #ecq ith Heps

M, of Ar=39.9
M, of He=4.0
M, of CH, =16.0
M, of Ne=20.2
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ichiomefr
Molecules and Stoichio iy p
pe | HOT have been printed on 36, In the body, ;e:ilzlarogegsrl:;z::" produces energy
. ave X1da °
34. Slt'lc'e 1850, mh(;:L :S:r:ctially becomes brittle and from tfw 0 s fbe stpicre I
a‘."fhc pep™ w'rhese books can be preserved by The diagram sho )
disintegrates. our, Zn(C;Hs)y CH,OH

h diethylzinc vapoul

nt wit ;
fromme ith acid residues and also with

hich reacts both W esidue .
:mall amounts of water retained in the paper: H -
i i i .4 to give ethane. H
Diethylzinc reacts with an acid to & "

Zn(C,Hs), +2HX — ZoX2 ¥ 2C,H, on i

Which products are likely to result from the reac-

tion of diethylzinc with water? i OH
al sweetener has been produced by

A ZnH, +CR, A new artifici .
B ZnH,+C,H;OH replacing all of the hydroyl grou_ps attached c‘h-
C Zn(OH), +C;H, rectly to the ring carbon atoms in glucose with

D Zn(OH), +C,H;OH chlorine atoms. .
What is the empirical formula of this chlorinated

Helping Concupts | AR D sl
glucose?

When HIO is used, X= OZH-OH e A CHCIO B CH2CI
Zﬂ(Csz)z +H,0 = n(OH), 2tle @31{4020 D C6H7C150

Helping Concepts 'E.\am Favourile 7a/@**

The molecular formula of glucose is C¢H O

35. A sample of 0.025 mol of the chloride of an ele-
ment Z was dissolved in distilled water and the In the sweetener, 4 —OH groups are replaced by Cl.

T solution made up to 500 cm3. 12.5 cm? of this The molecular formula of the sweetener is thus
solution reacted with 25 cm? of 0.1 mol dm™ sil- C¢Hg0,Cl,. Hence, its empirical formula is C;H,OCl,.
ver nitrate solution. What is the most likely for-
mula of the chloride?

A Z,Cl B ZCl

C ZCl, D ZCl, @ A sample of 10 dm3 of polluted air is passed
: through lime water so that all the carbon dioxide

Hel C C 5 xam Javouril alin . .
'l ping LONCeR '(. Favourie Fal 5’>** present is precipitated as calcium carbonate. The
f}'ﬂ‘c’;flgz mrt;ztie ;:cfs with chloride ion to give silver(I) mass of calcium carbonate formed is 0.05 g. What
precipitate: is the percentage, by volume, of carbon dioxide

Ag*(aq) + Cl”(aq) — AgClI(s) in the air sample?

Amount of Ag* used = concentration x volume [Relative atomic masses: C, 12; O, 16; Ca, 40;

1 mol of gas under experimental conditions has a

=0.1 mol dm™ x -2 dm’
1000 volume of 24 dm?3 ]

=2.5%x10" mol

Since 1 mole of Ag* reacts with 1 mole of Cl-, A 0.03% B 0.05%
amount of CI” present in 12.5 cm® =2.5%10 mol. €)0.12% D 0.3%
- Helpi ; , _
. Amount of CI" present in 500 cm®= 2.51;]50 i’ x 500 Zg Boneenis '(}"am Favourite Rat ”’D***
=01 e Ca(OH), (aq) + CO,(g) — CaCO;(s) + H,0(¢)
Since 0.025 mole of the compound contain 0.1 mole of ~ Amount of CaCO, precipitated = 9.05
cl})l?nde, 1 mole of the 'compound therefore contain 40+12+3x16
T 4 moles of chloride, =5.0x10~ mol
The formula of the compound is ZCl "9 1 =
4 . % by volume of CO, = 1.2x10™ -
2 0 x100=0.12

I

1000 Chemistry e uith s

9
4
g



Topic 1_Atoms, Molecules and Stoichiometry

Frequently Examined (J)uestions

38. [n a pathology laboratory, a sample of urine con-
taining 0.120 g of urea, NH,CONH,, (M, = 60) was
treated with an excess of nitrous ac:id.lr The urea
reacted according to the following equation.

NH,CONH, +2HNO, - CO, +2N, +3H,0
The gas produced was passed through aqueous

sodium hydroxide and the final volume measured.
What was this volume at room temperature and

y

pressure?

[Molar volume of a gas at r.t.p. is 24000 cm3
mol™!]

A 9.6cm’ B 14.4 cm3

C 48.0 cm? D 96.0 cm3

Hclping CDHCCDIS ' Enam Favourile ?aliny >***

Aqueous NaOH absorbs CO, and the remaining gas
is N,.
2

Amount of urea used = 06!% =2.00x10"3 mol

Amount of N, produced =2x(2.00x107)
=4.00x107 mol

Volume of N, produced = (4.00x107*)x 24000
=96.0 cm’

39. A pure hydrocarbon is used in bottled gas for
\ [ cooking and heating.

When 10 cm? of the hydrocarbon is burned in
70 cm? of oxygen (an excess), the final gaseous
mixture contains 30 cm? of carbon dioxide and
20 cm? of unreated oxygen. All gaseous volumes
were measured under identical conditions.

What is the formula of the hydrocarbon?
A C,H B C;H,

L A Cuam Favourite Raling >RIK

C,H, +(x+2)0, — xCO, + FH;0

By Avogadro's law,

eoy Yoo, x_30 o3

Ne u, VC,HJ, 1 1

”01 = Voz = x+;=70—20 = 3+l=5
new, Ve, 1 10 4
= y=8

1000 chemistry m«:g with Helps

40. A condensation reaction involves eliminating a
molecule of water between two molecules.

Two molecules of phosphoric acid, H;PO,, can
undergo a condensation reaction producing
diphosphoric acid, H,P,0;.

When three molecules of phosphoric acid undergo
a similar condensation reaction, triphosphoric acid
is produced.

What is the molecular formula of triphosphoric

acid?
A HP;04 Q HsP30,4
C H7P3010 H'IP}OH
| Helping Concepts | SRR g
The formula of the triphosphoric acid should be that
of 3 xH;PO, with the elimination of 2 xH,0.
Hence, the triphosphoric acid should contain:
H: 3x3-2x2=35
P: 3x1=3
0: 3x4-2x1=10

i.e. the formula is H5P3010.

41, Use of the Data Booklet is relevant to this question.
\A Sodium percarbonate, (Na,CO,),.»(H,0,), is an
oxidising agent in some home and laundry clean-
ing products.
10.0 cm? of 0.100 mol dm™3 sodium percarbonate

releases 48.0 cm?> of carbon dioxide at room con-
ditions on acidification.

An identical sample, on titration with 0.0500 mol
dm™ KMnO,, requires 24.0 cm? before the first
pink colour appears. KMnO, reacts with H,0, in
the mole ratio 2 : 5.

What is the ratio %?

A B

C D

Helping Concepts 'é)xam Favourite Rating > W K

Mpercarbonate = 0.100x |(l)_go' =1x10"" mol

DLW W=
— W Wit

=—‘&=2x10'3 mol

"co; = 34000



Topio 1 Atoms, Molecules and Stoichiometry

Since 1 mol of percarbonate contain x mol of C, there-
fore, x =2,

M
an‘. = (,0500 x

1
o 1.2%10 " mol

Mo, = 3"'-2*10 "= 3%107" mol

Since 1 mol of precarbonate contain y mol of H,0,,
y=3,

42. When iron is reacted with nqueous iron(111) ions,
iron(11) ions are formed.

Assuming the reaction goes to completion, how
many moles of Fe and of I-'c“(nq) would result in
8 mixture containing equal numbers of moles of
Fe3*(aq) and Fe?*(aq) once the reaction had taken

place?
moles of Fe | moles of Fe'' (aq)
A | 2
B | 3
C | 5
D 2 K

ﬁnum Tavourite Wul;;y> * *

Fe + 2Fe’" — 3F¢®

Helping Concepts

To form x mole of Fe2*, & mole of Fe2* would have 7(
reacted with § mole of Fe.
. P _2x, . 5x
Therefore, initial Moo = 3 +x= 3
X
Hge =5
x . 5x
. HF"MF',‘. =§:T=l 5

43. In an experiment, 50 cm3 of a 0.1 mol dm~3 solu-

tion of a metallic salt reacted exactly with 25 cm?
“( of 0.1 mol dm™3 aqueous sodium sulfite.

The half-equation for oxidation of sulfite ion is
shown below.
$0," (aq) + H,0(() - SO, (aq) + 2H" (aq) + 2¢”

If the original oxidation number of the metal in the
salt was 3, what would be the new oxidation
number of the metal?

A0 B 1
C2 D 4

1000 Chemistry ”kg with Halps

anuonﬂylnmlnod(gum

Hndpnagy Cooneepte 'f"-mm Ftiienir ifu 'ﬁ'—://ny .**

Amount of sulfite used = concentration  volympe
=00 moldm '» 2 i
1y d"‘

= 2.5210 " mol

Amount of electrons lost = 2x(2.5«10")

= 5210 mol
Amount of electrons gained by metallic saly
=nmount of electrons lost by sulfite
« 5% 10 mol
Amount of metallic salt used

] o
0 dm |
1000 i

= 0.1 mol dm ' x
Ax10 " mol

Amount of electrons gained per mole of metalljc salt

_5x10!
5%10" *
= | mol

Ry TR b Y

Hence, oxidation state of the metal decreases by |
unit.

P

I'herefore, its new oxidation state is 12,

44. Carbon disulfide, CS,, is a volatile flammable lig-
) uid used in the manufacture of cellophane,

i el T

On combustion, ()32 15 oxidised as follows,
CS,(g) + 30,(g) — CO,(g) + 250, (g)

A 20 ¢cm? sample of carbon disulfide vapour is
ignited with 100 cm? of oxygen. The final volume 4
of gas after burning is treated with an excess of |
aqueous alkali, '
Which percentage of this final volume dissolves

in the alkali?

[All volumes measured at the same temperature
and pressure, conditions under which CS,is a
gas. |

A 20%
C 60%

B 40%
D 80%

'73 vam Tavuurite WUI/TE;\/ * *
CS, (g) + 30, (g) —» CO, (g) + 250,(8)

Helping Concepts

Initial Vol/cm® 20 100 0 0
Change in Vol/em® =20 -60 +20  +40
Final Vol/cm® 0 40 20 40
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Frequently Examined uestions

The final volume of gas after burning
-40+20+40
=100 cm’

Treatment with aqueous alkali removes the acidic co,
and SO,, so that volume of gases that dissolves m
alkali =20 +40=60 cm’.

Percentage that dissolves in alkali=-160—%x100%

=60%

45. In an attempt to establish the formula of an oxide

fof nitrogen, a known volume of the pure gas was

mixed with hydrogen and passed over a catalyst

at a suitable temperature. 100% conversion of the

oxide to ammonia and water was shown to have
taken place.

H,
N,O, —m-mﬁ—) xNH; +yH,0

2400 cm?’ of the nitrogen oxide, measured at room
temperature and pressure (r.t.p.), produced 7.20 g
of water. The ammonia produced was neutralised
by 200 cm® of 1.0 mol dm™ HCI.

[Molar volume of gas at r.t.p. =24000 cm® mol™};
A:H, 1;0,16]

What was the oxidation number of the nitrogen
in the nitrogen oxide?

A +] B +2
C +3 D +4
'C.lam Tavourite /’_i’;zlf'ny > * '*

Amount of H, O—%Q—O 40 mol

NH; (aq) + HCl(ag) — NH, (aq) + Cl (aq)
Amount of HCI = concentration x volume
=1.0 mol dm™ x% dm’
=0.2 mol
<. Amount of NH; = 0.2 mol

J;_amountof'NH3 02_1
y  amount of H,0 04 2

Empirical formula of the nitrogen oxide is NO,.

. .. 2400
Amount of nitrogen oxide = 24000

Hence,

=0.1 mol

Since 0.1 mol of nitrogen oxide produce 0.2 mol of
NHJ, x= 2.

‘. The molecular formula of the nitrogen oxide is N0,

MChemisu'y m::qm m
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opic 1 _Atoms, Molecules and 10 cm? of C;H,N,, when burnt in O, gives 10 gy

Section B
section, oneé oF more

jons in this i
questio is 1 to 3 may be cor

ch of the
For each of wered statemen

Of the three num
recl.

1 is not
Decide whether each of the statements 15 or

/ ainst
correct (you may find it helpﬁ'll to putb a ";,Ifr:cg;),
the statements that you consider 1o be €

The responses A to D should be selected on the basis

o
A B C D
1 only
land 2only [ 2and 3only |
;}ezcg::'iegt 3?2 com:c:ty are correct | is correct

No other combination of statements is used as a cor-
rect response.

46. Three organic molecules each have

three elements;

e the composition, by mass, C, 54.5%; H,
9.1%.

What could these molecules be?

1 CH,;CH,CH,CO,H

2 OHCCH,CH,CH,0H

3 CH,CH=CHCH,SH

Helping Concepts 'Sxam Favourite Ta/inz>m

*1,%2,43. M, =88 \
% C=%—2—x100%=54.5%
8xl

%H=WXI00%=9'I%

47. In an experiment, 10 cm® of an organic compound

in the gaseous state were sparked with an excess
'\T of oxygen. 20 cm3 of carbon dioxide and 5 cm3 of
nitrogen were obtained among the products. All

gas volumes were measured at the same tempera-
ture and pressure.

Which of the following molecular formulae would
fit these data?

1 GHN
2 CHN
3 GHN,

L Concens | SRR

C:HN: +0, - xCo, + ZH,0+ £N,
2
1000 Chemistry m.-g ith Helps

Frequently Examined uegyy,

of
- k| _
CO, and 10x 5= 5z cm” of N,
Hence, x=2 and z=1 (any reasonable value of Y |
possible).

48. Which statements about a 12.0 g sample of g 4
are correct? ;

1 The number of atoms is 6.02 x 1023,

2 The number of atoms is the same as the »,:
number of atoms in 4.0 g of “He. E

The number of atoms is the same as thy
number of atoms in 2.0 g of IHZ'

m’(fuam Tavourile ﬁ)almy\)***
*1. 4

3

12.0 g of 12C contains 1 mole or 6.02 x 1023 carbon

atoms.
*2. 4.0 g of *He also contains 1 mole of He atoms,
3. 2.0 g 'H, contains 1 mole of H, molecules but 2
moles of H atoms.

. Which of the following statements will be true for
the complete combustion of an akene in oxygen?

1 The volume of oxygen required is directly
proportional to the number of carbon atoms
present in the molecule.

The volume of gas produced at 25 °C is the
same as for the complete combustion of an
alkane with the same number of carbon at-

oms under the same conditions.
3 At 120 °C, the volume of steam produced is

always twice the volume of carbon dioxide.

w !El\ am Tavourite Ralin ]> ***

*1' CMHZM + %Oz - nCOZ +nH20

The volume of O, requires is % and hence it is

slirectly proportional to n, the number of carbon
in the alkene.

C,H

*2. + 3n+l

2n+2 P

0, » nCO, + (n+1)H,0

The volun.]e of CO, produced in both cases are
the same if the alkene have the same number of
carbon atoms per molecule (H,0 is a liquid at

25 °C),



W—
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s

3, The volume of steam produced is the same as
(hat Or C()z-

R— .
——— e ————

—

(89, Which statements about relative molecular mass
are correct?

1 It is the sum of the relative atomic masses
of all the atoms within the molecule.

2 It is the ratio of the average mass of a mol-
ecule to the mass of a '2C atom,

3 It is the ratio of the mass of 1 mol of mol-
ecules to the mass of 1 mol of 'H atoms,

Helping Concepts ' Ciaam 7(1:.:.1//’//« 7:1/‘1‘;/! /** *

*1. M=% 4,
In fact, this is what we use to compute the M, of

a substance given the A, of the elements (atomsk'

that constitute the substance.
Eg M/(C,H,)=2xA(C)+6x A, (H)
=2712+6x1
=30
2. M, is defined as the ratio of the average mass of
I molecule to the mass of a '2C atom.

3, It should be 1 mol of '2C atoms instead of 'H
atoms.

51. Given weighed samples of the same mixture of
magnesium carbonate and barium carbonate, how
can the mole fraction of magnesium carbonate in
the mixture be estimated?

I Add a known volume of 0.1 mol dm™
HCl(aq), in excess, and back titrate the ex-
cess of acid.

2 Add an excess of HCl(aq) and measure, at
known temperature and pressure, the vol-
ume of CO, liberated.

3 Add an excess of HCl(aq) followed by‘an
excess of H,50,(aq); filter, dry and weigh
the precipitate.

Helping Concepts ’ Eovam Favourie ?a//'nzx/\ **

*1,%2. Through back titration or measuring the vol-
ume of CO, evolved, the total amount of car-
bonate in the mixture can be determined. The
mass of each carbonate can then be calculated
and hence the mole fraction.

1000 Chemistry ”7::5r wrth Mﬂs

Frequently Examined )uestions

Let m be the total mass and my be the mass of
BaCO,.
- My My
nCO, M, + .

where My = molar moass of BaCO,,

M, =molar mass of MgCO,.
*3, The ppt. is BaSO,. From the mass of the ppt.,
n, . can be calculated. Hence, the mass of BaCO,

can also be determined.

52. A group of students attempted to estimate the
concentration of a solution of Fe?* by pipetting
fixed volumes of the solution into a flask, adding
an excess of dilute sulfuric acid, and then titrating
with a standard solution of potassium manganate
(VII) from a burette. The volume of KMnO , so-
lution required by one student was 0.2 cm? higher
than that of the other students.

Which of the following are possible explanations

for this discrepancy?

1 The titration flask was rinsed with the solu-
tion of Fe* instead of water before titra-
tion.

2 The last drop of Fe?* solution was blown
from the pipette into the flask.

3 The burette was rinsed with water instead
of the solution of KMnO, before titration.

Helplng COﬂCEptS 'e"}xdm Favvurile 7?0//)17>**

#1. Rinsing the flask with solution of Fe2* gives rise
to more Fe?* than the intended quantity. Hence,
more KMnO, is required for titration.

*2. Pipettes are designed in such a way that with the
last drop, the equipment is calibrated to the speci-
fied volume. Blowing out the last drop from the
pipette gives rise to more Fe2* than the intended
quantity.

*3. Rinsing the burette with water causes the con-
centration of KMnO, in the burette to be lower.
Hence, a larger volume is required to give the
correct amount of KMnO, for titration.
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#—r Key content that you will be examined on:

1. The nudeus of the ztom: neutrons and protons, isotopes,
proton and nucieon numbers

2. Eections dectionic energy levels, ionisation energies, atomic
orotals, extranuciear structure
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fitomic Structure

JekLikely to be tested AR KAlways tested

[ Exam Favourite Rating: *Might be tested

Section A

Which one of the following has the same number
of electrons as an alpha particle?

A H H*

&

Helping Concepts '610”} TFavourite Ta/iny >**

An alpha particle is a helium necleus, i.e. He2* and jt
does not have any electron. The number of electrons
in the species are (A) 1, (B) 0, (C) 2 and (D) 2.

AN

2.) Which of the following elements has the large
second ionisation energy?

AO B F
C Ne D /Na

Helping Concepts ' Enam Favourile WallhD**

Second ionisation energy corresponds to
X'(@ - X (g)+e

The highest value is given by one where - the X* has
a no\ble gas electronic configuration, i.e. Na*: 2,8.

1.

)

3.) Which one of the following represents the con-
figuration of the three electrons of highest en-
ergy for the ground state of an element in Group

m?
A 1s! 25! 2p! B 2s' 2p’
C 3p3 D 4s? 4p!

Helping Concepts ! Enam Favourile Ta/inz >**
2

Group 11l element has 3 valence electrons, 1S np'.
el
These _electrons therefore are the 3 electrons with the

highest =
ghest energy. L/

4. Which one of the following determines the posi-
tion of an element in the Periodic Table.

chemical reactivity

first ionisation energy

number of electrons in outer orbital

number of protons in the nucleus of its atom

A

B
C
D

Helping Concepts r(}\am Favourile X’a/ﬂ>*

The atomic number (or number of protons) of an el-
ement determines its position in the Periodic Table.

b represents an element that forms a simple ion with
a charge of -37
A 1s? 2s% 2p0 3s? 3p!
B)1s2 252 2p° 352 3p?
C 1s? 2s% 2p6 3s2 3p® 3d! 4s?
D 1s? 252 2pb 3s2 3p® 3d3 4s?

Helplng Concepts ' Enam Favourile Ta/iny>***

The element is in Group V. It can take in 3 electrons
(forming X3) to form a stable octet configuration.

.
E(S/Which of the following electronic configurations

6. In which species are the numbers of electrons
and neutrons equal?
9
A JBe B OF
23 N 2-
C TNa’ *0?

Helping Concepts '&xam Favourite ‘Talr‘nb***

In'30°", there are 8 protons and 18 - 8 = 10 neutrons.

The number of electrons = 8 + 2 = 10 since there are 2
electrons more than the number of protons (charge is

W00 chemistry #cq uith Hefs

(&1]
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) - AD B D
tion.
7. Use of the Data Booklet is relevant fo t:::s qu:shave C H D He
’ . ining an electron,
B g ol it Conconts | REREETS
a half-filled set of p orbitals! Sk
ct B N The presence of only 1 proton means that g, il
2 .- p P is hydrogen (H or D). With I neutron, i ;

mmm Favourile Tall’nz >*‘**

ct: 12252 2p! C:1s? 252 2p?
N:1s22s22p% N7 1s? 257 2p
Si-: 1s2 252 2p3 SiZ: 1s% 2s? 2p*
p*: 1s22s2 2p% P: 1s? 252 2p°

8. Which of the following ions contains an unpaired

electron?
A Ca?t B Cu?*
Cc K* D Ti**

Helping Concepts '&mm Tavourite Taliﬂy>***

Cu : [Ar] 3d"° 4s'
Cu®": [Ar] 3d°

T

1

9. What is the order of increasing energy of the listed
orbitals in the atom of titanium?

A 3s3p 3d4s
B 3s 3p 4s 3d
C 3s4s3p 3d
D 4s 3s 3p 3d

M! Eram Favourite Rating > AP v

Ti : 152 252 2p6 352 3p6 342 452

Note: 4s is at a higher level and 4s electrons are
removed before 3d electrons when Ti
ionises.

10. Which of the followin
ticle with the compos
2 electrons?

[D represents deuterium_ 2H]

g formulae Tepresents a par-
ition 1 proton, 1 neutrop and

1000 Chemistry m(;? with HBIl]S

F63+ . lsz 252 2p6 3
Cr+
Mn3+
Ni2t

T 3

Froguenty iy

excess of 1 electron over the proton indicape
is D™

species | protons | neutrons | electrons ]

D l N
D~ l 1
H™ 1 0
He 2 2

11. Which one of the following does not contajp:
either an unpaired s electron or an unpaireq P

electron?

A Cr B Ge

C §° D Sc _
abing Concopts | ARPERETTR AP

Particle Coiﬁgggggns Remarks

Cr [Ar] 3d° 4s' unpaired s electron

Ge [Ar] 3d"" 4s* 4p* | unpaired p electron |

S Is* 25 2p®3s” 3p* | unpaired p electron|

Sc [Ar] 3d' 45 unpaired d electron

12, Wf.lich of the following jons contains five ut
paired d-electrons?
A Cr3t

C Mn3+

B Felt
D Ni2*

CE RN - i i ok

Fe : 152 22 2p6 352 3p6 346 42

52 3p6 345
Is? 252 9p6 32 3p3

t1s? 262 2p6 32 3pd

+ 15?252 2p6 302 347



13. Whichofthefollowhgp-ﬁdswould,onlmng
nmbaveahllf-ﬁlledsaofpm?

AC B N
CN D 0*
N = N=+e
N:1s°2s° 2p°
A C (1552572p%) > C(Is° X§° ‘p)
B N(Is 25‘29) - N (Is" 25" 2p%) +

D O (Is°2s°2p%) - O (Is° 2 3P)—-e“

Frequently Examined _estos
M8 620 650 660 630
wheltmﬂlel‘uwdicTﬂelsﬁs of
segaence
elements likely o be located?
A Group I
B Group Il
C from Li 1o N inclusive
D from Sr to Mo inclusive

[ Concerts | SRS

The differences in the [E's are small indicating that
the elements are transition elements.

14. What kind of orbital must an electron with the
principal quantum number n=2 occupy?
A a spherically-shaped orbital
B either an s or p orbital
C the orbital closest to the nucleus
D a dumb-bell-shaped orbital

' Qier _fouserde C;.\:-;

With prmcrpal quantum number n=2. the orbiwals
present are 2s and 2p orbirals.

Helping Concepts

15. What is the electronic configuration of the atom
of the element which is isoelectronic with H.S7

The electronic configuration of a sulfur atom is

Is® 2s° 2p° 357 3p°
However, in H,S, there are 2 more electrons, each from
a hydrogen atom in forming covalent bonds. Hence,
“‘eeledrmucoouﬁmn'auonofs in H,S is 1s” 2s- 2p°
3s? 3p® (octet configuration).

16. The first ionisation energies, in kJ mol ™', of a se-
quence of elements of increasing proton (atomic)
aumber are given below.

17. Which equation relates to the first ionisation en-
ergy of bromine?
A Brg) > Bri(g) -¢
B Brg) - Bri(g) + ¢
C iBrn(g »Brig-¢
D ;Bf:(g\ - Bri(g) = ¢

Helpmg Concepts " oz Frosmrde m_m\***
safion energy is the cnergy required for 1
15 at ground state, o lose |
~orm mole of gaseous M~ ions

18. Why is the first ionisation energy of Ne higher

than that of F?

A Fluorine is more electronegative than neon.

B Neon has a complete octet, but fluorine does
not.

C The atomic radius of fluorine is less than
that of neon.

D The nuclear charge in neon is greater than
that in fluorine.

Helping Concepts ' STy S—— .(c_n;\**

Ne, having 2 complete octet electronic configuration,
is very stable. Hence, a lot of energy is required o
remove an electron since this will destroy the stable
octet configuration.




Topic 2_Atomic Structure —rope of lead 1 A Atoms are indivisible.
an isoto

: itted.
0X is emitte

I £
the radioactive decay of &
> a[ann isotope of bismuth, a particle _

Which particle is X2
B ion
D proton

' Enam Favourile Ta@*
—1 charge and it is represented as
s close to 0 compared to a pro-
d as °X. Hence, |X is elec-

A electron
C neutron

An electron has a
_ X. Since its mass i
ton, it can be represente
tron.

20. Which isotope of an element in the third period
of the Periodic Table contains the same number

of neutrons as }3S?

A iNa B ;Mg

C Zsi D ;P
'&mm Favourile Tah’ny> * *

Number of neutron in 2S=32-16=16

Number of neutron in }P=31-15=16
A: 23-11=12
B 24-12=12
C 28-14=14

21. Carbon-14 is radioactive and is used by archae-
ologists in carbon dating.

Which species has both the same number of neu-

trons and the same number of electrons as an
atom of carbon-14?

A VNt B 1602+
C 17p+ D 283i

Lot Conceps | (R w—_—

Number of electrons and number of neutrons in car-

bon-14 are 6 i :
- 1602-?“! 8 respectively, which are same as

_

22. 'g\at;t:z!;oxing. ideas were those underlying John
omic theory, published in 1803,

Which idea g known to be correct?

1000 Chemistry m:., with Helps

Frequent!yExaminqu .

B Atoms are very small.
C Atoms of an element are identicy

D Atoms of one element always diffe
from those of another element,

A: Atoms contain sub-atomic particle, e.g, (1) n, :p, )

C Isotopes of an element are not identica],

D: Isotopes of different elements may have the g
mass, €.8. ?gs, ?i P.

rin“

23. An ion Q%' contains 44 protons.
What is the electronic configuration Q2*9
[The symbol [Ar] represents 152 252 2p6 352 ,_f
A [Ar] 3d'0 452 4p° 4d°
B [Ar] 3d'0 452 4p® 442
C [Ar] 3d'0 452 4p© 4dS
D [Ar] 3d'0 452 4p® 448

-Helping Concepts ! Cram Favourite Ta/iny >

In Q, there are 44 electrons and its electronic con v_n."
ration is [Ar] 3d'0 4s2 4pb 4d 552,

Hence, Q* has 42 electrons and its electronic co ]
figuration is [Ar] 3d!0 452 4p% 4dS,

Note: The 2 electrons lost in forming Q** are
from the outermost 5s orbital.

24. Use of the Data Booklet is relepant to this questions

In the gas phase, aluminum and a transition eléj

ment require the same amount of energy to fom
one mole of an ion with 4 54 charge 3

What is the transition

element?
A Co o nt’
C Cu D I(;r
; .
Y &
(g) -> A 2+
- l -
AH —577+1820=2397 kJ fg.) *2e
mo|~
Co(g)
AH = g COZ* -
757 + 1640 - 2397 g l(af) +2e
mo|~
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Frequently Examined () uestions

25. Gallium has the electronic configuration [Ar] 3d10
4s? 4p', where [Ar] represents the configuration
of argon.

In which order are the electrons lost in forming
the Ga** ion?

Ist [ 2nd | 3rd | 4th
Al 3d 4p 4s 4s
B| 3d 4s 4s 4p
C| 4s 4s 4p | 3d
D| 4p 4s 4s 3d

Helping Concepts !(‘Tam Tavourite Ta/l'ng >***

Electrons furthest away from the nucleus are removed
first. Hence, the electrons in Ga are removed in the
order: 4p 4s 4s 3d.

26. Use of the Data Booklet is relevant to this question.

The successive ionisation energies, in kJ mol!,
of an element X are given below.

870 1800 3000 3600 5800 7000
What is X?

A 3;As B gl

C ;0 D ,,Te

Helping Concepts 'Gxam Favourite 717a/1'ny> ***

There is a large difference between the 6th and 7th
ionisation energies, indicating that the 6th and 7th
electrons are from different principal quantum shells.
Hence, X is a Group VI element, i.e. O or Te. However,
from the data booklet, the data do not fit into O. Hence,
Xis Te.

13200

27. The first six ionisation energies of four elements,
A to D, are given.

Which elements is most likely to be in Group IV
of the Periodic Table?

Helping Concepts 'Cumm Pavourile Waliny>**’*

There is a large increase from 4th LE. to 5th LE. This
shows that the 5th electrons is removed from an inner
principal quantum shell. Hence, there are 4 valence
electrons and it is therefore a Group IV element.

28. Which property is the same for the two nuclides
1Ar and K2
A the number of electrons
B the number of neutrons
C the number of nucleons
D the number of protons

HEIDing Concepts '5.\0/:1 Havourile Ta/iny>***

Given a nuclide "X,

m

where n=mass number or nucleon number
= number of protons and neutrons

m = atomic number or proton number
= number of protons

Since both j3Ar and joK have the same value of n,
they have the same nucleon number.

29. The elements radon (Rn), francium (Fr) and ra-
dium (Ra) are consecutive in the Periodic Table.
What is the order of their first ionisation ener-
gies?

least endothermic — most endothermic

A Fr Ra Rn
B Fr Rn Ra
C Ra Fr Rn
D Rn Ra Fr

Helping Concepts ! Exam Favourite Talilb***

Rn is in Group 0 (octet configuration) and it has
the highest first ionisation energy, i.e. most en-
dothermic. Being in the same period, Ra is smaller
and has 1 proton more than Fr since Ra is in Group

LEAJmol | ist [ 2nd [ 3rd | 4th | Sth | 6th |y1and Fris in Group L Consequently, the valence
A 494 | 4560 | 6940 | 9540 | 13400 | 16600 electrons in Ra are more tightly bound and it has
600 | 18000 | @ more endothermic first ionisation energy than
B 736 | 1450 | 7740 [ 10500 | 13 ocs Fr
Y 1090 | 2350 | 4610 | 6220 | 37800 | 47000
D 1400 | 2860 | 4590 | 7480 | 9400 | 53200

'chem_lstry mc?llm Helps
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mg_ggmlc Structure

30, In 1999, chemists claimed totbe ftl;; ::;snt t:u::;:;
' ms of a new element of pro

:llfz ?It‘zls was produced by bonybardmg atoans :f

luv;:nlum Pu, with atoms of an isotope o_f a r? lp

fl olement'. X. The reaction taking place is the fol-

lowing. |
WMpu+X - B9new element] + 3 neutrons (on)

What is X?
C Sr D Ba

M' Enam Favourite Taliﬂ> *

The total number of protons and neutrons must bal-
ance. Hence, the proton number of X is 114-94=20
and hence, X is Ca.

31. The first six ionisation energies of an element, M,
in kJ mol~! are shown.

660; 1267, 2218, 3313, 7863, 9500

M forms its only chloride by heating M with chlo-
rine.

What is the equation for the formation of the
chloride of M?

A 2M +Cl, > 2MCI
B M+Cl, > MCl,
C M+2Cl, > MCl,
D M +3Cl, > MCl,

' Exam Favourite g?ah'ny> ***

There is a large increase from IE, to IE.. Therefore, M
is likely a Group IV element. Hence, M forms MCl, on
reacting with Cl,.

32. Use of the Data Booklet is relevant to this question.

The sunlight-induced photolysis of water is be-
ing investigated as a useful source of the pollu-
tion-free fuel hydrogen.

2H,0 = 2H, + O,
It has been found that anatase, one of the three
crystalline forms of the ionic compound TiO,, is
a good catalyst for this reaction.

How many electrons are associated with each tj-
tanium ion in the anatase lattice?

1000 Chemistry mcg with Helps

quently&a% *ﬁ
A 18 B 19 :
C 20 D 22
iping Concepts | AETERERP TN
,Ti**

Number of electrons =22 — 4=18

—

33. The second ionisation energy of calcium is 15y
kJ mol~!. Which of the following correctly repre.
sents this statement? :

A Ca(g) = Ca®(g)+2e”
B Ca'(g) » Ca**(g)+e”
C Ca*(g) » Ca™(g)+e AH®=-1150 kJ mo[!.
D Ca(s) > Ca®(aq) +2e~ AH®=-+1150 k) mof*

Helping VCOﬂ_CEptS‘ ' Enam Favourile ’/?a/l'nb

Second LE. is defined as the energy required (endot-
hermic) to remove one mole of electrons from one mole
of gaseous M* ion to form one mole of gaseous M*
ions.

A: First LLE. + Second L.E.
C: AH? should be positive.

AH®=+1150 kI mo?
AH®=+1150 kJ mo[!

34. The orbitals of a nitrogen atom may be represented
as shown

ls 2s

[ ]

Which. diagram represents th
trons in the ground state

2p

]

€ arrangement of elec-
of the atom? :

—— '-1

’ 1:111;
B _LL’] ”

—
-
—_—
L
—
e

i el A

SISISIS

— 1]

m C’Aa Z
The atomic Number 0 Yok K

would be 7

. Clect i a ;
is 152 262 93 TOns and the e ectrl::;tral atom, thelG
singly filled, electrong i g Oniigurat
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Frequently Examined (L)uestions

35, Ulse of the Data Booklet is relevant to this question.

The %8Ge isotope of the Group IV element germa-
nium is medically useful because it undergoes a
natural radioactive process to give a gallium iso-
tope, 68Ga, which can be used to detect tumours.
This transformations of germanium occurs when
an electron enters the nucleus, changing a proton
into a neutron.

Which statement about the composition of an
atom of the gallium isotope is correct?

A Tt has 37 neutrons.

B Its proton number is 32,

C It has a total of 32 electrons.

D It has 4 electrons in its outer shell.

Helping Concepts Ej.\am Favaurite Ta@**

From the Periodic Table, gallium-68 may be represented
as $Ga. Hence, number of neutron =68 - 31 =37.

Xe +PtF, - Xe'PtF,
What is the most likely reason for the suggestion
being made?
A O and Xe have similar atomic radii.
B O and Xe have similar electron affinities.
C O and Xe have similar electron configura-
tions.
D O, and Xe have similar first ionisation ener-
gies.

Helping Concepts ﬁmm Favourite Tnl:'np*

In the reactions, both O, and Xe ionise to give o,*
and Xe* respectively. They should have similar first
ionisation energy.

Note: This is similar to saying that both O, and
Xe 'belong to the same group' and they
form similar ionic compounds.

36. Use of the Data Booklet is relevant to this question.

Which particle has more protons than electrons
and more protons than neutrons? (D = 2H)

A D3O+ B H30+
C NHZ‘ D OD~
'(rj\ am Favourite Wa/fny > * *
particles proton neutron electron
H I NN
D I I N N
N 7 7 \\\\
0 8 8 & \
D,0" |[3x1+8=11|3x1+8=1111-1=10
H,0" |3x1+8=11| 0+8=8 |lI-1=10
NH,” [ 7+2x1=9 7+0=7 9+1=10
oD~ 8+1=9 8+1=9 9+1=10

37. Oxygen reacts with platinum(V1) fluoride, PtF, as
follows:

0, +PtF, - O,"PtF;"
It was suggested that xenon should react simi-
larly and, in this way, the first noble gas com-

pound was produced.

lllllll Chemistry MC? with "||IE

38. Which diagram best shows the shapes and rela-
tive energies of 2s and 2p orbitals in carbon?

2

A P D O Aenergy
2s o

B 2p © Aenergy
2s D O
2p

C DOQ energy

2s

2p

b © |
energy
x| OO
Helping Concepts | SENSZS— Rating >WRK

The energy level of a 2p orbital is higher than that of
a 2s orbital.

39. Use of the Data Booklet is relevant to this question.

How many electrons have to be removed to ionise
1.0 x 1078 mol of Ne atoms to Ne™ ions in a neon
advertising tube?



I

2 Atomic Structure 2%Po decays to give an elemem
high energy a-particle (which is a helium “‘rl:ll::_

kL
6.02x10_
1.0x10

I.0x|0‘°x6.02><|0n

B
C 20.2

o 9.65%10°

m***

Ne(g) = Ne'(@)+¢

From the data booklet,
L =6.02x10" mol™
= number of particles in | mol
Since 1 mol of electron is removed to ionise 1 mol of
Ne atoms (from the equation),
pumber of electron removed
=(1.0x107° mol™)x(6.02x10% mol™)

40. The diagram shows the energy levels of various
electronic sub-shells of an atom of a transition
element in the fourth period of the Periodic table.

-y
— x
— 3p

— 3s I

- 2p energy

— 25

— Is

What are sub-shells x and y?
A x=3d,y=4s

B x=4s,y=3d

C x=4s,y=4p

D x=4p,y=3d

mnmm Tavourile Talf'ny >***

::lr an.;ldement bef‘or? the transition elements in the
" opr:; | , the 3d orbital has higher energies than the
ital. However, for the transition elements in the

4th period, the 3d orbital |
4 orbital orbital is at lower energies than the

—_

ndon in November 2006

uih Hos

quuentlyExamimQ
UeStiony |

‘He). No other particle is produced. g.pay®
cause irreparable damage to the tissues of in‘t: E
nal organs. .

2,‘;2Po - gHe + X
Which row in the table correctly describeg ‘,
nuclear make-up of g Po and element X? -

24 PO X
no.of | no.of | no.of
neutrons | protons | neutrons
A 126 80 122
B 126 82 124
C 210 80 206
D 210 82 208

Helping Concepts Enam Favourile Ta/iny>*

No. of neutron in Po=210-84=126
No. of proton in X=84-2=82
Mass number of X=210—-4=206
No. of neutron in X=206-82=124

42. Which of the following diagrams represents the
first four ionisation energies, /, of a Group IIl el-
ement?

Iy Iy

/

/

X -~

* $ —t X
Ist 2nd 3rd 4th

"

—

Ist 2nd 3rd 4th

AN

KX,

XX e

Ist 2nd 3rd 4t Ist 2nd 3rd 4th

|
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ML(/ vam Favourile Ta/fn]> ***

As electrons are progressively removed from an atom,
the removal becomes more difficult due to the con-
traction in size and also increase in the positive charge
of the species. Therefore, there is an increase in the
ionisation energies. However, being a Group 111 ele-
ment, a sudden increase in the 4th ionisation energy
is expected because an electron is removed from the
inner shell of the species that has an octet configu-
ration.

43. Use of the Data Booklet is relevant to this question.

The graph shows the logarithm, Ig, of the
ionisation energies for the outermost seventeen
electrons in an atom of an element X.

54

44, The graph shows the first thirteen ionisation en-
ergies for element X,

ionisation
energy }

o

number of electrons removed

What can be deduced about element X from the
graph?

T U T T 1 LI

T
10
number of electrons

0- l L Ll U —sr

Which of the following could be X?

A argon B calcium

C chlorine D potassium

Helping Concepts r&xam Favourile Tah’nz >**

The graph shows a Group I element since there is a
large jump between the first ionisation energy and the
second ionisation energy, signifying that the first elec-
tron removed is not in the same principal quantum
shell as the subsequent electron, i.e. it is in the out-
ermost shell.

1000 Chemistry Mcg with W

L

A It is a d-block element.

B It is in Group II of the Periodic Table.
C It is in Group III of the Periodic Table.
D

It is in the second period (Li to Ne) of the
Periodic Table.

Helping Concepts Zf}xam Tavourite 7(0///17\)***

There is a large difference between the IE, and IE,,
followed by IE |, and IE,,. This shows that the 2nd
and 3rd electrons are in different quantum shell. Hence,
we can deduce that the element has 2 valence elec-
trons.
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el Concen: | Spm—

Section B

are correct | are correct are correct | is correct

For each of the questions in this section, one or more 1. The nucleon number, or mass number, ;s the n

of the three numbered statements | to 3 may be cor- ber of protons and neutrons in the nucleys

rect neutron number is the number of neutrong |
’ nucleus. Nthe

Decide whether each of the statements is or is not ‘ ]

correct (you may find it helpful to put a tick against 2. The proton number, or atomic number, g the nyp,

the statements that you consider to be correc). ber of protons in the nucleus.

The responses A to D should be selected on the basis *3. For a neutral atom, the number of electropg -

of equal to the number of protons,

A B C D 4
2and Jonly [ 1onl _ ,
L,2and 3 11and 2 only | 2 and 3 ony 4 47. The isotope cobalt-60 (5 Co) is used to destroy

No other combination of statements is used as a cor-
rect response.

45. A species Z has the following electronic configu-
ration.

W [ [y iy g

What could Z be?
1 CI*ion

2 S atom

3 Ar* ion

'(‘Itlﬂl Favourite Z’nh::;:/) ***
*1. ,Cl: 1s? 252 2p® 3s? 3p°
17CI*: 152 257 2p6 357 3p*

2. (S 1s? 25% 2p© 35? 3p*

3. 4Ar: 1s? 2s7 2p6 357 3p°
1gArT: 152 257 2p 352 3p6 452

Note: Ar** would be an answer.

46. Which statements about atomic particles are cor-
rect?

1 The nucleon number of an element is the
number of neutrons in one atom of the el-
ement.

2 The proton number of an element is the
number of protons in one atom of the ele-
ment.

3 The size of the charge on an electron is the
same as that on a proton,

A

Helping Concepts '/':,','nrr_'/;a;mv Z‘.m?;")**

*l.
*2.
*3.

48.

2

—————————— "
Helping Concepts 'r".mn Javourite Kaling >*** 4

*1.

cancer cells in the human body.

Which statements about an atom of cobalt-¢( e
correct? E:

1 It contains 33 neutrons.
2 Its nucleus has a relative charge of 27+,

3 It has a different number of neutrons from
the atoms of other isotopes of cobalt,

Number of neutrons = 60-27=33
Number of protons = 27 _
Isotopes have the same number of proton but dif- ;:
ferent number of neutrons. i

Which of the following statements about the two

isotopes 1P and ;S are correct?

1 The phosphorus atom has more neutrons
than the sulfur atom.

2 If a neutron is added to the nucleus of ﬁl’.
1S is produced.

3 Both contain 32 electrons.

Number of neutrons in ;P =32-15=17
Number of neutrons in |;S=32-16=16 k.
Adding a neutron to |;P still gives a phospho-

rus isotope because the number of protons ( E
gives the identity of an element) is still the samé =

32 | 13
5P+t on = 5P i
: b :
1P contains 15 electrons and ;¢S contains " =

electrons. The number of electrons in 8
atom is equal to the atomic number.
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Frequently Examined () uestions

49. Which of the following statements about the s, p
and d orbitals of principal quantum numbers 1, 2

and 3 are true?

1 Each s orbital can contain a maximum of two
electrons.

2 A series of transition elements arises from
the filling of d orbitals.

3 A p orbital has a higher energy than the s
orbital of the same principal quantum num-
ber.

'Gtam Favourite Tahb***

*]. Every orbital (not only the s orbital) can accomo-
date a maximum of 2 electrons with opposite spins.

*2. Transition elements arise from the filling of d or-
bitals.

*3. In the same principal quantum number, the energy
of the orbitals increases from s <p<d.

50. The first ionisation energies of elements in the
third period are shown.

first
ionisation
energy

Na|Mg(Al|Si| P | S |CI|Ar

0

Which factors explain why the value of the first
ionisation energy of sulfur is lower than that of
phosphorus?

1 repulsion between the pair of 3p electrons
2 greater shielding by inner electrons

3 increase of principal quantum number

M l& am Favourile .Wa/@ * *

*1. S has a p* configuration so that its first L.E. is
lower than that of P due to electronic repulsion
between the two 3p electrons in the same orbital.

2. Both P and S have the same number of inner
electrons.

3. Both P and S have the same principal quantum
number (n = 3).

_

1000 Chemistry 777(:7 with Helps

51. Gaseous particle X has a proton (atomic) number
n and a charge of +1.

Gaseous particle Y has a proton (atomic) number
of (n+1) and is isoelectronic with (has the same

number of electrons as) X.

Which of the following statements corrrectly de-

scribe X and Y?

1 X has a larger radius than Y.

2 X requires more energy than Y when a fur-
ther electron is removed from each particle.

3 Xreleases more energy than Y when an elec-
tron is added to each particle.

Helping Concepts 'E\am Favourite Raling >R K

Let X be , M* (it has (n— 1) number of electrons). Then
Y will be +|N2+ so that it also has a (n - 1) number

of electrons.

*1. Since X has a lower nuclear charge, the electrons
are more loosely bound and hence it has a larger

radius.

2. X requires less energy because it is larger and it
has a lower positive cationic charge.

3. Y releases more energy because it has a stronger
attraction for electron than does X due to its
smaller radius and higher cationic charge.




Chemical Bonding

8 Key content that you will be examined on:

1. lonic (electrovalent) bonding
2,

Covalent bonding and co-ordinate (dative covalent) bonding
() The shapes of simple molecules

(i) Bond energies, bond lengths and bond polarities

Intermolecular forces, including hydrogen bonding
Metallic bonding

Bonding and physical Pproperties
The solid state

o g & »w




Chemical Bonding

I—E(am Favourite Rating: KMight be tested Wk Likely to be tested R K Always tested |

Section A

1. Which ion is most polarising?
A AP B Ba®*
c Mg* D Na'

Helping Concepts | SZNoam—s Rating >Ye

A cation with a high charge and small size has a high
charge density and hence a high polarising power.

APP* has the highest charge and smallest size among
the 4 options.

2. Which solid exhibits more than one kind of chemi-
cal bonding?
A brass B copper
C diamond D ice

Helping Concepts '(fj‘tam Favourile Ta/rﬁbm

There are covalent bonds between H and O in a mol-
ecule, and hydrogen bonds between H and O of dif-
ferent molecules.

3. Which of the following solids consists of atoms
or molecules held together only by van der Waals'

forces?
A CO2 B Cu
C 1-120 D MgO

Helping Concepts '(r;.lam Tavourile Tu/inz >***

CO, is simple molecular. Even in the solid state, the
molecules are still held together only by van der
Waals' forces. The forces of attraction in the other
solids are (B) metallic bonds; (C) hydrogen bonds;
(D) ionic bonds.

1000 Chemistry mc? with Helps

4. Which of the following solids has a simple mo-
lecular lattice?

A magnesium oxide
B sodium
C silicon(IV) oxide
D sulfur

Helping Concepts ’ Cram Favourite Faling > WM

Sulfur exists as Sg molecules.

A: giant ionic lattice
B: giant metallic lattice
C. giant covalent lattice

5. Magnesium oxide is used to line industrial fur-
naces because it has a very high melting point.

Which type of bond needs to be broken for mag-

nesium oxide to melt?
A co-ordinate B covalent

C ionic D metallic

HElplﬂg CO"CBptS r":Aaln Favourite 7/allny» > ***

Mg?*O*" is an ionic compound. It has a giant ionic
lattice with strong ionic bonds between Mg>* and

0%,

6. Why does copper wire conduct electricity when
a potential difference is applied?

A Bonding electrons in the crystal lattice move.
B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

Helping Concepts rc'i.mm Favourite Rating > K

Being a metal, Cu has a sea of delocalised electrons.
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When & potential difference is nppl!od. these electrons
move towards the positive potential.

_.o—-——*‘—‘—R'_A—(N—--_
e

7. Which of the following molecules is mot planar?

A benzenc

B boron trifluoride

C ethene

D phosphorus trichloride

m Enam Favourde 'K‘a‘lmr/> ***

PCl, is trigonal pyramidal.

8. Which of the following molecules contains Six
bonding electrons?

A CH,
C HS

B CO,
D NCl,

Helping Concepts ' Exam Favourite '7\Julfny>* *

6 bonding electrons is equivalent to 3 bond pairs of
electrons.

INI
cl” é >l
|

_Which of the following best describes the change
in the bond angle in water when the ion H,0" is

formed?
A decreases to approximately 90°

B decreases to approximately 109°
C increases slightly

D increases to approximately 120Q°

WEWn Favourite Tal:'ny >***
In .HZO, the bond angle is 104.5°
pairs). In H,0", there are 3 bond
pair. Since bond pair exerts |es
angle in H;0" become bigger (by

(2 lone pairs, 2 bond
pairs and only 1 lone
§ repulsion, the bond
t still less than 109.59),

1000 Chemistry mC% with Helps

Frequently Examined -

10. In which one of the following compoungs ‘ ;
the underlined element not have eight ¢|,w‘::"
the outer shell? n 1
A LiO B H,(Jl
c Pl D pCl

i Covc o | (TS

Li has an electronic configuration of 15224, O |°..,
ing an electron to O, Li* acquires a duplet config
ration (NOT octet).

{1. As the number of carbon atoms in the homolg.
gous scries of alkane molecules increases, for
which property of the alkancs does the numerical
value decrease?

A density
B cthalpy change of vaporisation
C number of isomers

D vapour pressure

As number of carbon atoms of the homologues in-
creases, the van der Waals' forces increases so that
the homologues vaporise less readily. Hence, vapour
pressure decreases.

12. Which type of bond is responsible for intermo-
lecular forces in liquid tetrachloromethane, CCl,?
A covalent bonding

B hydrogen bonding

C induced dipole - induced dipole attractions

D permanent dipole - permanent dipole attrac-
tions

Helpi ;| L2
Ulplng CDnccptb Enam Favourite 7\’{1/"3/**

CCl, exists as discrete molecules and its molecules aré

non—_po‘lar: The forces operating between its molecules |
are id-id interactions.

13. Which one of th :
N0 permanent dipole? g molecules wi

A cal,

B CF,ClI
C CHCI 22

D CHCI,
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mrg—- ‘,"f"_’?m_":'_{_’:fz_f:_x;’ﬁ\) *** " venm Lavmur (18 ”n/lny/;* **
Although there is a permanent dipole in each C-C| .
bonds, the effect of each cancels one another
vectorically due to the symmetrical distribution of the

All the 5 compounds are isomers of hexans but (1)) is
unbranched. It has the greatest surface area of con-
tact for VW interaction and hence, the highest boiling

4 Cl atoms. point
(l\C::C/(.']
c]'/ \Cl
1. What i% the approximate value of the O € O hond
angle in ethanoic acid?
14. Which equation defines the lattice energy of the A 458 sl
ionic compound XY? C 109° D 120"
A X(S) + Y(S) — XY(S) Hl}'l)ill(] (;i)lll;'!lﬂ‘; '/’uum S ile .//II/H,'y/ ***

B X(g)+Y(®) — XY(s)
C X'(s)+VY (s) = XY(s) /( ()
X'(@+Y (g) = XV(s) ”/
Enam Favourite Raling There are only 3 regions of electron clouds around C,
r'”"' avaarite Rating e he To minimise electronic repulsion, they are directed in

By definition, Iattllce energy is the energy released  a trigonal planar manner and the bond angles are about
when 1 mole of an ionic compound is formed from its 120,

constituent gaseous ions (infinitely apart) combine
together.

18. Which one of the following structural features is

, ) common to both diamond and graphite?
15. The lattice energies of the compounds caesium TP

chloride, caesium fluoride, sodium chloride and
sodium fluoride are given below.

A a carbon-carbon bond length equal to that
in ethane

Which value corresponds to the lattice energy of B covalent bonds between carbon atoms

caesium chloride?
A —661 kJ mol™!

C -780 kJ I'n()l—l D -918 kJ mol ! Helpmg Concepts " sam /ﬂumu/a //altn//*
Helping Concepts ’(‘me ’},.,,,,,,r;:j/fmi)*-** In diamond and graphite, covalent bonds operate be-

tween carbon atoms and the extension of these bonds

C delocalised electrons

B 747 kJ mol”! each carbon atom bonded to four others

LE.oc— q.9- throughout the lattices gives rise to macromolecular
' I, structure.

CsCl has the largest r, and r_among the ionic com-
pounds. Hence, it has the least exothermic L.E.

19. A mixture of aqueous silver nitrate and aqueous
potassium cyanide, KCN, is used for electroplat-

16. Which of the following isomers is likely to have ing.
the highest boiling point? The mixture contains the complex ion
A (CH,),CHCH(CH,), [Ag(CN),]"
B (CH,),CHCH,CH,CH, What is the carbon-silver-carbon bond angle?
32 2
C CHSCHZCH(CHs)CHZCHg' A 104 B 109.5°
C 120° D 180°

D CH,CH,CH,CH,CH,CH,

1000 Chemistry ”76% with Helps



topic 3 Chemical Bonding

helping Concopts | SIRERPRE RS

[NC > Ag « CNJ

The 2 CN- ligands arrange themselves as far away
from each other as possible to minimise electronic
repulsion. Hence, it is linear (bond angle = 180°).

I

20. Which of the following is a property of a solution
of dry hydrogen chloride in dry methylbenzene?
A It has a pH less than 7.
B It is a non-conductor of electricity.
C It reacts with magnesium to give hydrogen.

D It reacts with dry copper(II) oxide on warm-
ing to give a blue solution.

' Exam Favourte Ta/ly> ***

Dry HCI does not dissociate in non-polar solvents
such as methylbenzene. Since there is no free ions or
electrons, it does not conduct electricity.

21. Predict the most likely bond angle at each nitro-
gen atom in diimine, HN=NH.

A 107° B 118°
C 120° D 180°
' Eram Favourile Tah"nz> * *
@) H
s
N
N=N
TS

The molecular is planar w.r.t. each N, with bond angle
about 120°. The lone pair of electrons exert a greater
electronic repulsion and makes the H-N-N angle less

than 120°.

22. Graphite can be used as a lubricant; diamond
cannot. This is because graphite has
A delocalised electrons.

B a hexagonal arrangement of atoms in the lay-
ers.

C covalent bonds between atoms in the lay-
ers.

D van der Waals' forces between the layers of
atoms,

1000 Chemistry MC? with Helps

Frequently Exam% 1'

mm Favourile T@,‘. |

The weak van der Waals' forces between the laye,,
C atoms allow the layers to slide over one anomof
without shattering the lattice. er

—

e

23. In which one of the following does ionic bonding

occur between the named atoms?

A aluminium and chlorine in the
tetrachloroaluminate ion

B boron and fluorine in boron trifluoride

C hydrogen and chlorine in hydrogen chloride

D hydrogen and sodium in sodium hydride

Helping Concepts ﬁ.mm Javourile Tah‘nz >*

Tonic bond is formed between a metal and a non-metal,
e.g. Na*H". In (A) and (B), both AI’* and B** are too
highly polarising so much so that the bonds between
Al and Cl and that between B and F are predomi-
nantly covalent. In (C), the bonds are formed between

non-metals and are hence covalent.

24. The Csz molecule is linear.

What can be deduced from this about the num-
bers of o and = bonds present in the molecule?

T
2
3
1

2

OO w >
W LN Q

Helping Concepts '{Jmm Tavourite Raling >**

H-C=C-H
The C=C triple contains | ¢ and 2 z bonds. Hence
there are 2 r bonds and 3 & bonds (1 C=C and
2 C-H bonds).

25, Th_e atoms X and Y have the electronic configy-
rations shown below.,

X: 182257 2p° 357 3p°3d"° 4s%; ¥: 15225’ 2’
Which one of the following compounds are they

likely to form?
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Frequently Examined ()uestions

A XY B XY2
c X,y D xv,

mm 7auaur:7¢ Talfny >***

x has a completely filled d-subshell (d'0 s2) and it
pehaves like a Group Il element. Y has 6 valence elec-
trons and therefore is in Group VI. It is expected that
X will lose 2 electrons to ¥ so that both have stable
electronic configurations.

ie. X¥*yr,

26. Which one of the following is a linear molecule?

A HO B HCN
C Soz D C2H4
Eﬂm Tavourite Ta/lhy > **
H-C=N:

There are 2 regions of electron clouds around carbon.
To minimise electronic repulsion, they are directed lin-
early.

The shapes of the other molecules are

i

S H . _H
HII' O S C=C
u’ & Mo wT N
bent bent planar

(trigonal planar w.r.t.
each carbon atom)

27. Which molecule is planar?

A NF, B C,Cl,

C C,H, D C,H,
[G.\am Tavourile f]\?a/inz >**‘*
\\\“N\ . .
Fﬁ*’ F trigonal pyramidal
CL cl
CI’C=C<CI trigonal planar w.r.t. each C
Hy H .
H/C"C( . tetrahedral w.r.t. C

CH,

CH, =CH, -CH, tetrahedral w.r.t. each C
\;

]ﬂﬂ Chemistry mf—'? with Hﬂlﬂs

28. Which of the following statements describes a
phenomenon which can be explained by intermo-
lecular hydrogen-bonding.

A The boiling points of the alkanes increase
with increasing relative molecular mass.

B CH,OCH, (M =46) has a higher boiling
point than CH,CH,CH; (M, =44).

C Hydrogen chloride forms an acidic solution
when dissolved in water.

D Ice has a lower density than water at O °C.

TR e P Cram Favourite Rating > K

Due to the presence of hydrogen-bonding in ice, the
H,0 molecules take up an open structure and hence,
ice becomes less dense than water at 0 °C.

29. The gecko, a small lizard, can climb up a smooth
glass window. The gecko has millions of micro-
scopic hairs on its toes and each hair has thou-
sands of pads at its tip. The result is that the
molecules in the pads are extremely close to the
glass surface on which the gecko is climbing.

What is the attraction between the gecko's toe
pads and the glass surface?

A co-ordinate bonds

B covalent bonds

C ionic bonds

D van der Waals' forces

Helping Concepts E\am Tavourite Wa/l'ny >*

The extreme close proximity allows VDW interaction
and the many pad-glass VDW interactions allow gecko
to be able to stick on glass surface.

30. Solid 'carbop dioxide, CO(s) (dry ice), is used as
a refrigerating agent because it readily changes

directly from the solid into the vapour state at a
low temperature.

What does this indicate the main intermolecular
bonding in CO.(s) to be?

A covalent bonding

B hydrogen bonding

C ionic bonding

D van der Waals' forces
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Y

F"\am TFavourite ‘Palin‘q_> *

This shows that the forces acting between CO, mol-
ecules are very weak (VDW) such that when enough
energy is supplied, these forces are readily overcome
and the molecules become very far apart from each
other, i.e. gas is formed.

Helping Concepts

31. Which feature is present in the ions carbonate,
ethanoate, nitrate and phenoxide (phenate)?

A all bond angles are 120°
B dative covalent bonds
C delocalised electrons

D hydrogen bonds

Helping Concepts '(‘J,\am Favourte Tah‘ny> ok

o 1"

| O.\ /.O
s pe-c
- o} ‘0
o T o
Pa O
o 0 |

32. Which set of properties could apply to a non-
ionic compound which has a giant lattice?

physical | electrical conductivity
state at of the molten m.p./°C
room temp. compound
A liquid does not conduct -114
B liquid does not conduct melts over a
temp. range
C solid conducts well 808
D solid does not conduct 1610

Helping Concepts E\Gm Tavourite 'Wahhy >***

A non-ionic compound which has a giant lattice has
strong covalent bonds. Thus, it has a high melting

point. Since it does not contain mobile charges (e.g.

electron), it does not conduct electricity.

Note: It is not a mixture and thus does not melt
over a range of temperatures.

1000 chemistry MC? with Helps

Frequently Examined )uestions

33. Which diagram best represents the structure of
solid magnesium oxide?

A Y 1 B ' .
‘IL ? 1 \Q
TN SN
L N
C ' \ D | ]
Y —Of-
BINEIN NN
NP N
N

Helping Concepts '('n.\am Tavourite 7a1iny>**

In an ionic lattice, the cations and anions occupy al-
ternate positions to maximise attraction and minimise
repulsion. Only structure C satisfies this condition.

34. Which of the following molecules will not form a
hydrogen bond with another of its own molecules?

A CH,CHO B CH,NH,
C CH,OH D NH,
| Helping Concepts | STV IS ¢ ¢
CH,-C=0
!

There is no H bonded directly to a small and highly
electronegative atom, e.g. N, O, F.

B: H
CH;—=N-H-.-... :I‘\I—CH3
N
C: CH,-0:---. H-0
W,
D: H H
H—&: ------ H—*—H
h
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38, Why is the bolling point of methane greater than Sn
that of neon? [Ar: H, 1; C, 12; Ne, 20) A CI-Sn-Cl B o ¢
A A molecule of methane has a greater mass cl
than & molecule of neon, C V D |
B A molecule of methane has more electrons /S"\ DSn%
than a molecule of neon, Cl cl (IZI

C Molecules of methane have stronger inter-

molecular forces than those of neon. Helping Concepts 'ﬁmm Favourile Ta/in]>**

D Molecules of methane from hydrogen bonds, Sn has 4 valence electrons.
but those of neon do not. 1

p x Xx x . L)
mr(ﬂmm Tavourite T"hb* * ! -C-I +Sn. . -l' CI/ \C]

Since both methane and neon are simple molecular, There are 3 regions of electron clouds around Sn. To
their boiling points are determined by the strength of Minimise electronic repulsion, they are directed in a
their intermolecular forces (van der Waals' forces), trigonal planar manner. Since this is a lone pair of
Stronger intermolecular forces (due to larger surface electrons, SnCl, is bent (or angular, non-linear, V-
area of contact of CH,) give rise to higher boiling shaped).

point since more energy is required to separate the
molecules apart.

38. When heated, solid iodine readily forms iodine

vapour.

36. The Valence Shell Electron Pair Repulsion theory What does this information suggest about the na-
(VSEPR) is used to predict the shapes of mol- ture of the particles in these two physical states
ecules. of iodine?

Which shape is correctly predicted by VSEPR? solid vapour
number of number of A ionic atomic
bonded electron | lone pairs shape B ionic molecular
pairs around | around central '
central atom atom C | molecular atomic
A 2 2 non-linear D | molecular  molecular
B 2 2 tetrahedral Helping Concepts 'r‘ltam Favourile Ta/iny>*
igonal pl . . . .
¢ 3 l tng,orlla pranar Since the solid readily sublimes when heated, this
D 3 | linear shows that the forces of attraction between iodine

particles are not strong. Hence, the solid should
be simple molecular. As the sublimation process

- does not require a high temperature, the covalent
number of number of 4 gh temp

bonded electron | lone pairs shispe bond in the mplef:ule is not prok'en in the vapour
pairs around | around central state. Hence, iodine vapour is still molecular.

Helping Concepts nj.am Favnurite Kaling > ***

central atom atom
2 2 non-linear (bent, angular)
3 | trigonal pyramidal

39, Which one of the following is not planar?

A boron trichloride

37. Which of the following structures represents the B methanal
gaseous S"Clz molecule? C the phenoxide (phenate) ion
(v represents an unshared lone pair of electrons.) D propene

'Chcmlury m:? with Helps
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Holpimg Coneepts ' Sham Fnvouride “»\’.n‘»i >***

The shapes of the molecules are given s follows:

l
A |
B

a” al

(trigonal planar)

B (\? (trigonal planar)

C
H” OH

) é
H
¢
> H\.2"Ny
|
Ry H
H
ahedral, i.e.

The methyl group in propene is tetr
non-planar.

40. Why is the molecule of BCl, planar, whereas the
molecule of PH, is pyramidal?
A The boron atom has no d orbitals available
for bonding.
B The boron atom in BCl, has six electrons in
its valency shell, whereas the phosphorus
atom in PH, has eight.

C The repulsion between chlorine atoms is
greater than that between hydrogen atoms.

D The covalent radius of phosphorus is

greater than that of boron.

m Exam Favourtle Tah'ny> *’**

%‘ crpxcl
Clx *Cl C
6 electrons 8 electrons

B is in Group III and P is in Group V. Bonding with
3 Cl atoms leaves B with a vacant P_orbital (no lone
pair) and P with a filled sp orbital (lone pair). By using
VSEPR, BCl, is trigonal planar and PCl, is trigonal

pyramidal.

r——
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 Frequently Examined()
pe does not correspond : :

Which bonding ty ,
description of physical properties? ,

physical properties

high melting point, conducg §
electricity when in solutiop |
but not when solid

14 .
low melting point, does noy ™}
conduct electricity in any

giant covalent
_——f___-._-_—-_-

A

simple covalent
B | simP state
_.-—__._-———-‘—'—_-— s . " E
varicty of melting point, copo|
C metallic ducts electricity when solig |
and when molten
. . 2
high melting point, conducts
D jonic electricity when in molten by

not when solid s

[
m Enam Favourie Ralin

Substances with a giant covalent structure do ne
readily dissolve in solvent. Even when it dissolyes

they exist as giant molecules and hence not able fy
conduct electricity in solution.

42. When barium metal burns in oxygen, the ionic"
compound barium peroxide, BaO,, is formed.

Which dot-and-cross diagram could represent the:
structure of the anion in BaOz?

A B
oo oo  xx
‘o Te:e:
o ® (-] - o
oo x
C D _
00 XX oo xn
OO GG
o ] x o (-] ® ‘
oe x oe on ’

x electron from
second oxygen atom =

o electron from

key  first oxygen atom

e electron from
barium atom

Helping Concepts !(‘;.\am Favourile 'Z’a/iné >**

In BaOz, the anion exists as 022" where 2 electrons !
transferred from Ba.

43. Which of the following statements about the P
Penles associated with ionic and covalent 9%
is correct?
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Frequently Examined(.) uestions

A The only covalent compounds with high
melting points are those in which hydrogen
bonds occur.

B Any covalent compound that contains both
oxygen and hydrogen in its molecule forms
hydrogen bonds.

C lonic bonds and covalent bonds cannot both
occur in the same compound.

D Ionic compounds differ from metals in that

ionic compounds do not conduct electricity
in the solid state.

Helping Concepts Bimm Favaurite Rating > Y

In a solid ionic compound, the ions are localised and

hence they cannot conduct electricity. In a metal, the

delocalised electrons are responsible for its electrical

conductivity.

A: Diamond, SiO, are giant covalent substances
(without H-bonds) with high melting points.

B: CH,CHO does not form H-bonds with another
molecules of itself (the H atom needs to be
covalently bonded to N, O, F).

C: NH,*CI" has ionic bond and covalent bonds
(N-H bond).

44. Use of the Data Booklet is relevant to this question.
Which particle contains a single unpaired elec-
tron?

A amolecule of H,S

B one of the particles formed after the hetero-
lytic fission of a chlorine molecule

C the ammonium ion in NH,Cl

D the copper ion in CuO

Helping Concepts '?i\am Favourile Fa@***

In CuO, the copper ion is Cu?*. Its electronic configu-
ration is 1s2 2s2 2p% 352 3p® 3d°. There is a single

unpaired electron in the 3d orbital.
A: :.S;:
H**H

e XX e __ XX oy
B iClClX —— [:CI:] + [XCI]
c H +
oX
H XN %H
X

bl 4]

1000 Chemistry MCq with Helps

45. Consider the following four compounds:
1 (CH,),CH
2 CH,CH,CH,OH
3 CHJCHZCHZSH
4 CH,CH,CH,CH, |
What is the order of increasing boiling point of
the compounds (lowest first)?

Al 4 3 2
B 2 4 1

C3 4 1
D 4 2 3

Helping Concepts 'E.\am TFavourile Rating > KWK

All the compounds exist as discrete molecules. The
boiling point therefore depends on the strength of the
intermolecular force of attraction. 1 and 4 are isomers.
However, 1 is highly branched and hence has weaker
VDW forces. 4 is therefore higher boiling than 1. VDW
forces in 3 is stronger than that in 4 because 3 has
a larger molecular size and more electrons per mol-
ecule. Hence, 3 has a higher boiling point than 4. 2
has the highest boiling point because it is capable of
intermolecular hydrogen-bonding which is stronger
than the VDW forces.

- N W

46. Four carbon—carbon bonds are labelled in the dia-
gram.

"W

X Y z
@CH=CH—CH=CH2

Which bonds are made up of an sp2-sp? over-
lap?

A w and y only

B w, x and y only

C w,x,yand z

D x, y and z only

Helping Concepts !("i.mm Favourite Z’a@***

sp? C atoms are trigonal planar and there are 2 single
bonds and 1 double bond at this C.

47. Which of the following statements best explains
why the boiling point of butanone (79.6 °C) is

higher than that of pentane (36.1 °C)?

[4: H, 1.0; C, 12; O, 16]




~ Frequently Examined(-Jusstions

jopic 3 ChemicglBonding ———— shows a liquid flowing from a bu-

A The butanone molecule has a larger surface

area than the pentane molecule.

B The covalent bonds in the butanone mol-
ecule are stronger than those in the pentane
molecule.

C There are hydrogen bonds between
butanone molecules, but not between pen-
tane molecules.

D There are dipole-dipole forces between
butanone molecules, but only van der
Waals' forces between pentane molecules.

* ok

The M_of butanone and pentane are both 72. I"enna-
nent dripole-permanent dipole interactions exist be-
tween butanone molecules due to the presence of the
polar C=0 bond. The hydrocarbon has only weak van
der Waals' attractions operating between the molecules.

48. A stable molecule containing atoms of the ele-
ments X, ¥ and Z has the following structure.

zZ Z
\Y/
X7 x
z_| |z
Yoo ¥
/Xy \
Z V4
Which elements could X, Y and Z be?
X Y Z
AIN P
B|O S
C/|B C H
D|/P Si H

Lc;mm Favourite 7411):7 > * *

X uses 3 of its valence electrons for bonding and it
is angular shaped, suggesting that there is either | or
2 lone pairs of electrons. Hence, X has either S5or7
valence electrons, i.e. Xis either a Group V or Group
YIl element. Y is is likely to be a Group V element
since the diagram shows that there are 5 valence elec-
trons. However, Y cannot be N because N is unable
to expand its octet configuration. The Structure shows
d_;at ¥ has accomodated 10 electrons. Forming only a
;l:z: bond, Z could be hydrogen or a Group VII e)-

.Ch‘m‘mymcqlﬂ*

49. The diagram

rette and a charged rod being brought near the

flow.
liquid

burette

negatively
charged rod

Which liquid would be deflected as shown?

A bromine

B cyclohexane

C hexachloroethane
D trichloromethane

Helpmg CDnCEptS ' Eram Favourite ?..'l.-'.'r‘;\.***

CHCI, is polar. In the presence of the negatively
charged rod, the molecules aligned themselves such
that the 5+ end of the molecules faces the rod.
Consequently, the stream of liquid becomes attracted
to the rod.

50. A slow stream of water from a tap can be de-

flected by an electrostatically charged plastic rod
because water is a polar molecule.

negatively
charged rod

Why is a water molecule polar?

A Molecules are bonded together by hydro-
gen bonds. )

B The oxygen and hydrogen atoms have dif-
ferent electronegativitjes.

C The oxygen atom has two lone pairs of elec-

trons.

Water is able to dissociate into ions.



Frequently Examined . Jusstions

oplc 3 Chemical Bondin
'(’,’_.am Favourile Tah’nj>***

ina H,0 molecule, the H-O bopc.ig are polar due to
ihe difference in their electronegatw:tnes. Since the mol-
ecule is non-linear, the dipole moment of the 2 H-O
ponds do not cancel each other vectorically. Hence

O is polar.
H2 &H )_Ib‘
o

8-

51. The grid represents two periods of the Periodic
Table, for the elements 3 to 18.

An element from one group, P, Q R or S, reacts
with an element from another of these groups to
produce a compound with a giant covalent struc-
ture.

Which are the two groups?

A Pand R B Q and R
C Qand S D Rand S

Helping Concepts 'Gmm Favourile Wa/,ny)* *

An example of a compound with a giant covalent struc-
ture is SiO, which is formed by silicon in Group IV
and oxygen in Group VL. Since Q is in Group IV and
R is in Group VI, the answer is (B). P is from Group
11 and forms ionic compounds instead of covalent com-
pounds with Q, R or S. S is from Group VII and one
S only forms one bond with Q or R. Hence, S cannot
form covalent compounds with giant covalent struc-
ture,

52. Three substances, R, S, T, have physical proper-
ties as shown.

ical conductivity

substan o o |€lectrica .
ce | mp/"C | bp/"C IS e cotid | of liquid

R 801 | 1413 | poor good

S 2852 | 3600 | poor good
T | 3550 | 4827 | good | not known

]ﬂﬂﬂ Chemistry mcq_ with Hdns

What could be the identities of R, S and T7

Ie AS' T
A | NaF KCI Cu
B | NaBr BaO Sio,
C | NaCl MgO  C [graphite]
D | NaBr Ca0O C [diamond]

Helping Concepts | MO0 Favanrile Ta/rhp***

Both R and S are ionic compounds since they have
high melting point and boiling point. They conduct
electricity in liquid state (not in solid state). However,
since S has a higher melting point and boiling point,
Shas a stronger ionic bond, i.e. (B), (C) and (D) (higher
ionic charges and smaller ionic radii).

T conducts electricity, it cannot be SiO, or diamond.

53. When water is stirred with glucose, strong hy-
drogen bonds are initially formed between glu-
cose molecules and water molecules, but as more
water is added, these hydrogen bonds are bro-
ken.

Which graph best represents the observed tem-

perature changes?
volume of

water added

temperature
temperature

volume of
water added

N\
0 volume of
water added

(@)
temperature
temperature

volume of
water added

Helping Concepts L&am Javourile Tah’ng>***

When hydrogen bonds are formed initially, heat is re-
leased (exothermic) and temperature rises. When more
water is added, hydrogen bonds are broken and this
requires energy (endothermic) and temperature drops.

&)
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topic 3 ChemicalBonding

54. Water, methanol and methoxymethane, CH,OCH,,
have similarly shaped molecules.
o o
N AUN
H/ H H,C H
What is the strongest intermolecular force in water,
methanol and methoxymethane?

Frequently Examined () uestions

' Enam Favourile Tah%***

Carbon is in Group IV and has 4 va_lence electrons, o))
the 4 electrons are used for bonding. Hence, the 4.
rahedral with bond angles=109, 50

O o
H,C rangement is tet
Oxygen is in Group VI and has 6 valence
electrons. However, only 2 electrons are used

for bonding (2 o bonds), leaving behind 3

“CH,

H,0 CH,0H CH,OCH, lone pairs of electrons. Thc.z electronic ap.

t dioles | rangement around oxygen is also tetrahe.

hydrogen bonds hydrogen bonds pf:rmanend' pI dral. The presence of the 2 lone pairs of g
hydrogen bonds hydrogen bonds induced dipoles o causes the 2 C-O bonds 1o be closes

permanent dipoles

permanent dipoles

induced dipoles

to each other since they exert greater repuy|.

sion. Hence, the bond angle is less thag
109.5°.

induced dipoles

o 0O w»

hydrogen bonds | permanent dipoles

'(‘ nam Favourite Tah'nr{ >***

In both H,0 and CH,OH, there exist O-H bonds in
the molecules. Hence, intermolecular H-bonds are

56. Ethanol is much more stable in water than is ethy|

present.
/H /CH3 ethanoate. Which one of the following statements
0 0 correctly accounts for this?
~ H " H .
H H CH H A Ethanol is a polar molecule, but ethy]
\O/ N/ ethanoate is non-polar.
s B Ethanol is a non-polar molecule, but ethy|
'H H "H ethanoate is polar.
N N
0) 0 C A hydrogen bond forms between the hydro-
In CH,~O-CH,, the molecule is polar (non-linear mol- gen of the —~OH group in ethanol and the
ecule) due to the polar C-O bonds. Hence, permanent oxygen of a water molecule.
dipoles interactions are present. D A hydrogen bond forms between the hydro-

gen of the —OH group in ethanol and the
hydrogen of a water molecule.

Helping Concepts E'ﬂ\am Favourile Wa//hb***

The H of H,0O is able to form H-bonds with the O of

55. MTBE is a constiuent of petrol.

angle P\ CH,
O
I
CHJ-[C 0 CH, ~OH and the O of —~C-0- respectively. However,
l L .
?)n g'ft;eOH of -OH is able to form H-bonds with the
foct thz anddethyl ethanoate is unable to do so. In
CH angle » the ester does not mix well wi i
MTBE3 gle O long C chain with H,O due to its
What are the values of ang]
e P i
molecule of MTBE? g and angle Q in a H/ O\ H : 0]
CH,CH, —0% : HH
angle P angle Q 3 3_O\H 1 CH —C/O-
Al 90° | 105 . _H ! 0 - CH,CH,
B| 90° | 1g0° Nyi1 M
C| 109° | jos0 v Ny
D[ 109° 180° '
_\
e —

1000 Chemistry Meg uith Heg
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n—

P R

ovalent bonds are formed by orbital overlap. The F. F. F
s ;ape of unsaturated hydrocarbon molecules can / - / /
pe explained in terms of hybridisation of orbitals. H / “H “H
H-bond

Which bond is not present in
HC=CCH,CH=CH,?

A a x bond formed by 2p-2p overlap

B a o bond formed by Is-2sp overlap

C a o bond formed by 2sp-2sp? overlap

59. BF,.CH,OH is a reagent used to form methyl
sters from compounds containing acyl groups.
t electrons

D a o bond formed by 2sp*-2sp? overlap :.:lotmheBdI?:g;zr:so xr;s;c:tnise(l)yrepresen clectr

M' Caam Tavourrle JP‘"””]>“”A’ Which tetrahedral structure illustrates the elec-

tron pairs around the boron atom?

spsp IspJ Isp sp? F F
H—C=C- (|:_ _(ij H A x|® B x|®
H H B B
There is no sp—sp? overlap of orbitals to form a F% NF F/ \F
o bond. =
The o bonds present are / \ \
Csp-His, Csp>-His, Csp?~His CH, H CH, H
Csp-Csp, Csp-Csp®, Csp’~Csp?, Csp?-Csp? F F
C ole D x|®
B B
AP AP,
58. The diagram shows the variation of the boiling 0] O
points ogf the hydrogen halides. : (ﬁ \H Cﬁ \H

b.p. 4
r Helping CO"CCptS '(‘:\am Favourite 7?0/1ny>***

In a BF; molecule, there are 3 B-F covalent bonds
arranged in a trigonal planar manner with a vacant
orbital perpendicular to the plane. The oxygen of
CH.OH uses a lone pair of electrons to form a dative

-

HF HCI HBr HI bondeith B.
What explains the higher boiling point of hydro- | . G0 \C H, F\B«—.o\CH
gen fluoride? OB<O H F7s H
l,,/
A The bond energy of HF molecules is greater Fl “F

than in other hydrogen halides.

B The effect of nuclear shielding is much re-
duced in fluorine which polarises the HF
molecule.

C The electronegativity of fluorine is much
higher than for other elements in the group.

60. The boiling point of water (100 °C) is greater than
that of HF (20 °C).

Which statement is a correct explanation of this?

D There is hydrogen bonding between HF mol- A Each hydrogen bond formed between water
molecules is stronger than that formed be-

ecules.
tween HF molecules.

WF'\am Favourile Talihz >*** .
B There are more atoms in a water molecule

Fi
e,:fs: '::" and highly electronegative. In HF, H-bonds than there are in an HF molecule, so van der
tween HF molecules. Waals' forces are stronger in water.

1000 Chemistry mc? with felps




Frequently Examined(.)uestons

R

col Bonding ______————————— " "
Topic 3 Chemical Bondin Note that the four N atoms and the Mg ion are

more hydrogen bonds

There are, on average,
C han there are be-

between water molecules t
tween HF molecules.

D The water molecule has a greater permanent
dipole than the HF molecule.

Helping Concepts ! Enam Favourite Raling >*

There are more extensive H-bonding between the H,0

molecules.
&y HO
~ .~
Os-
}TI 5+
o+ 05~
H www Z + 5+
> (l)/ }E{ 5+ g _—H
Ot H [ T
8—- O\H 5"’ H 84.
o o—
\\\\\F N H \\\\\F \?:I’- \\\\\\\
A\ N '/, L\
’l/,,F/H >+ "'fF/H &+ "’I/F/H o+
o 6

Each H,O molecule can form 2 H bonds through the
H atoms and 2 H-bonds through the 2 L.p. of O. In HF,
there is only 1 H-bond through the H and 1 H-bond
through a L.p. of F.

61. Plants appear green due to the presence of chlo-
rophyll. There are several closely related
chlorophylls and the diagram shows a simplified
version of one. The various different side-groups
are all shown as R.

R
o] Cc
R\C\/ \T/ \ﬁ/ C\C _R

C—N:L _,N2—~C/

7 p
H=c_ EMS C—H

B / CETK “N—c”

/c\ C cl: \c
SN WA WA
AR
H//C_‘C\O

R
1000 Chemistry ”ﬁg with Helps

planar.

Which of the descriptions of the bonds between

Mg and the numbered N atoms is most likely to
be correct?
—T_____ Natoms
numbered
1and 3 2 and 4
T co-ordinate ionic
B | co-ordinate n
C ionic co-ordinate
D P co-ordinate

M! Enam Favourile 7?(////7)*

N-2 and N-4 each has a lone pair of electrons to form
a co-ordinate (dative) bond with Mg2*.

X TN
ON:—> Mg N

N-1 and N-3 each receives an electron from Mg (to
form Mg2*). Hence, the interaction is ionic.




Frequently Examined Q) uestions

foplc 3 Chemical Bonding
fopic ¥ tTE
Section B
For each of the questions in this section, one or more
of the three numbered statements 1 to 3 may be cor-

rect.
Decide whether each of the statements is or is not

correct (you may find it helpful to put a tick against
the statements that you consider to be correct).

The responses A to D should be selected on the basis

of

A B C D
1,2and 3 [ land 2only | 2and 3only | 1 only
are correct | are correct are correct | is correct

No other combination of statements is used as a cor-
rect response.

62. Which of the following molecules and ions have
a regular trigonal planar shape?

1 AlCl,
2 CH;'
3 PH,

Helping Concepts 'a\am Tavourile Wa/my>***

PH, is trigonal pyramidal.

63. Which of the following are features of the struc-
ture of metallic copper?
1 ionic bonds
2 delocalised electrons
3 lattice of ions

Helping Concepts '&wm Yavourile 'Z’ﬂ/"”?>**

Being a metal, Cu has a lattice of the metal cations in
a sea of delocalised electrons. The attraction between
the cations and the electrons constitutes the metallic
bonds.

'C,;am Favourite 7?011hy> ***

*]. Cu* : [Ar] 3d°

0% :1s*2s* 2p°
i
*2. H-C:
|
H

*3. iN=

64. Which particles have a single unpaired electron?

1 the copper ion in CuO
2 the methyl free radical
3 amolecule of NO

1000 Chemistry Mr:g with Helps

65. Which of the following solids have giant lattices?
1 iodine
2 sodium
3 sodium iodide

Helping Concepts n\am Favourile Tah@**

L. I, exists as diatomic molecules and hence does
not have a giant lattice.

*2 *3. Both sodium (a metal) and sodium iodide (an
ionic compound) have giant lattices.

66. In which of the following reactions is the bond
angle in the product greater than that in the re-
actant?

1 H,O()+H"(aq) = H,0"(aq)
2 C,H,(g)+ H,(g) = C,Hq(g)
3 CO,(g) +OH (aq) — HCO; (aq)

Helping Concepts 'C’.\am Tavourite 'Paliny>***

*1. Bond angle of H;O" is bigger since there is only
1 lone pair versus 2 lone pairs in H,0.

2. C,H,: 109.5% C,H,: 120°
3. HCO,: 120% CO,: 180°

67. Which statements correctly describe the graphite
lattice?

1 The lattice contains delocalised electrons.

2 Each carbon atom in the lattice has three
closest neighbours.

3 The valency of each carbon atom in the lat-

tice is 3.




Frequently Examined (-)uestions

topic 3_Chemical Bondin 1 Silicon carbide has a higher melting point,

Helpimg Concepts | S ki Ralting *

In each layer, each C atom uses 3 electronsdt(;
form o bonds with 3 other C atoms (hence 2 an
are correct). This leaves behind a lone electron o:
cach C atom and this forms a layer of delocalise
electrons (1 is correct).

68. Which of the following systems contain deloca-
lised electrons?
1 cyclohexene
2 graphite
3 sodium

Hulping Concepts ' Enam Faveurile Tal/'ny >**

I. In cyclohexene, the electrons in the 7-bond is
localised between 2 carbon atoms.

*2. Within each layer, the lone electron of each sp2
hydridised C atom overlaps with those of the ad-
jacent C atoms, forming a delocalised cloud of
z-¢lectrons.

*3. Being a metal, Na consists of a lattice of Na*
immersed in a sea of mobile electron cloud.

Note: It is due to the presence of delocalised
electron cloud that makes graphite and
Na conductors of electricity.

69. Which pairs of compounds contain one that is
giant ionic and one that is simple molecular?

1 Al,0, and AL,CI,
2 Si0, and SiCI,
3 PO, and PCI,

m! /ham 7(1(1(111{'//? Ta@***

1. ALO, is ionic; ALCl is simple molecular,
2. Si0, is giant covalent; SiC| 4 18 simple molecular.
3. PO, and PCI, are simple molecular.

————————— e

70. Silicon carbide has a similar structure to diamond
Which of the follo -

. wing are advant :
a silicon carbide ¢ 26es of usin

€ramic compared with steel?

1000 Chemisery Meg uith Heps

2 Silicon carbide is more resistant to oxida-

tion.

3 Silico :
compression.

Enam Favourile T"”’y}‘***

n carbide is less likely to deform under

Having a diamond structure wi%h strong ’covalem
bonds between Si and C atoms,'Sac has a high melt-
ing point, is resistant to corrosion and' is less llk(f]y
to deform under compression. Its physical properties
are similar to those of diamond.

71. In microwave ovens, the wave energy produced
is absorbed by certain polar molecules.

Which of the following would absorb microwave
energy?
1 CzHSOH
2 NaCl
3 Sio,
Helping Concepts '((;mm Favourite Wa/f'ny>***

*1. C,H,OH is a polar molecule as it contains a polar
O-H bond.

2. NaCl is ionic and does not exist as molecules.

3. SiO, is giant molecular.

72. Which of the following statements about the pro-
perties of graphite are correct?

1 Graphite can be used as a lubricant.

2 Graphite is a good conductor of electricity
in. the direction parallel to the planes con-
taining hexagonal rings of carbon but a poor
conductor perpendicular to these planes.

3 Carbon-to-carbon distances between the

planes of hexagonal rings are greater than

carbon-to-carbon distances within those
planes.

HE|ping Concepts ! Cram Favourite T’ahﬁy>**

*

) IWeak van der Waals' forces exist between each
aver of C atoms. The layers can therefore slide
over one another without shattering the lattice.

This makes graphite a good lubricant.




-

Frequently Examined (1) uestions

Miwl Bonding

° Within each layer, each C atom is sp? hybridised
. and it bonds with 3.other C atoms in a trigonal
planar manner, forming hexagonal rings. Each C
atom is left with a lone electron and these elec-
trons form a mobile electron cloud which contrib-
utes to the electrical conductivity in the direction
llel to the planes. Electrons are unable to move

from one plane to another and hence, graphite is
unable to conduct electricity perpendicular to

these planes.

*3. The van der Waals' forces between each plane is
weaker than the covalent bonds within each layer.

73. Silicon tetrachloride, SiCl,, is a liquid of low boil-
ing point.
In the presence of water, it decomposes to form
silicon(IV) oxide and hydrogen chloride.
What types of bonding occur in SiCl,(¢)?
1 co-ordinate bonding
2 covalent bonding
3 van der Waals' forces

Hl!lmllg Concepts ' Eaam Favourie Pul/by >*‘*

There are strong Si—Cl bonds in the molecule and weak
VDW forces between the molecules.

74, The diagram shows the structure of boron nitride
which is similar to that of graphite.

Key:
e boron
0 nitrogen

Which properties is this compound likely to have?

W Chemisry Mg, uith el

k

1 It is a lubricant.
2 It is transparent when pure.
3 It is very hard.

Helping Concepts '(’.’:.mm Tavourite Tah'ny>***

The properties of BN should be similar to that of graph-
ite since they share similar structures. Hence, BN
should be slippery, non-transparent and can be used

as a lubricant.

75. Which of the following contain hydrogen bonds?
1 NH,CI(s)
2 NH,(0)
3 HNO,(0)

Helping Concepts ' Evam Favouride Tuliny>**

I. The N in NH"+ does not contain lone electron
pair for hydrogen bonding.

H H
2. H </
H7N: ......... H_N
H
* —Hoee H
3. 0\\N PHeO
Y
) o
0

76. Which of the following are true statements about
the structure of sodium chloride?

I The Na* and CI" ions are both arranged in
a face-centred cubic lattice.

2 The distance between the nuclei of adjacent
ions is the sum of the two ionic radii.

3 Each Na'ion is surrounded by six CI- ions.

Helping Concepts E‘a\am Favourite Wa/:b*

The Na*ClI" lattice consists of two interlocking face-
centred cubic lattices of Na* and CI". Each Na* s
surrounded octahedrally by six CI-, and vice versa.
The interionic distance is given by the sum of the
ionic radii of Na* and ClI-.

77. In which sequences are the molecules quoted in
order of increasing bond angle within the mol-

ecule?




Frequently Examined () uestions %
vopic 3 Chemical Bonding _ —— It fumes in moist air due to the formation of ?
o, whindile hydrogen Chlor'de. X

In the vapour phase it has a covalent mo.
n

s

1 H,0 NH, CH,

2 F 3
y HO SE  BR N staioture.
3 CH, CO, SK

*** Enam Pavourile Waﬁnb**
Evam Favourde Ratin W

i i it exists
. tron Cl, dissolves in benzene, i as
¢ 4 region of electron =y 0 AlCI penzene, it o
- olution obtained does not
e wtmhc:':zunyo Al Cle m(ilccu'le%zI;:;e there is no mobile jon
ir, 1 lone pair t electric .
However, there are 2 lo.n‘el|[m(l)r. LIH mi:d CH, re- conduc
lone pair of electrons n H,4, 3 g T
schlR'el\'. As Lp-lp.> l.p~b.p. > b.p-bb'lpd. r:r?gle
sion, H,0 would have the smsllcstI or
I ngle.
while CH, has the largest bond a - '
ts as simple Al Cl
* (90°, octahedral), BF; " In the vapour phase, AICL, exis Cl,
2 }{%(())}~199.5°-l\;'|i*:]5;§d)- St ? n?olcculei at temperatures below 183 °C. Above
(120°, trigona .

( ’ M g 3 - o

y

*1. All the 3 molecules have 4
clouds and hence they are dire

AICI, undefgoes hlyc;rolzzis with the moisture in ‘
the air to give HCl fumes.
AICL,(5) + H,0(0) == AIOH)CI,(s)+ HClig)

: - :

78. Which statements concemning the lattice struc- 80, The Group II metals have higher melting points

tures of graphite and diamond are correct? than the Group I metals. |

1 The C-C-C bond angle between nearest Which factors could contribute towards the higher
neighbours is smaller in diamond than in melting points?
graphite. 1 There are smaller interatomic distances in the

2 The shortest carbon—carbon bond occurs in metallic lattice of the Group II metals.
diamond. 2 Two valency electrons are available from

3 All covalent bonds in diamond are of the each Group Il metal atom for bonding the
same strength but those in graphite are not. atom into the metallic lattice.

Helping Concepts !(‘.’-.\am.7am,m-//e ’7?a/,h7>*** 3 Group II metals have the higher first

. ; ionisation energies.
*1. In diamond, each C atom is tetrahedrally bonded g

to 4 other C atoms. Bond angle = 109.5°, In graph- Helping Concepts !(qmm Favoarile 7[70,,-”?>***

ite, each C atom is bonded to 3 other C atoms in . . .
a trigonal planar manner. Bond angle = 120 Metallic bonding is present in both Group I and Group

[T metals. The strength of the metallic bond depends
on the number of electrons per atom available for
delocalisation and the interatomic distance between
the atoms. The more the electrons available and

shorter the interatomic distance, the stronger the

metallic bond.

3. The C-C bonds in graphite have the same bond *]
length.

2. In diamond, each C-C is a normal o bond. In
graphite, there is a sea of delocalised electrons
along each plane. There is partial double bond
character in the C-C bonds, Hence, the C-C bond
length is shorter in graphite.

- Atoms of Group II are smaller than those of Group
L'in the same period. Atomic size decreases across

]
§

a period.
*2. Atoms of Group II metals have 2 valence e""'f
: i trons availabl i hose 0f
79. Which are correct descriptions of the pro rti G ble for bonding whereas t
of anhydrous aluminium chloride? Properties roup I have only 1.
1 It di ' . 3. This statement is co ot explain the |
hqlssolves n benzene to give a solution phenonm e Coes noc |
which conducts electricity. enon.

lllllll Chemistry ”kg with HE'[]S
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gi_g._.icd Bonding
Glucose can be regarded as a simple molecular
: solid of formula
HOCH,CHOH)CHIOHYCH(OH)YCH(OH)CHO,

it is readily soluble in water because water mo)-
ecules form hydrogen bonds to

1 the carbon atoms of the glucose molecyles.

2 the oxygen atom of mc>c=o group of the
glucose molecules.

3 the —-OH groups of the glucose molecules.

vy oo | SRR

Hydrogen bonds can be formed either between the O
of H,0 and the H of the —OH of glucose, or between
the H of H,O and the electronegative O of glucose.

H H
S
H 0
l:;——H-bond Hebond
| H H
s o
“H

82. A simplified structure of a molecule of chlorophyll
is shown.

The magnesium atom is situated in the centre of
a planar arrangement of nitrogen atoms.

What does this structure suggest about the na-
ture of the bonding around the magnesium atom?

I dative covalency
2 o bonding
3 sp’ hybridisation

Q! Cram Favourile %lmz> *

l-'z-DIivecovalembonds are formed between Mg
ad two of the N atoms (shown by ------ line).
other two N atoms form o bonds with

Mg atom (shown by — line).

.qkmhﬂ' ”kqdi Helps

[

3. Since the structure is planar around Mg, the N
atoms are sp? hybridised.

83. After an oil spillage at sea, a liquid hydrocarbon
layer floats on the surface of the water,

Which of the following statements helps to ex-
plain why liguid hydrocarbons both float on, and
are less dense than, water?

1 There are only van der Waals’ interactions
between hydrocarbon molecules.

2 Hydrogen bonding between the molecules
in liquid water causes them to pack close
together,

3 Hydrocarbon molecules are not solvated by
water.

Helping Concepts 'f': am Favourile Ta//y/**

A liquid that floats on H,0 is less dense than H,0.
The converse, however, is not necessarily true. A lig-
uid that is less dense than H,O may not necessarily
float on H,0. Instead, it may mix with H,0.

*1. The van der Waals' interactions are different from
the H-bonding in H.0O. Therefore, the 2 liquid do
not mix. Furthermore, VDW forces are weak and
therefore, the hydrocarbon molecules are further
apart. [t has a lower density.

*2. The statement implies that H,O is more dense.
Since the 2 types of interactions are different, the
2 liquids do not mix.

*3. The statement explains why the 2 liquids do not
mex

84. Long-chain alkanes are converted on an indus-

trial scale into alkylsufates for use as detergents,
e.g. sodium lauryl sulfate,

CH,(CH,),,CH,0 — S——ONa

9]
sodium lauryl sulfate

What deductions about the properties of this sub-

stances can be made from this structure?
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L Part of the strueture (8 polar amd {
attravting
2 The alkyl chain ix suluble in oll droplets

3 Al the C O C bond angles are tetrahedral

KRR .. e Gy > hRK
)

N Wnlel

I.The R - 0O-8-0  end in polar
I
0
*2 The alkyl chain is hydrophobie and hence I

soluble in il droplets,

*1 The C € C bond angles are tetrahedral since 1t
is saturated (i.e. no C=C double bonds or (=
triple bonds),

85. Carbon forms double bonds with each ol the
Group VI elements oxygen, sultur and selenium
In each case, the double bond is polar.
In the molecules carbon dioxide (CO,), carbonyl
sulfide (COS) and carbony! selenide (t ‘OSe), the
polarities of these double bonds do not necessar-
ily cancel.

ovenall Apuluril_\‘. of molecule
CO, 0
COS 0.71
COSe 0.73 B
Which factors could account for these observa-
tions?
1 The C=S bond is more polar than the C=Se
bond.
2 The C=0 bond is more polar than the C=§
bond.
3 The C=Se bond is more polar than the C=0
bond.

'("\an Tavourile K’almj> * *

m? Group VI elements are generally more electrone-
gative than Group IV elements.

The order of polarity of the double bonds is
C=0>C=8>C=Se since the order of electronega-
tivity is O>S > Se.

Helping Concepts

A6, Which of the fallowing properties of » nlummlm

1000 Chemistry M uith Helps

Frequently Examined(.)yey

oo e et o the Tk oF an outel of elogy
trona (i the plarininm atom in this “"'"'“'“M,‘;
Lite tendenvy (o dimerise !
1 ite vovalent vharacter

A Qe aeldity In agquecus solution

mr" v Agpmieite A‘uhu, -***
(!

¢l
(|I ( l‘ (||’ (ulr‘!
ALCT dimerises rendily to give ALCH wo that AL
which has a sextet configuration, galn stabiliy
by acquiring an octel configuration, !

wl'l
\(«l

.l ( llﬂlu

24 U covalent charactor and neldity In aqueous s ‘
lution are due to it high polarising power, |g,
high charge (1 3) and small size. The lonle bond,
i tormed, iy preatly polarised and covalengy
sults, Ity acidity is due to the successive eliming
tion of protons from the H,0 ligands,

1

1 W
!

{ 1
HLO) AL O y | (HLO) A0 + W
( A / \, . \ H “L

N
I H

87. The bond lengths and bond angles in the mok -
ccules of methane, ammonia and water may be
represented as follows. ' '

Co_-0.109 nm 0.|0|mn
”/LT“ n/ﬁ( -
109.5° 107° ;
methang ammonia ‘
O 0.096 nm

H H

104.5°
water
What causes this trend in the bond
shown? 3
n hydroged =

1 increasing repulsion betwee
oms as the bond length decreases

the number of non-bonding electron
in the molecule

a non-bonding electron pair.h
repulsive force than a bonding
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Frequently Examined Questions

Topic v~ —
M l Coaam Favouriie Tah'ny >***

| [If it were true, then one would expect an increase
in bond angle instead.
2,3, According to VSEPR, the repulsion between
electron pairs decreases in the order:
lone pair-lone pair > lone pair-bond pair
> bond pair-bond pair
Hz_o with the greatest number of lone electron
pairs have the smallest bond angle.

!
W Chermisry 7 vt ol
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The Gaseous State

8—r Key content that you will be examined on:

1. Ideal gas behaviour and deviations from it

2. pV=nRT and its use in determining a value for M.




[he Gaseous State

I Exam Favourite Rating: KMight be tested HLikely to be tested KAk Always tested

Section A

j When compzfred at the same pressure and tem-
perature, which one of the following properties
has the same value for H,, and for D,? [D= fH]

A density

B average molecular speed

C relative molecular mass

Dy average molecular kinetic energy

Helping Concepts ' Exam Favourile Tal/ny>***

Average molecular kinetic energy is only dependent
on the temperature.

KE.=

mv? =34kT

ST
N

2. Which of the following elements in its crystalline
form will have the lowest enthalpy change of

vaporisation?
A argon B chlorine
C phosphorus D silicon

Helping Concepts 'Cxam Favourile I’a/r'n)y>***

The lowest enthalpy change of vaporisation is given
by one with the weakest intermolecular forces, in this
case, van der Waals' forces. This, in turn, depends on
the number of electrons per molecule (or molecular
size) of the species (Ar< Cl,<P,<Sg; Si is macro-
molecular),

A\

3. Which statement applies to both ideal and real
gases?

Xy o 3 ast
Collisions between molecules are elastic.

@Holecules are in constant random motion.
C Molecules attract each other.
D Molecules have zero size.

mq‘emhtly m::q with Helps

g

W zor Garanrite Faring > Itk
The differences between an ideal gas and a real gas
are such that in an ideal gas,

A: collisions are elastic without loss of energy.

C. there are no inter-particle attraction.

D: the gas particles have zero volume.

4. A given mass of ideal gas occupies a volume V
and exerts a pressure p at 27 °C.

At which temperature will the same mass of the
ideal gas occupy the same volume V and exert a
pressure 2p?

A 54°C B 54K

C 600 °C @ 600 K

Helping Concepts ""feam Yavourile ?a/;ﬁy}**

p=T P} _ ‘DL
ing DL P2 === $oo ]
Using T I TI.
_r 20 P= 2
273427 T, _— _—

T,=600K %9 |

5. When granulated zinc reacts with dilute sulfuric
acid, hydrogen gas is given off.

How does the volume of the hydrogen evolved,
when a sample of zinc reacts with an excess of
acid, depend on temperature and pressure?

A It increases with increase in temperature and
is independent of pressure.

B It increases with decrease in temperature and
is independent of pressure.

C It increases with increase in temperature and

increases with increase in pressure.



Topic 4 The Gaseous State

(I)Il increnses with increase in temperature and

decreases with increase in pressure.

Holpimg Concepts 'Hlmm Javourde ‘A'uh{ng/‘***

Using pV = nRT, it can be easily scen that V increases
as T increases; while ¥ decreascs as p increases.

— I

6. Under what conditions of temperature and pres-

sure will a real gas behave most like an ideal gas?

tcnnb_c?:-l-l'ijr/d . pr-w;rr.ur(:
A low low
B low high

C standard standard
([D)\. high low

Helping Capcepts Vﬁ am Favonn n,»_’_iih_/:z;»:,} ek o

At a high temperature, the gas particles are moving at
very high speeds. The interactions between gas par-
ticles become negligible.

At a low pressure, the gas particles are, on the aver-
age, very far apart. The interactions between gas
particles become negligible. Furthcrmore, the volume
of the gas particles compared (o the volume of the
container also becomes negligible.

7. Which pas is likely to deviate most from ideal gas

/ behaviour?
@ HCI B
N

C CH, D N,

Helping Concepts '('«.-um Tavvarite 7\?1/:222***

There is no intermolecular forces of attraction between
molecules of a ideal gas. The intermolecular forces
between HCI molecules are permanent dipole-perma-
nent dipole interactions and they are stronger than
the van der Waals' forces in (B), (C) and (D). Hence,
HCI deviates most from ideal gas behaviour.

He

8. Mecasured values of the pressure, volume and tem-
perature of a known mass of a gaseous compound
are to be substituted into the equation

pV =nRT

>
1000 Chemistry mc% with Helps <
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2
/
u=t

A

I——

Frequently Exam,',quu |
-“\'

in order to calculate the relative molecyjay
M, of the compound. Mag

Which conditions of pressure and tempera,
would give the most accurate value of A9 R
K

pressurc temperature
A high high
B | high low
C low high
D low low

Helping Concepts ' Enam Favourite 'Ta/;hz>***

This is an ideal gas equation. To find the most acey,
rate value of M, measurements should be taken g
conditions that approach ideal behaviour, i.e. high
temperature and low pressure.

Which curve shows the correct graph of p¥
against p for a fixed mass of an ideal gas a
constant temperature?

pV pVv
A B
0 P 0 P

Ca

0

p P¥

0 P

P

Helping Concepts '(‘_:\am Favourile 7('n/fhg>***

Using ideal gas equation, p¥ =nRT, for a fixed mas
of gas (n=constant) at constant temperaturé
pV = constant.

Therefore, no matter how p varies, pV remains com
stant. In fact as p increases, ¥ decreases in such 1
way that pV remains constant.

F

4
10. Use of the Data Booklet is relevant to this qﬂf”‘“

Which expression gives the pressure exe"ﬂd,

1.6 x 10~ mol of N, in a container of volus
3.0 dm’ at 273 °C? ‘

L bx b=y 273 A2

Yy yhy >
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1.6x107° x8.31x273 '
: Pa
A 3.0x107° @ @ D 2
E
1.6x107 x8.31x(273+273) p 2 =
3.0x10° 2 > g
-3 0 0 g
1.6x10 x8.?31x273 Pa temp/ °C temp/ °C
3.0x10 /
1.6x IO-3 x8.31x (273 + 273) '{‘\am Tavourite ?almD ***
3 Pa .
3.0x10 For an ideal gas,
" V'=nRT
icling Conconts | (NSRS T i A
PV ="IR; ; where 7 is the temperature in °C.
pP= - At a constant pressure, p is a constant and so are n

"
_ (1.6x107 mol)x8.31 JK™'mol™ x(273+273) K

(3.0x107%) m®

11. Which of the following exerts the highest pres-
sure?

A 1 molofN,at0°Cin11.2 dm?
B 1 mol of N, at 27 °C in 22.4 dm’
C 1 mol of H,O at 27 °C in | dm?
D 1 mol of C/H,, at its normal boiling point

Helping Concepts | SEVT TN NIISS S o ¢

Ideal gas equation, pV =nRT.

= 1xB3Ix273 _ 5 57%10° Pa
11.2/1000

_Ix831x(273+27) _ | |\ 10 Pa
22.4/1000

C,D: Both are liquids at the given conditions.
Also for (D), the saturated vapour pressure
at its normal boiling point is 1.01 x 10° Pa,
i.e. 1 atm.

B:

12. Which graph is correct for a given mass of an
ideal gas at constant pressure?

A B |

volume
volume

Q\

temp/°C temp/ °C

000 Cremisery /4 uith el

and R.
Hence, V" « (273 +1) so that a plot of ¥ against /is a
straight line that does not pass through the origin.

13. The density of ice is 1.00 g cm™.

What is the volume of steam produced when
1 cm?® of ice is heated to 323 °C (596 K) at a pres-
sure of one atmosphere (101 kPa)?

[1 mole of a gas occupies 24.0 dm® at 25 °C
(298 K) and one atmosphere.]

A 0.267 dm’ B 1.33 dm’

C 2.67 dm’ D 48.0 dm’

Helping Concepts 'C‘\am Favuurite Rating > IRIK

Mass of 1 cm® of HO=1g
le | mol
18 gmol™ 18

mol)(24 dm® mol™)

Amount of H2O =

Volume of steam at 298 K = (!ig

=267 dm’

14. A small spacecraft of capacity 10 m? is connected
to another of capacity 30 m®. Before connection,
the pressure inside the smaller craft is 50 kPa and
that inside the larger is 100 kPa.

If all measurements are made at the same tempera-
ture, what is the pressure in the combined arrange-

ment after connection?
%
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A 75 kPa B 87.5kPa
C 100 kPa D 125 kPa

I o i P> *

3
" =-’,’—;? where p, =50 kPa, ¥ =10 "

3
n,=£l§—;/,2- where p, = 100 kPa, ¥, =30’

| 78 1
‘%-1“'7 =m+n =ﬁ(P1K +sz:_,)

= poby=pli+pVs (butVr =V +7,)
_Hﬂ+h%

= Ty,
_(50x10’)x10+(100x10’)x30
- [0+30

—87.5x10° Pa (or 87.5 kPa)

15. A sample of mg of an organic compound is
vaporised in a gas syringe and occupies ¥V cm’® at
T K and p atm.
What is the relative molecular mass of the com-
pound, M?
mx22400xT
pxV x273
_mnx 22400x (T +273)
f pxVx273
_ mx22400x273x p
' VxT
_ mx22400x273x p
f Vx(T +273)

Helping Concepts !c.mm Tavourite .Ta/iny> ***

For an ideal gas, pV =nRT

A M=

B M

CM

D M

_m
M < mRT
r pV
where p in Pa and ¥ in m3.
= mRT _10(mRT)
(px10°)V x10%) ~  p¥

FOT":I,

s -
(10°)(22.4x107) = Rx 273

R 2240
273

1000 Chemistry ”kg with Helps
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Frequently Examined

M, == %V x273

—

16. In a syringe experiment, 0.10 g of a gas is foung
o occupy 83.1 cm’, measured at standard preg,
sure (1.0 x 10° Pa) and 27 °C.

What is the relative molecular mass of the gas)

0.10x8.31x27
1.0x10° x83.1
0.10x8.31x300
1.0x10° x83.1
0.10x8.31x27
1.0x10° x83.1x107°
0.10x 8.31x300
D 10x10° x83.1x107

m’&.\am 70“0"1‘!72 Wahn]>***

pV =nRT
For 0.10 g of the gas,
_0.10
Mr
_0.10 _0.10xRxT _ _0.10x8.31x300
n pV 1.0x10° x83.1x107°

hn

M

r

where p=1.0x 10° Pa;
V=83.1cm®>=83.1x 10" m’;
T=27°C=300 K.

17. Thef value of pV is plotted against p for two gases,
an ideal gas and a non-ideal gas, where p is the
pressure and V is the volume of the gas.

/ ideal gas

pV
non-ideal gas

0 -

P
ga\:lhitl;f?h gas shows the greatest deviation from ide-
ammonia B ethene
C methane D nitrogen
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'f am Fevourde Tuh‘n’ > * *
An ideal gas assumes no intermolecular interaction
among the gas particles. Hence, NH,, which has the
strongest intermolecular H-bonding, shows the great-
est deviation. The other 3 gases have weaker VDW

forces.

18. A 2 g sample of hydrogen at temperature T and
of volume Vexerts a pressure p. Deuterium, 3H,
is an isotope of hydrogen.

Which of the following would also exert a pres-
sure p at the same temperature 77

A 2 g of deuterium of volume ¥V
¥

B 4 g of deuterium of volume 3

C amixture of 1 g of hydrogen and 2 g of deu-
terium of total volume ¥

D amixture of 2 g of hydrogen and 1 g of deu-
terium of total volume 2V

'(“'.\am Favowrite ‘K’ah’ng> ***
2gofH, =1 mol ofH,

Helping Concepts

InC,
I gofH, =1 mol of H,

2gofD, =1 molof D,

A total of 1 mole of gas exert the same pressure of p
given the same volume V and temperature 7.

A: _%P
B 2p
D §P

1000 Chemistry Mt:g with Helps -
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section B

VLA
Foor sk (f 10 gaarifomy i (AR Yo H'w' nwvi e
of thy three e X IR
Y
Dk whnier onh
T LS MARLR LS fiand |
the NAHEMeNIN PR VN COmvidvE I

N I A '."’

o TR M
‘ Wi

{ eyl Ry fik i
MeoCor i

Phe regpomey 4 o D ot be velecied on ihe Daviy
W
\ n ( n
Land 2only | 2 and d only 1 only

1,2 aml d

et
are votret L

are conet are corent

No other combination of statements v wsed oA oot
OO ToNpOnse,

19, What assumptions are made in the kinetic (heory
about an ideal gax?

u" here are no forces of attraction hetween

molecules,

The molecules are in a state of continual,
random motion,

Ihe size of the molecules is nogligible,

heok

AlL the three are assumptions made e the Kinetie
theory about an ideal gas,

20. Which of'the following equations apply to an ideal
pas?

(p = pressure, Fevolume, m = mass, M
mass, o = density, ¢ « concentration, R CRAS con-
stant, 7= temperature)
. PRI

M
2 pV s MRT

,l

3 ,.' i ('I\.’Al

M
m".“‘“' Aroourite ‘l\'utuw\\ ***

[”' = nRT

X

VM M
pl =2 gy
2 ' M—Rl (not MRT'))

. pl‘-i’; RT = pat™ RT _pRT

1000 Chemistry ”709 with "Blllﬂ

—

molar

\

.

For o Bis,
S g ")

M

'.-l‘:\’" “‘”".’ _.‘h' ”

Roanonn why a real pas doviates from jdey
behaviour inelude that the molecules in a rea gay

| have different speeds

} have a definite slze,
A oare aubjoot to intermolecular forces,

Iwo of the asmptions made in the kinetic theory of

an fdeal gax nclude

Cpaw particles have nogligible sizos; and

2opan particles move independently for ong

another,

Devintion of o real gas from ideality implies that the

assumptions are not valid,

For any pas, toal or ideal, the gas particles do not
move al o unitorm speed, There is always o spread of
molecular speed as seen in the Boltzmann distribus

fon,

e

*l

re

w '\" aem | /urnffuu'/lu x'uli‘uy\ * *
)’

Which statements correctly represent the
behaviour of an idenl gas?
molar pas volume, M =molar

concentration, o =density and T=
emperature)

(= pressure, )
m
mass, o

| I“,m" l
2 /’/”\‘ dr
J P ol

:
g

f"‘ nikl > p—- RT
n

= p,'m = RT
> ply T

PV enRl" = o= Mg - 1 =" RT
= pPM = dRT = PM e dT

PV =nRT = p-,g;R'l' = p=cRT
= poel
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Frequently Examined Q) uestions

—

43, The Gas laws can be summarised in the ideal gas
equﬂﬁOﬂ
pV =nRT
where each symbol has its usual meaning.
Which of the following statements are correct?

1 One mole of any ideal gas occupies the same
volume under the same conditions of tem-
perature and pressure.

2 The density of an ideal gas at constant pres-

« sure Is inversely proportional to the termpera-
ture.

3 The volume of a given mass of an ideal gas
is doubled if its temperature is raised from
25 °C to 50 °C at constant pressure.

M r( nam Favourite Rat /Ib ***

*]. The ideal gas equation is valid for any (ideal) gas,
Hence, for any ideal gas, if n=1 mole and T and
p are constant, ¥ would also be constant.

o pI-’=nRT=%RT
_m_pM
"V RT
3. The unit for T is K. From 25 °C to 50 °C, the
change in 7 is not doubled (298 K to 323 K).
Hence, the volume is not doubled.

d = d 0:% (if p = constant)

24. P and Q are ideal gases that do not react together.
The mass of 1 mol of P is four times that of Q.
It follows from kinetic theory that, at standard tem-
perature and pressure,

1 the average kinetic energy of a molecule of
P is equal to that of a molecule of Q.

2 the mass of 1 dm? of P is four times that of
1 dm? of Q.

3 on mixing 1 dm® of P with 1 dm® of Q, the
partial pressure of each gas in the mixture
will be 50 kPa (0.5 atm).

Helping Concepts | &¥T0 Favourrte Rating >**
*1. Average kinetic energy is dependent on tempera-
ture only.

Average K.E.= -;—kT
where k=Boltzmann constant.

*2. Under identical conditions (constant 7 and p), dif-
ferent gases with the same volume have the same
amount of gas molecules (p¥ =nRT = V <n).

1000 Chemistry Mc'g with Helps

*3. A total volume of 2 dm? is obtained on mixing
1 dm? of each gas so that a standard pressure of
1 atm is maintained. Hence, the partial pressure of

each gas is 0.5 atm.

When a sample of a gas is compressed at con-
stant temperature from 15 atm to 60 atm, its vol-
ume changes from 76.0 cm” to 20.5 cm?®. Which of
the following statements are possible explanations

of this behaviour?
1 The gas behaves non-ideally.

2 The gas dimerises.
3 Gas is adsorbed onto the vessel walls.

[ Helping Concepts | SRR '

For an ideal gas at constant temperature,

25.

oV
L7 _ constant.
n

*]. When the pressure changes from 15 to 60 atm,
the new volume should be "5”(;;"0—:19-0 cm’.
The difference in value could be due to the non-
ideal behaviour of the gas, so much so that the

equation p¥ =nRT becomes only an approxima-

tion.
) opals
2. Using £ _ P .
n, 1,
7 x 2
n, =12 =, = 50x20.7, n, =1.08n,
AL 15x76.0

In the final stage, there should be an increase in
the number of gas molecules. Dimerisation gives
rise to a decrease in the number of gas molecules.

3. Gas adsorbing onto the vessel walls reduces the
number of gas molecules.

Consider one mole of ideal gas at a given pres-
sure.

26.

Which processes will increase the number of
molecules which have an energy greater than a
particular value?

1 increasing the temperature

2 introducing more of the same gas into the
same volume at the same temperature

3 compressing the gas at constant tempera-

ture



FrequentlyExam,-ned
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2. As T increases, p also increases, J
'51 am Favourite Ke a/."nz > ***

. 3. AtT, all the Y exists as vapour.
*1. Increasing temperature increases the av&?rage ki-
netic energy of the molecules. There will be an

increase in the number of molecules which have | x

an energy greater than a particular value.

proportion of T
molecules with
energy E T, >1,

energy

E

*2. Introducing more of the same gas into the same
volume at the same temperature basically in-
creases the total number of molecules with the
same energy distribution. However, it should be ;
noted that the fraction of molecules with a par- |
ticular energy remains the same.

3. Compressing the gas at constant temperature has

no effect on the energy distribution of the gas
molecules.

27. A quantity of solid ¥ was placed in a previously
evacuated vessel and the apparatus was then held
at a series of different temperatures. At each tem-
perature, the mass of Y in the vapour state was
calculated from pressure measurements. The re-
sults are shown below.

mass of vapour

T —P temperature

What can be deduced from the diagram?

1 The mass of Y used in the experiment was
m.

The pressure of the vapour was constant
for all temperatures above temperature T,

3 Liquid appeared at temperature T.

Helping Concepts | S99 Tavourite Talfny **

*1. At temperature T and above, all the solid Y has
vaporised. This gives a constant mass of Y at

temperature>T. Hence, the mass registered is the
mass of Y used.

1000 Chemistry MCQ with Helps @
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Chemical Energetics

8—= Key content that you will be examined on:

1. Enthalpy changes: AH, of formation; combustion; hydra-

tion; solution; neutralisation; atomisation; bond energy; lat-
tice energy; electron affinity

2. Hess' law, including Born-Haber cycles

3. Entropy and Free Energy

W Chemistry 4fcq uit o



Section A

1. Which class of reaction always has an endother-

mic enthalpy change?

A /atomisation B combustion

-

formation D solution

Helping Concepts Enam Favourile Kaling *‘*

Atomisation involves the breaking of the attractive
forces between the particles to form gaseous atoms
without any bond formation. Hence, it is always an
endothermic process.

WA

—
2. | Which equation represents the change corre-

sponding to the enthalpy change of atomisation
of iodine?

A 3h(s) = 1(g)
(L) - 21(e)
C 1L(0) - (@)
D L2 - 2(g)

Helplng CD"CBptS 'C.\aﬂ: Favourite ‘Fa/l'ny>ﬁ*

The enthalpy change of atomisation of iodine is the

formation of 1 mole of gaseous iodine atoms from the
e'ement at standard state, i.e. I(s). —

@ Which one of the following equations does the

enthalpy change represent the latti
! ttice ener
sodium chloride? By of

A Na(s) + %Clz(g) — NaCl(s)
B Na(g) + Cl(g) - NaCl(s)
C Na'(g)+ClI"(g) > NaCl(g)

({)a*(g)+c1'(g) - Nao@

1000 Chemistry m% with HEI[]S

lattice.

A the condensation of §team

B mlectrolysis of water
C the freczing of water ka
D Ca(s)+2H,O(() — Ca(OH),(aq) + H,(g)

i ! Enam Favourile ;"\ja/l'ny >***

2H.O(7) — 2H,(g) + 0,(g)

In the electrolysis of water. energy is supplied in the
form of electricity.

5. Which one of the following is involved in deter-

mining the enthalpy change in a chemical reac-
tion?

A the number of stages involved in the chemi-
cal reaction

B the activation energy of the reaction

the initial and final states of the reacting
system

D the intermediates in the overall chemical re-
action

Helplng conCEﬁté ! Enam Favourite ‘TG/IEV*

ldf the initial and final states of the reacting system ar¢
defined, the enthalpy change of the chemical reactio®
15 not affected by the path taken - Hess' law.

/

™ | v
Heipinfconcepts !(r'.-\um Javaurite 7\’:11/117 >***

Lattice energy is the energy given out when gaseqys
ions combine to form 1 mole of solid ionic crysta

@‘Jhich of the following processes is endother-
ic? b
mic? 7R &) |



6. Which one of the following equations correctly
defines the enthalpy change of formation of car-

n monoxide?
(A )C(s)+ $0,(8) = CO(g)

B C(s) +0O(g) = CO(g)
C C(s)+CO,(g) = 2CO(g)
C(g)+ 10,(g) = CO(g)

I
'(T:\am Javourile Ta/r‘ny >***

The enthalpy change of formation of COQ is the en-
thalpy change when 1 mole of gaseous CO is formed
from its constituent elements, i.e. C and 0O,, at their
standard states.

7. Which of the following is the lattice energy likely
to have the greatest numerical value (i.e. the great-
est magnitude, disregarding sign)?

@ lithium fluoride
B lithium iodide

C rubidium chloride
D sodium chloride

Helplﬂg Concepts ' Enam Favourrie 'Ta//'ny ﬁ‘*

The most exothermic lattice energy is given by one
with the highest ionic charges and smallest ionic sizes.

q.q-

ro+r

IL.E.' oc

. <r
rL.‘* <,Nn' 'Rb'

<r
I‘F_ <I’(_I_ ’I”

@ Which value would be required to estimate the
lattice energy for the hypothetical ionic compound

MgH?

A the electron affinity of hydrogen

B the first ionisation energy of hydrogen
C the magnesium-hydrogen bond energy

D the standard enthalpy change of formation
of MgH,

Helping Concepts ' Enam Favaurite Kating >**

MegH exists as Mg*H". Hence, the first electron affin-
ity of H is required for calculation.

W0 Chemistry g uith Hes

H(g)+e — H(g) AH= 1st electron affinity

9. The lattice energies (enthalpies) of rubidium fluo-

~~_ride (RbF) and caesium chloride (CsCl) are =760

/kJ mol-'and —650 kJ mol~' respectively. What is
the lattice energy of caesium fluoride (CsF) likely
to be? (Atomic numbers: Rb, 37; Cs, 55)

A -620 kJ mol™! RbfF = -7760
@—720 kJ mol™' (e C| =-b680
~800 kJ mol™!
SR |
D -900 kJ mol~! Cs F =
' Exam Favourite Ta/inz > * *
+q-
lL.E.Ioc 2
r,oHr

For ions with similar charges (Cs*, Rb*; CI", F"), LE.

depends only on the ionic sizes. Since /., </ and
r_ <r.__, the interionic distance in CsF is between

thFat of 'RbF and CsCl. Therefore, its L.E. should be
intermediate.

10. Which of the following reactions can the bond
energy of the C—F bond be determined by using
only the standard enthalpy change of the reac-
tion?

(A CF(®) - C(g)+4F(g)
B CF,(g) - CFE(g)+FE(g)
C CF,(s) > CF(g)

D 2F(g)+C(s) = CF,(g)

Helplng Concepts '(('l.\am Favourite X’a/inb**

The standard enthalpy change of the reaction in op-
tion A is the energy absorbed to break 4 moles of
C-F bonds in 1 mole of CF, molecules to obtain
1 mole of C atoms and 4 moles of F atoms. Hence, the
bond energy of C—F bond (kJ/mol) will be given by
the standard enthalpy change for the reaction divided
by 4.

11. The heat liberated in the neutralisation given
below is —114 kJ.

2NaOH(aq) + H,80,(aq) — Na,SO, (aq) + 2H,0(()
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Topio 5 _Chemical Energetics W o i Ktng e

By using this information, what s the most likely

following ! I8 neg
e lBsriacia £2 A“hmilu'ltlilg‘l favourable, it 8 kinetically not foasible,
neutralisation? dynamlc

high and the reactiop
+2H,0(0) Jtivation energy I8 very \
Ba(OH), (aq) + 2HCl(aq) - BaCl, (aq) + 2H, Ot ::.v:al:; ':l-uw‘ A Lot of energy 18 roquired 1o break the

A -57k) B -76 kJ C-C covalent bonds and restructure the lattice (from
. D -171kJ tetrahedra to lnyered structure),

ative and the reaction is thermo.

(:_}mu

e Contrnt | ATt S
The quoted value of 114 kJ corresponds to the for-

i e, the enthalpy change ‘ | | .
;_“B";:n > n(\joles o :'Iz?'.o;lei:b:lso 114 kllqincc: the 14. When water freezes, 0.0 kJ mol™" of heat enthalpy
or the second neutralisatl - §
equation also shows the formation of 2 moles of H ,0

in the neutralisation,

is evolved.
What is the entropy change when 54 g of water
freezes at 0 °C?

A 66 )K" B 221K
b C 22J) K" D 66) K
he enthalpy change for the process
2 I:;:-e:i:ltzd()fb;' ethc: equpa);ion ’ ’ mr‘“‘!‘ﬂ’ Urnowarite Raling e K
Na(s) = Na*(g) +e” During freezing (at equilibrium),
is equal to AG® =0 k) mol '
@ the first ionisation energy of sodium. AG® =AH —TAS®
the enthalpy change of vaporisation of so- 0=(—6.0x 107 ) mol ")=273A8"°
dium. AS® =22 1K 'mol '
C the sum of the first ionisation energy and 54
the electron affinity of sodium. Mo =g =3 mol

D the sum of the enthalpy change of atomisa-

. Lo . For 54 g of water,
tion and the first ionisation energy of so-

dium. AS® =-3x22=-66J K
!a.wm Favourite Ta/l'ny>*** -

NR(S) - Na(g) AH atomisation

Na(g) - Na*(g)+e”  AH,, 15. Which statement about the standard enthalpy

change of formation of carbon dioxide is correct?

It is equal to the standard enthalpy change

Why d " _ _ of combustion of carbon.
y. oes the exothermic reaction B It is equal to twice the bond energy of the
C (diamond) — C (graphite) AH =-3 kJ mol™' C=0 bond.
not occur spontaneously? C It is the energy released when one mole of
A A tetrahedral configuration is always more ;::rbon dioxide is formeq from carbon at the
stable than a planar one. mperature of combustion of the carbon.
B Diamond has only strong covalent bonds D i-t s the same for carbon dioxide produced
whereas graphite has both covalent bonds om graphite and from diamond.

and van ' [ !
der Waals fOTCCS. HElplng CO"CEDIS Cxam Favourite .'xa/in]>***

C Graphit i
: ThePc hl e has;:r deloc.allsed electrons. The chemical equation for standard enthalpy chang®
ange from diamond to graphite has  ©f formation of CO, is given below.

high activation energy.
C(s) + O,(g) » CO,(g)

1000 Chemistry #fcq uith hes |




topic 5 Chemical Energetics Frequently Examined ) uestions

This is also the eq_uation for the standard enthalpy 18. The radius and charge of each of six ions are
‘ change of combustion of C. shown in the table.

ion J* L' M Xy ¥
radius/nm | 0.14 0.18 0.15 0.14 0.18 0.15

16. Which of the following ions is the enthalpy The ionic solids JX, LY and MZ are of the same

\ change of hydration likely to be the most exother- lattice type.
i '? . - .
™ What is the correct order of their lattice energies
\ ionic radius/nm | charge on ion placing the one with the highest numerical value
A 0.065 +2 first?
B 0.095 +1 A JX>LY>MZ
‘ C 0.135 +2 B JX>MZ>LY
D 0.169 +1 C LY>MZ>JX

D MZ>JX>LY

[
n.\am 7(1“0([[‘[’/(:‘ Tahb *** "
k The most exothermic enthalpy change of hydration is ﬁmm.%u?mle Ta/my>*.'*
given by one which has the highest charge density, The highest lattice energy is given .by.om? with the
i.e. the highest charge (positive or negative) and the highest ionic charges and smallest ionic sizes.
smallest ionic size. a

[ ot

ILE|e

r

lAH hydration

19. Jodine trichloride, ICI,, is made by reacting iodine
with chlorine.

I,(s) + Cl,(g) = 2ICl(s)  AH® =+14 kI mol”'
ICI(s) + Cl,(g) = ICly(s) AH*® =-88 kJ mol™

17. Which statement helps to explain why calcium and
chlorine form CaCl, rather than CaCl?

A Less energy is required to remove one elec-
tron from the calcium atom than to remove

two electrons. By using the data above, what is the enthalpy
E B More energy is released in forming chloride c.hange of the formation for solid iodine trichlo- _
ions from chlorine molecules in the forma- ride? 1 QJ) -\ L'\Q,M!
i in the formation of A —60 kJ mol™! 3 7
" tion of CaCl,(s) than in t Z 104> N o
; CaCI(s). B 74 k) mol!  _ Ly, 4G
g C The lattice energy of CaCl(s) is less exother- C -81 kJ mol™! 7I,é,‘ * Q{l L — 1 a8 N
mic than that of CaCl,(s). D 162 kJ mol-!
D When CaClI(s) is formed from its elements, : : .
¥ more energy is released than when CaCl,(s) E‘“”” Tavourite Rating > e He kK
‘ is formed from its elements. Consider ICI(s) + Cl,(g) — ICly(s) AH?.
i 'Gxam Favourite Raling >** Then A]jre = AH;’ (ICl,) _Aer (IC)
i In the Born-Haber cycle, one of the steps involves -88=AH_ (ICl3)—%(+l4)
the lattice energy. For CaCl, Ca exists in Ca" and it has ” _ P
g a smaller charge and bigger size than Ca®* in CaCl,, AHy (ICly) = =81 kJ mol
q.9-
I |L.E|ec T ‘
f From the relationship, it can be easily seen t.hat the @ The standard enthalpy changes of formation of
lattice energy for CaCl would be less exothermic. This iron(II) oxide, FeO(s), and aluminium oxide,
makes the formation of CaCl(s) less favourable. AlL,Oy(s), are =266 kI mol™' and ~1676 kJ mol™"

respectively.

000 Chemistry #c uith Hels
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Frequently Examined u%:

— -1
- — «J mol

Yopic 5 Chemical E standard con- A +712K )
. change undel' B +492KkJ mol

What is the enthalpy ¢ ing reaction? C 492kl mol™!

3Fe(s) + ALO ()

+878 kJ mol™

_878 k) mol™
~1942 kJ mol™

~2474 kJ mol™

AH®

=Y AH] (products) —Z AH{ (reactams)
= AHZ (ALLO;) - 3AH;" (FeO)

= 1676 —3( - 266)

=-878 kJ mol™

21. When steam condenses, 44 kJ mol™ of heat en-
thalpy is evolved.

What is the entropy change when 54 g of steam

condenses at 100 °C?

A -354 J K" mol™

B -118 J K~' mol™

C 118K
D 354 JK!

ré vam Javourite J?almy> * *

When steam condenses at equilibrium, AG® =0.
AG® =AH® -TAS®
0=-44 kI mol™' —(273+100)AS°
AS® =-0.118 I K" mol™

mol™!
mol™!

”H:O =%= 3 mOl

. Entropy change = -3x0.118
=-0.354 kJ K™ mol™
=-354 J K" mol™

The enthalpy changes for two

. reactions are given
by the equations below, °

’}.

2Fe(s) +1%02 (8) > Fe,0,(s) AH®

| =~-822 kJ mo|™

C(s) + 502(8) - CO(g) AH® =110 k) mol”
What is the enthal

reaction? PY change for the following

3C(s)+Fe20 (s) - 2Fe(s)+3C0(g)

lllllll Chenastry M it el
e 3 —\» 2Fe \‘T_‘ O

L

p -712 kI mol™!

MF \am Favourite Z’almy >***

3\(—110)\

30(s) + Fe,04(s) M5 2Fe(s) + 300(8)

/o

3CO(g) + Fe,0,(8)

AH® =3x(-1 10)-(-822

23.

= 4492 k] mol ™' \

The enthalpy changes of formation of gaseoug
ethene and gaseous ethane are 52 kJ mol™! ang
~85 kI mol'at 298 K ‘.

What is the enthalpy change of reaction at 298 &
for the following process?

C,H, () + Hy(g) = C,Hq(g)

A -137 kJ mol™!
B -33 kJ mol™!
C 33 kJ mol™!

D 137 k]l mol™!

H8|plng Concepts rk vam Favourie /\a/ﬂ>***

‘o AH =524 (-

C.H () +H,(2) — C,H, ()

-

[2C(s) -+ 2H, ()] + H,(g)
85)=-137 kJ mol™'

32

—

4 '

24. Phosphine reacts with hydrogen iodide to form

PH, (@) + Hi(g) - PH,"1" (s) AH®

phosphonium iodide in the reaction shown.
3
=-101.8kJ mol

Given that AH? for PH J(@)=+54kJ mol™, ‘md'_ :
AH? for HI(g)-+26 5 k) mol”! . what is the stafit =

dard enthalpy change of formation of phosph°’
nium jodide?

fos:

a4

A2 >




709‘0_5 d(hemi“ﬂ Enoreﬁ(! Fr.qu.n”ysx.m’nd(\)umms

A -133.7 kJ mol' What is the enthalpy change of the following re-
B -69.9 kJ mol! nction?

C +69.9 kJ mol ! CO(g) + 2H,(g) —» CH,OH(()

p +133.7 kJ mol™! A 146 kJ mol”!

M'/jmm ‘71[!11‘2“’1/¢' A',,h”:/ _*** B 140 klJ "l()l =1

. C 1140 kJ mol
] N ',\/_I— - 'lfll B kS ol ! N .
PHa () * Hltg) > P ) D 1146 k) mol !

Helping Concepts | Mg /*‘"/my/'***
A”,-"!P”](E’] Al | PHL T (3) l '
+AH [HIg)] COg) + 2H,(g) Ay CH,OH()

P(s) + 2H,(g) + 41, (g)

‘ } 283 2(-280) ~715
AP [PHL'T ()] = A [PHE G+ ALY [N+ ol

=454 12651018 CO,(g) + 2H,0(0) <

=-09.9 kJ mol ' A 263) 1 2(-286) —(~715)

— S . -~ 140 kJ mol !
25. Given the following enthalpy changes

I,(g) +3Cl,(g) — 2ICly(s) AH® =-214 k) mol”' 27. The enthalpy change of reaction between calcium

I(s) = 1,(g) AH® =438 k) mol ! and water can be mcasured in the laboratory.
What is the standard enthalpy change of forma- Ca(s) + 2H,0() — Ca(OH),(s) + H,(g)
ion of iodine trichloride, 1CI,?

.llon of tocine trichlorids, l(;I] What information, other than that obtained in this
A +176 kJ mol™! experiment, is needed to calculate a value for the
B +138 kJ mol™! enthalpy change of formation of Ca(OH),(s)?

C -88 kJ mol™' A centhalpy change of atomisation of calcium
D -138 kJ mol™! B cnthalpy change of combustion of hydro-

, —_— gen
Helping Concepts ! Enam ‘/ﬂglﬂ{lﬁl’ Auling ’**k C

first and second ionisation energies of cal-
| 3 Al < \ W
31(8) + 5Cly(g) —E 1C1 (5) cium
D lattice energy of calcium hydroxide

13 0kJ . . S
338 :l( 214) kJ Helping Concepts '(“'furu Favourile 7;1,/,,,7)***

%[z(g)+ ‘;Cl:(g)-—-—————- ('il(.‘{é‘f 2H,0(1) — AU, Ca(OH),(s) + H,(g)

S, o1 1~ =- J I'l \ :
AHp =3 (38)+5(-214)=-88 kI mo VA TR Mol

[Ca(s) + H,(g) + O,(2)]+H,(g)

. oo AH =AH |Ca(OH),(s)|-2x AH_[H,
26. Some enthalpy changes of combustion are given il ()] [H:(®)]

below. - R
AH, /kJ mol”
CO(g) + %02(8) - CO,(g) - 283 28. Gaseous phosphorus pentachloride can be decom-
H, (g) + %Oz(g) S H,0(0) _ ~ 1286 posed into gaseous phosphorus trichloride and

chlorine by heating. The table below gives the
bond energies.

100 Chemistry 7z uith el

CH,0H(¢) +1 10,(g) - CO, (8)+2H,0(0) - 715
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U
homd bond enengykI mA _

P~ Cf (in bond chlrides) L"”
cli-cl e e
for
What is the enthalpy change in the decompos

tion of PCI, o PCI, and C1,7
A 420 k) mol”’

B 90 k) mol’

C 90 kJ mol’

D 4420 k) mol!

Mgy Lot '/’m//f/ “Yuriminr Ho /(”/’”7/***

pCl, - pPCIL 4 Cl,
In the process, 2 P-CI bonds are broken and | CI-C|
bond is formed,
L A= 2BRAP = Cl) = BIACL - C))
= 2(330) - 240
= 4420 kJ mol !

29, The standard enthalpy change of combustion of
but-1-ene, C,H,(g), is x ki mol",

The standard enthalpy change of the reaction
20,H,(8) = C,H,(y) is y ki mol!,

What is the standard enthalpy change of com-
bustion of ethene, CH (g

A
B

54y K mol!

x+; kJ mo)”!
C ";J k) mol!
n * 2/ kJ mol”!

m, 4 :n;rA/;?rmmﬂ'//J %I/)Ily ) ***

CiHa(@) +30,(g) 21055 200, g) 4 2H,0(1)

;yl
|

1C,Hy(g) 4 30,(g)

I
1!

AH) = 4(x+y)

e

e e,

0 Chemistry m::g (ith Helps

~,

Froquently Exemineg

30, In Ol refineries, an WHpoTiant proces, g o
cvery of amy wilfut from petr Ao o it .
pounds are comvened o the gas by e
fide, H,5, bry uwing a catalyst. The jy g " 88
axidised by using a comrolled smnengy o s g
give steam, W Ag), and sulfur, Ss) :
The enthalpy change of formation .t,f # 4

20.5 ki mol”’ and that of H AXy) is 2;;‘?
mok ',
What is the enthalpy change of reaction per
of H,57

202.5 kJ mol™’

222.5 kJ mol™’

C -263.5 k) mol”’

445.0 kJ mol™’

” - -
' Esm Savenrrife /’4/%

Helping Concepts

A .
HiSlg) 4 50,08) == H,00g) + $(s)

B[4 5] AP [H.‘U(g;]

P J
_’(»’) ‘ }{ifg} “ Z{)‘:{g)

L /'E//

o MM S(g) )+ AHP [H,0g)]
(~20.5)+(~243.0)

222.5 k) mol”!

31 Gallstones can form in the gall bladder and are
very painful. The inorganic part of gallstones i
calcium ethanedioate which is insoluble in water.
The corresponding magnesium ethanedioate is
soluble in water, :
Which factor accounts for the difference in solu-
bility between calcium ethanedioate and magne-
sium ethanedioate? '

A Calcium ethanedioate has a higher solubil-

Ity product than magnesium ethanedioate.

Calcium ¢thanedioate has a2 numerically

higher lattice energy than magnesium
ethanedioate,

B

Calcium ions have a ower enthalpy changé.
of hydration than magnesium ions.

Calcium is more electropositive than magne”
sium, :



repic 8 Chemical Energefics Froquently Examined Questons
ma Favourite Rating > et i The overall reaction in photosynthesis can be rep-

” - AM, 2 resented by the floowing equation.
M*C,0,7 (s) —i M (aq) + C,0,%" (aq) 6CO,(g) + 6H,0(¢) = C H,,0,(s) + 60,(g)

Which row correctly describes the signs of

s Hiviraocn AH and AS for this reaction?
M™(g)+C,0,"(®) AN
AH gy = AHyq - LE. Al - _
Fea ~ g™ B| - +
The hydration energy of Ca?* is less exothermic than Cl+]-
that of Mg®*. This makes AH, of CaC,0, less exo- D| + ] +

thermic and hence less soluble.

Helping Concepts ' Enam Favourite X’ah‘nz >***

AH® =3 AH{ (products)— Y AH [ (reactants)

: =(=1273)-[6(-394) + 6(-286)
32. One suggestion for the reduction of greenhouse ( ) [6( 3
gas emissions from coal-fired power stations is to =+2807 kJ mol
separate the CO, from the flue gases and pump There are equimolar of gaseous reactants (CO,) and

it into the sea bed, where it will dissolve in water Products (O,). However, there is a change from tf}e
under pressure. less orderly liquid (H,O) to the more orderly solid

‘;'«,' CO,(g) + nH,O(0) > CO, (aq) (CanOo)' Hence, AS <0.

During this process, hydrogen bonds are formed
- between CO, and H,O molecules.

" What will be the signs of AH and AS for this
equilibrium for the forward reaction?

34. In an experiment to measure the enthalpy change
of neutralisation of hydrogen acid, 20 cm? of so-

AH | AS lution containing 0.04 mol of HCl is placed in a
1 N " plastic cup of negligible heat capacity.
2 B A 20 cm® sample of aqueous sodium hydroxide
E - * containing 0.04 mol of NaOH, at the same initial
Cl + - temperature, is added and the temperature rises
F D| + + by 15 K.
s
u If the heat capacity per unit volume of the final
Helping Concepts '&wm Favourite Ratiag > K solution is 4.2 J K™' cm™, what is the enthalpy
~ Since bonds are formed, heat is evolved and AH <0. change of neutralisation of hydrochloric acid?
~ Asaresult of the bonding, the movement of H,0 and A 20642615 |
CO, become more restricted and there is greater order. 0.04
l_i Hence, AS <0. B 40x4.2x15%0.08 J mol™
"_‘ 40x4.2x15 -1
; ——==—— J mol
1 ¢ oo
4 : 20x4.2x15 -l
33 Some AH;? values are given below. D 0.08 J mol
co nd AHro /KJ mol_l '(3.\am Favourite Ta/thy>***
H,0(¢) -286 Heat evolved, g=VcAT
C0,(g) ~394 =(20+20)x4.2x15
C,H,,0,(s) ~1273 =40x4.2x1S




Frequently Examined () yegg.

o
topic 5 Chemical Ener etics The enthalpy change of dilution of NaCl(ag) u.
q g

AH for the process

 AH peyralisation =~ no. of mol of NaOH or HCI NaCl(aq, conc) + #H,0 — NaCl(aq, dily
—— &(610%11& J mol™ is very small, and can be considered as being zeny ﬁ

What are the correct signs of AS and AG fo; i g
reverse 0sSmosis process? -

i i - y G
35, At temperatures below 13 °C, shiny, ductile me AS A
tallic tin, known as 'white tir.1', changes slowly into A ~ _
a grey powder which is brittle. B _ N !
Data for each form of tin are given in the table. c ' ~ .
AH® [k mol™ | $°/JK™" mol” D| + + ..

white 0 51.4 mrgjuzm Tavourile Wa//'ny >*

g 20 s During reverse osmosis, the NaCl solution becomes
more concentrated as H,O leaves the solution as pyre
H,O via the membrane. There would be greater order
in the NaCl solution. Hence, AS <0.

Since AG=AH -TAS

What is the expression for AG®, in J mol™, for
the formation of grey tin from white tin at 12 °C?

A AG® =-2.09-285(-7.3)

B AG® =-2.09-12(+7.3) =-TAS ifAH =0,
C AG® =-2090-12(+7.3) AG >0
D AG® =-2090-285(-7.3) The reverse osmosis process is not spontaneous,

Helping Concepts '(J'Jam Favourite 7a/l'ny>**

AG® = AG® (grey) - AG® (white)

— J —_—
._[_ [339(; 7l;)+I é.)’l(’ls?’;:1 1)]2)(44.1)] 37. The energy diagram represents the reaction oc-
. curring with and with .
00255 g without a catalyst
energy f
Note: AG® =AH® -TAS® \ |
E,
—-
36. Reverse osmosis is a method of obtaining pure
water from seawater or polluted water, The pro-
cess ;vorl;s by applying a constant pressure to a L '
sample of impure water next to 3 semi- |
membrane. permeable M
progress of reactiot

Which of the following statements is correct?

im
pure water |
under pressure S

—_—
= impure warer out =
/"' ------------ %
i

S el

semi-permeable
membrane

— —————""% pPUure warer out

Th i~
€ semi-permeab|e membrane only allows smal|

molecules such ag w.
ater thro
all other molecules ang ionsugh. but keeps back

llllll) Chemistry 777,;? with "alps
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A £, In the activation energy for the reverse
cmlyud reaction,
p The forward reaction, with catalyst, Is en-
dothermlc.
. C The enthalpy change of reaction |s ( = E,),
" p The enthalpy change of reaction is reduced
by using o catalyst.

'{ am /mmm rlv A ating ) ***

A E, and E, are the activation energies for the
forward nnd reverse uncatalysed reaction re-
spectively. £, and £, are the activation en-
ergies for the forward and reverse catalysed
reaction respectively.

B: Since the product is at a lower energy state,
heat is given out during the reaction and the
reaction is exothermic,

D: The use of a catalyst does not affect AH

since the initial and final energy states are
not affected.

 Chemistry m::g with Helps
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yopre 8 Chemite! Energelits
wpetion W

R——
VAR B TR RITNGL Tl

Fow o h of the g 1 i) e P

o e thive whered vharventt £ 0

LA

IR W WA
ooy (Vi iy find holpd

B T LB A RNTRYN SaE |
e pegromv 4 o Al e aedevivd oH ihe Pepviy

o

of (A AN T
W ol o 1A L
b cwreet)

v )

yamd donh [ bonly
A el I oo

\ n
1Lodand | tand 3wl
AR GO | e vl

N other combination of wtvtonenia ix wsed i ioo
UL rexpOnRe
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Helpnng) l"nlli‘l‘]\l‘- '\‘\\\1.-“ Mo e Vi 1y ***

1 ATNH G HCIE and NELCIE) are (i thelr stan
dand states,

2 Carbon should be in the solid state,
L H,0 should be in the lguid state,

39, Which of the following reactions does the value
. »
of AM™ represent both a standard enthalpy

change of' combustion and a standard enthalpy
change of’ formation? ‘

UGt 0y = €O,
12000+ 0,(r) = 200(y)
3 Cop)+ .}n,m - CO,(g)

IRRRRIINP . . i ek

() does not reprosont

AH of combustion of ¢
cause combustion of el g

should give CO, and ;
3 and not CO,
(})] do;:r n&lﬂ Np:wmu AH of formation of CO, be-
:mm mation, lhp reactants must be elem
compounds (CO). o

R e
T S
e

S e
e

.Chemim-y ”]c’ with [

A, Wh'i"l

satement are eorreet for the nentrallsatigy -

ol 0 alien ‘
TRl
wilutin ol I,

(R ailothermiv proceas
3 1L ean he ropresented as
1,0 () 1O () > 20,000

4 Ihe enthalpy change per mole of llO'fﬁ-.
farmed 1 independent of the acid or alkgy

wued,

mr.’lmm Aivianiiifv Mtlury '***

N ) O @) o 1O AT <0

e reaction I exathermie,

y wuld hy # atrong alkali in ey,

L i e e e e

2l i

WL e enthalpy change per mole ol | |j() i8 indgs |

dl,

pendent of the acld and alkali uted as long g
ey are atrong aoids and alkalis,

Which of the tollowing are always endothermig
|||uvwnw.~n'.’
the hydiation ol a gaseous cation

Y the dissoctation into atoms of a dintomle
muolecule

N the sublimation ol a solid

Holping Conoopts 'v‘\..u,‘/.,....m-./.v Kuting ,**

L)

'&“.

a9

Hydvation i always an exothermic process be-
vause fon-solvent bonds are formed without break
g any other bonds,

Fnergy s taken in to break the covalent bonds in
A molecule 1o give atoms,

Sublimation is o process whereby a solid trans-
form into a gas without changing into a liquid.
Energy is taken in to separate the molecules apart,
Lo, intermolecular forces are broken.

+ The following equations each represent a step it

t!w Born-Haber cycle for the enthalpy change ©
formation of sodium chloride.

Which changes have a negative AH value?
l (‘l(u) te o () (®)

2 1CL(R) - Cig)

3 Na@s) = Na(g)
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o1, The first clectron affinity of Cl is exothermic.
Cl has a strong tendency to take in | electron so
as 10 achieve a stable octet structure.

23, These reactions are endothermic., The energy
change corresponds to enthalpy change of
atomisation. Energy is taken in to break the
CI-C| bonds or the metallic bonds in Na,

e —

43. Which of the following classes of reaction always
have an endothermic (positive) enthalpy change?

1 atomisation
2 neutralisation
3 solution

M' Enam Favourile Ta//'ny'/ ***

*|. During atomisation, energy is required to break
the bonds between the atoms. Hence it is always
endothermic.

2 Neutralisation is an exothermic process.

3, Enthalpy change of solution may be exothermic
or endothermic, depending on the lattice energy
and hydration.

Eg M'X(s) -—él—l“n—-) M*(aq) + X (aq)
LIEI A’ll'yd

M*(g)+ X (g)
AH’o’n =-"L.E.+ Al‘lh)’d

44, Magnesium oxide and sodium fluoride are isoelec-
tronic (have the same number of electrons).

Which of the following are reasons why thrf value
of the lattice energy of magnesium oxide is four
to five times that of sodium fluoride.

1 the higher enthalpy change of hydration of
the doubly charged cations

2 the higher electrostatic attraction between
the doubly charged ions

3 the shorter internuclear distance between the
doubly charged ions

00 Chieristey ¥cg uith ol

1. Enthalpy change of hydration does not sffect L.E.

9.9

ro4r

Doubly charged ions experience greater electro-
static attraction than do singly charged ions.

*3, Mg? and O% are smaller than Na’ and F~ respec-
tively, Hence, (7, +r_) is also smaller and there-
fore, |L.E.| is higher.

2. |L.EI o,

45. Which of the enthalpy changes of the following
reactions can only be obtained by application of
the Hess' law?

1 The hydration of anhydrous copper sulfate
to form crystals of CuSO,.5H,0.

2 The formation of methane from its elements.

3 The combustion of glucose, C H,,0,.

'(;wm 7{{“1’111!’/70 7\’41//"7) * *
1. CuSO,(s)+ SH,O(f) — CuSO,.5H,0(s)

The reaction cannot be properly carried out. Some
CuSO, may dissolve while some may not be com-
pletely hydrated.

*2, C(s) + 2H,(g) — CH,(g)
The reaction does not take place.

3. C,H,,0,(s) + 60,(g) = 6CO,(g) + 6H,0(f)
The enthalpy change of combustion can be mea-
sured without the application of Hess' law, by

burning a fixed mass of glucose and measuring
the heat evolved.

Helping Concepts

46. Which factors contribute to the lattice energy of
calcium chloride being numerically greater than
that of potassium bromide?

1 The radius of the chloride ion is smaller than
that of the bromide ion.

2 The charge on the calcium ion is greater than
that on the potassium ion.

3 Chlorine is more highly electronegative than
bromine.
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i t explai
1 The statement is true but it does no
CaCly has a numerically larger lattice energy than

KB

n why

Calcium reacts with water to form calcium hydrox-
ide and hydrogen.
Ca(s) + 2H,0(¢) = Ca(OH),(s) + H,(g)

The standard enthalpy change for this reaction
can be measured in the laboratory.

What further information is needed in order to
calculate the standard enthalpy change of forma-
tion of calcium hydroxide, AH,” ?

1 AH? for H,O(0)

2 AH, for H,(g)
3 first and second ionisation energies of Ca

Emm Favourie 'Z’a/t‘n} ***
AH® = 3 AHP (pdt)= 3" AH (rxt)
= AH{ [Ca(OH),(s)]- 2(aH? [H,0(0)))

47.

48. The values of two lattice energies are given be-
low.
NaF, -915 kJ mol-!;

MgO, -3933 kJ mol-'.

Which of the following correct statements help to
explain the difference between these two values?

I In each of these compounds, the ions are
isoelectronic (have the same number of elec-
trons).

2 The attraction between doubly charged ions
is about four times that between singly
charged ions.

3 The interionic distance
and that in MgO

in NaF is 0.102 nm
is 0.074 nm.,

'ﬂﬂmy Meg it bis

S

Frequently Examined Queggee

M' Enam Favourile Tall‘ﬂy >

|L.E|e =
r+r

The statement is true but it does not help to
plain the observation.

When both charges, ¢, and g_ are doubled, |
tice energy increases by 4 times.
The smaller interionic distance in MgO, i.e. smalj
(r.+r) causes the ionic bonds to be strongep

*2.

*3.

Hence, higher lattice energy is expected.

Solutes dissolve in solvents to form solutions, If:
;
a semi-permeable membrane, that allows solvent -

molecules to pass through it, is placed between
a pure solvent and a solution containing a solute -

in that solvent, pure solvent only will go through =
the membrane into the solution. This process is

called osmosis. 3

In which processes will AS be positive?

49.

dissolving the solute in a solvent

2 the evaporation of the solvent from the so-
lution

3 the passage of the solvent through a semi- -l
permeable membrane during osmosis

! Enam Favouriile ‘Z’alt@ **

*1. th?n a solute dissolves in a solvent, the solute
particles are more widely dispersed and they move

rand.omly, compared to the solid structure. Hence,
AS is positive. F

) :
2. When a solvent €vaporates, the solvent particles
mo.ve €ven more randomly and rapidly compared

to in the liquid state. Hence, AS is positive.

The solution becomes diluted as more solvent

enters the solution via osmosis. The situation IS
Similar to 1, ;

e

*3.

50. I_he ent'halpy level diagram shown represents the i
1ssolving of anhydrous magnesium chloride in8
large volume of water, -
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Mg” (g) + 2C1" (g)

Which statements about the process are correct?

1 The lattice energy of magnesium chloride is
~2526 kJ mol™’,

2 The enthalpy change of hydration of the
chloride ion is =384 kJ mol-',

3 The enthalpy change of solution of anhy-
drous magnesium chloride is —132 kJ mol-'.

Eam Favourite %//ny> ***
*1. Mg” (g) +2CI"(g) — MgCl,(s)

*2. AH,,=AH, 4 (Mg” )+ 2% AH, ,(CI)
=(~1890) + 2(-384)
/. AHy 4(CI")=-384 kJ mol™’

clpmng Conceptes

‘3; Aflyh =Alls’d ‘-L.E.
=[~1890+2(-384)] - (-2526)
=-132 kJ mol™’

51. The conversion of graphite into diamond is an
endothermic reaction (AH =43 kJ mol™).

C (graphite) — C (diamond)
Which statements are correct?

1 The enthalpy change of atomisation of dia-
mond is smaller than that of graphite.

2 The bond energy of the C-C bonds in
graphite is greater than that in diamond.

3 The enthalpy change of combustion of dia-
mond is greater than that of graphite.

mr’ “aam Favourile 7ah’nj> * *

. C(graphite) —AL— C (diamond)

AH AH s
C(g)
AH = AH . (graphite) — AH g0 (diamond)
Since AH >0,
Alfm (graphite) > AH yom (diamond)

100 Chemistry Mcg with Helps

3

2. AH =BE(C-C)ppie ~ BE(C — C)grmnong

2526 kJ mol™*
| (s) ~ 1890 + 2(-384) kJ mot™*
MgCl,(aq)

Since AH >0,
BE(C - C)grapirse > BE(C ~ C) giamong

C (graphite) —AH— C (diamond)
CO,(g)
AH = AH_ (graphite) - AH_ (diamond)

Since AH >0,
AH_(graphite) > AH  (diamond)

Note: Diamond has a more exothermic AH than
graphite.




Electrochemistry

8 Key content that you will be examined on:

1. Redox processes: electron transfer and changes in oxidation
number (oxidation state)

2. Electrode potentials

(i) Standard electrode (redox) potentials, £°: the redox
series

(i) Standard cell potentials, £2,, and their uses
(iii) Batteries and fuel cells

3. Electrolysis

(i) Factors affecting the amount of substance liberated
during electrolysis

(i) The Faraday constant: the Avogadro constant; their re-
lationship

(i) Industrial uses of electrolysis

hemistry ch With Helps
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Section A What is the ratio

‘\ Which mestment s fraguenth usad 1 protect alu- mass of .\ liberated : mass of ) liberated?

s wocks fom subsoguent corrosion® Al B 1:2
@a&ukmmmmn\kdmwem\ C1:4 D2
wolvsis ~
L. L. . Helping Concepts | AARTITE NSNS SRS 3 S
B Jgpimg the aluminium in hot agquevus so- S Lunoupts ' Yo : ¥
Svamm Rvadroxade Molar ratto of X' to ) lhiberated =1 ¢ 2

oo Mass of X liberated : Mass of ) liberated

C dppmg the aluminium in molten cnvolite
=N (M) o (M),

\!‘ oating the aluminium with a less reactive
s = xlin N2

=(IND 12X D)

Al = snodisad © morease the protective laver of ALO..
A the smade. O, s releasad and 1t oxadises the Al

made 2 ALO,_ thereby incressess its thickness.

4 When 3 mol of electrons are passed through a
molten aluminium salt, what is the maximum mass
of aluminium formed at the cathode?

2 Anm agesous solunon contains | mol of 8.0,- [4:AL27)
ioms amd this reduoss 4 mol of Cl. molkecules. What N
. - S . A Sdg B 16.2¢
= the salfer-containing product of this reaction? - T
. C 27¢ D 45 g
A S B SO, -
C S0 - D SO 2- Helping COI]COD(S L““,\',""'."‘ Reoonrile R’.uurq\***
Crcm Fovonrsie Aoling **’ -'\l" + -‘C - \l

Q. + e Sl Amount of Al produced =2 mol
-~ — oL 3

4 moles of CL, gain 8 moles of electrons. Therefore,
1 mole of S,0,* have to loss 8 moles of electrons S
s cach S zmom has to lose 4 electrons (since there

&z 2 S aoms per S_0,” ion). Hence, the oxidationf\ I

Mass of Al produced=3x27=45g

sme of S increases of <4 units, i.e. the final oxidation / 5./ In which one of the following reactions does hy-
stz i <6, drogen behave as an oxidising agent.

9
A CH,+H, - C:l-rh
B C.H,CHO +H, — C,H,CH,0H
3. A current is passed through two cells connected C N, + 3H5 - 3N”H_: ,
I series. The first cell contains XSO,(aq) while @ 2Na+H, — 2NaH

the second cell contains ¥,80,(aq). The relative
Zomic masses of X and Y are in the ratio 1 : 2.

.G'ﬂliﬂrymcqﬂ*
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tion stateé sir.lce
s its oxidation
oxidises the highly
a Na atom t0

Cnam Favourtte

»xidising agent dec
i? I:stbeing reduced. In .(D). o
state from 0 to 1. In this case, 1

reactive Na by gaining an electron from

form H'. R
Na - Na® +¢

1H, +e” > H

e
C

/54
J

v

Two electrode potentials are given.
Fe¥' 4" == Fe** E°=+0.77V

Br, +2¢" = 2Br~ E°=+1.07 \Y
Which species is the SHWW agent?
A Fe* ‘\@ Fe?*

\ Br2 Br
'( nam Favourdle Taliny> ‘ﬂ'**

O+n — 1R E°
O is a strong oxidising agent if E® is highly positive.
\ R is a strong reducing agent if E®is highly negative.

T end 5T

7. An ion is discharged at the cathode during the
electrolysis of a molten salt containing the ion.

What could describe this ion?

proton number electronic configuration
A 11 2,8
B 16 2,88
C 17 2,88
D 18 2,88

Helping Concepts ! Exam Favourite Ta/@***

A cation migrates to the negative cathode and is re-
duced to form the element.

Na'+e” — Na
A: Na'
B §*
C Cr

D Ar

1000 Chemistry m::g with HE||JS

bon monoxide detector for 5
s of a patch containing pallag;
chloride crystals. When carbon monoxide s |

Is turn from orange to blacy lr’

resent, the crystals
[t)he following reaction takes place.
'

132 ¥y -1 ¢ -2 -"(‘:40-1. +Pd +,_ k-

352+ PUCI; (5)+H0(0) > CO; (&) PA(S) +2HCigg
orange

Which is the element whose oxidation numbep d&;’

creases in this reaction?

B chloride

8. A cheap car
heater consist

&

&

&
Y

k
i

Vit b

A carbon
C hydrogen @palladlum
H9||]il‘lg Concepts 'E.\am Favourile '7\7a/;'ny>*** ]
The oxidation state of Pd decreases from +2 in PdClz |
to 0 in Pd. ‘

9. During electrolysis under suitable conditions,
0.015 mol of chromium is deposited on the cath-
ode when 0.090 mol of electrons is passed through
a chromium-containing electrolyte.

Which of the following substances could have
been the electrolyte?

A CrCl3 B CrF4
| C CrFS D NaZCrZO.,

Helping Concepts '(ri\am Tavourite ';’\_)a/my >**

Cr'"™ +ne- —— Cr

To deposit 0.015 mol of Cr, 0.015 » mol of electrons are
required.

- 0.0152=0.090
n==6
Therefore, Cr has an oxidation state of +6 in the com-

pound. The oxidation of Cr in the options are (A) +3
(B) +4; (C) +5; (D) +6. P (

10. Use of the Datq Booklet is relevant to this quesﬁO”-

:jn many areas, tap water becomes slightly acidic
ue to dissolved carbon dioxide.

511 :olrl\sid_ering the relevant E£° values, which of
wator coring metals will not be dissolved by ¢4
I containing carbon dioxide?

A chromjum B copper

C iron D lead

r-
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Overall teaotion:

QW) ¢ 20 @) > Cu™ () + ML ()
’\:‘ =0 (H\ M= QM V<

Reaction it vnorgetivally not feasible under standard
RVLIEEL

1 A stwdent electrolyses concentrated aqueous so-
dinm chloride using carbon electrodes. She en-
sures that the solution is continually stirred.
What happens as the electrolysis proceeds?

A H, i produced at the anode.

B HCLis formed.

C NaClo s formed.

D The NaCl gets more concentrated.

'~' weart | hevwerae Al \\**

Elatobaing concentrated NaCl produces H, at the
cathoade and Cl, at the anode (alongsude with little
Q) The (‘l(\ll\‘l_\ te becomes alkaline as a vesult of
the accumulation of OH'

MO+ > HL

Halpmng Coneepts

JOH

In the cold, Cl, will dissolve and react with OH 1o
underge disproportionation. ClO- and Cl are formed.
Cl +20H —» Cl +Cl0 +HO

12. Some data relating to magnesium and its com-
pounds are as follows.

standard electrode potential of magnesium = 238V
melting point of magnesium oxide = 2850 °C
2714 °C

melting point of magnesium chloride

I\

What is the most suitable method for extracting
magnesium metal from its ores?
chloride

A electrolysis of aqueous magnesium
oride

B electrolysis of molten magnesium chl
C electrolysis of molten magnesium oxide
D reduction of magnesium oxide with carbon

.Chemistry MCQ with Helps

ri _'!{E'Hll" :l."_"_lrlw D/ uasiviD

m’jjffp_ Er:ml!’ﬂt‘ '?ah‘nz >***

The very negative E°value of Mg shows that Mg?*
is very difficult to be reduced to Mg. Therefore, normal
chemical reduction is not suitable. A feasible way
would be the electrolysis of molten Mg?', in this case,
MgCl, (MgCl, has a lower melting point than MgO).

13, Use of the Data Booklet is relevant to this question.
Which reactant is likely to be reduced by §n2‘(aq)

ions?
(aq) B H'(aq)

C A e
Pb**(aq) V3*(aq)

Helping Concepts 'E‘mm Thavourite 'X)UII'HD***

— 2Fe*" +Sn**

L >
2Fe’" +Sn~'

ES, = +0.77 - (+0.15) = +0.62 V > 0

Hence, the reaction is energetically feasible.

lo have a positive £, £V of the substance reduced
must be greater than lhg £ of the substance oxidised.
The &£ for Sn**/Sn*" is +0.15 V. Hence, to be reduced
by Sn°', the cation must have E° greater than
015 V. ECof Fe'', H', Pb* and V** are +0.77 V,
0V, -0.13 Vand --0.26 V respectively. Hence, from the

. ~ 3 N
options, only Fe'* is reduced by Sn?*

14. When ammonia is converted into nitric acid on a
commercial scale, the following reactions can oc-
cur.

In which reaction does the greatest change in
oxidation number of the nitrogen occur?

reaction

G

4N +w0 —>4NO+6H0 e Ty
sNO~+HO—>7HNO +NO
= _NO+O - 7N0 -

4NH, +6NO—->5N + 6H,0

Helping Concepts 'J‘mm Favourite Z’auny>***

LA

T N =

A: NH;:-3 NO: +2; AOS.=+5

B NO,:+4; HNO,;: +5; AO.S.=+I

C NO:+2; NO,: +4; AOS.=+2

D NH,:-3: NO:+2; N,: 0; AOS.=+3,-2
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18 Fowr staidan! electrode potentials are listed be-
MWV |
k:\ Cultag) t e a) W l»: :
A) ARt Agy) ! Cl(ag) u\-.).,..
AN ()t e = L) 0.00 V
N 0tV

O A e A
Which cell potential could be abtained I\\‘\ com-
bining two of these standand elevtrodes?

A A2V t’ UUSE R

‘\ .oso \‘ ‘uos \‘

A N1 3 we Al -~ -\\
Helpng Coneepis '\ v Avve e Adity ***

ARt > Ags) HCT Q) BT =022V
MU o M) EY =070V
ES, = 4022 (<0.76) = +0.98
Overall reaction: |
2AgCHKS) + Zn(y) = 2Ag) + 201 (ag) t Zn ')

16, Use of the Data Booklet is releovant ko Hus question,

Gold medals awarded in the Olympic Games have
a silver core and a pure gold coating of mass
6.0 a.

For what period of' time must the core of the medal
be immersed in a solution of' 0.10 mol dm goldn
chloride in order to achieve an electroplated coat-
ing weighing 6.0 g using a current of 0.10 A?
A 29x10%s B 8.8xi0's

C 29x10's D 8.8x10's

i Conc s | R

W
Aut +3e o Au

4 of Au=197

n, = 10—907— mol

18
n.=3xn=— mol
° Au 107

')=n.‘\F=_li,-o' )
Q=n 197 96500 C

USing Q=1

18

|97 K%SOO:OJ(}X’

1=88000s

\\—\‘
mcq with Helps
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Frequently Examined Qusston,

17, The e of a simple cell was found to be |3 v

‘ under standard conditions. The following stan.
dard electrode potentials are given.

[ The letters are not the usual symbols for the el

ements concerned.]

—

Red o[ 717 BV
o‘w‘l - |00 403V (¥
Reol & | R'/R =09V (D
Reol & | 87'/5 0.3 V_é?)

What were the two electrodes of the cell?

and ¢
and S

AP
B r
(v
D ¢
Hulping Concepts 'c"\um ”/'m”",’i/i '/Vcr/f'nz >***

Ihe reaction involved is

O 2R > Q2R

and R
and S

ES 03 (09) =12V

I18. KMnO (aq) is added with shaking to a sample of
acidified Fe'(aq) in a conical flask until the
KMnO, is in large excess.

What colour changes are seen in the conical flask.

A~ The pale green solution turns darker green,
and finally purple.

B The pale preen solution turns pink, and fi-
nally purple.

C The purple solution fades to pink, and fi-

nally colourless.

D The purple solution fades to pink, and fi-
nally yellow,

SFe' + MnO,” +8H' - spe +Mn? +4H,0

Fe (pale green) is oxidised to Fe* (yellow). As the
feaction proceeds and i eventually completely
oXidised, there wil] be excess MnO," in the solutio

whif:h will appear pink at first (small quantity of €%
cess MnO,") and finally purple.

_—

m;

‘ivn‘r“ﬁi%v,.g. Sl

-y
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19, Use of the Data Booklet is relevant to this question. 21,

| A current of 8 A is passed for 100 min through
In acidic snlutum: M.!‘(.)" ions oxidise CI" ions to molten aluminium oxide using inert electrodes.
cl,. The value of £ for the reaction is +0.16 V.

C What will be the a i ib-
which statement or equation 18 correct? pproximate volume of gas lib

erated, measured at s.t.p.?
A 2.8dm? B 5.6 dm?

_ , C 8.4dm’ D 11.2dm’
g The oxidation number of manganese

changes from +7 to +4, Helping Concepts ' Enam Favourite Tah’ny>***

C 2MnO, +8H" +6CI" = 2MnO, +4H,0+3Cl, 207 (f) - O,(g) +4e”
D 2MnO, +16H" +10CI" —2Mn*' +8H,0+5Cl, Quantity of electricity used = /x

M!ﬁ' am avaeite Rating > e e I

A The oxidation number of chlorine changes
from -1 to +2.

‘ N : = 48000 C
w0 s 2 MO of s pt= o S0
Overall reaction: =0.5 mol
2MnO, + 16H" + 10CI" — 2Mn*" + 8H,0 + 5Cl, Amount of O, evolved=%
E® =41.52-136=+0.16 V =0.125 mol
R - Volume of O, evolved=0.125x22.4
=2.8dm’

20. The standard electrode potentials of Ag'(aq)|Ag(s)
and Zn**(aq)|Zn(s) are +0.80 V and ~0.76 V re-
spectively. 22. The standard redox potential for the half-cell
Which of the following conclusions can be drawn reaction Fe*'+ e = Fe*' is +0.77 V.

from these data? Which cell would be used to determine this stan-
A Silver displaces zinc from a solution contain- dard value?

ing zinc ions.

A Fe electrode in 1 mol dm~> Fe®* against Fe
B Silver is an oxidising ngcnlé—-

electrode in 1 mol dm™ Fe?*.

@Zinc has a greater tendency than silver to B Pt electrode in 1 mol dm™3 Fe’* against Pt
form positively charged ions. electrode in 1 mol dm™ Fe?*.
D Zinc ions can act as a reducing agent. C Fe electrode in a solution containing 1 mol

I dm~ Fe** and | mol dm™ Fe?* against a stan-
HL"["I\(] CUIlCUIJtS ! Ernam -.le‘ﬂli{'—l.’-;‘/_\iltf—(/_!\)*** dard hydrogen electrode ©

Ag'(aq) e == Ag(s) EC =+4080V D Pt electrode in a solution containing 1 mol

\ i o dm~ Fe** and 1 mol dm~ Fe?* against a stan-
Zn*(aq)+2¢° == Zn(s) L~ = -0.76 V dard hydrogen electrode.
Overall reaction:

. 70 (aq) Helping Concepts n.\am Favourite Ta/fny>***
+Zn~'(a

2Ag"(aq) + Zn(s) — 2Ag(s) * £0 (& To measure the standard redox potential, a standard

Eq =+0.80-(-0.76) = +1.56 V half-cell must be condnected to a standard hydrogen

+ . In the standard half-cell, all the chemicals

From the £° value, it can be seen that Ag has a e€lectrode R !

Breater tendency to be reduced than is 7n2*. In other must be present (at 1 mol dm™), i.e. Fe’* and Fe®'.

i i i ducting electrode, an inert elec-
word, 7n2* than is Since there is no con ,
Ag toZZ\glzas a greater tendency (0 s trode such as Pt has to be used.

——

10 chemistry Mleg uith elps
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23. Use of the Data Booklet is relevant to this ques

Pseudohalogens are compounds that aré I:MT::I:I-'
in some of their properties 10 t.mlogcns. .on e
ample, thiocyanogen and the lh_locyanalc i0 o
be interconverted by the following redox equl

tion.

e 2§CN (aq) E° =X \Y
- '_, - -
(liigcwgéggn) vae = thiocyanate

d aqueous bromine both

Aqueous chlorine an ‘
e ion to thiocyanogen, but

oxidise the thiocyanat
aqueous iodine does not.

What could be the value of x?
A -1.27 B -0.77

Cc +0.77 +1.27

D
M***

The E® should be that between those of Br,/Br and
/1.
2

E® =+107V

ey /B

E® . =+4054V

171

24. Use of the Data Booklet is relevant to this question.

If iron is heated separately with chlorine, bromine
and iodine, what are the likely products?

chlorine | bromine | iodine
A | FeCl, FeBr, Fel,
B | FeCl, | FeBr, | Fel,
C | FeCl, FeBr, Fel,
D | FeCl, FeBr, Fel,

rﬂ.\ am Favourile 7\70/1}:5/> ***

Fe+ 3Cl, — FeCl,

E2, =136—-(-0.04)=+1.40 V >0

Fe + %Br2 — FeBr,
Ey =107-(-0.04)=+1.11 V>0
Fe+1, — Fel,
ES, =054-(~044) = 4098 V > 0
Fe’* can oxidise I" to give 1,
Fe* +1° - Fe? + 1]
22

Eqy=077-0.54=4023 V>0

1000 Chemistry m‘:? uith HP.||]5
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25. Half equation E° Iy
I,(nq) +2e = 21 (aq) +0.54
e ll:();(ﬂq) ',068

2|-I'(nq)~+A()2(g) b2e ==
H,0,(ag) * 2H (aq) +2¢ =
observed when a few drops of acidj.
hydrogen peroxide are added to an
ueous potassium iodide?

21,0(0) +1.79

what will be
fied aqueous
excess of aq
A The golution turns brown and effervescence

occurs.

B The golution turns brown without efferves.

cence.

¢ The solution docs not change colour and
effervescence occurs.

D The solution turns purple and effervescence

occurs.

Overall reaction:
21 (aq) + H,O,(aq) + 2H" = 211,0(1) + 1,(aq)
ES, = +1.77-0.54 =123V

The solution turns brown as a result of the formation
of 1. However, there is no effervescence since no 02
gas is evolved.

26. The diagram shows the apparatus needed to
measure £ for the reaction below.

Fe''(aq) te —— Fe*' (aq)

\)
hydrogen gas —»-
platinum —- . Rl Py 5 ¢
hydrochloric acid - = Y

What are the identities of X and Y?

X Y
A| Fe Fe' (aq)
B| Fe Fez'(aq)-f Fe' (aq)
C| Pt Fe'' (aq)
D| Pt |Fe’(aq)+Fe" (aq)




'v‘,\um Prvaneste A',,(my\ » ***
In the Fe'' /Fo' half cell, an inert electrode (e.g Ptor
C) Is required.

27, Sodium thiosulfate is used in the textile industry
to remove an excess of chlorine from bleaching
processes by reducing it to chloride ions,

$,0, H4Cl, + 5H,0 - 2HSO, +8H" +8C
In this reaction, how many moles of ¢
supplied per mole of thiosulfate?
Al B 2

C 4 D 8

'?i\(llll r?llll“l/l'l‘/t‘ A'u//'m/._l‘;.***
Balancing the half equation Sz()f‘ /l IS0,
8,0, 4 SH,0 = 2HSO, + 8H' + §e
Balance S

$,0," = 2HSO,

Balanﬁcc O by adding H,0

lectrons are

Step I:

Step 2:

Step 3. Balance H by adding H'
8,0, +5H,0 — 2HSO, + §H'
Step 4: Balance charge by adding electrons

8$,0,"" +5H,0 — 2HSO, +8H" + 8¢

28. When a large current was passed through acidi-
fied aqueous copper(I1) sulfate, there was simul-
taneous liberation, at the cathode, of x mol of
copper and y dm? of hydrogen (measured at s.t.p.).

How many moles of electrons passed through the

solution?
y i
x+22'4 B x+”l2
C 2 s
**3%6 D 2x+113

W'( wam Favaurile Wa//ny) * *

Both Cu and H, are liberated at the cathode.
Cu* +2¢ — Cu
2H' +2¢” > H,
@ 1 mole of Cu requires 2 moles of electrons. There-
fore, x moles of Cu requires 2x moles of electrons.

lllllll Chemistry MCQ with HGIIIS

k

(1) 22.4 dm’ (1 mole) of H, requires 2 moles of elec-
trons,

Hence, y dm" of H, requires

i ¢ . l"(’

*Total number of moles of electrons required

P
- Xt
1.2

29. Use of the Data Booklet is relevant to this question.

When aqueous hydrogen peroxide, H,0,, is mixed
with acidified potassium dichromate(V1), there is
a colour change from orange to green. When aque-
ous hydrogen peroxide is added to acidified po-
tassium iodide solution, there is a colour change
from colourless to brown.

The oxidation number of oxygen in H,0, is ~1.

What are the oxidation numbers of oxygen after
the reactions with potassium dichromate(VI) and
potassium iodide?

after reaction with after reaction with
potassium potassium
dichromate(VI) iodide
A -2 -2
B -2 0
C 0 -2
D 0 0

Helping Concepts | SETSioamms Rating > e

H,0, is oxidised by K,Cr,0,. Hence, the oxidation
number of O increases (from —1 to 0). The oxidation
number of Cr decreases from +6 to +3. H,0, oxidises
Kl to I,. The oxidation number of O decreases (from
~1 to -2). The oxidation number of [ increases from
-1 to 0.

30. The dissociation constant, K.y, for the ionisation

of water, H,O == H' + OH", at different tempera-
tures is given below.

temperature/ °C | K /mol® dm™
0 1.15%107"
25 1.00x10°"
50 5.50x10™"
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What can be deduced from thes information”

A Only at 25 °C are [H'] and [OH] equal.

B The equilibrium lies furthest to the night a
0°C.

C The forward reaction is exothermic.

D The pH of water decreases as temperature
increases.

[ oo | AR TN

HO—H -0H

A: H,O is neutral at all temperatures where
(H']=[OH].

B.C: Given that at 0 °C, iK_; the smallest. it
shows that the equilibrium lies more to the
left at 0 °C but more to the right at 50 °C.
This also shows that a higher temperature
favours dissociation. Hence. the forward re-
action is endothermic.

D: At a higher temperature, fK_s higher. This

means that [H"]=[OH ] = 1\; is also higher.
Hence, this translates to a lower pH where

pH=-Ig[H"].

However, water is still neutral at a2 higher
temperature even though pH is lower than 7
because [H'] =[OH].

31. Use of the Data Booklet is relevant to this question.

In the commercial electrolysis of brine, the prod-
ucts are chlorine, hydrogen and sodium hydrox-
ide.

What is the maximum yield of each of these prod-
ucts when 58.5 kg of sodium chloride are
electrolysed as brine?

vield of yield of _ yield of
chiorine’kg hydrogen’kg sodium hydroxide/kg
A 355 1 40
B 35.5 2 40
C 71 1 40
D 71 1 80
Helping Concepts | SN D . . 8 .1
Overall reaction:

2NaCl(aq) + 2H,0(£) — 2NaOH(aq) + H, (g)+Cl,(g)

'Chemistry m:q with Helps

mass of CL == 1000« TI=35500 5 < 3¢

Mass Cf szf-‘["“'m":=12:.; i:;u ‘.g
of NaOH =000 « 40 = mogg r=uig
\\

32. A current is produced in the following ooy
Pt/ ¥ (agk ¥ (ag) | XO, (aqh X~ (ag), H g

—
electrode ET TS Ky
Pt I (agh I (ag) -0.77
Pt 1D, (aq). X (ag) 132

When a current is flowing, which one of te g
lowing species is oxidised?
A X0, (ag) B (zq)

D Flag)

Helping Concepts ' sam Faoanris Xarmg >

When 2 current is produced. it shows thar the celf i |

C I (aqg)

- .- - n o: -
fUHCUOﬁi{Ig asavotaic cell. Le. £, >0
L EL =+1.32—(0.77)

=475V >0

In other word,

XO,” —8H

+3 — X7 +4H.O (reduction)
(oxidation)

o> -
4 - [ <

Hence, ¥?" is oxidised.

33. Use of the Data Booklet is relevant fo this queston.

The diagram represents an experiment to confimt
the value of E® (Zn*"(aqyZnis)), the
electrode potential of zinc.

:-.voln-ruacr
¢ standard
zine "T-
€ electrode T
salt bridge

The e.m.f. of the cell was found to be 0.78 V
than the expected 0.76 V.
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qwo students, X' and ¥, suggested posuible explu.
pations.
X Iynz'(aq)] was greater than 1,00 mo) dm

y: [H'(aq)] was greater than 1.00 mo| (3

which of their suggestions could be correct?
A both X and Y

B X only

C Y only

p neither X nor Y

M'”mm '7uumu 1/«1 % u/m{ > **

" +2e = Zn [°

==0.76 v
H' e == fH,  E°=qv
Lcnll f": n, ’;:."//..
If Eq=078V,
either Hu‘m, >0 or/and E/...-"//,.. <-0.76 V.
XE, o, >=076V
Vi E >0V

i,

34. Sulfur dioxide gas is converted into sulfate ions
when it is bubbled into aqueous manganate(VII)

ions.

MnO, (aq) + 8H" (aq) + S~ — Mn*' (aq) + 4H,0(()
S0,(g) + 2H,0(f) - SO,* (aq) +4H' (aq) +2¢”
Which graph shows how the pH changes as sulfur

dioxide is bubbled at a constant rate into a well-

stirred solution of manganate(V11) fons until its
colour just fades?

A B /
PH pH _/
0 time 0 time
C 1 D y
\_.
0 kﬁime 0 time
Il
nch‘“ﬁﬂtw m,-q with Helps

____ Frequently Examined()uestions

m&m Sumeie Faing > e e

Overall reaction:

2MnO," + 580, +2H, 20 = 2Mn*" +580,* + 4H*

As the reaction proceeds, H' is produced. Hence, the
pH drops continuously until the end of reaction.

35. Electrolysis of aqueous copper(ll) sulfate was car-

ried out using copper electrodes and a steady
current,

Which graph shows the change in mass of the
cathode with time?

A A
as mass
A HEsS / B \
time time
A N
mass mass
C /_ D L
time time

HD'DII]Q COHCBDIS ' Eram Favourite Td/ll)( >***

At the cathode, Cu® migrates there and is reduced to
form Cu.

Cu®™ +2¢” - Cu
Hence, the mass of the cathode increases with time.
No. of coulumbs that flows through the electrolyte
= current x time
No. of coubumbs that produces 1 mol of Cu atoms
=Faraday constant (F)x charge on the jons
=2F
No. of moles of Cu atoms produced
_ current x time
2F
Mass of Cu atoms produced
=no. of moles x molar mass

— (curregt; time x 64) g

Since the current is a constant, the mass

_ of copper
increases linearly with time.
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36. The wﬂs for the metals

X and Y are given below.
X (aqVX(s) E®=+030V
Y= (aqy Y(s) E®=-040V

X() == |
\1 [ bridtgel :

] [V (aq)]
] 1.0 mol dm™

[V (aq)] ——
1.0 mol dm™

The cell shown in the diagram is set up.

Which of the following is a correct description of

this cell?
electrode at which po_sitive em.f/V
ions enter the solution
A X 0.70
B X 0.75
C Y 0.10
{ Y 0.70

'c’?mm Favourite Rating > IR
X7 +2e° = X E®=+030V
Y 42 = Y E®=-040V
Overall reaction:
X**(aq) + Y(s) — X(s)+ V**(aq)
EZ, =+0.30-(—0.40)=0.70 V

_\: The electrode at which positive ions enter the solu-
tion (anode; oxidation) is therefore Y.

37. An acidified solution contains CaCl,, FeCl, and
MnCl,, each of concentration 0.10 mol dm™. Car-
bon dioxide is blown through the solution until it
is saturated with carbon dioxide at 25 °C. The
concentration of CO32'(aq) in the solution reaches
1x107° mol dm™3.

The value of the solubility product of each of the
carbonates at 25 °C is given below.

CaCO;  3.8x10”° mol? dm*
. FeCO,  3.2x10" mol® dm
MnCO; 2.5x107"3 mol? dm*

Which statement describes what happens in the
solution?

1000 chemistry #cq uith Hels

Frequently ExaminedQ
ety

A CaCO, and FeCO, only are Precipity
B CaCO, only is precipitated.
C FeCO, and MnCO, only are Precipity
D MnCO, only is precipitated.

{ed_

ed,

Helping Concepts ’ Caam 7amunreM>**

For precipitation to take place, ionic product >K
MCO,(s) == M (aq)+CO>(aq)
For the 3 compounds,
ionic product =0.10x1x10~°
=10""" (mol dm™)?

Hence, FeCO, and MnCO; are precipitated.

38. A direct current is passed through the apparatys
shown in the diagram below.

-+

carbon

7 electrodes

neutral litmus

paper soaked
in NaCl(aq)

NN

N SN

/7

/9

After a few minutes, what colours would be ob-

served on the paper at the three points, X, ¥ ant
Z.

NN

X Y z

red  purple  blue
red white blue
blue  purple red
blue  purple  white

HElplng COnCEptS !(:\am Favourile /?a/-"ﬂy >***

H", Na* migrate to X and OH-, CI- migrate t0 zA
equilibrium, ¥ should be neutral, i.e. purple. Dis
of H* at X leaves an excess of OH", i.e. blue.

o O ® @

P . =



H" +e - IH,
H,0O =— H' + OH"
OH- or CI” may be dlschargcd at Z, depending on

their concentrations. If CI” is discharged, Cl, evolved
will bleach the litmus, i.e. white.

CIr » %Cl2
If OH is discharged, oxygen evolved may also bleach
the litmus, i.e. white.
20H" —» H,0 + [0] + 2¢

40. A student set up the cell shown,

high resistance voltmeter

zinc

Cu’ (agy
I mol dm

Zn** (aq)/

I mol dm salt bridge |-

J

The following values for the cell potential were
determined as a change was continuously made.

reading number | cell potential/V
39. The circuit shown in the diagram was set up. I 1.100
switch 2 1.090
>">|I1lﬁ 3 1.08]
: 4 1.074
:::——Q:;::;.::;:::::_zf_-:"f 5 1.064
anode of brass__| [~ \\\ s S T .
(an alloy of e N il it What continuous change in the copper half-cell
— NN AR S
copper and zinc) | —_ %\ ______ ] cathode could produce these results?
- RN - — — - =1 :
dilute sulfuric — = S Sl ;;L"num A add a reagent to the solution that complexes
acid —— - - - - J with Cu?*(aq)

Which electrode reactions will occur on closing
the switch?

B increase the concentration of Cu?*(aq)

anode reaction

cathode reaction

C increase the surface area of copper immersed
in the solution
D increase the surface area of the salt bridge

copper dissolves preferentially

zinc and copper both dissolve

zinc and copper both dissolve
zinc dissolves preferentially

o O w e

hydrogen is evolved
copper is precipitated
hydrogen is evolved

hydrogen is evolved

immersed in the solution

Helping Concepts '(':.am Favourite Raling > I K

Zn* +2e- — 7Zn E? =-0.76 V
Cu” +2¢e° — Cu E? =4034V

At the anode, Zn is oxidised since Zn**/Zn has a more
negative reduction potential (i.e. the backward reac-
tion has a greater tendency to take place). Hence, Zn
dissolves.

Zn(s) = Zn*" (aq) +2e”
At the cathode, H’, being the only cation, is dis-
charged to give H, gas.

2H' (aq) + 2¢” = H,(g)

1000 Chemistry m:::i with llelps

Helpmg Concepts 'f':w/m Favourife 7(11//'1”[ > **

/ o - j (53 lis

eell T Feu ey T Bz,

When £7..  decreases or £ .. 7 INCTCASES, EL,
drops. This can be done by cither increasing [Zn?*]

or decreasing [Cu?*].

Cu® + 2e — Cu I(", ' Cy =+4+0.34V
n* 42 = ZIn  E). . =-076V
When a complexing agent is added to Cu?*, it forms

a complex with Cu?* and hence decreases [Cuz'].
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41. Two separate electrolyses were performed as fol-
lows, under the same conditions of temperature
and pressure.

1 When molten copper(ll) chloride was
electrolysed for five minutes, 100 cm? of chlo-
rine were collected from the anode.

2 When aqueous sulfuric acid was electrolysed
for five minutes, 200 cm? of oxygen were col-
lected from the anode.

If the current used in electrolysis 1 was I, what
was the current used in electrolysis 27

A 051 B I
C 2 D 4/
'Cz\am Favourile Taliny> *
1. cr - %Cl: +e
2Ve,
ne_ =2x"€l; = 7 2
It=0= n_x F
2V, xF
e V, xt
2. H,0 — ‘502 +2H" +2¢”
4V,
n_= 4Xno = 0:
e 2 Vm
Lt=Q=n_xF
4V, xF
I, 2
V.t
Since ¥, =2xVg,,
8Vc1, x F
2T Ty g =41,

1000 chemistry Meg ith heps
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-y ) Electrochomistry
Section B

For each of the questions in this section, one or more
of the three numbered statements 1 to 3 may be cor-
e,

pecide whether each of the statements is or is not
correct (vou may find it helpfil to put a tick against
(he statements that you consider to be correct).
he responses A to D should be selected on the basis

o

T\“] B C D

1.2and 3 [tand 2only | 2and Jonly | 1only
are correct | are correct are correct is correct

No other combination of statements is used as a cor-
rect response.

42. What are the conditions usually quoted for the
standard electrode potential of hydrogen to be
0.00 V?

1 The concentration of H*(aq) is 1 mol dm™.

2 The temperature is 0 °C. V' \wp
3 The_atmospheric pressure is exactly 1 atm.
Helping Concepts 't‘l\um Trwourite ‘X’ul:‘n_ys***

The conditions are
[H']=1mol dm™;

T=25 °Cor298K;
Py, =1 atm (not atmospheric pressure).

43. Which conditions are necessary when an elec-
trode potential is measured using a standard
hydrogen electrode as the reference electrode?
1 the use of hydrogen gas at 101 kPa (1 atm)

2 measurement of the e.m.f. when the current
delivered by the cell is effectively zero

3 apH of 1.0 for the solution at the hydrogen
electrode

Helping Concepts 't‘lmm Tavourile 2’ah‘nj>***

The conditions are
py, =101 kPaor | atm;

[H*]=1mol dm™ or pH=0;

T=298Kor25 °C.
The e.m.f. measured should be when the current=0.

M chemisery Mg uith es

When there is a current flow, the system suffers a
drop in potential due to internal resistance.

44. Sodium reacts with ammonia to give hydrogen and
sodamide which is ionic.
234 O

2N 2N, — 2NaNH, + Hy
Which changes in oxidation number of the three
elements involved occur?
1 -3to-2
2 0to+l
3 +l1to0

ﬁlmm Favourite Rating > WK
Na: 0 to +1

H +11to 0 (in Hy)

N: no change

45. An aqueous copper(ll) salt is electrolysed be-
tween copper electrodes, using a constant cur-
rent. What affects the mass of copper deposited
on the cathode?

1 the time taken
2 the concentration of the solution

3 the nature of the anion present

Helping Concepts '(ﬁ.\am Favourite J?ah@***

Cu** (aq) +2¢~ — Cu(s)
O=1t
The amount of electronic charges used depends on
the time taken for the current to flow. The longer the
time, the greater the electronic charges and hence the
greater the amount of Cu deposited.

The concentration of the solution and the nature of
the anion present have no effect on the mass of Cu

deposited.

46. The standard potential for the electrode reaction
represented by the equation

Pb* (aq) +26- — Pb**(aq)
is +1.69 V. What may be deduced from this infor-

mation alone?
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1 Lead(1V) compounds can act as oxidising
agents.

2 Lead is more stable in the +2 than in the +4
oxidation state,

3 Pb(80),), will not exist.

m'ﬂ wam )ﬂlflll;l ;/a 'EI/;II'Z/ ***

*1,*2. From the positive value of £°, it may be in-
ferred that Pb' is readily reduced to Pb?",
Hence, Pb** can act as an oxidising agent and
it is less stable than Pb*.

3. The stability of Pb(SO,), cannot be deduced from
the given information.

47, Which of the following statements are true for a
standard cell set up using the half-cells below?
Ni** (aq)/Ni(s) £ =-025V
Sn*' (aq)/Sn(s) E® =-0.14 V
1 Electrons flow in the external circuit from Ni
to Sn.
2 The concentration of Sn?*(aq) will decrease.

3 Oxidation occurs at the Ni terminal.

iy Concoyes | AR S
Overall reaction:

Ni(s) + Sn** (aq) — Ni*'(aq) + Sn(s)
ESy =~0.14-(-0.25)=+0.11'V

#1,#3, Ni is oxidised to Ni?* (Ni — Ni?* + 2¢7) and the
electrons released flow from Ni to Sn through

the external circuit.

*2. As more and more Sn** are reduced, its concen-
tration decrcases.

48. The equation for a reaction is shown below.
IMnO, +5H,0,+6H" — 2Mn*" + 8H,0 + 50,
Which of the following statements about this re-
action are correct?

1 Hydrogen peroxide is oxidised to oxygen.

2 Hydrogen ions are oxidised to water.

3 The oxidation number of manganese
changes by 6.

1000 chemistry MC? with Helps
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M'( sam Javourile I’a/m/ ,-***

+ +
2h:17n()4 5”2(?]2 6H' —> 2N19 + 8}-{23_,.5%2

The oxidation state of Mn decreases by 5 (from #

+2), i.e. Mn is reduced. Henceforth, O is oxidiseq an

its oxidation state should increase, i.e. from —| lo:
and H,0, is oxidised to O,. H is not involved iy lhg
redox 'uncc its oxidation slate does not change

I ‘—-\\ '

49, Which statements about the reaction given gy,
correct?
10, (ag) + 21" (aq) + 6H" (aq) + 6CI (aq)
—» 3ICl, (aq) + 3H,0(()
I The oxidation number of the iodine in the
jodate ion, 10,7(aq), changes from +5 to +],

2 The oxidation number of the iodine in the
iodide ion, I (aq), changes from —1 to +2,

3 The oxidation number of chlorine changes
from -1 to -2.

Helplnu CDnBBpIS Enam Favourite Ralin
7

*1,2. In the reaction, 10, (0.5. =+5) is reduced by I
(0.S.=-1)1o0 IC|2' (O.S.=+I).
I is oxidised to the same product, ICL".

3. CI is not oxidised or reduced.

50. A | mol dm™ aqueous copper(ll) salt is elec-
trolysed between copper electrodes, using a con-
stant current for 60 s.

What affects the mass of copper deposited of
the cathode?

1 decreasing the time taken
2 increasing the concentration of the solution

3 the nature of the anion present

Helping Concepts ! Enam Favourdle Ta/l"é >** g

Cu?** +2e — Cu
=ne, ¥ Mg, |
=2xn,xMc,

”’('u

= 2)(%—><M0J

_Zx%xM“
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l M",molar mas_sl of Cu; @'=quantity of electricity; 3 There is no information to suggest that Au s

96500 C mol "] _ d-block eloment (although it is}).

Hence, the mass of Cu deposited will depend on the

current (D time duration of electrolysis (f). T -

/_—_’- . \ \ \
83, Use of the Data Booklet is relevant to this question,

. When 193 C of electricity are passed through a
51. In the dlahg. h Iglf;eﬂI‘: :::nda:d hydmgen electrode molten compound of a metal, 1.00 ~ 10 "mol of
below, Whie WOt Comact! atoms of the metal is deposited at the cathode.

What could the metal be?

( A 1 copper

1 H,(g)at 101 kPa and 273 K— 1 load

3 silver

- ~
Sham Aeowede '\:mny ‘***

. 193
Amount of electrons passed = ——
92.65x10

1
=2x10 " mol

3 1.0 moldm™ H,SO,

M" + e - M

3 platinum foil coated with finely divided platinum
I x 10~ mol of M"* require 2 x 10" mol of electrons.

— ing Concepts | £STI . . ‘
Helning = r vourite Rating >IOWW Therefore, 1 mol of A" require 2 mol of electrons.

*]. Tis 298 K. Hence, n=2.
#2. [H']=1mol dm™ - The metal could be Cu(Cu?*) and Pb(Pb*"), but not
Hence, [H,SO,] should be 0.5 mol dm™. Ag(Ag).

4 54, Pain is often felt when a piece of aluminium foil
touches a dental amalgam filling in a tooth be-
cause an electric current momentarily flows, The

52, The discharge at the cathode of 1.00 mol of gol
jons from an aqueous solution of a gold salt re-

quires 2.90 x 10° C of electricity. - current v
) i i amalgam contains tin. The standard electrode
Which of the followllng conclusions can be drawn potentials are as follows.
from these observations? - o
- Iv ch q Al (aq)/Al(s) EY =-166V
The gold ions are positively charged. .
g P Y = Sn~' (aq)/amalgam E® =-0.13V
2 The magnitude of the charge on the gold
; . X . - ich of the following are features of the ce
ions is three times the electronic charge. Whu?h (q following are features of the cell
obtained?
3 i : ' nsition) element. e ,
Gold is a d-block (trans ) 1 The aluminium foil acts as the negative elec-

Helping Concepts Evam Favourite Raling ** trode.
2

Sn** ions are momentarily discharged into

*1. Cations migrate to cathode and are reduced. L s 8
. . the saliva in the mouth.
, Au™ +pe” = Al 3 The e.m.f. of the cell is +1.79 V,
2. 1 mol of electrons carries 96500 C of charge. In i
2.90 x 105 C OfEIGCU'iCit)’, there are _{;{iﬁ_ =3 mol of M'C'mm Favourite 7\‘-1!:’:).;\.. ***

electrons. Since 1 mol of gold ions take in 3 mol Overall reaction:

of electrons, th itude of the charge is 3 times *
that of thl;selee":;:‘gigl ch:rge. 2Al(s) + 3Sn*" (aq) — 2AI’ (aq) + 3Sn (amalgam)

ie. Aut + 3¢ » Au

]ﬂﬂl] Chemistry MCg with Hﬂlpﬁ

E%, =-0.13-(-1.66)=+1.53 V
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topic 6_Electirochemist | The e.m.f. of the cell is 0.30 V.

*1. Al is oxidised, liberating electrons. 2 If the electr °d°f:l $::£STS by & &
g +3e f wire, iron wi ’ :
Als) = A" (a9) ° )
Hence, Al acts as the negative electrode (anode)- 3 If the electrodes are connected by 3 p
) . into the amalgam and of wire, electrodes will flow through the g
23, Sn?* are discharged in ol e i

ES =+1.53V.

I m'{z‘m Javourile Tah‘uy>

e _
ez ==Cr  E°=-074V

88, In a fuel cell in which ethanol comes into contact FP 26" Fe Ry
with fresh air on the surface of a catalyst, the = .
reactions taking place at the two electrodes areas ES, = _0.44—(—0.74)=+0.3

follows. + At the cathode, Fe* +2e” — Fe. Hence, Fe wiy|
clectrode 1: be deposited. ‘;
CH,CH,OH(?) + H,0(f) #3. At the Cr anode, Cr loses electrons. H:lnoe, eb,;
—_— - Cr to Fe is the external circuit
—=> CH,CO,H(?) +4H" (aq) +4e trons flow from ]

electrode 2:
0,(g) +4H" (aq) +4e” =— 2H, (1)

57. The diagram shows apparatus that can be tud+

i is correct? i
Which statemeat is co to measure the standard electrode potential

i 1 be-
1 The electrode pote'ntlal of electrode : copper, £°.
comes more negative as the concentration A~
of ethanol increases. r P

2 Hydrogen is reduced at electrode 2.

hydrogen —
3 Oxygen is reduced at both electrodes.

= X
Helping Concepts '(}xam Favourile 74//‘/:2 > **

The overall reaction is the oxidation of ethanol to form

CH,CO,H.

*1. The electrode potential of electrode | measures
that of the reverse reaction (reduction). When

H’ (aq) Cu** (ag)

Which factors are essential for an accurate E®to

[C,H,OH] increases, oxidation of C,H.OH be- be measured?
comes more readily, but the reduction of CH,CO,H 1 The hydrogen should be dry.
becomes more difficult. Hence, the electrode po- 2 The Cu?* .
. ’ h
tential decreases. of? ; ern 0(l_ac(iqr)n _s} ould be at a concentration
2. Atelectrode 2, hydrogen is not involved in redox 3 The electrode X should be made of plati
reaction.

num.
3. At both electrodes, oxygen is not involved in .
redox reaction, Helping Concepts ! Esam Favourite K’"’f"y>**

For a standard hydrogen electrode,

electrode = Prt;
Py, =1 atm;

56, Use of the Data Booklet is relevant to this question. [(H"]=1 mol dm™;
The ‘fe_” shown below is set up under standard T=25°C.
conditions, For the Cu?*/Cu half cell,

Cr(s) | Cl’h(a,q) | Fe?* (aq) | Fe(s) electrode = Cu;
Which statements are true for this cell? [Cu*]=1mol dm™;
T=25"°C;

lllllll Chemis ca |
try 7 g with Helps [;E



Frequently Examined () uestions

Topic 6 Electrochemistry
oplc 0 B

la

H, will be moist since there is aqueous H*
the system

——

58.

1.0 mol dm™ aqueous solutions of three elements
in Group VII of the Periodic Table have standard
electrode potentials as follows,

Xy(aQ)+2e” =— 2X"(aq)  +136V
Y,(aq) +2¢7 — 2Y (aq) +1.07V
Z,(aq) +2¢° — 2Z (aq) .54 V

Which statements are correct?
1 There is an increase in oxidising power in
the sequence Xz, Yz’ Zz.

2 There is an increase in reducing power in
the sequence X, Y, Z".

3 The reaction
2Z" (aq)tY;(aq) — Z,(aq)+2Y (aq) occurs.

Helping Concepts 'Glallz Favourite Ta/iny>***

1,*2. The higher the £°, the greater the tendency for

*3.

the forward reaction to take place. Hence, X,
has the greatest tendency to undergo reductlon
It is the strongest O.A.

Conversely, Z~ has the highest tendency to un-
dergo oxidation (backward reaction) and Z~ is
the strongest R.A.

E2, =+1.07-0.54

=+0.53 V>0
The reaction is energetically feasible.

59.

Some standard redox potentials are given below.

1B, +¢" == Br +1.07 V

1Cn0, +7H +3¢" == Cr'* + IH,0 +1.33V

o, +e = cr +1.36 V

MnO,” +8H* + 5¢” === Mn*" + 4H,0 +1.52V

Which of the following statements are correct

under standard conditions?

1 Bromine will oxidise chloride ions to chlo-
rine.

2 Manganate(VII) ions in acid solution will
oxidise chloride ions to chlorine.

3 Manganate(VII) ions in acid solution will
oxidise chromium(III) ions to dichromate(VI)
ions.

M chemistry Wicq uith Hels

Helpmg Concepts '('Aam Favourile Talmy>***

*2.

*3.

Br, +2CI" - 2Br™ +Cl,
E3 =+1.07-1.36=-0.29 V<0
2MnO,” +10CI" +16H* — 2Mn** +5Cl, +8H,0
EZ =+1.52-136=+0.16 V>0

cel
6MnO,” + 10Cr’* + 11H,0

- 6Mn* + 5Cr,0,% + 22H"
E =+1.52-1.33=40.19 V>0

cel

60.

A titration is carried out between 0.05 mol dm™
potassium manganate(VII) in alkaline solution and
0.05 mol dm™ potassium methanoate. The follow-
ing reaction occurs.

2KMnO, + 3KOH + HCO,K

— 2K,MnO, +K,CO; +2H,0
Which of the following statements are correct
about this reaction?

1 The potassium methanoate acts as a reduc-
ing agent.
2 The volume of aqueous potassium

methanoate solution required is half that of
the aqueous potassium manganate(VII).

3 The oxidation number of the manganese is
increased by one unit.

Helping Confﬁépts r((j.\am Tavourite T{lhhb***

*1.

*2.

2KMnO, + 3KOH + HCO,K
+2
— 2K,MnO, + K,CO, +2H,0
+6 +4
The oxidation state of C increases from +2 to +4.
Therefore, HCO_K acts as a reducing agent.

Alternatively, a half equation may be constructed
to see that HCO,™ is a reducing agent.

HCO,” +30H™ — CO,* +2H,0 +2e"

Let V be the volume of KMnQ 4 used.

Amount of KMnO, = concentration x volume
=0.05mol dm™ xV dm?
=0.05V mol

Amount of HCO K = (% x 0.05/) mol

amount
concentration
($%0.05) mol

0.05 mol dm™
=1V dm’

Volume of HCOZK =



topic 6 Eledtrochemist 3 ot B>
. is decreas
3. The oxidation state of ::m +7 10 +6.

creased) by 1 unit, i-.
R

is relevant to this question.
cell set up under standard

61. Use of the Data Booklet

The diagram shows a
conditions.

solution
containing *2.
Fe** and
Fe** ions
Which statements are correct?
1 E2 =077V . -
2 The left hand electrode is the negative elec-
trode.

which of the foll

2 B

2
owing statements are correcy,
1 The stable form of tin at 25 °C is grey,

elow 18 °C, electrons flow through the ex-
t from W to G.

ternal circul

3 Atl8 °C, no current flows.

Iping Concepts Enam Favourite 7a@*
Helpin

Sn
whitt <5 18°C

Since below the transition temperature (18 °0),
wll?ite Sn dissolves, it is less stable. Hence, aboye

18 °C, grey Sn will be less stable.

grey

Below 18 °C, white Sn dissolves.

Sn — Sn* + 2e”

white
Therefore, electrons flow from W to G in the ex-
ternal circuit.
At 18 °C, both are in thermodynamic equilibrium,
Hence, there is no current flow.

3 The right hand solution contains 03.5.mol
dm? Fe?* ions and 0.33 mol dm~3 Fe’* ions.

' Eram Favourite Ta/;by>**‘* 63.

*]. E°(F&’ /Fe*)=+0.77V
Hence, EZ, =+0.77-0=+0.77V .
*2 The half reactions taking place are
Fe’* +e” — Fe**
JH, > H" +¢
The left electrode is the anode and is the nega-

tive electrode (where electrons flow from it to the
other electrode in the external circuit),

3 Thesconcentrations for both ions should be 1 mol
dm™,

62, 'I:hF diagram shows an apparatus to find the tran-
sition temperature (18°C) at which white and grey
tin are in equilibrium. Below 18 °C, white tin dis-
solves from W and is deposited on G ag grey tin

grey tin electrode G ite ti
w/hne tin electrode W

thermostajc tank

~(NH,),SnC) ¢(aq)

A cell involving aqueous potassium iodide and
acidified potassium manganate(VII) is shown.

voltmeter

0.1 mol dm™
potassium manganate(VII)
containing sulfuric acid

E°/V
+0.54
Pt|MnO, (aq), Mn*(aq) +1.52

Which observations a
correct?

1
2

3

0.1 mol dm™
potassium
iodide

electrode

Pt| 11,(aq), I"(aq)

bout this arrangement are

The E° for this cell is 2.06 V.
The potassium iodjde solution turns brown.

The Purple coloy
manganate(v 11
tense,

r of the potassium
) solution becomes less in-
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M n.\ am TFavourite Tal@ ***

MnO, +8H'+5¢" = Mn™+4H,0 E°=+152V
I, +2e = 2I E®=40.54V

Overall reaction:
2MnO,” + 16H™ + 10I" — 2Mn*" + 8H,0 + 51,

. EY =+1.52-(+0.54)=+0.98 V

#). As the reaction proceeds, 1, is formed. Hence, a
brown colour is observed. ’

*3, As MnO," is consumed, the purple colour inten-
sity decreases.

lllllﬂ Chemistry ma? with HﬂlllS



1, Chemical equilibria; reversible reactions; dynamic equllib-
fAum

() Factors affecting chemical equilibria

(i) Equilibrium constants

(i) The Haber process

. lonic equillbria

() Brensted-Lowry theory of acids and bases

() Acid diesociation constants, K, and the use of pK,
(i) Base dissoclation constants, K, and the use of pK,
(iv) The lonic product of water, K,

(v) pH: cholce of pH Indicators

(V) Buffer solutions

(vil) Solubliity product; the common Ion effect




Fyuilbria

[}Eﬂvwr ite Rating: WMight be tested **Likely to be tested Wk W Always tested

Section A

1. Which expression represents the solubility prod-
uct of lead(ll) chloride?

| A [PY™](CTP B [Pb™][2Cr]
)

el “lCry
C PPUICIE D [P"[Pb]([:IZJ]

[clping Concepts | ST R R S

PbCl,(s) = Pb™"(aq) +2CI (aq)
K, =[Pb™ (aq)][CI" (aq)’

2. For which equilibrium does K_ have no units?
A C(s)+H,0(g) == CO(g) + H,(g)
( B_ CH,0H({) + CH;CO,H(¢)
— CH,CO,CH,(¢) + H,O(¢)
C Cu¥(aq) + 4NH;(aq) = Cu(NH,),™" (aq)
D N,0,(g) == 2NO,(g)

HE?ping Concepts ! Eram Favourite ?ah'ny>***

k- [CH;CO,CH;][H,0]

° " [cH,0H][CH,CO,H]
This reaction is not carried out in aqueous solution.
Hence, H,0 is not in large excess and the [H,0] term
cannot be ignored. The units for options (A), (C) and
(D) are mol dm3, (mol dm3)* and mol dm™ respec-

tively,

3 Which System does the equilibrium constant, K,
have unjts of (concentration)™'?

A H, th =
B Ho+ CH,CO,C,H,
= C,H,OH + CH;CO,H

» Chemistry W uith efps

A
(J}C ZNO: : N:O_.
D CH, +H,0 = CO+3H,

Helping Concepts 'C‘\am Favourile Tah'ny>***

[NO,J
(A) and (B) have no units while (D) has units of (con-
centration)?.

4. The pH human blood is constant at about 7.40.

Which ion or molecule present in the human body
will remove contaminating H*(aq) ions from the
blood to keep the pH constant?

A co* (B HCO,

C H,CO, PO,
Helping Concepts '((:,\am Tavaurite ‘Pa/iny>***
In blood,

H,CO, == HCO, + H'

HCO3‘ reacts with excess H* and hence maintain a
constant pH in blood.

When the system H,(g) + I,(g) = 2HI(g) is in
equilibrium at 444 °C, at 1 atm pressure, the value
of the equilibrium constant, K, is 50.

o

What is the value of K, at a pressure of 2 atm at
the same temperature?

A 25 B 50
C 100 D 200

Helping Concepts !&mm Tavourile Tah’ny>***

Kp is affected only by a change in temperature and
remains constant if temperature is kept constant.




o was made by mixing 0.0040 mol

dm? solutio
y :}':{Cl(aq) and 0.0025 mol of NaOH(aa)-

was the pH of the resulting solution?

What
A 219 B 2.40
C 2.60 D 2.82
*
NaOH + HCl = NaCl + H,0
At the end of the reaction, there is an €Xcess of
0.0015 mol HCL.

Hence, [H']= 9—0?5 ~1.5x10” mol dm™

- pH=—lg[H"]=2.82

-

710 cm® of a 0.01 mol dm-3 solution of nitric acid
is diluted with 90 cm? of water.

What is the pH of the resulting solution?
Al B 2
C3 D 4

Helping Concepts V &xam Favourite Rating > kK

HNO, — H" +NO,”

_10 —10~
l000><0.01—10 mol

nH*
_4
H+ - 10 = -3 -3
[(H)=T00 10~ mol dm
1000
pH=-1g(107)=3

8. H.ydrogen and iodine vapour exist in equilibrium
Yvnh hydrogen iodide at a constant temperature
in a gas syringe.

H, +1,

—_—
~

2HI

Which of the following will increase when the
pressure is increased at constant temperature?

[Assume that the mixture shows ideal behaviour.]
A the energy of activation

B the enthalpy change

C the partial pressure of hydrogen iodide

D the rate constant for the forward reaction

1000 chemistry mc% with Helps

Frequently Examined Q)yoq,
g

elping Concepts Enam Favourife 7@***
hen the pressure is increased at constant tep,
rtial pressures of H,, I, and HI ipc Pera.
Te
(B) and (D) are not affecteq

V'

ture, the pa
and vice versa. (A),

—

9, Which one of the following statements is Coreq
about a reaction for which the equilibrium con.
stant is independent of temperature?

A The activation energies for both forward zp4
reverse reactions are Zero.

B The enthalpy change is zero.

C Its rate constants do not vary with tempers.
ture.

D There are equal numbers of moles of rea.
tants and products.

Helpin’g Concepts 'amm Favourile '/?a//ny>**

When the enthalpy change is zero, changing temperz-
ture will not shift the equilibrium. Hence, the equilib-
rium constant remains unaffected.

10. Why is ethanoic acid a stronger acid in liquid
ammonia than in aqueous solution?

A Ammonia is a stronger base than water.

B Ammonium ethanoate is completely onised
in aqueous solution.

C Ammonium ethanoate is strongly 2
aqueous solution.

D Liquid ammonia is a more polar solvent th?
water.

cidic in

) icising Concops | ARPRERRT g

NH, is a stronger base than water. It has a g
tendency to deprotonate CH3C02H, Hence, m0:
CH3Q02H will ionise and therefore, it is 2 strong
acid in liquid NH.

. ; 13
11. Which one of the following acid solutions Ca}‘;d
used to give an effective buffer solution 2

by partial neutralisation with aqueous
gl

A 0.01 mol dm~* CH,CO,H
B 0.1 mol dm™ HI



| o

foplo 7 Ef]U””Mlﬂ

¢ 0,00 mol dm** e
B 0.0000 mol dm 11,

'/'mrm ampite '/:i;//,,y .Y * v

A buffer with pll= 7 contalng n mixtire of 4 wek ield
and s snlt, Thus, o weak ncld Is required, Ap BACOH
of the neld converts Ntlnl)ll (o It salt, Together with
(he excens neld, o bulfer would resulf, However, (he
concentratlons of the acld and the salt muat o he
oo small 80 ns to-mulntaln a sufficiently Jarpe roger.
volr of both the npeclen (offective buffer), ‘Ihis rules
out (D). Furthermore, LS 16 more volatile (han
CIHL,CO, T 1o be used,

rr———

12, The pH of a 1.0 mol dm™? solution of a weak
monobasic acid is 4, What is the dissociation con-

stant of the weak acid? |
V’,{;’PLE‘ 4

A 1L0x10?% mol dm?
3 1,02 10" mol dm™?
C 1.0% 107" mol dm™
D 1L0Ox10* mol dm™

M!Hl an i/r/u(mfr/u 'f/lr’u/my/ ‘ﬂ“ﬁ"ﬂ’
HA == H'+ A

initial cone/mol dm ™ I 0 0

2 | =u a a

—

conc at eqm/mol dm”

"

K, :Ii--ma2 (for small a, 1=a=1)
-a

=(107")?
=1.0x10"* mol dm™

———————————————

13. Which one of the following is a correct statement
about the effect of a catalyst.

A It increases the rate constant for the for-
ward reaction but not that of the back reac-
tion, '

B It increases the yield of product in an equi-
librium,

C It increases the speed of the reactant par-
ticles and therefore the rate of molecular
collision.

D It provides an alternative route for a reac-
tion,

1000 Chemistry MC% with Helps

Froquontly Examined . Jusstions

g Gonooy | ST Y

A entalyst provides an alternative route for a reaction
o take place with a lower activation energy so that
the speed of the reactlon s Increased,

Al It Increases both the forward and backward
rate constants 1o the same extent,
B The yield is not affected,

C: “The average molecular speed is not affected,
It is only affected by a change in tempera-
ture,

-~

14, A gas X dissociates on heating to set up the equi-
librium below,
X(pg) == Y() + Zg)
A quantity of X was heated at constant pressure
p at a certain temperature, The equilibrium partial
pressure of X was found to be %/7. What is the
equilibrium congtant Kp, at this temperaure?

A 5P B 5p
c %p D Gp

Helping Concepts r(;nr/m Tavourile %J//hy\/‘***

Let x be the partial pressure of y at equilibrium. There-
fore, the partial pressure of z at equilibrium is also x
since from the stoichiometry of the equation, equal
amounts of y and z ere formed.

Hence, total presure, p = % prx+x
=13
X=zp
3 3
, Py, (3 /7)(7 r)
S A[, — = ] = 7,}
px 7 p

15. When SOCI, is added to Ba(OH),, a vigorous re-
action occurs and the temperature falls from

25 °C to 0 °C.
What are the correct signs of AG and AS in this

reaction?
AG | AS
A — -
B| - +
c| + -~
D| + +




EE———

IR e e Pt > YA

Since the reaction is sponmneous., AG <0. o
Given that T decreases, AH >0 (i.e. endothermi

AG = AH -TAS
Since AG <0 and AH >0, AS must be positive.

16. When vanadium(l) compounds are dissqlved in
water, the following equilibrium is established.

V¥ +H,0 == V" + 1H, +OH"
What would alter the composition of the equilib-
rium mixture in favour of the V2* ions?

A adding an acid

B adding a reagent that selectively precipitates
V3* ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

”UI[J"I(J CUHCO[JIS '(‘\am Favourite Pa/mj/>***

Making the solution alkaline would increase [OH"].

By Le Chatelier's principle, the equilibrium would shift
to the left. Hence, [V?'] increases.

17. In the mixture of NO and CO, (initially containing
4 mol of NO and 0.9 mol of CO,) reaction occurs
according to the equation below.

NO(g) + CO,(g) = NO,(g) + CO(g)

At equilibrium, 0.1 mol of CO, was present. What
is the equilibrium constant, K, at the temperature
of this experiment?

A 02 B 05
C 16 D 20

! Enam Favourite Tnh'ny >***
NO(g)+CO,(g) = NO,(g)+C0(g)

Initial amt/mol 4 0.9 0 0
Eqm amt/mol 3.2 0.1 0.8 0.8

. _[No,@)[coe)] _ (X5 a0
" [No)][co.@)] (2

1000 Chemistry MCQ with Helps

18. Soft drinks often have sodium citrag,
them to act as a buffer. ““!

Which statement about buffer solution, e

rect?

A The pH of a buffer solution changes M
when very large amounts of acid o, base 4,
added. ’

B The pH of a buffer solution increases -
slightly when small amounts of a4 .:
added.

C The pH of a buffer solution increages o
slightly when small amounts of Sage n
added.

D The pH of a buffer solution remaing 4
changed when small amounts of acid or g,
are added.

Helping Concepts r"'.am Javearie 74/12/**

A buffer solution has the ability to resist pH changes
when a little acid or alkali is added to it

In this case, the buffer contains citrate (A") and ciric
acid (HA). When a little acid is added, A~ reacts with
H"™ and remove the acidity. When a little alkali is added
HA reacts with OH" and remove the alkalinity

19. An equilibrium can be represented by the follow
ing equation.
P(aq) + O(aq) — 2R(aq) + S(aq)
In a certain mixture, the equilibrium concentration
of Qis 10 mol dm™3.
What will be the new equilibrium concentratios
of Qif 5 mol of pure Q is dissolved in the mixue’
A 15 mol dm™?
B between 10 mol dm~> and 15 mol dm”
C 10 mol dm™?
3
D between 5 mol dm~* and 10 mol dm

Helping Concepts E‘am 7acmn/@**_

When 5 moles of pure Q is added, the Howe™
of Q increases, i.e. more than 10 mol dm ™. ! sl ¥
by Le Chatelier's principle, the equilibrium "".‘J

df

the right so as to reduce the change that i
onto the system. In doing so, the 3
will be reduced, i.e. less than 15 mol dm™

I ol ~ N QT R—

/



tri
Vith
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n

¢ dissociation of dinitrogen tetraoxide into nj- 22,
A rogen dioxide is represented by the equation be-

Jow.

N,0,8 = 2NO:(8) AH® =+4572 k) mo|-
2 T

ifthe temperature of an equilibrium mixture of the
2565 iS increased at constant pressure, the vo|.

8 e of the mixture will

A increase, but only because of a shift of equi-
librium towards the right.

B increase, both because of a shift of equilib-
" rium towards the right and also because of
thermal expansion.

20

silibria
o E ———————__Frequently

Stomach juices have a pH of 1.0.

Aspirin is a monobasic (monoprotic) acid r

epre-
sented by HA (K, =1 » 10~ mol dm~?) which dis-
sociates into ions H* and A-,

What are the relative concentration of H*, A and
HA when aspirin from a tablet enters the stom-
ach?

A [HA]>[H']=[4")

B [H']=[4"]>[HA]

C [H']>[47]>[HA]

D [H*]>[HA]>[47]

C stay the same, because any thermal expan- m N
sion could be exactly counteracted by a shift '( s oepurle Hoaljog >

of equilibrium towards the left.

D decrease, because a shift of equilibrium to-
wards the left would more than counteract

HA =— H* + 4 Ka=10“moldm”

any thermal expansion. AtpH=1,

Helping Concepts ralam Favourite 7?0@***

Since the forward reaction is endothermic, an increase
in temperature shifts the equilibrium to the right ac-

_[H"])[47]
Ko =
[H*]=10"" mol dm™
Al K §
: [[H—A]]=[H:] =107 = [HAJ=10° x[47]

cording to Le Chatelier's principle, by absorbing the i.e. [HA]>[47]

excess heat. In this case, more gas particles are pro-
duced and there is an increase in volume. Further-
more, heating will also cause the gases to expand.

The presence of stomach juice with a pH=1.0 sup-
presses the dissociation of aspirin, so much so that
[H*]>[A7]. (i.e. [H*]# [47])

21. The following equilibrium exists in a mixture of 53
concentrated nitric acid and concentrated sulfuric
acid.
HNO, + 2H,SO, — NO,* +2HSO,” +H;0"
Which statement about this equilibrium is correct?
A Addition of H,O will reduce the NO," con-
centration.

B HNO, and NO,* are a conjugate acid-base
pair.

Which one of the following affects the value of
the solubility product, K_, of silver sulfide when
. .. 5P .

it is precipitated by passing hydrogen sulfide into
aqueous silver nitrate?

2AgNO;,(aq) + H,S(g) — Ag,S(s) + 2HNO,(aq)
A an increase in temperature

B the addition of aqueous sodium sulfate
C the addition of aqueous silver nitrate

D the presence of an excess of acid

C The nitric aci n oxidising agent.
Hrie acxd acts as a 8 Helplng Concepts !C.Aam Favourile Talilb***

D The sulfuric acid acts as a dehydrating
agent,

Ag,S(s) = 2Ag’(aq) +S* (aq)

Em Favourite Rating >HOKK g _[Ag*]*[s"]

The equilibrium is set up using concentrated acids. K _is athermodynamic property and is simitar to equi-

ding H,0 dilutes the system and reduces the ten- ., o,

1 constant. Its value is only affected by a change

dency to form NO,". Equilibrium shifts to the leftand . orsgrag

&
ice [NO,*] decreases.

\
L Chemistry #/.q uith Helps
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24. Which statement
magnesium hydro
monium chloride, but 0

chloride? —
A The ionic radius of the NH, :c;nN:s‘snm

1o that of Mg?* but not that © a*.

B NH.CI dissociates less fully than NaCl. |
C The4 ions Na' and Mg® are isoelectronic
(have the same number of electrons).

The ion NH," acts as an acid.

bservation that
aqueous am-
eous sodium

explains the O
xide dissolves I
ot in aqu

D
Enam Favourite Raling
NH," readily hydrolyses in H,O to form H,0".
NH,* +H,0 = NH, +H,0"
H,0* or simply H*, reacts with~ OH" and causes the
reaction below to shift to the right.
Mg(OH),(s) —= Mg""(aq) + 20H"(aq)

Hence, Mg(OH), dissolves.

25. Ata total pressure of 1.0 atm, dinitrogen tetraoxide
is 50% dissociated at a temperature of 60 °C,
according to the following equation.

N,0, — 2NO,

What is the value of the equilibrium constant, K ,
for this reaction at 60 °C? P

1

A Eatm B %atm
4

C 3 atm D 2 atm

Helping COnCBDtS ! Exam Favourite Wa/inb***

N,O, —= 2NO,

Initial pi 0
Eqm. 1P, 2
%Pi +p; =l atm
Pi =§ atm
Kp - &' . i =4 atm
Pno, & 3
T

26. !\Iitrogen dioxide decomposes on h
ing to the following equation.

2NO,(g) == 2NO(g)+0

lﬂllll Chemistry MC? with Helps

eating accord-

2(8)

Froquenty Evaminy(

When 4 mol of nitrogen dioxide were ‘ m‘\
1 dm? container and heated, the equiliby,,, "
ture contained 0.8 mol of oxygen, ™ i,

What is the numerical value of the

ui
constant K, at the temperature of the ::pe:::ﬂ,,‘
tn
2
A 0.8x0.8 B 9L’;°_§
24 4
1.6x0.8 D m
Y 24°

mr Enam Pavourite ‘X’@m

2NO,(8) === 2NO(g) +

Initial amt/mol 4 0 0
Eqm amt/mol 24 1.6 "

_[No@[ [0x®)] _ ('(5)
©[NOy@T
_L6°x08 (101 dm™)
24°

2
e

27. An acetate 'hot pack' is a useful source of instan
low-grade heat, used to increase the blood's cit
culation and relieve the pain of bruises and
sprains. The heat is produced when the following
reaction occurs.

CH,CO,Na(aq) + 3H,0(()

— CH,CO,Na.3H,0(s)
What data is required to calculate the value
the enthalpy change for this reaction?

A AHP for CH,CO,Na(aq), H,0(¢) and

CH;CO,Na.3H,0(s)

AHP for CH,CO,Na(s), H,0(() and

CH;CO,Na.3H,0(s)

C lattice energies of CH,CO,Na(s) and
CH;CO,Na.3H,0(s)

D AHQ . for CH,CO,Na(s)

solution

wta-\dm Favourite T‘”El_ >

AH, =3 AH, (products) - " AH, (reactants)

—_—

B
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Frequently Examined Q)uestions

wpic7 gquilibrio
o the cquilibrium
287 NH,(0 == NH (O +NH;(0)

the ionic product of liquid ammoni? is 1.00x10°2
m°l2 dmds' What is tt}e concentration of positive
jons in liquid ammonia?

A 5.00x 10-2 mol dm™
B 1.00x 102 mol dm™
c 5.00x10"'2 mol dm™
p 1.00x 107! mol dm™

Helping Concepts n_\am HSavourile Talr'n7>* *

2NH,(() = NH, () +NH, ()
The equilibrium is very similar to that for H,0.
Kes, =[NH, O] NH; (0]
~1.00x10"2 mol® dm™®
since [NH, (0] =[NH (0],
1
[NH;(Q] = (1.00x1072)?
=1.00x10™" mol dm™

29. Which one of the statements about the forward
and reverse reactions, P+Q == R+S, is cor-
rect when the system is at equilibrium?

A The ratio of the rates of the forward reac-
tion to that of the reverse reaction equals
the equilibrium constant.

B The rates of both the forward and the re-
verse reactions are equal to zero.

C The rates of the forward and reverse reac-
tions are equal.

D The rate constant for the forward reaction
equals the rate constant for the reverse re-
action.

He'ﬂing Cnncepts 'alam Favourile Ta/l'ny >***

At equilibrium (dynamic equilibrium), P and Q are con-
tinuously reacting to give R and S, and vice versa (..
(B) is wrong). The forward and reverse rates are thus
equal. The equilibrium constant, K = is expressed as

k - forward rate constant _ [RI[S]
reverse rate constant  [P][Q]

:{Owever, K, # Lrvardnite o, forward rate constant #
everse rate constant unless K, =1 (.. (D) is wrong).

N

1000 Chemistry MC? with Helps

30. The pK, value for aqueous ammonia at 25 Cis
48.

What is the correct pK, value for the ammonium
ion at this temperature? (K, denotes the base dis-
sociation constant and K, denotes the acid dis-
sociation constant.)

A 438 B 22
C 438 D 92

Helpiﬂg Concepts ’ Exam Favaurile ‘Pa@ﬁ*

K\V
Kw =Kabe = Ku =_1E

where K denotes the ionic product of water.

= pK, =-logKk,
=—]og—%
0g Kb
=—lOng _pr
=14-438
=92

31. A nitrogen-hydrogen mixture, initially in the mole
ratio of 1 : 3, reached equilibrium with ammonia
when 50% of the nitrogen had reacted. The total
final pressure was p.

N, +3H, == 2NH,
What was the partial pressure of ammonia in the
equilibrium mixture?

A B

C D

Helping Concepts '&\am Favourile Ta/m7>*ﬁ'ﬂk

3H, + N, —= 2NH,

Al ol
wls olw

initial pressure 3x X 0
pressure at eqm Ix  ix X
3..1 P
Sx+=x+x=p = x=4
2T 3

32. Two equilibria are shown below.
reaction I: 2.X,(g) + 1h(g) = 2X,Y(g)
reaction Il: X,Y(g) == X,(g)+ %Yz(g)

P &
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-

Themmu'icalvalmochforluctionlifz.Under
the same conditions, what is the numerical value
of K_ for reaction II?

| 1
A B =
1 D -1
4

For reaction I,

Kc [JY:{]- _2 m3 mol—l
[x.]"[1]
For reaction II:
A 13
K‘=[X[i\![;’z]] _ [ =% mol? dm 2
. ( [X.rT }
(%) (1]

3. Which substance, in 1 mol dm* aqueous solu-

tion, would have the same hydrogen ion concen-
tration as 1 mol dm™ of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide
D sulfuric acid

! Eaam Favourite Ta[inb ***

HCI - H' + cr
HNO, is a strong acid and it dissociates completely.
HNO; — H" + NO,-
CH;CO,H — CH,CcO,” + H*

CH3C02H is a weak acid and the dissociation is
incomplete. Hence, [H*] < 1 mol dm™3,

NaOH is an alkali.

A:

H,SO, is dibasic and [H*] =2 mol dm3.
H,80, — 2H" + 50,

34. The value of the ionic product of water, KK, ar-

ies with temperature.

temperature/ °C
25
62

K, /mol* dm™
1.0x107"
1.0x107"°

1000 Chemistry ”70? with Helps

e
What can be deduced from this in

f°"'ﬂation9

B The ionic dissociation of
a factor of 5 between 25

C The association of water

drogen bonding increase
rises.

T and 62 o by

molecyleg by hy
S as temperatur;

D Water is not a neutral liquid at ¢

°C.
RPN e e i g .
HO — H* + OH"
K, =[H"][OH"]

As temperature increases, KK icreases. This show
that the equilibrium position shifts to the right a5 there
are now more H* and OH-~, By Le Chatelier's principle
the forward reaction is thus endothermic, '

35. The gas-phase reaction of carbon monoxide wi
hydrogen forming methanol is an example of ap
equilibrium. The reaction was investigated by

mixing 2.0 mol of H,(g) with 1.0 mol of CO(g) and
allowing equilibrium to be established.

2H,(g) + CO(g) == CH,OH(g
2.0 1.0 0
At equilibrium, x mol of H, had reacted with CO.

What are the amounts, in moles, of each of the
components of the equilibrium mixture?

initial moles

H,(g) CO(g) | CH,OH(g)
1 |
A 2.0—5x 1.0-x 3X
B 2.0—%1: 1.0-2x x
1 1
C| 20-x 1.0-1x Ix
D] 20-x | 10-x 3%

w Eam Favourite Ta/iﬂ> * *

2H, + CO = CH)0H

initial/mol 2 1 0

1 1y
change/mol -x -3* 2

1 1x
eqm/mol 2—x I-3x 2
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Frequently Examined S)uestions

opic 7 E vilibria

6.
’ Iytic reaction shown.

co( +2H: (@) = CHyOH(®) AH =-92 kJ mol™!
The operating conditions are:
250 °C; a pressure between 50 atm and 100
atm; a copper-based catalyst,
Which factor influences the choice of these con-
ditions?
A The catalyst increases the equilibrium yield

Methanol is manufactured industrially by the cata- Helping Concepts | AEVERN O s & & .1

H, + I, = 2HI
initial amt/mol 0.2 0.15 0
eqmamt/mol  0.2-0.13 0.15-0.13 0.26
=0.07 =0.02

P _ (5 .26y
ko= [H)[1,]  (SZ)(%2) 0.07x0.02

of methanol.
B At lower pressures, the rate of formation of

methanol increases. 38. Use of the Data Booklet is relevant to this question.

C Atlower temperatures, the equilibrium yield
of methanol increases.

D At lower temperatures, the rate of formation
of methanol increases.

Helping Goncepts ' Eram Favourite Ta/@**

Option A is incorrect since the catalyst only affects
the rate of the reaction but has no influence on the
equilibrium yield as it affects the backward and for-
ward reaction to the same extent.

Option B is incorrect since lower pressure decreases
the rate of collision and hence, the rate of formation
of methanol should decrease,

Option C is correct since the forward reaction is exo-
thermic and would be favoured by a lower tempera-
ture thus increasing equilibrium yield.

Option D is incorrect since lower temperature de-
creases the number of molecules having energy greater
than or equal to the activation energy and so the
number of successful collisions and hence, the rate of
formation of methanol should decrease.

37. When 0.20 mol of hydrogen gas and 0.15 mol of
iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to
contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.
H,(g) +1,(g) == 2HI(g)

What is the correct expression for the equilibrium
constant Kc?

2x0.26 (2x0.26)>
0.20x0.15 0.20x0.15

(0.26)* (0.26)>
0.07x0.02 D G013

Wﬂﬂ Chemistry mcg, with HEIIJS

Water dissociates as shown.
H,0 — H' +OH"
At 25 °C, the equilibrium value of [H*] is 10" mol
dm; [H,0]= 198 mol dm~’
What is the order of increasing numerical value

of pH, pK_ and pK,, for this equilibrium at this
temperature? [pK, = -logK,,]

smallest largest
A pH pk, pK,,
Bl pH  pK, Pk,
C| pk, pk,, pH
D| pK, pk,  pH

Helping|Concepts) | AN W e

pH=-1g(107)=7
pK, =-lg(10™"")=14

w =

x _[HOH"]

= [H,0]K, =[H"][OH =K,

" [H,0]
Hence, K, = [H O]
-1gK, =-lg K +Ig[H,0]
pK, =pK, +lglogo
=14+1.74
=15.74

39. Public swimming pools are often chlorinated to
kill bacteria. As an alternative to chlorination, sil-
ver ions can be used in a concentration of not
more than 10-% mol dm=3 and not less than 10-7
mol dm™ of silver ions.

e

117
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ich of the foll
rated solution, prov
tion of silver fon?

owlng compounds

ide the necessiry goncenirn-

T compound "_’E{v_[i‘th_"lvfy product
Al —,\*;lvlrﬁ’»,‘hlﬂ " mol” dm
Bl Agcl  2x10 " mol” dm *
c| Aglo, 2x10 " mol” dm *
D| Ag,CO, %10 1 mnp'_ dm”’

mr(i. P Favonrile 'Mr/myﬁr, * * **

AgBr(s) == Ag'(nq)+Br (aq)
Ky =[Ag' I[Br ] =5x10 " mol® dm*

But [Ag']=[Br"]. |
[Ag‘1=(5xlo"-‘)f =7.1210" mol dm’

40. A sample of | mol of ethanoic acid is diluted at
constant temperature to a volume V.

Which diagram shows how the pH of the acid
varies with V7

pH pH
AT B 7
0 [l 1] ’7ﬁ
pH pH
0" p——rr

[ Holping Concents | SRR e
e —————— , e
As the ac.|d is diluted, the pH gradually increases be-
cause [H'] decreases. Eventually, the pH will gradu-
ally level off at 7pH =7 at infinite dilution where [H*)
ap'proaches IO I'Tl()l dm? (it cannot go lower than
;l};s v:luc!). T'his is because as the acid becomes very
iluted, the self ionisation of H,O cann

, ot be
— 7 neglected

H,0(0) &= H'(aq) + OH (aq)
[H*] from H,0 is 10" mol dm™?,

1000 Chemistry m% Wwith Helps

41, The pas
would, In satie hydrogen Torming tmsthmie) is sn ey

Fraquently Bxemineg: iy,

phinae 16t im of Cartum Wiy idg
i
i

squitibrium. The resction vas inyey 1w

mixing 2.0 mo) of WLg) with | .0 mey " iy b

g 0.5 dm’ Mask wllowing squiliby; Yu

sstablished, 1 by
M, () v COAg) wom CH oy

1

initial moles 2.0 16 A
At equilibrium, X mal of W, had reacteq vits (¢
)

What Is the equilibrium concemration , A Cry

A (10 ;x)maldm‘

(1.0-1x)
" 225 ol dm '
0,5
M) x
(! ) mol dm™*
0.5
)2
N (! %) mol dm *
0.5
i oo | (TP
M, v CO == CHoM
", 2.0 1.0 ]
An x 0.5% 0.55
2.0 x 1.0-05% 0.51

serm

; 1.0 05
[CO)~ X " mol dm
]

42. A 'x::rr:plc ul"l mol of N(()4 was placed mmw
I dm’ container and allowed to reach equilibrivs

according to the following equation,
N,O,(g) === 2NO,(g)

At equilibrium, x mol of the N,O, had dissock
ated, What is the value of the equilibrium @
stant, K, at the temperature of the experime”

24 2;2
(1-x) B |~ x

o Ax 4y’
C - D .

it o | A

N,O,p) == 2NO,()

Initial amt/mol [ 0

Amt at egm/mol |- x 2

g
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Frequently Examined (.)uestions

e ] gquilibria
2xy2
r (T 4y
[Noz(g)] =1 =% (moldm™)
Kemo.@] (=X 1

—

An acidified solution containing 0.10 mol dm=3 of
zinc sulfate and 0.10 mol dm™3 of copper(Il) sul-
fate is saturated with hydrogen sulfide at 15 °C,

¢ concentration of $%-(aq) in the solution is
then 10 mol dm™.

The solubility product of zinc sulfide at 15 °C is
10-24 mol? dm and that of copper(II) sulfide is
100 mol? dmS.

43.

Which statement describes what happens in the
solution?

A No precipitate is formed.

B Copper(Il) sulfide only is precipitated.

C Copper(1l) sulfide is precipitated followed by
zinc sulfide.

D Zinc sulfide is precipitated followed by
copper(II) sulfide.

WV a0 Favourite Rating > Fedeke
M*$*(s) = M*(aq) + S’ (aq)
Ksp = [M2+ ]eqm [Sz_ ]eqm
[Zn*][$*]=0.1x107%
=107 (moldm™)* < K,
Hence, ZnS will not be precipitated.
[Cu?*][$*]=0.1x107
=107 (mol dm™)* > K,

Hence, CuSO, is precipitated.

. Each of the following equilibria is subjected to
1 two changes carried out separately:
(i) the pressure is reduced at constant tempera-
ture;
(ii) the temperature is increased at constant
pressure.
For which equilibrium will both of these changes

result in an increase in the proportion of prod-
ucts?

o Chemistry m::g with Helps

A H,(g)+1,(g) = 2HI(g);
AH = +53 kJ mol™'

B 4NH,(g) +50,(g) == 4NO(g) + 6H,0(g);
AH =-950 kJ mol™

C N,(g)+3H,(8) == 2NH,(g)
AH =-92 kJ mol™*

D N,0,(g) == 2NO,(g):
AH =+57 kJ mol™

' Exam Favourite Wu//'y> ***

According to Le Chatelier's principle, reducing pres-
sure at constant temperature causes equilibria B and
D to shift to the right since there are more gas par-
ticles on the right. This helps to rebuild the pressure.
However, increasing temperature at constant pressure
causes equilibrium D to shift to the right since the
forward reaction is endothermic.

45. Known amounts of hydrogen and iodine are al-
lowed to come to equilibrium at 500 °C in a vessel
of known volume.

H, +1, == 2HI
From which experimental method can K_ be found?

A measuring the total pressure in the vessel

B slow cooling to 20 °C, breaking open the
vessel under aqueous potassium iodide, and
titrating the iodine present with aqueous so-
dium thiosulfate

C rapid cooling to 20 °C, breaking open the
vessel under aqueous potassium iodide, and
titrating the iodine present with aqueous so-
dium thiosulfate

D withdrawal of a measured sample of the equi-
librium mixture, followed by complete decom-
position of the hydrogen iodide present, and
then titrating the total amount of iodine with
aqueous sodium thiosulfate

Helping Concepts !&.\am Favourite Tah'n7>*

By rapidly cooling to 20 °C, the rate of reaction is
decreased drastically so that the amount of H,, I, and
HI remained the same as the amount present at equi-
librium at 500 °C. By titrating the iodine present with
sodium thiosulfate, the concentration of iodine may
be found and the concentrations of hydrogen and

hydrogen iodide can then be calculated.




P

Frequently Examined () yeg;
Equilibria . Ut
Topic 7 EqQUIl 47. The graph shows the change in pH when o |,
Hence K, can be computed h mol dm™ acid is gradually added to 10 cm?ofq
\ f the 3 . .
s i ince the total pressir® 5 mol dm™ alkali.
Option A is incorrect since t D gascous
system remains constant as the nutt]:) Do © e Same. N
molecules on both sides of the equatl ! n
Option B is incorrect since slowly cooling the ;lbi'zhed ]
10 20 °C would cause equilibrium to .be re-establ e p
50 that amount of the substances will not be simi
to that at 500 °C. - ; .
Option D is incorrect since decomposition of hy ro;
gen iodide to iodine does not allow the _a{no.unt 0
hydrogen iodide originally present at equilibrium to
be determined.
v 10 20 TS

added volume of acid/cm’

Which of the following substances could have

. . -3 N
46. In an acid-base titration, a 0.10 mol dm™ solution
given these results?

of a base is added to 25 em? of a 0.10 mol

dm? solution of an acid. T 1
The pH value of the solution is plotted against
the volume, ¥, of base added as shown in the A | Ba(OH), CH,CO,H
diagram. B | Ba(OH), H,PO,
o] Cc | Ca(OH), H,S0,
D| NaOH H,S0,
101
84 Helping Concepts F‘Ham Tavourde 7?a/,',;5,>**
H . L
P 6 The pH at the equivalence point Is greater than 7
showing that the reaction is between a strong base
4 and a weak acid. The salt of the weak acid hydrolyses
24 in water to give a pH greater than 7.

10 20 30 40 50
I/ em’
This diagram could represent a titration between
A CH3C02H(aq) and NHJ(aq).
B CH,CO,H(aq) and KOH(aq).
C HCl(aq) and KOH(aq).
D HCl(aq) and NH,(aq).

48. In an industrial process, two gases X and Yreact
together to form a single gaseous product L.

X(@)+Y(e =— Z(@)

The percentage yield of product Z varies accord-
ing to the pressure and the temperature as show?

in the graphs.

Helping Concepts '("'.\dm Tavaurite Wah’nb *** 100'/————/37“(

. 3K

The graph starts with a pH of 1, indicating that the 07 . K

acid is a strong acid. Since there is only 1 equivalence 801 ™

point, the acid should be monobasic. The equivalence 701 673K
point is at about pH =5, showing that the base is a equilibrium % of Z ol
weak base. hence, the answer is (D) because HCI is 307

a strong monobasic acid while NH,, is a weak base. 40 !
30
1
20-
10+

Sy
re/atm

1000 Chemistry MCg with Helps
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whith sttetrientt bt e syl onedion

i wiitfeet!

A Disctenaing the (emipstutire decrenasy (e
gnlue ol the sl etmatan

fi (eetenlng the (8mpetaiute incrunsss (he
fite ol Hhila peietlon,

( (rerennlng Ihe pressire Increnaes the valie
ol (he squilibeiuim onatant

N 1he ceaetion Lo exathenmic in the forward ).
feeton

m'/ i L il /1'u//m/ . **

Ad temperalire dncrenses, the yiell of / dectenses,
(hia alierws thint the equilibtium shifs (o the eft

'
A9, yruvic auid da n wenk acid tat is an important
intermedinte in many biochemical Processes
CHLCOCO,
pyrovic acid
Which griph best reprosenta the change in ph
that oeeurs when a sample of pyrovic acid s 1
, frated with NaOF(ne)?
if A 4 e W4 )
¢ i "
L
1 7
" s
(1 — - 0 .
§ volume NaOFH(ag) volume MaO ()
C 14 D 4
' |’“ e— ‘,” -
' N ’ f
— i

vilume NaO)l I volume NaOH(i)

wr't vam Sang ite A'u/my 4 * *

The ncid is 4 wenk monoprotic organic acid, Hence,
the titeutjon curve fits that of n weak acid strong base
eation 11 starts at o rolutively high acidic pH (weak
Wekd) wnd endy gy g very high pHl (strong base).

. e TR W

"(’hcmimy mq (wrth Help

L

Frequently Examined (,)uestions
80. Two dintomic gases, X, and Y, react as follows.
~Ayim+ gy == UY(g)

A mixture containing 0.5 moles each of X, and Y,
Is hented in a closed container and the reaction
tllowed to teach equilibrium. The graph shows
how the nutnber of moles of each gas varies with
fitte.

wr

0.6 -

_____________

05-
0.4-
0.3

i ley

(.24

0.1

>
0 ume

Which is the value of the equilibrium constant K _
for this reaction?

A LS B 3
D I8
Holping Concepts "[f‘,’!!!g,;l”,”fi’f’"”ﬁ“”"’z > ik i
ey 2
» (=X 2 "
PO B R ¢ a nyr _ 06%

TN (M g eny 02%0.87
I’ V

S1. The graph shows the pressure-temperature (p-1)
relationship of a 1 mol sample of helium in an
enclosed volume.

/)

-----
-----

~ T'/K

Similar pressure-temperature measurements were
made for a | mol sample of a gas which dissoci-
ates,

Xy(g) = 2X(g):

Which graph best represents the p-T relationship
of the gas?

AH positive

A
P

0
273 T/K
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D

T/K "% T/K

PRI G it Rt > KK

Since AH >0, as temperature increases, there will be
e pressure becomes greater

greater dissociation. Th .
than expected. At extreme high temperature, when dis-
near to complete, the pressure would be

sociation is
double than expected (since n is double).

-

¢ of ammonia obtainable, if equilib-

e established during the Haber pro-
pressure for

52. The percentag

rium were to b
cess, is plotted against the operating

two temperatures, 400 °C and 500 °C.
Which of the following correctly represnts the two
graphs?

o

=
-
o

A >
% NH, at equilibrium
S
o]
% NH, at equilibrium
~N
o

.0 2

10 . 10 20
pressure/10” kPa pressure / 10" kPa

(=]

40

£ RO
2 c \)
E = N 500°C
o 'S

€% D &2 S
« -
::A ~ \\x__
Z £ 400°C
* <

o

10 20

20
pressure / 10° kPa

10
pressure / 10" kPa

Helping Concepts ' Exam Favourile Tah@*ﬁ*
N,(g)+3H,(g) == 2NH;(g) AH <0

(The forward reaction is exothermic.)

By LCP, higher pressure and lower temperature favour
the forward reaction, i.e. higher percentage of NH,.
This is because when the equilibrium shifts to thse
right, less gas particles are produced and this tends
to lower the pressure; and heat is produced and this

tends to raise the temperature.

Note: The graphs should start from zero since
there is no NH, in the beginning,

1000 chemistry MC% with Helps
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wpm/q Section B

y) f the quesn’om in this section, one or more
af}:ﬂ'e aumbered statements 1 to 3 may be cor-
of the

cl. \ ,
re o hether each of the statements is or is not

ou may fi nd it helpful to put a tick against

orrc"" 0 ts that you consider to be correct),

the staremen
The responses ¢

of

{ to D should be selected on the basis

B C D

land 2only | 2and 3only | | only
are correct are correct is correct

1,2 and 3
are correct

No other combination of statements is used as a cor-
rect response.

53. Which of the following could act as buffer solu-
tions?

1 NaHCO, and Na,CO,
2 CH3C02H and NaCl
3 HNO, and NaNO3

Helping Concepts '&\am Tavourite 'Z’a/irly >‘ﬁ(‘ﬁ(‘ﬂ(

A buffer solution usually comprises a weak acid and
its salt, or a weak alkali and its salt.

*l. HCO, == H" +CO0;*"

weak acid: HCO,~

salt (or conjugate base): CO32'
2. acid: CH,CO,H

salt: absent

3. weak acid: absent
salt: absent

54. A reversible reaction is catalysed.

Which of the following statements about this sys-
tem are correct?

1. The catalyst alters the mechanism of the re-

action. '(b/(. <£’O‘( a coxA

2 The catalyst reduces the energy of acti
tion (the energy barrier) for both the for-
ward and the backward reaction.

3 The catalyst alters the composition of the
equilibrium mixture.

"][][] Chemistry mC% with Helps

|
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A catalyst speeds up both lhc forward and backward
reactions to the same extent by providing an alterna-
tive path with lower activation energics. The equilib-
rium is thus not affected, i.e. composition unaltered
except that the equilibrium is attained faster.

55. The reaction shown is reversible,
N,O,(g) == 2NO,(g); AH =+61.7 k) mol™

When, at the same temperature, the pressure is
increased, which of the following decrease?

I the proportion of NO,(g) present at equilib-
rium

2 the value of the cquilibrium constant K

the activation energies of both forward and
reverse reactions,

Helplng Conc-pts '(‘J\(Illl Favourile 'Zulm//‘***

. When p increases, the equilibrium shifts to the
left according to Le Chatelier's principle to pro-
duce less gaseous particles so as to reduce the
pressure. Hence, the proportion of NO, at equi-
librium decreases.

2. K _is only affected by a change in temperature,
P
3. E_is not affected by a change in p.

56. For the gas phase reaction
2X+Y == 2Z A =-xkJ mol™
the yield of Z at equilibrium could be increased
by
1 increasing the pressure,
2 increasing the temperature.
3 using a catalyst.

Helping Concepts '(r:l(lln Favourite %)a/iny >***

*1. There is a reduction in volume in the forward re-
action. By Le Chatelier's principle, increasing pres-
sure Will shift the equilibrium to the right, i.e. higher
yield of Z, so as to produce less number of par-
ticles in order to reduce the pressure.

If x>0, then AH <0. Increasing temperature shifts
the equilibrium to the left so as to absorb the
excess heat since the backward reaction is endot-
hermic. Hence, less Z is produced.
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3. Using'8 cataly ?trium is attained without affects

. "|b ’ ! L]
'w:'f:ct::u??i:rium constant nor shifting the eqy
n

following in aqueous solution do
bly change in pH when relatively
d or strong alkali are

57. Which of the
not considera .
small volumes of strong acl

added?

{ a mixture of sodi
hydrogencarbonate

2 amixture of sodium etha
acid
3 amixture of sodium sulfate and sodiun
ride
Helping Concepts ' Enam Favourile 73{1///}(2 >‘ﬁ"ﬁ’*

A buffer solution does not considerably change pH
when a relatively small volumes of strong acid or
strong alkali are added. It usually contains a mixture
of a weak acid and its conjugate base, or a weak base
and its conjugate acid.

*|. HCO, = H'+ CO,*
*2. CH,COOH == H' + CH,C00"

3. A mixture of Na,SO, and NaCl has no buffering
capacity.

um carbonate and sodium
noate and ethanoic

1 chlo-

58. Poly(tetrafluoroethene) is a polymer used as a
coating in non-stick kitchen utensils and for re-
placement bone joints. One of the stages in the
manufacture of the polymer is

2CHCIF,(g) == C,F,(g) + 2HCl(g);

| AH =+128 kJ mol™'
thc‘h of the following conditions will shift this
equilibrium to the right? -
1 high temperature
2 high pressure
3 using a catalyst

Helping Concepts ' Enam Favourite 7&1/,@***

. : .

1. lf)y Le Chatelier’s principle, a higher temperature
avours the forward reaction since heat is gt
sorbed when forming the products, "

1000 Chemistry MC$ with Helps

2. By

R _

~ Fraquently Examined(. Jitig

e Chatelier's prineiple, u higher e,
fivours the buekwinrd FEACHON shice (fiepg m:‘;"u
pumber of gaseons pirticles on e Jefy bi’l:“
the equilibrium. 5 4if

3, A calnlys! merely alters (06 e of th ey,
It does not affect (he position of the ""l'llhl,”,,,;:
)

59, What can be deduced from the following Mlestggyq
tion?
280,(g) 10O, () <
[ Increasing the pressure INcrenses th ey,
librium yield of 5O (),

2 The maximun misss of sulfur (rlozide that g
he made from 64 g ol sulfur dioxide s 4

= 280, (), AT =98 k) 1

3 [ncreasing the temperature decroases th py
of the forward reaction,

Hglpmg Concepts '/(rwm Dvmiritu l/'l"/’”f, ; kh*

#1, By Le Chatelier's principle, Increasing, prossur
causes the equilibrium to shift o the right, This
reduces the number of gas particles in the system
and hence, helps to reduce the pressure,

2. M, of 50, =324(2210) = 04

M, of 5O =324 (32106)=H#0)

I"l'()l]’l the equation, 2 moles of 50, producs 4

maximum of 2 moles of SO, or 1 mole of 50,

produces a maximum of 1 mole of 80, Hene,

from 64 g o' SO, & maximum of #0 of 50, may

be obtained,

3. Increasing temperature should increase the rité
of forward reaction (also the backward reaction)

——

60, In water, the following equation exists
HO(0) === H' (aq) + OH (aq));
ALY w457 kb mol " al
The ionic product of water is defined by
pression
¥ - P
[HO)OH )=1,0%10 4 ol dm
What can be deduced from these datd?
o 0
I When water is heated, the cunccnlmli""
H*(aq) increases,
2 When water is heated, the conce!
OH"(aq) increases,

294K
(he e¥

b gy 299 2

ytration o

25
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The pH of pure water at temperatures
greater than 25 °C is greater than 7.

'( nam Faveurite Kaling >***

+. Since the forward reactio'n.is Fndothermic, heat-

ing H,0 causes the eqml:bm{m to shift to the

right according to Le Chatelier's principle by

absorbing the excess heat. Hence, both [H*)
and [OH7] increase.

Since [H'] increases, pH=-log[H'] decreases, i.c.
pH <7

f

61.

Two students separately have available equal vol-
umes of 0.1 mol dm™ silver nitrate, sodium
ethanoate and potassium bromide.

The first student, on mixing the sodium ethanoate
and silver nitrate, obtains a white precipitate. On
adding potassium bromide to this mixture, the pre-
cipitate turns cream.

The second student adds the silver nitrate to the
potassium bromide and obtains a cream precipi-
tate. On adding the sodium ethanoate to this
mixture, there is no further change.

Which statements about these observations are
correct?

1 Silver ethanoate is insoluble.

2 Silver bromide is less soluble than silver
ethanoate.

3 Ethanoate can oxidise bromide.

Helping Concepts ' Exam Favourile .Tah'nz>*

*1,¥2. Silver ethanoate and silver bromide are both

——

62,

insoluble in water and the latter has a lower
K- When CH,COOAg ppt. is formed, adding
Brcauses ppt. of the less soluble AgBr (cream).

In the second experiment, when AgBr ppt. is
formed, nothing happens when CH,COO" is
added.

Which of the following statements are true about

the Haber process for the manufacture of ammo-
Nia?

L At higher temperatures, the yield goes down

but the rate of production of ammonia is
faster,

] "]““ ChemiStrY mc% with Helps

]

Frequently Examined Questions

2 At higher pressures, the yield goes down

but the rate of production of ammonia |s
faster,

In the presence of a catalyst, the yield goes

flown but the rate of production of ammonia
is faster.

Helping COI‘ICBDIS rﬂ\qm Favourite Wa@**

N,(g) +3H,(g) == 2NH,(g); AM <0

*1. At higher temperatures, the reaction rate always

increases. Since the forward reaction is exother-
mic, higher temperature hinders the forward reac-

tion according to Le Chatelier's principle, i.e. lower
yield,

At higher pressures, the reaction rate increases
(pressure increase is equivalent to concentration
increase). By Le Chatelier's principle, the equilib-
rium shifts to the right to produce less gas par-
ticles and hence reduces the pressure. Therefore,
yield increases since more NH, is produced.

Using a suitable catalyst increases the rate of
production of NH, without affecting production
yield.

63. The equilibrium constant, K for the reaction

X@+Y(@ =— Z(@
is found to vary with temperature T as shown in
the diagram below.

A

K,

’ %

Which of the following conclusions can be drawn

from this information?

1 The reaction is exothermic in the forward di-
rection.

2 The equilibrium mixture contains a high pro-
portion of Z at higher pressures.

3 The equilibrium mixture contains a high pro-

portion of Z at higher temperatures.
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s, The graph shows

s higher, l.e.
1 (lower 1/ K, :
o .:7 "‘l‘::::ﬁxm(. the forward renction Iul I::‘:t::1
l?;::k:‘(mu oxothermic) where the eq}M r'wm
shifts to the right by absorbing oXcess

according to Le Chatelier's principle.
*2. From the equation, there Is a reduction in volume
‘ in the forward reaction. By Le Chatelier's prlnclplc?.
Il shift to the right, i.e. more V4

the equilibrium wi
at higher pressures S0 08 (o reduce the pressure

by producing less gas particles.

1,3 As 7' (ncronses,

64. One explanation of the explosion at the Chernobyl
nuclear power plant in 1986 is that the graphite
reactor overheated and reacted with the cooling
water according to the following equation.

C(s)+ H,0(g) == H, (g) + CO(g): AH = +131 kJ mol '
Which are possible reasons why the forward re-
action is more likely to occur at high temperature?
1 Hydrogen and carbon monoxide do not re-

act at high temperature.

2 At lower temperature, the position of equi-
librium lies too far to the left,

3 The energy of activation is high.

1 Convo | AT PR
1. Since the reaction shown is reversible, both reac-

tions (forward and backward) take place at both
low and high temperatures,

*2. Since the forward reaction is endothermic, the
equilibrium lies mainly to the left at a low tem-
perature according to Le Chatelier's principle.

*3. The forward reaction is likely to have a very high
activation energy so much so that the rate of the
reaction is very slow. The reaction becomes ap-
parent only at a high temperature, ’

————— - — -
- e ——— e e

65. The use of chlorine as a disinfectant jn sWimmin
pools is now widely banned and the weak aclg
trichloroisocyanuric acid Is used instend,

trichloroisocyanuric acid + OH-
== CIO" + cyanuric acid

The CIO" ion is the effective disinfectant,

000 chemistry Meq uith Hops

Froquon!ly!nm;mQ !

Why I8 It necessary to keep the pH of th
at 7.57 ¢ way

1 The concentration of H' i o ey
following reaction to occur, Of thy

2H' (wq) +CIO () +C1(a9) > W00y 4y
"1

2 The concentration of the CIO* jop 4,
on the pH. Pend,

3 AtapH of 7.5, the concentration of 1he )
jon is at a maximum.,

iy oot | (O TN
*|. The slightly alkaline pH is necessary (o
[H'] low so that the reaction between H*, cy;

and CI as shown would not occur,

*2,3, From the equation,
trichloroisocyanuric acid + OH"
——= CIO" + cyanuric acid,
an increase in pH increases [OH"] which will shig
the cquilibrium to the right to increase [Cir]
Hence, [CIO ] is pH dependent and increasss
with pH.




8= Key content that you will be examined on-

1. Simple rate equations; orders of reaction; rate constants
2. Concept of activation energy

3. Effect of concentration, temperature, and catalysts on re-
action rate

4. Homogeneous and heterogeneous catalysis

. Enzymes as biological catalysts

[
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Section A

1. The rate equation for reaction Iv glven by:
rate = A|A[13]

mol dm

o constant, K7

) ¢ the
I concentration units are , what ar

possible units ol the rat

=%
A moldm's! mO\ém [

-3
mol ! dm' s ol n b, wol dm
wol “eln?s”

-

¢ molddm's!
D mol' s

mrl“mm Firomniir 1l ‘/\Jrrlmy»”, '***
' |

\ N M ‘
The unit for rate 1y s ol .
0 Voo | [dm
Theretore, mol dm ' " =4 (mol dm "(moldm )

] |
k=mol ' dm's

If the reaction P+ Q —» R 1 8 is described as
being of zero order with respect 10 I’, it means
2
that R
WD P

A" P is catalyst in this reaction.

>

B no P molecules possess sufficient energy
o I
1o react. CJ(JX
C the concentration of P does not change dur-
ing the reaction,
the rate of reaction is independent of the
concentration of P.

Helping Concepts 'l"\cnn "‘.m-mr:‘l;' ‘A;vf/fm)\)**
Zero order with respect to a reactant means that the
rate is independent of the concentration of the reac-
tant, i.c. a change in concentration of P has no effect
on the rate of the reaction.

3. If the rate of decay of a radioactive isotope de-
creases from 200 counts per minute to 25 counts
per minute after 24 hours, what is its half-life?

Illllﬂ Chemis m::  with Hel
R{ '/(&)Ucﬂr\\gw:ps
Y P\

Q) lov 9)6 u@a 54

A 2 hours B 4 hours

¢ 6 hours ( f& % hours
B o ik

200 iy 100 —12—> 50 Az, 95

KR Py 24
1, =8 haours

Alternatively, let x be the half-life.

24 |

[ R |
2()()/(2; 225 - 2) 3

24 l

. 24|n'1~|n_l = x="5§hours
x 2 8

4. ‘The rate equation for the reaction
S,0," (aq)+ 21 (ag) — 2507 (aq) + 1.(ag)
is: rate l{lSzU,‘2 (aq)][1 (aq)], where kis the rai
constant,
Which of the following conclusions can be drawn
from this information?

e
07‘):0 ‘A, The value of k depends on the concentra-

QO\' A/tinns of S,)(),/2 and I ions.

B The reaction goes to completion.
_£ The reaction is first order with respect 10
‘ :) .
Sz”u 1on.
D The reaction is second order with respect
to I ion.

Helping Concepts '(';mm Favourite 7a!iﬂz\/‘ **

Since the power of [$,0,%(aq)] in the rate equation
is 1, the reaction is thus first order with respect 10
S,0,% ion.

5. Which statement about the effect of 2 catalyst

a reversible reaction is correct?

j-A
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A It increases th_e equilibrium constant for the
forward reaction.

B It increases the yield of product in an equi-
[ibrium.

c It increases the rate constant for both the
forward reaction and the reverse reaction.

p It increases the rate constant for the for-
ward reaction but not that of the reverse
reaction.

r( ‘ham janomﬂe Tnl@ ***

A catalyst increases the rate of a reaction by increas-
ing the rate constant, regardless of whether it is a
forward or a backward reaction (..(D) is wrong).
However, it does not affect the equilibrium constant
(only-affected by temperature) mor the yield of prod-
uct.

6. A radioactive element has two isotopes, G and H,
with half-lives of 5 min and 15 min respectively.
An experiment starts with 4 times as many atoms
of G as of H.

Radioactive decay is a first-order reaction.

How long will it be before the number of atoms
of G left equals the number of atoms of H left?

A 5 min B 10 min
C 15 min D 20 min

HC“Jillg COI‘ICOptS ! Eram Favourite Kjulmy>**

Let the number of atoms in G and H be 4x and x
respectively.

G 4y —3min_, 2y
H x —limin , 1.
z

i 5
S min > x Smin

b | —

7. The decomposition of hydrogen peroxide in aque-
ous solution is a first order process.

If 10% of the hydrogen peroxide in a solution of
concentration 0.1 mol dm~ decomposes in 5 min-
utes at a certain temperature, what percentage of
the hydrogen peroxide in a solution of concentra-
tion 0.2 mol dm™ would decompose in 5 minutes
at the same temperature?

A 5%
C 19%

10%
D 20%

100 Chemistry W uith eps

e

w' Enam Favourile 7all'ng> *

{,,18 a constant for a first order kinetic reaction re-
gardless of the initial concentration of their reactants.
Hence, the time taken for 10% of H,O, to decompose
is the same for different concentrations of H,0,.

The hydrolysis of (CH,),CBr (represented by RBr)

by hydroxide ion proceeds in two steps.
RBr - R" + Br~ (slow)
R+ OH" —» ROH (fast)

Which one of the following rate equations is con-
sistent with this scheme?

A rate = A[RBr]?

B rate =4[RBr][OH"]
C rate =4[R*][OH"]
D_ rate =4[RBr]

\v/
Helping Concepts Bﬁmm Favourite X’ah'ny>***

The slow step of this hydrolysis of RBr is called the
rate determining step. The overall rate of reaction de-
pends on the rate of this slow rate determining step.

Hence, the rate equation follows that of the rate de-
termining step.

@ An experiment is set up to measure the rate of

hydrolysis of methyl ethanoate.
CH,CO,CH, +H,0 — CH,;CO,H + CH,0H

The hydrolysis is found to be slow in neutral aque-
ous solution but it proceeds at a measurable rate
when the solution is acidified with hydrochloric
acid.

What is the function of the hydrochloric acid in
the reaction mixture?

O

B to ensure that the reaction reaches equilib-
rium

to increase the reaction rate by catalytic ac-
tion

C to maintain a constant pH during the reac-
tion

D to suppress ionisation of the ethanoic acid
formed
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' Ervam Favourite Wah}ri >**
HC) increases the rate of hydrolysis and is not con-

sumed at the end of the reaction. Therefore, it is acting
as a catalyst.

Helping Concepts

10. Which one of the following curves would be fJb-
tained if the rate of reaction was plotted agam'st
time for an auto-catalytic reaction (i.e. react|9n in
which one of the products catalyses the reaction)?

1

NG
J

Frequently Examineq:iQu,,_s‘icms

When [CH3COCH3] is large, it becomes alm
stant and the reaction becomes pseudo zerq
with respect to CH,COCH,. Any change ip
not be due to CH,COCH,.

Ost con.
th Order
rate wi|

*—*‘\‘

12. Lead is the final product formed by a segjes of
changes in which the rate-determining Step s the
radioactive decay of uranium-238. This radiogc.

tive decay is a first-order reaction with g half.Jife
of 4.5 x 10° years.

How long would it take for a rock sample, o
nally lead-free, to contain a molar proportion
uranium to lead of 1 : 3?

gi-
of

7 A 1.5x10° years

time timey\y B 2.25x10° years
V9.0 x 10° years
rateﬂ rate 7\ N Q 9)’
< S J 13.5 x 107 years
® : . ~
Helplﬁg Concepts 'C.\am Tavourite ’Ta/iny *
. t t '
° time ’ tme . v 2 > Ay : » Ly
2 4
' Ernam Favourite Tah'ny>* * Pb: 0 Lx 2 N
In*the beginning, as the reactants react, the product ' 2 4

formed catalyses the reaction. Therefore, the reaction
rate increases. A point is reached whereby the reac-

tion rate decreases due to the excessive depletion of

the reactants (as oppose to the catalytic effect of the
product).

e

11., The acid-catalysed iodination of propanone may
be investigated by reacting dilute aqueous iodine
with solutions containing known concentrations

of propanone and acid. The rate can be followed
using a colorimeter.

Why is a large excess of propanone used?
A to buffer the acid concentration

to give a convenient rate of reaction
to keep the rate of reaction constant

to keep the propanone concentration effec-
tively constant

'5.\ am Tavourite Tah’nb * *
CH,COCH, +1, —H" CH,COCH,1+H* + -
R = k[CH,COCH, [, P[H'F

1000 Chemistry m::g. with Helps

B
C
D

Hence, the time taken is 21,.

2

13. The product [X][¥] of the concentrations of X and

Y is plotted against time, ¢, for the following sec-
ond-order reaction.

X+Y 5 Z
Which graph would be obtained?

]

N

]

0 0 !

531081

(©

|

D
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oncentrations of X and Y decrease with time
The B and D are wrong). In the initial stage, a
(graphS gradient is expected because as time passes,
Mﬂ mdi [1] decrease and the rate of reaction declines.
%‘he fient becomes less steep as time passes.

h/\.P
1’4". The diagram shows the Boltzmann distribution of
" the speeds of the molecules of a gas. Point X

represents the most probable speed.
If the gas is cooled, in which direction does X

move?
mumber of § (\ X
molecules B
C
D
0 speed

Helping Concepts
At a lower temperature, the curve shifts to the left
and peaks at a higher value.

No. of molecules

15. Which of the following diagrams correctly repre-
sents the Boltzmann distribution of molecular
speeds at two temperatures 7, and 7., where
AR o

z =
oy z
= = <
A 23 €=
£e 5.9
= = =
£z =
2= =

=% =

molecular speed
- .

< o=

-

v .
=z =5
C S= S
=z D=3
z2 Tz
z=

gE gE

= c
1]

molecular speed molecular speed

Frequently Examined (_))uestions l

H8|ping COI‘ICEDIS !E\am Favourite ?alfnsr >***

At 7.'2 (>T,), the maximum should be lower and shift
to higher molecular speed so that the total area under
the curve is maintained.

16. It is often sail’d\tl:ghe rate of a typical reaction

“"is roughly doubled by raising the temperature by
10 °C.
What explains this observation?

A Raising the temperature by 10 °C doubles
the average energy of each molecule.

B Raising the temperature by 10 °C doubles
the average velocity of the molecules.

C Raising the temperature by 10 °C doubles
the number of molecular collisions in a given
\time.
D Raising the temperature by 10 °C doubles
the number of molecules having more than
a certain minimum energy.

Helping Concepts 'c".mm Favvurite 7ahhy>**

By Collision theory, particles react when they pos-
sess energy higher than the minimum energy required,
l.e. activation energy, E. As temperature increases,
the particles have higher average kinetic energy. Rais-
ing the temperature by 10 °C causes the rate to be
doubled could only mean that the number of particles
with energy > £_ is doubled.

17. Propanone reacts with iodine in the presence of
an acid.
CH;COCH; +1, —H~— CH,COCH,I + HI
The mechanism involyes the following, steps. _/

]
CH,COCH, -@-» CH;C=CH, (slow) Yate
|

o T
CH,C=CH, +1, — CH,CICH,I (fast) =
I

l
OH OH

CH; CICH,1 — CH,COCH, | + HI (fast)

OH
Which conclusion cannot be drawn from this in-
formation? | D Chec K “Wn eqane
a Spec.c 'S cateadysd o1 ety
See [ 1ias Gerertre d
At end @ ren, oo
f)"dr,(nadod arctod e~ t4

"N 1 Ade Q/f .
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A lodine is not involved in the rate-determing
step.

B The acid acts
The overall order of the r€

ction 1S

as a catalyst-
action IS 3.

not affected bY

D The rate of the rFa :
a change in the iodine €

Enam Favourile Raling ***

ved from the slow step (rate
k[CH3COCH3][H*].
nd-order (not third) re-

The rate equation i deri
determining step), 1.€- R=
Hence, the reaction is @ S€€0

18> The rate of the decomposition of the diazonium

cation,

C6H5N2+ + PHO =2 C6H50H+ H+ Nz

can be followed by measuring the time taken for

the same volume of nitrogen t0 be produced from
a range of diazonium cation concentrations.

To find the order of the reaction with respect to
the diazonium cation, which would be the most

suitable graph to plot using the data?
A [CHN,'] against time
B [CBHSNZ*] against 1/time
olume N, against time
D volume N, against 1/time

Helping Concepts Elam Favourtle Palml>**

When different [CGHSNZ*] is used, the rate of reaction
may vary. A more dilute solution would take a longer
time to produce the same volume of N, if it is non-
zero order w.r.t. CHN,".

For a short ¢, : gives a good estimate of the rate of
reaction. Hence, by plotting [C.H,N,’] vs 1, the or-
der of reaction w.rt. C.H,N," can be deducr:ed.

19. Lead is t.he final product formed by a series of
changgs in _which the rate-determining stage is
the radioactive decay of uranium-238. This radio
active decay is a first-order reacti i -
e 0f 4.5, 107 yomms ion with a half-

What would be.the age of a rock sample, origi-
nally' lead-free, in which the molar propor’tio f
uranium to lead is now 1 : 3? he

1000 Chemistry MC? with HEI[IS

Frequently ExaminedQu% L 4

A 1.5% 10° years
B 2.25% 10° years
C 4.5x 10° years

@ 9.0 x 107 years

Enam Favourite Tall'ny ***

Molar rat j __1_ 3
T143 T 143
_1.3
=72
.| .
. Amount of U left is 7 of the original.
| iz 1 _ 1
2 4

Therefore, the age of the rock sample is 2x e

9.0 x 10° years.

20. The reaction of acidified, aqueous potassium io.
dide with aqueous hydrogen peroxide

21" (aq) + H,0,(aq) + 2H" (aq) — I,(aq) + 2H,0(1)
is thought to involve the following steps:
H,0, + 1" = H,O0 +OI" (slow)
Ol + H" — HOI (fast)
HOI + H" + I > I, + H,0 (fast)
Which one of the following conclusions cannot
be drawn from this information?
A The iodide ion is oxidised by the hydrogen
peroxide.
@ The acid acts as a catalyst.

C The reaction is first order with respect 0
the iodide ion.

D The rate determining step is
H,0, + 1" - H,0 + or-.

Helping Concepts '}‘\am Favourile ?a/l'né >m

H* is consumed during the reaction (steps 2 and 3]

and is not re-generated at the end. Hence, it cant®
eod®

be a catalyst.!0 S€¢ W&
15 ca\Wnﬂ. oy rot; S0¢ 'n? b S
“—.-'—".‘/

1thencialal in end o1 not?

21. The rate of the reaction RBr + OH- - ROH al
is given by the rate equation, cate = RBT)

#
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Which reaction mechanism is consistent with this
rate equation?
A RBr+OH’ —tlow , RBrOH

RBrOH~ —R— ROH + Br

p RBr —— R* +Br-
@ RBr —How , R* + Br”
R' +OH —tly ROH

D RBr+OH —L, RBOH-
RBrOH™ —2% , ROH + By~

m’ Enam Favourite Wa@ ***

Since the rate equation shows a first order kinetics
w.r.t. RBr, the rate determining step should be one that
consists of only one RBr molecule as the reactant in

——

Frequently Examined () uestions

A group of students was asked why it is impor-

tant to remove NO, from the exhaust gases from
power stations.

Which is the most important reason to remove
NO,?

A NO, catalyses the formation of acid rain from
atmospheric carbon dioxide.

NO, catalyses the formation of acid rain from
atmospheric sulfur dioxide.

C NO, causes global warming due to the thin-
ning of the ozone layer.

D NO, is a greenhouse gas which would
causes global warming.

M!H wam Favaurite Tah'ny> **

NO2 catalyses the conversion of SO, to SO, and re-

N the elementary step. sults in acid rain,
NO, +S0, — NO+ S0,
y NO is then readily re-converted back to NO,.
22, The table gives data for the reaction between X NO + ‘502 — NO,
m 4 and Y at constant temperature.
L experiment | [X}/mol dm™ [ [Y]/mol dm /n::;:[i;ﬂ:‘?lz"' b4 4
H | 0.3 0.2 402107 |yl v 4
_'] 2 0.6 0.4 1.6x107
" 3 0.6 0.8_\1”\ 6.4x107 J R
9 What is the rate equation for the reaction? 24. The reaction of hydrogen peroxide with iodide ions
W A rate = A[X][Y]? in acidic solution can be monitored by an initial

NoERERR X

B rate = A[X][Y]
C rate = k[X]?
D) rate = k[Y]?

MFJJGM Favourile Wu/rh}/> ***

Comparing experiments 2 and 3, the rate becomes 4
times faster when [Y] is doubled. Hence, order of re-
action with respect to Y is 2. Comparing experiments
I and 2, the rate is increased 4 times which can be
attributed to [Y) being doubled. The doubling of [X]
has no effect on the rate so that order of reaction with
respect to X is 0. Hence, rate = A[Y]%

—

23. In power stations where hydrocarbon fuels are
burned in air, nitrogen dioxide, NO,, is present in
the exhaust gases. In modern power stations the
NO, is removed from the exhaust gases.

lﬂl]l] Chemistry mC? with HB'I]s

rate method.
H,0,(aq) + 2H" (aq) + 21" (aq)
— 2H,0(() + 1,(aq)
The rate equation was found to be as follows.
Rate = k[H,0,]'[H'1°[1"]'
What could be the mechanism of this reaction?

A H,0, +H" - H,0+OH* (fast)
OH" +2I" +H" — H,0+1, (slow)
@ H,0, +I° = H,0+10° (slow)
H' +10° - HIO (fast)

HIO +H* +I" - I, + H,0 (fast)

C 2H" +2I" - 2HI (fast)
2HI+H,0, - I, +2H,0 (slow)

D H,0,+I" +H" — H,0+HIO (fast)
HIO+I" — [, + OH™ (slow)

OH™ +H" — H,0 (fast)

)




e cquation (. H,0, and
: : mn'amhmbm should be |molecula;
(!;Mll 2nd order) and involve 1 H;0 molecule an

95 W reaction between P and Q produces a gas.
This reaction is first order with respect to'P and
second order with respect 1o Q. Two experiments
were carried out.

In the first experiment, at given

P and Q, 100 cm’ of gas were pro
minute of the reaction.

In the second experiment, under the same external
conditions, the initial concentration of P is doubled
and that of Q is halved.

What volume of gas will be produced in the
second experiment, in the first minute of the re-

concentrations of
duced in the first

action?
A 25cm’ B 750 cm’
C 100 cm’ D 200 cm’
Helping Concepts '(‘-_mm Tavaurite Raling > WK
R = k[PJ[QF’
I st experiment,
R =k-ab’
2nd experiment,

1
2
Hence, half the volume of gas will be collected.

Y -
N
26. The reaction of manganate(VIl) ions with

ethanedioate ions in acid solution may be repre-
sented by the following equation.

2MnO, (aq) + 16H’ (aq) + 5C,0,% (aq)
- 2Mn*" (aq) + 8H,0(¢) + 10CO, (g)

The graph bc‘low shows concentration of
manganate(V1I) ions against time for this reaction.

CL‘ -bSlow

[MnO, |

R, = k(2a) 1)’ = %kabz =iR

0!

| 0
W Chemistry ”ﬁq with Helps

time

what does the
this reaction?
A itis exothermic.

B Itis endothermic.

C It shows first order kinetics.

( D It produces its own catalyst,

'aam Favourite Talini >* *

in the beginning, the reaction is slow (slope is
When Mn?* is produced, it acts as a catalyst :dlk)'
talyses the reaction (slope becomes steep). T, @
the end of the reaction, the concentration of th,

actants are low and the reaction becomes slow .’:

shape of the graph g,
mh

—_—

27. The table shows experimental results obtained fy
the following reaction.
200 + 0, — 2XO,

—

partial pressure of YO
(in arbitrary units) 100 100 50 50
partial pressure of O, [ 100 25 100 -

(in arbitrary units)

relative rate 1.0 0.25 0.50 0.1

What is the missing value of the partial pressure
of O, in the table?

A 125 B 25

C 40 50

Helping Concepts '('mm Javourife Talinz >**

Let p, represents the partial pressure of X.

When po, islreduced to § (2nd expt), the rate is also
reduced tlo +- Hence, ratee p, . When py is re
duced to § (3rd expt), the rate is also reduced t0 %
Hence, rate < p,,, and therefore, rate pg, ‘P
By comparing with the Ist experﬁnent, the rate in ¢
last experiment is reduced to gl;

The given p, (50) reduces the rate to % To futh
reduce the rate to ¢, po, should be (§x100)=

/

@ The hydrolysis of ethyl ethanoate in 8que0®*

lution can be catalysed by hydrogen 10"

sulfuric acid.

To determine the order of this reaction wu;
5pec(:it?to hydrogen ions, which method SHOZC
use A
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Frequently Examined Questions

A Measure the change in pH during the reac-
tion.
B Measure the rate of the reaction severa]

times, but with a different concentration of
ethyl ethanoate each time.

C Measure the rate of the reaction several
times, but with a different concentration of
sulfuric acid each time,

D Remove samples at various time intervals and
titrate against a standard solution of aque-
ous sodium hydroxide.

Mmm Favourite Tah’ny >* *

To measure the effect on the rate by a parameter (in
this case [H']), the reaction should be followed by
varying that parameter ([H*]) while keeping all other
parameters (e.g. [ester], temperature, etc.) constant.

For (A) and (D), as the acid is a catalyst, [H*] will
remain constant and the pH and titre value will not
change with time,

@ Photochromic glass, used for sunglasses, dark-
ens when exposed to bright light and becomes
more transparent again when the light is less
bright. The depth of colour of the glass is related
to the concentration of silver atoms.

The following reactions are involved.

reaction |  Ag' + Cl- == Ag + ClI
reaction2 Cu’ +Cl —» Cu* +CI’
reaction 3 Cu® +Ag — Cu’ +Ag’

Which statement about these reactions is correct?
A Cu’ and Cu®* ions act as catalysts.

B Cu’ ions act as an oxidising agent in reac-
tion 2.

C Reaction 2 is the one in which light is ab-
sorbed.

D Ag' ions are oxidised in reaction 1.

M !?;.\am Favourite Talinj> ***

Since Cu* used up in reaction 2 but produced in re-
action 3 and Cu?* is produced in reaction 2 but used
up in reaction 3, they are not chemically changed in
the reaction, Also their presence speeds up the reac-
tion since Cu* reduces Cl to CI- while Cu?* oxidises
Ag to Ag’. Hence, they act as catalysts.

Statement B g incorrect since Cu* acts as a reducing
%ent and not an oxidising agent in reaction 2.

1000 Chemistry mcg with Helps

,l|'

Statement C is incorrect since light is absorbed in re-
action 1 rather than reaction 2.

Statement D is incorrect since Ag® ions are reduced
rather than oxidised in reaction 1.

30. Four reactions of the type shown are studied at
the same temperature.

X(@) + Y@ - Z(g)

Which is the correct reaction pathway diagram

for the reaction that would proceed most rapidly
and with good yield?

A B
energy energy
reactant  product reactant  product
e :
energy energy
reactant  product reactant  product
Helping Concepts 'G\am Favourite Taliny> ***
i as
possible, i.e. low in ene jagrams C and D.
For a fast rate of i i ould
b i re-
action C. &—

31. The reaction between NO, and SO, is a key stage
in the formation of acid rain.

NO,(g) + SO,(g) = NO(g) + SO,(g)

The initial rate of this reaction was measured for
different concentrations of reactants and the fol-
lowing results obtained.

[NO,1/moldm™ [[SO,]/mol dm™ | relative rate
0.005 0.005 1.00 —
0.006 0.006 1.44
0.008 0.006 1.92

135
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Frequently Exam;
I — : ned
T QUWS
Which row gives the correct orders of [(ZTU I |iciping Concepts | 78 Favourite Rt

*

with respect 1o the two reactants? The catalysed reaction takes place when Ccy CH:
N — , . 1CHO
T order with order with attached to thel enzlyme. AleCHJCHO] Increases, mor:

respect to [NO, | | respect to [SO, | CH,CHO molecules attach onto the enzyme and ¢
—la e W LTS 0 reaction rate increases proportionally. Howevye, Whhe
ALY all the active sites have been occupied by CH,C o
B | I i in[C 1 3 H0|
further increase in [ H,CHO] will not help to furth
C 2 0 increase the rate of reaction. ol

5 :

T e —————
M'/ :r/lll Favwmrite 7?/1///er 2 ***

. 0008 4 . .
Comparing expt, 2 and 3, [NO,| increases to ,;‘%0 =3 i:s/in the following diagram, curve X Was obtaineg

times, The rate increases to 122 = % times. Hence, order by observing the decomposition of 1¢g em? of

A4
w.rt NO, = |, ” 1.0 mol dm hydrogen peroxide,

o . : Catalysed by
Comparing expt. | and 2, [NO, increases to 0005 = manganese(IV) oxide.
times and [SO,] also increases to § times. The rate of A
&, reaction increases to 1,44 times, volume of ,»-“"—‘\—)\z
;,} f‘;;ll’")‘ = 1.44 where x is the order w.r.t, S0,. ;’;ry'ﬁt('l‘
Hence, x = |,

32. The enzyme alcohol dehydrogenase catalyses an

important step in the production of ethanol by 0 ﬁTime
fermentation, Which alterai " |
) . Ich alteration to the original experimental con-
CH,CHO + 2[H] — CH,CH,OH g P

ditions would produce curve Y?
The graph shows how the rate of this enzyme-

) ’ . . A adding water
catalysed reaction varies with the concentration £

of ethanal. ’\B) z?((jlding some 0.1 mol dm~3 hydrogen perox-
ide

C using less manganese(IV) oxide
D lowering the temperature

Hclping CO"CBptS E\am TFavourite Tal/'b**

Adding some 0.1 mol dm-3 H,0, dilutes the H,0, so-

lution and increases the total amount of H,0, present.

o - . Hence, the rate of reaction becomes slower (more
[ethanal] gentle slope) and the total volume of 0, evolved is

Which statement best explains the reason for the higher.

flattening off of the curve?

rate

A All the ethanal has been used up and the
reaction has finished,

B As the ethanol product builds up the reac-

@ The nitration of benzene by concentrated nitric
tion slows down,

acid dissolved in concentrated sulfuric acid can

(€ \At high ethanal concentrations all the ac- be represented by the following equation. ,
“live sites i;’l thclcnzsimc ‘mn!ccules areoccu-  C H, + NO," —= C,H,NO,* - C,H,NO,* H
ied by ethanal molecules, - . [
b ¢ {' hanal entrations the ethanal Which of the following reaction profiles correctly
o f“ h $h et 108 sanea 4 represents this mechanism?
inhibits the action of the enzyme,

.Chemiury m::g with Helps

el
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L ZANN A

progress of reaction

progress of reaction

C ‘ D

AN

progress of reaction

mr{ am Favourile Tah’nb ***

The energy profile should have 2 'humps' since the
reaction takes place in 2 steps. The first step is the
slow step and therefore, the activation energy of the
first hump should also be higher. The reaction is exo-
thermic. Hence, the products are at a lower energy
than do the reactants.

’?& In the conversion of compound X into compound
7 Z, it was found that reaction proceeded by way
‘ of compound Y, which could be isglated. The steps
J involved were:

X = Y, AH, positive

progress of re;cﬁon

Y - Z;, AH, negative
| Which reaction profile fits these data?
A
B AV B 5 z
5] 5 ¥
] z ©
f >
! progress of progress of
reaction reaction
l
)
Y y
C z D &
R E e
Z L
progress of progress of

reaction reaction

' wr( ‘nam Favourile Ta/iy> ***

Yis known as the intermediate and it should be at the

valley' in the profile ( . graphs C and D are wrong).

gy of Y should be higher than that of X (since

AH is positive) and also higher than that of Z (since
'AH i negative).

mstry MCQ with Helps

N

el

36. The uncatalysed reaction between 80, and O, is
slow.
280, + 0, — 280,
The reaction is speeded up in the presence of the
homogeneous catalyst NO, which participates as
follows.
2NO + O, = 2NO,

2NO, + 280, — 2NO + 250,
Which reaction pathway diagram is most appro-

priate for describing the enthalpy changes occur-
ring during the catalysed reaction? In each case

the reaction pathway for alalys S
is shown as a dashed life. 3119?3 e ) L“M‘PA ]

e
,

. 3 b ——T
A B 1
v . .
‘;
‘o

AH

&

extent of reaction extent of reaction

D

AH Al

extent of reaction

extent of reaction
Helping Concepts '_Rjﬁui Favmuirite 'Zil/,)/y/*
The energy levels of the reactants and products for

uncatalysed reaction are not affected by the presence
of a catalyst (i.e. B and D are wrong).

In the catalysed reaction, the mechanism goes through
2 steps. Hence, there should be 2 humps in the
catalysed reaction, and the activation energy for the
catalysed reaction is lower (lower hump).

Z
¥ @A possible mechanism of the hydrolysis of
- 2-chloro-2-methylpropane is shown.

|CH’ CH,
CH,-C-Cl —low, CH,—CI:* + CI

(|:HJ |CH3

?Ha cl:H3
CH,-C* + OH" —l, CH,-C-0OH

(|?l-l3 (I;HJ

(]
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Which diagram represents the reaction profile for

this mechanism?

energy encrgy .
| L | L
reaction path reaction path

encrgy energy
- o

Sl

reaction path reaction path

' Ervam Favnurile 7?{1//}72(./\/ * *

The carbocation is an intermediate so that it would
result in a minimum point in the energy profile. Hence,
diagrams A and B are incorrect.

The first step is expected to have a higher activation
energy since it requires bond breaking whereas that
of the second step is expected to be lower since it
involves reaction between oppositely charged par-
ticles. Both diagrams C and D show a higher activa-
tion energy in step 1. However, the alcohol formed is
more stable than chloroalkane. Hence, diagram D is
the answer.

Helping Concepts

1000 chemistry 777.«5 with Helps
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For each of the questions in this section, one or more
u}lht’ three numbered statements | to 3 may he cor-
recl.

Decide whether each of the statements is or iy not
correct (you may find it helpful to put a tick against
the statements that you consider 1o he correct).
The responses A to D should be selected on the basis

of

| e

2 and 3 only
are correet

A B

l.2and 3
are correct

1 and 2 only

1 only
are correct

is correct

No other combination of statements is used as a cor-
rect response.

38. The rate equation for the reaction |
CH,1 + CI” is given below.

rate = k[1I"]|CH [
The reaction is therefore

FCHLCT

1 second order.
2 first order with respect to iodide jon,

3 speeded up by an excess of chloride jons.

Hulpillg CU"CQ[.“S ' Cnaar Favourite Aating “‘i\‘**

In the rate equation, the powers of [I ] and [CH 1] are
1. Therefore, the reaction is a second-order reaction
but is first order with respect to | and CH, 1 respee-
tively. An excess of C1™ will not change the forward
rate.

Note: The concentration of Cl” is not involved
in the rate equation.

39. Which statements about the properties of a cata-
lyst are correct?

1 A catalyst increases the average kinetic en-
ergy of the reacting particles.

2 A catalyst increases the rate of the reverse
reaction.

3 A catalyst has no effect on the enthalpy
change AH® of the reaction.

m'(‘ am Favourile X’uh'ric[’\ * *

L A _catalyst does not affect the average kinetic
energy of the particles. Temperature does.

1000 Chemistry MCQ with Helps

C

Frequently Examined (Jusstions

*2. A catalyst incroasos the rate of both forward and
backward reuctions,

", The AL remalns unchangod-in the presence of o

ctalyst,

40. A theoretical renction Involves P+ Q » produet,

The rate equation |y rate = K[P][Q]* and the units
of the rate constant, 4, are mol” dm? !,

Which sets of values of v, y and 2 11t the above
information?

I
0 -1 M C

2 |1 X

J |2 200

\ ]
moldm s "= k(mol dm " ymol dm e

\

)\SI
]

=mol “dm'" g

Henee, P -y

ke

k= (mol dm

R A

41. The Kinetics of the zero-order reaction P - were
investigated under different conditions,

Fhe table shows pairs of quantities that were plot-
ted as graphs,

Which pairs gave the following graph?

AN 6

0 —t V(X8
V=uNis X=0Xis
1 rate time
2 | rate constant time
rate constant | temperature

i Goneon | AP P
*l. E zero-order reaction, the rate of reaction
does not changew me.

.
m
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s a constant at constant
with time. How-

ture. It does not vary
ever, when the temperature changes, k also
It

3.

changes (unless

ion between CH,(8) and

42, The substitution react CH,
f ultraviolet light involves

Br(g) in the presence 0
the following steps.

Br, uv light_, 2Bre
CH‘ +Bf' - 'CH} +HBr
'CH3 +Brz - CHsBr+Br'
Why is this called homogenous catalysis?
J@ Bromine radicals are in the same physical

state as bromine and methane.
2 Bromine and methane are in the same physi-
cal state.

3 The bromine molecule splits into two bro-
mine radicals.

o Conconts | ARSI g o

Homogeneous means all the substances ar€ in the
same phase. [n this case, CH, and Br, are in the
gaseous phase. The catalyst Br- radical is also in the
same gaseous phase. Hence, the reaction is known as

homogeneous catalysis.

e

43. The conversion of graphite has only a small posi-

tive value of AH.
C (graphite) — C (diamond); A
of synthetic diamonds

H =+2.1 kI mol™

However, the production
is very difficult.

Which of the following statements help to explain
this?
1) The activation energy of the reaction is large.

2 An equilibrium exists between diamond and

graphite.
3 Only exothermic reaction
occur readily.

Onam Favourile Ralin ***

amond from graphite involves
alent bonds in graphite and
tal lattice. A lot of energy
this energy barrier.

s can be made to

#]. The conversion of di
breaking strong coVv
restructing of the crys
is required to overcome

1000 Chemistry m::q with Helps
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FrESLently XA Qe
2. The reaction does not indicate a reyerg;
tion. e "eac.

3, Endothermic reactions can occur readi|
dissolution of NaCl in H,O is endotheri;'fE % the
takes place readily. On the other hand so|c and j
thermic reactions may not readily °°(;ur ’é‘e €Xo.
conversion of diamond back to mphit; 8 the

—

-\

44. The rate of reaction between bromip
methanoic acid is first order with respect b‘;tand
bromine and to methanoic acid. hto

Br, (aq)+HCOZH(aq)—ﬂBr‘(aq)+2H‘(aq)+Co @
2
Which of the following can be correctly d
from this information? Y deduceg

Doubling the concentration of methanoj
acid doubles the rate of evolution of gasC

2 Halving the concentration of both reactants
simultaneously will halve the reaction rate

3 The overall order of the reaction is 1.

Helping Concepts ! Crvam Favourite Rating > WK
R = k[Br, ][HCO,H]
. When [HCOZH] is doubled, R is doubled.
are halved, R de-

2. When both [Brz] and [HCO,]
—™ creases b [ ; hP

3. The overall order is 2.

-

- —

of the initial rate of hydrolysis of maltose by the

@The graph shows the results of an investigation
e. The concentration of amylase

enzyme amylas
was constant in all experiments.

A

initial reaction rate

0 (moltose]

Which of the following conclusion can b ded

from these results?
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__ Frequently Examined(Juestions

A stady of the rate of this reaction in a mixture,
where the concentration of methane did not
change, give the following results.

| e after start of reaction’ 10 ™ s | relative [ *OH )
0.0 10.0
( 1.0 7.0
' 20 5.0
3.0 35
40 2.5
30 1.8

Which conclusions can be drawn about the ki-

netics of this reaction under these conditions?

1 The half-life is 2.0 x 1074 s.

2 The reaction is first order with respect to
[+OH].

3 The overall reaction is second order.

o =l s The il g SWETETESE mechoriom
1 == NOg)-H.g) —== 3 N.Oig)+ H.O(g) |
=&[NOIH.] N.Og-H.(z) —= 3 N_.(9)-H.Oxg) |
2 == H.(z) —== 2H(g) |
=eE-JI.] -l —= 2Hkg) j
3 o= 2HBrigi-0.(2) —5= 5 “HBrO(g) ]
=&[HBJ0.] HBrOig)~ HBrz) —= H.0(2)+ Br(g) |

m ,-: T 1‘ s 4
S

Omily sezczznrs = the rzte determining step (rds) would

#ppear & the rzsz eguation and the order of the reac-

Som wrt 2 reactamt would be the number of reactant

partiches mvolved in the rate determining step.

L2NOand 1 H, are involved in the rds so that
me = £ [NOF{HL]

2 Only 1 H, is involved in the rds so that
e = [H]

3 2HBrand 1 0, are involved in the rds so that
ﬂt=k3IHBr]'2{02],

—

@Mﬁk is a greenhouse gas, but it is destroyed
P inthe troposphere by the action of hydroxy radi-
cals.

«OH + CH, — +CH, +H,0

.Chemistry m::q with Helps

! Eram Favourite Ta/inb ***

*1,*2. From time 71=0to 2x10~ s and r=2x10~* s
to 4x107 s, the relative [+OH] is halved from
10.0 to 5.0 and 5.0 to 2.5. The reaction is thus
first order w.r.t. *OH and the half-life is
2x107 s,

3. Since [CH,] is constant, we are not able to de-
duce the order w.r.t. CH 4 from the data.

48. Hydrogen reacts with gaseous bromine to form
B hydrogen bromide,

Hy(g) + Bry(g) — 2HBr(g)
and with gaseous iodine to form hydrogen iodide.

Hy(g) + L,(g) - 2HI(g)
For the first reaction, the rate equation is

rate = kl[HZIBrz]I'S

[Br, ]+ &,[HBr]
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‘bromine reaction. the for-

mation of HBr slows down
forward reaction.

2 Only the hydrogen/i
a single step reaction.

3 The mechanism of the hydrogen
action involves free radicals.

ESREmEY — — e X*

*]. The formation of HBr increases [HBr]. From the

+2 The reaction could be single-step reaction since
the stoichiometric ratio of the overall equation
matches those in the rate equation. The reaction
between H, and Br, is multi-step.

3. The information could not be inferred.

odine reaction could be

'bromine re-

49 The graph shows the Boltzmann distribution of
molecular speeds.

no, of mokecules
1th a given speed

0 speed

Which statements are correct?

1 Raising the temperature always decreases
the number of molecules with a given speed.

2 The area under the curve is proportional to
the number of molecules present.

3 Raising the temperature moves the maximum
of the curve to the right.

Helping Concepts ' Enam Favourite Rating > RIKK

/" Raising the temperature decreases the number of
/ molecules with lower speeds but increases the
number of molecules with faster speeds.

1000 chemistry #/cq uith Helps

number of molecules present in the System

«3. From the curves, it can be clearly seen y
maximum of the curve is displaced to the
a higher temperature.

hat the
l‘ight at

pmponion
of
molecules

50. The diagram represents the Boltzmann distrib.
ion of molecular energies at a given temperature
proportion
of
molecules

» energy
As temperature increases, which of the following
statements are correct?

1 The maximum of the curve is displaced to
the right.

(%]

The proportion of molecules with energies
above a given value increases.

3 At all energies, the proportion of molecules
of a particular energy increases.

HE'p“'lg Concepts '(‘:.\um Favourite 'Z)a/l'ny >***

proportion
of
molecules

—» energy

E
*]. From the curves, it can be clearly seen that the

maximum of the curve is displaced to the right &

a higher temperature.

From the curves, the proportion of molecules with
energies above E is higher at a higher temperd
ture. For energies below E, there are more mo;
ecules at a lower temperature, thus showing th
there are more molecules at a higher tempefat“;:
with energies above that given value. On the Whohe'
it may be argued that at a higher temperatir®
average molecular energy increases an henc®

statement is true.

*2.
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the closure of a chemical plant in Switzer-

sn.ﬁz the reaction between l-bromobutane and
b hvdrogen sulfide ions (HS") was found to be

nhng- place in the ground.
The following results were obtained.

reaction, the following results were obtaimed.

mitial concentratices of | initial rate of formation
ractnsmoldm™ | of indine'mol dm™ 5™

' HO.] T M
0010 0010 0.10 ! 20x10°
0.030 0010 0.10 | 6.0x107* ;;
0030 0020 010 | 12x107°
0.030 0020 020 | 12x10~ |

— ] concentration of | initial concentration of | ._. . |
%m«: hydrogen sulfide ions mmal rate m_;mﬁmm ;
'moldm"; mOl dm—i mdm S i
— < .
0.1 0.1 [.53x107
0.2 0.1 30x107° i
03 0.1 45x10°° |
0.1 02 ; 3.0x107°
0.1 03 ‘ 435%107

Which conclusions can be drawn about the reac-

tion?

1 The reaction is first-order with respect to
1-bromobutane.

2 Both I-bromobutane and hydrogen sulfide
ions are involved in the rate-determining
step.

3 The rate constant is 1.5 x 10~ mol-'dm?® s'.

i Helping Concepts '&.am Favourile ?z.-/;c;/***

*1. Comparing experiments 1 and 2, when the

*

*3.

concentration of 1-bromobutane is doubled,
the rate is also doubled. Hence. the reaction
is first order w.r.t. 1-bromobutane.

2. Comparing experiments 1 and 5, when the
concentration of HS- is tripled, the rate is
also tripled. Hence, the reaction is first order
w.r.t. HS-,

Since the reaction is first order w.r.t. both 1-
bromobutane and HS-, both substances (I
Elnit each) are involved in the rate determin-
Ing step.
R=K1-bromobutane][HS]
Using experiment 1 (or any other set),
[.5%107* = £(0.1)0.1)
k=1.5%x10" (mol dm™)™' s

\\

} iy Chemistry MC? with Helps

E

Which statements follow from these resuks?

1 The rate equation for the reaction can be
written: rate = &{H,O,][I"]

The reaction is zero order with respect to
acid.

3 The rate constant is 2 < 107" mol~> dm® s~'.

[ ]

Helping Concepts r.:z Tz warie Katimg > WIK

*1,*2. Comparing experiments 1 and 2, when [H,0,]

is tripled, the initial rate is also tripled. The
order of reaction wrt H:O: is thus [
Comparing experiments 2 and 3, when [I7] is
doubled, the initial rate is also doubled. The
order of reaction w.r.t [” is thus 1.

Comparing experiments 3 and 4, when [H'] is
doubled. the initial rate remains the same. The
order of reaction w.rt H” is thus 0.

Hence, the rate of equation is
R = KH,0.][I"].
The unit for the rate constant, &k of a second-
order reaction should be mol-! dm® 5.

Using any set of data, the value of k may be
calculated by mere substitution.

E.g. using experiment 1,
2.0x107° = k(0.01X0.01)
k=2x10" mol™ dm’ s




nitrc ﬂhawmu,mdm
reaction can be followed by plotting the

tration of ethylbenzene against time.
plot is given below.

What conclusions can be drawn from this result?

1 The reaction is zero order with respect to
cthylbenzene.

2 The rate determining step involves only
nitric acid.

3 For mixtures contzining a fixed concentra-
tion of mitric acid, the slope of the line

depends on the initial concentration of
ethylbenzene.

'{ am Foucaride 7.7.’1!:2) * *
*1. Since the graph is linear,
ie dethylbenzene]
] dr

the reaction is zero order w.r.t. ethylbenzene, the

rate of decrease in [ethylbenzene] is constant.
*2. The reaction involves both ethylbenzene and
nitric acid. Since from (1), the reaction rate is in-
dependent of [ethylbenzene). Ethylbenzene can-

not be involved in the rate determining step (rds).
Hence, the rds must involve nitric acid.

3. The rate is independent of [ethylbenzene]. The
slope does not depend on the initial

[ethylbenzene).

= slope = constant,

.G‘"‘j‘"‘Y Mcqﬂh
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8= Key content that you will be examined on:

1. Periodicity of physical properties of the elements: variation

with proton number across the third period (sodium to argon)
of:

() atomic radius and ionic radius

(i) melting point

(iii) electrical conductivity

(iv) ionisation energy

. Periodicity of chemical properties of the elements in the

third period

() Reaction of the elements with oxygen and chlorine

(i) Variation in oxidation number of the oxides (sodium to
sulfur only) and of the chlorides (sodium to phosphorus

only)
(ii) Reactions of these oxides and chlorides with water

(iv) Acidibase behaviour of these oxides and the correspond-
ing hydroxides

%——9_

The Periodic Table: Chemical Periodicity




rhe Periodic Table: Chemical Periodicry

Section A
1. Which of the following is the strongest reducing
agent?
A Cr B Ar
CK D Ca*

Helping Concepts ' Enam Favourile Tall@*‘**

The strongest reducing agent is one whereby its va-
lence elec;ron is the easiest to be removed. Cl™ has
the smallest nuclear charge and the greatest ionic size
among the isoelectronic series: C1-, Ar, K* and Ca”;
and the attraction for the valence electron is the weak-
est!

2. Which of the following oxides has a molecular
structure as distinct from a giant structure?

A NaO B MgO
C ALO, D CLO,
E.tam Favourite .Tall'n}***

CL0, is simple molecular whereas Na,O, MgO and
ALO; are giant ionic.

3. Which species represented by the following for-
mulae has the largest radius?

A P+ B Cr
D K

C Ar
W! Eram Favourife Tah'ny >***

The 4 ions are isoelectronic (152 252 2p° 352 3p%). Since
P* has the least number of protons, its attraction for
the valence electrons is the weakest. Hence
lence electrons are furthest away from the

, the va-
nucleus.

-_

1660 Chemistry m% with Helps
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r Favourite Rating: *Might be tested K Likely to be tested Kk AIWaQ
Exam Favou .

4. Which of the following elements has qy, !

. OXide iy |
a giant structure and a chloride whicp, B w

i .
hydrolysed? * readil
A barium B carbon
C phosphorus D silicon

Helping Concepts **

8i0, is giant molecular and SiCli 4 1s readil
sed by H,O.

SiCl,(€) + 2H,0(€) - Si0, (5) + 4H" (aq) + 4y- )

y hYdroly.

Which compound is not a product of the Teaction
between an oxide of a third period element and

water?
A NaOH B HZSiO3
C H3PO4 D st04

Helping Concepts ! Cxam Favourite Ta!iny >***

Si0, does not dissolve or react with water.
A: Na,0+H,0 — 2NaOH

G PO, +6H,0 — 4H,PO,

D: SO, +H,0 —» H,SO,

6. In which of the following pairs is the radius of
the second atom greater than that of the fir

atom?
A Na, Mg B Sr,Ca
C PN D ClBr

HEIpi"g ML UETN SR Y Exam Favourile Raling *

Both Cl and Br are in Group VII and Br has ”
shells of electrons filled with greater screen'_“g;eau
Hence, the attraction for valence electrons 18
in Br and therefore, Br has a larger radius.

—

T

i
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: % will produce the
2 following OoXI es
: of e treated with water?

B CLO,

D SiO,

0 i in water while the rest gives rela-
b . idf o acids 0D dissolving in H,0.
, ' .00 +H,0(0) > 2HOCK(aq)

b o0 00 — 2H;PO,(@0)
cn

L

i in a magnesium/aluminium
' ;:ynml;: mneznby dissolving the alu-
minium 10
A dilute ammonia.
B dilute hydrochloric acid.
C dilute nitric acid.
D dilute sodium hydroxide.

m’ Cram Favourite Eﬂmy> **

Alis amphoteric and hence will dissolve in NaOH and
' Mgwill remain in the elemental form.

Als) + OH" (aq) + 3H,0(/)
- [AIOH),] (ag) + $H.(g)

- would be ex-
lonw'nh.m“

10. Which of the followin
g elements
pected to form the largest
electron configuration?

A aluminium
C phosphorus

B chlorine
D potassium

¢ rzo’ Eram Favourile Tah‘ry ***
- H Eram aGusrile Y, )
o)~ 2H’ (ag) +2C10,”(aq) - strong acid WE Zavourite Rating >Iedrd
g0 The ions are AI**, CI, P and K.

The last 3 are isoelectronic. The one with the lowest
nuclear charge (P) should have the largest ionic ra-
dius since the attraction for the valence electrons is
the weakest. AI’* is smaller because it has | shell of
electrons less than the others,

11. For the elements in the third period of the Peri-
odic Table, which property decreases consistently
from sodium to chlorine?

A electrical conductivity
B ionisation energy

C melting point

D radius of the atom

From T Ty > e

Across a period, the number of shell of electrons
remain the same while the number of protons increases.
Consequently, the attraction on the valence electrons
become stronger and the atomic size decreases.

% Which of the following oxides is unlikely to dis-
wlve in aqueous sodium hydroxide?

A ALo, B MgO
¢ Plow D SK)I
! ('.lan 7anounlc Tah'nb ***

mm_h does not dissolve in an alkali. (A)
. While (C) and (D) are acidic.

046+ 20K aq) + 311,0(0)
‘)Z[MOH)J- (BQ)

P‘ou(S) + 1204~ (aq)

>0 g+ 6H,0(¢)
20204 (aq)

800, "y

12. Coloured glass, as used in church windows, re-
quires three oxides - one macromolecular, one ionic
and one of a transition metal.

Which combination is likely to produce a coloured
glass?

A ALO, MgO SnO

B PO, CaO CuO

C Si0o, CaO PbO

D SiO, PbO CoO
ﬁ‘.an Javoarite Rating >
SiO, is macromolecular, PbO is ionic; Co is a transi-
tion metal.
A,C: no transition metal
B: no macromolecular oxide




13. X, Y and Z are elements in the same short period
of the Periodic Table. The oxide of X is ampho-
teric, the oxide of Y is basic and the oxide of Z is
acidic.

What is the order of increasing atomic (proton)
number for these elements?

A XYZ B XZY

C YXzZ D YZX

Helping Concepts '("\arz Troowrde _Pa(my}**

Z is a non-metal (since non-metallic oxides are acidic)
and Y is a metal (since metallic oxides are basic). X'is
somewhere in between Y and Z.

14. An element of the third period (Na to S) is heated
in chlorine. The product is purified and then added
to water. The resulting solution is found to be

neutral.

What is the element?

A sodium B aluminium
C silicon D phosphorus

Helping Concepts 'C.\am Favourite Rating > WKWK

2Na + Cl, — 2NaCl

Na readily reduces CL, to form NaCl. Since NaCl is a
salt that can be formed from a strong acid (HCI) and
a strong base (NaOH), it is neutral in water.

15. Consider the sequence of oxides Na,O, SiO,,
P 4010
Which factor decreases from Na,O to SiO2 and
also from SlO2 to P4Ow?
A covalent character

B melting point
C pH when mixed with water

D solubility in aqueous alkali

m mam Tavourite Taliny> * *

Na,O is a basic oxide and reacts with water to give
NaOH so that its pH is higher than both SiO, and
P,0,,. Both SiO, and PO, are acidic oxides but SiO,
is msoluble whlle PO,, reacts with water to glve
H,PO,. Thus for P Om, pH when mixed with water is

lower than that of SIO

1000 Chemistry m::g with Helps

16. Which of the ﬁ)"o\\’ins sets of
B. C or D, includes a giant ”‘fﬂu\
macromolecular structure and simple
structure?

A Na Mg Al
B Mg Al S
C C Si Sn
D Al Si §

Helping Concepts !C'ur ‘i‘...,.m
T Smeode Retiny ey

Al has a giant metallic structure; Si has g
lecular structure and S has a simple nmlewl‘:“
ture. .

—\\

17. Fruit juices and fizzy drinks such as lemonade g
often sold in aluminium cans. What is the mgy
important reason why aluminium is a suitasbj

metal?

A Aluminium can be recycled.

B Aluminium has a very low density.

C Aluminium is the most abundant metal i the
Earth's crust.

D Aluminium is resistant to corrosion by acids

Helping Concepts ' Cram Arvowrde Kating **

The impermeable oxide layer makes Al corrosion

consistant.

18. The chloride of element J does not resct with
water or dissolve in it. Which one of the follow

ing elements could J be?
B carbon
D phosphorus

A aluminium
C magnesium

Helping Concepts Engm Favourde KNating **

0
CCl, is an organic liquid and is immiscible “::hi
rs in Gro¥
Unlike the chlorides of the other conoetl;; Jbsenct of

IV, it is not hydrolysed by H,O due to
available vacant d-orbitals.

= [A'(H 0),I’* (aq)
—> [A(OH)H,0);]"" (@) + H' (™0
C MgCl, dissolves in water but und
hydrolysis.

|
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dic Table: Chemical Periodicity

Frequently Examined () uestions

g The Periodit T

)+4H,O(( ) _
PCI;:SPQ (aq) + SH' (aq) + 5CI"(aq)
- M

Helping Concepts 'C‘.\am Favourite Rating > IR

From the ratio, 1 mol of the chloride gives 2 mol of
HCl.

A:

MgCl, does not hydrolyse to give HCI.

... B AICI, does not hydrolyse completely in H,0.
when either chlorine or hydrogen chlonde. 1S The maximum of HCI released is 3 mol per mol
19 assed over 8 heated metal M,_ the same chlorfde of AICI,.
P duced. An aqueous solution of this chloride
” p(r:(i):ic. Which one of the following could be M? C PCl; +H,0 - POCI; +2HCI
s B bari D SiCl, +2H,0 — SiO, +4HCI
A aluminium anum
C copper D iron
Mﬁmm Favourile Ta/iny> ***
22. The species Ar, K* and Ca?" are isoelectronic (have
2A1 +6HC 2AICI, +3H, the same number of electrons).
2A1+3C1, 2AlC1, In what order do their radii increase?
AlCl, +6H,0 — [AI(H,0), " +3CI" smallest — largest
AIH,0)* = [AI(H,0);(OH)I" +H A Ar Ca® K
Al(H,0)(OH)*" = [AI(H,0),(OH),]" +H" B Ar K Ca®
C Ca* Ar K
D Ca¥ K Ar
| 20. The diagram shows part of the Periodic Table.
i H He
f (LU |Be BIC|N|[O]|F|Ne
1 |Na|Mg AL|Si|P Cl|Ar
K|{Ca[Sc[Ti|V|[Cr|Mn|Fe|[Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|Kr

Which element in the diagram has the largest
atomic radius?

[} A Br B K
f C Kr D Sc

é w!&\am Favourile Ta//'ny >*‘**

. Among ﬂ}e elements in the given Periodic Table, K
| has the highest number of shells of electrons (3) and
D‘ the lowest number of protons.

/
’l'

o2,
L. An exc.ess of cold water was added to 0.3 mol of
achloride of the third period of the Periodic Table
2 room temperature. 0.6 mol of HCl was formed.

| Which chloride was treated?
A
/ . Mg(:l2 B AICl
| PCl; D SiCl,

[ :
Mty Meg ith elps

1
i

Helping Concepts r((.‘r_\am Tavourile Ta/lhy>***

Nuclear charge: Ca?* > K* > Ar

Th

Ca

e valence electrons are the most strongly bound in
2* due to the highest nuclear charge and smallest

ionic size.

23.

Which statement concerning only the elements in
the third period, sodium to argon, is correct?

A The element that has exactly four atoms in its

molecule is sulfur,

B The element with the highest electrical con-

ductivity is aluminium.

The element with the highest melting point is
aluminium.

The element with the largest anion is chlorine.
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Sulfur has 8 atoms per molecule.

B Al has 3 valence electrons per atom (Na l;a:o ;I\-
Mg has 2). So it has the highest electrica

ductivity.
C Si has the highest melting point.
D. P >8 >CI

o

>

of the first six elements of Period

24. Which pro
propery sly increases nu-

3 (sodium to sulfur) continuou
merically?

A atomic radius

B first ionisation energy

C maximum oxidation number in oxide

D melting point

Maximum oxidation number in oxide increases con-
tinuously from sodium to sulfur (from +1 to +6) since
the number of valence electrons increases.

Option A is incorrect since atomic radius decreases
from Na to S as nuclear charge increases but shield-
ing is approximately the same as electrons are added
to the same shell.

Option B is incorrect since first L.E. of Al is lower than
that of Mg and first LE. of S is lower than that of P
so that the increase is not continuous.

Option D is incorrect since melting point of P and S
are lower than of Si.

25. The ions P*-, S* and CI" have radii 0.212 nm,
0.184 nm and 0.181 nm respectively. Which one of
the following correctly explains the decrease in
radius in going from P*- to CI"?

A increases in the total number of electrons and
in the nuclear charge

B an increase in the total number of electrons
with the nuclear charge remaining constant

C a constant total number of electrons and an
increase in the nuclear charge

D a decrease in the total number of electrons
with the nuclear charge remaining constant

1000 Chemistry ”70? with “Elm

| FMEWM
'/',gm Surnrir ia ’al/ny/ *‘*

p- % and CI are isoclectronic, ie. .
same electronic configuration 352 3p* The inw,.:‘
nuclear charge gives rise 10 2 decrease in ionig u.:
as the electrons are more firmly held,

26. Scrap metal often consists of a mixture of 4
minium, iron, chromium and copper. After rem,,
ing the iron magnetically, the aluminium jy ;.
moved from the other metals by a physical rathe,
than chemical method.

What property of aluminium enables it 1y b,
separated in this way”
A It has a low density.

B It has a low melting point.
C It is a poor conductor of electricity.

D It is non-magnetic.

Helpmg Concepts "h am Savairife //(////,Z/**

Both Cr and Cu are transition elements and they have
higher melting points than Al which is in the man
group. Al can be more easily melted and siphoned off
where Cr and Cu remain as solids.

27. Phosphorus is an element in the third period, Na
to Ar, of the Periodic Table.

What is true for phosphorus and none of the

other elements in this period?

A Phosphorus has the highest melting point of
the elements in this period.

B Phosphorus is the only element in this period
which forms two acidic oxides.

C Phosphorus is the only element in this period
with exactly four atoms in its molecule.

D Phosphorus is the only element in this p"wd
whose chlorides react with water to form ac
solutions.

. .
HEIplng CO"CU[}[S '{“Ufn Favourite ZI{I/I”Z /\ **

Phosphorus exists as P 4 molecules (the others are Sy
CLy).
B: S forms SO, and SO,.

. 3 {“ﬂ
D: Chlorides of sulfur also hydrolyse in water

acidic solutions. ’/

g
4




hian 00
An eloment Q has low proton number. It forma an

» anphotere axide and a ehloride whieh, when an

Ryshous, 18 readily Wyddrolysed by water

Which group i the Perfodic Table might eontain
Q!
Al

CN
CUNIEESY - -
Qs likely to be Al
R ALO, is amphoteric and an aqueous solution of AlCT,

is acidic due o hydrolysis
\ [AKHLOV Y o= [AONYH,O) ) 0 1

nom
DV

Revssoss sy “-A:\'Jr ***

A: Group 1T oxides are basic (not amphoteric)

Q  Group IV oxides are amphoteric. However, with a
low proton number, the element is likely to be
. carbon and neither CO and CO, iy amphoteric

x Group V oxides are acidic

29. Aluminium hydroxide has a decomposition tem
perature of 73 K. It is mixed with titanium dioxide
to produce a paint which delays the spread of
flames in the event of a fire.

TS W~

4 Which statement explains why aluminium hydrox-

ide is used in this way?

' A It is acidic enough to absorb any ammonia
produced in a fire.

B Water vapour is produced on decomposition.

C It reacts with acid produced on combustion.

D A large amount of energy is absorbed when
aluminium hydroxide vaporises.

wr‘hndm 711“"”/1/;' A'.l//m/ "'*

At elevated temperature, H,0 is released and hence
helps to put out fire.

AOH),(s) — ALO,(s) + H,0(g)
i\
|

'30 The chioride of an element R is a liquid which has
' 2 boiling point of 76 °C and fumes in air.

! After mixing 0.010 mol of the chloride with water,
¢ resulting solution required 100 cm® of 0.30 mol

" silver nitrate for complete precipitation of
the chioride ion,

i
M Chemistry qu with Helps

1
i

|
:
E

T R ST oW W Yy

T whivh group of the Periodiv Table does R be-
long?

Al W

Com DV
Y .-

Miimms 1he M»/my » * * *

AR () +CL(ag) —» ARCI()
Amount of Ag' used = concentration = volume

L 0 gy

= 0.0 mol dm 1000

= 0.0% mol
Amount of C1 present = 0,03 mol

Since 0,01 mol of the ¢hloride contain 0.03 mol of

CEL s emplrieal formula is R 1, R is either in Group
(orV

LA mixture of the oxides of two elements of the
third period is dissolved in water. The solution is
approximately neutral

What could be the constituents of the mixture?
A ALO and Mgo

B Na,O and MgO

C N0 and l'lt)m

D SO, and l'vl()lll

Na,O s basic and I'l( ) is acidic. When dissolved in
waler, they neatralise each other,

A ALO, s insoluble. MgO dissolves slightly to give
an alkaline pH.

B Na,O and MgO are both basic. pH value would
be high,

D: SO, and P,O, are both acidic, pH value would be

low.

32. Use of the Data Booklet is relevant to this question,

Copper and magnesium are metals that are widely

used in alloys. Each metal forms many compounds
containing a M** jon.

Which statement about the electron arrangements
in these atoms and ions is correct?

A A Cu atom has fewer electrons than a Mg

atom,



sc 9 The Periodic Table: Chemicol Periodicity

B Cu?* and Mg? ions have similar outer elec-
tron configurations.

C A Cu® ion has one more occupied electron
shell than a Mg atom.

D A Cu atom has two more occupied electron
shells than a Mg?* ion.

elping Concepts ' Exam Favourite Raling > ***

u:2,8,18,1
u?t 28,17
Ag : 282
vig?*: 2,8

33. What is not a trend from left to right across the
elements of the third period of the Periodic Table?

A The radii of the atoms decrease.

B The oxides of the elements change from basic
to acidic.

C The melting points of the elements decrease
steadily.

D The compounds of the elements change from
ionic to covalent.

Helping Concepts '&am Favourite Z’a/in;}*

A: The atomic radii decreases as the nuclear charge
increases while shielding effect remains the same.
The attraction for electrons increases and hence
the atomic size decreases.

B: The elements change from metals to non-metals.
Hence, the oxides change from being basic to
amphoteric and then to acidic.

C  The metallic bond strength increases at first and

melting point increases. When it becomes 2 non-

metal, the melting point becomes very low.

As the elements change from metallic to non-me-

tallic, meconwmdsofﬂleehmtsdmnggﬁmn

ionic to covalent.

3. ElananZ:smPenaBofﬂlePenodchd)le The
following four statements describe the properties
of element Z or its compounds.

Three statements are correct descriptions. One of
d)estatcmelnsisnotcmeabmuehdoqm

fit with the other three.
Which statement is mot correct?

W Chemistry Mcq wi I

Frguonty Examined ),

A Element Z is 2 solid 2 100m tempersgg,
conducts lectricity. e

B Element Z forms a chioride, Z(C1, whies,
with more chlorine to give Z(J -

C The chloride ZCl, reacts with water 1 g;,,
acidic solution. -

D Adding NaOH(z2qg) o the solution %
from the reaction of ZC1, wihm

a white preclpnatewbrdlsmwlenan
cess of NaOH(zq).

Wr-aa Fanemride 7 flﬂlxj /**

. Zis Group I, I or IIL

Z is Group V.

Z is Group Il or V.

Z is group III (amphoteric).

Pow>

5. Aluminium chloride sublimes at 178 *C_
Which structure best represents the species m
the vapour at this temperamare?

\ / \ / \ /\/
/ \ / \ / \ / \
C Ale =3Cls D AF(CT)
Helping Concepts | SRR b
2AICI (5) — ALCL (g) (damer)

In the dimeric Al Cc_mmrizﬁacz@n'l‘
dative bonds, electrons being donzsed by Cl @ &

ALCl, is non-planar.

CL,
/
\c/ Al\-:1

‘//

N
Cl, 4, \. “‘\\Cl

36. EleumX:snPexmdaofd:ePan&w
following four statements were made about &
properties of element X or its

.- o=
Threeslzlemﬂnszeaxmadcsﬂw""
is false.

Which statement does ﬂﬂ'ﬂ&ﬂ“

Z
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9 The Periodic Table: Chemical Periodicity Frequently Examined ()uestions
Adding NaOH(aq) to the :solution resulting 38. An acidic impurity is removed from the gaseous
from the reacti9n of X(_ll3 V_VIth water Produces emissions of a coal-fired power station by pass-
a white precipitate which is soluble in an ex- ing them through an aqueous suspension of a
cess of NaOH(aq)- mineral followed by oxidation.

Element X forms a chlor!de XCl,, which reacts Which of the following combinations satisfies
with more chlorine to give XCl,. these conditions?
. 4 t
C Element X Is 3 solid a r(.)om temperatl..lre. acidic impurity mineral  oxidised product
p The oxide of X reacts with water to give an
acidic solution. A NO, MgCO;, Mg(NO;),
B P,O Ca(OH) Ca,(PO,),
*xam Favourile Rali) 476 2
W Cocm Facourite Fating >He K c| sio, Ca0 CaSiO,
x is phosphorus (Group V). D S0, Caco, Caso,

g PCl,+Cl, ~ PCl

¢ P, is a solid at room temperature. I LYW Cram Favourite Rating > K

D. P,0,+6H,0 = 4H,PO, SO, +CaCO, —» CaSO, + CO,
P,0,,+ 6H,0 = 4H,PO, CaSO, —xidation , CaSO,
As non-metal oxides, both PO and PO, dis- n (A), the oxidised product should be Mg(NO,),. In
solve in water to form acids. (C), oxidation does not take place.

37. Copper and iodine are both shiny crystalline solids. 39, Use of the Data Booklet is relevant to this question.

The crystal structures. of coppfer and iodine are Natural water in reservoirs often contains very

both face-centred cublr,:. Thc? dmgram shows the finely divided solid particles of between 1 and

arre.mgement of the particles in this type of crystal 100 nm in diameter which have negative charges
lattice. on their surface.

One stage in purifying the water consists of add-

ing salt solutions containing charge-density cat-

jions which neutralise the negative charges and

l cause the solid particles to join together and settle

out.
' Which compound, in aqueous solution, would be
the most effective in precipitating finely divided

What are the particles present in each lattice? solid particles?

— A MgCl B AICI
|| copper iodine C FeCl D Sicl
A | atoms anions . :
B atoms afoms Helping Concepts '&xam Favourile Ta/inj>**
C | cations atoms 1
. r
-E__Et'ﬂli molecules Mg® | 2.
oy 0.065
Cu . On[:epts E}Aam Favouritte Tah’nz >*** A13+ (')%g
IS m : . . . .
of dej ®allic. The particles are copper ions in a sea Fe** | 2
. ocalised electrons 0.002
I8 Sim, ) .
With VDP\I\;’ ;ﬂolecular. The particles are I, molecules AI** has the highest charge density.
orces between them. SiCl, does not dissociate in water.

IIIII\
Chemistry e uith el
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v

40. Which one of the graphs below correctly repre- ﬂﬁegaphshowshowamofh
Sleme

sents the relative radii of the species shown?
sl .s[ :
3\ E /
A

, L
A 2 —s

P ST ClIr ArK’

A lr
E AN, /
C W — e W e X X D .\x/‘
P™ ST CI" Ar K~ P* S ClI” Ar K~

Helping Concepts ’ Enam Favourile 741/1'117)***

The species given are isoelectronic. However, there is
a progressive increase in the nuclear charge from P*
to K*. The attraction for the electrons becomes stron-
ger and hence there is a decrease in their radii.

41. The sketch shows the atomic radii of five elements
in order of increasing proton number.

0.1304

0 \_4\__,

0.110
In which part of the Periodic Table do these el-
ements belong?
A GroupII

B Group VII
C the period sodium to chlorine

D transition metals
Helping Concepts ' Enam Favourile Ta/iny>**

The atomic radius of transition elements do not vary
significantly. Down a group (options A and B), atomic

—l
>

radius increases. Across a period (option C), atomic From Na to Al, the nu

delocalisation in the meta gjisase
electrical conductivity increases. A

radius decreases steadily.

1000 Chemistry Mt:? with Helps

Na to Cl varies with proton numbey

)
N u" \\‘1\‘
] s “"\
- T <
l —
no12 13 14 15
1
Proton numlyy

What is the property?

A electronegativity

B first ionisation energy
C ionic radius

D melting point

Helping COnCEpIS ’ ECram Favourite Rd’@***

The species are Na*, Mg*", AP, Si** (1% 25 2p%) and
P>, SZ, CI- (1s? 252 2p® 3s? 3p°). The first isoelec-
tronic series (11 - 14) has a smaller ionic radii since
the ions have 1 shell of electrons less. In both series,
the ionic sizes decrease since nuclear charge increases
while screening effect remains almost constant. The

electrons become more tightly bound.

Helping Concepts on5 for
f valence elecn ce heif

43. Which sketch shows the variation in elchicif]J
ne:

conductivity of the elements sodium to chlori

2! 2
e z
A 5 B 2
E £
g 2
8 (3]
T T O'-fﬂ"r'-‘—"’ra'
° N;MgArls'i p sCl NaMgAlSi P S
2| 21
2 Z
=3 -a |
Z =
g Q
8 (3]
X )
0 ™TTTT 1 0 -rﬂ—‘:"sf‘lrsv’c‘;
NaMgAISi P S Cl NaMg *

Raling

mber 0
| lattice increase

(+
S. ol
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9 The Periodic Table: Chemical Periodicity Frequently Examined ()uestions
Topic
its electrical conductivity is lower than that of Rt 4
S CL exist as discreet molecules and hence (arbitrary units) ‘
:;. : & conduct electricity. % —
~brdodzd i3 i4
LN

44. The enthalpy change of fusion of a solid is de-
. fined as the amount of energy, in J or kJ, required
to melt one mole of a solid at its melting point.

The table shows the enthalpy changes of fusion
of four successive elements, W to Z, in the third
period (sodium to argon) of the Periodic Table.

element W X Y | Z

enthalpy change of | 5 ¢ | 46 4 | 0.6 |14
fusion/kJ mol

Which sequence of elements is represented by W
to 2?7

wlX |Y|Z
Al| Si | P | S
Na | Mg | Al | Si
P| S Cl|Ar
Si| P |S|Cl

Helping Concepts 'C.am Favourite 7.’a/mg>*‘*

X (Si) has a much higher AH? than W (Al) due to the
presence of the very strong network of strong cova-
lent bonds between Si-Si.

Y (P,) has a very low AH? as there are weak VDW
forces between the P , molecules.

Z(Sy) has slightly higher AH; (but still low) than ¥
as it has a larger molecular size. Hence, it has slightly
stronger VDW forces.

o O|=| >

45. Use of the Data Booklet is relevant to this question.

The bar chart gives some information about the

first ionisation energies of elements, numbered 1
to 4.

The. el_ements are adjacent to each other in the
Periodic Table with increasing proton number either
across a period from left to right, or down a group.

.Chemj’m'y MCQ with felps

(.

What could these four elements be?
A B,C,N,O

B Co, Ni, Cu, Zn

C Mg, Ca, Sr, Ba

D Si,P,S,Cl

Helping Concepts '&am Favourite Rating > K K

The first I.E. fluctuates and do not show an increas-
ing or decreasing trend. The elements are transition

elements.
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3 The electron to be ionised b"‘-"mu

Section B

n this section, one or more

or each of the questions i
(s | to 3 may be ¢or-

f the three numbered statemen

2ct.
)ecide whether each of the statements is OF is not
ul to put a tick against

orrect (you may find it helpfi
he statements that you consider 1o be correct).
selected on the basis

The responses A to D should be
A \ B

of
1,2and 3 |1and 2 only | 2and 3 onl
are correct | are correct | are correct

n of statements is used as a cor-

No other combinatio
rect response.
g sets contain two covalent

46. Which of the followin
hlorides?

chlorides and two jonic €
1 NaCl BaCl, CCl, ICl
2 BeCl, SiCl, PbCl4 SCl2
3 CaCl, SiCl, PCl, SCl

Y =i > SokK

*]. NaCl and BaCl, are ionic and CCl, and ICl are
covalent.
2. All are covalent.
CaCl, is ionic while the rest are covalent.

Use of the Data Booklet is relevant to this question.

Based on its position in the Periodic table, which
properties will element X (atomic number 33) have?

47.

1 It will form a chloride with formula XClS.
2 It will form an oxide with formula X203.
3 Its oxide will react with an alkali to form a salt,

Helping Concepts n.\am Favourile Ta/in7>**

The element is As (Period 4, Group V). Just like P, it
forms compounds in +3 and +5 oxidation states a,nd
its oxide is acidic.

48. In general, why do first ionisation energies de-
crease down a group of the Periodic Table?

1 The nuclear charge is increasing.

1000 Chemistry Mai with Helps

Frequently Exeminey( )

oy,

gively further from the nucleys,

3 There aré prugresswely more elegty,
tween the nucleus and the electrop lo
jonised. e

oty Convon | KRR
M(g) = M @) e Al =IstiE,

is expcricnced by one with larger 4

radius (down the group ) and more screening elecu

(down the group). When the valence Glectrom be.

come further away from the nucleus, less energy woyy
be required to remove the valence electrons,

Lower first L. E.

—————

——

y ceramic materials based on silicon(IV) g,

49. Man
developed,

ide have recently been

Which properties apply to these materials?

1 They are heated during manufacture and fom
solids.

2 They are heat-resistant solids.

3 They are good conductors of electricity due
to delocalised electrons.

Helping Concepts 'r vam Javuile ’me{ ,*ﬁ

*1 #2. Silicon(1V) oxide and other materials are fired
to give ceramics and are heat-resistant since

SiO, has a high melting point.
3. Si0, does not have delocalised electrons a0d
hence does not conduct electricity well.

/

50. Which of the following statements are cormec for
the sequence of compounds below consider
from left to right?

NaF MgO AIN SiC
1 The electronegativity difference between
elements in each compound increases:
2 The formula-units of these compourds are ¥
electronic (have the same number ofe
3 The bonding becomes mcreasmgl)’ coV

obing Concents | APEERRTETE Sl
ecrel®

1,*3. The difference in electroncgatwmes dec ot
Hence, the bonding becomes more an
valent.

.;
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- “gammsmimekmmm

e

g1 The Growp 11 metals have higher melting points
fan the Group | metals. Which of the following
facors could contribute towards the higher melt-
ing pomts’
{ There are smaller interatomic distances in the
metallic lamices of the Group Il metals.

Two valency electrons are available from each
Group 11 metals atom for bonding the atom
mo the metallic lattice.

3 Grouwp 11 metals have the higher first ionisation

energies
mrf rem Faocurite ,?a,’fr.‘q> * *

Smalier mieratomic distances (1), and higher cationic
charze and more valence electrons (2) contribute to
sroneer metalhc bonds and hence higher melting
poms. Hagher first LE. (3) would lead to weaker me-
wliic hond (but this is more than compensated by (1)

md (2))

‘s

2 In the Periodic Table, the electronegativity of the
slements
1 Period 3 increases from sodium to chlorine.
2 Group II increases from barium to beryllium.

3 Group VII increases from iodine to fluorine.

Electropegativity, 7, is a measure of the ability of an
aom o pull the electrons in a covalent bond.

*1. Across 2 period, atomic size decreases and num-
ber of protons increases. Hence, the ability to at-
ract electron increases, i.e. 7 INCreases.

*2.*3. Going up the group, atomic size decreases and
screening effect decreases as a result of less
filled shells of electrons. Hence, the attraction
for electron increases, i.e. ¥ InCreases.

——

53. Use of the Data Booklet is relevant to this question.

Indium, I, is used in solar cells and transistors,
ad 10 coat high-speed bearings.

.G"mmY ”kqiﬂ Helps

T W T W T —————

From its position in the Periodic Table, which prop-
erties will it be expected to possess?

1 In the vapour phase, the chloride has the for-
mula In.Cl,.

2 Its oxide dissolves in aqueous acid.
3 Its ionic salts are highly coloured.

HOlplllg Concepts n nam Javourile Talmz>**

. In is in Group III and below Al. In the vapour
phase, it will also form In,Cl, just like Al,Cl.

*2. In,0, is also amphoteric, just like Al,O,.

3. In salts are white, just like Al salts.
In is not a transition element.

What factors explain why a solution of aluminium

chloride is acidic?

1 Chloride ions react with water to form hydro-
chloric acid.

2 Aluminium ions have a large charge/surface
area ratio.

3 The H-O bonds are weaker in [AI(H,0O),
than in H,O.

Helping Concepts ' Ernam Favourile Ta@**

1. The CI” does not react with H,O to form HCL. It
is not hydrolysed.

*2 *3 Due to the high charge/surface ratio (or high
charge density), Al** readily polarises the H-O
in H,0 and weakens it. Therefore, hydrolysis
takes place and H* is formed.

54.

I

34+ /H 24 +
Al — O\H —— [AI(OH)]”™ +H

55. The following represents the electronic configu-
ration of both a Group II cation and a Group VII

anion.

1s? 252 2p® 3s% 3p® 3d'° 452 4p8
The radius of the anion is approximately twice
that of the cation.

Which reasons explain the difference in size?
1 The cation has a greater nuclear charge than
the anion.

2 There is more electron shielding in the anion
than in the cation.

BN

157
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3 fmm»gumkwmnm,um ) Bef[
Mmrmmmmmmaw.a oy -
| A el e d y
ve 2 clements ae S a0 » F
| & has more prowns than Br does Hemce, 8 # 7, .
tracts the electrons more tightly 3 4/ A_/
mwzmmgcﬂaxnazmmuﬂm‘ P/ .'/

are isoelectronic.
j, With additional electrons, there s g cher ﬂ 5 Feemds 2o o Ay

tromic. repulsion. The election choud expands 0L oy, o (g 1w B s wany |,

N

povs di‘z > dm, g 11y
Ve, 118 MC,(UA ons ’y’”laﬁm“‘/’r/ 7"_}; ‘,f el 22 AR !.lt’u ‘;W 2 } " }“
' [ £ ’ o f y - .
explains that the amon 15 bigger han ek & on oo e 1§ o ddecaty i
w aeusther Be 1w lorm
oS
» B

86, Boron is a non-metallic clement which i places [ /i’g y

abrve aburnimiurm 0 (roup 111 of the Periodic Tde ; p )

ft forms a compound with nIOZED ke rarm as Poron .

3 The structune Wr»n B ety B

nitride which has a graphie structuve
Which of the following conclusions Can be deawn
from this information”

| The empirical formmla of borom nitride 18 BN

lome pairs oA dhectoom o Gonate W ¥ mom

1 The boron and nitrogen aoms are Iikety 10 b2
arranged alternately i 4 hexagomal patiern

3 Boron nitride has a layer structiure with var
der Waals' forces between the lzyers

In each layer, B and N are bonded 1 cach other U
form hexagomal rings and between each layer, there
are van der Waals' forces
| | J
N M )|
/
? H/ H/ f./
| |
N N N A
S S ‘ !
Ill u/ u/
) )
Tb;!ﬂionfﬂ ‘Nis | 1. Hence, s empirical formula
is BN, '

87. Beryllium is the first member of Croup 1 and formes
covalent compounds which are said 1o be elec-

tron deficient. In many w ‘
i, ays, beryllium resembles

Which of the following are possible”
'Chcmkcry m::q o leigs 9



Group i

#—x Key content that you will be examined on:

1. Similarities and trends in the properties of the Group Il
metals magnesium to barium and their compounds




Section A

1. Which one of the following elements is likely to
have an electronegativity similar 1o that of alu-
romrwas(’

A barnam B beryllium

C calcmrn D magnesium
v | . . . '/ an 7/‘1 fiijﬂi-,;';l:! /**
Ihe size of Be s similar 1o that of Al. Hence, they

have similar electronegativities. Be and Al are known
o show diagonal relationship

2, Which of the following elements is expected to
show the greatest tendency to form some cova-

lemt compounds”
A barum B calcium

D potassium

. '/ cam Jaoarile }’u/,,y/**
Mgy”* is the smallest and hence has the highest charge
density. It has the greatest polarising power and there-
fore shows the highest covalent character in its com-
pounds.

C  magnesium

3. Barium burns in oxygen to form barium oxide.

What is the colour of the flame when this reac-
tion occurs?

A blue
C lilac D
W om i Ty
Ba burns in O, with an apple green flame.

B green
orange

Fledpainrg (Loncepts

ﬁmrfavﬁ;’r;;cri;ﬁng; FMight be tested WK Likely to be tested Wk K Always tested |

.Chcmiotry Mcq wih w

4. What are the products of the thermal decomp
sition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen
C magnesium oxide, nitrogen and oxygen
D

magnesium oxide, nitrogen dioxide and oxy-
gen

"' ::J-: ourie Pal:n7>***

All Group [l nitrates decompose to the corresponding
oxide, NO, and O, on heating.

IMg(NO, ). (s) —2=2— 2MgO(s) + 4NO,(s) + 0,(g)

5. Which one of the following elements has the
same oxidation number in all of its known com-

pounds?
A beryllium B bromine
C chlorine D nitrogen

Helping Concepts ’ _dn_/_a@**

e forms invariably €0
because a Grovp
adily loses the

gas electroni®

Being a Group Il element, B
pounds of +2 oxidation states. This is
11 element has 2 valence electrons. Itre
valence electrons to form a stable noble
configuration.

. { sui“
6. Which of the following methods IS the moS

able for the extraction of barium?
aqueous barium chloride
B electrolysing molten barium chlo'rit.ie
C reducing barium oxide with aluminiu™
D reducing barium oxide with carbon

A celectrolysing

C




(n:,d using coke and electrolysis

g3" 1 ction M t feasible.
B8 pductio ecctrolyte are no
ﬂdl uwus (4

-~
on will not take place readily under

, which L ons specified by the state symbols?

W i

0(3):51331'"]

H,0() - Ba(OH),(aq) + H, (g)

H,0(f) = Ca(OH),(s)

0(g) = MgO(s) + H,(g)

0(f) - Mg(OH),(aq) + H,(g)

' Exam Favourile 7(0///77) *

e reaction to be taken, the system has to be
&whig?l temperature and steam is used (instead
i water). In addition, MgO will be formed, in-

up i
# aam
ﬂ ore reactive than Mg and Ca).
ive

) Bds)+2
p C0)*
C Mg(S)+H2
D Mg(§)+2Hz

L Which element is in Group II of the Periodic Table?

_*im mp./°C d;ncslint)ﬁ electric(:)z}i]l nic_)ln?]:l_cltivity/
Al 097 2.4%10
Bl 207 5.0107"

e 222107

Ll s 6.0x10

———
! Exam TFavaurile Talzny) ***

Pl element, it melting point, density and

g mc:l':?"“i"i_ty must be relatively high. (A) has
% ey 5 POINt and density while (D) has too

Mgy

Whigp ..
Pair
08t [ ofo:] mol dm- aqueous solutions is
ther) 8Ive a precipitate when added to-

- vl
DEIOXEIIERY . ... % i

SrS0, is insoluble and i Api
o 18 precipitated when soluti
of MgSO, and SrCl,, are mixed together, Hons

— e

B

10. Which of the following statements is true for
strontium or its compounds?

A Strontium does not burn in air,
B Strontium does not react with steam.

C Strontium carbonate decomposes at a lower
temperature than calcium carbonate,

D Strontium hydroxide is dehydrated to the ox-
ide on being heated.

Helping Concepts rf’:.am Faveurile %/mz/**

Just like the hydroxides of the other Group II metals,
Sr(OH), dehydrates upon heating.

SrOH),(s) —2— SrO(s) + H,0(g)

11. Which property decreases on descending Group
II (Mg to Ba)?
A the charge density of the cation
B the reactivity of the element with water
C the solubility of the oxide in water
D the thermal stability of the nitrate

Helping Concepts 'r’:.am Favourile %a/my:‘/**

A: Charge density of cation decreases because charge
remains the same while cationic size increases as
we go down Group IL

B: Reaction of Group II metal with H,O is a redox
reaction. Since reducing power of Group II metals
increases down the group, reactivity increases.

C Solubility of oxides of Group II metals increases
down the group.

D: Thermal stability of Group II nitrates increases
down the group. As charge density of M** de-
creases — polarising power decreases — ability

to polarise the N-O bond in NO;~ anioq decreases
—» decomposition temperature of nitrates in-

creases.




of the following statements is true”

A Al nitrates of Group Ilma{sa'edecmnposed
by heat w give the oxide NO..

B Agueous sodium nitrate in acidic to litmus.

C Agueous ammonium nitrate is alkaline to lit-

13. Which one

mus.
D The zlkali metal nitrites are insoluble m wallt.

m’ ¢ am Favwurile 7211112/*"*

IMINO, ). (5) —2 ZMO(s) = 48O, (g) + O (8)

B NaNO, is neutral.
C NH,NO, is zcidic due to hydrolysis of NH,".
NH, (ag) == NH(aq) + H (aq)

-

14. When 2 mixture of white solids, F, is treated with
an excess of dilute hydrochloric acid, a colourless
gas is evolved and some, but not all, of the mix-
ture dissolves.

Which mixture could be F?
A BalNO,), and Ca(OH),
B BaSO, and CaCO,

C CaCO, and MgSO,

D Ca(OH), and MgCO,

Helping Concepts

mm Favourite %’i”é{/ ***
CaC0;,(s) + 2HCl(aq)
— CaCly(ag) + H,0(7) + CO,(g)

1000 Chemistry 7 uith Heps

15.W3Md“mﬂ%iMm ,
Mm“’a{e{? h"k‘g

T solubility in water | pH of resulting .
: 2 %
7\

T {

A ! dissolves 2
|
'B dissolves ; 6.5
' C | insoluble ‘ 7
| D | veryslightly soluble | 3
Helping Concepts | M iy

MgCl, dissolves readily in water and Underpoe, |
drolysis slightly. The resulting solution i S!ig:;
acidic. :

Mg (aq) = H:O()) == [Me(OH) (aq)+ 4,

‘—.—\-\—.

16. Use of the Data Booklet is relevant to this Questioy

What volume of oxygen, measured under rog
conditions, can be obtained from the
thermal decomposition of 8.2 g of calcium nirg
(.Ur= 164)0

A 150 cm’ B 300 cm’

C 600 cm’ D 1200 cm’

Helping Concepts 'f".-am Favourite J‘?almy}***

Ca(NO,), — CaO~+2NO, + %0:
8.2 -
a0, = Tpa 0.05 mol
o
ny. =292~ .025 mol

~

Vo, =0.025 24000 = 600 cm’

17. Lithium resembles magnesium in its chemical P
erties.

Which property of lithium compounds is unlikef
to be correct?

A Lithium carbonate decomposes 10 give m"
dioxide on being heated.

y




pol
/, Lithium nitrate gives oxygen as the only gas
on being :
C umiumaxide in water produces a solution with

D Lithium sulfate is soluble in water.

'Fu::: TFavourite I’ah’nb***
since Mg(NO,), gives O, and NO, when it decom-

S0 does LI.NO:‘-
4LINO, — 2Li,O + 4NO, + O,

/——_—— - -
Note: Other Group I nitrates give O, and M,0
only.

_

18. Which factors help to explain the increase in ther-
mal stability of the carbonates for Group IT metals

from magnesium to barium?

charge density  relative polarisation of
of cation carbonate and oxide ions |
A| decreases CO,> less than 07~ |
B| decreases 0>~ less than CO;™
C| increases CO,™" less than O™
D| increases O less than CO5™™ |

Helping Concepts ’ Eram Favourite fa@*ﬁ

Down the group, cationic size increases while charge
density decreases. Hence, the anion is polarised to a
less extent and the decomposition of the anion be-
comes more difficult. Furthermore, O is smaller than
C0.* and CO,* is more easily polarised. Hence, 0%
is relatively more stable than CO32‘.

_—

9. Use of the Data Booklet is relevant to this question.

Which is true for calcium or its compounds com-
Pared with the corresponding statements for mag-

nesium?
A . ; .
Calcium has a smaller atomic radius.

B . )
Calcium oxide reacts less vigorously
Water,

C Cale:
alcium reacts more vigorously with water.

D .
The sum of the first two ionisation energies of
Glcium is greater.

with

Mg,
chem‘stl'v W ca with Helos

(1503 Corcept | (EE e

Ca is below Mg in Group I1. It has a larger radius due
0 an extra shell of electrons. It loses the valence elec-
trons more easily than Mg since the attraction for the
\:'alence electrons is weaker. Hence. Ca is more reac-
tive than Mg and it reacts more vigorously with water.

20. Which of the following conclusions can be drawn

_ﬁ'om the observation that BaSO, is precipitated
immediately when solutions of barium chloride

and sodium sulfate are mixed?

A Ba(OH), is a very weak base.

B BaSO, forms a predominantly covalent mol-
ecule.

C BaSO, is strongly hydrated.

D Free Ba>*(aq) and SO,*(aq) ions probably exist
in the initial solutions.

Helping Concepts '(f‘,.m Favourite Rating >k

Ba~ (aq) = SO, (ag) — BaSO.(s)
Both Ba®"(ag) and SO,*(aq) must first exist in the
initial solutions so that when they come together, the
precipitate is formed when the ionic product
[Ba®*(aq)][SO,*(aq)] exceeds the solubility product.

21. Strontium lies between calcium and barium In
Group II in the Periodic Table. Which of the fol-
lowing properties could be predicted for stron-

tium?

A It forms a water-soluble carbonate which does
not decompose on heating.

B It forms a sparingly soluble sulfate.

C [t forms a nitrate which decomposes on heat-
ing to form strontium nitrite and oxygen.

It is reduced by cold water, liberating hydro-

'E\am Favourile :‘?alin_y> ***

CaSO, is sparingly soluble while BaSO is insoluble.
Therefore, SrSO, is also sparingly soluble.

A: All the Group I carbonates are insoluble in water.
C  M(NO,),(s) —2—> MO()* 2NO, (g) + 30:(8)

D: M(s)+2H20([)——>Mz"(aq)+20H'(aq)+H2(g)

gen.




rpie 10 Group I ——
s t
Note! (1)) I8 wiong hecause Sr 18 oxidised (no
reduced) hy H,0

id was added 10 Bqueous barium

he acid wis in eXcess.
in the total

22, Dilute sulfurie g
hydroxide untll t
Which graph shows the variation

number of jons in solution?
J
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amount of seid added

T
L 4

amount of acid added
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amount ol aeid added

m’f wam Jauorite '}ﬂ’ulufy e * *

(B’ (aq) + 201 (aq)] + [2H" (aq) + SO, (aq)]
> B8O, (5) + 2H,0(1)
1380, Is Insoluble in 1,0 and H,0 does not ionise
(negligible). Addition of 1,80, therefore removes Ba*
and OH from the solution, However, when all the
Ba(OH), have reacted, further addition of H,SO, in-
troduces H' and S0O,7 ions,

23, Due 1o their similar ionic radii, the reactions of
lithium and magnesium and their corresponding
compounds are very similar,

Which statement concerning the reactions of
lithium and its compounds is correct?

A Lithium carbonate decomposes on heating at
i relatively low temperature, forming lithium
oxlde and carbon dioxide.

B Lithium nitrate decomposes on heating, form.
ing lithium nitrite and oxygen, '

C Lithium only burns slowly in OXygen

uc ‘[h i
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Frequently Examineq ,
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r{',.am 7ammrﬂe ?ah'ng >**

behave similarly as the Correspy
ng.

Compounds of Li
ing compounds of Mg.

MgCO; — Mg,O+COZ
Li,CO; — Li,O +CO,

MgCO, decomposes at a relatively low temperay,

due to its high charge density. So does Li, COJ,

24. On the strong heating, CaSO, decompogeg into
CaO and SO;.
The compound CaCO, decomposes at 5 lower
temperature than CaSO,.
Which factor best explains the greater thermg| sta-
bility of CaSO,?
A CaCO;hasa higher lattice energy than CaSO4~
B CO, is a smaller molecule than SOJ,

C COJZ‘ ions are more easily polarised thap
50,

D The charge density of CO,* is greater than
that of SO/,Z‘.

Helping Concepts 'g‘/mm Favourile Ta/iny >**

The thermal decomposition is facilitated by the ease
of polarisation of the anion by the cation. C0,> is
more casily polarised and hence CaCO, is more easily
decomposed, i.ce. it decomposes at a lower tempera-

ture.

25. One mole of each of the following compounds is
strongly heated with a Bunsen flame and any gas
produced is collected at room temperature and
pressure.

From which compound is 24 dm? of gas likely ©
be collected?

[One mole of any gas occupies 24 dm? at roo™
temperature and pressure.]

A MgCl, B MgCO,
C Mg(NO,), D Mg(OH),

M' Enam Favouride Taliﬂé > *’l

24 dm’ of gas is equivalent to 1 mole.
gL

A: MgCI2 does not decompose.




| L%
/;;C’;(;) — MgO(s) + CO,(g)

| mole of MgCO, gives 1 mole of CO (g).
Mg(NO, ), (5) = MgO(s) + 2NO, (g) + 10,(g)
 mole of Mg(NO,), gives a total of 2% moles of

gascs.
p Mg(OH),(5) = MgO(s) + H,0(¢)

H,O is in the liquid state!

_

26, A researcher made up 2 0.10 mol dm™ solution of
Ba(OH),.8H,0 which he found in the laboratory
cupboard and left the solution in an open beaker.
A week later, he returned to the laboratory, used
the solution for titration with 0.10 mol dm=3 HCI
and was surprised to discover his titres were lower
than expected.

What explains why the values were low?

A Some of the barium hydroxide had reacted with
carbon dioxide in the air to form solid barium
carbonate.

B Some water had evaporated from the barium
hydroxide solution.

C The concentration of HCI was less than the
stated 0.10 mol dm™,

D The crystals had less water of crystallisation
than stated.

H-’;]]Ji!lg COHCE[JIS '{ham Favourite 7a/iny>*’**
Ba(OH), (ag) + CO,(g) — BaCO,(s) + H,O(()
The formation of BaCO, is very similar to that of lime
water (Ca(OH),) giving white precipitation. The alka-
linity hence drops. When a sample of the solution is
ﬁ to titrate, the amount of HCI required would be

27 'fd:‘tgnesium oxide is used in the making of the
'"‘"‘8 of blast furnaces. It is extracted from sea-
Water as follows,

Aqueous calcium hydroxide is added to seawater.

CHO0H), (aq) + MgC1, (ag) — Mg(OH), (5) + CaCl, (aq)
The magnesium hydroxide is then filtered off and
Foasted

w ’
ch:ln‘d‘ of the following comparisons between cal-

ad magnesium explains why magnesium
hYdfOx‘m folms? Xxp y

W ey Wl vit e
.

A Magnesium is less electropositive than cal-
cium.

B Magnesium is lower than calcium in the reac-
tivity series.

C The enthalpy change of hydration for Mg? is
less exothermic than for Ca?',

D The solubility product for Mg(OH), is lower
than that for Ca(OH),.

Helping Concepts ' Enam Tavourite ’n”u/;ﬁy}***

Mg(OH), has a lower solubility product than Ca(OH),
and is therefore less soluble than Ca(OH),. It is pre-
cipitated out.

Note: The solubilities of salts with different sto-
ichiometries cannot be compared by us-
ing their solubility products directly.

28. Barium sulfate occurs naturally as barite, which is
a solid ore. Magnesium sulfate, however, occurs
mainly in solution.

Why is this?

A Barium ions are less readily hydrated than
magnesium ions.

B Barium sulfate has a stronger crystalline lat-
tice.

C Barium sulfate is more resistant to oxidation
than magnesium sulfate,

D Magnesium sulfate is hydrolysed by naturally
acidic solutions, but barium sulfate is not,

Helping Cnncepts ' Enam Favourite '712111171;> * *

(A) is correct since the energy required to break up
the lattice of an ionic solid during dissolution is com-
pensated by the energy given out when the jons are
hydrated.

Ba" is bigger than Mg?* so that its charge density
is lower and hence, its hydration energy is less exo-
thermic.

Since SO,*" is a large anion, difference in hydration
energy is an important factor so that solubility of
BaSO, is much less soluble than MgSO,.

(B) is incorrect since MgSO, would have a stronger
lattice as Mg?* being smaller has the larger density
and hence, stronger electrostatic attraction occurs be-
tween Mg?* and SO,2" compared to that between Ba?®*

and SO,>.
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T ] . : 30. What changes occur in the magnitudes of
(C)is incorrect since both BaSO, and MgSO, aré re- . agnitudes

sistant 10 oxidation. R
(D) is incorrect even though Mg(H20)6 is likely

@ the lattice energy, ‘
(ii) the enthalpy change of hydration,

. (v of the sulfate,
lysis due to its greater chargeé (iif) the solubility
undergo. more hydroly® as Group I1 is descended?
dCHSiW- H 0) 2+ / -
idic solution, the amount of Me(Tl5 204 , enthalpy change  solubili
ety i oon 0 n O O i [y “uion ot
r?ur':loi?\ the following reaction would shift lef ———mrease decMST
Mg(H,0);"* (aa) + H0(0) : decrease increase decrease
—= [Mg(H,0),(OH)] (2) + H:0"(2) c | increase decrease increase
_ LB_ increase increase decrease

i N Favourile Kaling
29. The solubilities of the Group (1 metal sulfates de-  |LgCIIN Concepts *hk

crease as the proton number of the metal in-

q.9-
creases. lL-E‘ o« o
What factor affects this trend?
A the atomic radius of the metal atom \AHh }d‘ . a.|, q
B the enthalpy change of formation of the sul- y . -
e i Hence, both |L.E.| and
i Down the group, 7, increases. Hence,
G, the cufhalpy. cEEGS of hydration of the met |AH 4 | decrease. The solubility of the sulfate de-
ion y

creases down the group.
AH,,, =IL.E.[=|8H |

Due to the large size of the anion (r ), |L.E.| decreases

D the first ionisation energy of the metal

m’ Enam Tavourite Tuh’nz >***

MSO, (s) _ AMom (aq) + S0, (aq) mlarginally (as (r,+r_) increases margmz.xll 3* Howeveri,l
‘7“ is small and hence the decrease In |- causes
AH\ g AHyyg significant decrease in \Athd|' Conseq‘u’ent‘ljy,
2" 2- |AH,,| decreases significantly and the solubility 0¢-
M™ (g) + SO, (g) creases.

AH ., =lAHL.E.|"AHh)'dl

SO, is large. A change of M2* in size does not affect
AH, ; significantly.

31. Gallstones can form in the gall bladder and ar:
lAHLElm b very painful. The inorganic part of gallS.IO“esteL
ot calcium ethanedioate which is insoluble in W; .

On the other hand, when M2* increases in size down The corresponding magnesium ethanediod
the group, AH,, decreases significantly. soluble in water. .
.|, |9- What factor accounts for the di.i’fel'en(;e in SO .

|AHM‘°= ﬁ*' r bility between calcium ethanedioate and M

sium ethanedioate?
Thus, AH_,, becomes less exotherm

. ic down the grou ) ) ) olubi“‘y
and th : ” group A higher S
in e S_OIublmy decreases mainly due to the ch e Calcium ethanedioate has 2 high

product than magnesium ethanediodté:

: i
B Calcium ethanedioate has a numerically ':oﬂ"”

lattice energy than magnesium © i

0
C Calcium ions have a lower enthalpy chang’

hydration than magnesium ions.
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Section B
For each of the questions in this section, one or more

of the three numbered statements | to 3 may be cor-
recl,

Decide whether each of the statements s or is nol
correct (you may find It helpful to put a tick against
the statements that you consider 1o be correct).
The responses A to D should be selected on the basis
o

A B C D
1,2and 3 | 1and 2 only | 2and 3only | 1only
are correct | are comrect | are corredt | is correct

No other combination of statements is used as a cor-
rect response,

32, Which statements about calcium oxide are cor-
rect?

I It reacts with cold water.
2 It is a product when calcium nitrate is heated.

3 It can be reduced by heating with magnesium.
Heelping Concepts '/_:a-l;——/;unum/e )?a/ml/***
%1, CaO(s) + H,0(¢) = Ca(OH),(s)

%2, 2Ca(NO,),(s) — 2Ca0(s) + 4NO,(g) + O,(g)

3, CaO is not reduced by Mg (Ca is more reactive
than Mg).

33, Which of the following statements about the el-
ements calcium, strontium and barium are correct?
1 Their oxides are amphoteric.
2 Aqueous solutions of their hydroxides have
a pH greater than 7.
3 The elements react with cold water liberating
hydrogen.

'ﬁ'uam Favourite Ta/fny>***
1,#2. Their oxides are basic.
M(OH),(s) - M*'(aq) + 20H (aq)

*3, Group II elements are highly reactive metals and
they readily reduce water to give H, gas.

M(s) + 2H,0(()
— M*(aq) + 20H (aq) + H,(g)

Helping Concepts

1000 chemistry m::g with Helps
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34. Which of the follo-mgazeum
fium are true?

llium compounds
l Z:ylaﬂm ionic. fend 10 be Ovaien
2 Beryllium shows a fixed oxidation
42 in its compounds. “"&!
3 Beryllium reacts rap'udlywi:hq,um

OO 7= 75,

#1. Due to its small size, Be*" is highly poiy:
(similar to Al”*) and hence tends to form cpyy, °
compounds.

*2. Being a main group element (Group I), it
invariably compounds with +2 oxidation sigs %

3. Just like Al, a strong coating of BeO prevenss p,
from being attacked by cold water.

1

35, Which properties would be expected for the Gruay

I element, strontium, or its compounds?

1 When heated in oxygen, strontium does mx
burn.

2 On being heated, strontium carbonate deco-
poses to give strontium oxide.

3  When strontium oxide is added to water, the
solution is alkaline.

Helpmg Concepts 'L.am Favourite Fating > KKK

Sr is readily oxidised to form SrO by O, In fat
Sr reacts more readily than Mg and Ca

*2. SrCO, — Sr0 +CO,

*3. SrO+H,0 — Sr(OH),
Just like Ca(OH),, Sf(OH), solution is also ak*
line.

Growp 0
In the reaction shown, M represents 2
element.

36.

MO, — MO+ 30:
Which statements about this reaction aré

1 It is a redox reaction.
2 The anion in MO, contains 18 electro™ "

3 The lattice energy of MO, is gred®f
lattice energy of MO.

|
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¢—Ir; oxidation state of O Fom
’ cl:)n it {s actually a disproportionation
nd 0

' 2,0 2
d is M7O,™
puul;r electrons in 0,2 In 2% B4 2=14,
e n ers electrons and lﬁra I8 an extra 2
s (over the number of protons),
1

q.9
* roHr

aller than O, Hence MO has & more

o Is sm L.E. compared to MO,

grohermic

-

ich of the following statements are true nbou
4 [‘::Ze;enls in Group 11 of the Periodic ‘Tuble?
| They are reducing agents.
L 1 The ionic radius increases down (ho group.,
3 The clectronegativity decreases down the
group.

Holping Concepts ! Crvam ?1'"1”!'1 i}i’.,/,,_;y P '***’
'I. Group Il elements are powerful reducing agents,
They readily lose the only 2 valence clectrons (o
form a stable octet electronic con liguration. Fur-
thermore, it can also be seen from the negative
feduction potential of M2*/M.
M¥ 42e" —> M;
2. Going down the group, there are
tlectrons, Thig gives greater screening efTect, Al-
though the nuclear charge increases, this is more

£ <0

more shells of

i compensated by the additional shells of elec.

j[: z’c': ae“l‘: Breater screening effect, llcncc.. the va-

Neleyg agg":}‘: ?ec?me fur?hcr away from (he

9 Wi ¢ lonic (atomic) radius increases,

- With "Creasing atomjq radius

the groy

!ence electrong decreps;s

reases,

and screening ef-
the attraction for the va-
€s. Hence, electronegativ-

Nﬂle:

Bl —_
Pu?umnegat"”ty Is the measure on the
the b: electrons of a covalent bond by

N,
sty Mg ity Helps
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lhe hydeation
fensen frop enlolun
3 The CNOrRY raquired for

M) PM” (4) 120 Incrensey
(o barlum,

anergy of 1y
1O bl

e progegy
from clelym

- Down the Broup, there a

o additlona shells of eleg.
(ronm, Henco, lonfe Hlz

O Incronses,

2 AN lonly wize incronsen, (he Chirge donalty o.
croases and the fon epp ntraet lonn II,() moleouloy
during hydration, 1enee, Aty | docronsos,

L As atomic wige Incronmon down (e Broup, the
attraction for o docronnon, Honco, 1,11, docronsen,

J39. Which statoments about

10 olomonts calelum,

correet?

L The ionic radiug of (he M2
calcium (o barjum,

strontium and barium aro

lon Increnson ffom

2 The magnitude of (he hydration onergy of the
M ion incroases from caleium to barjum,
3 The cnergy required for (he

M(g) = M?'(g) 1 20 increnyoy
(o barium,

process
from ealetum

m"n‘mm Pavnurite 'fi’ulu{'/ '***

*l

Down the group, the atomic/ionie radiug Increnses
due o additional shelly of olectrons,

q
»

HLL, o

Down the group, the H.E. becomes less exother-
mic due to increasing M?* size,

Down the group, the valence electrons become
further away from the nucleus. They become less
tightly bound. Hence, LE. decreases.

40. In hospitals, barium sulfate is used in taking X-

ray photographs of the alimentary cmml.lll tls
mixed with food and eaten by the patient prior to

the photographs being taken.



Why is the sulfate used rather than other com-

pounds of barium?

1 Soluble barium compounds are poisonous.

2 Barium sulfate reacts with organic material in
the body.

3 Barium sulfate forms sulfuric acid with the acid
in the stomach.

M[{;\am Tavourite '7\7a/in3> *

The main reason for using the sulfate is that it is in-
soluble and therefore remains inert in our body. Oth-
erwise, it would be a toxic chemical to be used.

41. Above-ground tests of nuclear explosions in the
mid-20th century resulted in pollution by radioac-
tive *Sr. It is an intense emitter of electrons that

can damage body cells. Three properties of stron-
tium are listed,

Which of these properties help to explain why
this pollution caused particular concern?

1 Strontium sulfate has low solubility.

2 *%r has a half-life of 29 years.

3 Strontium is immediately below calcium in
Group 1II.

Helping Concepts ! Enam Favourite Ta/@*

*2. The long half-life means that the emission of elec-
trons will take place over a long period of time.

Being immediately below Ca in Group 11, Sr?* has
similar size as Ca?*, and may replace Ca?* in our
body system when absorbed.

*3.

42. When coal is burnt, gaseous oxides of carbon

and sulfur are formed which pollute the atmo-
sphere. One method of preventing such pollution
involves adding calcium carbonate to the burning
coal. The temperature of the process causes the

decomposition of the calcium carbonate into cal-
cium oxide.

Which reactions will be important in helping to
reduce atmosphere pollution?

1 Calcium oxide reacts with sulfur dioxide to form
calcium sulfite.

2 Calcium oxide reacts with sulfur dioxide and
more air to form calcium sulfate.

100 Chemistry Meg uith Helps

3 Calcium oxide reacts Wwith

form calcium carbonate, " monmddeto
V o iz
*1. CaO+S0, —» CaSO, *
"2,

CaO + S0, + %02 — CaSO,

3. CO is neutral and it does n

Ot react w; )
Ca0. With basu:

\

Which of the following statemen

Group I elements, magnesium,
are correct?

calcium ang banum

1 Their reactivity increases with inc

. . reasing rel.
tive atomic mass,

2 The only oxidation number exhi
stable compounds is +2.

3 On strong heating their nitrates
gen only.

Helping Concepts [&\am Tavourite Tah‘ny >***

*1. As the atomic size increases, the valence elec-
trons become more loosely bound. The metal loses

the valence electrons more easily and is more
reactive,

bited in their

give off OXy-

*2. Being alkaline-earth metals, they show invariably

compounds with oxidation state of +2.

2M(NO, ), (s) —2—> 2MO(s) +4NO, (g) T +0,(g) !
NO, gas is also evolved.

44. Use of the Data Booklet is relevant to this question.

Which properties would be expected from radium,
ggRa, Or its compounds?

1 Radium carbonate decomposes only at3 very
high temperature.

2 Radium hydroxide is very insoluble.

3 Radium does not react with cold water

. X
Helping Concepts *

sition ©
*1. Down Group II, the ease of‘ dleco_m:?nc

MCO, decreases. As the cationic SIZ s, The
Jarisi ation decreas®™

the polarising power of the ¢ xtent d
CO.% ion is polarised to a lesser 1, Hen®
: i a lesser exten ature

C-O bond is weaken to pe

igh tem '
RaCO, decomposes at a very high



i 2o
wn the roup, the solubility of the hydroxide

D‘.) ges. E.8. Mg(OH), is only slightly soluble

i\:;w: Ca(OH), is sparingly soluble.

L Re reacts violently with water,
Ra+ H,0 = RaOH + .lr”-‘

with a larger size, the valence electrons are less
tightly bound. Ra readily loses the two valence

clectrons and is very reactive.

e ————————————————————— e —
——

48, The solubilities in water of the sulfates of the
Group 11 elements, MSO , decrease as the group

is descended.

MSO,(s) +aq = M™ (aq) + SO, (aq)
Which factors have to be considered in explain-
ing this trend?

1 the hydration energy of M*'(g)
2 the lattice energy of MSO (s)
3 the first two ionisation energies of element M

Helping Concepts Evam Arvourtte Ratin S
pry ting

AHS‘U'H = "L.E- + AH'“,"

Down Group II, r, .. increases.

" |
] | L\fih),dl -
M
AH,y becomes less exothermic down Group 1L

Hence, this makes A, less exothermic down
Group I1.

q.9-

ror
L.E. becomes less exothermic down Group IL
Hence, this makes AH,,, more exothermic down
Group I1.

(However, due to the large SO, anion size, the

change in L.E. is not significant compared to
Athd-)

2 |L.EJ o

3. The LE. do not affect AH gy, L.E. and .

——

46. Which of the following factors helps to explain
the differing solubility in water of magnesium
Sulfate compared with that of barium sulfate?

Ll Chemistry Mr:g with Helps

I Barium sulfate has a numerically larger lattice
energy than magnesium sulfate,

2 The enthalpy change of hydration of magne-
sium ions is more exothermic than that of
barium ions.

3 The charge density of magnesium ions is
greater than that of barium ions.

IR . e > ok

\H

MSO, (s) ——=" M** (aq) + SO,* (aq)
\ /”'\\\1

M** (@) + SO,* ()

AH g, =ILE|=]AH) |
q.4-

’.’ +r

L. |L.E| o

Down the group, |L.E.| decreases since r, in-

Creasces.

*2*3. Since Mg?* is smaller than Ba®*, Mg** has a

higher charge density and it is able to attract
more H.O molecules. It is more hydrated and

its AHM,, is more exothermic.

‘N

q.
r

|AH | [FH +

+

47. The solubilities of the sulfates of Group Il metals

(magnesium, calcium, strontium and barium) de-
crease down the group because
1 the cation size increases from Mg?* to Ba®'.

2 the hydration energy of the cations becomes
less exothermic from Mg?* to Ba®*.

3 the sulfate ion is very much smaller than these
cations.

m '(' wam Favourite ‘Z)ah'ny> ***

M280,%" (s) — 22y M** (aq) + SO, (aq)
AH\ Ay
M** () + SO, (g)

AHmln = _AHLE- + Athd

*],*2. As the cationic size increases, AH, , becomes

less negative. Therefore, AH,,, also becomes
less exothermic, i.e. solubility decreases.

A

7
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3, 801 ion is relatively large compared 1o the cat- \W

ions (this makes the variation in the A/, lews
significant as compared 10 Ally,)-

48. Anhydrous barium nitrate and anhydrous magne-
sium nitrate both decompose on heating, evoly-
ing nitrogen dioxide and oxygen and forming an
oxide.

Which of the following statements concerning
these decompositions are correct?

I Nitrogen dioxide is evolved at a lower tem-
perature from magnesium nitrate than from
barium nitrate,

2 For both nitrates the volume of nitrogen diox-
ide evolved is four times greater than the
volume of oxygen.

3 The numerical value of the lattice energy of
magnesium nitrate is greater than that of
barium nitrate.

Helpineg Concepts '/;u//l/ Sammir ile 7(«//@/***

1, Mg? is smaller than Ba®* and it is therefore more
polarising. Hence, Mg(NO,), decomposes more
readily at a lower temperature due to greater dis-
tortion of NO,” electron cloud by Mg?.

Note: The wc;l?cnl}lgq;;f the N-O bond is
greater in Mg(NO,),.

*2. M(NOy),(8) = MO(8) + 2NO,(g) + ; 0,(g)

9.9.
roAr

Mg?* is smaller than Ba®*, Hence, Mg(NO,), has
a numerically larger lattice energy.

&
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Group VI|

8 Key content that you will be examined on:

1. The similarities and trends in the physical and chemical

properties of chlorine, bromine and iodine

() Characteristic physical properties

(i) The relative reactivity of the elements as oxidising
agents

(i) Some reactions of the halide ions

(iv) The reactions of chlorine with aqueous sodium hy-
droxide




broup VI

ted WkK
E Favourite Rating: WMight be tested %kLikely to be teste AIWays leste
xam Favou

Section A

1. Which gaseous hydride most readily decomposg:
into its elements on contact with a hot glass ro

A ammonia

B hydrogen chloride
C hydrogen iodide
D steam

Helping Concepts ' Exam Favourie Wa/inz>***

H-I bond is the weakest and hence it is the easiest
to decompose.

2HI - H, +1,

2. Which of the following compounds reacts with
chlorine to give two products in which chlorine
has different oxidation numbers?

A ethene

B potassium iodate(V)
C potassium jodide
D sodium hydroxide

Helping Concepts ! Exam Favourite Ta/iny >***

Cl, undergoes disproportionation in an alkali.
Cl, (g) + 2NaOH(aq)
0
— Na (;Il(aq) + Na (+:|I O(aq)+ H,0(0)

3. Concentrated sulfuric acid
solid samples of sodjum chlo
or sodium iodide,

With which sam
oxidising agent?

is added to separate
ride, sodium bromide

ple(s) does sulfuric acid act as an

A sodium chloride only

B sodium chloride and sodium bromide

1000 chemistry W it g

C sodium bromide and sodium lOd]de
D sodium iodide only

Helping Concepts 'w**

Both Br™ and 1™ are strong enough reducing agents 1
reduce conc. H,SO,. Br, and I, are formeq respeg.
tively.

4. Which of the following compounds is most likely
to produce chlorine when concentrated hydrochlo-
ric acid is added to it?

A ALD, B Fe,0,
C CuO D PbO,

Helping Concepts E"uam Tavourite Raling >KAKK

PbO, acts as an oxidising agent and it OdelSCSCOII-
centrated HCI to CL,.

PbO,+4H™ + 2¢” = Pb™ + 2H,0 E°_+141v
Cl, +2¢° = 2cI° E® =+l

PbO,(s) + 4H" (aq) + 4Cl™(aq)
— PbCl,(s) + Cl,(g) + 2H,0(¢)

Eqi=+147-(+1.36)=+0.11 V>0

S. Which products are obtained when chlomief

bubbled into hot concentrated aqueous S0
hydroxide?

A NaCl and NaClO
B NaCl and NaClO,
C NaClO only
D NaClO, only

Helping Concepts 't‘i.\am f7a¢muri1@ Ve

Chlorine reacts with warm aqueous NaOH 1
and CIOJ‘.
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3Cl,(g) + 60H" (aq)
— 5CI"(aq) + ClO, (aq) + 3H;O(()
Note that with cold aqueous KOH, CI” and CIO" are

formed.
Cl,(g) + 20H " (aq)

— CI"(aq) + ClO" (aq) + H,0O(()

————

6. Which equation represents the reaction of chlo-
rine with hot aqueous sodium hydroxide?

A Cl,+2NaOH — NaClO + NaCl + H,0

B 2Cl, +4NaOH — NaClO, + 3NaCl + 2H,0
C 3Cl, + 6NaOH — NaClO, + 5NaCl + 3H,0
D 4Cl,+8NaOH — NaClO, + 7NaCl + 4H,0

[ Helping Concepts | SR MR Ry a1 oS

In hot NaOH, Cl, disproportionate to form CI- and
Clo,".

7. When chlorine reacts with hot aqueous sodium
hydroxide, the reaction below occurs.

chlorine + sodium hydroxide
— water +sodium chloride + X

What is compound X?
A sodium chlorate(I)
B sodium chlorate(III)
C sodium chlorate(V)
D sodium chlorate(VII)

Helping Concepts '(S.\am Favourile Ta/iﬂ>*

Cl, undergoes disproportionation with cold OH" to
give CI- and CIO™ but with hot OH-, it gives CI” and
ClO," instead.

3Cl, +60H- —heat , 5C|- +ClO,” +3H,0

8. A weedkiller can be prepared by heating a bleach
solution,

3NaClQ —heat _, 2NaCl + NaClO,
bleach weedkiller

What are the oxidation states of chlorine in these
three compounds?

mﬂﬂ Chemistry ”ka with Helos

o _Frequently Examined ()uestions

A=l =1 48
B+l -1 45
Cl+l -1 47
D

2+l 47

KRR o v g e ek
The oxidation numbers of Cl in NaClO, NaCl and
NaClO, are +1, -1 and +5 respectively,

9. Which anions containing chlorine are formed
when chlorine is passed into cold aqueous potas-
sium hydroxide?

What are the main ions in the filtrate?
A CI" and CIO-

B CI" and CIO,

C Cl and Clo,

D CIO and ClO,”

Helping COIICU[JtS 'ﬁ,\aln Favourite W(l/l)b***

Chlorine disproportionates in cold aqueous KOH to
give CI” and CIO":

Cl,(g) + 20H" (aq)
— Cl (aq) + CIO™ (aq) + H,0O(¢)

10. What is the trend in boiling point and in electron
affinity of the Group VII elements from chlorine to

iodine?
boiling point electron affinity
A | increases more negative
B | decreases more negative
C | increases less negative
D | decreases less negative

Helping Concepts 'G\am Favourite Wa//ny>**

Molecular size of X, increases down the group. Hence,
the strength of intermolecular VDW forces increases
and boiling point increases down the group.

As the atomic size increases down the group, the at-
traction for electrons, or affinity for an additional elec-
tron also decreases. Hence, electron affinity becomes

less negative.
| 175 l
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Topic ds would M' Exam Favourile 7?@ ! : *

i oun
f the following compP
o white fumes and coloured fumes

ated sulfuric acid?

11. Which on
give a mixture of
on warming with concentr;
A sodium bromide
B sodium chloride
C sodium ethanedioate

D sodium methanoate

Helping Concepts Exam Favourile Raling ***

Br + H,80, — HBrT +HSO,®
conc. ) )
Being a more volatile acid than H,SO,, HBr is dis-
placed out as white fumes. However, bromides are
sufficiently strong reducing agents that can be
oxidised by concentrated H,SO, to give Br, (brown)
and SO, (white fumes).
2Br~+ H,S0, +2H" = Br, T +80, T +2H,0

conc.

12. When potassium chlorate(V), KCIO,, is heated at
its melting point, it disproportionates to potas-
sium chlorate(V1I), KCIO,, and potassium chloride.

What is the maximum number of moles of potas-
sium chlorate(VII) which could be produced from
0.1 mol of potassium chlorate(V)?

A 01 B 0.08
C 0075 D 006

Helping Concepts '8”'" Favourile Ta/iny>***

4KCIO,(s) - 3KCIO,(s) + KCI(s)

Amount of KCIO, produced = %x 0.1
=0.075 mol

13. An excess of aqueous silver nitrate is added to
aqueous barium chloride, and the precipitate is
removed by filtration.

What are the main ions in the filtrate?
A Ag' and NO;™ only

B Ag’, Ba* and NO,”

C  Ba* and NO," only

D Ba*,NO,  and CI

1000 Chemistry Meg uith s

2[Ag+ (aq) + NO;” (aq)] + [(Baz‘” (aq) + 2Cl"(aq)]
—» 2AgCl(s) + 2NO;" (aq) + Ba* (aq)

The ions present are NO,7, Ba?* and the excegg Ag

—_— ‘\

14. When a white solid X reacts with concentrateq
H,SO,, the products include pungent-smelling
gases and a dark brown solution containing 5
yellow precipitate. When aqueous sodium thjo.
sulfate is added, the precipitate remains but the
dark brown colour disappears.

What is X?
A AgNO, B CaCO,
C NaBr D KI

DIV o Favourite Rating > KK

Solid potassium iodide first reacts with conc. H,S0,
to give HI and KHSO,. HI is oxidised to iodine (brown
solution). Conc. H,SO, Is itself reduced to sulfur (yel-
low solid) and pungent gases such as H,S and SO,
are evolved. With sodium thiosulfate, brown iodine is
reduced to colourless iodide ions.

I, +25,0,* — 2I" +S,04"

15. Chlorine compounds show oxidation states rang-
ing from -1 to +7.

What are the reagent(s) and conditions neces
sary for the oxidation of elemental chlorine int'o a
compound containing chlorine in the +5 oxidation
state?

A AgNO,(aq) followed by NH,(aq) at room tem-
perature

B concentrated H,SO, at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

Helping Concepts **S
(0>

Cl, undergoes disproportionation to give Ctll; an;il’
=-1) and ClO," (O.S.=+5) when heated Wi
kali,

3Cl, +60H™ —» 5CI” +ClO;™ +3H:0

/
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(6. :’ﬂne which s
periodic Table?
A godium astatide and hot concentrated sulfuric

acid react t0 form astatine.

Silver astatide reacts with dilute aqueous am-
a in excess to form a solution of a soluble

nt is most likely to be true for as-
below iodine in Group VII of the

B S"™
moni

complcx
Astatine and aqueous potassium chloride re-
act to form aqueous potassium astatide and

chlorine.
Potassium astatide and hot dilute sulfuric acid
ceact to form only white fumes of hydrogen

astatide.

' Enam Favourite 'Z'a/inj) * *

Down the group, reducing property of the halides in-
creases as a result of the increasing size. Valence
electrons become less tightly bound and the halides
lose their electrons more readily. 1" is oxidised by hot
concentrated H,SO, to I,. At™ being below I, is even
more reducing than I-. At™ will also be oxidised to At,.

17. Which graph correctly describes a trend found in
the halogen group?

o g
» } e
A E B °'§
=
- £y
|-
‘
cl, Br, I, : Cl, Br, I
' =
)
c £t D %
£
= o
-8 T & T T T
Cl, Br, 1, 2 H-C H-Br H-l

w!&mm Favourile '/?a/inz > * *

With j :
thhlncre:.ismg number of electrons in the molecule
'ence increasing the molecular size, induced di-

Po : .
A r:-mdyc‘v‘d dipole (id-id) interaction (van der Waals
®) increases,

\\

[
Chemiery Mg uith elps

e . -

18. A compound W reacts in the following ways,

pale yellow K v
prccf;llnw —He W(aq) Mpf:;?gl‘m
NH;(aq) NH ,(aqy)
v )
precipitate colourless
does not dissolve solution

What could compound W be?
A AgNO, B Ag,S0,
C Pb(NO,), D PbSO,

Ching Consn | AT & 8
Ag' (ag) + 1 (aq) — Agl(s)
The yellow precipitate is Agl, which is insoluble in
aqueous NH,.
Ag'(aq) + CI (aq) — AgCI(s)
AgCl(s) + 2NH,(aq) — [Ag(NH;),]" (aq) + CI
The white precipitate is AgCl, which dissolves readily

in aqueous NH, to give a colourless solution contain-
ing diaaminesilver(I) complex (Tollens' reagent!).

19. An aqueous solution containing Br~ ions is treated
with AgNO,(aq), giving a precipitate P, which is
then tested for its solubility in concentrated
NH,(aq).

What is the colour of P and its solubility in
NH,(aq)?

colour of P solubility in NH, (aq)
A white insoluble
B white slightly soluble
C| cream slightly soluble
D | yellow insoluble

m'(ham Favourile Taliny> ) S &

Ag’(aq) +Br (aq) == AgBr(s)

crcam

Ag’(aq) + 2NH,(aq) = [Ag(NH,),]" (aq)

Due to the extreme low solubility of AgBr, a very high
concentration of NH, is needed to shift the second
equilibrium to the right and reduce the concentration

(77
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slightly soluble in concentrated NH,.

hat the first
: tly low value so t
Ofﬁ‘n:ﬂzn.n::yﬂ::‘i:tnmythe left. Hence, AgBr is only
oqu

20. Why is hydrogen iodide a stronger acid than hy-
drogen chloride?

loride is more
A The molecule of hydrogen ch s m
polar than the molecule of hydrogen iodide.

B The enthalpy change of formation of hydro-

gen iodide is greater than that of hydrogen
chloride.

C The enthalpy change of hydration of the io-
dide ion is greater than that of the chloride
ion.

D The covalent bond in the
molecule is weaker than
chloride molecule.

m Eram f7auaurﬂe Rating *

H-1 bond is weaker than H—CI bond so that HI cap
easily dissociate into H* and I" in H,0.

Covalent bond strength depends op the extent of
overlap betw, i i

hydrogen iodide
that in the hydrogen

Obtained by

. € product are
tering the ot reac then cooling
filtrage,

tion Mixtyre and

From the amounts of an
that I, is the Iimiting agent

violet vapour of | iS Obgepy, ¢
se
pleted. ? el

22. The ash fro

m burpt
and odides of g é?:ee aps i hlorig, |
ments. Some S€aweeq ash td G’°“P || . |
centrated sulfurjc acid ap reated_“’ithcon_ i
Passed first through 5 cold a Zsuh'"g fumey |
through aqueous sjlyer Nitrate. € then bubbled |
What woulg be observeq

during the experiw
l_\ inside the cold tube  With aqueoyg

Silver Nitrate
A black deposit White Precipitate
B black deposit yellow Precipitage
C no deposit white Precipitate
ﬂ no deposit

yellow Precipitate

Helning Concepts Y o Favrie Ty
I' is oxidised t

0 I, by conc. HZSO4. It is the black
deposit in the cold tube,
CI” forms H() with ¢

onc. HZSO4. It forms AgCl while
PPt. with AgNQ 3

23. Aqueous chlorine is added to aqueous sodiuu:;
bromide and the mixture is shaken with an eq
volume of trichloroethane.

Which observation would be made?

A B
pu rp] e red-brown

C D
colourless

| red-brown
purple

{

R e
=TI

T —




E]Bﬂ Tavoarie Z:hry>***

) Jeﬂ,mgisin'lmisicible\:viﬂlw7la'amdisdc:nsel'.

;vo distinct layers of liquid should be observed, with
the Ofgi"ic layer at the bottom.

C1,(3q) + 2Br™(a@) —> 2CI"(aq) + Br; (aq)

oxidised Br~ to Br,, itself being reduced to

C
ool?ourless Cr.
Br,(ag) — Br;(org)
The brown Br, liberated partitioned itself between the
qwo layers of liquids, with most of it present in the
ic layer, colouring it red-brown at the same time.
Very little Br, is present in the aqueous layer. Thus,

the aqueous layer appears colourless.

24. The solubility of the silver halides in aqueous
ammonia decreases from AgCl to Agl.
What helps to explain this trend?

A As a more powerful ligand, NH; can displace
CI” ions and Br~ ions, but not I~ ions.

B CI" ions and Br ions form complexes with
NH;,(aq), but I" ions do not.

C The value of the solubility product of the sil-
ver halides decreases from AgCl to Agl.

D The covalent bonding between Ag and the
halogen atom increases in strength from AgCl

to Agl.
r{ ‘ram Favourile 7allhy> ***
AgX(s) = Ag‘.P (aq) + X" (aq) Ksp

Ag'(aq) + 2NH,(aq) = [Ag(NH;),]" (@) Kya

For the three halides, K ., Femains the same since X~
i not involved in the reaction. The minimum [Ag’]
required to form the complex is the same. However, for
a smaller K, (e.g. Agl), this minimum [Ag®] is still
high enough such that [Ag"][1"]> Kgp-

Hence, Agl does not dissolve in aqueous NH;. The

solubility is thus governed by the K_ of the respec-
tive AgX. sp

Ksp(AgCI) > Ksp (AgBr) > Ksp(AgD
Hence, the solubility decreases from AgCl to Agl.
\\*

W Chemisery Mg uith heps

25. The table shows the results of experiments in
which the halogens X, Y, and Z, were added to
separate aqueous solutions containing X*, ¥ and
Z ions.

X (aq) Y (aq) Z (aq)

X, | noreaction noreaction no reaction
Y, | X, formed noreaction Z, formed
Z, | X, formed noreaction no reaction

~w

Which set contains the ions X~, Y~ and Z" in order
of their decreasing strength as a reducing agent?

strongest ——> weakest
A X Y- zZ
B X zZ Y-
C ¥ zZ X~
D Z X~ Y

Helping Concepts ’ Exam Favoarite Rating > KKK

The first row (X,) shows that X, is the weakest
oxidising agent since it cannot oxidise ¥~ and Z". The
second row (Y,) shows that Y, is more oxidising than
X, and Z, since it can oxidise X~ and Z". The third row
(Z,) shows that Z, is less oxidising than Y, since it
cannot oxidise ¥ and it is more oxidising than X,
since it oxidises X~ to X,.

oxidising agent: ¥, > Z, > X,
reducing agent: ¥~ <Z~ <X~
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wpe 11 Group Vi
Section B 2 “U”I"H |m'lll of'¢ 11 I8 quhm‘ Slnee () h
molecular size (0F more electron, “;‘, :"” w
For aach Qflhr‘ QUESTIONS in this section, one o mine mul hence, stronger Vhw foroes Iww“mn:;'u“‘ :
W il

eoules,
Clin in Period 3 while Vs in Periog 5 ¢
oxtra shell of electrons and hence | |

of the three numbered statements 110 1 may he cor
rect. ,

Decide whether oach of the statements is or i not
carrect (Yo may find it helpfid 1o put a tick agaimt
the statements that you consider fo be correct)

The responses A 1o D should be selected on the basiy

o

I g gy
§ |l[“

28, In which reactions does the oxidation yy, of
T chlorine change by one? 1
A B C D ]

- I electrolysis of brine (anode reaction)

1 only
is correct

2 hydrogen +chlorine
3 sodium chloride v concentrated sulfurig gl

1.2and 3 | Land 2only | 2 and 3only
are comect | are correct | are correct

cor-

No other combination of statements is used as n
rect respanse. [Holping Concopt: | SSNRR Y 2"

26. Which changes can be regarded as oxidation of  *1. Cl :(‘I,. he
0.8 110

bromine?

1 B — BrO . 1, 1 CL o 20C

2 Br, = Brf 0.8.: 0t |

3 Br, — Bl 3 NaCl+ 11,80, — NalSO, + HCI

m Cram Fecowrite Aating ‘*** 0S8 1o 1

Oxidation is a process where there is an incrense in
oxidation state.

*l. B, = BrO”
0 * 29, Which sodium salts form a precipitate when
AgNO (aq) followed by dilute NH (aq) is added

2 Br — BlrF
lo its aqueous solution?

Q
In BrF, Br has a positive oxidation state because

Br is less electronegative than F (F does not exist
in positive oxidation state).

1 chloride
2 bromide

3 iodide

3 Br — Brl
0 - :
In Brl, Br has a negative oxidation state because """"’“ Haunvite Rating 2 Kk
it is more electronegative than 1. I AgCl is soluble in aqueous NH,. Hence, 10 pre-
cipitate is observed afler aqueous NH, i8 added,
i.e. the precipitate dissolves.
*2. AgBr is sparingly soluble in aqueous NHy Scw
27. Wh;ch quantities are greater for fluorine than chlo- precipitate will remain after adding aqueous NH,
ine: *3. Agl is insoluble in aqueous NH,.
1 standard electrode potential £° for X,/2X™. -

2 boiling point of the element X,

3 ionic radius of the X~ ion )
jro
30. The element astatine, At, is below fodin® in G

' Coam }awurile Ratr,
ating > Yk VII of the Periodic Table. ?
( will be V¢

Helping Concepts

1. =+287V
E Which statements concerning A e
- alure
E(::.f:a' =+136V 1 It is a coloured solid at room e w

W Chemistry Mcq uith hegs
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Frequently Examined () uestions

i 11 610 Vil

5 It is a more powerful oxidising agent than
jodine
3 Its hydride is thermally stable.

' Exam Favourste Tah'ny > * *

gince the colour intensity increases down the
oup, At, is expectfad to be coloured. Further-

more, the melting point of the halogens increases

down the group: F, and Cl, are gases. Br, is a

liquid and 1, is a solid. We expect At, also is a

solid. :

2 Oxidising power decreases down the group.

*.

3, Thermal stability of HX decreases down the group.

31. For the sequence hydrogen chloride, hydrogen
bromide and hydrogen iodide, there is an increase

in

1 thermal stability.
2 bond length.

3 ease of oxidation.

Helping Concepts 'Gaam Favourile Ta/f'ny>***

1,¥2. Due to the increasing size of the halogen, the
H-X bond length becomes longer. The bond is
weaker as a result of less effective overlap be-
tween the Is-orbital of H and the more diffuse
p-orbitals of X. The H-X bonds become more
easily broken and hence, HX becomes more
easily decomposed when heated.

2HX(g) — H,(g) +X,(g)

*3. The reducing power of the halides increases down
the group since the halides have more shells of
electrons (greater screening effect) and larger
sizes. The valence electrons are less tightly bound
and can be more readily lost.

2HX — 2H" +X, +2e”
The ease of oxidation can also be seen from the
decreasing £° value of X/X.

Cl, +2¢” — 2CI E®=+136V

Br, +2¢” — 2Br" E®=+1.07V

L +2¢ — 21" E® =+0.54V
—_—

32. When 2 hot glass rod is placed in a gas jar of
hydrogen iodide, there is an immediate reaction
& the hydrogen iodide decomposes.

1] Chemistry /o uith Hels

.

Which statements about this reaction are correct?
1 Hydrogen iodide is purple coloured.

2 The hot rod provides the activation energy.
3 One of the products is a solid.

w 'Eam Favourile Tahhb * *

1. HI is colourless.

*2. The heat supplies the energy to break the H-I
bond.

2HI(g) = H,(g) + L, (s)

*3. Solid iodine is formed.

33. The number of moles of chlorine that react with
1 mol of X is twice the number of moles of chlo-
rine that react with 1 mole of Y.

Which of these pairs could be X and ¥?

X Y
1 Mg(s) Na(s)
2 H, KBr(aq)
3| cold NaOH(aq) hot NaOH(aq)

' Enam Favourite Ta/my>***
*1. Mg+Cl, - MgCl,
Na+ 1Cl, — NaCl

*2. H, +Cl, - 2HCI

KBr+ 1Cl, — KCl+ 3B,

3. 6NaOH +3Cl, — 3NaCl + 3NaClO + 3H,0
6NaOH + 3Cl, — 5NaCl + NaClO, +3H,0

34. Use of the Data Booklet is relevant to this question.

In the sequence HCI-HBr-HI, which statements
are correct?

1 The enthalpy change of information becomes
less exothermic.

2 The polarity of the hydrogen halide molecule
increases.

3 The thermal stability of the hydrogen halide
increases.
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w Exam 7anoum]¢ Ta/in
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m Enam Favourile Raling ***

o
bond energy/kJ mol
HCI 431
HBr 366
HI 299

iven out from HCI to

*1. Progressively less heat is gH—X bond strength.

HI due to the decrease in e
2. Polarity decreases as electronegativity from
I decreases.
3. Thermal stability decreases due to the decreases
in H-X bond strength.

35, Which statements about the trends in the prop-
erties of the halogens are correct?

1 The electronegativity decreases on descend-
ing the group.

2 The volatility decreases on descending the
group.

3 Their reactivity as oxidising agents decreases
on descending the group.

!(' nam Favourite Ta@ * *

*1,*3. Down the group, the atoms become bigger and
screening effect increases as there are more
shells of electrons. Hence, the electrons be-
come less tightly bound. Their ability to attract
electrons (electronegativity) and their tendency
to gain electrons (oxidising power) decrease.

*2. Down the group, the molecules (X) become larger

and have more electrons per molecule. VDW
forces become stronger and thus volatility de-

creases, i.e. melting point and boiling point in-
crease.

-

36. Which of the followj
all three halogens, ¢

Ng statements are correct for

hlorine, bromine and iodine?

1 They all form hydrides v
In aqueous solutjon,

2 They all react with
to form oxo-anions

3 They all neeq 1o
Pletely the p or

hich are strong acids

aqueous sodjum hydroxide

gain one electron tg fill com-
bitals of their outer shells,

1000 Chemistry m".? uith s

POy EXAined )

3

Being members of Group.Vll, the 3 cop
a great deal of similarity in the chemicyy Propertje,

*1. HX+H;0 = H,0" + X (strong acigq)

v2. 3%, +60H - X0, +5X" 431 o
(disproportionation)

Beners o

+3. All have an ns? np® configuration, "equiring ,
more electron to completely fill the Outer ghe|

—

37. The number of moles of chlorine that rege With
1 mol of X is twice the number of moles of chlo.
rine that react with 1 mol of Y.

Which of these pairs could be X and 1

X Y o]
Mg(s) Na(s)
2 H,(g) KBr(aq)
3| cold NaOH(aq) hot NaOH(aq)

Helping Concepts '(rj.mm Favourite Ta/f'ﬂy>**

*1. Mg+Cl, - MgCl,
Na + %CI2 — NaCl
*2. H, +Cl, — 2HCI

KBr+ 1Cl, — KCI+ 2 Br,
3. 2NaOH + Cl, —ld_, NaCl + NaCIO + H,0
or NaOH + 3 Cl, —ald— | NaCl+ 1 NaCIO+1H,0

6NaOH + 3Cl, —hot_ Nac| + 5NaClO, +3H,0
or NaOH+1cl, —bat +NaCl + 2 NaClo, + JH,0

38. Which of the following statements are correct cof

cerning redox properties? )

1A metal M, for which E° for the halfreac"":
M"™ vne" =M is very negative, will be
good reducing agent.

2 The oxidising power of the halogens decress®
from chlorine to iodine.

jdes
3 The reducing power of the hydrogen ll‘:’"
increases from hydrogen chloride t0 Y

gen iodide,




e

’ Sham Favourite 7all'n]> ***
o A very negative E° value indicates that M"" is
L. difficult to be reduced to M. On the other
pand, M is very easily oxidised to M"". Hence,
M would be a good reducing agent.
«3. From Cl, to L, the atomic size and screening ef-
" foct increase. Therefore, the ability to attract an
extra electron decreases and hence the oxidising
power decreases.
*3. From (2), it follows that the reducing power of the
halide increases from CI” to I".

——

39. Why is the addition of concentrated sulfuric acid
to solid potassium iodide unsuitable for the prepa-

ration of hydrogen iodide?

1 Hydrogen iodide is not displaced by sulfuric
acid.

2 lodide ions are oxidised to iodine.

3 The product is contaminated by sulfur com-
pounds.

mr&\am Tavourite Wa!inz> * *

I. HI, being a volatile acid, is displaced by conc.

H,SO,.
*2.*3. | is a sufficiently strong reducing agent and
hence is oxidised by conc. H,SO, to L. The
reduction products of conc. H,SO, include

SO,, S and H,S.
2I" +H,50, +2H" — [, + S0, +2H,0
61" +H,S0, +6H" — 31, +S +4H,0
81" + H,S0, +8H* — 4I, +H,S +4H,0

40. The concepts of bond energy, bond length and
bond polarity are useful when comparing the
behaviour of similar molecules, e.g. thermal stabil-

ity.
For example, it could be said
"Compared with the HCI molecule, the bond
_X__ of the HI molecules is __Y__."

Which pairs of words correctly complete the
above sentence?

1000 Chemistry m‘cg with Helps

X Y

1 | energy greater
2 | length greater
less

3 | polarity

Helping Concepts '('-.mm Javourile Tah‘n]>**

[ is below CI in the Periodic Table. It is thus bigger
than Cl. Hence, the bond length of H-I bond is ex-
pected to be greater than that of H-CI bond. H-I bond
is weaker and its bond energy is thus smaller. Also I
is less electronegative than Cl. Hence, H-I bond is
less polar than H-CI bond.

41. Which suggestions concerning the element asta-
tine (proton number 85) are consistent with its
position in Group VII?

1 The element is a solid at room temperature and
pressure.

2 Hydrogen astatide is less stable to heat than
hydrogen iodide.

3 Silver astatide is soluble in aqueous ammonia.

Helping Concepts '('uam Javourite Wa/inz>**

*1. Down the group, molecular size (or number of elec-
trons per molecule) increases. VDW forces be-
come stronger and melting point and boiling point
increase. Since I, is a solid, At, is also a solid.

*2. The bond strength of H-X decreases down the
group. The bigger X atom has a more diffuse orbital
and hence, poorer overlap with the hydrogen 1s
orbital. Therefore, H-At is less stable to heat than

H-1.

2HAt > H, + At,

3. The solubility of AgX in NH, increases down the
group. AgCl is soluble; AgBr is sparingly soluble
and Agl is insoluble. Hence, AgAt is also in-

soluble in NH,.




An Introduction to the Chemistry of
Transition Elements

g Key content that you will be examined on:

1, General physical and characteristic chemical properties of
the first set of transition elements, titanium to copper

2. Colour of complexes

“m Chcmhtry mc? .'ﬁ h .
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gwourite Rating: KMight be tested % Likely to be tested Yo % K Always testedj
Exa |

Section A M' Enam Favourite Tah’nz >**

q ich of the following d-block elements can show Fe' —» Fe' +e
" the highest oxidation number in its compounds? £, 3 46) jg able to lose another electron to give Fe™*.
A chromium copper

C iron D/ manganese

Eram Favourite Rating >*** .
5. What is the electronic configuration of Cr**?

Mn can show the highest oxidation number of +7.

[Ar] represents s’ 252 2p® 3s* 3p°
A [Ar] 3d' 4s?
B [Ar] 3d? 4s?

3. For which of the follov\t/‘ing transition mztalls dtoes (? [Ar] 3d° 4s°
its ground-state atom have an unpaired electron [Ar] 3 4 450

in an s-orbital?

( A )chromium B cobalt M' Enam Favourile Waﬁni >***

C iron D manganese ,iCr: (Ar] 345 4s!
.1 M' Enam Favourite Ta@**’* 24Cr3": [Ar] 3d3
Cr: 1s? 2% 2p° 3s? 3p® 3d° 4s' When Cr loses 3 electrons, the 4s electron is lost first

before the 3d electron.

3. Use of the Data Booklet is relevant to this question.

What is the electronic structure of the iron(ll) ion? 6. )Which species does not act as a ligand in the
A 1s? 2§2 2p" 3s2 3p6 3d8 formation of complexes?

@)152 252 2p6 352 3p® 3d" A CHNH, B CI

C 152 252 2p° 352 3p° 3d® 4s' NH b o

D 1s? 2s? 2p® 352 3p°® 3d* 4s? Helping Concepts mm Favourite Rating > K
i wmm Favaurite Rating >HIK NH," does not have a lone pair of electrons for do-
| Fe: [Ar] 3¢ dg? nation to a central atom/ion to form dative bond. It

e [Ar] 3¢ therefore cannot act as a ligand.

—_—————

4 Whi . :
Which of the following ions is readily able to 7. Tron has a proton (atomic) number of 26.

donate electrons? What is the electronic configuration of the iron
A AP B Cu® cation which can form the complex ion
4
Fe2t b Mg [Fe(CN)J"?

i
;
l

i

Chemistry Mg it ips
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(1A =1s? 267 2p° 35 3p°]
A [Ar] 3d° 4s?
B [Ar] 3d* 4s?
C [Ar] 3d° 4s°

D TAr] 3d° 4s°
'E.\am Favourile Talinz >***

x+6(-)=—4 = x=+2
Therefore, Fe is in the +2 oxidation state.
Fe: [Ar] 3d° 4s®
Fe®*: [Ar] 3d° 4s°

8. Titanium is manufactured from ilmenite which is
a mixture of iron(II) titanate, FeTiO,, and iron(III)
titanate, F e,(TiO,),.
What are the oxidation numbers of titanium in
these two compounds?
A 2,43 B +4,+2

C H,43 ®+4,+4 T3 =

'E'uam Tavourite %a/l’nb *‘**

FeTiO,: (+2)+x+4(-2)=0 = x=+4
Fez(TiO3)3:2(+3)+3[y+3(—2)]=0 > y=+4

9. Which atom has three unpaired electrons?
A Al B Sc

CCr (2oco
! Enam Favourite 73@ ***

G437 9
27112

C the ammonium ion in NH,Cj Q\
the copper ion in CuQ

In Cu®, the electronic configuratiop, is [Ar) 3P

T

11. Titanium has the electronic strycy,
3s? 3p® 3d? 452,

Which of the following compounds

l'elszzslzp‘

is unlikgfy,
exist?
r,‘f_},)_ ‘f_)l'
A K,Ti0; B K,TiF,
C TiCl, D TiO"

Helping Concepts \

Ti is able to utilise a maximum of 4 electrons (342 4
for bonding. Hence, the highest oxidation state jt

2 5) +' 3) ) t..]%) show in compound formation is +4. [n K?_Ti04, Ti hag

an oxidation state of +6. Hence, it is unlikely to exjg;

2(+D+x+4(=2)=0
xX=+6

12. Zn*" has a full set of valence d electrons,
What is not a direct consequence of this prop-
erty?

A Aqueous solution of its salts do not absorb
visible light.

B Its complexes are colourless.
f€ Its complexes are octahedral.
) The metal exhibits only one oxidation state.

element Al Sc Cr Co
electronic configuration | [Ne] 352 3p' [Ar]3d 452 [Ar] 3d® 4s' [Ar] 3d7 4s°
no. of unpaired electrons 1 | 6 3

10. Use of the Data Booklet 15 relevant to this question,

Which particle cont

ains a single unpaire -
o g paired elec

A amolecule of H,S

B one of the particles formed
Iytic fission of 5 chlorine m

1000 Chemistry mc? with HE||]5

after the hetero-
olecule

Helping COHCEIJtS ! Cram Favourile 7@**

Octahedral complexes are found in both con;ﬁlie;;lz
and incompletely filled d-subshell central me

/

. . an[]fac‘
13. A constituent of wood pfese""f’t"’e g 11(1) it
tured by heating the ore chromite, FeCT;

sodium carbonate in air.
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which spec!

Apny KM, L0, 1 70,
’ “N'y‘ "”4 ' H’.,‘ ) ! “('()'

his mwm"

awiled alidied

A chromium only

" shromium only

o8 Io uxldised and which speciss s

mweten redioed

sarhonate lon omly

oarbonate lon
and oxysn

¢ | ohomium and fron - orygen only
‘ carbonate lon
By | chrombum And ROy g

'/ e Tunmne ity '/v'n/my . * *

Chromium 18 oxldised from 3 (in Cr( )7 ) 1o 16 (in
cm" ) and Iron 1 oxidised from V2 to 43, Oxygen

(0y) is reduced from O 1o 2,

{4, Llse of the Data Bouklet s relevant 1o this question,

§ir Humphrey Davy showed that the corrosion of
copper hulls of sea-going ships could be pre
vented by placing strips of 'sacrificial’ metals on
the hulls,

Which of these metals Is least likely to dissolve
when attached to the copper hull of n sen-going
ship?
A lron
C tin

m’/'«mm iy il '/:’u/my ” * *

To function as # sacrificlal metal for Cu, the metal must
be more reactive than Cu, From the Data Hooklet, it
cin be seen that Sn%'/Sn has the least 1, value, 1.6
it Is the least reactive among the 4 metals,

B magnesium

1 zine

I8, Metallic elements have different electrical conduc-
fivities,

What is the correct order of Incrensing electrical
conductivity of ench pair of these metals?

|| Period 3 | Period 4

Al AleMg | Cu<Ca

Bl Alemg | cneCu

Cl Mg<Al | cu<ca
DI Mg<ar | cuec |

|
‘ = ol -
W e .
mistry Weq, uith Holps

n Haments Praquently Exsmined Juestions

BYCTpotatg toratit toqate, ’/me Lttmrr te ‘//ﬂ/my’;***

Al s ¥ ynlstics slactrons while Mg has only 2. Hence,
Al Ia n bettsr slectrioal comductor than Mg

Cui Is w iransition slement with 3d and 4s electrons.
Hetios, It 1s 1 bettor slectrical conductor than Ca, which
has only two 4 electrons,

16, Platinum(1V) chloride combines with ammonia to
fottn compounds in which the co-ordination num-
ber uf platinum is 6. A formula unit of one of the
vompounds contains a cation and only two chlo-

tide ions,

What is the formula of this compound?
A PINIL),CI, B PUNH,),CI,
C PN, D PUNH,)CI,

Hedpring Gontapts '/'/.r/m Suvmmrite '//a//ﬂy/**

The compound with co-ordination number 6 may be

looked upon as [PHNH,), (f:lll"’((;l ), Since Ptis in
oxidation state 1V, its chloride has a formula PtCl,, e

A0 atoms, Henee x =2,

17, Adding concentrated HCI(aqp) to CuSO (aq) causes
the colour of the solution to change from blue to

green.
Which row best explains this observation?

number of d-clectrons
around copper

rnc-:;crgy ap between
the d-orbitals

-

A changes changes
B changes remains the same
| remains the same changes

] remaing the same remains the same

. N

W 440 == CuCl*>
(hldu il = .

yellow

The green solution observed is due to a mixture of
blue Cu?* and yellow CuCl ., The reaction is a result
of ligand exchange between H,0 and Cl" and it is
non-redox in nature. Hence, the number of d-electrons
around Cu(11) remains the same, i.c. 3d’. However, as
the encrgy gap between the d-orbitals changes (due
to different ligands), the colour observed changes.
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18. Titanium(IV) oxide is widely used in the pajnt in-
dustry as a white pigment. It is. soluble in hot
concentrated sulfuric acid according to the equa-
tion below.

TiO, + H,80, — (Ti0)*" + s0,> + H,0

Which of the following describes the nature of
this reaction?

A acid-base

B complex ion formation

C dehydration

D displacement

Helping Concepts 'Cuam Favourite Tah’ny>***

HZSQ1 serves as an acid while TiO2 functions as a
base.

Salt (Ti0*'S0,>") and H,0 are formed.

19. Use of the Data Booklet is relevant to this question.
Spatulas are often made from nickel.

Which aqueous solution should not be stirred
with a nickel spatula because a reaction could

occur?
A Co*(aq) B Cr*(aq)
C Fe*(aq) D Mn*(aq)

!?.xam Favourite ?ah’ny> ‘***
Nickel is oxidised by ions with £ greater than E®
of Ni#*/Ni (-0.25 V). E® of Co?*, Cr**, Fe** and Mn2*
are 028 V,-0.41V,+0.77 Vand-1.18 V respectively.
Hence, Ni reacts with Fe3*.

2Fe™ + Ni - 2Fe?* + Nj?*
Equ=+0.77-(-0.25)=+1.02V >0

Hence, the reaction is energetically feasible.

20. Use of the Data Booklet is releygnt to this question,

In the Aromas Red Sands aquifer, the drinking
water source for part of Cgli

fornia, there are hj
levels of soluble, toxic chromium(Vl) compoundg.:l

1000 Chemistry MC? Wwith Ilulns

[

FfequentlyEXam,-nedQu g
A ALO, B Cuo Ly 'g
C Fe0, D Zno '

Helping Concepts
ing

The identified substance oxidises Cr(11
Among the 4 oxides, Fe203 is the m
(Fe(IT) = Fe(IID)).

ok
I) to Cr(vl

Ost oxidising'

21. When copper(II) chloride is dissolved i, Walter
gives a blue solution. When this so|y i

tion is
with an excess of concentrated hydrochlori ac
it turns yellow. i

What are the formulae of the co

PPer species j,
the blue and yellow solutions?

blue yellow
A CuCl, [CuCl, >
B | CuCl,(H,0), | [CuCI]"
C| Cu(OH), CuCl,(H,0),
D | [Cu(H,0), I [CuCl, ]~

Helping Concepts ! Enam Favourite Rating >Hkk

Cu™ (s) + 6H,0 —— [Cu(H,0),]"
[Cu(H,0),J** +4CI" == [CuCl, >+ 6H,0

22. When drops of NH ,(aq) are added to Cu(NO,) &)
a pale blue precipitate is formed. This precipitaté
dissolves when an excess of NH,(aq) is added,
forming a deep blue solution.

Which process does not occur in this sequenct’
A dative bond formation

B formation of a complex ion

C precipitation of copper(II) hydroxide

D reduction of Cu?* ions

Helping Concepts | (EPPRSSITETTN Lo

NH; (aq) + H,0(() == NH,"(aq) +OH ()

Cu*(aq) + 20H (aq) = CU(OH)Z‘.'(j)aq)

Cu?* (aq) + 4NH, (aq) == [CuNE}] fmm
2nd equation: Cu(OH), is formed as 2 preciP o

petwee!
3rd equation: Dative bonds are formed oy b
and NH;. A complex 100

4




12 An Introduction to the Chemistry of Transitin Elements Frequently Examined Questions

ooklet is relevant to this 1 .
k Lse of the D ata B . qu.es.m.m, 25. The anti-cancer drug cisplatin has the formula
,- yX] . salt K3F°(CN)6 is prepared by oxidising l?t(NI.'l:,,)ZClz. In the human body, one of the chlo-
1 ;hF (N ride ions of cisplatin s replaced by one water
,\, w;:'ch reagent carries out this oxidation? molecule.
i
\ Ag(s) B CL(e) PUNH,),Cl, + H,0 - [PUNH,),H,0)CI + CI-
A Cu?*(ad) D Fe*(aq) What is the oxidation number of platinum in each
y cu : of these substances?
'(J.mm Favourite Tah'ny >*** - - -
. N cisplatin in the aquacomplex
| pocN S re = [FelCN) ™ E°=4036y Al n »
\ 42 = 208 E®=+136V B| 4 +2
| 2
VLl Cly + 2FelCN)G ™ > 201 + 2{Fe(CN) T c| 4 3
\ E:"=+l.36—0.36=+1.00V>O D +4 +4
Thedfe?aion is energetically feasible under standarqg E’n Tavourite Rating™> Y de ke
conditions.
A Ag is a reducing agent. In Pt(NH,),Cl,, NH; has zero charge.
B Cu®/Cu S J\t+2(0)+2(—l)_=02
E%, =+0.34-0.36=-0.02 V <0 =+
c In [Pt(NH,),(H,0)CI*,
Cu** /Cu”
+2(0)+1(0)+(-1)=+1
ES =+0.15-036=-021V <0 YA+ ;=+2
A C Fe*/Fe
| Em=-044-036=-080 V<0
¢ 26. The table shows the possible oxidation states of

five d-block elements in the Periodic Table. (The

elements are represented by letters which are not

24. The data below refers to a particular element. their symbols.)

" density 105 ¢ cm_3] element  possible oxidation numbers
! first ionisation energy 730 kJ mol~ P - = 3 = - - -
:‘ second ionisation energy 2070 kJ mol™! ) - 2 3 4 - _ _
: third ionisation energy 3360 kJ mol-! R 1 23 4 5 — _ ~
melting point 1235K T -2 - 456 7 |
Where i iodi i i t most - .
“ke'li;et:)n;:efs’:rr‘;o?dlc Table is this element m Which of the following ions is likely to exist?
A Group A POz;_ > QOB;
B GroupII C RO, D TO,
C Gl'Ollp VH 'E.\am TFavourite Talinb**
' D the transition elements The oxidation state of T in T022+ is +6.
: 2(-2)=+2
j !E\am Favourile Ta/l'ﬂz>** ¥+ :=+6
' Jhe high density and high melting point suggest that idation states for the others are
‘ ise ellement is a metal (hence not in Group VII) and The oxi
unlik

ely to be in Group I nor I as there is no sudden A: P=+5
[ " difference betyeen IE, and [E,, and between IE, g (_+5
/ E, TeSpectively.
b~

/

C R=+6
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27, The standard cell potentlals for the redox equilib-
tin of aqueous vanadium-containing ions and the
colours of these lons are glven below,

VO, 421" 4o 5= H,0+ vm" L =41.00 V

yellow o

vﬁ')” F2H v o === H,04 V" [° =403V
ne

green

V' hp e ¥ [? =026V

dreen purple

What s likely to be the final colour when metallic
tn is added to a solution containing VO?'9

Sn*' 42¢" == g LY =014V

colourless

A yellow B blue

C groen D purple
w',”""'ff(”_'?"':"!f’?_’??'@) ek sk
2VO™ 4 aH" 4 Sn 5 2y

+ 2H,0 + $p?*
I.';::" =] "‘l"O.48 V

2V 4 Sn o 2y g
E‘.‘;" = "‘0.'2 V

Hence, Sn can only reduce VO?* ¢, v

and the coloyr
is green,
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g An Intf

w Nection B

(e questions in thix section, one or more

,W‘M":'"‘M yumbered statements 1 1o 2 may be cor
[
¥

! " vhether each q/‘liw Statements 18 or 18 not
)

peci o may findd 10 helpful to put a tick against

L atements that you consider to be correct),
sl
" A to D should be selected on the basis

m NJ’)”"I'”-"

— : B C D

T amd 3 {and 2only [ 2 and Jonly | 1 only
ato correet | ore correct | are correct | is correct

No other comblnation of statements is used as n cor-

roct response.

28, The table contains data for three elements.
which of the elements are transition metals?

olement | mp/°C density/g em
| 1535 7.86
660 2.70
3 328 11.34

mrlqmm Anoourite M;/uu/ ***

A transition metal has a high melting point and a high
density.

., The element with the outer electronic structure
3d* 48? will be expected to
I' form coloured ions.
2 form complex compounds.
3 have u low melting point.

W Cnam Kaoourite 11/1’1} * *

0| [ '
*2.Itis a transition element with partially filled 3d-
Subshell. Being a transition clement, it forms
®loured compounds and complex ions.

l Il 5
m:;u ; hlutl"m'n'm'nu)oint since it is a tﬁ:ﬂsmon
tallic bonds.

\‘

——,

e,

X, Wh
Ich Statements about the ammonia molecule
¢ ammonium fon are correct?

)
Chemlatry 9cq uith hos

oduction to the Chemistry of Transition Eloments

| They are a conjugate acid/base pair.
3 They contain the same number of electrons.

3 They can both act as ligands in a complex
fon,

ACIONEERIR .. . ik

*I.NH, ¢ H,0O === NH,' + OH
base conjugate acid

*2. In NH,, there are 7(N) + 3 x 1(H) = 10 electrons.

In NH,", there are also 10 electrons (but NH, " has
| proton more than NH,).

3 InNH', there is no lone pair of electrons. It cannot
function as a ligand.

Compounds containing CN™ are toxic, 50 mg of
CN" being fatal to humans.

Which of the following do not contain free CN~
ions?
I NH,CN
2 CHCN
3 [Fe(CN) 1"
CHoling Conconts | SRR RTINS S
|

NI I'l'(‘N is ionic and it contains free CN™.

RIB

*2. In CH,CN, the nitrile group (CN) is covalently
bonded to CH,. Hence, there is no free CN".

*3. In [Fe(CN),|", the CN~ ions act as ligands and
are covalently bonded to Fe?* through dative
bonding. Hence, there is no free CN™.

32. Use of the Data Booklet is relevant to this question.
Which transition metal atoms, in their ground
states, have the same number of unpaired elec-
trons as a sulfur atom in its ground state?

1 titanium
2 nickel
3 cobalt

m' Enam Favourile ‘X’uh}D***

s: Ney 35220 1L 111

S has 2 unpaired electrons.




Frequently Examined()uuy,, -

on Elements
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o Ti: [Ar] 38 4s* | ]

IR
Ti has 2 unpaired electrons._—_
*2. Ni: [Ar] 3d® 4s? Tﬂf 1|,
electrons.
111

(3NN

Co has 3 unpaired electrons.

Ni has 2 unpaired

3. Co: [Ar] 3d 4

33. Which of the following pairs of reagents react
together to produce a change in the oxidation

numbers of the metal atoms?

1 aqueous potassium manganate(V1I) and acidi-
fied aqueous iron(lI) sulfate

2 aqueous ammonia and an aqueous suspension
of silver chloride

3 aqueous ammonia and aqueous copper(II)
sulfate

nmm TFavourile Ta//’nz >***

*1. MnO, + SFe* +8H" - Mn™ + 5F¢’* +4H,0
+7 +2 +2 +3

2 AlgCl+2NH3 — [Ag(NH),),]" +CI”
+ +1

3. Cu +4NH, - [Cu(NH),),*

34. The hexa-aquairon(III) ion hydrolyses as shown.
[Fe(H,0)s1"* (aq) + H,0(0)
= [Fe(H,0);0HJ*" (aq) + H,0" (aq)
Which statements are correct?

1. The corresponding iron(II) ion, [Fe(H,0),]%*,
is less likely to undergo hydrolysis. ¢

2 The iron undergoes a change in oxidation
state.

3 This hydrolysis is favoured by low pH val-
ues.

Helping Concepts '&\am Favourile Ta//'n] >***

*]. Fe** has a lower charge density than Fe®* and
hence is less polarising. Thus, [Fe(H 20),J%" is less
likely to undergo hydrolysis.

1000 chemistry ”76? with Helps

g an oxidation state of
and [Fe(H, ()),()Hl ‘
or at low pH values, fy |

lon of equl|
Chalellcrs principle, the posit oqu ”"'“
shifts to the left s0 that the backward rm"‘::

instead of hydrolysis 18 favoured.

fron h F3In boy,

[Fe(H0),l"
3, [H,0'] i high

e

erties of transition elements arg py

35. Which prop
lock elements such as calcium?

shown by s-b
1 They have variable oxidation states,

2 Their ions can act as oxidising agents in aque.

ous solution.
Their ionic radii are less than their atomic radjj,

m'( vam /(IH'IIN e AII///I//**

_ Transition clements can use different number of
electrons from both 3d and 4s orbitals (which are
close in energy level) to form compounds, Hence,
they show variable oxidation states. However, 5
block elements form invariably 41 (Group I) or +2
(Group 1I) oxidation state in their compounds,

*). Transition clements at a higher oxidation state can
further gain clectrons to form compounds of a
lower oxidation state. Hence, they may function
as an oxidising agent and undergo reduction.
However, due to the fixed oxidation state of the
ions of s-block elements, they do not accept elec-
trons readily, unless they encounter (rarely) a very
strong reducing agent to reduce the ions to the
element.

3. Cations (both transition and s-block elements) ar¢
smaller than their respective atoms.

Scandium, Sc, is the first of the 3d block of ele-
ments in the Periodic Table.

Which properties of scandium are consistent with
this fact?

1 Scandium has an ionic chloride.

2 Scandium readily forms oxidation states of *
and +5,

36.

3 jon are alv8y’

3 Compounds containing the Sc
coloured.

-
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*2.*3. In both reactions, the oxidation state of y

) mroduction 10 the Chemistry of Transision tlomanys
12 M

1d° electronic c«mﬂgumhm‘, $ince the
L]
o okt partially fllod, 86 dogs poy
44 transition. Hence, It Is colourless.

of the following chemical reactiong |
“‘:,h;':mm metal compound behaving s o cary.

fyst?

the formation of ethanal from ethanol using
| scidified nqueous potassium dlchrunmtc(\ll)

1 the formation of oxygen from hydrogen perox.-
ide using lron(111) hydroxide

3 the chlorination of benzene using chlorine and
iron(111) chloride

m’f'rmm Javmisite '/fﬂlmy/,r ** *

| Crivacting as an oxidising species whe

reby it iy
to +3,
CrO" +1AH' 466 - 204" 7H,0

reduced from an oxidation state of 1

¢ doey
not change at the end of the reactions,

2,0, 1My 94,04 ), 1
O A A IRCEAT O

3. Use of the Data Booklet is relevant to this question,

The exhaust systems of most new cars are fitted
with catalytic converters that contain transition
metals as catalysts to decrease the emission of
#mospheric pollutants, Platinum and palladium are
the two most common elements used, They come
below nickel in the Periodic Table.

Which properties are nickel, palladium and plati-
num likely to have in common?

I variable oxidation states

2 high melting points

3 similar stomic radii

'/'nnm '/mmuml_v 'ﬁ’ufmy/ * *

ble
', Being transition elements, they show variabl

oxidation states and have high melting points.

3 Since Pt and Pd are below Ni in the Periodic Table,

they are expected to have larger atomic radii than
Ni.

——

Frequently Examined () uestions

39. When hydrogen peroxide I8 added to acidified
potussium dichroma

o(VI), the reaction that oc-
curs |y
ChOb 4 31,0, 4 8H° -y 204"

Which of the following
this reaction?

+30, 4 TH,0
statements are correct for

The hydrogen peroxide acts as a reducing
igent,

The colour changes from orange to green,

I'he oxidation number of chromium does not
change,

m'”mm Sutmuy ife /r'ﬂlmy/***

1 H,0, acts as o reducing agent and is oxidised to
0,
h:

H,0, < 0, +2H" + 2¢

(orange) is reduced to Cr?* (green).

The oxidation state of C
(Cr,0." ) 1043 (e,

) ()2
2. Cr,0,
3, r changes from +6

40. The conversion (;['(?r()47 (aq) into C

.’2072 (aq) is
represented by the following cquati

on,
2Cr0," (aq) + 2H’ (aq)

}‘c“nw
== Cr0," (aq) + H,0(1)
Ornge

Which statements are true of this reaction?

1 (fr()f (aq) acts as a base,

2 Addition of OH (aq) alkali to Cr,0,% causes
a change of colour.

J '.l'hc conversion of (,‘r()f‘gaq). into Cr2072‘(aq)
Involves a change of oxidation state,

[ Concor, | R

*1. CrO,* acts as a base in reacting with H' to give
the 'salt, Cr,0,% and H,0.

*2. Adding OH" removes |1* in the system. Accord-
ing to Le Chatelier's principle, the depletion of H*
causes the equilibrium 10 shift to the left, prodyc-
Ing more yellow Cr0), 2, | lence, the colour changes
from orange 1o yellow,

3. The oxidation st

Cr,0.% are +6 Her of Cr in both CrOf— an
2 :

d

—

—
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g Ke content that you will be examined on:

Molecular, structural and empirical formulae

Functional groups and the naming of organic compounds

Characteristic organic reactions

¢ molecules; &
trical, optical

Shapes Of organi and 7 bonds

|somerism: structural, geome

1000 chemistry MGg with Helps
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B
gourite Rating: WMight be tested **l,ikcly to be tested ***—filw:tys icnludT'
e _ —_— N ||
Secthl‘l A ""Itlﬂl Laongr it '/Vuhuy/_f**
t is the number ofisomgrs ofCZHICIz includ-  As the number of carbon atoms increases, the mol-
: .wh;.s_”am (geometrical) isomers? ecules become bigger. VDW forces between the
ing B 2 molecules become stronger and the molecules become )
Al 5 4 more difficult to cscape into the vapour phase. Ay
c3 equilibrium, there will be less amount of gaseous
M'f ‘\am Favourile Rating > e Y molecules, Hence, vapour pressure becomes lower,
H H a —A O OO OO
/ \CI Cl Cl Cl H @ How many esters are there with the molecular
H N - . formula C,H,0,?
Iy frans 1somers
. A2 B 3
structural isomers C 4 D5
/ e ———— - —
Helping Concents | SRR e s
2. Which formula could represent a compound which (”)
has cis-frans isomers? CHy; -CH, -C-0-CH,
A CHO, B C,H,0, o
€ Gic 2 G, B cH, -y}o—CHZ—CH,
! (h\dlll 7\‘.4‘(40111'!'/(‘ /—«H’lﬂy/\) .** O
. Il
H\ H H\ e H-C -0~ CH,CH,CH,
C = C C = C
77 TN / N\ 0
Cl cl Cl H |
cis trans H-C-O-CH-CH,

|
CH,

3. As the number of carbon atoms in the homolo-

80US series of alkane molecules increases,'for (® The compound Ibuprofen is an important anti-
which Property of the alkanes does the numerical

i drug used in the treatment of arthri-
value decrease? :?Sﬂammatory rug
A densj '
B enth lty . (CH;):CHCH;@CH(CH,)COZH
APy change of vaporisation

Number of isomers

Ibuprofen
,2' Yapour pressure

How many optical isomers does /buprofen have?

mchemistry 797% with Helps
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i i : Frequently Exami
pic 13 Organic Chemistry: Introductory Topics nedQ,
Era :}anour'l'le alin
o b 2 P Cur e B
are e
C4 D 6 The two comp'm'mds in ( ) Sicaln:n;lor;m_and .
. >*** therefore exhibit same pay: and chemic N
r&“"" Favourile Ratin ties. The only difference is their behavigy, tow?'
. : . . th . . .
There is one chiral centre in the molecule. plane polqlsed _hght' where :llght S Fotateq "
H but opposite directions by the isomers,
|
(CHl)ZCHCHZ_.©>~(|Z'— CO,H —
CH, |
where * : chiral centre 8. The diagram shows the structure of Vitam
| OH '
HO\ /
PN
= CH-CH-C
What is the smallest number of carbon ato}rlns 0] C\O / | H,0H
needed in a molecule containing only carbon, hy- oh

drogen and a single oxygen atom for it to be both
chiral and a ketone?

5
A4 ];9 Al B 2

C 6
re. Tt C 3 D 4
Helping Concepts Enam Favourite Ralin * )
0 Helping Concepts '((.'.\am Favourile Z’@hl

HO OH
/
A \C =C
CH

. / \#

How many chiral centres are there in one nal.
ecule?

*
0=C CH-CH -CH,0H
For a chiral aliphatic ketone, the smallest number of \0 yd |
carbon atoms needed is 6. OH
O H O H where * : chiral centre

| |
CH, —-C—-C*-CH,CH, or CH,-C—C*CH=CH,
l I
CH, CH,

9. The anti-asthma drug Intal contains disodiun
cromoglycate, which has the following structure

OH
7. Which one of the following pairs do the isomers | 9
have identical boiling points? i et CR-CILO
A CH,CH,CH,CH,OH and (CH3)2CHCH20H
B CH,(CH,),CH, and (CH,),CHCH(CH,), Na0,C~" N0 07 "co¥
CH, o CH, How many chiral centres are there in the m
) ecule?
C and
o, A0 B 1
C 2 D3
CH . i
I Hloing Conceprs | SEPRE BTNl
H__...C\ C. There is no chiral centre. The C atom with 80
CI/ CH,Cl CICH/ \\H group attached to it is achiral. The 2 bulky
2 1 attached to it are equivalent.

1000 Chemistry mccj with HBl[lS JJ,//E



A

13 Organle Chemistry: Infroductory Topics

hydmcurhnn can form s monochloro-gyb.
' jerlvative which shows both chirality wng
igomerism?

which
slitution ¢

A CHCIFCT,
g CHEC

¢ CHHECCHy),

p CHLCHFCHCILCH,

\ '!"-mm "Yomnritv '/l'u/my 3 * *

re are muny possible monochloro-substitution de-
The es of (D). Among these, the following deriva-

10

et oyt ST

Iv t {

y ::::tghowl both chirality and els-trany isomerism,
| H\ /ll

C=C ,

/ \(./(‘”‘
\‘ CH, 7N
H Cl

;3: i1, The compound of molecular  formula
N CHCH(NH)CO,H exists in two forms,

What are these forms called?

A isotopes
W B cis-trans isomers
| C optical isomers

D structural isomers

:‘ Hl!l]lill[] CU"CU'"S '{'r am Savourite ’/tlrt/tny /,- * * *

The two isomers are enantiomers (optical isomers) be-
cause they are non-superimposable mirror images of
one another. The compound is chiral and it has a chiral
'® centre, The enantiomers rotate plane polarised light in
B equal but opposite directions.

%‘O,Il Co,H
|
1 . :
0 “\yﬁ\(‘ll /( "’///n
NH, 7 HE R,

)

p
12, A compound X exhibits structural isomerism, the

10mers being members of different homologous
series,

| To which pair of isomers could X belong?
A acylchlorides and carboxylic acids
B carboxylic acids and esters
/ € amino acids and ammonium salts
D amides and amino acids

// Ll Chemistry MC? with Helps

ﬁ

Fraquently Exemined ) yppons

',rﬂﬂ” -/ﬂlhut” /e //”//”’/ 5 * *

Carbonylic me s mnd estery
I, e ( H'( OO and 11¢
mers

Option A is Incor
bt carboxylic

exhibi structural isomer.
AN 1 6 Structuea)l iso.

et since acyl chioride has chlorine
wld does nn
Option € g Incorrect since anions of ammonium saly
are not fixed but include anions such as chloride mt;
sulfate which is absent in aming acids, |

Option 1) is incorrect since ar
O atom while amino ac

nides contain only one
ids comain two O atoms,

13, Warfarin is used as a rat poison,

‘ )l I
r‘:dw ;l—-(.‘llz—(.j—-r H,

Wurfarin OH O

How many chiral centres are present in the War-
farin molecule?

A0 B 1
C 2 D3

'/ Tvetin Saviensr l/ll WII/I_II] e ***

\) l
(I:f"‘(":n—f:n:,—

OH

Helping Concepts

—CH
?‘, )

where * : chiral centre -~

——

i

14. Use of the Data Booklet is rele'oani to this question.

The setting agent used in the manufacture of
chocolate mousse is an organic acid. It has the
following features.

« It is dibasic.

« It is non-cyclic.

« It contains no C=C.

« It has a relative molecular mass of 146.

How many carbon atoms are in one molecule of

this organic acid?



topic 13 Organic Chemistry: Introductory Topics

<

A4 B
C o D7

Helping Concepts
Dibasic = 2x-CO,H
Non-cylic and no C=C = HO,C- C, H,,—COH

(X 12+(2n+ D xl+dx 16 =140
n=4

Hence, there are 6 carbon atoms per molecule.

15. Which of the following amino acids contains two

chiral carbon atoms?
A H.NCHCOH B H,NCHCO.H
CH, CHCH,
CH,OH CH,

C H.NCHCO.H D H.NCHCO.H

CH, CHCH,
C.H, CH.
CH,
FHelping Concepts | ANEERMEERERERN S

H
H.N-C™-CO.H
H-C"-CH,

(;H:CH‘

where * : chiral centre

16. Beta-blockers are used for the treatment of an-
gina and blood pressure disorders. One such beta-

blocker is atenolol.

H:NCOCH:O—OCH:CHMH )CH,NHCH(CH, ),

How many chiral centres are there in one mol-
ecule of atenolol?

A0 B |
C 2 D 3

lﬂﬂll Chemistry m"? with Helps

P hvurie Taoy >SRN

By oo | A
o
I \ . “ | ]
e OO oo e on, o |
" \(“ l Loy,
ol “N

17, Many drugs show optical somerism. The diagrag,
show the strueture of thiee drugs '

NH. o

| ol oy,
@ SURRUNE @ SIS
| \
1| Un
amphetamine Idocaing
(R
<! | t
~ ,\'wN
( =0
/ NN
\ ll\\ “ \ ” \||
)

phenobarbital

What is the total number of chiral carbon centin
in these three structures?

L I
D

(G
Helping Concepts ' e Ad v Al

N

' 1
4 >—vn.~\"~vn,
o ‘

H
Lidocaine and phenobarbital do not contain chiral e

A

R

mes

\ . . Y &
18. One of the chemicals used to make the hard QU
: s . N

covering of golf balls has the following st

tormula.
O
I
H ¢ OCH,
(C=C
H SCN,

N h
" e : \ js N
Which of the following statements about th

ecule is correct?

A IUis a ¢y isomer.

B It is a frans isomer.

C It has only one chiral centre.

D It has only structural isomers. l’é]
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I um

, M" pomers !
e }, (i
// oW, /' )

e . nd / =

e hude

" Md is not capable of showing clu-lrans
L "m il optical isomenism.
7

jsomers, Cric acid and isocitric acid, are in-
" %.ﬂ& in the Krebs cycle of the oxidation of
tef

it in living cells,

(.H/,U,H CHLCOM

CIOHK OH CHCOLH
(|,H.4(’(),,H CHIOMK O H
citric wid iscitele acd

How many chiral centres does cach acid possess”

citric wcid iw,miu acid |

[ |
A0 J f
{8'} U] 2 !
M. ]
r”‘ | y |

el ity r,'lm(,l;‘;'{\_

'/t,////, Sttt /"111/1:7 . * "

In eitric acid, the C marked with ' s et 4 chiral

thlfl“ tht:!c are / 513"".,( “ [4 ())i ’Ul'”l" I,t,"f!u]
Wi,

CH,COH
AL
AOHYCOLH
CH,CO,H
In isacityic acid, the chiral centres are marked with (%),
CH,COH
*CHCO,N

"CHIOH)CO,H

.ch‘m'“ﬂ’ mW with Helps

B

The additional chiral centres

Frocuusrmy Rxomined’ . matess

Jigrrerrt ¥ M!Ullyf ” ** ﬁ w' ' '" *W ”/””‘f’ﬂl 'm "“ p”m‘. "ﬂ'f’l”

’HMI

uY/ ‘/

(NN
o e
f‘/’

In additien 1 thens chinal camies tavad by
asterisk (%), herw tranry oAhr chinal comres are
present in the corlisone reilscule”

Al %o
7 (VI
Mulping Concsptrs '/ wtn Tt e /4,//,,//**t

are eirched

"|H/‘/H
/I;
W:H
()
o, .
I ‘
P

(j

21, Yanucamide 15 can be extracted from 4 marine

sponge
0
0
D ~

yanucamide B

Which combination of the number of chiral cen-
tres and of ester linkages does it possess?




ic Chemistry: IMQ\

topic 13 Organ
Cl and C4 respectievly, can also have PP (x
number of | number of This gives rise to partial double bong )m‘,‘
chiral centres | ester linkages | 2.3, Henc, s bond Iegih i hortr g
bond but longer than a normal C=C doube ::;g

A 4 2

B 4 3 T
C 5 2

D 5 _,_,3__,-’-]

ey Concey's | ATER Rl

yanucamide B

22. The bond lengths in buta-1,3-diene differ from
those which might be expected.
The carbon-carbon bond length in ethane is
0.154 nm and in ethene 0.134 nm. The central single
bond in buta-1,3-diene (C2-C3), however, is
shorter than the single bond in ethane: it is

0.147 nm.
I 2 3 4
CH, CH CH CH,

0.134nm  0.147nm  0.134 nm
What helps to explain this C2-C3 bond length?
A It is an sp?-sp? overlap.
B It is an sp>~sp’ overlap.

C The electrons in the filled p orbitals on C2 and
C3 repel each other.

D The sp>-sp® bonding is pulled shorter by a
p—p (7-bond) overlap.

Helping Concepts ! Cram Favourite Ta@**

The C2-C3 bond is a sp’~sp? o-bond. The p orbitals
in C2 and C3 that are involved in the 7 bonding with
p

1000 Chemistry MCg wrth HE'I]S
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3
¥ gection B
o, one or more
yeAtlony I (hiv Nection,
' ::::,,:[wr'm/ glatementy [ 1o 3 may he cor-
v

‘ h of the statementy Is or Iy not

y i
L ‘V"::: :,,,,p find 1t helpful 1o pul a tek againgt
yi '

‘.,,rrw' . iy that you conyider (o he correct)
D yhould he selected on the hasiy

B ¢ D

f and 2 only 2and Sonly | Tonly
are correct | I8 correct

A
(, 3 and 3

n}n correct | e correct

No olher combination of atatements Iy used as a cor-
(
fecl rOAONSE.

13, Solld gnantlomers (optical isomers) possess the

§me
[ Infra-red spectrum,

1 melting point,
3 chemical properties.

M'(Hum Seppnnr it A'n/lnr/ ’ * *

mantlomers share all the same propertics (physical
wnd chemical) except that they rotate plane polarised
light in equal but opposite directions.

U, What will always be a characteristic ol a com-
pound containing a single carbon atom with four
different groups bonded to it?

I 1t will have an optical isomer.
2 1t will have a chiral centre.
31t will have a structural isomer.

m’ﬂmm Yaviir e ﬁ’r/lm:// * *

Cl .2 . .
. "WMh 4 different groups bonded to it, the car-
on i chiral, And when there is only | carbon
atom, the compound will be optically active,

%

v In

ﬁyr:,hall wiys could two compounds of molecular
ula C,H,Br, be related to each other?

|
Mructural isomers
Cls-trany iIsomers
Optical isomers

Chemistry 1 uith el

Frequently Examined ) usstions

oo Coneps '-"-u/m Lavntirile '}'qllrrz/‘z**

*)*2
H a1l H Br
L \ H. Br
CeC, '(‘~(l/’ o
-~ ‘ rd N 7~ "
13 Ir I3 H H Br
vin rll:um' m’—m—“—’;—— —
structur) 1somers ’

), ‘There is no chiral centre in the compound. The
mirror images of the compounds are super-

imposable.

26. Which amino acids have optical isomers?

I CH,CHCO,H

|
NH,

2 HSCH, CHCO,H

|
NH,

H,

N
3 CHyf @(f():,ll

oing Conuots | KSR S S
»
*1. CH,CHCO,H

I
NH,

L
), HSCH, CHCO,H
l

NH,
1. ‘There is no chiral centre in this molecule.

27. Which of the following pairs illustrate cis-trans

isomerism?
I CH, Br CH,. Cl
_C= ¢’ /"c = C<
H N6l H “Br
2 CH,_ CH, CH, — Br
/(L =C /'C =C_
Br Br Br “CH,
3 CH,._ /CH] CH, . /CH,
/C'—'C:“\ /C=C\
Br Cl Cl Br
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29. The three compounds E, F and G have the follow-

ing structures.

HO
ON/N\@.\
P OH
N/:Ej:cozcr{J
Q CH=CH,

M ofF j
15 exactly twice that of G,

My
LT T™

Wi

(.'\0
The molecular formulae of : ing ™\

", b é
CleloNzor CuHmN 0, and o F ang 'R cﬂ:\
they have the same emzpi rzicaldfc,?‘;H?NO. H,:: ” Y

*2. Since E and F have the same |“ ag Mg ﬁoﬂ
they are isomers. Oleculy r%u-‘ g

»3, From the molecular formy|a it ca 3 l: p
the M of E and F ' e t K <

r are double that of G%ﬁh 3 i‘:lr])
| ed
— ] o
30. A non-cyclic organic compoung h o

lar formula C ,H,O,N. 3 the Molg, |

Which pair of functional groups coy
in this molecule?

bt g

1 one carboxylic acid grou |ean
group P and one Nt °f.c nz
if €%
2 one carboxylic acid group ang o goms |
group “ iy § e T
3 one ester group and one amine group  water
i
I (CH)-COH)Y-C=N) s

It is not possible to form a hydrocarbon chag |
C,H,. It has to be (C,H,)(CO,H)(C=N).

*2. (C,H)(-CO,H)(-NH,)
0
#3. (C,H,)(~C-0-)(-NH)

1 Cl
1 G
)G

31. The following compounds are used in liquid e
tal displays in watches and electronic calculalo®

CH3CH2CHCH2 (et
|

CH, and

ca
CH3CH2CH2CH2CH20©@

. std
Which of the following aré correct
about these molecules?

1 Both can exist in optically

ipoles:
2 Both have permanent diP° clt

3 Neither of them is 2 |inear MO

active form*
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13 o/ran_f!! (e

W Finam Favouril 'Xllllf:l—‘\ ***
L

CH,
he second compoun
T ompounds are unsymmetrical and both

c . .

0, poth ‘thes e electron withdrawing groups (e.g.

:‘) They do have permanent dipoles.

ated chains are non-linear. The shape at

4 Sa‘; carbon of the hydrocarbon chain is tetrahe-
gac

Frequently Examinod () uestions

!
d is optically inactive,

dral.

S

ja have been suggested as a possible means
of cleaning UP oil spillages. Some bacteria con-
tain enzymes that can insert one or more oxygen
atoms into any carbon-hydrogen bond in an al-
kane. This converts 2 water-insoluble alkane into
a water-soluble alcohol,

e.g. CH,CH; — CH,CH,OH.

which of the following alcohols could be obtained
by this process from (CHB)ZCHCHZCH]?

1 (CI-I3)2C(OH)CH(OH)CI-13

2 CH3CH(OH)CH(CHJ)2

3 CH}CH:!CH(CI-lZOH)2

HE||JiI]Q Concepts ! Enam ‘7{1—;”_—””-:7.' 'X’a/fny >**

HHHH
|a I b lc‘ ld
AR

i Bacter

H H H
H—C—H
e
H
An oxygen may be inserted at 4, b, ¢ or/and d.
*L. Insertion at b and c.
*2. Insertion at c.

L} .
3. Insertion at a and e.

Ll Chemistry m:? with Helps




g—r Key content that you will be examined on:

1. Alkanes (exemplified by ethane)
() Free-radical reactions

2. Alkenes (exemplified by ethene)
() Addition and oxidation reactions

3. Arenes (exemplified by benzene and methylbenzene)
() Influence of delocalised 7 electrons on structure and
properties
(i) Substitution reactions with electrophiles
(i) Oxidation of side-chain

4. Hydrocarbons as fuels

PMIctTy mpﬂ with Halne
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Topic

\ fusarioe

paowite Ratingt

AMight be tested — RCALIKely o be teated A AR Always tested 1

section A relative moloculor mass,

pot an electrophilie addition?
EUVIRSIN

- CHLCHICH, Be ('-I.\ At which of the carbon atoms in the molecule
bolow is electrophilic attack most chly?.ﬁ

1] Cr = . "U(

A \\«\\u\wli\\u W
ey
IR LR M, B

\ AECHO HHCN = CILL NOMCN
;unn CHy RO ’
QW Ns.\\t ;(”.\”(l“”l ”‘ (.()(‘“‘

et Cunceats | (RSN L
» i & awckaophilic addition reaction, O
CH,CI

. . ) ’
aeane reacly with chlorine as shown, 1 (

:.. -Qn\-
CH, + Cly = CHICTH AL Holping Concepts | AR e AR T s e 8.

Waieh tarm deseribes this type of reaction? he carbon atom of the benzene ring suffers electro-

(X lecrrophilic substitution phllu attack most re ululy due to the electron density

B Swradical substitution in the ring. S bs r{—f-‘-—\u o

C aackophilic addition A: nucleophilic addition ) LA O e U

D seckophilic substitution R free radical substitution Al =louvlp
C nucleophilic substitution b o \,‘(7‘ )

mcwts '\"1.:::.\‘.:.\\;,7..“ ; :\***
ey such a8 benrene undergo electrophilic substi-

) ~ - -
L Rachons

Which one of the following is a propagation step
in the reaction between methane and chlorine
when they are irradiated with light?

-

.
M

= A hydrocarbon, which is a liquid at room tem-

?fj--?i :‘\“Iounxu aqueous bromine, What A H-+Cly » HCl+Cl
) Q::L molecular tl;wmml:l of the compound? B CH, +Cl' - CH,Cl+H*
o C CH, +CI' - CH," +HCl
D Oty D)CH, +Cl+ — CH,* +HCI
"Lg,‘-g (S L_ ] Xl 3

! f‘... wrile Aalin ,’\** =
” Helping Concepts Crvam Favourile Rating **
z:"*“fﬁ\u ocarbon decoloumca aqueous bromine, S 5 - ,'k = q>*
2l 10 he unsaturated, i.e. an alkene (C,H,,). A propagation step involves the consumption of a ,
£ 2 liquid, the VDWaforces-mustibe nlam;l\ radical and the production of another radical. Out of
Q&ihm the hydrocarbon should have a hlgh> (A) and (D), (A) is not possible because H-are not

a . .
cbem'”') ”/cq th Hehs




Topic 14 Hydrocarbons

present in the system because experimentally, H, gas
is not detected which would otherwise have been
formed if H- were present.

2H* — H, (termination step)

6. Which substance in a vehicle exhaust results from
incomplete combustion of a hydrocarbon fuel?

@co B H0
C N, D NO

Helping Concepts '?\am Favourle Walinz >***

Incomplete combustion of hydrocarbon fuel will re-
sult in the release of C, CO and hydrocarbons.

h

NO is formed as a result of the combination of N, andq(})

O, at high temperatures, regardless of whether t
combustion of the fuel is complete or not.

7. Which of the following represents a substitution
reaction which proceeds by a free radical mecha-

nism?
CH, CH,CI
) @©+Clz—>© + HCI

NO,

B ©+HNO,—> @

+ H,0
C CH,I+NH, — CH,NH,I
D CH,=CH, +HCl - C,H,CI

Helping Concepts '(ﬁmm Favourite '7\’ul:'ny> **’*

Free radical substitution takes place at the methyl
group of toluene. Thus, the compound behaves as an
alkane when it reacts with Cl,

B:
c
D

electrophilic substitution
nucleophilic substitution
electrophilic addition

8. Use of the Data Booklet is relevant to this question,

Which would be the easiest initiating step in a

free-radical process (i.e. the one involving least
energy)?

1000 Chemistry ch with Helps

The enthalpy change for each reaction Correspond,

o

A:

B:
C
D

Frequently Examined )y,

A HCl » H'* Cl-

B Cl, - 20

C CH, CH;" + H-

p CH,CH, 2 CH,CH, + H

'{:‘7'”’7' f-/:/:;l// /e /l':///,,y **‘

the bond energy.
+431 kJ mol™" (H-CI)
1244 kJ mol™" (CI-Cl) 4
+410 kJ mol™ (C-H) ‘
+410 kJ mol™' (C-H)

Helping Concepts !f‘_?;iz,fi,f!{,_{é,jl.zlfft;y‘//*ﬁ'i

The reaction is an ¢lectrophilic sunstitution,

O

Which reagent and conditions are used to bring
about the reaction shown?

CH, CH,

— O

Cl
A Cl, in the dark
(‘B)Cl, with AICI,
C Cl, with ultraviolet light

D concentrated HCI heated under reflux

CH, i,

1 ij”i el

CH,

pel, —Mh, (;)

10, Samples of the gases CH,Cl and CI, are mixed

together and irradiated with light,

Which compound is produced in trace amounts
by a termination stage in the chain reaction’

A HCI
B CH,=CH,
N =

(C CH,CICH,CI
D CH,CH,

A
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‘ ocorbons i ‘
14 Hybroct Froquently Examined(_yespons
o P
ram r/ﬂt{tlf‘l/l Katin *** -
l:n_——-—_ (—;ET_Z/ ‘ " I Laimny e 7(&////7 /**
oﬂafﬂ!‘ propagatio W. G118 generated: [y, 16 the extry resonance stability of the rip ben.-
CH,CI+ Cl- = CH,Cl- + HC) ZENe does noy undergo addition i which ||ri ring
. ssible for race CH,CICH.CI 16 be formed as :c mn““‘f"’ would be destroyed, Undergoing substiy,.
k"p“b’y the termination step: 'on retains the aromatic system,
2H,Cl- = CH,CICH ¢
’/!’———_—_&_—PW“V_ T .
13. Which of the following is 4 correct statement
o , about the two alke
{1, Cyclohexa-1 A-diene is treated with a solution of Cf ;_(;“_é, ,(‘j;‘,’ f,dlkum CHLEHLH-CH, and
" promine in tetrachloromethane. : )

A Neither exhibity cis-trans (geometrical ) isom-
0 erism,

- B Neither may be polymerised,

-

cyclohexa-1,4-diene (C) Neither reacts with bromine to give 1,4.
Which product is formed? dibromobutane,
i D Neither reacts with hydrogen to form butane,

Br w '/ : Vil If{ '/II Il’l"ll I)U 7(/;///7/ * * *

. BI’.\ ~. _Pr
A @ U Upon rcacting with Br,l, but-1-enc gives |,2-
Br Br “Br

dibromobutane and but-2-ene gives 2,3-dibromobutane,

Br Br Br o
Ny 14. What happens when one mole of cthane is mixed
C D b in the dark at room temperature with six moles of
2 chlorine?
l B / B @ There is no reaction.
r Br
| r B CH,CH,Cl and HC] are formed.
B 070 Conceps | SRR A AU CH,CCI, and HCI are formed,
C=C double bonds undergoes electrophilic addition D CCLCCL, and HCI are formed.

:! with bromine to give é ) (|._ TR p— "_’_'_”;,",i”“ﬂ”_"’j_%fl’_’ﬁ?/ s
| lJ ' To undergo free-radical substitution, uv radiation or
Br Br heating is required to initiate the reaction (Cl, > 2‘(,'] )
T Since the experiment is performed in the dark without
: heating (room temperature), there is no reaction,

12. Which property of benzene may be directly at- — S
! tributed 1o the stability associated with its
delocalised electrons?

' 15. A compound V is added to a solution of bromine
' A has a low boiling point. in tetrachloromethane and the colour of the bro-
/ B It does not conduct electricity. mine is immediately discharged. \\'/htch one of the
C lts enthalpy change of formation is positive. following could be compound V?
D\1y @W@Ubstitutiomther than A benzene | /13 cyclohexane
addition reactions, C methylbenzene Ll))cntene

[} Chemistry Meg uith Hels =




Topic 14 Hydrocarbons Proquently Examined(. 1
EEREIREAY ¢ Aevsrite Kating > Bt K m'r..m huerte Fating sy e

Decolourisation of Br, indicates the presence of an There are 3 different types of H atom that the (4, - :

alkene (or o
(or a phenol), bond with, by '||h ‘IH'-
N v | ‘ p I i 3
JC=C + By — -(" -C - W’ ‘I ‘l C-CH, ;

e Br e, ::i

16. What is the correct set of conditions for the cor 18, When benzene is nitrsted, concentrated njir. and

H p ' . . 0 ,
version of benzene into nitrobenzene? sulfuric acids react Lo form an intermediaty whjg

acid M'Icl'hp'érhlure attacks the benzene ring. Which one of the g,
— lowing represents this intermediate?
A dilute HNO, 100 °C
— A NO' B N ),
B concentrated HNO, 0"C
pbebtebaiiishit’ S —— C NO, /M NO
@ concentrated HNO, and 10°C L/
Conccntn“cd ”1:’&___7_ - , m'/ vam lavrile /".tlmy /***
D concentrated HNO, and 120 °C Ihe nitrating species is NO™
concentrated H,50,

- 1,50,  HONO, <= H50, + 1,0N0,

[ieiping Concont s | R ) >k H,ONO," + 1,80, === 1,07 ¢ NO" 4+ 150
e e | .

Both concentrated nitric acid and sulfuric acid needed
to be used to generate the electrophilic NO,". The
usual temperature for nitration of benzene is about

50 °C, but this was not given as a choice. (I‘}‘. How many chiral compounds is it possible 1 pre.
(D) is incorrect since the boiling point of benzene is \ parc by subjecting cthane 1o repeated substity.
80 °C so that at the high temperature of 120 “C, ben- tion by chlorine?

zene would have boiled off. Also the high temperature A0 B |

may also cause more than one NO, to be substituted C 2 D 3
Hence, (C) is selected as the answer,

U Helping Concepts 'f'..m. Javasr ite Fating WK

R . — ' .
) [here are always at least 2 11 or 2 Cl atoms attached
_ ¢ U L g ms
(\ ¥ 5 { ltf 4 to the same C atoms in all the products. The atoms
‘!l') When heated with chlorine, ‘lgé hydrocarbon 2,2- are therefore never chiral, The possible products are
f @mcthylbutanc undergoes free radical substitu- I H H H H
¢+ tion. In a propagation step, the free radical X- is | | |
formed by the loss of one hydrogen atom. H-C-C-Cl HoCoCocp o C-c0d
ydrog L | ||
?H, HoH HoCl HH
CH,CHI—(|‘.—CH, +Cle — Xe+ HCI H o Cl H H H Cl
| || | )
CH, H-C-C-Cl Cl-C-C-Cl cl-C-C-C
How many different forms of X« are theoretici - . .
possible? are theoretically H Cl H Cl H Cl
Al H H H Cl 1 d
c 1 = o || b _c-0
D 4 Cl-C-C-Cl Cl-c-C-Cl “_(fi
" | | "y C
1 Cl 1 Cl a ¢

m[m ChEmistry mcg “’iﬁ‘ w — — ——— w
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sect statement about the interme-
[cH‘NO.]‘ formed during the
L"L‘;]?

pige-
l:ﬂiﬁm

ﬂ{‘;‘z g ;:ﬂmy>**
Py
©
?ﬂﬂm « " is tetrahedral (i.e. not planar),
dsﬁm

"—‘——‘-—ff

»1. Nirobenzene ma2y be prepared by reacting ben-
zse with 2 mixture of concentrated sulfuric and
. acids.

CH, + HNO, H.S0,

C.H.NO. - H.0

Which of the following best explains the role of

e saifuric acid?

A removing the water produced

fB forming an unstable complex with benzene
‘C Jprotonating nitric acid

D atng as 2 solvent

’aﬂ-eﬂﬂawmatrmfm \ﬁ

Pt Examined Quesins

A

Whlchoneofd:efoumng

wuuldbe

Ofﬂtmmmmlh the product
Zene and cyclohexene? » Detween

/A

5 08"

! Eaam Favourite Xﬁrl@* *

The end result is that the C atom at the double bond
is bonded directly to the benzene ring and the double
bond itself is removed.

23. Which of the following reagents could best be
used to distinguish between hex-1-ene and

methylbenzene?
A Ag(NH,)," in H,0
Br, in CCl,
C L in NaOH(aq)
D 2,4-dinitrophenylhydrazine in CH,OH

Helping CD"CEptS 'C,lam Favourite j?almy >***

ML ar Favmarie Fating > KK Being an alkene, hex-1-ene undergoes electrophilic
protonates  addition readily with Br, in CCl, and decolourises it.

Jn:mm:.adHSO acts as an acid and
hmmo

H:SOJ ¥ }'{-\O]
o conc

—= HSO,” +H,NO,”

H,NO;” (or H,ONO," ) + H,SO,
conc.

= H,0" +NO," +HSO,”

—_—
r a

2 The fis stage of the cumene process for the in-

dustria|

Production of phenol is as follows.
S

©+CHCH CHZ—J‘S—c’H@
.ch"“’“ym::glﬂ'*

Methylbenzene is unable to do so.
CH, (CH, ),CH = CH, + Br, - CH, (CH,), ,CH-(,?HZ
Br Br

24. When bromine reacts with propene in an organic
solvent at room temperature, what is the mecha-
nism by which the bromine attacks the propene?
A, electrophilic addition
B electrophilic substitution
C nucleophilic addition
D nucleophilic substitution



chlorine via 2 fre
presence of CH,

FrequentlyExaminedQ
u% ‘

e radical substitution Mechapg
» would increase the rate of . ' %
Cactioy

dergo
An alkene underg o i o,
N B N
Ce"" C S
cHy M I o J—
MU | H/ | NBr 27. When methylbenzene is treated with bromp, .
/ \H H H %:e presence of a catalyst, a miXture of .
H " monobromo isomers is formed.
/// M(M hat are the structure of these two isomery
i s quantitatively CHLBr CH,
zs»»,x le of l,2‘d:methylbenzene. is q . : )
C. Ox::?ssdetz the corresponding dicarboxylic acid. R Br
| What is the mass of product formed from 1.00 g '
of 1 2_dimethylbenzene? |
» H |
C 157¢g D 160g 5 @
[ Helping Concepts | ATEIZA Tating > K K v
] . . g ] o
The phr.ase 'quantitatively oxidised' refers to 100% o o,
conversion. N
CH CO,H C
o = Ol
Br
CH; CO,H :
CH, CH, ‘

M of 1,2-dimethylbenzene, C.H, = (8 12)+(10x1)
=106

M, of acid, C;H,0, = (8x12)+(6x 1)+ (4x16)
=166

106 g of 1,2-dimethylbenzene gives 166 g of acid.

1 g of 1,2-dimethylbenzene gives :g—gxl=l.57 g of
acid.

26. Tet'ramethyl-lead(lV) increases the rate of the re-
action of methane with chlorine.

CH,(g) + Cl,(g) - CH,Cl(g) + HCl(g)
‘Why can tetramethyl-lead(IV) behave in this way?
A ]t is a source of methyl radicals,

It releases CH,*(g).

C It reacts with chlorometh
per e ane and
equilibrium being established. prevents

D Metal ions catalyse the reaction

M Cram 7auour17e Ta/l'n

The? Pb—C bond in Pb(CH )
radical, CH,, is formed, Siricfe

* ok

is weak 50 that the
methane reacts with

W00 Chemistry 7z uith s

@) @Br
B

r
Helping Concepts Enam Favourile Raling **

—CH, group is 2,4-directing (or ortho- and pmied;,
recting). In the presence of a suitable catalyst dl'
FeBr,), electrophilic substitution occurs at C-2an

. acidi'
¢ with hot &0

28. Which hydrocarbon, on treatmen il

fied potassium manganate(VI
ethanoic acid only?

A CH,CH=CH,
@ CH,CH=CHCH,

C CH3\
CH /C=CHCH3

3

\

CH,

D CHJ\

7
C=C
CH]/ ~




Frequently Examined () uestions

" drocarbons
W !c‘.‘mm?amﬂrf/e Tah'nb*** How many possible structural isomers, each with

formula C;H,Cl, could be produced by P and by

+5[0]
H’CH; Q?
A: CHJCH COzH +C02 + HZO
3 . .
y cH=CHCH3 +4[0] - 2CH,CO,H 1som%r; [f;ormed lsomir; g)rmed
B 3
¢ “Nc=CHCH, +3[0] B 5 4
o 0 C 6 3 Fayy
_(I:-CH3 + CH,CO,H D 6 4 trick ﬁo ¢
- CHy _ no - 4 rsom
i CH3 (? '&\am Favourile '7\7011};2> ***
. C
b ’\c=C/ +2[0] —» 2CH, -C-CH, P: aCH,
/ \CH a bl c d €
CH; 3 CH,-C-CH, -CH, -CH,
|
H
Thre are 5 different carbon atoms in P.
19, Which one of the following formulae represents Q : T
' i b a
e organic compound formed when CH. — CH. SC—CH. _
methylbenzene is heated under reflux with alka- ! 2 (|: CH,=CH,
line potassium manganate(V1I) solution and the GH,
ixture then acidified? .
e OH CH,OH There are 4 different carbon atoms in Q.
A B
P
CH,OH CO.H 31. The compound hex-3-en-1-ol, P, has a strong

'leafy’ smell of newly cut grass and is used in

OH
¢ @ @ @ perfumery.

CH3CH2CH=CHCH2CH20H
'((3\am Favourite Wa/iny >*** P
What is produced when P is treated with an ex-

7 GO CO.H cess of hot concentrated acidic KMn J
@ ﬂoslgﬂ—’ @ —H, @ \ A CH3CH2CH(OH)CH(OH)CH2CI-120H
Al ) B CHSCHZCH=CHCH2C02H
msk_ybenzenes are readily oxidised by hot alkaline po- C CH CH,CHO and OCHCH,CH,OH

'im manganat i te ions. Acidi- 3

. ganate(VII) to yield benzoa :D CH3CH2C02H and HO,CCH,CO,H

ion gives the benzoic acid as white precipitate.
n\am Tavourile r/?ah'nl>***

Helping Concepts

\\\
Oxidation at the C=C double bond and the 1° alcohol
by takes place.
Structural isomers of molecular formula CHi, H H OH OH
e Show". I l ‘ \
-C=C- +4[0] » -C=0+0=C-
P (CH,),CHCH,CH,CH, [l
H 0o

- Q  CH,CH,CH(CH,)CH,CH, | I
4Q react with chlorine to form monochloro -C-OH + 2[0] » -C-OH + H,0
Mpounds C6H|3C|. |

try mcg with Helps @




—

An alkene undergoes electrophilic addition at the
double bond with Br,. The result is that a Br atom is
each added to the adjacent carbon atoms of the double
bond.

?Hs CH,

l
||
Br Br

(B)

3 3 N .

3 ;l?t:rogen iodide undergoes an addition reaction
o~ izrzpene forming 2-iodopropane. When pro-
dissolve;?:':(; ttxl'"t::gh iodine monochloride, ICI,

. itable solvent, 5 similar reaction

whiCh prod

: uct wij
yield? ® Will be presen i, the greatest

Tequen
o “YEXQM,-" Q
Hydrocarb ds could ¢ A CH,CHCH,c| g %,
Topic 14 . mpoun 2 CH
£ th following ©° ine on an alken® of l ’CHCHII

Fi

Cl |
C CH, CHCH,I

|

Cl

Helping Concepts
alin,

From the reaction between HI ang H ky
shows that the H (which is 8+4) in HNS‘C Y .

I 2
the terminal C. ' bongeg, |
CH, —CH=CH, + °**H-]°-
: : R
| )

1
When CH,~CH=CH, reacts with I}, gjn;

(which is 5+) will be bonded to the termi arly,

na|
CH, -CH=CH, + **I-CI* & cH}_(le_
I

—_

CHII

34. The arc?matlc compound @CH3 Was made
react with an excess of hot aqueois alkalipe po-
tassium manganate(VII) and the product was
treated with an excess of aqueous acid.

What is the most likely final product?

|
|

OH CHO
O 5 QO
CHO
COH

CO,H
y @ @7 QCOZH

Helping Concepts **

ic acid 8
Alkylbenzenes are oxidised to the carboxylic acid
the side chain.
COH

CH,
QL+ 10— Ol

+ 2H30

35. Aluminium chloride cata

CH,
//_,/
Ny

S st

S

: jum !
forming carbocations (c?arboenfo“owin :
chloroalkanes as shown 1

tion.

lyses ce{tai“ re:;?;l) il
e

g

-

o — T

A R = N e




l o,
’ R",C,l'

oroon? e

4 W= .
P anch 28 +Aicl,
cur because

his con ' covalent molecule.
A AICh 1s us the dimer Al,Clg in the vapour.

xi8
Iy € injum atom in AICI, has an incomplete

T (_(yh":t of electrons.

‘ « chlorine atom in RCI has a vacant p or-
the
7L —

' sextet electronic configuration, 2

has @ i
| Al a“;ITort of an octet structure. This gives Al
f ,loclg?l’i‘!’y 1 attract a pair of electrons from Cl to form
i a I

' siable octet structure.
1

:cls ;
p oo (] X L]
Lol — R+ :‘9,1:/:1--(:!:

T /

36, The complete combustion of alkanes to produce
carbon dioxide and water is an important exother-

mic reaction.

Which line on the graph shows the relationship
between the number of carbon atoms in the al-
kane and the number of moles of oxygen gas
needed for complete combustion of the alkane?

) A

number of
moles of

Oxygen gas

' humber of carbon atoms in alkane

wm“’” Favourile Tﬂ//m{ >*

C”thz + %02 - nCO, + (n+|)H20

Hence, the plot of graph should be a straight line graph
Yith a positive slope of 3/2, and a y-intercept at 1/2.

\_

m('hemiltry Mg uith Holps
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pection B
JSion, e W more
gah uf 1he 4% wentlom r!:r e gl
o ; :I o [hree nim hmu/ slatemen ]
af th
redt |
/ma

ach )
Decide wlmh !
spprect (Yol ! / ind f:‘ ’:/{1’/

nmmu oo s nol
l 1o il 4 , tick again!
1y he Corree 1),

e on the hasi

of ‘ ,
»

i

b 1 only

onl nd Jon y only.
'n::‘:wrzmuly are wrrect uru;rru.t

is used as a O

1,2 and 3
wre cofredt

No other mmhlnmlun of statements

[ect 1o8ponse:
planar molecules?

37, Which gubstances consist of

/( henzene

ethene
3 cyclulwxenc

M" Svam Sy 11
3 6

Kaling .~ *

(| and C-2. However,

'Fhe molecule is planar at
4, C-5 and C-0.

it Is tetrahedral is C 3, C

e TR T— —————————————————— - .

38, Which pairs of compounds have the same empiri-
cal formula?

1 ecthane and ethene
A ethene and cyclohexane
cyclohexane and oct-1-ene

M'/ ’.if_n_/mmm e Wnlmr/ ) ***

The molecular formulae are
. C,H,,, (Cl*lz)2
2, (Cll,),, (CH,)ﬁ

*3. (CHy), (CH,),

TR T |

39, Which of the Tollowing are ‘Wu,‘
into_the atmasphere’? DA st gy
ﬂ,%‘

’( nitrogen dioxide

/{ sulfur dioxide

/ aerosol particles CANAINING (g0
1)

’/ i L ity Houy,
fis,
NO, I% formed as a result of the r /l'g,
atmospheric N, and O, at high w"‘:*‘m Wby
w‘.ﬂ

50, is rmltwd when th
¢
de wliumui PEATO] useq I gy

‘;/
l’ )
¢=2_

»y, PhO) is emitted as a result of add;
g 1
wihy

lead into petrol as an additive,

which of the following molecules wous i,
present in the photochemical chlorinaio o

44).

methane”

1 hydrogen
hydrogen chloride
dic hlururm.lhanc

MV’
. radicals arc never
hc found.
+ CH, -7 CH, " + HC
v Cl, _» CH,Cl +CI’
¢ CH,Cl — CH; cl- + Hd
fcl, = CHCL? Cl- o

T —

be obtained 17

—————
r.l/ll Jauurile %Imz /**

formed, Hence, H, et

2,43, Cl°
CH,*
Cl-
CH,CI*

\4/ Which c.ompounds can
a single reaction?
/Z CH,CH;,

/-{«(H(H Y

H()CH CH,OH
Fam /aumlrlf Falt"f
H

C 3




14 dilute alkaline KMnO, 10

convener is part of the exhaust sys-

ah
wn

w,dl reat

of _ ’
jons oceur 1N 2 catalytic converter?
4/2( Mo+ (41 4 y)NO
7" , '
_y 1O, ¢ yH,0 4 (2x+ ’/.)h?-
/300 +INO —» 260; + Ny
’, o, + NO = CO + NO,

'l’;;f/ffl ,/r/rmr-u‘/lﬂ 7/”/;/;)/ **’*

caaytic convener helps to convert unburnt hydro-

:Wm carbon and carbon monoxide to carbon diox-
e, a0d oxides of nitrogen 1o nitrogen gas.

—
v
lf./WhiCh of the following statements suggests the
presence of free radicals in the chlorination of
methane”
I Hydrogen chloride is present in the product,
2/The reaction proceeds most quickly in sun-
‘/ighl or ultraviolet light.

Fthane is present in small quantitics in the
product,

I 'lhf formation of HCI only suggests that the re-
ation is a substitution,

g

2 Cl, —4 2C|- (initiation)

,”" presence of sunlight or uv light is a strong
Indication of a free radical reaction, The electro-
magnetic wave of a right frequency is used to
cleave a particular bond 1o form radicals.

. of* .
g ‘CH, + “CH, —— CH,CH, (termination)

Frequently Examined ) uestions

3 hexene and methylbenzene

Helping Concepts

- r’ Caam Favsurite %h'ny>***
Br, does not react with hexane, benzene and
methylbenzene. Addition of Br, to these solvents will
colour them orange-brown. However, Br, undergoes
electrophilic addition with hexene and the orange-
brown colour of Br, will be discharged.

|
+ Br, — -C-C-
I
Br Br

N
>c=c

45, Which of the following hydrocarbons undergo

substitution reactions to form only one

monochloro-derivative? "
/I cyclobutane , 5

"2 2,2-dimethylpropane Uﬁc, —C ~=cC V5

3 2-methylpropane ’ u,

Eaam Favourile Tah’nz>* *

Symmetrical hydrocarbons form only 1 mono-chlori-
nated derivative.

Helping Concepts

|
*1. [: -
”. CH, CH,
CH,—iC—CH, — CH,—(IZ—Cl-lzCl
cH, eh,
3. CH, CH,

| I
CH,-C-CH, — CH,-C-CH,CI

H H

o
and CH,-C-CH,
Cl

“} Bromine in an inert solvent is added separately to
ne, hexene, benzene and methylbenzene. In
which of the following pairs will the observations
the same?
hexane and benzene
2 hexane and hexene

Chemistry Wcq uith Helps

46. 2-methylbuta-1,3-diene can be polymerised to
make synthetic rubbers. The structure of this
monomer is shown below.

T
CH,=C-CH =CH,

a



FrequenﬂyExamineuQ
u

@MW“O"‘

Which of the following statiment
2-methylbuta-1 3-diene are correct:

J/ It decolourises aqueous bromine.
) is chi i tive).

2 It is chiral (optically ac - '
3 It undergoes nucleophilic addition reactions.

Helping Concepts ' Enam Favourile Talfné >***

*|. Being an alkene, it readily undergoes electrophilic
addition with aqueous Br,.
CH,
CH, =(|3—CH=CH2 + 2Br, + 2H,0
CH,

l - ‘
— CH,-C-CH-CH, + 2Br” + 2H

l | 1]
Br OHOH Br

2. There is no chiral centre.

3. It does not undergo nucleophilic addition (but
rather, it undergoes electrophilic addition).

'l,r‘l\:‘Which statements about the complete combus-
tion of an alkene, C,H, , in oxygen are correct?

1 The volume of oxygen required is directly pro-
portional to the number of carbon atoms
present in the molecule.

2 The volume of gas produced at 25 °C is the
same as for the complete combustion of an
alkane with the same number of carbon atoms
per molecule.

3 At 120 °C, the volume of steam produced is
always twice the volume of carbon dioxide.

Helping CDHCBptS Elam Favourile Wa@**

C,H, + 320, — nCO, +rH,0

*1. The amount of O, (and hence its volume) is di-
rectly proportional to the number of carbon. If
there are 5 carbon, the amount of O required

2
would be 5x§ =7.5 mol.

*2. At 25 °C, CO, is the only gaseous product. Any

hydrocarbon (C,H,) will always produce n moles
of CO,.

3. The volumes of CO2 and HZO at 120 °C are the
same,

1000 chemistry e uith He

in alk Sy

s about ‘A8. Long-chain alkanes are converteq |
" trial scale into alky sulfates for use ag 4 indyg
e.g. sodium lauryl sulfate, Tgeny

0
[

CH, (CH,),,CH,0-5- o,
l

0]
sodium laury| sulfate

Which of the following are Properties .
of
stance? this gy,

1 It possesses both a water-attracting 2
water-repelling part. nd 5

2 All the C—C-C bond angles are tetrahedra[
3 The alkyl chain is soluble in oj] droplets l

Helping Concepts ***

*1. The compound, RSO4‘Na* has a long alkyl chain
which is H,O repelling and an anionic site which
is H,0O attracting.

*2. All the C atoms are sp? hybridised and are singly
bonded to four other atoms. Therefore, 5] the
C-C-C bonds are tetrahedral.

*3. Being non-polar, the alkyl chain is soluble in
organic oil droplets which are themselves nop-
polar.

1’9. Use of the Data Booklet is relevant to this question,
Diallyl sulfide (M =114) can be isolated from garlic.

S
/\/ \/\
diallyl sulfide

Which statements about diallyl sulfide are cor-
rect?

I On complete combustion, 0.10 g of diallyl
sulfide produces 0.23 g of CO,.

2 On complete combustion, 0.10 g of diallyl
produces 21 cm? of S$O, measured under room
conditions.

3 0.10 g of diallyl sulfide reacts with excess
bromine to produce 0.380 g of product.

Helping Concepts Eam Favourite Ta/inz>* *

In0.10 g, n=(1)—'114T()=8.'/72><10'“l mol.

In each diallyl sulfide molecule, there are 6 C, 15214

2 double bonds.




Frequently Examined (J)uestions

CH,CH,CH
5 CH,CH,CH,CH,CH,CH, @CH3+4H2

Using similar conditions, which of the C_H.. iso-
mers could give 1,4-dimethylbenzene? B

. 3 =21 cm’
’ =N 2
Fso: il sulfide molecule undergoes elec.:t.ro- CH;—@—CH3
ch di8 . -on with 2 Br, to form the addition
g additl 1,4-dimethylbenzene
mduct.
p the uct=114+4(79.9) -1 CH,CH,
et =433.6 "\ CHCH,CH,CH
ass of product = nx 433.6 CH / .CH,CH,CH,
Hen® =0.380 g 3
2 CH
/ N /CH3
/CHCHZCHZCH
. CH; \CH
£y Which wmpounds would-be formed in the reac- 3
Q);ion of ethene witltlll aq.deef;us bromine in the pres- 3 CH,\
i ride?
ence :i (S:Tg;‘:z"é: oft o CHCH,CH, CH,CH,CH,
1 C 3
4 CH2B£H2CI
y CH B rCHzBT Enam Favourile Ta@**
7
U From the reaction, it can be seen that C-1 and C-6 are
E“’" Hascariie 7‘7"@** linked up to form the benzene ring system.
The reaction is electrophilic addition. L2
H H . CHCHy ;3 4 5 6 7
H M Ncf v /CHCHZCHZCHQCHS
C" 5 M- | CH
II*\aﬁr-[gr _ 3 H-C—Br + Br ’
C | CH,
H H H :
(C-2 and C-7 can also link up to form CH,

The bromonium ion formed is then attacked by either _
also link up to form

Br or I~ (from NaCl) and even H,0. and C-3' and C-7 can

HH . @

N |
l H—C - Br 1 6
H-C-Br + Brr — l *2. CH;\Z 3 4 5 /CH3
| H-C -Br 2 /CHCHZCHzCH\e
H | CH3 CH3
H
H H 1
N7 H CH,. 2 3 4 _5 6 1
(I:+ H ¢ -l ’ 7 CHCH,CH,CH,CH:CH,
-C - CH
H-C — - ’ ,
(‘3 Br+ClIT — H—(I3 _Br (C-1 (or C-2) and C-6 can als0 link up to form

H |
-

)
lnan Industrial process, heptan® vapout ene.
ov P thylbenZ

er a heated catalyst to M3<°

g w.
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1opic 14 H[dromrbons

The diagram represents a section of a catalytic
52.

ful
converter on the exhaust system of a car. Harm
gases are conve

rted into carbon dioxide, nitrogen
and water vapour.

co Co,
5 — H,0
hydrocnrbons — : 3 NI»
NO, (RIS 7 2

platinum and rhodium catalyst

Which processes take place in this catalytic con-

verter?
1 Carbon monoxide an
gether.
‘/2/ Carbon monoxide and nitrogen oxide react

d hydrocarbons react to-

ogether. .
Platinum and rhodium catalyse redox reactions.

e onconts | SIS e

2%(CO) +2NO, — 2x(CO;) +N;
1,¥2. Nitrogen oxides oxidises CO to CO, while itself
is reduced to N,.

+3. Pt and Rh are the active ingredients in the cata-
lytic converter that help to catalyse the above
redox reaction.

53, The sex-attractant of the house-fly is muscalure,
the formula of which is given below.

CH,(CH,),CH=CH(CH,),,CH,

Which of the following statements about
muscalure are correct?

It will decolourise bromine water.

:% It will be oxidised by cold aqueous alkaline
KMnO, to give a diol.

3 It will be optically active.

Helping Concepts '{}.mm Favourile Rating >FR I

*1. Being an alkene, it undergoes electrophilic addi-

tion with aqueous bromine and hence decolourises
it

oo’ ||
/C=C\+Br2+HZO - —-C-C- + Br + H+

||
Br OH

*2. As an alkene, it is oxidised by cold aqueous al-
kaline KMnO, to give a diol.

ll][lﬂ Chemistry mc% with HBl]]S

Frequeny
yEXami
nedQ
\

N / %
C=
=0+ H20+[0]_, | |

MnO," is red Y
a1 uced t Ho
decolourised and 3 brzwlr:?z- The H
] €
There IS no chiral centre i
is therefore achira|. t
superimposable and hep

€ com 0 '
. U
Its mirrg; |, 0a

ce it | ; e
ts optica)y i"ﬂscrare
lVe_
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Halogen Derivatives

g—r Key content that you will be examined on:

1. Halogenoalkanes and halogenoarenes
() Nucleophilic substitution
(i) Elimination

. Relative strength of the C-Hal bond




Halogen Derivatives

Exam Favourite Rating: AMight be tested %k Likely to be tested

Section A

Which of these always applies to a nucleophile?

A It attacks a double bond.
It has a lone pair of electrons.

C It is a single atom.
D It is negatively charged.

m' (‘me 9000(”"/70 Tall@ *

A nucleophile is one that is nucleus loving. It is elec-
tron rich and possesses at least a lone pair of elec-
trons. It can be neutral or negatively charged.

2. Which of the following compounds could be pre-
pared by reacting bromoethane with potassium

cyanide and then reducing the product?

A CH(CH,
B CHCHNH,
C CH,CH,CH,

i" D ;CHJCHzCHzNHz
r Cram Favourite Talin_y >***

CH;CH,Br+CN~ — CH,CH,CN + Br~
CH,CH,CN +4[H] - CH,CH,CH,NH,

s, Which pair of chlorine compo

3 Pichlorodiﬂuoromethane, CCL,F,, is widely used
in aerosol propellants and as a refrigerant.

t\]Vhich statemeqt helps to explain why dichlorodi-
uoromethane is chemically inert?

@The carbon-fluorine bond energy is large.
The c'arbon-ﬂuorine bond has a low polarity.
I()? ;lll:::ne is highly electronegative,
N€ compounds are non-flammable,

1000 Chemistry MC? ith Helps

(5

e (e
— OndS are Vel’y StrOng. A l ;lm **
d th

uired o
q to break the bongs and thjg Ny “TETRY iy
fe.
3

Hence, CCLF, is chemically inert is not favou,ab

x

4. Which of the following reactigp, :
reagent acting as a nucleophilr:? e

A CHg +HNO, — CsHsNO, + 0
B CH;CH=CH, + Br, » CHJCH};r(:H B
r
C CH,;CH,NH, +HC| — CH,CH,NH Czl‘
20

7D\ CH,CH,Br+ - CH
) 3CH,Br+NaOH — ¢ 3CHZOHJrI\JaBr
Helping Concepts | 45998 Favourite Raf; ) $ ¢
CH ‘(?H (% —
— + - »

OH" is electron-rich and it acts as a nucleophile. It
attacks the electron deficient carbon of C-Br.

B:  Br, - electrophile (electrophilic addition)

C HCI - acid (acid-base reaction)

unds are both ur-
affected by boiling aqueous sodium hydroxide!
A CHCI, and CH,CHCICH,
B CH,Cland CH,CHCICH,

Cl

C CH3CI and
Cl

@ CCl, and @
»”



— o 19 _NuUivgen verivanves

’ Covam Arionr ity Kating > ***/ hy Chloroﬂuoronlhnu. commonly known as CFCs
¢Cl, s not hydrolysed by Ol o H,0 because ¢ undergo homolytic fission by ultrayiofer irradia-

ves N0t have any low lying vacan d-orbitaly 1o be tion in the stratosphere,

cked by the nucleophlle. On the o(her hand, the Which radical coylg result fr
:.":;| bond in chlorobenzene |« Unusually strong dye CHI’CICPzCI'p om this '"“’"“°2 of

the overlap between the p-orbiga| of Cl and " A _ l
':-mblull of benzene, It In not hydrolysed by OH ", A CHFcICrc) HC —F -Ct— C-cf

- o B CHCICk,C) l

— ———— f;

(C)¢Hrcr,cy

6. When n halogon compound 8§ wag boiled under D ¢ FCICF,C
reflux for some time with ethanoljc sliver Nitrate,

litle or no precipitate was seon, m Crnam Davonrite Ratin *kok
Which of the following formulae could represent C-F bond is stronger than C—C| bond. To cleave the

g7 C-F bond, stronger radiation of shorter wavelength s
d' 13 13

A CHCH,CHCICH,CH, heeded. The uv radiation breaks the C-Cl bond.

N B CH,CH,CH,COC] X =
c @-CH,CI

| 9. l.2-Dibromo-3-chloropropanc (DBCP) has been

| CH, used in the control of earthworms in agricultural

D O_q land. Which of the following would be the best
| synthesis of this compound?
] Helpog Gonceps 'ﬂn_lm "/.um.:l/_/_‘/?u Z‘tl//{lz/** A CH-|CH2CH!Cl + ZBI'Z - DBCP + 2HBr
The C-Cl bond in (D) is relatively stronger than in B CH,CHBrCH,Br + Cl, — DBCP + HCI

the others. In fact, it has partial double bond charac- C CH, = CHCHBr, + HCI - DBCP
teristics because a lone electron pair of Cl is able to N i
delocalise into the benzene ring. (D) therefore does U_"'/ CH, = CHCH,CI + Br, — DBCP

not lose the CI atom easily to give CI” which can react mr&m Tavaurite Fating > J g
with AgNO, to give AgCl precipitate, Z
CH, = CHCH,CI + Br, — CH,BrCHBICH,CI
A,B: No reaction (unless uy light is present).
C  CH, =CHCHBr, + HCl — CH, CHCHBr,
I

7. Chlorofluorocarbons (CFCs) have been widely
used in acrosol sprays, refrigerators and in mak- Cl
ing foamed plastics, but are now known to de-
siroy ozone in the upper atmosphere.

What will not destroy ozone, and therefore can l:vl{ ) th r atmosphere, chlorofluoroalkanes
for CFCs? - In the upper a ' . p

be used safely as o replacement for (CFCs) are broken down to give chlorine radicals

A CHBG

but not fluorine radicals.
B CC“CBG

What is the best explanation for this?
. CHC,FCC]F’ A Fluorine is more electronegative than chlorine.

D CH,CH,CH,CH, B The C-F bond is longer than the C~Cl bond.
r‘ ham ’7«:;«';;(25_'3_‘91'37) 18§ C\ The CF bond is stronger than the C~CI bond.

(' hydrocarbon, |t does not release reactive radi- The chlorine atom is larger than the fluorine
Cals thy destroy the ozone layer. atom.
\_‘.‘-‘

] Chemigtry mt:g with Helps @
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2 0 1 r( "ram Favourite Tallb**
C-F bond is stronger than C—Cl bond and thus C~F
bond is more difficult to be cleaved. An ele‘ctromag-
netic wave of a shorter wavelength is required.

IL. Chlorofluorocarbons (CFCs) have been widely
used in aerosol sprays, refrigerators and in mak-
ing foamed plastics, but are now known to de-
stroy ozone in the upper atmosphere.

What will not destroy ozone, and therefore can
be used as a replacement for CFCs?

A Cl'[Br3
B CC|;CBr3
C CHClFCClF2

(- CH,CH,CH,CH,
mmm Favourite Ta@ * *

It is a hydrocarbon which contains only C and H. [t
does not contain Cl and F.

12. Why does the reaction C,HX+OH - C,H,0OH
+ X take place more rapidly in aqueous solution

when X is | than when X s Br?

A The I ion is a stronger nucleophile than Br-
ion.

B The I ion is less hydrated in solution than
the Br~ jon.

C The C-Br bond js more polar than the C—|
bond.

~
D\ The C-Br bond s stronger than the C-] bond.

Y rom Fovourie Fating > de g

The p orbital of Br is less diffuse
fl Consequent]y, the overlap of

Br is smaller than I.
than the p orbita| o

C,H,Br is less rapid.

Frequen, ExaminedQuas"
From which pair of chlorobutanes

drocarbon obtained? WAS thig hy-
A CH\CH,CH.CH,Cl ang oy CHerg,
(B) CH,CHCICHCICH, ang CICH,¢ Chr,
€ CH,CH,CH,CH.Cl ang CICH ¢ CHch
D CH,CH,CH,CH.Cl and o

JCHQCHCICH]

Cram Jafmun'le Rating **
Treatment of chlorob

utane with ethanoljc sodi
. . um hy.
droxide results in dehydrochlorination resulting'ir:,}:z
e

formation of alkenes. Since the resultan; h}'drocarb
has a formula of C H C bonds (:)':

aHg it has either 2 C=
1 C=Cbond. The original chlorobutane must haye
to form the 2 C=C bongs or |

lost 2 HCI molecules
C=C bond. Hence, the 2 original chlorobutanes
oms each.

should have 2 chlorine at

Which hydrolysis react;

on, using NaOH(aq), will
be the slowest?

reactant product
A CH3CH2CI CH3CH20H

CH

3
HE'Piﬂg CU"CEDIS ! Enam Favourite Wa@***

The lone pair of electrons of Cl delocalises into the
benzene ring. The C-Cl bond has partial double bond
character and is not readily broken. Hence, the com-
pound does not readily undergoes hydrolysis which
involves the cleavage of the C—Cl bond.

15. TThe anaesthetic halothane, CF,CHBICl, is made
industrially as shown below.

B BrCl
CCl, =CHC| —HE, CF,CH,Cl —2— CF,CH

stage | stage 2 »
What type of reaction is occurring in stage 2°
A electrophilic addition
B electrophilic substitution
fC) free radical substitution
D nucleophilic addition

[




] Neloge? Derivatives

e :
'.n““ ‘nvw oy “’“" ‘***
a1 a0 that of the hromination of &

e et 0o v I required
m‘.\‘:ﬂmﬂu \
\\ Wy = Mk
‘1“(‘ l"‘

¢ of a nueleophitie aubatitu-
2.jodobutane and sodlum
& \p:

1o, What n the produe
tion reaction between
ethoxide?

A CHCH=CHEN, b
3 CH,CH,CHOCHCH,CH, v‘
¢ m,vn,vnu‘l|,)nv|l,vu,

() ((‘II,);‘Ilt‘n,m‘ll,t‘ll,

m'|"\«m Aionirale A‘olhuy‘ W *

| .l;i,\‘ll M [}

CHCH, =0+ CH
CH,
v CHCHy ~CH=0=CH,CH, + 17
&,

W
1. Which sequence shows the correct order of de-

creasing case of hydrolysis?
A CH,CH,Cl > CH,CH, Br = CH,CH |
B (CH,),CHCI > (CH,),Ct il > (CH,),CHBr

. @m X ©,('l X (jcn,(‘l

m CH,Br CH,CI Cl
O™ O™ O
wr""um) havourite 'K’ulmj:f-‘-**

gig;::“d "' Woai_wr llljd hence ensier to cleave than

readi| "nd, Pherefore, C,H,CH,-Br hydrolyses more

o pa ColliCHy Cl. In ¢ 1,C1, the C-C1 bond

ping of . :::’“Me bond character due to the overlap-

Henge {::) dllul of Cl with the r-orbitals of benzene.

difMcul s difficult to cleave and C,H,CI is the most
[ 1o be hydrolysed.

L ——————————

£.Chommry mcg with Holps

Proquently Examined G )uestons

ilowing chloro-compounds Is Jeast

I8, Which of the [t
the

enslly hydrolysed by hydroxide lon to give
product Indicated?

A (‘J|l|(“l -» (‘J||’U'{

B CH,CHCICH, - CH,CHIOH)CH,

¢ CH,COC - CH,CO,H
- C,HO0H

/9 ¢ 1€

The C-CI bond In C,l
characterlstics due to th
of electrons from chlori
strongthens the C- Cl bon

broken,

W v e Buing > B K
{,CI has partial double bond
¢ delocalisation of a lone pair

ne into the benzene ring. This
d and makes it difficult to be

electron-rich benzene system makes

Furthermore, the
|- difficult since like charges repel.

the attack by OF

[

19. When compound V reacts with aqueous sodium
hydroxide, what type of reaction occurs?

CH,CH,CI

Cl

\
A base-catalysed elimination
B electrophilic addition
C_ clectrophilic substitution

D hucleophilic substitution
[@:m Favourite 'Z’alm; >***

Nucleophilic substitution occurs at the alky! chloride,
giving rise to an alcohol while the aryl chloride re-
mains unchanged.

"H,CH,Cl

CH,CH,OH

+ CI”

+ OHW ——

s
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ine o glve two
20. Ethene reacts with aqueous brom .
products, CH,BrCH, Br and CH,BrCH,OH.

Which statement is correct for these products?

A Both products are obtained in this reaction by
electrophilic substitution.

B Both products are obtained In this reaction by
nucleophilic addition.

(\G Both products can be hydrolysed to form the

J same diol.

D Both products can form hydrogen bonds with

water.

'Gwm Tavourite Tﬂ//ﬂ]> * *

Helping Concepts

CH,BrCH,Br + 20H~ —» (|3H, —ICH, +2Br°
OH OH

CH,BrCH,0H + OH~ —— ’CH, -ICH, +Br
OH OH

‘ %l. Chloroethane is converted into a carboxylic acid
containing one more carbon atom through a two-
stage process.

Which of the following compounds could be the
intermediate in the synthesis of the carboxylic
acid?

A CH,CH,0H

B CH,CH,CH,CN

C CH,CH,CO,CH,

D CH,CH,CN

M! Enam Favourite Tah'nb * *

In organic sythesis, cyanides (HCN or CN-) are com-
monly employed in reactions whereby the number of
carbon is increased, e.g. carbonyl and HCN (with a
base) in nucleophilic addition; haloalkane (RX) and
KCN in nucleophilic substitution,

C,HCl +CN(aq, alc) - C,H,CN+ I
C:HCN+2H,0+H' - C,H,CO,H + NH,*

22. Bromomethane, CH,Br, is used as a fumigant to
destroy insect pests in grain that is to be stored.

It can be made by reacting methano| with hydro-
gen bromide,

1000 chemistry Meg uith s

B |

Froquently Bxemineq. S
CHOH + HBbr > iy
What type of renction is thig7
A condensation
B electrophilic substitution
C free radical substitution
nucleophilic substitution

2 We ety

CHy~OH + H' — cpy, OM,’

A
Br':\_/»(ll'l,[})ll,' — lif~~(.’ll, FHL0

HBr is the nucleophile and it attacks the electroy de.
ficient C, i.e. a nucleophilic attack,

The overall reaction is a substitution,

23, Which one of the following reactions js the inoy.
ganic reagent acting as a nucleophile?

¢
N
A © t el — U + HC)

B CH,CH, +Cl, — CH,CH,CI + H
C CH,=CH, +Cl, - CICH,CH,c|

H,Cl S CHal
(9 O + KI ; + KCI
Helying Concopts | QR e

A nucleophile is one that is nucleus seeking, It usu-
ally has a lone electron pair or is negatively charged
and is able to form a dative bond through donating
the lone electron pair to the electron deficient site,

/4
CH,CI . Hz‘\ bl
O =g

24. A reaction sequence is shown below,

©~CH2CI —MaON , p P, @
What would be the product Q7

A ()-CH,NH,
B ©- CH,CH,CN

1,
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p O
| ’ Enam Favourite Wah'ny >***

| chloride undergoes nucleophilic substitutjon
Be CN- to give P, benzyl cyanide,

with
@-CHZCI _DaCN ©—CH2CN
(O-emen Py (O)-CH,CH N,

Reduction of benzyl chloride gives the corresponding

amine, Q.

—

o

25, The diagram represents the transition state of an
§.2 reaction in which N is an anionic nucleophile
and L the leaving group, but without any indica-
tion of the location of positive or negative charges.

Which is a possible combination of charges?

chargeon NV | charge on L
A o- o+
B - o-
C) S+ S+
D o+ 0-
' Eram Favourite Tm‘f'fb * *
| 8- N/ 6- // )
N__aC—L = Nelol - N-C7 +1

|
As N gradually forms a bond with C, it gradually loses
its negative charge. At the same time, C—L bond gradu-

ally breaks and L acquire a partial negative charge,
where it eventually leaves as L-.

| \

—_—

26. Trichloroethene is widely used as a dry-cleaning
agent.

H Cl
Neoe”
a” \ct

W Chemstry Mg uith Hels

—

___Frequently Examined () usstions

With which of the followin
g does trichloroeth
react to give a chiral product? "

A H, B b,
C Ha D NaOH(aq)

Lo | (O T

H\ cl lll (l,'l
/
SO B — a0y
Cl Cl |
Br Br
A H Cl H
AN |
/C=C + l'lz E— CI—‘C—(‘—('I
Cl \c| |
H H
H ¢l
C H
\. A |
/C=C\ + HCl — Cl-C-C=()
Cl Cl ||

H Cl
D No reaction.

27. Which diagram correctly represents the transfer
of eclectrons when ammonia reacts with a

chloroalkane (alkyl chloride)? $
. A |

A H—N—*H “>C—Cl :
| / £

H I

¥

\

HE'Pi"U Concepts ! Enam '7(:«::;::(1'{1 &irnﬂy/\)***

The reaction is a nucleophilic substitution whereby
the lone electron pair of NH, (nucleophile) attacks the
electron deficient C atom of C-CI. The C~C! bond elon-
gates and breaks eventually with CI- (NOT CI atom)
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as leaving group,
indi s b —\C—Br reacts

A bromoalkane, indicated here by 'I e
with aqueous alkali with a mechanism which has

the reaction pathway diagram below.

3 mmmw
\J\\

SC=DBr+OH-

X

SC-OH +Br-

-

reaction pathway

Which point in the diagram is correctly identi-
fied? (..... indicates a partial bond)

N
3

Xis ~C-~Br
o
B Xis C+

7\

(

)
C Yis HO
is Py
l
D Zis C+
7/ \

Helping COI’ICGD‘S E\um Tavourite Ta/iny >‘ﬁ’7&ﬂﬁ’

The energy profile shows an Sy mech

In step 1, in forming ¥, the C-
to form the carbocation.

anism.,
Br is gradually broken

N\ S+ - :#: l
T oL A @ e
/C Br] - /C\+Br

s

29. Which compound could unde
reaction when treated with
sium hydroxide?

rgo an elimination
hot ethanolic potas-

H

| l?r Br
l
A Br-C-Br B Br—C-C—Br
| ||
H

Br Br

1] Chemistry Mr:? lith HE’pS

Freque@y_&'{@@ﬂoggmmm
H o

D H—C-C~C
l |

/llr
£
Br

o C

=

b H
/ |7
CH, H B

’ ~ —
Helping Concepts '-’/mm Sasurile Rotipa s ***
—__ Ty >
H Br H H

|
l[—(IZ—(IZ—(II-H — ll-(lj—(|tzc_” + H
|
H Br H H Br H

In order to undergo elimination, th
drogen atom bonded to the carbon
the carbon atom carrying the brom
H
| |
-(IT—(II— — =C=C- + Hp,
|
Br

ere must be 4 hy.
Ine atom,

30. Which reagent brings about a nucleophilic syp-
stitution of4-(chloromcthyl)phcnol?

OH
CH,Cl
4-(chloromethyl)phenol
A Bry(aq) B HNO,(aq)
C\ NH, D NO,’
e

Helping!Concepts
OH

Bl\am Tavourile Walin7> *‘k*

OH
+ NH, —» @ + HCI

CH,CI CH,NH,

OH

A: Electrophilic substitution: Brtg/Br
CH,CI
OH

@NOZ

CH,Cl

/

B,D: Electrophilic substitution:
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/Log_e_ Frequen Examined (Q)uestions
po

3. jasticisers and in electrical insulatjon cover-
8 P put they are now known to be environmen-
:Ji harmful. One such PCB is shown bejow,

OOy

. ion of this compound is stirred in aque-
onss l sodl ium hydroxide. How many of the chlorine
atoms in each molecule will be removeq by hy-

drolysis?
,P;J 0 B 1

C 2 D 3

Cl bonded directly to the C of a benzene ring has
ial C-Cl double bond character due to the overlap

of the p-orbital of Cl and 7 -orbitals of the benzene

ring. It is therefore difficult to cleave. Under the given

conditions, no Cl will be substituted. 34.

32. Under the Montreal Protocol, the use of chlorof-
luorocarbons is to be phased out. Fluorocarbons
are often used to replace them. One chlorofluoro-
carbon which was widely used as a solvent is
CCLFCCIF, and large stocks of it remain. One
process to use up these stocks is to convert it
into the fluorocarbon CHZFCF3 by the following

The compound CI-@-CH_.,Cl was found to be
present in the product,

How is the mechanism for the form

ation of this
product best described?

A electrophilic ang free-radical substitution
B electrophilic and nucleophilic substitution
C nucleophilic and free-radical substitution
D nucleophilic substitution only

Heliing Concepts | SRR

Electrophilic substitution:

cl, + @-CH; —A Cl-@-cn, + HCl

Free-radical substitution:

cl, + QCH_, —heat_, @cup + HCl

An amine is produced in the following reaction.
C,H;I+2NH, — C,H;NH, +NH,I

What is the mechanism?

A electrophilic addition (

B electrophilic substitution ‘\/\\,f

C nucleophilic addition

D yucleophilic substitution

Helping Concepts ! Enam Favourdte Paff'ﬂy >***

H,C

.\ ” + /CH3 _

f\:‘\icﬁ Be-_, HN-CZ, * o+
e 4

| oo

3
HN=Cluyy + H + I
Vi

NH; has a lone pair of electrons on N. It acts as a
nucleophile and attacks the electron deficient C to
form a dative bond and the C-I cleaves heterolytically.

route. HoN
CCLFCCIF, —=215 CCl,CF, —%22, CCl,FCF,
~=22, CH,FCF,

What type of reaction is step 1?

A elimination

B free radical substitution

C isomerisation

D'ﬁ nucleophilic substitution

ﬁ.‘m Favourite Ta//ny>*

> S€p 1, one of the Cl atoms is substituted by F,
"ile one of the F atoms is substituted by Cl.

\

. Chlorine as passed into methylbenzene under
UX in the presence of aluminium chloride.

.Chemim-y Ma} with "dﬂs

-

35. The reaction scheme outlines the production of
one of the monomers of nylon 66 from compound

X

NCCH,CH,CH,CH,CN
compount X —i;ftgha%) 2LH,Lh,
—reduction NH, (CH, )¢ NH,
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Which compound could be X?
A BrCH,CH,CH,CH,Br

B CH,=CHCH=CH,

C HOCH,CH,CH,CH,OH

D HO,CCH,CH,CH,CH,CO,H

'( ‘vam Favourite Ta/l'll]> ***

Being a halogenoalkane, 1,4-dibromobutane under-
goes nucleophilic substitution with CN~ to give the
nitrile product.

BrCH,CH,CH,CH,Br + 2CN-

—ﬂlg:ﬂl—:» NCCH,CH,CH,CH,CN + 2Br~

36. When a substance, Z, is shaken with aqueous

silver nitrate at room temperature, there is no
immediate precipitate.
In a second experiment, Z is boiled under reflux
for some time with aqueous sodium hydroxide.
The resulting solution is cooled and acidified with
dilute nitric acid. When aqueous silver nitrate is
now added, a white precipitate readily forms.

What could Z be?

D CH,CH,CH,CH,CI

Helping Concepts '("mm Favourite Tall'ny>***

Z is not an acyl chloride (i.e. not (A) or (C)) as it does
not readily form AgCl ppt. with aq. AgNO,.

0 0O

[ l
-C-Cl + H,0 -» -C-OH + CI

ClI” + Ag" > AgCld

Z is not an aryl chloride as it does not readily un-
dergo hydrolysis with NaOH to form CI- (i.e. not (B)).

37. A mixture of 1 mol of bromdbenzene and 1 mol of
Z-bromo‘propane is heated under reflux for several
hours with 2 mol of sodium hydroxide in aqueous
solution.

How many moles of bromobenzene and 3
bromopropane are likely to remain? :

bromobenzene 2-bromopropane

1
0
1
0

O = »
O O e

Helping Concepts '&\am Javourste Raling >% %

2-bromopropane undergoes nucleophilic substitution
to form 2-propanol.

CH; —~CH-CH; + OH™ —4> CH; ~CH~-CH, + B~
|

|
Br OH

Bromobenzene does not react with OH~, The C-B;
bond has partial double bond characteristic due o
delocalisation of electrons from Br into the benzene
ring. The C-Br bond is strong and is not cleaved.

N

38. DDT was widely used in the period from 1945 to
\ 1980 to combat malaria by killing insects which

/A spread the disease.

Cl Cl

I

i

C

c” [ >l
Cl
DDT

Which of the following statements about DDT is
true?

A Its molecule contains a chiral carbon atom.

rﬁ\lts molecule is strongly polar.

C It reacts with aqueous sodium hydroxid l
give a compound containing two pheno

e to

groups.

: . - .

D It gives an immediate precipitate when shake
with silver nitrate in ethanol.

Helping Concepts | KEERRRRTE TR e

3
Cl groups are electron withdrawing and phenyl grhztp
are electron donating. Therefore, the molecule S

. | atoms-
be strongly polar since there are sO many C .
ate with

D: DDT does not give an immediate precipit
AgNO, in C,H,OH.

o ]
§
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U ropane reacts with the following.
2-bromoP : . . CH,CI CH,CN
aqueous solution of sodium hydroxide to @ ) K” _
* form organic product P + CN _nlmhnl_,A Q + Cl

an alcoholic solution of sodium hydroxide to
form organic product Q

an alcoholic solution of sodium cyanide to form
roduct R

organic p

I What is the order of increasing relative mplecular
\ masses, lowest to highest, of the organic prod-

ucts? X
‘ A PQR B QPR

C QRP D RPQ
L mm Favourite Tafﬂ’?> vk
| aq. OH™ 3 ~
\ l. CHB-fH—CHJ—_heal—)CH} (l:H CH3
| Br OH

(M, =60)

heat

2 CH; —CH—CH;; alcohol OH™ CHJ —-CH= CH2
|

| Br (M, = 42)

3, CH,-CH-CH, —2=e.s— CH, - CH - CH,
€a |
Br CN
(M, =69)

40. Compond Y reacts with a reagent Z to form

CH,CN
| @ .
‘ What could Y and Z be? \&
Y Z
CH,CI
f A NaCN in ethanol
CH,OH
B @ NaCN(aq)
CH,NH,
C @ HCN(aq)
) CH,ClI
Y
; HCN(aq)
i

"“m Chemistry MC? with HF.|[IS

Chloromethylbenzene, being a halogenoalkane, under-
goes nucleophilic substitution with CN".

In (B) and (C), the C-O and C-N bonds are strong
and the compounds do not undergo substitution
(where C-O and C-N bonds are cleaved).

In (D), HCN is a weak acid. The concentration of CN~
is very low.

41. If an organic halogeno-compound is heated with
sodium, any halogen present in the compound is
converted into the corresponding sodium halide.

CH,CICHICO,H is heated with sodium and the re-
sultant residue dissolved in dilute nitric acid.
Aqueous silver nitrate is then added to the mix-
ture and finally concentrated ammonia is added
dropwise, until present in excess.

Which observation is made when the ammonia is

added?
A All the precipitate dissolves. X
B All the precipitate remains.

C The precipitate appears less yellow.

D The precipitate appears more yellow

Helplng Concepts '((;,\am Favourite 7?a//'ny >**

Upon reaction with Na, Nal and NaCl will be formed.
When AgNO, is added, Agl (yellow) and AgCl (white)
precipitate will be formed. When concentrated NH, is
added, AgCl will dissolve, leaving behind the yellow
Agl precipitate.

AgCl+2NH, —> [Ag(NH,),]' +CI-

J i

42. Under identical conditions, even though it pro-
ceeds by the same mechanism, reaction 1 is faster
than reaction 2.

Reaction 1:

CH,CHBrCH,+ NaCN — CH,CH(CN)CH, + NaBr

Reaction 2:

CH,CHBICH, + Nal — CH,CHICH, + NaBr
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What factor will explain this result?

A The C-I bond is a stronger bond than the
C-Br bond.

B The C-N bond is a stronger bond than the

! C-I bond.

———

‘eyanide ion is a stronger nucleophile than
¢ ioh.

D The cyanide ion is a weaker nucleophile than
the iodide ion.

[Holping Gonepts | SRS ATE TS &

Since same conditions are used for the same com-
pound, CH,CHBrCH,, the difference in rate must be
due to the difference in the property of CN~ and I".
CN~ is a better nucleophile than I-. I” is larger than
C (in CN") and its electron cloud is more diffuse.
Hence, I" is a poorer nucleophile and is less attracted
to the electron deficient C in CH,CHBrCH,.

43. Experiments are carried out on three compounds.
X, CH,CH,CH,CH,CI

Y, CH,CH,CH,COClI, and

Z,CHCI ™
To 0.010 mol samples of each X, Y and Z is added
10 cm® water and the samples are shaken and held
at a fixed temperature for 24 hours,

An excess of aqueous silver nitrate is then added
to each sample and the silver chloride produced
is filtered off, washed, dried and weighed. The
three samples of silver chloride weigh 0.000 g,
0.014 gand 1.430 g.

Which sequence of compounds matches these

results?
0.000g 0.014g 1.430 g
A X Y Z
B Y V4 X
C z X Y
D VA Y X

i oo, | (O

Y readily undergoes hydrolysis to give CI:
CH,CH,CH,coc] + H,0
- CH,CHZCH2C0,H +H +CIr

MChemistry m::q with Helps

X undergoes slight hydrolysis:
CH,CH,CH,CH,CI + H,0
=— CH,CH,CH,CH,0H + H' + ¢
Z does not undergo hydrolysis due to the
double bond character of the C-Cl bond,

Hence, Y will give 0.1 mol of AgCl (=1.430 8), X wil|
give less than 0.1 mol of AgCl and Z gives no AgCl,

Partia)

—_—
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Section B
) uestions in this section, one or more
For m:,:, pumbered statements 1 to 3 may be cor-
pe |

of !
whether ecach of the statements is or is not

pecide o may find it helpful to put a tick against

cor mu'mcnls that you consider to be correct).
the *

h responSes A to D should be selected on the basis
I’ o

of
A B C D
2and3 |1 and 2 only | 2.and 3 only | 1only
are correct | are correct | are correct | is correct

No other combination of statements is used as a cor-
rect response.

44, Which of the following would be suitable for use
in a fire extinguisher?
1 \}CBrFJ
2 CH,(CH,),CBr,
3 HF

! Enam Favourile Wa/fny > *

A suitable chemical would be one that does not sup-
port combustion, is not combustible (i.e. bonds are
strong) and non-volatile. (2) is combustible due to
the presence of C-C bonds, and (3) is volatile.

l er

#)Which of the following are properties of
fluoroalkanes?
I They are less reactive than the corresponding
chloroalkanes.

2 They are non-flammable.
3 They may be used as aerosol propellants.

w Enam Favourdte Raling * *

*I. C-F bonds are stronger than C—Cl bonds. Hence,
ﬂ“oroalkanes are more stable than the correspond-
Ing chloroalkanes since C-F bonds are very dif-
ficult to be broken.

7} .
Due to the strong C-F bonds, they are not easily

i(e):;bus"b'e (the bonds are difficult to be bro-

|

- Ha
loalkanes are commonly used as aerosol pro-
Pellants,

-

m\\‘
I Chemistry mctj with Helps

46. For the reaction:
(CH,),SiCl + C,H,0” = (CH,),SiOC,H, +CI'
which of the following statements are likely to be
true?
1 It involves nucleophilic attack by C,H,0".
2 CI is displaced by C,H,O".
3 The oxygen-carbon bond is not broken.

Helping Concepts ﬁ\am Favourile Tally}**

*¥]. The reaction is a nucleophilic substitution
whereby C,H,0" is acting as the nucleophile.

*)_ The end result of the reaction is that CI” is sub-
stituted by C,H,0".
The C-O bond in CZHSO‘ remains intact.

*3.

Chloroethane can be formed from bromoethane in
two steps.

C,H,Br —X 5 C,H,0H —*2¥— C,H,Cl

Which statements about these steps are correct?

47.

1 Step X involves a nucleophilic substitution.

2 Hot aqueous sodium hydroxide is the reagent
in step X.

Hot aqueous sodium chloride is the reagent in
step Y.

Helping Concepts 'me Favourile Raling Sk
*],*2. C,H;Br+OH"(aq) —heat , C,H,OH + Br
This is a nucleophilic substitution reaction.

3

3. To effect step Y, conc. HCI or PCl is needed.

Which reactions would give the products stated?

heat with NH; in ethanol

, )/B’mem
3 >_<Br_mmmmmmmol-» /=<
[
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nilic Substitution |
! " Nuc'azca + NH, - R-NH, * HC

hilic Substitution ’
* Nucle;p_Br + CN- = RCN + Br

*3, Elimination |
_(!'._(l:_ -lBr , =-C=C~
[ ]
H Br

49. A liquid L, C,H,Cl,, gives a white precipitate when

shaken for some t
nitrate.
Which of the following structures could be L?

CH,CI CHEJ,
e :
i @ 2 3

Cl Cl

Helping Concepts ! Enam Favourite 'X’u//fb**

. Aryl chlorides do not undergo nucleophilic sub-
stitution to give CI" ions due to the strong C~Cl
bond (partial double bond) which is not easily
broken. This is due to the delocalisation of a lone
pair of electrons of Cl into the benzene ring. Fur-
thermore, the electron rich benzene system repels
away the OH- ion (like charges repel) and makes
the attack difficult,

*2,%3. Both, being alkyl chlorides, react with alcohol
to give CI" ions which forms white precipitate
of AgCl with A gNO,.

R-Cl+C,H,0H - R=0C,H, + Hcl

’ HCI+ AgNO, — AgCI) + HiNo,
—_—
~
m.]ialalhane is a widely uged anaesthetic,
H F

fme with cold ethanolic silver

_ grpguantlylxpmlan

{ It Is relatively unrenctive,
2 The molecule has u chiral centre,

3 It muy cause depletion of the gzgp, Inyer

i | T

I, The C-Br bond Is relatively casily brokep,
H F

|
", C]-(,“..f -F

l
Br F
*3, Radicals can be formed by the homolytic Cleay.
age of C-Br or C-CI bond by uv light, The radj.
cals formed can destroy the ozone layer,

- e ——

——

Bromoethene, CH,=CHBr, is unreactive to nyce,,

philes whereas 3-bromopropene, C"‘;"CHCHzB,‘

is very reactive by comparison,

What could be a reason for the

of CH,=CHBr?

1 The electrons of the bromine atom delocalise
into the 7 bond.

2 The electrons of the 7 bond repel the attack-
ing nucleophile.

3 The presence of the 7 bond prevents free
rotation of the C-Br bond thus decreasing the
reactivity.

w' Enam Favnnrite 'Z’nl/'/z] /* *

) @

*12. H —(JA: C*Br: €=—>» H-C-C=Bré®
L] |
H H H H

The x electrons (electron rich) repels nucleophile

away. This is further enhanced by the delocali-

sation of the electrons in Br into the s-bond 8ys-

tem,
3. The r bond prevents the free rotation of the

C-Br bond but does not implicate any attack by
a nucleophile,

.

-52, Thc c;hlorine free radical takes part in the destruc
tion of the ozone Ilayer,

Which statements about this free radical are ©o"
rect?

¥

lack of reactivity
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L mdnkzefmmwmmkcmm“
jemt bonds, not heterolytic fission (which
id give ons).
f\
A—\-CX — A + ‘B

vy Free radiczls are species that contain odd (or lone
n Mﬂ’) Cmm‘).

o3 () free radicals are actually Cl atoms!

- ™

AN

3, During the preparation of many organic com-
pounds by-products are formed. This usually
occurs because the reagents can react in more
than one way depending on the conditions used
or because the products formed may react with
the reactants.

Propan-1-0l is produced by the reaction between
I-bromopropane and aqueous sodium hydroxide.
CH,CH,CH,Br + NaOH
— CH,CH,CH,OH + Nabr
What could be a by-product of this reaction?
I CHCH=CH,
2 CHOH,CH,ONa
} CHOMOHCH,

L (—"Jﬂ?(,ﬂ.)}r can undergo elimination to ff)r@
C"{M“CHZ, especially when more alcohol s
formed 1 provide the alcoholic medium.

2 In aguesus medium, RO Na’® is unstable and will
readily be converted 10 ROH.

RONa" + H,O — ROH + NaOH
2 The rearrangement of the alcohol (from

CHCH,CH, O 1 CH,CHOH)CH,) is possible in
widic condition (but not in alkaline condition).

e ——
e ————

o

" .%lury Mcq“ fickes

ROH + Hal™

reaction m.hw;y'
Which of the following statements are correct?

1 The reaction is an example of nucleophilic
substitution,

2 Between X and Z the C-Hal bond will be
lengthening.

3 The energy difference between X and Y rep-
resents the activation energy.

W F: sam Favourile 7’:1////] | *‘* *

Hal — Ker™ " OH — [Hal---R---OH]” — Hal™ + ROH
X Z
*1,%2. The reaction follows an 5.2 mechanism
whereby the C-OH bond is gradually formed
to form the activated complex Z.

3. The activation energy of the reaction is the dif-

ference between energies at X and Z.




Hydroxy Compounds

8—= Key content that you will be examined on:

1. Alcohols (exemplified by ethanol)

() Formation of halogenoalkanes
(i) Reaction with sodium; oxidation; dehydration
(i) The tri-iodomethane test

2. Phenol

() Its acidity; reaction with sodium
(i) Nitration of, and bromination of, the aromatic ring



Hydrowy Compounds

ML’
Top

e

@a;m 'fawmrrjtg Rating: _K[\qigpt be tested

* ok Likely to be tested Ak K Always tested

Section A

Which compound reacts with ammonia?
‘AN bromoethane N H
L

chlorobenzene

C ethanol

D phenol
ishing Conun | AR e
C,H,Br undergoes nucleophilic substitution reaction
with NH,.,
C,H,Br + NH, — C,H;NH, + HBr

1

In which of these processes is at least one prod-

uct a gas at room temperature and pressure?
~ dehydration of ethanol

B esterification of ethanoic acid by ethanol

C oxidation of ethanal by H'/Cr,0,?

~,
D substitution of ethanol by hydrogen hrumidu/ Sgl

Helping Concepts ’/:,,,,,, Yavwurite '/r'rl/my/ * *

C,H,0H(r) —22 C,H,(g)

3, ) Which reagent gives a colourless homogeneous

solution when added to phenol?

A aqueous bromine

B aqueous sodium carbonate

ueous sodium hydroxide
D aqueous sodium hydroxide and benzoyl chlo-
ride

i oo | SR R
,Ph"f""' is acidic enough to react with OH" to give an
lonic salt which is soluble in water.

m(’hcmmry %ﬁg with Helps

C,H,0OH + OH™ — C,H,0" + H,0

4.\ Which reagent could detect the presence of added
alcohol in a petrol consisting mainly of a mixture
g)!' alkanes and alkenes?

(&) na
l} Br, (in CCl,)
C KMnOd(aq)
D 2,4-dinitrophenylhydrazine

Helping Concepts ' Cnam Fawarite Rating > I heh

Alkanes and alkenes, being hydrocarbons, are inert
towards Na. However, an alcohol can act as an acid

to give H, gas when reacting with Na.

2ROH +2Na — 2RO Na” + H,

Which inorganic reagent may be used to distin-
guish between phenol and methanol?

A alkaline aqueous I,

B aqueous NaHCO,

C K,Cr,0,in dilute H,50,

D Na

M'(( nam Favourite 7(:1//}/(!‘\) **’*

Options A and B are incorrect since both phenol and
methanol do not react with alkaline aqueous iodine

and aqueous NaHCO,.

Option C is correct since only methanol is oxidised
and it turns orange Cr,0,% to green cr¥.

Option D is incorrect since both phenol and methanol
react with sodium to give H,.
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&\Which one of the following pairs of reagents can-
not be used to prepare CH,CH,CI?

A CH,=CH, +HCI
B CH,=CHCI +H,
C CH,CH,OH +HCl
D CH,CH,OH + ClL,

w E\ am Javourite .Wa/ﬁz> ***

Cl, cannot substitute the <OH group. Instead, it may
undergo free radical substitution at the alkyl chain
under suitable conditions to give chloroethanols.

A: CH,=CH, +HCl - CH,CH,CI
B CH,=CHCI+H, - CH,CH,CI
C (CH;CH,OH +H Cl = CH,CH,CI +H,0:

7. ) Which of the following dissolves in water to give
an acidic solution?

A CH,CH,CH,CH,0H
T
B CH,-C-OH

|
CH,

@ CH; OH
!6.\:11)7 Favourste Tah’nb *‘*‘*

Being a phenol, it ionises partially in H,0 to give H*,

cH(O)r-on = cu<()-0" + mr

S!{\. A compound X is optically active, One mole of X

liberates one mole of hydrogen when it reacts with
sodium.

What could be the formula of X?
A CH,CH(OH)CHO

B CHJCH(OH)COZH

C HOCHZCH(CHJ)CH.lOH

D HOCHQCHZCOZH

1000 Chemistry 7770? with Helps

Frequently Exami"i"@_"i\“ﬂm

Helping Concepts | Ve R

X contains 2 —OH groups (either alcohol or carboxylic
acid).
H H

| |

CH, -C*~CO,H + 2Na — CH, —~C*-CO0, Na* + H,
| |
OH O™Na®

Option D is not optically active.

Wy

9. In its reaction with sodium, 1 mol of a compound
X gives 1 mol of H,(g).

Which compound might X be?
A CH3CH2CP12CI-120H
B (CH3)3COH
C CH3CH2CH2C02H
@ CH,CH(OH)CO,H
!E\am Favourite Z’a/my>***
R-OH+Na -» R—-O"Na" + !H,
R—-CO,H+Na - R—-CO, Na* + %H:

1 mol of —-OH group or -COOH group each gives B

mol of Hz- Hence, to form 1 mol of H2, 2 mol of—OPf,
2 mol of—COzH or 1 mol of <OH and 1 mol of—COzH
are required.

hA)

10. An alcohol X with molecular formula C,H,,0 is
oxidised by acidified potassium dichromate(VI)
solution and also produces a pale yellow precipi-
tate with alkaline aqueous iodine.

Which compound could be X?

A butan-1-ol , ClH 3

B butan-2-ol C ~-C-C

C 2-methylpropan-1-ol f
oW

D 2-methylpropan-2-ol

HB]plﬂg COnceptS '(‘j\am jmmurﬂe 70/@**

Xis likely a 1° or 2° alcohol (that can be oyfidised) f(‘)“g
contains the —-CH - CH, group to react with [,/Na

I
OH

to form the yellow CHI,.

e

& L=

e g
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11. Which compound reacts with its own oxidation What could Q be?
©  oduct (an ?mdatlon which l_nvolyes.no loss of A CH.COH
carbon) to give a sweet-smelling liquid?
al B€H,0H
A propan
B propanoic acid C C.H,CH,OH
C propanone Vb’p D C,H,NH,

Helping Concepts ' Enam Favourite Tal/'nD***

'({;wm Favourite Rating > Y I Phenol is a weak acid in water.
C,H,O0H —= C,H,0™ +H"

@propan-l -ol

As a 1°alcohol, propan-1-ol is oxidised to propanoic

acid. It undergoes esterification with an acid chloride in al-
CH,CH2CH20H + 2[0] kaline medium.
- CH,CH,CO,H + H,0 C,H,OH + OH™ —» C,H,0" +H,0

-ol and propanoic acid react when heated in C4H,0™ + C,H,COCl - C,H;COOC:H; +CI”

Propan-1
the presence of conc. H,SO, to form an ester, propyl
propanoate.
CH,CH,CO,H + CH,CH,CH,0H "
14. Para-coumaric acid is an antioxidant in coffee.
_”T*S—OJ—> CH,CH,CO,CH,CH,CH, + H,0 o
heat
HO _
12. In the following sequence of reactions, what is OH—F
the mechanism of each step?
I (CHoni para-coumaric acid
r, hea ), P Fm
CH,OH step | CH,Be step 2 (CH,), P Br When treated with aqueous bromine, what is the
maximum number of bromine atoms that can be
step | step 2 incorporated into a molecule of para-coumaric
A | electrophilic substitution | electrophilic substitution acid?
B | electrophilic substitution | nucleophilic substitution A2 By
C| nucleophilic substitution | electrophilic substitution Cc5 D 6
D) nucleophilic substitution | nucleophilic substitution | RRIH 'g;‘mm Favourdle Ratin 9>***

Helping Concepts '(:\am Favourile ﬁ’almr{ /*** \C_C/ + Br (I: é
TN 2 TTT

Both steps are S. |

I: Bris the nucleophile. o B B
r
2: (CH,),P: is the nucleophile.
)3 p —©—OH + 2Br, —> O OH + 2HBr
CH, CH, + Br
l 5+ _[B | _
C}l,—ll):\_},cuJ r— |CH,-P-CH;| + Br
|
CH, CH,
_ 15. Which one of the following correctly describes

the acid-base properties of phenol?

13. An aq luti ¢ 4Qi «l @aﬂ acid, stronger than carbonic acid
. ueous solution of compoun is weakly . T
acidic. When an alkaline solution of Q is shaken @an acid, weaker than carbonic acid
With benzoyl chloride, a solid derivative is ob- C a neutral compound
lained. D a base, weaker than ammonia

1000 Chemistry g uith Hels
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Helping Concepts '(“xam.h-mnh Z’ah‘ny>*** :(CHzO CH,oD

+ HD,0" —
Phenol is an acid because it reacts with NaOH to form : *+ Hbg
sodium phenoxide (salt) and H,0.

- + \
OH O™ Na
O +wor — )+ o
18. Pentaerythritol is an intermediate in the Manuyfy.
However, it is unable to release CO, from Na,CO,. ture of paint.
Hence, it is an acid weaker than H,CO,. In fact, bub- @CH C
bling CO, into a solution of phenoxide yields phenol. N Hl@y

pentaerythritol

V What deduction about pentaerythritol can pe
made from this structure?

/
- C
@ o Con s ©OH © Heo- . ? @CHZ/ \CH@

16. Prop-2-en-1-ol (allyl alcohol) has the following A It gives a precipitate with Tollens' reagent,
structure. B It is chiral.
H *l'i II'I 1\ C It is dehydrated to an alkene by concentrated
\C =C-C—OH sulfuric acid.

H/ | D It is soluble in water.
H

Which reagent would react with prop-2-en-1-ol to  Ibkalub I U V ¢am Favourite Rating > K
form a product that could exist as optical isomers? The molecule is highly polar due to the presence of

A bromine 4 —OH groups. 'Hence, it is soluble in H,O (through
hydrogen bonding).

B hydrogen and nickel

C phosphorus pentachloride

D sodium
: . . e 19.)Which one of the following reagents can be used
Enam Favourtle Rali g g
r - b * to distinguish between the two compounds shown
H H H H H H below?
. | | . CH,OH OH
/C=C—C—OH+Brz —> H-C-"C-C-0OH AN -
I |
H H Br Br H
C* is chiral and the product is optically active. aqueous bromine

B ethanoic anhydride

C ethanoyl chloride

17. How many hydrogen atoms in a molecule of D dilute hydrochloric acid

phenylmethanol, C;H,CH,OH, may be substituted Helping Concepts | JEVER Raling > WK *

by deuterium "by dissolving the alcohol in an In phenol, the benzene ring is activateq by the —O}f
excess of D,0? group towards electrophilic substitution. It deco

Al B 2 lourises Br, and forms a white precipitate readily Wh'::
C 3 D 8 aqueous BFz at room temperature but benzyl alco
is unable to do so.
Helping Concepts '{'nam Favourite Tal@* H OH
Br _
CH,OH CH,O0" + I3Br, —> Br O + 3H' + 3Br
@ + D,0 = + HD,0" i
Br

1000 Chemistry ”kq with Helps |




Compounds
© e 16 Hydroxy Comp Froqumlylummoduumwm
pene reacts with aqueous bromine 1o give the 109
‘ 0. B ducts, CH,BrCHLBr and CH,ICH, O AN w 10y
which statement is correct for these products? C “m y p 10
) A Both products possess an overall dipole 1wt
A @ Both products can be hydrolysed 1o form he mr, wm hnsite Wiy > W dedy
) same dl()l '
) ¢ Both products are obtained in this reaction by oKy s Co e 0 KO
hilic substitution, '
'\‘ electrop C,HON in the Himiting agent,
D Both products are obtained in this reaction hy
' nucleophilic addition. Amount of CHLIr formed = "" mol
"\
"UJ 1 / i Jl [/ ” ' i (] 7]
r mr m Javarite Kating = e e ‘o Mass of C 1B formed = "”-IIJ'J~ ';:;' i
\!\ CH.BrCH,Br + 20H = CH,OHCH,OH + 2By N
: ote; 11,50, s ndded 1o catulyse the renction
- C 1 2"y
CH,BrCH,OH + OH" = CH,OHCH Ol + 13 and to remove the KO formed and hence
\, A: CH,BrCH,Br has no overall dipole because it s o shifts the equilibriom 1o the right
symmc!mal molecule,
CD: The products are obtained in this reaction by
N electrophilic addition,
N 23, In o preparation of ethene, ethanal is ndded n drop
!“‘ I ' At i time 1o heated rengent ¥, The impure ethene
ey i washed by being bubbled through a solution
21. A mixture is made by adding together one mole Z and then collected,
of sodium hydroxide, one mole of phenol What are reagent Y and solution 7, likely to be?
~. (C,H,OH) and one mole of hexan-1-ol (C, | 1,01,
each solute being in aqueous solution, reagent Y solution 7,
Which organic species are present in this final A | acidified K ,Cr 0, dilute NaOI
: solution? B | concentrated 1,50, dilute 11,50,
A mainly C.H,OH and C H ,OH C eoncentrated 11,50 dilute NaOI1 |
E @mainly CﬁH”OH and Chllg() Na' D cthimolic NaOI1 concentrated H,50),
\ C mainly C.H,OH and C H O Na'
. o ' ' y 3 " Ve wnirg (e ll"l iy »
J D approximately equal quantitics ol C 11,011, Holping Concopts ' % to Kty - I K
Cb}{s()'Na'. C(H”()ll and Cr“n“ Na' Y should be concentrated H,50, and it nerves as a
) ) P4

dehydrating agent Ethene i evolved and it s passed

Helping Concepts !l%"i’", Jaaomiirite /ﬁ//u;‘,/,.‘** through dilute NaOIl 1o remove any acid belore it is

Hexan-1-0l is not acidic enough to react with NaOI,  collected.
Hence, it remains as hexan-1-ol. Phenol is acidic Co,on e 1,0
enough to react with NaOH to give the phenoxide, A

-~
5" C,H,OH + NaOH — C,H,O Na' + H,0
!'
o o o 24, ‘Terbutaline is a fast ncting bronchodilator which
s may be used to treat asthma,
¢ onu m mol of ethanol, ! ol of potassium bromide Ol
and ! . mol of sulfuric acid were used to prepare O /N\
bromoelhane what is the maximum mass of r
| bromoethane which could be formed? AN
[M, ethanol, 46; bromoethane, 109] O terbutaline

—

lm Chemistry m‘—"j with Helps [239]




wwie 16 Hydroxy Compounds

Which statement about terbutaline is correct?

A Terbutaline is hydrolysed by dllm‘a H,80, to
give a carboxylic acid and an amine.

/ ] Terbutaline reacts with NaOH(aq) to form
_/(7,,!!,,N(J,Naz. o
C The molecular formula of terbutaline is
{.'I”HN‘)I'
) The molecule contains six lone pairs of elec-
frons,

Helping Coneepts '(:rrfa“l.lf:lfﬂlhufﬁ ?ﬁvr/;’r:.«i >***

As a phenol, tertutaline functions as an acid and reacts
with NaOH to form the phenoxide.

Ol H _
o /N,F Na*“0 .
V ) + 2ZNaOH ——» O
(g ()-Nﬂ+
A: It is not an amide and hence does not undergo
hydrolysis with H,50,.

€ Its formula is C,t l,,,NOJ.
[% It has 7 lone pairs of electrons. 2 Lp. on each of

the 3 O and | on N.
(

Propan-1-o0l, C,H,0H, is dehydrated by passing
its vapour over hot aluminium oxide to give a hy-
drocarbon,

Which structural formula represents the product
obtained when the hydrocarbon reacts with bro-
mine/

HHH H Br H

I |

A H-C-C=C-peB u~c—c—c"—H
b L]
HHH H H H

l’l lll Br H Br Br
| [
C H-C “C~C=Br p H-C—C-—é—H
I
HH H lli P; IL

m! ; E;:i/fnmuﬂh 70///"2 >***

CHLCH,CH,0H %‘;’u CH,CH=CH, + H,0

CHCH=CH, v iy, CH,CH-CH,
I

|
Br

——————

Br

W Chemisery M, vith Hes

FrequentlyExamlnedQum%
X

OH H

26. Which of the following isomers of CH, OH gives
on dehydration, the greatest number of difTerem’

alkenes?

X

A CH, -CH, -CH-CH,oy
én,
B CH, —CH, ~CH, ~CH-¢y
OH
C CHy ~CH, ~CH-CH, ¢y
on
D CH,—(IJH-—CHZ—CHJOH

CH,
N
= +2m,0

Hglplng Concepts ! Enam '700(1:::':79 71')ctll'ny >**

A: CH,CH,C=CH,
l
CH,

B CH,CH,CH,CH =CH,

CH, CH,CH H
k| 3 2\C=C/
s

CH,CH,

A

C=C
AN
H H H

C: CH,\ CH,CH, CH, H

AN
= =C

CH,CH,

D CH,CHCH=CH,
l

CH,

C\ZJZ A compound has the following structure.

OH
CH,Br

Cl
i eyb-
Which compound is obtained by nucleop hl.:;]c ::,'5
stitution when a cyanide ion reacts W
compound?
Izdﬂ’

|




droxy Compounds

Hy
* ’ OH
OH CH,CN T cH,br
B ) j
ﬁ @ (ll ‘
Cl g
OH
]| Ne L CH.Br
‘H,Br ,
C JL; ) JC
NC (l'N
W ¢ et Rating > e e e
npound behaves 08 o bromonlkane and CN~
ol
I:::c;s the alkyl chain.
0 o

R-X CN

¢ of alcohols correctly shows a primary,

ich s¢
28, Whic tertiary alcohol?

a secondary and

primary secondary tertiary
A CcHyol CH,0H (I:u,()u
('-n, (l'u(m (I'mm
(l'n, (I'u,, CH,0H
B CHON CH, Cl,
CH,—C—H cn_l—(l:—un uu,—(l'—-u
(l’”.m tl'l I ([1 1ol
CH,0H CH,0H

C CH,0H
I I
CH,—C~—CH, 0 CH,—C—CH,0H

CH=C—1
I [ I
H H CH,OH
71)) lII CH, CH,
I
CH=C—O0H CH,—C—Oll  CH,—C—OH

| I |
H CH,

H
Liching Conce s | SERRE AT
A: t\" (lu' 2“)‘ (ln’ 20' ln)
B 1930 o

¢ Io (l“, |°), (1°, 1o, |°)
\\——

9 M
le':iny nlcoh.ols are oxidised by warming with acidi-
Potassium dichromate(VI).

|
Il Chemistry m;:% with Helps

_ Frequently Examined (,)uestions
Which alcohol resists this oxidation?

A CH,OH B CH,0H
) CH, - ton
(';'H,
c CH, D H
CH, ~C-OH CH,CH, - c'. -OH
i, o,

Holping Concepts !ﬂmm ’/a,,gi,,:,z%***

Tertiary (3°) alcohols are resistant to oxidation,

CH,OH CO,H
@ + 2[0] — @ + H,0
CH,0H CO,H

|
CH,-C-H +2[0] - CH,-C-H +H,0
| I

CH, CH,
H
CH,CH, -(I:- OH +[0] = CH,CH,-C=0+H,0
i, H,

30) Reversatrol is an insect repellent which is emit-
ted by damaged plants.

HO—©—C=C
| I
H H OH
Reversatrol

Which reagent, in its reactions with Reversatrol,
shows both electrophilic addition and electrophilic
substitution?
q bromine
ethanoyl chloride
C hydrogen bromine
D steam

' Enam Favourile Talr'nz >***

>C=C< undergoes electrophilic addition with Br,.
[

-C -C -
[
Br Br

Helping Concepts

N /s



wopic 16 Hydroxy Compounds

Phenols undergo electrophilic substitution with Br,.

OH Br, OH
—Q + 3B, — Br + 3HBr
OH Br OH

1) Ethyl ethanoate is a very important solvent in in-

Q dustry. Currently, researchers are investigating

ways of producing the ester from cheap, low grade
ethanol by the following process.

CH,CH,0H —*21, CH,CHO
—sp2 , CH,CH,0CHCH,
I

OH
—stepd , CH,CH,0COCH,

What types of reaction are steps 1 and 3?

step 1 step 2

A | elimination esterification

B | elimination
C oxidation

-~

isomerisation
esterification

oxidation

Helping Concepts LC'.\am Tavourite Tatr'ny>**

In step 1, the 1° alcohol is oxidised to an aldehyde.
CH,CH,0H +[O] - CH,CHO + H,0
In step 3, the ~OH group is oxidised to a C=0 group.
CH,;CH, -0 - (|3 HCH; + [O]

| oxidation

OH
—> CH,CH, -0-C-CH, +H,0
I

%ln the sequence of the Krebs cycle, which

metabolises glucose into useful energy, fumaric
acid is converted into oxaloacetic acid by a two-
step process involving the intermediate T,

HO,CCH=CHCO,H —Sp! , 1
fumaric acid

tep 2
—=£<- HO,CCOCH,CO,H
oxaloacetic acid

1000 Chemistry MCg with Helps

FrequenﬂyExaminedQues,m |
0\ uesfions
Each of these metabolic steps could be
in the laboratory by a single reagent,

What could be the reagent for step |
” P | and for step

achieveq

step 1 Cstep2 )

H, with Pt catalyg
hot acidified KMnQ .
hot acidified KMno,
hot acidified KMnO,

e — I

Helping Concepts '(J_mm Favourile Ta/my >**

There is an insertion of an O atom into the compoung,
The oxaloacetic acid has a ketone group. Hence, the
intermediate T, is likely a 2° alcohol which is oxidiseg
to form the ketone.

H H

A | cold acidified KMnO,
B | H, with Pt catalyst
C HBr

D | steamand H,SO,

1

-C=C- +H,0 __cone. HpSOy | -C-C-
|
OHH

T
The 2° alcohol can be obtained by hydration across
the C=C double bond.

] i

|
-C-C- —KMmOs , (~_c_
| | HY 1
OH H et O H

33. An account in a student's notebook read:

'An excess of aqueous bromine was added to
aqueous phenol in a test-tube. 2,46
tribromophenol was produced as a creamy-white
precipitate suspended in a yellow alkaline solu-
tion.'

Which statement in this account must have bee
incorrect?
A The precipitate is not 2 4 6-tribromophenol, but
a mixture of 2- and 4-bromophenol.
.. i . _whie,
B The precipitate obtained is not creamy whi

but yellow.
C T7Jhe resultant solution is not alkaline, but
acidic. bt
D The resultant solution is not yello¥

purple.




B 5 A

o

=

34, The molec

l 6 droxy Com ounds
wP’G @m)urﬂe Wa/@ * *

H
OBr

oH Br . )
NN

Br
generates H' and hence the solution

o .
me ed st:loould be acidic, not alkaline.
form

J‘_

ular formula of a sugar is C.H ,O. Its
structure consists of an unbranched chain of car-
bon atoms, each of which has an oxygen atom
bonded to it. It does not contain any carbon-car-
bon double bonds.

How many moles of sodium react with 1 mol of
the sugar and how many moles of gaseous hy-
drogen are formed?

™ [ moles of sodium moles of gaseous hydrogen
—; 5 2.5

B 5 5

C 6

D 6 6

Helping Concepts ' Enam Favourile Ta//hy>**

The sugar has the following skeleton structure with
an unbranched chain of C, and with each C bonded
to O.

C-C-C-C-C-C
N
00 O0O0O0O

However, it is a 2 H short of a saturated molecule.
Hence, it is not a hexa-ol but a penta-ol with a >C=O.

CeH, (OH); +5Na — CH,(0™Na"), + 3H,

35, i
The d‘flgf am shows the structure of the naturally-
Occurring molecule cholesterol.

cholesterol

Mistry m:? ith Helps

Ho
0 e

Frequently Examined(uestions ! I

Cholesterol reacts with cold, dilute acidified
KMnO,.

Four students made claims about this reaction.

W The cyclohexene ring:becomes saturated.

X The cyclohexene ring is broken open.

Y The number of chiral centres increases by 1.
Z The number of chiral centres increases by 2.

Which students' clajnis are correct?
A WandY
B Wand Z

C XandY
D Xand Z

Helping Concepts 'E.\am Tavourite Tah‘ny>**

||
N Ve
~c=c{ — -C-C-

Ot OH
W, X: The cyclohexene ring becomes saturated as
the 7 bond is broken. However, the o bond
is not broken. Hence, the ring is not broken. ;
Y,Z: The 2 C at the double bond become chiral bl

centre upon reaction with KMnO,. The num-
ber of chiral centres increases by 2.

36. Non-ionic detergents can be made by reaction of
epoxyethane, in an excess, with a C, alcohol.

A possible mechanism involves homolytic fission
of a C-O bond in epoxyethane giving rise to a
'double-ended' free radical that initiates a chain
reaction. The first propagation step is as follows.

0 ¢
RN i
+«CH, -CH, -0+ + H,C CH,
epoxyethane
—— +CH,-CH,-0-CH, -CH, -0-

TR e PR e I T

After termination of the reaction with an alcohol,
what is a possible formula of such a non-ionic
detergent?

A (CH,(CH,),,0),,CH,CH,0H
B CH,(CH,),,0(0CH,CH,) ,OH
C CH,(CH,),,O(CH,CH,0), H
D CH,(CH,),,O(CH,CH,0),,OH

R a0




Topic 16 Hydroxy Compounds

Frequently Examine

Helping Concepts r&xam Favourite ﬁ’a/l'ny>*

The base polymeric chain is
—CH, -CH, -0

The chain is likely to abstract a H from the alcohol or
bond with the O of the alcohol.

In (B) and (D), there are extra O atom in the formula.

Note: O-O bond is weak and hence not likely to
be formed.




" ds
1 oy O Frogquenty Examined Questons
» Section B 39. Which observations will be obtained Wwith the com

he queslians in this section, one or more ]lJound (iH3CH(OH)CH37
{ to 3 b . a yello ipi i :
" at':’:{ mbe red statements 1 to 3 may be cor di?]e W precipitate with alkaline aqueous jo-
of ™ Pr—
e each of the statements is or is not 2 fumes of HC| as with PCI,
it whet may find it helpful to put a tick against 3 an orange precipitate with a solution of 2 4.
- et (ynt::m that you consider to be correct). dinitrophenylhydrazine ’
! smfe .
| ;l;respo"s es A 10 D should be selected on the basis M[‘l\am Favourite Tah‘ny >***
i (I)H
C D *1. The alcohol contains the CH,—-C - group and
2and 3only | 1only ’
are correct | is correct H
hence gives a positive result for triiodomethane

 other combination of statements is used as a cor- test, i.e. [/NaOH, heat. Yellow precipitate of CHI,
would be obtained.

*2 R-OH + PCl; - R-Cl + POC], + HCI

N
mt response.

37, Which alcohols on oxidation with acidified po-
tassium dichromate(VI) give an organic product 3. It is not a carbonyl compound.

which causes an effervescence when reacted with

sodium carbonate? A 3

I butan-1-ol \ W

) 2nayipoparlol ) C-C CY), 40. Pentaerythritol is an intermediate in the manufac-

L \ ture of paint.
3 2-methylpropan-2-ol H W
HOCH, CH,OH
'Gaam Favourile Tn/iny>** \C /
A 1°alcohol .is oxidised to a carboxylic acid which can HOCHZ/ \CHZOH
then react with Na,CO, to form CO,. .
Pentaerythritol

(3) is a 2° alcohol.
i i out
1 It decolourises acidified potassium
manganate(VII) on warming.
2 It reacts with metallic sodium.
3 Its empirical formula is CH,0.

3. Which of the following compounds will react with

;’hdium metal to release hydrogen and also with
anoyl Chlol‘ide to release hydrogen CthI’ide? m’ Enam Favourile Ta//'ﬂ_z>***

| ; CH]CHZOH *]. Being a primary alcohol, it can be readily oxidised
| 3 CH]CH(OH)CH3 to a carboxylic acid.
C
_’ GHSOH HOCHZ\ /CHZOH o HO, C\ /CO:,H
£ te Rating > KKK c b PN
aam Favourile ?a/lﬂz> / \CH10H H02C COZH

The
phmo'mpound contains an —OH group, e.g. alcohol, HOCH, -
+2_ Being an alcohol, it gives H, with Na.

R~0H + 2Na _ JRO"Na* + H, T R—OH +Na —» R—0"Na" + 3H,
-OH
*CH,coCl - R -0COCH, + HCI'T 3. Its molecular and empirical formulae are C;H,0,.

\

: .Chemistl‘v m,m with Ualne
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reaction petween
the nditio d concentratzc:
' oun
oy 018 oyt CH.CHC L owing com?
pr;"llemc acid, whi¢
:«Jm be obtain®
H=CH,
1 CHC
2 CH)CH2CH20CH2CH2 3
3
H,HSO,
jmination dchydration):
+]. Eliminati0 ( e CHJCH=CH2+HZO
CH,CH,CH:OH — pec
+2. Nucleophilic substitution:
| OH
2CH,CH,CH; )
cone. H>804 CHJCH:CHZOCHZCHEC »
W°C {0

+3, Nucleophilic substitution: -
+ conc. H,5U,
CH,CH,CH,OH + conc. Hy

— CHJCHzCHzoSOJH
0°C 4 H,0

42. Binapacryl is used as a fungicide.

|
-((\ o @/CHCHZCH,
NO,

Binapac-ryl
Which of the following statements about
Binapacryl are correct?
1 Its aqueous solution is acidic.
2 It can exist in optically active forms.

3 It reacts with ethano] in the presence of con-
centrated sulfuric acid to give an ester.

ing Concents | LRGSO

OH (I:Hs

O,N '(I:—CHZCH3
H

. NO2
where , - chira] centre

100 Chemistry mg uith Hepg

—quently Examingg

»1. The phenol group is acidjc.

*2, There is a chiral C and
imposable with its mirr,, ;. Pound
superimp Its Mirroy imag
e.

3. There is no ~COOH or -Cq( groy
P.

T

43. When aqueous bromine js added 1,
nol, a creamy-white precipitate jg Ob'u g,

) 2ineq
What does this show? ‘

1 A hydroxy group makes the
susceptible to electrophiljc

‘\
\"\”3}1‘
™

benzena .-
T
2 2-bromophenol is insoluble in wate

3 Phenol is unsaturated.

Helping Concepts %*i

OH

O

*1. A hydroxy group activates the benzene ring by
resonance. The lone pair of electrons of oxyez
delocalises into the benzene ring and enha‘-}d
the electron density of the ring. This maks fhe
ring more susceptible to attack by an electrophile

2. The white precipitate is 2,4,6-tribromophend], gt
2-bromophenol.

3. The reaction is a substitution. It does not show
that phenol is unsaturated (otherwise it will u=-
dergo addition instead).

44.

Mevalonic acid is an intermediate in the b}iofﬂ:
thesis of cholesterol. The acid has E.I?Uﬂ'luef o
functional groups related to this activity.

OH
|
\‘Y‘Hozccm C(CH;)CH,CH.OH

" Moy |

OH
Br Br |
+3Br,(aq) —> +3W(aq)+3&—(xj {
Br

.
v acid have
Which properties does mevalonic acid b2’

1 It has only one chiral carbon atom.

i
jc acid &%
2 It can be esterified both by etl;a;lﬁ] -
by ethanol, in the presence ©

I~
. ndary &
3 It contains both primary and s¢%

hol groups.

T

E L N —. e

-
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|
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Frequently Examined (Juestions

‘\I 5 i Compounds
W
!i 0 .

(I')H
Il "’
. _CH. —"C°-CH.CH, —OH
HO'C CH, ‘
CH;
xylic acid and an alcohol. It therefore

o 1S esterification with an alcohol and a
" gneerer " tively.
| carboxylic acid respectively. o
0

" Il
g: OH+R'-OH _H 3R-C-0-R'+ H:O

R-C-

. Carbond- tertiary alcohol

’ Carbon b - primary alcohol

—

puring the preparation of many Orga}nic .
i unds, by-products are formed. This usually
oceurs ’because the reagents can react in more
than one way, depending on the conditions used,
or because the products formed may react with

the reactants.
]-bromopropane may be prepared by slowly add-
ing concentrated sulfuric acid to a mixture of
i propan-l-ol and sodium bromide, and keeping the
‘ reaction mixture cool.

CH,CH,CH,0OH + HBr

- CH,CH,CH,Br + H,0
What could be a by-product of this reaction if the
temperature is allowed to rise?
1 CH,CH=CH,
2 CH,CH(Br)CH,
3 Br,

He’Dfﬂg Concems '(‘:mm Tavourite Tah‘ng >**

*]. The alcohol can undergo dehydration with conc.
H,80,, especially when heated.

CH,—?H-CH2 —0 , CH, - CH=CH,
|
H OH

*2. The product from 1 can further react with HBr

(electrophilic addition) to form the more stable 2°
product,

L
3. Brcan be oxidised by conc. H,SO, to form Br,.

\‘

]

.

Chemistry #]cq uith Hels

N 46. The compound shown is secreted by a parasitic

plant to enable it to recognise its host before
settling and growing on it.

Hooo
O O
HO R }'1 OH

Which reagents would react with this compound?
1 aqueous sodium hydroxide

2 aqueous bromine

3 aqueous sodium carbonate

Helping Concepts 'Cmm Zavourile "A"‘ahh;>**

The compound is a phenol and it contains a double
bond. Phenol is acidic enough to react with NaOH-
neutralisation.

g
CH_ __C
@ ~cF \@ + 20H
HO R | OH

H
i
CH c
— ~NeF \@ + 2H,0
-0 R | o

H

*2. The compound undergoes electrophilic addition
at the double bond and electrophilic substitution
at the phenolic rings.

oo
CH_ _-C
@ e @ +5Br, +H,0
HO R OH
H H
Br (IjH (li/OH Br
—g el @@L RN
HO R Il—{ Br OH
Br Br

3. There is no reaction. Phenol is not acidic enough
to react with Na,CO,.




Carbonyl Compounds

8—r Key content that you will be examined on:

1. Aldehydes (exemplified by ethanal)
() Oxidation to carboxylic acid
(i) Reaction with hydrogen cyanide
(iii) Characteristic tests for aldehydes

2. Ketones (exemplified by propanone and phenylethanone)
() Reaction with hydrogen cyanide
(i) Characteristic tests for ketones




hony) Compounds

@ Rating: WMight be tested Wk Likely to be tested Wk K Always tested

A

—
Section A

. Which reagent gives the same visible result with
propanal and with propan-2-ol?
A 2,4-dinitrophenylhydrazine reagent
B acidified potassium dichromate(VT)
c concentrated sulfuric acid
D Tollens' reagent

'E\am Tavourile 'Wa/iny> ***

joth can be oxidised and hence cause a colour change
rom orange to green.

CH,CHO + [O] = CH,CO,H
CH,CH(OH)CH, + [0] = CH;COCH, + H,0

' When propanal reacts with Tollens' reagent, what
are the principal inorganic and organic products?

A Agand CH,CH,CH,0H

B Agand CH,CH,CO,H

C AgNO, and CH,CH,CO,H

D Ag,0 and CH,CH,CO,H
M'(J\am Favourite 'Z’a/iny>***

ollens' reagent [Ag(NH 3),]" is reduced to Ag while
ldehydes are oxidised to carboxylic acid.

CH;CH,CHO + 2[Ag(NH,),]" + 30H"
= CH,CH,CO,” + 2Ag + 4NH, + 2H,0

————

+ Which reagent could be used to distinguish be-
tween

CH.CH(OH)CH,CHO and CH,COCH,CH,0H?

A widifieg potassium dichromate(V1)

B dilyte sulfuric acid

g@‘m‘sw mc, with Helps

C 2,4-dinitrophenylhydrazine
D Fehling's reagent

w! Evam '711::4://1'1‘/.' :j’u/m/) ***

CH CH(OH)CH CHO is an aldehyde and it gives a
bl‘le red precnpltale Cu,0, when heated with Fehling's
solution.

Both compounds are alcohols (1° and 2° respectively)
and they can be oxidised by K,Cr,0,.

Both compounds are carbonyls (aldehyde and ketone
respectively) and they form an orange precipitate with
2,4-DNPH. Both do not react with dilute H,S0,.

4. Compound X changes the colour of acidified so-
dium dichromate(VI) from orange to green. 1 mol
of X reacts with 2 mol of HCN(g).

What could X be?

A CH,COCH,COCH,

B CH,CH,CH,CHO

C H,C=CHCH,CHO
OHCCH,CH,CHO

Helping Concepts 'f Nam /m ourile Z(I/I/I/)***

Since 1 mol of X reacts with 2 mol of HCN, there are
2 carbony! functional groups per molecule of X. X
contains cither an aldehyde group or 1°/2° alcohol
group since it is oxidised by Cr,0,%.

(A) is a diketone and does not undergo oxidation. (B)
and (C) have only | carbonyl group.

5. The product of the reaction between propanone
and hydrogen cyanide is hydrolysed under acidic
conditions.

What is the formula of the final product?




A CH,CHOH)COH
B CH,CH,CHOH)COM
C CH,CH,CHCOM
D (CH,),C(OH)COM

m Enam Favourile Raling ) ***

CH,COCH; + HCN — CH, C(OH)CH,
|
CN

CH, C(OH)CH; +2H,0 % {* — CH, C(OH)CH; + NH
| l
CN COOH g

-

6. The table shows the results of simple tests on @

compound S.

positive

2,4-dinilrophcnylhydrazinc
Tollens' reagent
alkaline aqueous iodine

negative

positive |

From the result of the tests, what could S be?

A CH,CHO
B CH,COCH,

C CH,CH,CHO
9.

D CH,CH(OH)CH,

vam Favnurite 7((1////‘7

kK

The results show that S
|. is a carbonyl compound;

2. is not an aldehyde; and

agent.

D Both give a positive tri-iodomethane
form) test. (iodo.

W"&am Favourile Ta/my ,**

Propanont, being a ketone, does not undergo i
tion. Ethanal is an aldehyde and hence feducoma'
ange dichromate(VI) to chromium(III). e or.

Glucose can be represented by the formy|
CH,OH(CHOH),CHO. 2
y moles of ethanoyl chloride would re.

How man

act with one mole of glucose?
Al B 2

C 4 D5

Helping Concepts e wimrite Rating >Rk

Only the OH groups react with aci
an ester.

d chloride to give

0
1
_OH + RCOCI = R _0-C-R+HCl
I

R

somers with the molecular
duce a solution containing
reagent) to form silver

How many structural |
formula C,H,O can re
Ag(NH,), ions (Tollens’

mirror?
Al B 2
C 3 D 4

0 oy Concovts | AR Y
alde-

I
3, has CH,-C- group-
(A) and (C) give positive result with Tollens’ reagent.

(C) does not give 2 positive result with lszaOH.

To reduce Tollens' reagent, C,Hq
hyde, i.e. (13}{7CHO.

O should be an

CH ;CHJCHZCHO CHJfHCHO

CHJ

(D) does not give a positive result with 2,4-DNPH. ///

1. \'Nhich statement about ethanal and propanone is
incorrect?

A Both may be prepared by the oxidation of an
alcohol.

B Both change the colour of warm acidified po-
tassium dichromate(V1) from orange to green.

1000 Chemistry MC? with Helps

10. Which reaction yiel

ot
ds a carbon compound in

porating deuterium, p? [D ="H]

NaOD _,

D,0
acidified KMnO

B CH,CD(OD)CO:H =

A CH,CH,CN

Frequently Examined ),

topic 17_Corbon | Compounds ) )
C Both react with 2,4-dinitrophenylhydry,; ;
lnem.

i
{
1
|
|
|
|
|
|
i
|




r

g W\

Frequently Examined ()uestions

7 Carbon | Compounds
#I NaOD _,

conc. D>SO

D (CHCOH T hea

W**

ts in the formation of CH,COO™ and
is used instead, CHI, will be obtained.
' ction is part of the tri-iodomethane test.
The reac )
CH,COCH, _L/OH” , cH,cOCl,
3

__OH_ CH,CO0™ + CHI;

{1, The compound C,H,Br undergoes a sequence of

reactions as follows:
acidified Tollens'

G
What could be the formulae for X, Y and Z?

In (B), X=Y=CH,CH,; in (D), X=Y=H. (C) does not
undergo nucleophilic addition with HCN.

13. Which of the following reagents will distinguish

between benzaldehyde, C6H5CHO, and
phenylethanone, C ,H,COCH,?

A aqueous bromine

B aqueous diamminesilver(I) ions

C 2,4-dinitrophenylhydrazine

D aqueous iron(IIl) chloride

Helping Concepts ' Enam Favourite 'Fahﬂ>**

C,H,CHO, being an aldehyde, reduces
[Ag(NH,),]" (Tollens' reagent) to give a
silver mirror whereas C H,COCH,, being a

OH Q) KoCnOy oy _ resel y 7 + silver mirror .
H,Br X ketone, is unable to.

C H,CHO + 2[Ag(NH;),]' + 30H™

Helping Concepts '(‘_'f.\am Tavourite Ta/z?:y >**‘k

] X Y Z — C,H,CO,™ +2Ag¥ + 4NH, +2H,0
o | CHCH,CH,OH  CH,CH,CO,H  CH,CH,CHO

B| CH,CH,CH,OH CH,CH(OH)CH,OH  CH,CO,H

c|cHCH,CH,OH  CH,CH,CHO  CH,CH,COH

b |CH,CHOH)CH, ~ CH,COCH, CH,CO,H

14. Compound P displays cis-trans isomerism and

The positive result with Tollens' reagent suggests that
Y is an aldehyde.

CH,CH,CHO + 2[Ag(NH,),]" + 30H"
— CH,CH,CO,” +2Ag{ + 4NH; + 2H,0

12, Which compound on reaction with hydrogen cya-
nide produces a compound with a chiral centre?

A CH,CHO

B CH,CH,COCH,CH,
C CH,CO,CH,

D HCHO

w '( ‘nam Favourile Ta/l'ny> * **
X

\ X OH
prrosen — 5
Y CN

TO ha .
¥ a chiral carbon, X and Y have to be different.

“‘l Chemistry %7(:(3r with Helps

gives a red-brown precipitate with Fehling's solu-
tion.

What is P?

A H CI1,CHO
N . C/ -
Se=

H \CH3
B H COCH
Ne. o }
N
CHJ/ H
C H CH
\c—c/ 3
TN
H/ CHO
D CH, /H
C=C\
H CHO




topic 17 Carbony! (omgounds
) 0.0,

Helping Concepts Enam Favourtle Ratin

(A) and (C) do not exhibit cis-
(B) is a ketone and does not reduce Fehling's
tion.

(D) is an aldehyde an
when heated with Fehling's sO

S

15. Which one of the following compounds will give
a precipitate of tri-iodomethane (iodoform) when

reacted with iodine and aqueous sodium hydrox-
ide?

A CH,CHO

B (CH,),COH

C CH,COH

D CHJCH2CH(OH)CH3

ey Concepts | ATERETETTE TN kel
Positive iodoform test indicates the presence of
OH o
—CHCH, ™' —(”:CH,'
H
CH,CH, -(:: _CH, +41, + 60H"

trans isomerism.
solu-

d it gives brick-red ppt. of Cu,0

lution.

OH
(0

Il
—» CH,CH,—-C-0" +5I" +CHI; ! +5H,0

16. Which compound will react with alkaline aqueous
Co,

iodine to give @ ?
co,”

CH,COCH;

Q

“CH,COCH,
COCH,

CH(OH)CH,
CH(OH)CH,

o)

Q0

“CH,

b CH,CH(OH)CH,

O

‘CHO

W Chemistry ]z uith el

FMuenﬂyEXam,nedQ

HC'pil]g CUI'ICBptS ‘C‘.\am T le R »
tourile Kating ‘ I -

R-COCH, —29" , p (6.

y +
R —CHCH, L/IOH™ | o o CH,
(I)H O+ cn,
—

17. Which one of the following can a solyt;
dine in aqueous sodium hydroxide b;lOn of ip.
distinguish between members of the pai;;sed L

A CH,CHO and CH,COCH,
B CH,CH,CHO and CH,COCH,

C CH,CH,0H and CH,CH,CH(OH)CH,
D CH,OH and CH,CH,CHO

Helping Concepts ' Enam Favourile 'X’a/in5;>**1‘

/N aOH gives a positive iodoform test with a com-
OH o i
| V

|
pound that has CH,—CH— or CH;—C- group but N

not others.
CH,COCH; + 31, + 40H"
— CH,CO,” + CHI; + 3H,0 +3I°

fan alkene X gives a diol; further oxi-

18. Oxidation o
ch one of the follow-

dation gives a diketone. Whi

ing could be X7

A (CH,),C=C(CH,),

B CH3CH=C(CH3)2

C (CH,),CHCH=CH,

D CGHSCH=CHC6HS
ey Conceps | AETERETE gl
the carbon atoms at the double
mono-substituted.

C,H,CH = CHCHs — C"HS(foHCGHj |
!

OH OH

To form a diketone,
bond must be both




»

1 1 (m (.ﬂl’.’n‘s
o J— diketone shown is excreted by

,_1110 jer beetle.
I “b,,,..wd o

CH,
1
)
What is formed when this compound reacts with
' oN
CH; B

A

L ?
A g
C CH; D CH;
N 0
Cram Javaurite Fating > IKK

with HCN, nucleophilic addition occurs at the C=0
bond to give cyanohydrin:

(]) HO___CN

CHS\/]\N + 2HCN N

1 HO~ TCN
0

2. Vanillin is the main constituent of vanilla
flavouring.
OH
. _OCH;

o

|
CHO
Vanillin
What is the product of its reaction with KMnO,
in aqueous KOH?

A OH B OH
H OCH,
Co, K" CO.H
C Co,K’ D 0K’
H) @r(x'l{}
- Co,’K” 0,K’

g

> &un Tacesarite 74]17/‘ ***
—OCHl (ether) remains unaffected. Phenol is acidic
enough to react with KOH to form the phenoxide.
Aldehydes are readily oxidised to give carboxylate
(-COO") in alkaline medium.

21. Which one of the following pairs of compounds
can the members be distinguished by means of
Tollens' test (the use of a solution containing

Ag(NH,),")?

A HCHO and CH,CHO

B CH,CHO and CH,COCH,

C CH,COCH, and C,H,COCH;
D CH.COCH, and CH,CO,CH,

' Cram Faverile 7’0/15/***
CH,CHO, being an aldehyde, reduces [Ag(NH,),]’ 10
form a Ag mirror. CH,COCH; is 2 ketone and it does
not reduce Tollens’ reagent.

R - CHO + 2[Ag(NH,).]” = 30H"

— R-CO.” +2Ag+ ~4NH; ~ 2H.O

22. The diagram shows the structure of a compound.

HO.C /-/:\;/—COCH;

It is suggested that this compound
gives a precipitate when warmed with Fehling’s
solution;

2 gives an orange precipitate with 2.,4-
dinitrophenylhydrazine.

Which suggestions are correct?

A 1 only

B 2 only

C both | and 2

D neither | nor 2

|- The compound is a ketone (not aldehyde) and
hence does not react with Fehling's solution.

2 The compound is a carbony! and it reacts with 2,4-
DNPH to form an orange ppt.




N

vopic 17 Carbonyl Compounds

23. 2,3-dihydroxypropanal, HOCH,
1,3-dihydroxypropanone,
each be prepared
HOCH:CH(OH)CHZOH.
Which statement is correct for both
2.3-dihydroxypmpnnal and
1 .3-dihydroxypropanone?

A They are chiral.

B They give a silver precipitate with Tollens'

reagent.

C They give a yellow precipitate with alkaline

aqueous iodine.
D They have the same empirical formula.

Helping Concepts ' Ernam Favourdte ‘Palt'ﬂD*** has to be used.

A: The ketone is achiral.

B: The ketone shows negative result with Tollen's

reagent.
C Both show no yellow ppt.
D: The empirical formula is CH,0.

CH(OH)CHO, and  25. The production of light by ap;

HOCH,COCH,OH, may
by the mild oxidation of

24. Which of the following reagents will give similar
results for both butanone and butanal?
A acidified aqueous potassium dichromate(VI).
B an alkaline solution containing complexed Cu?*
ions (Fehling's solution)
C iodine and aqueous sodjum hydroxide
D 2,4-dinitrophenylhydrazine reagent

Helping Concents | SRV AT AN

2,.4-dinitrophenylhydrazine reacts with
give orange precipitates of 2,4-dinj
irrespective of whether the

a carbony] to
trophenylhydrozone
carbonyl is a ketone or an

aldehyde.
H H
\
H

H

O,N

\ 27. A Compound Q’ C

100 Chegng,

e try mc? With Helys

Frequently Examingy(y,

biolumi mals apq Plapy.
known as bioluminescence, |t SOMetime, : Aty j,
the following reaction: S Involy

enzyme
CH, (CH,);CHO —=%¢<, CH;(CHI)SCOH

Which reagent could be used in the laboray,
Wto

carry out this conversion?
A acidified Na,Cr,0,

B concentrated HZS()4

C KOH in ethanol

D LiAlH, in ether

Helping Concepts 'm**

The process is an oxidation. A suitable oxidisjn

g agent

R-CHO + [0] - R-CO,H

26. Hydrogen cyanide adds to ketones. The table
shows the relative rates of reaction under differ.
ent conditions.

condition relative rate
aqueous solution slow
acidified solution | virtually zero
alkaline solution | very rapid

Which of the following is likely to be involved in
the rate-determining step of the reaction?

A CN- B OH
C H D HCN
' Exam Favourite Tah’ny >*

HCN —;0:: H* + CN

In an aqueous solution, HCN is weakly ionised to CN
and the addition reaction is slow. Addition Of a‘{'d
suppresses the ionisation (no CN-) and there is "
tually no reaction. On the other hand, in the alkalin®
medium, the equilibrium shifts to the right and P

: es
duces large quantity of CN~. The reaction becom
Very rapid.

R
- ound
4H,,0, gives the comp ipil

C4H80, on oxidation. R gives a yellow pre

On warming with alkaline aqueous iodin® !




17 Corbonyl Compounds
&,M of the following could be Q?
A CHCH,CH,CHON

g (CH)LCHCH,OH

¢ CHCHCHIOHICH,

p (CH)COH

855 x.....,,;?xi;.;j‘,\ A AR

Qs akohol and R is a ketone. Since R pives
pasitive wi-iodomethane test, R is a methyl ketone,
0 kl)ll
b . .
ie. X-C=CH,. Therefore, Q is X-C-CH,.
|
H
CH,CH, CHCH; +[0] —» CH,CH:h‘ =CH, + 1,0
-
OH 0
0

i
CH,CH, CCH, + 31, +4OH"

- CH;CH,—C-0" + 31" + CHI, { +3H,0

18. The exhaled breath of diabetics contains
propanone.
A medical student wishes to test for diabetes by
asking patients to bubble their breath through a
reagent.
Which reagent could give a positive result?
A alkaline aqueous iodine
B aqueous bromine
C Fehling's reagent
D Tollens' reagent

mwih@\*i*
(')
I . .
pos CH, —C~ group. Hence, it gives
4 Positive tri-iodomethane test.

]
CH, ~C-CH, +31, + 40H"

I
b, CH,-C-0" + CHI, + 31" + 3H,0

29 Smuoke fom a bonfire contain a componmd that
vatsen firitathon to the eyes. This vompound readily
decoloutives aguenus bromine and produces a
previpitate of silver when bubbled nto Tollens'
reagent.

What {x a possible streture of the vomponnd?
A CH = CHEON B CHL = CHeNHYD
=N, (Ieno

¢ Q) v ()
Lot conen | SRRREREE

The fnctional groups present in the compound are
C=C bond (readily decolourises agueous Nry) and
aldehydic group (- CH=0), Only the compound shown
in (B) has both these groups present.

JO0. Ethanal can react with ammonta ax shown
CHCHO £ NH, > CHECTHONDNG

Which type of chemical reaction takes place?

A addition=elimination

B electrophilic addition
C fiee radical addition

) nucleophilic addition

Helpig Concepts 'J'\.w Mosrite Varme S o

The reaction is basically that of an addition, with NI,
functioning as a nucleophile and attacking the elec-
tron deficient carbonyl carbon,

"
!‘ S 3 ' I

H N U= 0 » N C 0O
CH 1

! CH,

This reaction is similar to that ot a carbonyl and HCN
in the presence o a base,

l
A NC - =Q
|

NC UV ~ (=0

31, Almond essence is used to lavour foods, A st
dent tested a sample of almond exsence using
2 d-dinitropheny Ihydrazine reagent and ohained
colourad crystals which had a sharp melting point

]



rrequently Examined(.)usstiony

arbonyl Com ounds
topic 17 € Which compound would give these resyjyy)

s this positive re-

; und give
::’hlt;ch class of compo A CH,CH,CHO
CH,CH,OH
A alcohols B CHSC:zCOCH :
B aldehydes C 32 3 !
C amines D CH3CH2COCH2CHJ

D carboxylic acids Helping Concepts r/;.a,,, Favourile Ta/,}y;/-***
Heling Concepts | APTRERITIINE b |

Carbonyl compounds (aldehydes and ketones) give CHJCHZOH contains CH, —CH—-OH group,

bright coloured ppt. with 2,4-DNPH. CH,CH,OH + 41, + 60H"
. H\ /H — HCO,™ + CHI, + 51" +5H,0
=0+ /N -N CH,CH,OH is a primary alcohol.
H o,NI@\NOE CH,CH,OH +2[0] — CH,CO,H+H,0
H CHJCHZOH is not an ald_chydc and hence is not
N >C=N—N/ + H.0 oxidised by Fehling's solution.

34. 4-Methylpentan-2-one, MIBK, is a solvent used

in a glue:
. 1.),CHCH,,COCF I
32. One of the earliest biotechnological processes, (C”3)2CH(’_HZC ICH,

developed by Weizmann in 1911, was the conver- MIBK

sion of starch into propanone and butan-1-ol.

Which reagent could be used to confirm the pres-
ence of propanone in a propanone/butan--ol mix-
ture?

A Na

B 1, in NaOH(aq)

When the glue is tested, which result could be [

due to the presence of MIBK?

A It gives an orange precipitate on boiling with
Fehling's solution.

B It is oxidised and gives a green colouration on 3
warming with aqueous potassium chromate(V1).

C acidified K,Cr,0,(aq) C It gi\{cs a yellow prcgipitatc on warming with
alkaline aqueous iodine.

D AgNO.(aq) with an excess of NH,(a . . :
3% 3(29) D It gives a sweet-smelling liquid on warming
Helping Concepts '((i\am Favourile 7?:1//177‘)*** with benzoic acid.
ﬁ Helping Concupts 'ﬁmm Favourile Wa/f'mf /***

CH, — C—CH, + 31, + 40H" Q
5 CH;CO; +3I° + CHl3 +3H,0 MIBK is a ketone that contains the —C —%Hl f::":}l;
i} Thus, it gives a positive result with the tri-iodometha
Butan-1-ol, CH3CH2CHZCH20H, does not contain test where a yellow CHI , precipitate is formed. n
CH,~CHOH group and therefore does not give a 0
yellow precipitate of CHI,, with I,/NaOH. Il Il I r
~C—CH,+3I,+40H" — —C -0~ +CHI,+3H,0* I

 —— Po

33. 2; :organic compound has the following proper- o a1 hy
it gives a pacirion s : 35. The structures for two alarm pheromones
it is Ireadi;;()sntu'rz_trl-lodomethane (iodoform) test; are given.
it does ot r(::ctls:-‘:hto ethanoic acid, CH,CH,CH,CH=CHCHO
m““ - i f?ehlmgs reagent. and CHJCH2CH(CHJ )COCH,CHg
Mistry m;? with Helps Ry

Py N ;
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| 17 corbonyl Compounds

. wh“h char

cnh("l-
:: h decolourise aqueous bromine,
0

goth decolourise dilute alkaline potassium
¢ Bo

mnngnnnlc( VII)
poth show optical isomerism.
D

P > ek
41 CH,CH,CH=CHCH,0H +[0]
1
oMy CH,CH,CHLCH=CHCHO + H,0

heat

cH,CH,CH(CH, )CHIOH)CH,,CH, + [0]
Iy 2
CH,CH,CH(CH,)COCH,CH, + 1,0

(0 '
heat
g Thealdehyde decolourises Br,(aq) since it is also

an alkene, but the ketone does not,

[

>(;=C<+HZO+Br2 > —<|:~<|:-
Br OH
¢ The aldehyde and alkene are oxidised, but not the

ketone.
D The aldehyde does not show optical isomerism.

36. Why does hydrogen cyanide add to propanone
but not to propene?

A The addition product formed with propene
would not be stable.

B Propanone is more susceptible to nucleophilic
attack than propene.

C Propanone is more susceptible to electrophilic
attack than propene.

D' Propanone is more susceptible to free radical
attack than propene.

Hﬁ'lli"g CUﬂCBptS ! Enam Favourile Tah‘ny>**

Propanone (a ketone) undergoes nucleophilic addition
readily with HCN due to the presence of a partial
Positive charge on the carbon of the carbonyl. This
;lyeg\?“ deficient carbon suffers nucleophilic attack

OH
J I

| W Chemistry mai with Helps

L

acteristic applles to both compoundy?
i can be obtained by the oxidation of fers electrophilic attack
po

Froquontly!xnmlnod@unﬂona

Propene, being electron Fich, repels ON-

It readily syf-
insteaq, Y Suf

————

37. Cyanohydrins can be mde from carb
pounds by generating CN* jong from
presence of a weak base,

R

onyl com-
HCN in the

R
>(' =0+ HCN —CN-_, >c<0”

R’ CN
In a similar reaction, ~CH,CO,CH, ions are gen-
erated from CI»IJCO:,_CH_1 by strong bases.
Which compound can be made from an aldehyde
and CH,CO,CH,?
A CH,CHOH)CO,CH,
B CH]COZCH:,_CH(OI»IJCHJ
C CH3CH:,'CH(OH)CH:,_C02CH3
D (CHJ):,C(OH)CHZCOZCH3

Helping Concepts ! Cnam Pavourite 7?(1///)?)**

The overall reaction shows the addition of HA across
C=0.

R’

A
l

JC=0+HA —» -C—0H
l

When CH_,cochJ is used where A =—CH2C02CH3,
the product would be

CH,CO,CH, I
l

~C-OH i.e. —C(OH)CH,CO,CH,.
I

38. PGE, and PGF,, are two prostaglandins, both
with pharmacological activity.

(0]

= CO,H
HO OH

PGE,
HO

= CO,H
HO OH

PGF,,,




topic 17 Carbonyl Compounds

Which reagent will convert PGE, into PGF,, ef- 40. One industrial

ficiently?
A B R/

Helping Concepts ' Ernam Favourile Talml>*

The C=0 group in PGE, can be reduced. to form
C-OH group in PGE,, by a suitable reducing agent
(NaBH,) without affecting the C=C double bond and
—~COOH group.

H,/Ni and H /Pt will reduce C=O and also hydroge-
nate C=C double bond.

H,0/H* does not reduce C=0 and it will hydrate the
||
C=C double bond to form -C-C-.

|
H OH

39. Which reaction will occur without a colour change
being observed?

A phenylethanal, C¢H,CH,CHO, + Fehling's re-
agent

B phenylethene, CH SCHCHz, +cold dilute acidi-
fied potassium manganate(VII)

C phenol, CGHSOH,
ide

D phenol, C6HSOH, +dilute nitric acid

Helping Concepts ! Enam Favourite Ta/ini >***

There is an acid-base reaction and there is no colour
change during the reaction.

©—OH+NaOH - @o*m* +H,0

A: red ppt.
B: decolourisation of KMnO4

H

I
Or-ctec, +1,0410) O-t-cn,

| |

+aqueous sodium hydrox-

OH OH
D: pale yellow Ppt.
@’ HNO, @ .
NO, O,N

1000

Chemistry Mg uith Hepg

Frequen Examingg
Prepar ation of eth .

direct carbonylation of met OIC acjg
catalyst, hanol Using 5 rhOI;i:lhl:
CH,0H +Co ium
Catalysy CHJCO_,H

Which compound coul

d be ex
(|:02H pected to Pl’od

H(|3 ~CH,CO,H by ths method,

CH,CO,H
A |OH B ?HIOH
H (|:- CO,H HC- CH,Co
CH,OH éHzcozn
C OH D oOH
Hc:: - CH,CO,H H(lZ-CHzco,H
CO.H (l:Hzon

Helping Concepts **

From the given equa

. tion, the overal| result
sertion of a carbony

| group into the C-0

0]
| |
ie. =C-OH+CO —> -C-C-0H,
I l

is the in-
bond,

Therefore,
i0Y
“Eon o
H—-C~CH,CO,H «— H —<|: — CH,CO,H
(|:H ,’C'-OH <|3H:0H

L

41. Butanedione, CH,COCOCH,; is a yf:llclm;’m“e‘}l‘"m
which is responsible for the cheese-like
cheese and from unwashed feet.

. ith 2,4-
How does butanedione reacts W

hling's &
dinitrophenylhydrazine reagent and Fe
agent? o
. Fehlin
2,4 - dinitrophenylhydrazine e
: . pos
A positive negali"e
B positive posilive
C negative negative
D

\
\
\

o .=

A o o o A &

=




(o Compoundy Provyonily Buamined|yomme

Cnam Pt LT
' "'M ' L4fid 1 M" *** ‘”’ ‘”‘y ?
If if ‘o, L.l CHAH,C N,
CHy - C =€ CH, oM oM )
Tt
ne Is a diketone. It glven an orange pregipl- /’ ;‘
n::‘"::,',];:"1‘4-dInliruphunylhydmlm bt shows ho Wy en, ) ) CHAH O,
[ 's reagent, a
petion Wit ltehling'h rea (€) The ketoms v redussd 1w alsotul whils the
¢ nlkens 1o il atfsetsd,
M H H
=0y Swend i "
S0 4 JO! ' (M ALy CH,
e O0,N7 7N, }1
ON  NO, Cylly 0 Cb
3 17) ( (
Ne=N ..m('(' ey, LU um.{‘( ( +OCHI,
— | b aH,0
/CHN \ (CH,CO, I8 not furmed.)
H,C >(/)L
o,N° 7 N,
[

42, Cattle sufforing from stross produce 6-methylhept-
s.on-2-one, which repels mosquitos,
(CH,),C=CHCl ,CH,COCH,
6-methylhept-5-en-2-one
Which property will G-mothylhept-5-on-2-0ne
possess?
A Addition of Br,(aq) produces a chiral com-
pound.
B Prolonged heating with ncidified concentrated
KMnO, produces | 10,CCH,CO,| I,

C Reduction by a methanolic solution of NaB3 I,
produces a compound CI1,,0.

D Warming with alkaline aqueous l, produces
CH,CO,H.

w! Cham 'Lr;:;f}mv(f _'/}',,(,',)] J *AA

H Ci
(YCH, ~C = C- CHwe + Bry = CH, =€ ~?‘~(rnw
Br Br

The compound Is an alkene and it undergoes elec-
trophilic addition with Br,. ¢! In the product
formed Is a chiral centre.

m Chemistry Mcq with Helps

M

k.




fople 17_Corbonyl Compounds

Section B

For each of the questions in this section, one or more

of the three numbered statements | (o 3 may be cor-
rect.

Decide whether each of the statements is or Is not
correct (you may find it helpful to put a tick against
the statements that you consider to be correct).

The responses A to D should be selected on the basis
of

A B C D
1.2and 3 | L and 2 only | 2 and 3 only _lonly
are correct | are correct | are correct | is correct

No other combination of statements is used as a cor-
rect response.

43. Which carbonyl compounds could be easily

oxidised to carboxylic acids that are readily soluble
in cold water?

1 CH,CH,CHO

2 @—CHO
s Oreo()
Helplng Concepts '(vﬂwm Favourile Wri/fﬂﬂ) **ﬁ'

*1. CH;CH,CHO +[0] — CH,CH,CO,H
CHJCH2C02H readily dissolves in H,0.

2. Although CGHSCHO, an aldehyde, can be oxidised
to COHSC02H, the acid does not readily dissolve
in HyO due to the presence of the large hydro-
phobic benzene ring.

3. The ketone is not readily oxidised to an acid.

44,

How can the rate of reaction between ethanal and
aqueous hydrogen cyanide be increased?

I by irradiation with ultraviolet light
2 by arise in temperature

3 by the addition of a small quantity of aque-
ous sodium cyanide

Helping CUIICDIJIS ! Enam Favourite Talr'ny >**

1. The reaction does not proceed via a free radical
mechanism and so the rate of reaction will not be
increased by irradiation with uv light,

1000 Chemistry MC% with Helps

Frequently Examined( U0t '\"',

*2. A rise in temperature increases the pro
molecules having energy greater than ¢
the activation energy. This increases
successful collision and hence the ry
tion,

p‘,"i”ﬂ llf
T Cqual 1
the rate of
e ‘Jli f(‘-%‘

*3, The rate of reaction is increasced ag

(N acty a4
a catalyst and increases the rate of

reaction.

45. Acrolein is produced in photochemical smog, |y
has a strong smell, irritates eyes and mucoyy mem.
branes and is carcinogenic.

H H
Ne=cf

N
Y

H C=0
"

acrolein
What can be deduced from this structure?
1 All bond angles are approximately 120,
2 It will undergo electrophilic addition reactions,

3 It will undergo nucleophilic addition reactions,

*1. The shape w.rt. to each C is trigonal planar (3
regions of electron cloud). Hence, the bond angles
are all 120°.

*2. Electrophilic addition occurs at the C=C double
bond.

*3. Nucleophilic addition occurs at the C=0 double
bond.

46.

Cinnamaldehyde is an essential oil with the dis-
tinctive odour of cinnamon.

CH =CHCHO

cinnamaldehyde

[
Which of the following statements b0V
cinnamaldehyde is correct.

1 It is optically active.

2 It decolourises aqueous bromine. -
e

3 It reacts with 2,4-dinitrophenylhydrazi®

agent.
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17 S
W‘MF‘mm_f?'"ﬁ"_'.‘:!!lx‘f'hrx,\. * Ak
hyde comﬂa‘ins a double bond and an alde-
\
nmllldc ’
Cln: gn)llp‘ ‘ ent
nd (¢ s 1O chiral centre.
" e 0

b o= CHCHO

e

+ H:O + Brz

| CH(OH)CHBICHO
i — &j + H' + Br~
0
g CHC/<H H>N - N/ilf.
@ o O,N <\) NO,
H
\ CH=CHC=N-N{
| — O:N@NO: * H,0

\
\

N

% 41, Citral, which occurs in lemongrass oil, has the
™  following structural formula.

CH,C=CHCH,CH,C=CHC=0
b l | |

CH, CH, H
# From this, it can be deduced that citral will

I decolourise dilute aqueous potassium
manganate(VII).

=~ 1 give a silver mirror with aqueous diammine
silver(I) ions (Tollens' reagent).

y 3 give a sweet smelling oil with ethanoic acid,

!

When heated under reflux with a drop of con-
centrated sulfuric acid.

ﬂ! HL’lping Concems F\am Tavourile .Tu/r'ny>***

The functional groups present in citral are double
nds and aldehyde, Therefore, it is expected that:

"
10 acids,
fle
4 Hs‘$=CHCHZCH2C=CHC=O+8[0]

: J I |
L O CH, H
‘)CH

I |
CH, OH CH,

Chemisu'y mc% with Helps

i Both the functional groups are oxidised by KMnO,

"$=0+0=C—CH2CH3C=O+2C02+H2O

FrtquamlyExamlnchuoutlons
*2, The aldehyde reduces Tollens'

3. Itis unable to form
it contains no ~-OH

reagent to Ag,
ester with ethanoic acid

since
group.,

48. Douterium, D, is the 2H isotope of hydrogen,

Which reactions could give an organic compound
having a chiral centre?

I CH,COCH, —RCN.,

NaCN in D,0

2 CH,CH=CHCH, —DBr,

3 CH,CHO ‘N.nT“(L))‘"’

cling Gonconrs | (RSN AN

I Nucleophilic addition:

(I)D
CH,COCH, —BN, CH, -C -CH,
|

CN
*2. Electrophilic addition:
l"l T
CH,CH=CHCH, —8—, cH, -'C -C"-CH,
|
D Br
There are 2 chiral centres.
*3. Reaction:
0 oD

I |
CH,-C-H N—f'g%_) CH,-C*~H
; : |
D

49. Which of the following reagents react in a similar
manner both with ethanal and with benzaldehyde?

1 alkaline aqueous iodine
2 a solution of 2,4-dinitrophenylhydrazine
3 aqueous diamminesilver ions (Tollens' reagent)

Hﬁlpi“g Concepts '(:\am Tavourite Wa/l'ny>**

1. Ethanal gives a yellow precipitate of CHI,, but
benzaldehyde does not.

CH,CHO + 31, +40H"
— CHL{ +HCO,™ +3I" +3H,0
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topic 17 (Carbon | Compounds '
51. All of the following reagents react with eg

*2. Both being carbonyl compounds, give ?range pre-
cipitates with 2,4—dinitrophenylhydraz1ne.

)C=0+H3N—NH-©N02
0,N

— >C=N—NH-©N01 + H,0
OﬁN

Both being aldehydes, reduce Tollens' reagent to

give silver mirrors.
RCHO + 2[Ag(NH;),]" + 30H”
_, RCOO™ +2Ag{ +4NH,; +2H,0

3.

The mould Phytophthora damages many plants,
destroying agricultural crops such as potatoes. A
hormone-like compound called alpha 1 regulates
the reproduction of all species of Phytophthora.

The structure of alpha 1 is now known, giving
scientists a key to the possible future eradication

of the mould.

50.

0

HO\/%/Y\/\{/\MOH |
CH, - C=0+2[H]

OH
alpha 1
Which will react with alpha 17?
1 Cl,(g)light
2 SOCL,
3 H,/Pt

Helping Concepts '?ﬂ\am Favourile Ta/:‘ny>***

The compound has the following functional groups:
—OH (alcohol)
O=C< (ketone)

*]. The alkyl chain can undergo free radical substi-
tution with Cl,/uv.
*2. The —OH groups will react to give —CI.

R-OH + SOCI, = RCl + SO, + HCl

s
The O=C< group can be reduced to form an al-
cohol.

3.

o=c{ +H, —B HO—(I?—H
|

) chemistry Wleg vith Hels

CHSCHO.
Which reagents give a product that retajp, .
c-C= structure?

1 2,4-dinitrophenylhydrazine reagent
2 ethanolic hydrogen cyanide
3 lithium tetrahydridoaluminatc( 1), LiAlH‘

!_ éham Javourie Talﬁm; ***

*l' H\ /H
*]. CH,-C=0+ /N—N .
W IO
O,N NO,
H
| /H
— » CH,-C=N-N{ + H,0
O,N NO,
> j
CH,—C=0 + HCN —— CH, -C-OH
|
CN
3 H
_ LiAHy_, CH,-CH,-OH

52. When the apparatus below was used with com-
pound Z, a brick-red precipitate formed in the
right-hand tube.

to pump
—

—

air

]

Fehling's 8™

com ound Z in =2 5
acidified potassium & :1‘/
dichromate(VI) “Ng=3 ':E:é
t
heat

Which compound could be Z?
1 CI-I3CI-{(OH)CH3

2 CHSCHZCHZOH

3 CH,OH
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7 ¢
W Aokk

H)CH, is 2 2° alcohol‘ and it gives
CH,Cg(g_l )a kétone, upon oxidation by Cr,0,>
¢ 3’o effect on the Fehling's reagent.

o alcohols and give aldehydes upon
The aldehydes formed give a brick-
f Cu0 with Fehling's solution.

%

I
and it has M
.43, Both 2 !
t oxidation.
red ppt. 0

S

In the reaction between an aldehyde and HCN
» NaCN, which of the following state-

" catalysed by : :
ments about the reaction mechanism are true?

1 A new carbon-carbon bond is formed.
2 Inthe intermediate, the oxygen carries a nega-

tive charge.
3 The last stage involves the formation of a

hydrogen-oxygen bond.

Helping Concepts ' Enam Javourile 7?alinz >**
H

H
[\m/ ; _ /
-0=C CN~ —— 0-C—CN
QR/\ N

R

HCN

H

/ -
-CZ—CN +CN
HO C\

R

A new C—C bond is formed in the Ist step, resulting
in the formation of the intermediate with a negative
charge on oxygen. The last step involves the abstrac-
tion of a proton from HCN to form the O—H bond,
yielding the product.

54. Jasmone is the active ingredient of Jasmine. It is
extracted from Jasmine flowers for perfume.

0
CH,CH = CHCH ,CH;

N~

%. >c=c{+ B, -

'Which of the following reagents, when added to
jasmone, would show a change of colour?

1 dilute acidified potassium manganate(V1II)
2 bromine
3 Fehling's or Tollens' reagent

Helping Concepts '?J'.\am Favourtle Ta/in7>***
||

#1. 3c=C{+ [0] + H0 - -C-C~

| |
OHOH

KMn04 would be decolourised.
||
-C-C-
[
Br Br

Br, would be decolourised.

3. Jasmone is a ketone (not an aldehyde) and it shows

no reaction with Fehling's and Tollens' reagents.

55. The diagram shows some laboratory apparatus.

t /

heat water

Which preparations could this apparatus be used

for?

1 bromoethane, from ethanol, sodium bromide
and concentrated sulfuric acid

2 ethanal, from ethanol, sodium dichromate(VI)
and sulfuric acid

3 1,2-dibromoethane, from bromine and ethene

Helping Concepts Jokok

+]. Br +CH,CH,OH +H" = CH,CH,Br + H,0

CH,CH,Br is the most volatile among all the re-
actants and products. Hence, it can be distilled

off and be collected.



3.

Topic 17 Carbonyl Compounds

2.

CH,CH,OH + [0] = CH,CHO + H,0
Once CH,CHO is formed, it is distilled off imme-
diately because it is the most volatile (unlike
CHJCHon- it is not capable of H-bonding). H?w—
ever, ethanal has a very low boiling point and ice-
cold H,0 has to be used to condense it.

Ethene is a gas!

56.

Vanillin is the active ingredient of vanilla.

Ho©CHo

CH,0
vanillin
Which of the following will be observed with van-
illin?
1 Warm acidified potassium dichromate(VI) turns
green.
2 2,4-dinitrophenylhydrazine reagent gives a
coloured precipitate.
3 A yellow precipitate is formed on warming with
aqueous, alkaline iodine.

Helping Concepts '{Jltam Favourile 7?a/llflj> ***

*]. -CHO group is oxidised to -COOH where Cr2072‘

*2.

is reduced to green Cr?*,
RCHO +[0] — RCO,H

H H

N\ /
JN-N
H @
O,N NO,

H

>C=O +

Il
CH; -C - group and CH, -C- group are
l

absent, H

1000 Chemistry m::g with Helps

Frequently Examined < uestions

&7, The steroid shown is an intermediate compoung

obtained during the synthesis of Formestgy,
which is used in the treatment of breast cance,

CH,
CH,

HO
OH
Which statements about this compound are cor-
rect?
1 It reacts with hydrogen cyanide in a nucleo-
philic addition reaction.
2 It can be oxidised by warm acidified potas-
sium dichromate(VI) to a carboxylic acid.

3 It will react with Fehling's solution.

Helping Concepts '(;mm Favourite 70///.77>***

*]. The carbonyl group undergoes nucleophilic addi-

tion with HCN.
|
—se , —C-OH
|
CN

The 2° alcohol groups are oxidised to ketones,
not carboxylic acid.

It does not contain an aldehyde group. Hence, it
does not react with Fehling's solution.

N\
,C=0 +HCN

58.

The sex hormone, oestrone, has the structure
shown below.

0
CH, |l
C

HO

Which of the following reactions would oestrone

be expected to undergo?

1 It gives an orange precipitate with 2,4-
dinitrophenylhydrazine reagent.

2 It gives hydrogen with metallic sodium.

3 It forms an ester with ethanoyl chloride.



N“ 'q'.\.oll Aluuvn? k:”,ﬁ!\ ***

groups present are ketone and phenol.

\Mh\\l\_\" reacts Wil‘h
o Thet mph@uylh_wlmzme o give an orange pre-

(
X ;1::;' of 2,4-dinitrophenylhydrazone.
olp
H

l
=0 + H)N- N Q NO,

NO?

lll
I >cuN—N-©NO: I+ H,0
NO,

phcnol. it acts as an acid and releases H2

) Beng 8 _ .
on reacting with a reactive metal.

l JAOH + Na = 2ArO Na' +H, T
\

i
J v ﬁni\f“““ul
V

\
\
\

a1 Although unable to form an ester with a carboxy-
lic acid, it does react with an activated acid, e.g.
\ cthanoy! chloride to give an ester.

AfOH + CH,COCI = CH,COOAr + HCI T

Iy $9. Compounds P and Q have the following formu-
lae:
k HOCH,CH(OH)CHO  HOCH,COCH,OH
P Q
Which of the following statements apply to these
= compounds?
I P can be directly oxidised to Q.
g 2 Pand Q can both be reduced to
HOCH,CH(OH)CH,OH.

3 Both P and Q react with ethanoyl chloride to
form esters.

oo | (RIS e

L Pcannot be directly oxidised to Q because both
the two alcohol groups and the aldehyde group
Wwould be oxidised.

' OH O O

o I
HO-CH, -CH-C -H - HOOC -C - COOH
:}:gproducl may be further oxidised to CO, and

, ,
The aldehyde group in P and the ketone group In
would be reduced.

_Chemmw 777% with Helps

T AL —

—

MW

HO_CH: —(l‘H-]C[—H - HO-CHz“CH—CH,
OH O (’)H J)u

0
Ho—cnz-g—cuz—on

OH
- HO-CH, —(ITH—CH: -OH

*3. Both P and Q are alcohols and they react with
ethanoyl chloride to form esters.

CI)H
HO-CH, -CH -CHO + 2CH,COCI
0
|

(I? (])hc-cu,
— CH,C-0-CH, -CH-CHO + 2HCl
0
HO - CH, —lcl*-cn:on + 2CH,COCI
0 0 0
- CHJ—Q'—O—CH:—yZ—CH:—O—pj-CH,
+ 2HCI

60. There is a range of reactions of the aldehyde
group which have the pattern

OH
\ N/
20
H X

H

of which the formation of a cyanohydrin (where
X=CN) is one.

Which compounds could be obtained by such an
addition to an aldehyde group, followed by a de-
hydration?

O
2 4<=><H

O 0 OCH]
3 CH,CH=NHN @

C=0+Hy —Suabst,






B Koy content that you will be examined on:

1. Carboxylio aclds (exemplified by ethanolc acld and ben-
20l0 acld)

()  Formation from primary alcohols and nitrlles
() Salt, oster and acyl chloride formation

2. Acyl chlorides (exemplified by ethanoyl chloride)

() Easo of hydrolysls compared with alkyl and aryl
chlorldes
() Reaction with alcohols, phenols and primary amines

3. Estora (oxemplified by athyl ethanoate and phenyl ben-

20010)
() Formation from carboxyllc acids and from acyl chlo-

ridos
(I Hydrolysis (under acidic and under basic conditions)
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s and Jerivatives

carbonylic Ac

vourite Rating:

s Likely to be tested ***MWays te—sﬂ
e

Section A
of compounds is commonly used for

{. Which class N jams?

the artificial flavourings
A aldehydes
B carboxylic acids
( Cesters
D ketones
B
smelling organic substances that are
| flavourings.

Enam Favourile Ratin

Esters are sweet-
commonly used as artificia

S

s a product of the hydrolysis

2. Which compound i
sodium hy-

of CH3C02C3H., by boiling aqueous
droxide?

A CH;

B CH,OH

C CH,0H

D C3H7C02‘Na+

Helping Concepts ' Enam Favourile ]’JG@W

CH,CO,C,H, + OH" —', CH,CO,” + HOC;H;

—H'_, CH,CH,CO,CH,CH,CH, + g

heat

4. Ethanoic acid has a pK of 4.7.
What will have a higher pK_ value?
A CICH,COH
B CH,CO,H

@ C,H,0H
HCOH
Helplng Concepts '(‘.:.\am Favourite Wuh’ny >***

A weaker acid has a higher pK_ value.

C,H,OH (phenol) is a weaker acid than CH,COH
oo (g

(ethanoic acid).

5. What is the product of the reaction between
phenylmethanol, C ;H,CH,0OH, and ethanoy! chlo-

ride, CH,COCI?
A CHCHCI

B C,H,CH,COCI
C C,H,COCH,

@Which compound reacts with its own oxidation
product (an oxidation which involves no loss of

carbon) to give a sweet-smelling liquid?
A propanal .
B propanoic acid
C propanone

{0 ypropan-1-ol o

L

Helping Concepts

CH;CH,C - +
2 2 2

10 chemisery Wlecg uith s

Eﬂm Favourite Ta/@***

D C,H,CH,0COCH,

C H,CH,OH + CH,COCl
0
|

_ C,H,CH,0-C—CH; +HC

/

6. Which reaction does not produc .
A the hydrolysis of C6H5C02CH2 g
B the hydrolysis of c H,CN

. ocid”
e benz0® acd

-




I
|
!
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18 Carbox lic Acids and Derivatives
s the oxidation of C,H,CH,
¢ the oxidation of C;H,OH
E'Jam Favourile Tq/,',,y>**

,CH, +H,0
A €, H;CO:CHE

_H C6H5COZH+CH3CHZOH
heat " .
LN+ 280+ H 0 CHCOH N,

B:
c,H,CH; * 3[0] — CH;CO,H+H,0
6

No reaction.

7. Which of the following compounds gives an im-
' mediate precipitate with aqueous silver nitrate?

A CH,COCI

B CH,CClL

C CH,CH,CHC

D CICH,COH
' Enam Favaurite Rating > HIHK
Ethanoyl chloride hydrolyses readily in H,O giving

HCL
The CI- ion released forms white precipitate of AgCl

with AgNO,.
CH,COCI + H,0 — CH,COOH + H" + CI”
ClI” +Ag” — AgCll

8. Which set of reagents could be used to prepare
phenyl benzoate in the laboratory?

A chlorobenzene and sodium benzoate
B phenol and benzoic acid

C sodium phenate and benzoic acid

D sodium phenate and benzoyl chloride

!(’Juam Favourile 7a/1'ﬂy >***
o o
. Il I
c-Cl Cc-0
O - O — O O e

(B) and (C) are wrong because benzoic acid cannot be
b":mn activated acid, e.g. benzoy! chloride has to

\\
0 Chemistry e, uith Helps

;

9. Which compound is most readily hydrolysed by
water?

A CH,COCH,CI

B C,H,CH,00CI

C CH,CHCICO,H
o/

D Cl QCWH,

Cl

Helping Concepts 'Cjam Favourite Tah‘ny>***

Acyl chlorides are more easily hydrolysed than alkyl
(options A and C) and aryl chlorides (option D).

CH,CH,COCI + H,0 — C,H,CH,CO,H + HCI

10. Which of the following, in aqueous solution of
equal concentration, has the lowest pH?
@chloroethanoic acid
B ethanoic acid
C ethylamine
D phenol

Helping Concepts 'G_lam Havourile Ta/flly>***

Arrange the compounds in increasing acidity:
ethylamine < phenol < ethanoic acid
< chloroethanoic acid
CICH,CO,H is a stronger acid than CH,CO,H because
Cl is electronegative and is electron withdrawing by
inductive effect. It therefore helps to disperse the nega-
tive charge on the carboxylate anion and stabilises it.
HA — H" +A"-
Hence, chloroethanoic acid dissociates to a greater
extent and is the strongest acid, producing the high-
est [H*].

11. In which compound is the carbon-halogen bond
hydrolysed most readily by aqueous sodium hy-

droxide?
A CH,CHF B CH,CH,CI
C CH,COBr D @B,

Helping CO"CBDTS '?},\am TFavourite Taliny>***

Being an acyl bromide (acid bromide), CH,COBr readily

undergoes hydrolysis in aqueous OH".

B

i

I y




|

. pgi rivatives

ic Acids and De .

fopic 18 Carboxyl B +HLO 14. A food chemist wants to create the odoyy ¢ .
co,” + 2 apples for a product. An ester with thig of pine.

H- __.Fgl-‘i—-) CHJ
ot undergo hydrol

bond (with pa
BL delocalisation of electrons

g) are 100 strong to be
hydrolysis upon heat-

CH,COBr +20
Both (A) and (D)don
the C-F bond and C-

bond characteristic due t .
from Br into the benzene rin

cleaved. CHJCHZCI undergoes

ing. )
CH,CH,Cl+OH" __heat , CH,CH,OH+Cl
3 2

e

when phenol is treated with

ysis because
rtial double

12. What is the product

an excess of ethano | chloride?
OCOCH, OCOCH,
A @ B O
COCH;
Cl OH
D

c© C

|
Enam Favourile .Ta@ ***
CH,COCI + QOH N @ococm +HCI?

It is not possible to produce an ester by reacting
phenol with a carboxylic acid.

13. Which materials are best used for the preparation
of phenyl benzoate in the laboratory?

A CH,Cland C,H,CO,H only

B CH,Cl, C,H,CO,H and NaOH
C CH,OH, C,H,COCI and NaOH
D C,H,0H, CH,CO,H and H,SO,

Helping Concepts r&\am Favourite Wa/iny >**

ln'the laboratory, C¢H,COCl is slowly added into a
mixture of CGHSOH and NaOH in the cold.

CeHOH+OH™ — C,H,0" +H,0
CH,0™ +C,H,COCI - C,H,CO,C,H, +CI
:Jgil:rl:; 2])’01?21 : H OH.does not form an ester with
id. An acid chloride has to be nsed—

1000 Chemistry Maj Wwith HE||]S

quumﬁﬂmlﬂ'dem..W

the formula C,H,CO,C,H,, odoyr hag

Which pair of reactants would prog i
. Produce th;q es.

A CZHSCI and C,H,CO,H

B C,H,OH and C,H,COCI
C C,H,OH and C,H,CO,H
D C3H7OH and C,H,COCI

Helping Concepts '(;_w,,, Favaurite Rating ***

C]H']COZH + CszoH
_cone 1239, C,H,CO,C,H, + H,0

heat

The products of the other options are
A: No reaction,

B: C,H,CO,C,H,

D: C,H,CO,C,H,

15. A compound X has the properties below:
it is a liquid at room temperature and atmospheric
pressure;
it does not mix completely with water,

it does not decolourise acidified potassium

manganate(VII). can bOKy U ¢
What could X be? O ercly
A ethane e
B ethanoic acid _|yfally
C ethanol miscr ble
W wale

D ethyl ethanoate
Helping Concepts **

(A) is gas. (B) and (C) are totally miscible with H,0
(through hydrogen bonding with H,0).

16. When an organic compou f .
\ S !

phosphorus pentachlonde, ume i
chloride were evolved. When X was warm

L Vi), e
acidified aqueous potassium dichromate(
solution turned green.

‘Which of the following Was X?

P



' Enam Favourite ?ah'ny >***

jons show that X has —OH group (alcohols
and it is reducing (alcohols are more reduc-

react
acids)
g than acids)-
cH,CH(OH)CH; +PCls = CHLCHCICH, +POC, +Hel

CH;CH(OH)CHJ +[0] —» CH;COCH; +H,0

7. Which pair of reaction could have the same com-
mon intermediate?
w CH,CH,CH; - intermediate - (CH; ), CHCN

X (‘HSCH(OH)CI—I3 — intermediate — (CH; ), C(OH)CN

Y CH,CH=CH, - intermediate - CH;CH(OH)CH;

Z CH,CO,CH,CH,CH; — intermediate - CH,CH,CH,Br

A Wand X
B Wand Y
C Xand Z
D Yand Z

Helping Concepts '6.\am Favourite 7\’;{/1'/79***

W: CH,CH,CH, —=%— CH, CHCH,
uv l

: Cl
—AN 5 CH, CHCH,
heat l
CN
Y: CH,CH=CH, —H CH, CHCH;
[
Cl

—%.0; CH, CHCH
|
OH

18. An organic compound will decolourise dilute acidi-
f’led aqueous potassium manganate(\/ll) on warm-
ing, but will not decolourise bromine water.
What could the organic compound be?

A butane
B ethanol
C ethene
D ethanoic acid

g Chemistrv - with Helos

Neither (‘A) nor (D) react with KM
reacts with both KMnO4 and Br

Frequently Examined(C)vessons

é

“1am 7mmu-i/¢ Rating ***
! mé b

"0, and Br faq). (C)
»(aq).

CH, = .
:=CH, +[0] + H,0 — My fﬂz_cuz

|
OH OH

CH, =CH, +Br, +H,0 - CH,-CH, +H’ +Br
| I

Br OH
Ethanol is oxidised by KMnO, but has no reaction

with Br,(aq).

CH,CH,OH +2[0] —> CH,CO,H + H,0

19. Which compound reacts with each of

« cold NaOH(aq);

. CH30H under reflux with concen-
trated H2$O4;

. PCL?
A CICOCOCI
B CICOCO,CH,
C HOCH,CO,CH,
> ]O,CCO,H
Helping Concepts | BN Rating >IIKK

It contains the —CO,H group and hence can react with
each of the 3 sets of reagents.

R -CO,H +NaOH —» R-CO, Na" +H,0

R — CO,H + CH;0H 4‘%594—» RCO,CH, +H,0
- ea

R-CO,H+PCl; &> R - COCl +POCl, +HCI

(A) and (B) do not react with PCI..
(C) does not react with NaOH and CH,0H.

20. A compound R has all of the following proper-
ties:
it is neutral;
it gives an orange precipitate with 2,4-
dinitrophenylhydrazine;
it evolves hydrogen chloride when treated

with PCI5 in the cold.

What could R be?

R R Bn

SR GTE T P

T i R M ST S T

- e T

e e
e



Topic 18 Carboxylic Acids and Derivatives

g
COCH, €=0
Yoo
cI:H,on
C=0 CO,H
¢ b ﬁ
O O
CH,

Helping Concepts mm Favuurite Rating e K
Option A (ketone) does not give HCI with PCI,.
Option B (ester) does not react with 2,4-DNPH and
PCI,.

Option D (acid) is not neutral and does not react with
2,4-DNPH.

21. Why is chloroethanoic acid, CICH2C02H, a stron-
ger acid than ethanoic acid?

A Chlorine releases electrons and destabilises the
CICH2C02' anion.

B Chlorine releases electrons and stabilises the
CICH2C02' anion.

C Chlorine withdraws electrons and destabilises
the CICHZCOZ' anion.

D Chlorine withdraws electrons and stabilises the
CICHZCOZ‘ anion.

w! Covam 7{1(}/”[/‘1/!’ ‘/?a/my. *'**

HA — H' + A"
When the A~ formed is more stable, the equilibrium
lies more to the right. More HA dissociate and hence
it is a stronger acid. The presence of C| withdraws the
negative charge by inductive effect since C| is elec-
tronegative. This disperses the negative charge and
hence stabilises the anjon.

22. One mole of an organic compount X js reacted
with an excess of PCI and two moles of hydro-

gen chloride are formed. Which of the following
compounds could be X?

1000 Chemistry ML‘? Wwith HB'[IS

- =~
Cram Fooemr,

Both alcohols and carboxylic acids
give white fumes of HCI.

R-OH+PCl, - R-(C]~ POCH, “ HCy
R-COOH + PCl, - RCOCI-POQJ *Hey
However, phenol does not react with PC]_
HOCH,COOH + 2p(, '
= CICH.COCI + 2POCT, + 2540

Fas (7

*ihy

ke T

The formation of 2 moles of HCJ Per mole of X s,
that there are 2 aliphatic —OH Zroups (alcohgy ’M;
boxylic acid) per molecule of X i

23. How many moles of hydrogen chlorid= are evolyey
u._'hffn an excess of PCI, is added to one mole of
citric acid?

CO.H
HO-C —CH:CO:H
CH;COZH
citric acid
A0 B |
D 4

C 3
 Helping Concepts | SRS
Both the ~OH and -COOH groups react with PCI,
R-OH+PCl, - R-C] + POCI; + HCI
O O
R—=C~0OH+PCl, - R~C~-Cl+POCI, +HC

CO,H
HO~C - CH,CO,H + 4PCl,
(IJHZCOZH
cocl
— Cl -é - CH,COCI + 4POCI, +4HC

|
CH,COCI |

[




Lo R
| 1“ psgnﬂfy' OH
' 0 OH OH

HO
OH rosmarinic acid
 many moles of NaOH(aq) will react with one
H°|e of rosmarinic acid when the acid is heated
un::icr reflux with an excess of NaOH(aq)?
A4 B 5

'aam Favaurite Ta/ﬁ)}***

The functional groups that will react with NaOH are
Is, carboxylic acid and ester. Each of these
ps react in 1 : 1 ratio with NaOH.

grou
4Q_OH +4NaOH — 4 @O‘Na*+ 4H,0
0 i
[
-C-0- + NaOH - -C-0O"Na® +HO"
0 0

I I
-C-OH + NaOH - -C-0"Na’" +H,0

5. The matsutake mushroom is a delicacy added to
many Janpanese foods. The spicy aroma of this
mushroom is due to methyl cinnamate, which can
be prepared in the laboratory according to the
following reaction sequence.

Y o

R -
CO,H + PCl; » R =COCI + Hcl + POC|
)

‘\\

26. An ester P with a fruity odour has the following

structural formula:

4,0

CH,C{
OCH,CH,CH(CH,),

What compounds are produced when P is hy-

drolysed using hydrochloric acid?

A CH,COCl and (CH3)2CHCH2CH20H
B CH,CHO and (CH 3),CHCH,CH,OH

C CH,CO,H and (CH,),CHCH,CHO

D CH,COH and (CH,),CHCH,CH,0H

Helping Concepts ' Eaam Favourite Talfny >***

An ester undergoes hydrolysis to give an acid and an

alcohol.
0]

Il
CH, -C—-0-CH,CH,CH(CH,), + H,0
0

heat

I
—H CH, - C - OH + HO - CH,CH,CH(CH, ),

27. Malic acid occurs in apples.
?H
H-C-CH,CO,H

I
CO,H

malic acid

(ISOZH cocl (|:O2CH3 Which substance will react with all three -OH
H ¢ groups present in the malic acid molecule?
i e N .
C C A ethanol in the presence of concentrated sul-
step | e 3 furic acid
SCE )
0 CH;0H B potassium hydroxide
methyl C sodium
Whi cinnamate D sodium carbonate
ic )
\ A:; :’eagent could be used in step 1? M o
C Hq 3 B CHC The three ~OH groups are from the alcohol and car-
D PCl boxylic acids functional groups. Na will react with all
the three OH groups.
mche ; . r
fistry mc? with Helps 273
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ropic 18 Carboxylic Acids and Derivatives
R-OH+Na — R—-0O"Na'+iH; Mr&‘"" Tovoerdle Ta@***
R'—CO,H +Na — R'—CO,"Na' + %Hz | :;:nizgo?:ctt‘e:::s:rr: more C atom. The use of ,
Ethanol does not undergo esterifiaron (00180 G (CH, )y CHBF + CN™ —S> (CH,),CHON + Br-
s (CH,),CHCN + H" + 2H,0
__hydrolysis_, (CH,),CHCO,H + NH,’

heat

28. MCPA and 2,4-D are two widely-used selective

weedkillers.
OCH,CO,H OCH,CH,0H 30. Citric acid, which causes the sharp taste of lemop
CH, cl juice, has the following formula.

CH,CO,H
|

Cl Cl HO-C—-CO,H

MCPA 2,4-D |

CH,CO,H

Which of the following reagents will distinguish
MCPA from 2,4-D?

A acidified AgNO,(aq)

B Fehling's solution

C 1, in NaOH(aq) C 4 mol of Na(s)
D Na,CO,(aq) D 4 mol of NaOH(aq)

Helping Concepts '('mm NP .0 .Gl Helping Concepts '(’Jmm Favourite Rating >IIK

MCPA is a carboxylic acid and readily releases CO, Both the -CO,H and —~OH groups react with PCl, and
on reacting with Na,CO,. Na.
2R - COOH + Na,CO, = 2RCOO Na' +CO, T +H,0  —CO,H+Na — -CO, Na' + %Hz

2,4-D is an alcohol and is too weak an acid to react “OH+Na — —O"Na' + %Hz

with Na,CO,.

What reacts completely with 1 mol of citric acid?

A 3 mol of PCls(s)
B 4 mol of HCI(g)

~CO,H +PCl, - -COCI+POCI, +HCl
~OH +PCl, —» -Cl+ POCI, +HCl

29. 2-Bromopropane, (CH3)2CHBr, may be used as the lql':(?:uchwh citric acid molecule reacts with 4 PCI5

starting point for making (CH,),CHCO,H. ‘
Which of the following sequences would be most However, Ol.ﬂy ~COH reacts with NaOH. _OH do?s
suitable? not react with NaOH and therefore, each citric acid
molecule reacts with 3 NaOH.
A (CH”:CHBI‘ - (CHJ)ZCHOH -CO,H + NaOH —» _Coj-Na’ +H,0
— (CH,),CHCO,H ] ) '

B (CH,),CHBr — (CH,),CHCN
— (CH,),CHCO,H

31. The acarid mite releases lardolure to attract other

C (CH,),CHBr - (CH,),CHOH mites to a host: this chemical can be destroyed
- (CH,),CHCN — (CH,),CHCO,H by hydrolysis with acid.

D (CH,),CHBr - (CH,),CHCN CH,CHZCHZ[CH(CH3)CH2]3CH(C”3)°‘ﬁ"H
- (CH,),CHOH - (CH,),CHCO,H 0

1000 Chemistry m::? wth Helps
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\‘ corboxyic Acids and Deriv Frequently Examined()uestions
\ 18 Jardolure may be writ-
N e formula PO T OHO  cn,
ﬂ‘ Asi™P” Ly cH,)O—C I |
y c,,as"CH | Br-@c —C—O—(lzn
‘ : 0
\ i he pr oducts of its hydrolysis? CH,
3 W at are
h chi=CHy+ HOOA Br
e R5H2CH3+C02 . .Acarol
! b CH(CHs)C02H+ HCO,H The final stage in its manufacture is an esterifica-
o RC}{(CH JOH + HCO,H tion.
\ p R ’ Which alcohol is used to form the ester?

! Enam Favourile Ta/inz >***

RCH(CH, )0‘(”3H +H,0

o
§*_» RCH(CH,)OH + HCOOH

heat
Lardolure is an ester. Hydrolysis yields an alcohol and

an aCid-

3. Acompound U liberates carbon dioxide from aque-
ous sodium hydrogencarbonate. When U is added
to aqueous bromine, the colour of the bromine is
rapidly discharged. What could Q be?

A HOCH,COH
B CH,COH

C CH,CO,Na

! CO,H

OH
D

| HE|ping Cﬂncepts ! Enam Favourite ’/?a/iny> ***

i Reaction with NaHCO, indicates the presence of
! €00 p .3

H and reaction with Br, indicates the presence
a phenol (or an alkene).

I .
o OOH -
# o oo
+HCO,” — @ +H,0+C0O, 71
COOH
f O GOOH
*2Br, — | +2H" +2Br
Br Br

Acar) .
S sold as an insecticide for use on fruit
Vegetables

A,
A emistry W uith e

A di(4-bromophenyl)methanol
B methanol

C propan-1-ol

D propan-2-ol

Helping Concepts '(_’uam Favourite Rating >IIK

RCO,H+R'OH — RCO,R’'+H,0

T
B )-C-Ccto-cH|
| i
CH,
Br

34. Which procedure gives the best yield of ethyl
ethanoate, CH,CO,C,H,, starting from ethanoic
acid, CH,CO_H, and ethanol, C,H,OH?

A reacting CH,CO,H with SOCl,, then adding
C,H,OH

B reacting C,H,OH with SOCI,, then adding
CH,COH

C refluxing a mixture of CH,CO,H and C,H ,OH
with NaOH(aq)

D refluxing C,H,OH with concentrated H,SO,,
then adding CH,CO,H

Helping Concepts '('.".\am Favourite Tuh'ny>**

The best yield of an ester is obtained by reacting the
corresponding acid chloride and alcohol. Reacting
CH,CO,H with SOClI, yields CH,COCI which reacts
with C,H,OH to give the required ester CH,CO,C,H..
Option B is incorrect since C,H,OH reacts with SOCI,
to give C,H,Cl which does not react with CH,CO,H.

Option C is incorrect since refluxing CH,CO,H and
C,H,OH with aqueous NaOH yields no ester as
CH,CO,H is converted into its salt CH,CO, Na'.




el perivatives
opic 18_Carboxylic Adds ond oo A 3 mol of PCI(8)

ince refluxing C2H, .
ncorrect smmay bring about dehydration-

centrated sulfuric acid 1 7 acid in
Also, reaction of an alcohol with 8 ca;b::‘y:n s
the presence of concentrated acnfl to fo P pleted.
a reversible reaction, sO the reaction 18 no

Option D is i

35. An ester with an odour of banana has the follow-

ing formula.
CH,CO,CH, <l:HCHzCH3
CH,

In which of the following will the su
together to produce this ester?

A CH,CH, CHCH,CO,H + CH;OH
|

bstances react

CH,
B CH,CH, CHCH,COCI + CH,OH
l

CH,
C CH,COCl + CH,CHz?HCHZOH

CH,
D CH,CO,H + CH,CH, CHCH,CI
I

CH,

ﬁ\am Havourrle Ta/iﬂ> ***

CH,COCI + HOCH, CHCH,CH,
l

CH,
— CH,CO,CH, CHCH,CH; + HCIT
i,
A,B: CH,0CCH, CHCH,CH,
ll) I

D: No reaction.

CH,

36. Citric acid, which causes the sharp taste of lemon
juice, has the following formula.

(|3H2C02H

HO-C-CO,H
I

CH,CO,H

What reacts completely with 1 mol of citric acid?

1000 Chemistry mccj with Helps

Frequently Examined(.)uestion,

B 4 mol of HCI(g)
C 4 mol of Na(s)
p 4 mol of NaOH(aq)

! Envam Favouriie %a/l'n]\/‘* * *
—~COOH and 1 alcoholic -0y
react with 1 Na each:

Citric acid contains 3
groups. These groups

RCOOH +Na — RCOO ™ Na" + .'2.H2
ROH +Na —» RO™Na’ + JH,

Hence, a total of 4 mol of Na is needed per mol of

citric acid.
Option A is incorrect since —~COOH and alcoholic
—OH groups react with 1 PCI each:

RCOOH + PCls = RCOCI + POCI, + HCI

ROH + POCI, — RCl + POCI, + HCI

Hence, 4 mol of PCl ; are needed per mol of citric acid.

Option B is incorrect since —~COOH does not react
with HCI(g).

Option D is incorrect since alcoholic ~OH does not
react with aqueous NaOH. Hence, only 3 mol of aque-
ous NaOH is needed per mol of citric acid.

37. When a substance X is shaken with aqueous
silver nitrate at room temperature, there is no im-
mediate precipitate. However, when X is boiled
under reflux for some time with aqueous sodium
hydroxide, cooled, acidified with dilute nitric acid
and aqueous silver nitrate added, 2 white precipi-
tate readily forms.

What could X be?

A CH,COCI

B CH.CI

C CH3CH2CH2CH2C1
D CH,COCI

Helping Concepts | ARVEIZRTET g

Being a chloroalkane, it does not undergo hydrolys®
readily in H,0 to give CI". However, upon heatinb
with aqueous NaOH, nucleophilic substitution
place and ClI” is formed.

R_Cl + OH" — R-OH +CI
Addition of AgNO, gives AgCl precipitate:



' - /ﬂ‘,‘i‘@iﬂnd Derivatives

Y rboX Frequently Examined J)uestions
At @D CI"(aq) - A.sCI(S)‘ A CH, coc 5 CH,
i jve :mmediate precipitate with AgNO, @ @CO;H
is i 0.
® :2 apid hydrolysis 10 H, ) HO OH CH,CO; ~ “OH
due cocl +H;0 = RCO,H +H" +CI”
R (ot undergo hydrolysis at all even when C CH, D CH,
\svith aqueous NaOH because the C—Cl has CO,H J<)ICOZC0CH3
eal cter due to the delocalisation
he#®” ouble bond chara CH,c0{ 7 \0,CCH,  HO ~ “OH

p?nilzlcf:;ns from Cl into benzene ring.
of €

S

8 A compound Y is boiled with aqueous sodium
3. hydroxide and the resulting mixture cooled and
aZidiﬁed with dilute sulfuric acid. The final prod-
ucts include a compound C,H,O, and an alcohol.
This alcohol gives a positive tri-iodomethane (io-

doform) test.
Which formula could represent Y?
A CH,CH,COOCH,
B CH,CH,COOCH,CH,
ﬁ C CH,CH,0COCH,
D HOCH,CH,COCH,CH,

Helping Concepts 'c‘l\am Tavourile ‘Z’a/mpﬁ

| Yislikely to be an ester which gives a carboxylic acid
(C,H0,) and an alcohol upon hydrolysis.

RCO,R’ +H,0 —H— RCO,H + R'OH

"
“‘ From the formula, the acid is C,H,CO,H.
® Since the alcohol gives a positive tri-iodomethane test,

il it should contain —CH—QH group.
\

I
f‘ CH,

Hence, the ester is CH,CH,CO, CHCH;.
|
R,

In this case, R"=H.

A 39. Orsellinic acid occurs in lichens.
f
7/

CH,
f tco,H
HO OH

Orsellinic acid

Product of its reaction with ethanoyl chloride?

L Chemistry Mc? with Helps

Which of the following formulae represents the

Helping Concepts 'c‘:..am Favourile Rating > KK

Ethanoy! chloride reacts readily with active H (e.g. H
in —~OH group) to give HCL.
R -OH + CH,COCl - R—-0OCOCH; + HCI

If the -COOH were to be acylated, then the ~OH group
should also be acylated too since the O of the -OH
group is more basic than that of the -COOH group.
Hence, option C is incorrect.

40. A manufacturer wishes to make methyl salicylate,
the aromatic liniment of oil of wintergreen, from
salicylic acid.

OH OH

CO,H CO,CH,
—

salicylic acid methy! salicylate
How is this esterification of salicylic acid best
achieved?
A mixing it with cold ethanoyl chloride
B warming it with anhydrous methanol
C heating it under reflux with aqueous methanol

D heating it under reflux with methanol and a
little concentrated sulfuric acid

Helping Concepts '(j\am Favourite Rating >***

OH OH
CO,H CO,CH,
+CH;0H — +H,0

The reaction is esterification. Concentrated H,SO, is
needed as a catalyst.

A: The use of ethanoyl chloride leads to esterifica-
tion of phenol.

OH OCOCH,
CO,H CO,H
+CH,CoCl —» +HCIT

E
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~———--..

41. Which of the following gives the correct order of

acid strength (strongest first) for ethanoic acid,
chloroethanoic acid, and phenol?

strongest — weakest
A CH,CO,H CcH,OH CH,CICO,H
B CH,CO,H CH,CICO,H CH,OH
C CH,CICO,H CH,0OH CH,CO,H
D CH,CICO,H CH,CO,H

C,H,0H

w mm Favourile Taliny> ***

HA — H" + A~
The strength of an acid depends on the stability of
the anion, A~ formed. The more stable the anion,

A, the greater is the dissociation to give H* and the
stronger is the acid. HA.

Carboxylic acids are generally stronger acids than phe-
nol due to the extensive delocalisation of electrons in
the carboxylate anion. This helps to disperse the
negative charge and hence stabilises it.

oN O 0
yd Z P
R-C <> R-C ER—C-’._ }e
[ \0 \O_:l \O
However, CHZClCOZH is a stronger acid than CH ;CO,H
b

ecause of the presence of the electronegative Cl atom.
It is electron withdrawing by inductive effect and this
further disperses the negative charge in CHZCICOZ‘
and therefore further stabilis

es it with respect to
CH,CO,.

42. The first stage in the synthesis of Antipyrine, a

drug used in reducing fever, is the reaction be-
tween compound P and phenylhydrazine.

CH,COCH,CO,CH,CH, + @-NHNHZ —5Q

P phenylhydrazine

What will be the product Q of this fj

A CH,COCHZCONHQ
B @—NHCH2C02CH2CH3

Ist stage?

CH,CCH,CO,CH,CH,

1000 chemistry Mg uith el

”"3‘?"3"17}'E)ﬂlmineuQuestiul

Cram ?auoun'/e Talin

The carbonyl functional 8roup reacts wig, phe

drazine to form a condensation Product, phe
drazone.

".‘/lh:
Ny Lhy
/H
N-—N. : —

The ester functional group does not reg

H
AN /
/C'—-N—N

@*‘ HZ(

ct,

H\
,C=0+ y,

H

43. The display of a di
tal which is
() stable to acidic hydrolysis;
(i) stable to alkaline hydrolysis;
(iii) chiral.

Which of the followin
form liquid crystals,

gital watch needs 3 liquig crys

€ compounds, a]] of whick
meets these requirements?

0
/
A CH,CH,CH(CH,)0 @c(

OO,
0
Y,
B CH3CHZCH20@}C\

C CH,0 @@CHECH(CHJ )y

D CH,CH,CH(CH,)CH, CH;
Hobing Conceois | (MR TS TN
0

|
Both (A) and (B) can be hydrolysed (-C -0- and

~CN); (B) and (C) do not contain a chiral centre. (D)

is a hydrocarbon and is therefore stable in both acids
and alkalis,

CH,CH, CH~-CH, CH3
|

CH,

44. Aspirin has the following structure.
Oy JOH
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. Acids and Derivatives
| lic Ad y Frequently Examined Questions
lysed by acid present in
fwhﬂ‘ P' rin ha? T,?—::igcts are formed? Cc -0 / NH,
W CHZCQ + 2Na0
e * O\\C/OH o) CO,H
| * | od /N
@ +CH,CO,H D HO-QCH,CQ
HO Co,”
OH CH .
B O\C 3 encoH Hulpmg Concepts p},am Favourile ’Wa/my>***
I 2 Both tbe' phenolic group and the carboxylic acid groups
0 are acidic,
0. OH /N
c N HOQCHZCS + 3NaOH
N HO CO,H
C +CH,0H " NH
| o
0 — ‘OQCHZCQ +3Na’ +3H,0
- CO,”
" o§C JOH 0 2
OH
+CO, + CH,0H
46. One gram of each of the following compounds
n\am Favourite W@*** was heated with NaOH(aq), and then dilute
| oH HNO,(aq) and AgNO,(aq) were added.
, \\ / \\C/ Which compound will produce the largest mass
i ¢ 0 + C
| ” 2 heat | CH 1Cl
o i A CH,COCI -
0
The ester is hydrolysed to give a phenol and ethanoic
aid. C,H,0Cl CH,CI
M, =78.5 CH,Cl,
M, =153
C Cl D 0]
45. Dopamine is a neurotransmitter: its absence from @[
the human brain might lead to Parkinson's dis- Cl Cl
PRSE. C,H,Cl, Cl
| /NH; M, =147 0
| HOQCHzCE C,H,0,Cl,
1 CO,H M, =155

HO
dopamine

What is produced when dopamine is dissolved in
aqueous sodium hydroxide?

NHZ
A -O‘QCHZCﬁ + 3Na'
"0 Nco;
NH
/ 2
B HOQCH2CH + Na®
]
Chemistry mc? with Helps

Helping Concepts 'E.".\am Favourite Ta/inrg>***

A: CH,COCI+20H = CH,CO,” +CI" +H,0
I

oy =785 mol
B: CH,CI CH,OH
+20H — +2CI°
CH,CI CH,OH
n- = le_;_3 mol
279



topic 18 Carboxylic Acids and Derivatives

C No reaction with NaOH.

§ + 40H- _+<:/ +2CI" + 2H,0

_2x-— mol

Since (D) produces the highest amount of Cl-, it will
form the largest mass of AgCL.

47. Fenoprofen is an anti-arthritic agent.

@o@c HCO,H
|

CH,
Which of the following could be part of a se-
quence for synthesising Fenoprofen.

In the sequences below, R = @ @ }
0

Step_1 Step 2

NaCN li . .
A RCHBCH, —Ne :::“m ), intermediate —“T“ﬂ_) Fenoprofen
at

KMnO,, 0
B RCH(CH,), e @) ermediate LN Fenoprofen

heat

15, OH™(aq) . . +
C RICHOCOCH3 —T intermediate —1_(29) Fenoprofen
CH,

KMnQ,, OH- .
D RCH(OH)CH, s intermediate — '), Fenoprofen

Helping Cuncepts Exam 57auourﬂe Tah'rfy **

RCHBr+CN —h&_) RCHCN+Br

CH3
C No reaction
0]
D: RCH(OH)cH, _ kMo, on- —y? -CH
heat
J’H', heat
No reaction
] - ‘
1] Chenustry mcc} with HElIlS




uestions in this section, one or more
For qoch & aumbered statements 1 to 3 may be cor-
hre¢
o

Lt her each of the statements is or is not
L ik whi may find it helpful to put a tick against
0

o] ' ents that you consider to be correct).
" state

A to D should be selected on the basis
responses

f,2and 3

No other combination of statements is used as a cor-
0
rect response.

B C D

1and 2 only | 2 and 3 only
are correct are correct

1 only
1s correct

48, Which of the following reacts with ethanoy! chlo-
" ide, CHLCOCI, to form an ester?

1 C6H50H

? CH,CH,OH

3 CH,COH
[EEPIIIISNY Cocn Favourite Rating>dedede
*], C,H;OH + CH,COCI

—O" , CH,CO,C H +CI” + H*

%. C¢H;CH,OH + CH,COCI
— CH;CO,CH,C,H, + CI” + H"

3 C6H5CO2H is an acid and it does not react with
an acid chloride to form ester.

4. Malic acid, HOZCCH(OH)CH2C02H, is found in
apples,

Which properties does malic acid have?

I It can form esters both with ethanoic acid and
with ethanol.

Its molecule contains a secondary alcohol
group.

3 Its molecule has one chiral centre.

E‘am Zavourite Ral ’@ * *
L]

! Both oy and -COOH are present. The —~OH
8roup can react with an acid and the -COOH
SOUp can react with an alcohol to form esters.

OH s attached 1o a carbon with two other C at-
Oms attached.

L Chemistry Mg uith hels

-

2.

F. lic Acids and Derivatives
(orboX Frequently Exam; -
rM B e,

|
*3. HO,C-C- CH,-Co

|
OH

50. Which of the following state
concentrated sulfuric acid?

.H

Ments are true for

1 It oxidises ethanojc acid.
2 It dehydrates methanoic acid.
3 It is reduced by potassium iodide.

HElpiﬂg COI’ICBptS ! Cram Favourite Ta/in_y >*

1.

CH,COOH is not oxidised by concentrated H,S0 -

HCO,H COT +H,0

HCO,H, unlike other carboxylic acids, is readily
dehydrated to give CO (and oxidised to Co,).

*3. 8" + H,80, + 8H" — 41, + H,S +4H,0

conc.

Other products of S are also formed, e.g. SO, and
S.

*) conc. H,80,
N ——-*)

S51. Which of the following substances are oxidised
by hot acidified aqueous potassium managate

(VIy?

1 ethanoic acid
2 cthanal

3 ethane-1-2-diol

Helping Concepts ! Exam Favourite Rating >

1. Ethanoic acid is not oxidised by KMnoO,.

*2. Aldehydes are oxidised to carboxylic acids.
CH,;CHO +[0] - CH,CO,H

*3. Ethane-1,2-diol is a primary alcohol and can there-
fore be oxidised.

CH, -CH, +2[0] - H=C~C-H+2H,0
|
OH OH

I
H-C-C-H+2[0] » HO-C-C-OH
1 )
HO-C—-C—-OH+[0] - 2CO, +H,0

gy



+2MnO,” + 6H'

: .0
Note: 5H:C: 4 aMn?* + 8H,0

|| _@°C, 10CO; +

benzenecarboxylate)

odium !
oate (5 g aqueOUS SOdlum hy-

i benz :
52. Sodium 4 by refluxin

can be prepare
droxide with -
1 methylbenzen€ and sodiu
2 phenyl benzoate.

3 phenyl ethanoate.

M**
w. (Q)-cH, +2Mn0;

N @—(:00’ +2MnO, + H,0 + OH”

m manganate(V1I).

3 cH,c00~(()) +20H"
§ - cH,c00™ + "0 X)) +H,0

53. The diagram shows the structure of salicylic acid.

CO,H
OH

, 5

salicylic acid

Which compounds give salicylic acid on acid hy-
drolysis?

COClI
Cl

CO,CH,
) OCOCH,

CN

3 @ocom,

1000 Chemistry m% Uith HE||I5

,

18 Carboxylic Acids and Derivatives
B

l.@ does not undergo hydrolysis to giy
e
*2.

O

quuan"y Examin

Qg |
ci L%k
o

CO:CH] CO:H

@rococ H, " ﬁ O
+2H,0 -H, (j +
\ CH,OH
) 3 +CH!(01"

CN (_‘02[_]

OH
FNH+ g

OCOCH, )
+3H,0 -t O

54. Which transformations involve a nucleophiler
¢?

1 ©~NHNH:+(CH]):C=O
- (CHJ)3C=NNH*© FHO

NaCN OH
N

3 CH,CH,COCI+NH, - CH,CH,CONH, +HCl

H9||Jll'lg C'OI'ICEptS '(‘;.\um Favourite Talfny >***

*1. The lone pair of electron on N makes the sub-
stance a nucleophile.

H H

l l 6+/
N=N:- O =/_1C\ —— products

I
H

%2 The tCN~ functions as the nucleophile.

@ 56/
NC:-_ O=
N A

——» products

*3. The *NH, functions as the nucleophile.

. _ﬁé/Cl . produc‘s
HNINO M

j"’//

. ins th
55. A sun protection cream contain

ester as its active ingredient cHCH

- ,CH Hy
ct,0 (D) CH=CHOOCHCTN | iy i

P> |



WW fic Acids and Derivatives

. . | hy-
ducts of its partial or tota

st ﬂ"b;h:qpur:ous sodium hydroxide?

L alysis

‘ cH,CH,CH;CH,CH(CH,CH,)CH,0H
g U

4 cH O‘O CH = CHCO, Na’
’ )
3 C!rl,0‘<®'co2 N

'(' aam Zavourite Talr'lb * *

¢ ester on hydrolysis by aqueous NaOH gives
'lﬂ'?n alcohol and a carboxylate salt.

This compound cannot be obtained from the ester

: i i i idative
hydrolysis as its formation requires oxi
:{“‘),Lge of the C=C bond.

—_—

&, Which compounds may be pPrepared from
C,H,CHBrCH, by the action of sodium hydroxide
ur:der different conditions?

1 CH,CO,Na
2 CH,CH(OH)CH,
3 CH,CH=CH,

iy Conceps | ARG A

L Toget C¢H,COH from CGHSCHBrCHz, a methy|
group needs to be removed ang this cannot be
brought about by the action of NaOH on
CeH;CHBICH,.

*2,*3. A halogenoalkane can be dehydrohalogenated
to give the corresponding alkene by reacting
it with alcoholic NaOH or be converted to the

corresponding alcoho] by reacting it with aque-

ous NaOH, Hence,

C4H,CHBICH, —lsohale MO, ¢ 1 CH = cp,

| aq. NaOH

&> C,H;CH(OH)CH,
\*__

57. A sex attractant produced by butterflies and moths
has the following structural formula.

CH,CO0,(CH, ),CH = CH(CH, ),CH,

Which properties of this sex attractant can be
deduced from this structure?

1 It could exist as cis-frans isomers.

2 1t can be hydrolysed by dilute hydrochloric
acid to give ethanoic acid.

- M chermistry 9cq uit s
i

'S

Frequen Examined (Q)uestions

I [ undergoes an electrophilic addition with bro-
mine.

o | T oy R

*1.

CH,CO, (CH, ), /(CH2 );CH,
C=C
n’ . N
cis
CH,CO,(CH,), H
\C e

u”

trans (CH,),CH,

*2. The ester group is hydrolysed.
CH,CO0,(CH,)CH = CH(CH
= CH,CO,H +HO(CH,),

*3, Being an alkene, it under
tion with Brz.

2);CH, + H,0
CH= CH(CHZ),CH3
goes electrophilic addi-

|
SC=c{+ B, — ¢ g

||
Br Br

of propanone
CH3C02(CH2) ,CH,.

Which reagents will give a yellow or orange pre-
cipitate with this solvent?

pentyl ethanoate,

1 2,4-dinitrophenylhydrazine reagent
2 alkaline aqueous iodine
3 Fehling's reagent

Helplng Cuncepts Eram ‘7011'0(/[‘(7(' Talfny ***

*1. Propanone js a carbony].
CH,

Ncoo+ H,N —NH, —QNO,
/ 2 2 2
CH, NO;

N

C=N-NH, NO, + H,0
e < Q < <
CH,

NO;
i
*2. Propanone has the CH,

—C- group.
3. There is no aldehyde.




topic 18 Carboxylic Acids and Derivatives

FrequentlyExaminedQuesﬁma

59. Mevalonic acid is an intermediate in the biosyn-
thesis of cholesterol, and is shown below.

?H
HO,CCH, CCH,CH,OH

|
CH,

Which properties does mevalonic acid have?
1 It has only one chiral carbon atom.

2 It can be esterified both by ethanoic acid and
by ethanol, in the presence of H* ions.

3 It contains both primary and secondary alco-
hol groups.

w r(j.mm Favourite Tah'ny> * *

c|>H
*1. HO,CCH, - C-CH,CH,OH
I

CH,
The carbon marked '« ' is chiral.

*2. It contains both alcohol and carboxylic acid groups
and hence can undergo esterification with a car-
boxylic acid and an alcohol respectively.

3. It contains a 1° and a 3° alcohols.

60. Aspirin, an analgesic, has the structural formula

shown below:
I

OCCH,

: :COQH

Which of the following properties does aspirin
possess?

1 It has a chiral carbon atom.

2 It forms a salt on reaction with cold, aqueous
sodium hydroxide.

3 The ethanoyl group is removed on heating
with aqueous sodium hydroxide.

- Helping Concepts ’ Exam Favourite Ta/iny >***

1. There is no chiral carbon,

OCOCH,
2 )

OCOCH,
+ OH— cold 3
CO,H co,-

1000 Chemistry MC? with Helps

*3. The ester group is hydrolysed.

OCOCH, 0"
@ +30H™ =t * CH,CO,™ +2,9
CO,H Co,”

+ H,0

61. The compound Aspirin has the structure shown,
OCOCH,
CO,H

Which statements about Aspirin are correct?
1 It is an ester.

2 It dissolves in aqueous sodium carbonate, |jp.
erating carbon dioxide.

3 It can be prepared by the action of ethanoyl
chloride on 2-hydroxybenzoic acid.

*1. It is an ester (see the above dotted box).

*2. It is a carboxylic acid and hence it reacts with
Na,CO, to give Co,,.

2R ~CO,H + CO;*” - 2R—-CO,” + CO, + H,0
*3, 0

OH

CO,H l_CO,H
() +cH,coct —NaoH_, @

62. In a beehive, the queen bee secretes the sub-
stance below to cause worker bees to begin con-
structing royal colony cells.

CH3CO(CHZ)5CH=CHC02H
queen bee substance
From the structure shown, which of the following
statements are true?
I It gives a positive test with Fehling's solution
(alkaline Cu?* solution).
2 It gives a positive tri-iodomethane (iodoform)

test,

3 It could exist as cis-trans isomers.




Fraquently Examined C)uestons

' nd Derivatives
18 carboxyie Acids @
* T
ional groups present are ketone, double
he f:::wboxylic acid.
hyde.
' 0]
II
9 It contﬂins CHJ—C- group‘
- s are bonded to the C at the double

|, pifirnt 807

D!

T

{!

!

pond-

cH,CO(CH,), CO,H

~n_ "
JC7EN
H H

cis

CH,CO(CH; ),\ ) /H
7N
H CO,H
trans

L[] Chemistry /] uith Helps
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TOPIC

Nitrogen Compounds

#—=x Key content that you will be examined on:

1. Amines (exemplified by ethylamine and phenylamine)
(i) Their formation
(i) Salt formation
(iii) -Other reactions of phenylamine

2. Amides (exemplified by ethanamide)
() Their formation from acyl chlorides
(i) Their hydrolysis

3. Amino acids (exemplified by aminoethanoic acid)

()  Their acid and base properties
(i)  Zwitterion formation

4. Proteins

()  Protein structure: primary; secondary; tertiary; quater-
nary structures

(i) The hydrolysis of protein

(i) Denaturation of proteins

Ul Chemistry MCgllliﬂlﬂﬂlps
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iogen Compountl

1 —

s

[@ Rating: WMight be tested %k Likely to be tested Yk K Always lested—]l

Section A

Which of the following compounds is least
soluble in water?

A CHCHNH,)COH
B CH3CH(OH)CH3
C CH,CH,CHNH,
D CHNH,

Helping Concepts 'Cmm Favourile ‘Tr’a/inb**

(A), (B) and (C) readily form H-bonding with water,
(D) has a comparatively large carbon skeleton (hydro-
phobic) and the delocalisation of the nitrogen lone
pair into the benzene ring reduces its tendency to
hydrogen-bond with water.

2. Which type of reaction does the compound
CH,CI
not undergo?
NO,
A electrophilic addition
B electrophilic substitution
C free radical substitution
D nucleophilic substitution

HE‘plng COI’ICED{S 'G.\am Tavourile ’K)a/fny >**

Although unsaturated, benzene ring is resonance
Stabilised and hence does not readily undergo elec-
trophilic addition. The compound undergoes electro-
Philic substitution at the benzene ring, free radical
Substitution at —CH,—, nucleophilic substitution at
“CH,CI, and reduction at -NO,.

3. What is produced when propanenitrile,

C_H3CH2CN, reacts with hydrogen using a palla-
dium catalyst?

lll[ll] Chemistry mcg with Helps

L

A CH,CONH,

B CH,CH,NH,
C CH,NH, and CH,

D CH,CH,CH,NH,
Helping Concepts !d'mm Favourite Rating >YIK

CH,CH,CN + 2H, — CH,CH,CH,NH,

4. Which of the following would be used in a school

NO, NH,
laboratory to convert @ into @ ?
NH, NH,

concentrated aqueous ammonia

carbon monoxide in the presence of platinum
iron and concentrated nitric acid

D tin and concentrated hydrochloric acid

Helping Concepts '("mm Favourile ‘X’q/my\,**

The process requires a reducing agent and (D) is com-
monly employed.

O = >

5. What stabilises the a-helix of proteins?
A disulfide bridges and hydrogen bonding
B disulfide bridges only
C hydrogen bonding only
D van der Waals' forces only

Helping Concepts '("‘\um Favourite ‘?ah‘nq\*

The a-helix of proteins is stabilised by hydrogen
bonds between the N-H group of one amino acid unit
and the C=0 group of another along the main chain.




Frequently Examined Q)uestions

topic 19 Nitrogen Compounds ——— .
(D) are both amines. Thus, their aqueous gq.

treated with aqueous hy-
e solution is then evapo-
oduct?

6. When phenylamine is
drochloric acid and th
rated, what is the formula of the pr

A CHN,CI
B CHCI

C CHNH,*Cr
D C,HNHCI

Helping Concepts Exam Favourile Raling 9.0

Phenylamine functions as a base and reacts w'ith HCI
to give an ionic salt, phenylammonium chloride.

CH,NH, + HCl — C4H;NH,"Cl"

7. What is the most likely product of reaction be-
tween phenylamine and benzoy! chloride?

« Orineo-Orer

'((j,mm Favourile Ta/an***
O + (O)-coc
—s (Or-nuco<O) + Hat

8. Which of the following would form an aqueous
solution with the highest pH?

A GHOH
B CHNH,
C CH,COH

D Ho<(O)-NH,
M! Enam Favourite Wa@ ***

(A), an alcohol, is neutral in water.

(C), an acid, has the lowest pH
vy PH among the 4 com-

1000 chemistry #lc uith s

(B) and .
lutions have pH >7. However, (B) is a stronger bage

than (D) due to the elt'act.ron donating _C,sz group
by inductive effect. This u}creases the availability of
the lone electron pair on nitrogen for- protonation, I
addition, in (D), the lone electron pair on nitrogen ig
delocalised into the benzene ring and this renders the
[one electron pair less available for protonation. Hence,

(D) is a weaker base than (B).

e

9, After the reduction of nitrobenzene to
phenylamine, using tin and concentrated hydro-
chloric acid, an excess of sodium hydroxide is

added.
What is the purpose of the sodium hydroxide?

A to dry the product

B to liberate phenylamine

C to lower the boiling point for subsequent dis-
tillation

D to precipitate tin(II) hydroxide

Helping Concepts ' Exam Favourile rK’alfnz >**

Before adding NaOH, the product exists in cationic
form.

NH,"* NH,

©+OH‘——> @ + H,0

10. Proteins containing the amino acid cysteine often
form disulfide bridges.

H,N
? rd
“ch
l
CH,SH
cysteine

Which type of reaction is involved in the forma-
tion of disulfide bridges from cysteine?

B hydrolysis
C oxidation D reduction

He'P'"g Cﬂncepts 'aam Zavourile Ta/l'né >**

In forming a disulfide linkage, H is removed. Hencé:
it is an oxidation process.

~SH +HS- —2—» -5-8-

CO,H

A condensation




L sparingly soluble in water but dis-
LA ligu'® 4ily in cold hydrochloric acid. Evapo-
,oli\;" of this solution yields a crystalline solid.

t

which of the following could be P?

s CHCOCH;
8 COH,COzH
C Ccl'{SCN

D C"l'|5Nl‘|2

ﬁ\ am "7};;:7/%/5' Wn/m]/\ ***

NH, is capable of H-bonding with water and
CJI-Se is 2soluble in water. However, the hydrophobic
e g reduces its solubility in H,0. Being a

i zene rin o e
:e:e it reacts with HCI to form an ionic salt which is
asv, :

(he crystalline solid.
C,HNH, + HCl — C,H,NH,"CI”

e

12. Which of the following compounds gives
() fumes of HCI with I’Cls;
(i) NH, when heated with NaOH(aq)?
A HOCH,CH,NH,
‘ B HOCH,CONH,
L c HOCHZ(‘ZHCOZH
NH,
D NH,CH,CO,H
Hebing Concepts | SETIROIEITIS s o

(i) indicates that the compound contains at least an
"(?H group or -COOH group whilst (ii) suggests that
itis either an ammonium salt or a primary amide.

R=OH +PCl; - R~-Cl +POCI, +HCIT
R-CONH, +OH™ - R-CO,” +NH, T

—_—

13, Which. of the following reagents reacts only with
the acid group of the amino acid HzNCH2C02H?

A HCl(ag) B HNO,(aq)
C CH,0H D CH,COC!
L&\am Tavourite Tahhz >***

H:NCH,CO,H + C,H,0H
esterification » H,NCH,CO,C,H; + H,0

| n Chemistry Meg uith elps

-

Compounds

Frequently Examined () uestions
All (A), (B) and (D) react with the -NH, groups:

A: H,NCH,CO,H+H' - H, NCH,CO,H
B H,NCH,CO,H + HNO,
— HO=CH,CO,H + N, + H,0

D:  H,NCH,CO,H + C,H,COCI
— C4H,CONHCH,CO,H + HCl

14. Which sequence shows the nitrogen compounds
in decreasing order of basic strength?

most basic  — least basic
A | C,H{NH, NH, (C,H;),NH
B| C,H,NH, (C,H;),NH C,HsNH,
C [ (C,H,),NH NH, C,H;NH,
D| C,H,NH, NH, C,H,NH,

Helping Concepts '(','f\am TFavourite Wa/ly>**

The strength of a base depends on how readily avail-
able its lone pair of electrons is for protonation.
Alkylamines such as (C,H,),NH are more basic than
NH, because the electron-donating alkyl group makes
the lone pair of electrons on N more available.
Arylamines such as C(H,NH, are less basic than NH,
since the lone pair of electrons on N can delocalise
into the benzene ring so that it is less available. Thus,
(C,H,),NH is more basic than NH, which is more basic
than C H,NH,.

15. The painkiller Phenacetin can be made from com-
pound X.

NH, NHCOCH,
@ rengcm @

OC,H;, OC,H;

X Phenacetin

What could be the reagent?
A CH,COCH,

B CH,COCI

C CH,CONH,

D CH,CO,CH,CH,
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e 10 M et
{‘{;I‘Iﬂ 7.;““";”“5;"!”5«/; ) H H nltrobenzene
The reaction involvcs%;; sm]bsm;;lon of a H from the ngﬁ?xﬂf ::inei(:;:sa:: az%?::“:;f:?o h}’drq.
amino group by CH,CO. Hence, it 1s an acylation. added. Xide i
RNH, + CH,COCl = RNHCOCH, + HCI What is the purpose of the sodium hydroxige
I A to dry the product '
B to liberate the phenylamine
ements explains why C to lower the boiling point for subsequent dis.

16. Which of the following stat 0 lo
C H.NH. is a weaker base than CH JNH,? tillation .
C D to precipitate tin(I) hydroxide

A CHNH, is sparingly soluble in water.
B The CH, group is smaller than the C ;H, group.  EFEITNN oI & '(};am Favourite 7?,,,,,,7>**

C The lone pair of electrons on the nitrogen in ) , @_ .. ’ |
C,H NH, is delocalised over the benzene ring. In acid medium, NH," is formed. The additigp,

D The benzene ring in C HNIH, is electron-re-

of NaOH, is to liberate {(O)—NH, from this sl v
an acid-base reaction).

Enam Favourite 'Wr///'mz >**
!, ©-NHJ* +0OH™ - @NHz +H,0

I'he basicity of an amine depends on the availability
of the lone pair of electrons of nitrogen for donation
to an acid.

In C;H,NH,, the lone electron pair of N is able to
delocalise into the benzene ring, making it less sus-
ceptible to donation to an acid. Therefore, it is a
weaker base. In ethylamine, CH,CH,NH,, the ethyl

leasing.

Helping Concepts

19. A solid compound X dissolved readily in water to
give a weakly alkaline solution. On evaporation
of the water, X was recovered unchanged.

group is electron-donating by inductive effect and this Which of the following could X be?
enhances the availability of lone pair for donation.
A CH,NH,'CI B CH,O"Na'
C CH,ONa' D CHNH,

Helping Concepts '((})am Favourie Ta/iny>**

17. The same carboxylic acid is obtained either by Y . . . .
the hydrolysis of a nitrile P or by the oxidation CoHl;0"Na’ dissolves in HZO with partial hydrolysis,

of an alcohol Q.

giving an alkaline solution.
C,H,O™Na'+ H,0 — C,H;OH+OH +Na’'

Which of the following pairs could be P and Q?
On evaporation of H,0, the salt is recovered.

P Q
(A) gives an acidic solution in H,O; hydrolysis of (B)
A C 5 i o
H,CH,CN CH,CH,0H is not reversible; (D) is a liquid.
B| (CH,),CHCN (CH, ), COH
C | CHyCH(CH,)CN  C,H,CH,CH(OH)CH,

D| C,H,CH,CN C,HsCH,CH,0H

20. The reduction of a nitrile produced a compound

ETEAEXIIA v Govourie Fatng >k OF formula C,H,NH,. Which of the following 0%
me nitrile was

pounds would be produced if the sa

R(,:N +2H,0+H" > RCO,H +NH,* hydrolysed by heating with dilute hydrochloric
R'CH,0H +2[0] - R'CO,H + H,0 acid?
'Il‘herefore,. R =R’ and the alcohol should be a primary A CH,CONH,
alcohol with the same number of C atoms as there is B CH,CH,NH,
312

in the nitrile.
C (CH3)2CHC02H

D CH,CH,COH P
1000 Chemistry Ma; with Helps o




Frequently Examined (3)uestions

g N0 en Com ounds
G| L D
nitrile i C,H,CN.

jven
o hyd olysis of C2H5CN would give
The agglﬁ and NH,' (partial hydrolysis would give

cH ngNHz instead)-
Cc 5H oN+2H0+H C,H,CO,H + NH,’
24

o

serine has the structure shown

21, The amino acid

low:
i b

\ What i

. A ITHz B
HOCH, CHCO,~

| C I}IH3 D

q HOCH, CHCO,"

Helping Concepts ' Exam Favourite Wa/inz >***

s an amino acid. In general, the formula of a

NH,
HOCH, (lZHC02H
s the zwitterion formed by serine?
NH,
HOCH, (|3HC02H
NH,
-OCH, CHCO,H

Serine i
awitterion of an amino acid is R —CH -CO,".

|
*NH,

ALY —_—

==

i 22. Benzenediazonium chloride is prepared by react-
ing phenylamine dissolved in concentrated hy-
' drochloric acid with aqueous sodium nitrite, keep-

¢ ,
w ing the temperature below 10 °C.
Which of the following occurs if the temperature
4 rises above 10 °C?
/] A loss of phenylamine

B loss of hydrogen chloridre
C decomposition of benzenediazonium chloride
D crystalisation of benzenediazonium chloride

w’axam Favourile Ta/l'né > *

Be . . _
8 ,-e;:ﬁfmdlalomum chloride is unstable to heat. N Is
j ly evolved when the salt is warmed.

AN, + H,0 —» ArOH+H' + N, T

“l““ Chemistry mcg with Helps

23. A product P isolated from a naturally-occurring
source is established as having a molecular for-
mula of C;H/NO,. It possesses a chiral centre and
it forms a zwitterion.

Which of the following structures could be P?

CH,OH

Helping Concepts ' Enam Favourile Tah@***
+

NH,

HO@— (::*— H

CO,

where =: chiral centre

24. With which of the following reagents do
phenylamine and phenol have similar reactions?

A Br,(ag) B HCl(aq)
C HNO.(aq) D NaOH(aq)

rC,\am Tavouritle R alinZ> * *
Br
@-G +3Br, — Br—QG¢ +3H" + 3Br~

Br
where G=OH, NH,,.
Both reactions are electrophilic substitution.
B Only C;H,NH, reacts to give a salt.
C¢H;NH, + HCl — C¢HsNH, CI™

C Only C;H,NH, reacts to five a benzenediazonium
salt.
C(H,NH, + HNO, +H" — CH;N," + 2H,0

D: Only C,H,OH reacts to give a salt.

C¢H,OH +OH™ — C(H,O" + H,0
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Topic 19 Nitro H,

i ightener in de- y,
25. A compound used as an optical br -
torgentzo has the following formula. A ©-C C\
NH2
CN
@cﬂ-cu cH=CH© /CO,H
NC B (Orcn=c
i C
Which of the following is likely to be a property C(T): H
of this compound? y
A [t is readily soluble in water. C @—CH ZCH\CN

B The molecules exist as cis-trans isomers.

C It reduces aqueous Ag(NH,)," to silver. D @ OH
c acid to

D It is hydrolysed by hot dilute sulfuri
ey Concevts | (RIS

give an amine.

G Cs o >HAK -+ 28,0  R-COGH + N,

d to the same C atoms of
herefore exists

Different groups are bonde
the double bonds. The compound can t

as cis-frans isomers.
28. When aqueous bromine is added to a solution of

phenylamine, the colour of the bromine disap-
pears. Which of the following statements explains
this observation?

26. A dipeptide of structure
HZNCHZCONHCH(CHJ)COZH A Phenylamine oxidises Br, to Br.

was i§olated after partial hydrolysis of an animal B The NH, of phenylamine is substituted by Br.
protein. C The NH, group of phenylamine reacts with
Which form would be predominant at pH 2? Br,.

A HzNCHzCONHCH(CH,)COZ‘ D Bromine replaces hydrogen in the benzene
B H,NCH,CONHCH(CH,)COH i

C H,NCH,CONHCH(CH,)CO; [ Helping Concepts | ARRICRTEb gt
D H,NCH,CONHCH(CH,)COH NH, NH,

. _ Br Br
el Concepts | ACRERTERTERS SN @ © 38 @ s

At pH=2 (acidic), the predominant form is the cat-

ionic form. Br
\ - The lone pair of electrons of N delocalises into the
H, NCH,CONHCH(CH,)CO,” + H' P ns o elocalis :
. (CH,)CO,” + H benzene ring and this renders the benzene ring highly
— H,; NCH,CONHCH(CH;)CO,H activated towards electrophilic substitution at 2-an
4— positions.
___—_’___—‘/

27. CS has the structure shown below, is an active

component of 'tear gas' and is readily hydrolysed. 29. Some aminoethanoic acid is dissolved in.a
solution of pH =9.0. Which of the following 81V

CN
©—CH=C/ the structure of the two main forms of amin®
\CN ethanoic acid at this pH?

A NH,CH,CO,H and NH,CH,CO:H

puffer

mfxtto:ft?sgo"owmg 's a possible hydrolysis
B NH,CH,CO,H and NH,CH,C0:

0 Cheistry #/eq uit o
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| Nitroge? Compounds
2 H and NH,CH,CO;"

NH; CH,CO:
) N CHCOs NH,CH,CO;
W o rmardte Rating >k Ak
oHL 2~ H,NCH,CO,”
(:0,H -r" HiNCH’C()’ T 5
’ mcreasmg pH

e Zwitterion and the anion exist predomi-
ven higher pH, the anionic form becomes

e main 5peC1°5 prosent.

3. The compound below reacts with ethanoyl chlo-

ride.
NH,

OH
What is the formula of the product when the
ethanoyl chloride is in excess?

NHCOCH, NH,
A B
OH OCOCH,
NHCOCH 2
c " (O
COCH,
OCOCH, OH

Helping Concepts VGAam Favourile Ta@***

Both the -NH, and —OH groups undergo acylation to
form an amide and an ester respectively.

Ar-NH, + CH,COC| — Ar—NHCOCH, +HCI
Ar-OH + CH,COCI - Ar—OCOCH, +HCI

Therefore, the overall reaction is

31. Paracetamol is a pain-killing drug.
NHCOCH,

Q

What are the products from its reaction with an
excess of boiling aqueous NaOH?

NHCOCH,
A
O™Na*
NH,
B + CH,CO, Na*
OH
NH,
C + CH,CO, Na”
“Na*
NHCO, Na*
D + CH,0H
O™ Na®

Helping Concepts 'CAamgauoun'le Ta/inz >***

NHCOCH, NH,
+ 20H —> @ + CH,CO,” + H,0
OH (op

The amide is hydrolysed to an amine (R-NH,) and a
carboxylate ion. Phenol is acidic enough to react with
NaOH to form a salt (phenate).

H cl) 32. When 2-methylphenylamine reacts with an excess
|| of Br,(aq), one of the intermediates i
N ﬁ N-C-CH, (ad), is cation Z.
@ +2CH,-C-Cl —> +2HCI NH, o . NH, o
3 L 3
N
ﬁ - CH, 2-methylphenylamine H Br
0 4
_— What is the final product of this reaction?
0 chepn: : -
Chemistry e uith Helps



1opic 19 _Nitrogen Compounds

A Br\@‘“; Br\©C 3
Br
NH, NHBr
C Br pr D Br CH,
Br Br
Neipin Concepts | ALICENTNIT R bl

The last step involves the ejection of H* from the in-

termediate.
NH, NH,
Br, CH, Br CH,
—"
H Br Br

33. A product P, isolated from a naturally-occurring
source, has a molecular formula of C9H“NO3. It
possesses a chiral centre and it forms a zwitte-

rion.
What could the structure of P be?
(0)

|
A OZN—©-CH2—C
l
C

H
H
H,

HO

D CH, OCHz -CO,H

H,N

2
Helping Concepts mm Favourile Talinb***

P shoul.d be an amino acid since it forms a zwitterion
The chiral centre is marked '« ' .

ITHz
HO O CH, - (lj.— H
CO,H

lﬂll Chemistry MCQ with HE||IS

anu-nuy 1

34. Which of the following pairs of substances regcy
together, forming an organic product that gives ,
neutral solution in water?

A CH,CO,H and NaOH
B C,H,OH and Na

C C,H,NH, and HCI

D CH,COCH,and LiAIH,

' Eram Favourile 'Pa/r'ny >***

LiAlH, reduces ketones (and aldehydes) to their re.
spective alcohols, which are neutral in H,0.

i ¥
CH, —C —CH, +2[H] __LiAlMy , CH,-C-CH
dry ether l 3
H

A: CH,CO,"Na”, pH>7

CH,CO,” + H,0 === CH,CO,H +OH"
B C,HsO™Na", pH>7

C,H,0” + H,0 =— C¢H,OH + OH"
C C.HsNH,'CI", pH<7

CH NH;* + H,0 == C¢H;NH, + H;0

35. Why are amides, RCONH,, less basic than amines,

RNH,?

A Amides form a zwitterion in which the nitro-
gen atom carries a positive charge.

B Amides have a resonance structure involving
the movement of a pair of electrons from the
nitrogen atom to the oxygen atom.

C Electrons on the nitrogen atom move on 0
the C-N bond giving it some double bond
character so that it is more difficult to break.

D The amide carbonyl group withdraws electrons
from the NH,, group to make the hydrogen
atoms acidic.

'E.\am Tavourile Ta/iﬂé > **

Y] +
R—CQ\JH2 <«— R-C=NH,
Il |_

o} 0%
n N is involved '|n
ence, it is less V3"

The lone pair of electrons o
delocalisation as shown above. H
able for protonation, i.e. it is less basic comp
an amine.
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sipeptide &nd 11 s
lys-ser

ser-gly-ala

met-ala

gly-lys

what could be the structure of peptide P?
A ala-gly-met-ala-lys-ser-gly

B Iys-ser-gly-ala-gly-met—aIa

c met-ala-gly-lys-ser-gly-ala

D ser-gly-ala-met-ala-gly-lys

mr(ﬁ;am Favourile Ta/in]> *

met-ala
ala-gly
gly-lys
lys-ser
ser-gly-ala

. p contains seven amino acid residues.
% peptide is partially hydrolysed, the following
peptide fragments are produced.

37. Benzocaine is a local anaesthetic, often used in

suntan lotions to relieve pain.

CH,CH,0,C -@ NH,

When benzocaine is heated with concentrated
hydrochloric acid under reflux, what is the final

product?

A CH,CHZOZC@NH;

D Ho,c<(")-0H

WB}A am Favourile Ta/inz > ***

The ester functional group is hydrolysed to give a
“@rboxylic acid and ethanol while the amine group,

~NH,, is protonated by the acid to give -NH;".

CH,CH,OZC-Q—NHZ +H' + H,0
— Ho,c©-NH; + CH,CH,OH

\

W Chemistry e it s

_Froquently Examined Jussne

38, A 'sleep factor, isolated from anim
' al “m,
as a signal (o the brain that it is time s wl:
has been identified as cis-octadec-9-encamigy,

CH,(CH,) CH,).
Hh C/( 1)1\('/NH?
A=\ 1
H H Il
0

cis-octadec-9-enoamide
Which reagent would not readily destroy this mol-
ecule?
A dilute potassium manganate(VII)
B hydrogen with a platinum catalyst
C Tollens' reagent
D warm aqueous sodium hydroxide

r Esam Favaurile 7’:1;/1; 2 * *

Cis-octadec-9-enoamide is not an aldehyde and hence
does not react with Tollens' reagent. Options A and
B are incorrect since a diol is formed with cold dilute
KMnO, and H, is added across the C=C and C=O
bonds respectively. Option D is incorrect since the
amide functional group is hydrolysed by warm aque-
ous NaOH.

Helping Concepts

39. Acylpiperidines such as compound X are being
studied as mosquito repellents.

C i
N—C—(CH,),CH,

X

Which pair of compounds would produce X when
reacted together?

A

)

N—H + CH,(CH,),COCI

N—CI + CH,(CH,),CO,H

:

N—Cl + CH,(CH,),CHO

s

N—COCI + CH,(CH,),OH

.



Topic 19 Nitrogen Compounds
W o i T > R K

X is an amide and it can be formed by the reaction

between an acid chloride and an amine.
0O

Il
( N—H+C1—C—(CH2)9CH3 -

ot form a hydro-

40. Which amino acid residue cann
-helix and so

gen bond to stabilise the peptide
causes a 'bend' in the regular shape?

A H,NCHCO,H B H,NCHCOH
l

|
CH,SH CH,CH,CO,H
cysteine glutamic acid
H,NCHCO,H CH,
c | p / H
CH, CH, |
\ _~ C{_I
@ CH, ‘co,H
phenylalanine proline

’ Eaam Favourite 7aﬂz> * *’

In proline, the a-amino acid group is locked in a ring
structure and prevents free rotation at the a-carbon.

H . no free rotation
/
“CO,H

This structure is more rigid than the other a-amino
acids and hence is not able to stabilise the

peptide a-helix and causes a 'bend’ in the regular

shape.

41. Partial hydrolysis of insulin, the hormone essen-
tial for carbohydrate metabolism, gives the fol-

lowing tripeptide.
(IDHZCHZCOZH

(CH;), CHCH(NH,)CONH CHCONHCH(CH, )CO,H
Which compound could be obtained by further

hydrolysis of this tripeptide?

1000 Chemistry MC? wrth Helps

Frequently Examined Questions

-

[
N-C-(CH, )sCH; + HCI

A CH,CH(COH),
B (CH,),CHCH(NH,)CONH,
CH,CH,CO,H
C HZNCONH(liHCOZH
D CH,CH,CO,H
H,N C HCONHCH(CH, )CO,H

Helping Concepts ' Exam Favourite Tah‘ny>***

{0 H i CH,CH,CO,H

A I A ——

Hydrolysis takes place at either or both amide link-
ages as shown above. The amino acids obtained upon

hydrolysis are:
1. Complete Hydrolysis:
(CH,),CHCH-CO,H
I

NH,
CH,CH,CO,H
H,N-CH-CO,H
H,N-CH(CH,)CO,H
2. Partial Hydrolysis:
O H CH,CH,COH

|
(CH,),CHCH(NH, ) - C —N —CH-CO,H

?HZCH2C02H
H,N - CH-C —N - CH(CH,)COH

I
O H

,_.-‘




the structure of the tetrapep-

g, The B 00
T.

CH,CH,CONH, CH,CH,CO,H
‘,!71 /L!/ﬂ\%\‘/u
N H
(0]
1,04
T OH

when 0.) mole of T is heated under reflux with
NaOH(aq) until no further reaction occurs, how
many moles of NaOH will react?

A 04 B 05
C 06 D 07

m'@wﬂl Tavourite fa@***

CH,CH;CONH,

OH:

Toere e 4 amide bonds, 2 COH an
goups. Hence, 1 mole of T will react with 7 moles of
O,

i 1 i
~C-N- + OH" -» -C-0" + H-N-
o o

i i
~C-0OH + OH" - -C-0" + H,0

Lo + on - @0‘ + H,0

8. £ insecticide, J, has been developed for killing
Pesis that anack fruit such as grapes, apples and
Peaches. ts structure is shown below, where R is

« imert group,
H
ooy "
N.__-R
¥
(¢ CH,
J

| ,.“'-‘-lrmchib

K is then warmed with CH,COCI

vent, to produce L.

What is the final product L?

A CO,H
NHCOCH,
HO CH,
B CO,H
NH,
CH,CO; CH,
C CO,CH,
NHCOCH,
Cl CH,
CO,H
NHCOCH,
Cl CH,

N\;TR + 20H"
\0/
CH,
CO,H
NH,
—H" , CH;NH, +
Cl CH,
CO,H
NH,
+ CH,;COCI
CH,
CO,H H
N I + HCI

under reflux, the
product K isolated,

in an inert go|.

d 1 phenolic [ENTLEORENS 'Cuam Favourite Ta/iny>***




mao Nitregen Compounds
Section B

For each of the questions in this section, one or more
of the three numbered statements | to 3 may be cor-
rect.

Decide whether each of the statements is or is not
correct (you may find it helpful to put a tick against
the statements that you consider to be correct).

The responses A to D should be selected on the basis
o

A B C D
L,2and 3 (1and 2only [ 2and 3only | 1 only
are correct | are correct | are correct | is correct

No other combination of statements is used as a cor-
rect response.
44. In which aspects of protein structure can hydro-
gen bonding occur?
1 the primary structure
2 the secondary structure
3 the tertiary structure

[('l\am Tavourite .Talr'ny> * *

*2. In a secondary structure, there are hydrogen
bonds between N-H and C=0.

*3. In a tertiary structure, there are hydrogen bonds
between —CH,OH, —CO,H, —-NH,, groups.

45. Which changes in bonding occur during the re-
action of ethylamine with ethanoyl chloride?

1 A hydrogen-chlorine bond is formed.
2 A carbon-chlorine bond is broken,
3 A carbon-nitrogen bond is broken.

w 'aam Favourite Tnhb * *
H

0O

B A
CH,CH,—N42H + CH,2C -

N
— CH,CH,—-N<C—CH, + H4()

Bonds a and b are broken while bonds ¢ and d are
formed.

0 chemistry Meg uith ol

46. Which of the following pairs of substances S
ammonia when mixed in aqueous 3°luti;v°"'° !
heated? and

1 (NH,),SO, and Ca(OH),
2 CH,CONH, and NaOH

3 C4H,NH, and HNO,

! Cnam Favourite ?ah'né >***
"L NH,"(30) + OH" (a0) — NH, (g)+ H,0q0)

*2. RCONH,(s) + OH (aq) —» RCOO™ (aq) +NH, (g
3. AMNH, 9% , Apn+ _HO | ArOH

Helping Concepts

\\

47. Which compounds liberate ammonia when boijed
with aqueous sodium hydroxide?

1 CHCHNH,

2 CH,CH,CONH,
3 CH,CH,CO,NH,

Helping Concepts Exam Favourite '7?0//”7 >***

1. CI~13CI-I2NH2 is an amine and does not react with
aqueous NaOH.

*2. CH,CH,CONH, is an amide and hydrolyses in hot
aqueous NaOH to give sodium propanoate and
ammonia.

CH,CH,CONH, + OH™ — CH,CH,CO," +NH,
*3. CH3CH2C02NH4 is an ammonium salt and the
NH," present reacts with aqueous NaOH on boil-
ing to give ammonia gas.
CH;CH,CO,NH, + OH"
—— CH;CH,CO,” + NH, + H,0
A 2

48. Ethambutol has been used since 1960 as a drug
for treating tuberculosis.

HOCH, /CHzCH;
/CHNHCH2CH2NHCH\
CH,CH, CH,OH

Which reagents, under suitable conditions, C_Of"d
convert it into an organic compound containing

a halogen?

1 hydrogen bromide

2 alkaline aqueous iodine
3 ethanoyl chloride




g WVWINpyvwiive

' Caam Favourite Tg@** i
¢ reacts with alcoholic OH to substitute in Br
U} H? OH so that an organic compound containing
halogen ¢an be formed.
’ R-OH + HBr = R-Br + H,0
o molecule does not react with alkaline aque-
ous iodine since it does not contain the -CH,C=0
or ~(CH,)CHOH functional groups.
Ethanoy! chloride reacts with alcoholic OH to give
an ester and HCI but not an organic compound
containing 2 halogen.
R -OH + CH,COCl = R -OCOCH, + HClI

—_—

49, Many sunburn ointments contain benzocaine
which relieves the pain caused by sunburn. It can
pe made in the laboratory by using the following
reaction scheme.

CO,CH,CH,

Which of the following statements about this re-
action scheme are correct?

1 Step 1 is an oxidation.
2 Step 2 is an esterification.
3 Step 3 is a reduction.

Helping Concepts ' Exam Favourste Ta/t’n7>***

*|. Oxygen is added into the system.
*2. An ester is formed from the ~-COOH group.

*3. -NO, is reduced to —NH,: removal of oxygen,
addition of hydrogen.

—

50. Aureomycin is a powerful antibiotic.

aureomycin

lun Chemistry mC? with HB"!S

lar structure?

1 secondary alcohol
2 tertiary alcohol
3 Kketone

MI Cnam Favourite %”b***

1,*2. There is no 2° alcohol group. The OH grou
present are one phenol and three 3° alcohic,:l
groups.

3. There are two ketone groups: one on the ring next
to the benzene and one on the extreme right ring,

CO,CH,CH,

CH, CO,H
© step | © step 2 © step 3 O

2

51, The structure of the alkaloid ephedrine is shown

below.
OH CH, y
@ C-C-N
| | ey
H H 3

Which of the following will be properties of the

alkaloid?

1 It has two chiral carbon atoms.

2 When warmed, it will be oxidised by acidified
KMnO, solution.

3 It will form a salt on reaction with hydrochlo-
ric acid.

M 'Exam Favourile 7aliny> ***
*1.

ey
Ot
Ll Nen
H H
where »: chiral centre

3

*). The compound is a secondary alcohol. It can be

oxidised by acidified KMnO, to a ketone.
R-CHR'+[0] » R-C-R'+H,0

OH o)



Frequently Examined(Questions

sopic 19 Nitrogen Compounds

‘3.Beinganamine.itactsasabaseandreactswi
HCI to form a salt.

R—-NH+HCI » R-TH{CV

CH, CH,

52. Dopamine is a drug used in the treatment of
Parkinson's disease.
NH,

HOQCH C{ -
2
\CozH

HO
dopamine

Which of the following statements about this com-
pound are correct?

1 It can exist in optically active forms.

2 One mole will react with three moles of so-
dium hydroxide to form a salt.

3 It can exist as a zwitterion in aqueous solu-
tion.

!Cnam Favourite j?aliny> ***
.1 NH,

i
R-CH,-C-H
|
CO,H
where « : chiral centre

The compound has a chiral centre and it is non-
superimposable with its mirror image.

*2. Both the two phenolic groups and the carboxylic

group act as acids and they react with NaOH to
form a salt and H,0.

HO—Q— CH, CHCO,H + 3NaOH
l

HO NH,

—> Na’O” CH, CHCO, Na* + 3H,0

|
NH2

*3. Being an amino acid, it can exist as a zwitterion
in aqueous solution.
R -CHCO,"

l

Na“O~

th 53. The amino-acid tyrosine has the structural for-

mula shown below.

HO @-CHZ (IZHCOZH

. NH
Tyrosine will 2

1 exist as a pair of optical isomers.
2 react with hydrochloric acid to form a salt.

3 react with aqueous sodium hydroxide to form
a salt.

' Enam Favourile Ta/inb***.
i

*1, HO ~())-CH, C-COOH
l

2

where = : chiral centre
The mirror images are non-superimposable.

*2. The amino group (-NH,) is basic and reacts with
HCI to form a salt.

R -NH, + HCl — RNH,*CI”

*3. The phenolic group and the carboxylic group are
acidic and they react with NaOH to form a salt
and H,0.

HO «())- CH, CHCOOH + 2NaOH
|
NH,
— Na'0” <)~ CH, CHCOO™Na* + 2H,0

|
NH,

54. The compound 2,4-D is used as a weedkiller.

OCH,CO,H
cl

Cl
2,4-D

Which of the following statements about this com-
pound are correct?

1 It can be esterified by ethanol in the presence
of H* ions.

2 It can exist as a zwitterion.

It is readily attacked by aqueous alkali to form
OCH,CO,”
e

0"



" 19 Nitrogef Compounds Freq | l
uently Examined ()uestons
¥ ME‘"" Tavourite Ta@*** 56. Capsaicin is the
0

a

. substance in chiji _
xylic acid. It can therefore undergo causes the hot sensatiop wh‘;ill‘llil: I?:Ppers which

€aten.

24D 5% with an alcohol in t
" erification with an alconol in the presence of  CH,0 CH,NHCO(CH, ), CH = CHemy oy

+ jons. " )©/ J);
COOH + C,H;OH —I:-:—at* R -COOC,H,+ H,0 HO
Rf

: : capsaicin
t an amino acid.

[t is nO o The CH,0- group is inert,
0CH,CO, Which reactions will capsaicin undergo?
. is formed. 1 Addition of bromine in an organic solvent
causes three atoms of bromine to be incorpo-
| cl . broken d . . rated into the molecule.
The C-Cl bond is not broken due to its partial 2 On heating with NaOH(aq), two moles of
double bond characteristic as a result of the over- NaOH are used u I ici
: g c P per mole of capsaicin.
lap of the p-orbital of Cl with the r-orbitals of On heati der reflux with acidi
benzene ring. Hence, it does not undergo nucleo- n ;ang o fors ac“-hﬁed et
il cubstitution with OH-. trated KMnO,,, (CH,),CHCHO is a product.

Helping Concepts [(B.tam Favourite Ta/r'nb***

*1. Capsaicin undergoes electrophilic substitution at
the benzene ring and electrophilic addition at the

55, Cyclosporin A is used in human kidney transplant C=C double bond. The product formed is
operations as an immunosuppressor. It is a pep-

P

CH,0 CH,NHCO(CH,), (IZH—(ITHCH(CH, ),
tide.
) Br Br
& A HO: ‘|/:
ﬁ Br
/C\CH + side chain *2. The phenol undergoes acid-base reaction while
H ? the amide is hydrolysed.
HO CH i
~ch ~CH, | ©—OH+OH' — @—o +H,0
CH, |
—CO—N—CH—CO—NH— Il—l (“) lil (")
Which reagents react with the side-chain shown? -N-C-+0OH  —— -N-H+70-C-
1 ethanoyl chloride One mole each of OH" is needed for each reac-

tion.

An aldehyde is not formed as a pro.duct as it can
be further oxidised to a carboxylic acid by KMnO,.

2 aqueous bromine
3 dilute potassium manganate(VII) 3.

: wnAam Favourile Ta/r'nz > **

_ ) > q
The side chain contains a >C=C\ double bond an

22° OH group. oo o ted by cor-
7. Chloramphenicol is an antibiotic secreted by
= R-OH + CH,CoCl - CH,COOR * HCt > tain bacteria; it has a large number of functional
‘ || ‘LR groups.
kq‘ \e_/ _C__C_+H + Br )
|7 TR B RO 2 T 0 N@CH —CH - NHCOCHCI,
’ OH Br 2 |
|| OH CH,OH
T i i i the re-
% 3c=¢( _KMnO, , —C-C ch of the following deductions about _
AT TO1 RO | H (I)H :Jc:li;ns of chloramphenicol can be made from this
‘ o structure?
— _ o

';_“’ Chemistry ”kq with flelps




topic 19 Nitrogen Compounds

1 It gives a pale yellow precipitate with alkaline

2 It undergoes alkaline hydrolysis, one product
of which contains an amino group and the
other a carboxylate ion.

3 It decolourises acidified potassium manganate
(VII) on warming.

| I
I. There is no CH;,-CH-OH or CH;-C=0
group present.

”, Ho
O,N ~ CH-CH-N-C-CHCIl, + OH™
I
OH CH,OH
i
- O,N CH—CH—NHZ +-0-C—-CH(OH),
I
OH CH,0OH
Note: The carboxylate ion undergoes dehydration
readily: 0
Il
“0-C - CH(OH),

P
- "0-C-C-OH+H,0
*3. The alcohol groups are oxidised.

O,N CH~-CH~-NHCOCHCI, + 3[0]
(l)H (|?H20H
— OZN—QC-CH—WC%HClz +2H,0
o Com
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Toplc 1 Atoms, Molecules and Stoichiometry
1. 3.

1000 Chemistry MCQ with Helps

D 2. D B 4.
6. C 7. A 8. B 9,
1. D 12. B 13. B 14.
16. A 17. B 18. D 19.
21. D 22. C 23. B 24.
26. C/D 27. B 28. D 29.
31. D 32. C 33. A 34,
36. C 37. C 38. D 39.
41. C 42. C 43. C 44,
46. A 47. B 48. B 49,
51. A 52. A
Topic 2 Atomic Structure
1. B 2. D 3. D 4,
6. D 7. D 8. B 9.
1. D 12. B 13. C 14,
16. D 17. B 18. B 19.
21. B 22. B 23. C 24.
26. D 27. C 28. C 29.
31. C 32. A 33. B 34,
36. B 37. D 38. A 39,
41. B 42. B 43. D 44,
46. C 47. A 48. D 49,
51. D
Topic 3 Chemical Bonding
I. A 2. D 3. A 4,
6. A 7. D 8. D 9.
11. D 12.. C 13. A 14.
16. D 17. D 18. B 19.
21. B 22. D 23. D 24.
26. B 27. B 28. D 29.
31. C 32. D 33. C 34.
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36. A
4. A 2. p i8 D
46. C 41. D 3. D
5. B 48. A
52. C o o
56. C 57. C 53. ¢
61. C 62. B 53. "
66. D 67. A 68-_ C
71. D 72. A 73. C
e A 7. D 78. D
o 82. B 83. A
8. D 87. C
Topic 4 Th%ous State
1. D 2. A -
6. D 7. A s
11. A 12. C 13 C
16. D 17. A 18 C
2. ¢ 2. A 23. B
26. B 27. D

Topic 5 Chemical Energetics

1.

A 2. A
6. A 7. A
11. C 12. D
16. A 17. C
21. A 22. B
26. C 27. B
31. C 32. A
36. B 37. C
41. C 42. D
46. B 47. D
51. B
Topic 6 Electrochemistry
1. A 2. D
6. B 7. A
11. C 12. B
16. D 17. C
21. A 22. D
26. D 27. D

13.
18.
23.
28.
33.
38.
43.
48.

13.
18.
23.
28.
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3. A 32. D 33, C 34, D 35. A
6. D 37, C 38. D 39. D 40. A
41. D 42. D 43. B 44, C 45. D
46, B 47. A 48, D 49, D 50. D
51. B 52. B 53. B 54. D 55. D
56. A 57. C 58. C 59. C 60. B
6l. B 62. C 63. C
Topic 7 Equilibria
1. A 2. B 3. C 4, B 5. B
6. D 7. C 8. C 9. B 10. A
1. A 12. D 13. D 14. B 15. B
16. D 17. D 18. D 19. B 20. B
21. A 2. D 23, A 24, D 25. C
26, D 27. A 28. D 29. C 30. D
31. D 32. A 33. B 34, A 35. C
36. C 37. C 38. B 39. A 40. D
41. B 42. D 43. B 44, D 45. C
46. D 47. A 48. D 49. A 50. C
5. B 52. A 53. D 54. B 55. D
56. D 57. B 58. D 59. B 60. B
6. B 62. D 63. C 64. C 65. B
Topic 8 Reaction Kinetics
1. B 2. D 3, D 4. C 5. C
6. C 7. B 8. D 9. A 10. C
1. D 12. C 13. C 14. A 15. B
16. D 17. C 18. B 19. D 20. B
21. C 22. D 23. B 24. B 25. B
26. D 27. B 28. C 29. A 30. C
31. B 32. C 33. B 34, D 35. A
36. A 37. D 38. B 39. C 40. C
41. B 42, D 43, D 44, D 45. B
46. D 47. B 48. B 49, C 50. B
51. A 52. B 53. B
Topic 9 The Periodic Table: Chemical Periodicity
1. A 2. D 3. A 4, D 5. B
6. D 7. B 8. D 9. B 10. C
11. D 12. D 13. C 14. A 15. C
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16. D 17. D
. 18.
21. C 2. D ) B 19. A 20. B
3. B 24. C 25. C
26. B 27. C 23
. B 29. B 30. C
31. C 32. D 3
3. C 34, B 35. A
36. A 37. D 3
8. D 39. B 40. A
41. D 4. C
43. C 4. A 45. B
46. D 47. A 4
8. C 49. B 50. C
51. B 52. A 53. B 54. C
6. A < B . 55. D
Topic 10 Group 11
é‘ g 2. C 3. B 4 D 5. A
. 7. D 8. C 9. D 10. D
1. A 12. D 13. A 14. B 15. B
16. C 17. B 18. A 19. C 20. D
2l. B 22. C 23. A 24. C 25. B
26. A 27. D 28. A 29. C 30. A
31. C 32. B 33. C 34. B 35. C
36. B 37. A 38. D 39. D 40. D
41. B 4. B 43. B 44. D 45. B
46. C 47. B 48. A
Topic 11 Group VII
1. C 2. D 3. C 4. D 5. B
6. C 7. C 8. B 9. A 10. C
1. A 12. C 13. B 14. D 15. D
16. A 17. B 18. A 19. C 20. D
21. D 2. A 23. D 24. C 25. B
26. D 27. D 28. B 29, C 30. D
31. C 32. C 33. B 34. D 35. A
36. A 37. B 38. A 39, C 40. C
41. B

Topic 12 An Introduction to the Chemistry of Transition Elements

. D 2. A 3. B 4. C 5. C
6. C 7. D §. D 9. D 10. D
i A 12. C 13. C 14. C 15. D
16. C 17. C 18. A 19. C 20. C
21. D 22. D 23. B 24. D 25. B
26. D 27. C 28. D 29. B 30. B

- —
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3. C 32. B 33. D 34. D 35. B

36. D 37. C 38. B 39. B 40. B

Topic 13 Organic Chemistry: Introductory Topics

1. C 2. D 3. D 4. C 5. B

6. A 7. D 8. B 9. A 10. D

11. C 12. B 13. B 14. C 15. D

16. B 17. A 18. D 19. B 20. D

21. C 22. D 23. A 24. B 25. B

26. B 27. B 28. D 29. A 30. C

3. C 32. A

Topic 14 Hydrocarbons

1. C 2. A 3. D 4. D 5. D

6. A 7. A 8. B 9. B 10. C |

1. B 12. D 13. C 14, A 15. D :

16. C 17. C 18. D 19. A 20. D |

21. C 22. A 23. B 24. A 25. C |

26. A 27. D 28. B 29. D 30. B |

31. D 32. B 33. C 34, D 35. C I

36. B 37. B 38. C 39. A 40. C I

41. A 42. B 43. C 44. D 45. B |

46. D 47. B 48. A 49. A 50. C '

51. B 52. C 53. B {
I

Topic 15 Halogen Derivatives |

. B 2. D 3. A 4. D 5. D I

6. D 7. D 8. C 9. D 10. C |

1. D 12. D 13. B 14. D 15. C |

16. C 17. D 18. D 19. D 20. C I

21. D 22. D 23. D 24. D 25. B |

26. B 27. B 28. A 29. D 30. C

3. A 32. D 33. A 34. D 35. A

36. D 37. B 38. B 39. B 40. A

41. D 4. C 43. C 44. D 45. A

46. A 47. B 48. A 49. C 50. C

51. B 52. C 53. D 54, B
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Topic 16 Hydroxy Compounds

1.

6.

11.
16.
21.
26.
31.
36.
41.
46.

1.

6.

11.
16.
21.
26.
31.

36.
41.
46.
51.
56.

1.
6.
11.

16.
21.
26.
31.
36.
41.
46.
51,
56.
61.

1. D 8. B
2. D 13. B
17. A 18. D
22. A 23. C
27. A 28. D
32. D 3. C
37. B 38. A
42. B 43. D
Topic 17 Carbonyl Compounds
2. B 3. D
7. B 8. D
12. A 13. B
17. B 18. D
22, B 23. D
27. C 28. A
32. B 33. B
37. C 38. D
42. A 43, D
47. B 48. C
52. C 53. ‘A
57. D 58. A
Topic 18 Carboxylic Acids and Derivatives
2. C 3. D
7. A 8 D
12. A 13. C
17. B 18. B
22. C 23. D
27. C 28. D
32. D 33. D
37. C 38. B
4. D - 43, D
47. A 48. B
52. B 53. C
57. A 58. B
62. C
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ANSWI RS

Topic 19 Nitrogen Compounds
. 3.

1. D 2. A

6. C 7. B 8.
11. D 12. B 13.
16. C 17. D 18.
21, C 22. C 23.
26. D 27. B 28.
31. C 32. A 33.
36. C 37. C 38.
4. D 42. D 43,
46. B 47. C 48.
51. A 52. A 53.
56. B 57. C
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