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(a)

Na,O MgO ALO; SiO; P4O1o

SO,

CLO;

alkaline basic amphoteric | acidic acidic

acidic

acidic

Na,O is alkaline — allow basic

MgOQ is basic — allow alkaline

ALO; is amphoteric

SiO,, P40+, and SO, are all acidic

(b) any two from:
sodium, phosphorus, sulfur and chlorine
two names required

(c) (i)

(ii)

(d) (i)

(ii)

(iii)

any three from:

floats

vigorous/violent reaction occurs
melts/forms a sphere

moves

disappears — allow dissolves
effervescence/gas produced

Na + H,O — NaOH + zH,
or
2Na + 2H,O0 — 2NaOH + H,

combustion of fossil fuels — e.g. from car engines

from car exhausts or
during the extraction of metals from sulfide ores or
volcanic eruptions/burning sulfur from volcanoes or
burning biomass

H,SO,
or
SO; allow H,SO; formula required

acid rain
or
its consequences e.g. damage to buildings,

damage to crops, plants, marine life

deforestation
or
SO; is toxic

(e) itis areducing agent/antioxidant

or

it kills bacteria
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&
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O o &3 &
o O o = (1)
(i) 180° M [2]
[Total: 15]
2 (a) (NH4)2SO4 + 2NaOH — 2NH; + Na,SO, + 2H,0
correct products (1)
correctly balanced equation (1 2]
(b) (i) NaOH + HCI — NaCl+ H;O (1)
" 31.2
(ii) n(HC) = x 1.00 = 0.0312 = 0.03 (1)
1000
50.0
n(NaOH) = x2.00 = 0.10 1
(iii)  n( ) 1000 (1)
(iv) n(NaOH)usedup = 0.10-0.0312 = 0.0688 = 0.07 (1)
(v) n[(NH4),SO,] = 0'0588 = 0.0344 = 0.03 (1)
(vi) mass of (NH,4),SO, = 0.0344 x 132 = 4.5408 = 4.54 (1)
(vii) percentage purity = W = 90.816 = 90.8 (1) [7]
[Total: 9]
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(@) C(s)+ O2(g) — CO4(9)
the enthalpy change/energy change/heat change when
one mole of a compound/CO,
is formed from its elements in their standard states

(b) (i) COx(g) + 3Hy(g) = CH30H(g) + HxO(g)
AHP/kJ mol™ -394 0 —-201 —242

A/_,‘:)reaction = =201 + (—242) - (—394)
—49 kJ mol™
correct sign

(i) removal of CO, from the atmosphere
CO, is a greenhouse gas/causes global warming

(c) In this part, in each case, the ‘effect’ must be correctly stated
in order to gain the explanation mark.

higher temperature
yield is reduced/equilibrium goes to LHS
because forward reaction is exothermic/reverse reaction is endothermic

higher pressure
yield is increased or equilibrium goes to RHS
fewer moles/molecules on RHS or more moles/molecules on LHS

use of catalyst

yield does not change
forward and backward rates speeded up by same amount
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(1 [l

(1) [6]
[Total: 14]
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4 (a) (i) C,HsOH — C,H, +H,O (1)
(ii) elimination or dehydration (1)
(iii) phosphoric acid or concentrated sulfuric acid
sulfuric acid must be ‘concentrated’
allow aluminium oxide (1) [3]
(b)
with HBr with MnO,~
colour at start colourless purple or pink
colour after reaction colourless colourless or decolourised
structural formula of product CH;CH,Br HOCH,CH,OH
with hydrogen bromide
from colourless to colourless both colours required
do not allow ‘clear’ instead of colourless (1)
CH3CHBr (1)
with potassium manganate(VII)
from purple/pink to colourless/decolourised both colours required (1)
HOCH,CH,OH (1) [4]
(c) (i) CeHio (1)
(i)
L,
Br
accept answers which have —CH,— in the ring (1)
(iii) electrophilic (1)
addition (1)
(iv)
CO.H
CO.H or
HOzc(CH2)4C02H or
HO,CCH,CH,CH,CH,CO,H (1)
accept answers which have —CH,— in the ring [5]
[Total: 12]
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5 (a) carboxylic acid or -CO,;H or —-COOH (1 [
(b) (i) alcohol (1)
" 160 3
H,) = = 6.67 x 10 I 1
(i) n(Hy) 54000 mo (1)
n(H atoms) = 2 x 6.67 x 10~ mol = 1.33 x 1072 mol (1)
(iii) n(X) = % = 6.67 x 10~ mol
n(X) : n(H atoms) = 6.67 x 107°: 1.33 x 1072
=1:2
since each —OH group produces one H atom
there are two —OH groups (1) [4]
(c) (i)
A A
So  or N (1)
(ii) HOCH,CH(OH)CHO as the minimum
allow the gem diols (HO),CHCH,CHO or CH;C(OH),CHO (1)
(iii) HOCH,CH(OH)CO;H or HOCH,CH(OH)CO,~ (1 [3]
(d) (i) HOCH,CH(OH)CH,OH (1)
(i) HO,CCOCO,H (1 [2]
[Total: 10]
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(@ (i)
(i)
(iii)

(iv)

(v)

(b) (i)

(ii)

(c) (i)

(ii)

silicon/Si or phosphorus/P
sodium or sulfur name required

white solid formed/white fumes seen
chlorine gas decolourised
aluminium glows or burns

2Al(s) + 3ChL(g) — ALCIs(s) or
2A[s) + 3CL(g) — 2AICI(s)
equation

state symbols

outer shell of electrons is full/has a complete octet or
valence shell of electrons is full’/has a complete octet or

activation energy is too high or
ionisation energy is too high

Does the chloride

element .
dissolve or react?

Na dissolve
Al react

Si react

one mark for each correct answer

hydrolysis

around the N atom there is only one lone pair
around the S atom there are two lone pairs

angle (a) or sulfur — no mark for this

(1) [

approximate pH of the

resulting solution

7
1to 4

1to 4

because two lone pairs repel more than one lone pair or

lone pair-lone pair repulsions are stronger

than lone pair-bond pair repulsions
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(6 x1)

(1) [7]

both (1)

(1) [2
[Total: 16]
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(a)

(b)

(c)

CH3OH(l) + %,02(g) — COx(g) + 2H,0(l)

the enthalpy change/heat change/heat evolved when

one mole of CH;OH
is completely burned or
is burned in an excess of air/oxygen

AHC reaction = —283 + 2(—286) — (~726)
= —129 kJ mol™
correct sign

pressure
increases rate

by increasing frequency of collisions or
by increasing concentration of reactants

temperature
increases rate
because more molecules have energy >E,

catalyst
increases rate
by providing an alternative route of lower E,
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(1) [l

(1)
(1) 3]

(1) [6]
[Total: 12]
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(a)

HO,CCH,CH(OH)CO,H

heat with CH;0OH/H*

heat with CH3;CO,H/H"

CH30,CCH,CH(OH)CO,CHj; HO,CCH,CHCO,H
\
OCOCHz3
A B
concentrated H,SO,
HO,CCH=CHCO,H
C
hot concentrated
MnO, /H* steam/H;PO,
cold dilute
MnO,/H*
HO,CCO,H HO,CCH,CH(OH)CO,H
D E
y
HO,CCH(OH)CH(OH)CO,H
F
give one mark for each correct compound 6%1) [6]

(b) malic acid into C dehydration or elimination
CintoD oxidation
CintoE addition or hydration

(c) solvents or perfumes or flavourings

(1 Ml
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(d) (i)
| : o—
i | i
H_T_H H—C—H
H_O|>\\<C*\H /*(|3_’<O—H
o:(|: H //C:O
o—H é—H
correct compound (malic acid) shown as a pair of enantiomers in 3D (1)
chiral carbon (*) atom correctly identified (1)
structure fully displayed (1)
i
(i) (0] OH O
H
WQH OﬁQH
S —
give one for each correct skeletal formula (1+1)
correct cis (or Z) and frans (or E) labels (1) [6]
(€ C:H:0= 37.5 : 417 : 58.3
12 1 16
= 3.13:4.17 :3.64 (1)
=1:1.33:1.16 (1)
=6:8:7
empirical formula is C¢HgO7 (1) [3]
[Total: 19]

© University of Cambridge International Examinations 2012




Page 6

Mark Scheme: Teachers’ version

Syllabus

Paper

GCE AS/A LEVEL - May/June 2012

9701

22

(a)

reagent R,CHOH RCHO RCO;H RCO;R’ RCOR’

NaH003 4

Na v v

Cr,0,%/H* v v

give one mark for each correct tick

(b) (i)

(ii)

(iii)

(c) (i)

(i)

(d) (i)
(ii)

alcohol or ROH
not hydroxyl or phenol or -OH

n(H,) = 2480000 = 3.3 x 107 mol

n(H atoms) = 2 x 3.3 x 10 mol =6.6 x 10~ mol

n(G) = % = 3.3x 10 mol

n(G) : n(H atoms) = 3.3x107°:6.6 x 107

=1:2
so each —OH group produces one H atom

~
/C:O >C:O %O
R or or and ‘ketone’

G is HOCH,COCH,0OH as the minimum
allow the gem diol CH3;COCH(OH),

H is HO,CCOCO,H as the minimum

J is HOCH,CH(OH)CH,OH as the minimum
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(6 x1)

(1)

[5]

[4]

[2]

[2]

[Total: 13]
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(a) (i)

(ii)

(b) (i)

from Na to C1

nuclear charge increases

electrons are in the same shell/have the same shielding
nuclear attraction increases

argon does not form any bonds/compounds or
argon exists as single atoms/is monatomic

radius of cation/nm radius of anion/nm

Na* Mg** A% P S Cl~

0.095 0.065 0.050 0.212 0.184 0.181

(ii)

(iif)

(c) (i)

(ii)

(iii)

cations contain fewer electrons than the corresponding atoms or
cations contain fewer electrons than they do protons
nucleus has a greater attraction

anions contain more electrons than the corresponding atoms or
anions contain more electrons than they do protons
nucleus has a smaller attraction

Na,O + H,O — 2NaOH
SO, + H,O — H,SO;

10 to 14
1to4

for Na,O
for SOZ

NaOH + H,SO; — NaHSO; + H,O or
2NaOH + H,SO; — Na,SO; + 2H,0
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(1) 4]

(1) 8

(1) [8]
[Total: 14]
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2

(a) (i) Na,COs;+ 2HCI — 2NaCl+ H,O + CO,

(i) n(HCI) = 1356?)

x 0.100 = 3.58 x 1073

35.8
2

(iii) n(Na,CO3) = x 107 = 1.79 x 10~ mol in 25.0 cm®

(iv) n(NayCOs) = 1.79x 102 x 10 = 1.79 x 10 mol in 250 cm®

(v) mass of Na,CO; = 1.79 x 102 x 106 = 1.90g
M. of Na,CO; = 106
mass of Na,CO; = 1.90 g

(b) n(H2O) in 5.13 g of washing soda = w= 1.79 x 10" mol
n(Na,CO;) in 5.13 g of washing soda = 1.79 x 1072 mol

n(HQO) : n(NazCO3) =10:1

or
1.90 g Na,COj3 are combined with 3.23.g H,O
106 g Na,CO3 are combined with m = 180.2g H,

1.90
this is 10 mol of H,O

or
1.79 x 102 mol Na,C0O3.xH,0 = 5.13 g of washing soda

5.13
1 mol Na,CO;.xH,O = ———— = 286.6
St 1.79%10 2 g

Na,CO; =106 and H,O = 18 hence x =10

© University of Cambridge International Examinations 2012

(1)
(1)

[6]

[2]

[Total: 8]
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3 (a) CH3OCHGs(I) +30,(g) — 2C0,(g) + 3H0(I) (1)
the enthalpy change/heat change/heat evolved when
one mole of CH30CHs;/a compound (1)
is completely burned or
burned in an excess of air/oxygen (1) [3]
(b) 2CH;0H(l) - CH;0OCHj5(g) + H,O(l)
AH%/kd mol™  2(-239) —184 -286
AHCeaction = —-184 + (—286) — 2(—239) (1)
= +8 kJ mol™ (1)
correct sign (1) [3]
(c) (i)
o I
H—T—O—T—H H—T—T—O—H
H H H H
DME ethanol
both correct (1)
(if) structural isomerism or functional group isomerism M [2]
(d) (i) hydrogen bonds (1)
(ii) lone pair on O atom of C;HsOH (1)
correct dipole O"—H?®* on bond in one molecule of ethanol (1)

hydrogen bond shown between lone pair of an O atom and a hydrogen atom,
i.e.

o 0 o T H—0—C3Hs

" (1) 4]

[Total: 12]
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4 (a) high temperature and high pressure (1)
high temperature and catalyst 1 [2]
(b) Ci2Hze — Cy4Hg + CgHyg Or
CioHzs — 2C4Hs + C4Hyo (1 Ml
(c)
CH3;CH=CHCHj,
hot concentrated
MnO4_/H+ Clz
cold dilute
'\/In()4_/H+
CH3;CO;H CH;3;CHCICHCICH;
A B
CH3;CH(OH)CH(OH)CHj,4
Cc
K2C|"207/H+
CH;COCOCH;,
D
(4x1) [4]

(d) (i)

0]

(ii) compound B

compound C
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(e)
CHs H CHj; CH;
[ R B
— C—C—C—C—
[ N B
H CHsH H

allow any orientation of CHs— groups
(f) (i) CH,=CH—CH=CH,
allow CH;CHOHCH=CH, and CH3;C=CCH,
(ii) CH,BrCHBrCHBrCH,Br
allow CH;CBr,CBr,CH; from CH;CHOHCH=CH,
allow CH;CHOHCHBrCH,Br from CH;C=CCHs,

(iii) electrophilic addition
both words required
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(1 [l

(1)

(1)

(1) [3]
[Total: 14]
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5

(@) (i)
(ii)

(b) (i)
(ii)

(c) n(F)

COy/carbon dioxide

carboxylic acid or -CO,H or —-COOH

dehydration or elimination

H contains >C=C< bond
H contains —CO,H group

H is CH,=CHCO.H

0.600

= - = 6.67 x 10~ mol

90

F contains one —OH group and one —CO,H group
hence one mole of F produces one mole of H, with Na
n(H,) = 6.67 x 10~ mol
vol. of H, = 6.67 x 107 x 24000 cm®

= 160 cm® at room temperature and pressure

(d) (i)

HOCH,CH,CO;H

J

CH3CH(OH)CO,H

K

(ii)

one isomer correct

HO,CCH,CO,H

product from J

CH3;COCO.H

product from K

one oxidation product correct
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(1)
(1 2
(1)
(1)

(1)
(1) 4]

[4]

(1)

(1) 2
[Total: 12]
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