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Question Answer Mark 

1 (a) 

 

2

 (b) (i) sp2 1

  (ii) x = 60 / C60H60 1

 (c) (i) reaction 1: Cl 2 and UV light; 
reaction 2: Al Cl 3, Cl 2 (NOT aqueous); 

1
1

  (ii) (free) radical substitution 1

  (iii) 
CCl3

Cl

Cl

Cl

Cl

Cl

CCl3

or

1
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Question Answer Mark 

2 (a) (i) Ca2+(g)  +  2Cl 
 –(g)  →  CaCl 2(s) (state symbols required) 1

  (ii) 

 

2

  (iii) ∆Hlatt

o  =  –796 – 242 – 178 – 590 – 1150 + (2 × 349) =  – 2258 kJ mol–1   3

 (b) (higher temperature means that) particles have more energy; 
entropy (of the gas / system) increases because of an increase in the amount of 
disorder / randomness; 

2

 (c) (i) 
 

reaction sign of ∆S
o 

CO(g)  +  O2(g)  →  CO2(g) negative 

Mg(s)  +  ½O2(g)  →  MgO(s) negative 

CuSO4(s)  +  5H2O(l)  →  CuSO4.5HsO(s) negative 

NaHCO3(s)  +  H+(aq)  →  Na+(aq)  +  CO2(g)  +  H2O(l) positive 
 

2

  (ii) there is a reduction in the overall number of gaseous molecules 1

 (d) ∆Sf

o  =  386 – (192 + (3 × 131)) 
 = –199 (J K–1

 mol–1) 

2

 (e) (i) ∆G
o  = ∆H

o – T∆S
o

= 117 – ((298 × 175)  / 1000) 
= (+) 64.85 (kJ mol–1) 

2

  (ii) ∆G
o is positive and so the reaction is not spontaneous (at 298 K) 1

Ca2+(g)  +  2Cl (g) (+ 2e–) 

2nd I.E of Ca 

1st I.E of Ca     EA of Cl × 2 

Atomisation/∆Hat of Ca 

E(Cl-Cl)/2∆Hat of Cl  
    ∆Hlatt

o 

∆Hf
o  CaCl2(s) 



P

 

Q

3 

 

 

 

 

 

 

 

 

Pag

Qu

ge 

 

es

(a)

(b)

(c)

 

(d)

 

 

(e)

 

4 

tio

) 

) 

) (

(i

) (

(i

(ii

) (

(i

on 

(i) 

ii) 

(i) 

ii) 

ii) 

(i) 

ii) 

Co
Co

[C

Cl

C

[P

M1
M3

 
 

 

(ci

thi
wh

M1
M2
 

Ks

 

(la

En

C

o 
o2+ 

Co(C

l

Cl

t(C

1, M
3: n

c

is i
is c
hic

1: f
2: u

stab 

arge

ner

Cam

Cl )

C

H

Cl )2

M2
nam

cis

so
can
h p

for
uni

 = 

e v

rgy

mb

[A
[A

)3(H

Co

Cl

H2O

2(N

2: d
me

-di

me
n re
pre

mu
its 

[C
[C

valu

y  

brid

r] 3
r] 3

H2O

l

O

NH3

diag
es 

am

er) 
eac

eve

ula 
(ec

Cu
Cu

ue 

 

dge

3d7

3d7

O)3

O

O

3)2]

gra

mm

ct / 

nts

cf f

(N
(H

of 

―

e In

© 

74s
7 

3]
– 

OH

OH

 

am

ci

ine

bo
s re

fro

H3)

2O

Ks

― ―

nte

Ca

s2 

H2

H2

s 

is-p

edic

ond
epl

m f

)4(H
O)6

2

stab

 

― ―
is

ern

amb

pla

chl

d / b
ica

for

H2O
+][N

sh

― ―
sol

;

M

nati

brid

atin

loro

bind
atio

rmu

O)2
NH

how

― 
late

; 

Mar

ion

dge

H

n /  

op

d w
on o

ula

2

2+]
H3]

4

ws 

 

―
ed

k S

nal

e In

H2O

Cl

lati

with
of t

) 

]
4 

tha

― 
 io

Sch

 AS

nter

O

l

inu

h D
the

mo

at) 

on 

hem

S/A

rnat

C

um(

DNA
e st

ol–4

the

 

 

me

A L

tion

A

Co

Cl

Cl

(II)

A;
tra

4
 dm

e te

e 

Lev

nal 

Ans

l

)

nd 

m12

etra

vel

Ex

swe

O

O

/ p

2 

am

  

  

te

 –

xam

er 

OH2

OH2

tra

rev

mm

 ―

    

etr

Ma

mina

2

2

 

ans

ven

ine

― ―

―

rah

arc

atio

s-d

nts

e co

― ―

― ―

hed

ch 

ons

diam

 ce

om

― 

― 

dra

20

s 20

t

mm

ell d

mple

al c

16

016

tra

min

div

ex 

com

6 

6 

ns-

ned

visio

is 

mp

-pl

dich

on

mo

plex 

 

atin

hlo

; 

ore

x

S

n /  

rop

e st

Syl

9

 

pla

tab

llab

970

atin

ble 

bu

01 

um

s 

m(II

P

I)

Pa

4

 

pe

42

Ma

er 

ark

1
1

1

1

2

1

2
1

1
1

1
1

1

k 

1
1

1

1

2

1

2
1

1
1

1
1

1



P

 

Q

4 

 

 

 

 

 

 

 

 

Pag

Qu

ge 

 

es

(a)

 

 

 

 

(b)

 

(c)

(d)

5 

tio

) (

(i

(ii

(iv

(v

) (

(i

) 

) 

on 

(i) 

ii) 

ii) 

v) 

v) 

(i) 

ii) 

1st

1st

rat

mo

ca

rat
ex

ac

nu

M1
M2

C

t or

t or

te  

ol–1

alcu

te-
xpla

cid /

ucle

1: b
2: d

Cam

rde

rde

= 

1
 dm

ulat

de
ana

/ pr

eop

bot
dip

mb

er 

er 

 k[

m3
 

tio

ter
atio

roto

phi

th c
pole

brid

CH

s–1

n f

rmi
on:

on 

lic 

cur
e c

δ
+

dge

H3C

1 (o

rom

nin
 bo

do

ad

rly 
corr

+
 

e In

© 

CHO

or p

m c

ng 
oth

ono

ddit

arr
rec

δ

nte

Ca

O][

per

can

ste
h re

or / 

tion

row
ctly

δ
–

ern

amb

[OH

r an

ndi

ep:
eac

ac

n 

ws 
y sh

M

nati

brid

H–]

ny 

da

 st
ctan

idic

how

Mar

ion

dge

] 

su

te’s

ep
nt s

c b

wn

k S

nal

e In

uita

s a

 1
spe

beh

Sch

 AS

nter

able

ans

eci

hav

hem

S/A

rnat

e ti

swe

es

viou

me

A L

tion

A

me

er t

 ar

ur 

e 

Lev

nal 

Ans

e u

to (

re i

vel

Ex

swe

nit

(iii)

n s

 –

xam

er 

)

) (e

ste

Ma

mina

exp

p 1

arc

atio

pec

1 / r

ch 

ons

cte

rate

20

s 20

d a

e-d

16

016

ans

dete

6 

6 

swe

erm

er 

min

= 6

ning

S

6) 

g s

Syl

9

step

llab

970

p 

bu

01 

s PPa

4

 

 

pe

42

Ma

er 

ark

1

1

1

1

1

1
1

1

1

1
1

k 

1

1

1

1

1

1
1

1

1

1
1



Page 6 Mark Scheme Syllabus Paper 

 Cambridge International AS/A Level – March 2016 9701 42 
 

© Cambridge International Examinations 2016 

Question Answer Mark 

5 (a) (i) any metal with an Eo value more negative than –0.41 V,  
e.g. Fe, Mn, Zn, Mg, Cr, Al 
R:  Li / Na / K / Ca / Ba 

1

  (ii) M1: value of Ecell correctly calculated (with correct sign) for metal named in (i) 
M2: Eo

cell is positive and so reaction is feasible 
1
1

 (b) M1: 
(Cr2O7

2–  +  14H+  + 6e–  ⇌  2Cr3+ + 7H2O) E
o = +1.33 V 

(H2O2  +   2H+  +  2e–  ⇌  2H2O)   E
o = +1.77 V 

E
o

cell = 0.44 (V) 
 
M2: 
E

o

cell (0.44 V) is positive (so the reaction is feasible) / E
o(Cr2O7

2–
 / Cr3+) is less 

positive than Eo(H2O2 / H2O) 

1

1

 (c) M1: 

Cr2O7
2–: ox.no Cr = +6 because –2  =  2 × ox.no(Cr)  +  (7 × –2) 

CrO4
2–: ox.no Cr  = +6  because –2  =  ox.no(Cr)  +  (4 × –2) 

 
M2: no change in oxidation number, so reaction is not redox 

1

1

 (d) M1: no. moles Cr deposited  =  0.0312 / 52 = 6.0 × 10–4 moles 
M2: deduction that 6 moles of e– needed per mole of Cr /  

reaction is Cr2O7
2-  +  14H+  + 12e–  →  2Cr + 7H2O 

M3: no. moles of e– = 6 × 6.0 × 10–4  = (0.125 × t) / 96 500 

so t = (6 × 6.0 × 10–4 × 96 500) / (0.125 × 60)  =  46.3 min / 0.772 h / 2780 s 

1
1

1
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Question 
 

Answer Mark 

6 (a) 
 

 identity or value 

V nitrogen      or chlorine 

X NO / NO2 Cl O2 / Cl O3 

m 2, 3 1,2,3, or 4 

W sulfur 

Y SO2 or SO3 

n 4, 3 

3

 (b) M1: (white precipitate is BaSO4)  

descending the group ∆Hsol becomes more endothermic / positive; 
 
M2, M3 any two from: 

∆Hlatt decreases / becomes more endothermic / becomes less exothermic 

∆Hhyd decreases / becomes more endothermic / becomes less exothermic 

∆Hhyd decreases more than ∆Hlatt 

1

2
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9 (a) (i) polyester : Terylene / polylactic acid (PLA) /  
polyamide : nylon / Kevlar / Nomex 

1

  (ii) water or hydrochloric acid / hydrogen chloride 1

 (b) (i) 
 

polymer biodegradable 

A yes 

B yes 

C no 

D yes 

2

  (ii) 
 

HOCH2CH2OH and 
or equivalent 1,4-diacyl chloride 
or equivalent 1,4-diester 

 

2

 (c) (i) V:  
it has two amine / NH2 groups (which can be protonated) or  
it has an amine / NH2 group on its side chain / R group 

1

  (ii) four (TT, TU, UT, UU) 1

  (iii) hydrogen bonds; 
between the O / N atoms or named group (in the polypeptide) and water; 
or  
ion-dipole attractions; 
between NH3

+
 / CO2

– and water; 

2

 


