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Advanced Higher Chemistry

General information for markers

The general comments given below should be considered during all marking.

1 Marks should not be deducted for incorrect spelling or loose language as long as the meaning of
the word(s) is conveyed.

Example: Answers like 'distiling' (for 'distillation') and 'it gets hotter' (for 'the temperature rises')
should be accepted.

2 A right answer followed by a wrong answer should be treated as a cancelling error and no marks
should be given.

Example: What is the colour of universal indicator in acid solution?

The answer 'red, blue' gains no marks.

3 If a right answer is followed by additional information which does not conflict, the additional
information should be ignored, whether correct or not. 

Example: Why can the tube not be made of copper?

If the correct answer is related to a low melting point, and the candidate’s answer is 'It
has a low melting point and is coloured grey' this would not be treated as a cancelling
error.

4 Full marks should be awarded for the correct answer to a calculation on its own whether or not
the various steps are shown unless the question is structured or working is specifically asked
for.

5 A mark should be deducted in a calculation for each arithmetic slip unless stated otherwise in
the marking scheme.  No marks should be deducted for incorrect or missing units at
intermediate stages in a calculation.

6 A mark should be deducted for incorrect or missing units unless stated otherwise in the
marking scheme.  Please note, for example, that KJ mol-1 is not acceptable for kJ mol-1 and a
mark should be deducted.

7 Where a wrong numerical answer (already penalised) is carried forward to another step, no
further penalty is incurred provided the result is used correctly.

8 No mark is given for the solution of an equation which is based on a wrong principle.

Example: Use the information in the table to calculate the standard entropy change for
the reaction:

C2H2 + 2HCl CH2ClCH2Cl

Compound Sº/J K-1 mol-1

C2H2 201
HCl 187
CH2ClCH2Cl 208

Using ∆Sº = Sº reactions  - Sº products would gain zero marks.
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9 No marks are given for the description of the wrong experiment.

10 Full marks should be given for correct information conveyed by a sketch or diagram in place of a
written description or explanation.

11 In a structural formula, if one hydrogen atom is missing but the bond is shown, no marks are
deducted.

Examples:

Would not be penalised as the structural formula for ethyl ethanoate.

If the bond is also missing, then zero marks should be awarded.

Example:

12 If a structural formula is asked for, CH3– and CH3CH2– are acceptable as methyl and ethyl groups
respectively.

13 With structures involving an –OH or an –NH2 group, no mark should be awarded if the 'O' or 'N'
are not bonded to a carbon, i.e. OH–CH2 and NH2–CH2.

14 When drawing structural formulae, no mark should be awarded if the bond points to the 'wrong'
atom, eg

15 A symbol or correct formula should be accepted in place of a name unless stated otherwise in
the marking scheme.

16 When formulae of ionic compounds are given as answers it will only be necessary to show ion
charges if these has been specifically asked for.  However, if ion charges are shown, they must be
correct.  If incorrect charges are shown, no marks should be awarded.

17 If an answer comes directly from the text of the question, no marks should be given.

Example: A student found that 0·05 mol of propane, C3H8 burned to give 82·4 kJ of energy.

C3H8(g)  +  5O2(g) 3CO2(g)  +  4H2O(l)

Name the kind of enthalpy change which the student measured.

No marks should be given for 'burning' since the word 'burned' appears in the text.

C C

OH

H C C CO C

H

H

H O

HHH

H C C HCO C

H H

H H

O

H
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18 A guiding principle in marking is to give credit for (partially) correct chemistry rather than to
look for reasons not to give marks.

Example 1: The structure of a hydrocarbon found in petrol is shown below.

Name the hydrocarbon.

Although not completely correct, the answer, '3, methyl-hexane' would gain the full
mark ie wrong use of commas and dashes.

Example 2: A student measured the pH of four carboxylic acids to find out how their strength is
related to the number of chlorine atoms in the molecule.  The results are shown.

Structural formula pH
CH3COOH 1·65
CH2ClCOOH 1·27
CHCl2COOH 0·90
CCl3COOH 0·51

How is the strength of the acids related to the number of chlorine atoms in the
molecule?

Again, although not completely correct, an answer like 'the more Cl2, the stronger
the acid' should gain the full mark.

Example 3: Why does the (catalytic) converter have a honeycomb structure?

A response like 'to make it work' may be correct but it is not a chemical answer and
the mark should not be given.

CH3 CH2 CH CH2 CH3CH2

CH3
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Marking scheme

Section A

1. D 21. C

2. C 22. A

3. B 23. C

4. D 24. A

5. D 25. A

6. B 26. B

7. C 27. B

8. B 28. A

9. D 29. B

10. C 30. D

11. B 31. A

12. D 32. A

13. A 33. C

14. C 34. D

15. B 35. D

16. B 36. A

17. B 37. D

18. C 38. A

19. A 39. C

20. C 40. D



Pa
ge

 6

M
ar

ki
ng

 In
st

ru
ct

io
ns

C
he

m
ist

ry
 A

dv
an

ce
d 

H
ig

he
r

Se
ct

io
n 

B
 

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

1
(a

)
(i)

In
cr

ea
sin

g 
nu

cl
ea

r c
ha

rg
e/

m
or

e 
pr

ot
on

s/g
re

at
er

 a
ttr

ac
tio

n 
fro

m
nu

cl
eu

s
or D

ec
re

as
in

g 
at

om
ic

 ra
di

us
or A

to
m

s g
et

tin
g 

sm
al

le
r

1

M
or

e 
el

ec
tro

ns
M

or
e 

pr
ot

on
s a

nd
 m

or
e 

el
ec

tro
ns

A
to

m
s g

et
tin

g 
m

or
e 

sta
bl

e

us
e 

of
 w

or
d 

‘m
ol

ec
ul

es
’

in
ste

ad
 o

f ‘
at

om
s’

(ii
)

N
itr

og
en

 h
as

 a
 h

al
f f

ill
ed

 p
 su

b-
sh

el
l o

r s
et

 o
f p

-o
rb

ita
ls 

or O
xy

ge
n 

ha
s t

w
o 

el
ec

tro
ns

 p
ai

re
d 

in
 a

 p
-o

rb
ita

l ¤
 e

le
ct

ro
n/

el
ec

tro
n

re
pu

lsi
on

 m
ak

es
 it

 e
as

ie
r t

o 
re

m
ov

e 
on

e 
of

 th
es

e 
el

ec
tro

ns
1

O
rb

ita
l i

ns
te

ad
 o

f p
 su

bs
he

ll
O

rb
ita

l b
ox

 n
ot

at
io

n 
gi

ve
n 

w
ith

ou
t a

ny
 fu

rth
er

ex
pl

an
at

io
n

Be
ca

us
e 

of
 H

un
d’

s R
ul

e

(b
)

2n
d 

io
ni

sa
tio

n 
of

 L
ith

iu
m

 i
nv

ol
ve

s 
re

m
ov

al
 o

f 
el

ec
tro

n 
fro

m
1s

 o
rb

ita
l w

hi
ch

 is
 c

lo
se

r 
to

 n
uc

le
us

Lo
w

es
t 

sh
el

l 
or

 f
ul

l 
sh

el
l 

or
 l

ow
er

 e
ne

rg
y 

le
ve

l 
or

 s
ta

bl
e 

or
fu

ll 
1s

 o
rb

ita
l 

or
 b

re
ak

in
g 

in
to

 n
ew

 s
he

ll 
or

 L
i+  h

as
 n

ob
le

 g
as

ar
ra

ng
em

en
t

1

fu
ll 

or
bi

ta
l

sta
bl

e 
oc

te
t



Pa
ge

 7

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

2
(a

)

∆ 
H

 =
 

25
27

 
– 

28
30

 
= 

-3
03

kJ
 m

ol
-1

Id
en

tif
yi

ng
 c

or
re

ct
 b

on
ds

Co
rre

ct
 e

ne
rg

ie
s o

f b
on

ds
 b

ro
ke

n/
fo

rm
ed

A
rit

hm
et

ic
 a

nd
 u

ni
ts

+ 
30

3k
J =

 2
 o

ut
 o

f 3

1 1 1

C 
= 

C 
-

de
du

ct
 1

 m
ar

k
-5

36
kJ

 
-

2 
ou

t o
f 3

43
kJ

 
-

2 
ou

t o
f 3

(b
)

C 
≡ 

C
, C

–C
 a

nd
 C

–H
 a

re
 m

ea
n 

(a
ve

ra
ge

) b
on

d 
en

er
gi

es
or En

th
al

pi
es

 o
f 

co
m

bu
st

io
n 

ca
n 

be
 

m
ea

su
re

d 
di

re
ct

ly
 

(b
on

d
en

er
gi

es
 a

re
 c

al
cu

la
te

d)

1
Ex

pe
rim

en
ta

l e
rro

rs
 a

ss
oc

ia
te

d 
w

ith
 ∆

 H
co

m
bu

sti
on

 e
xp

er
im

en
ts

N
eg

le
ct

in
g 

in
te

rm
ol

ec
ul

ar
 fo

rc
es

N
ot

 st
an

da
rd

 st
at

es
H

ea
t l

os
se

s t
o 

su
rro

un
di

ng
s

bo
nd

s b
ro

ke
n

bo
nd

s m
ad

e

H
 –

 C
 ≡

 C
 –

 H
 +

2 
x 

H
 –

 H
 

43
2 

x 
2

   
   

C
 ≡

 C
83

5
2 

x 
C

 –
 H

 
41

4 
x 

2

   
   

C
 –

 C
 

– 
34

6
6 

x 
C

 –
 H

 
– 

41
4 

x 
6

H
 –

 H
H

 –
 H

   
   

 H
   

 H

H
 –

 C
 –

 C
 –

 H

   
   

 H
   

 H



Pa
ge

 8

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

3
(a

)
∆ 

H
o f

= 
∆ 

H
o f
Na

2C
O
3 +

 ∆
 H

o f
CO

2  +
 ∆

 H
o f
H
2O

 –
 2

 x
 ∆

 H
o f
Na
H
CO

3
-1

29
 k

J m
ol

-1

∆ 
H

º=
 –

 1
13

1 
– 

39
4 

– 
24

2 
+ 

18
96

12
90

00
 k

J
∆ 

H
º=

 +
 1

29
 k

J m
ol

-1

+ 
12

9 
…

 1
 m

ar
k 

– 
un

its
 n

ot
 re

qu
ire

d

Ei
th

er
 1

 m
ar

k 
or

 z
er

o

1
or

 1
29

00
0 

J

(b
)

∆ 
G

º=
 ∆

 H
º –

 T
 ∆

 S
º

Lo
se

 1
 m

ar
k 

fo
r º

 K

0 
= 
∆ 

H
º –

 T
 ∆

 S
º o

r e
qu

iv
al

en
t e

xp
re

ss
io

n
N

o 
un

its
, l

os
e 

1 
m

ar
k

T 
oo SH ∆∆

=
T 

 
o

o

SH
∆∆
−

=
 d

ed
uc

t 1
 m

ar
k

T 
33

5
12

90
00

+
=

T 
= 

1
38

5 ⋅
 K

 o
r 3

85
 K

 (o
r 

C
9

11
1

o
⋅

 o
r 

C
11

2o
)  

   
 1

 m
ar

k

Fo
llo

w
 th

ro
ug

h 
fro

m
 w

ro
ng

 a
ns

w
er

 in
 (

a)
 is

 a
cc

ep
ta

bl
e 

to
 g

et
 2

m
ar

ks
 in

 (b
)

2

A
ny

 o
f t

he
se

3 
lin

es
 fo

r 1
 m

ar
k



Pa
ge

 9

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

3
(c

)
V

al
ue

 in
 ra

ng
e 

37
8 

– 
38

0 
K

 (o
r 1

05
 - 

C
10

7o
)

1
N

o 
un

its
 o

r º
 K

un
le

ss
 a

lre
ad

y 
de

du
ct

ed
in

 p
ar

t (
b)

(d
)

O
il 

ba
th

 h
ea

te
d 

to
o 

qu
ic

kl
y

Im
pu

re
/w

et
 sa

m
pl

e
Sº

 v
al

ue
s v

al
id

 @
 2

5º
C 

ra
th

er
 th

an
 a

t r
oo

m
 te

m
p

O
il 

ba
th

 n
ot

 st
irr

ed
 

Le
ak

s
St

ic
ky

 g
as

 sy
rin

ge
N

ot
 c

ar
rie

d 
ou

t u
nd

er
 st

an
da

rd
 c

on
di

tio
ns

U
ne

qu
al

 d
ist

rib
ut

io
n 

of
 te

m
pe

ra
tu

re
 in

 th
e 

po
w

de
r

1

Ex
pe

rim
en

ta
l e

rro
r

In
ac

cu
ra

cy
 in

 re
ad

in
g 

th
er

m
om

et
er

 
H

um
an

 e
rro

r
H

ea
t l

os
t t

o 
su

rro
un

di
ng

s
In

ac
cu

ra
cy

 in
 th

er
m

om
et

er



Pa
ge

 1
0

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

4
(a

)
(m

or
e)

 st
ro

ng
er

 v
an

 d
er

 W
aa

ls 
fo

r 2
-p

he
ny

lp
ro

pa
ne

2-
ph

en
yl

pr
op

an
e 

m
or

e 
po

la
r s

o 
str

on
ge

r (
or

 g
re

at
er

)
in

te
rm

ol
ec

ul
ar

 fo
rc

es
2-

ph
en

yl
pr

op
an

e 
is 

m
or

e 
po

la
r s

o 
ha

s d
ip

ol
e-

di
po

le
  a

ttr
ac

tio
ns

bi
gg

er
 m

ol
ec

ul
es

 so
 st

ro
ng

er
 in

te
rm

ol
ec

ul
ar

 fo
rc

es
1

M
ol

ec
ul

es
 m

or
e 

po
la

r (
by

 it
se

lf)
Bi

gg
er

 m
ol

ec
ul

es
 (b

y 
its

el
f)

M
or

e 
bo

nd
s/g

re
at

er
 in

te
rm

ol
ec

ul
ar

 fo
rc

es

(b
)

Be
nz

oi
c 

ac
id

 h
as

 h
yd

ro
ge

n 
bo

nd
in

g 
or

 c
or

re
ct

 d
ia

gr
am

 sh
ow

in
g 

H
-b

on
di

ng
1

St
ro

ng
er

 in
te

rm
ol

ec
ul

ar
 fo

rc
es

(c
)

A
ny

 2
-h

al
op

ro
pa

ne
Ig

no
re

 a
ny

th
in

g 
el

se
 su

ch
 a

s F
e 

Cl
3 o

r A
lC

l 3
A

cc
ep

t c
or

re
ct

 c
ar

bo
ca

tio
n 

fro
m

 2
-h

al
op

ro
pa

ne
1

5
(a

)
1s

2  2
s2  2

p6  3
s2  3

p6  3
d7    

   
or

   
   

[N
e]

 3
s2  3

p6  3
d7  

Co
rre

ct
 a

ns
w

er
 in

cl
ud

in
g 

4s
º

1
[A

r] 
3d

7  (d
oe

sn
’t 

sh
ow

 s 
an

d 
p)

(b
)

H
ex

aa
m

m
in

ec
ob

al
t (

II)
H

ex
am

m
in

ec
ob

al
t (

II)
1

U
se

 o
f a

m
in

o/
am

in
e/

am
m

in
o

Pr
es

en
ce

 o
f c

om
m

as
/h

yp
he

ns

(c
)

O
xi

di
sin

g 
ag

en
t/o

xi
da

tin
g 

ag
en

t
O

xi
di

se
s t

he
 C

o2+
 to

 C
o3+

 
1

ca
nc

el
lin

g 
er

ro
r i

f
w

ro
ng

 sp
ec

ie
s b

ei
ng

ox
id

ise
d

(d
)

Ch
an

ge
 in

 d
 ¤

 d
 sp

lit
tin

g
D

iff
er

en
t C

FS
E

D
iff

er
en

t l
ig

an
d 

fie
ld

 st
re

ng
th

1

Ch
an

gi
ng

 d
 o

rb
ita

l c
on

fig
ur

at
io

n
M

us
t s

ta
te

 d
 o

rb
ita

ls 
no

t j
us

t o
rb

ita
ls

Li
ga

nd
s a

bs
or

bi
ng

di
ffe

re
nt

 c
ol

ou
rs



Pa
ge

 1
1

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

5
(e

)

λLh
c

E
=

1
21

77
05

 th
en

 lo
se

 1
 m

ar
k

no
 L

 g
et

 
22

10
61

6
3

−
×

⋅
 (2

/3
)

E 
= 

Lh
 λ

w
ro

ng
 p

rin
ci

pl
e

or
 

 
7

3
8

34
23

10
5

5
10

10
3

10
63

6
10

02
6

−

−
−

×
⋅

×
×

×
×

⋅
×

×
⋅

=
1

19
10

61
6

3
−

×
⋅

 J 
(1

/3
)

= 
7

21
7
⋅

or
 2

18
 k

J m
ol

-1
 (u

ni
ts 

no
t r

eq
ui

re
d)

1

6
(a

)
M

nO
4- (a

q)
 +

 5
Fe

2+
 (a

q)
 +

 8
H

+  (a
q)

 ¤
 5

Fe
3+

(a
q)

 +
 M

n2+
(a

q)
 +

 4
H

2O
(1

)
Ig

no
re

 st
at

e 
sy

m
bo

ls
1

ē 
on

 b
ot

h 
sid

es

(b
)

(i)
N

um
be

r o
f m

ol
es

 o
f F

e2+
 in

 3
0·

1 
cm

3  o
f 0

·0
02

 m
ol

 1
-1

 
5

10
02

6
−

×
⋅

= N
um

be
r o

f m
ol

es
 o

f M
n 

O
4- (a

q)
 

= 
1/

5 
×

 n
um

be
r o

f m
ol

es
 o

f F
e2+

(a
q)

= 
5

10
20

4
1

−
×

⋅

Ca
n 

al
so

 u
se

 o
th

er
 m

et
ho

ds
 o

f d
oi

ng
 th

is 
ca

lc
ul

at
io

n

Fo
llo

w
 o

n 
fro

m
 w

ro
ng

 e
qu

at
io

n 
(a

)

1 1



Pa
ge

 1
2

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

6
(b

)
(ii

)
N

um
be

r o
f m

ol
es

 o
f M

n 
O

4- (a
q)

 a
nd

 h
en

ce
 M

n2+
(a

q)
 in

 
10

0 
cm

3  fl
as

k
5

5
10

81
6

4
10

20
4

1
4

−
−

×
⋅

=
×

⋅
×

= M
as

s o
f m

an
ga

ne
se

 =
 

g
10

64
2

10
81

6
4

9
54

3
5

−
−

×
⋅

=
×

⋅
×

⋅

%
10

0
11

1
10

64
2

M
n

%
3

×
⋅×

⋅
=

−

   
   

   
  

%
23

8
0
⋅

=
  o

r  
%

24
0
⋅

%2
0
⋅

 D
o 

no
t d

ed
uc

t m
ar

ks
 fo

r r
ou

nd
in

g 
er

ro
rs

V
ar

io
us

 a
lte

rn
at

iv
e 

an
sw

er
s 

fo
llo

w
in

g 
on

 fr
om

 w
ro

ng
 a

ns
w

er
s 

in
pa

rt 
(b

) (
i) 

an
d 

pa
rt 

(a
)

1 1

D
ed

uc
t 1

 m
ar

k 
fo

r n
ot

 m
ul

tip
ly

in
g 

by
 4

.

D
ed

uc
t 

1 
m

ar
k 

if 
us

e 
a 

va
lu

e 
fo

r 
RA

M
 o

th
er

th
an

 
9

54
⋅

(c
)

Sp
ec

tro
ph

ot
om

et
er

/c
ol

or
im

et
er

/in
te

ns
ity

 o
f a

bs
or

pt
io

n

A
A

S/
A

ES

1
Ca

lo
rim

et
er

M
as

s s
pe

ct
ro

m
et

er
/sp

ec
tro

m
et

er
ED

TA
G

ra
vi

m
et

ric
 a

na
ly

sis
Pr

ep
ar

e 
de

riv
at

iv
e

Ca
lib

ra
tio

n 
gr

ap
h 

on
 it

s o
w

n



Pa
ge

 1
3

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

7
(a

)
Tw

o 
di

ag
ra

m
s r

eq
ui

re
d 

fo
r m

ar
k

Co
rre

ct
 d

ia
gr

am
s w

ith
ou

t c
ha

rg
es

Co
rre

ct
 c

om
bi

na
tio

n 
of

 d
ot

s o
r d

ot
s a

nd
 c

ro
ss

es
2 

co
rre

ct
 p

lu
s c

on
ju

ga
te

d 
ve

rs
io

n

Ig
no

re
 b

on
d 

le
ng

th
s a

nd
 a

ng
le

s

1
W

ro
ng

 n
um

be
r o

f l
on

e 
pa

irs
2 

co
rre

ct
 a

nd
 1

 w
ro

ng
W

ro
ng

 c
ha

rg
es

O
ne

 re
so

na
nc

e 
str

uc
tu

re
 a

nd
 o

ne
co

m
po

sit
e/

co
nj

ug
at

ed
 st

ru
ct

ur
e

(b
)

(i)
O

3(g
) +

 O
(g

)  
   

   
   

   
   

   
   

  2
O

2(g
) 

St
at

es
 c

an
 b

e 
om

itt
ed

1
N

O
 o

n 
bo

th
 si

de
s

(ii
)

Ca
ta

ly
st

1

+
+

-
-

an
d



Pa
ge

 1
4

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

7
(c

)
(i)

Se
co

nd
 o

rd
er

 o
r 2

1

(ii
)

Ra
te

 
[
]

O
k

=
 [

]
2

N
O

1

   
  

[
][

]
2

N
O

O
R

at
e

k
=

   
   

  
12

15

17

10
11

1
10

20
9

10
10

6
−

−

−

×
⋅

×
×

⋅
×

⋅
=

1

   
   

  
9

10
97

5
×

⋅
=

 m
ol

-1
 l 

s-1
   

  (
1 

fo
r c

or
re

ct
 u

ni
ts)

9
10

9
5

×
⋅

9
10

0
6

×
⋅

9
10

6 ×

Fo
llo

w
 th

ro
ug

h 
in

 (i
i) 

fro
m

 w
ro

ng
 a

ns
w

er
 in

 (i
)

1

D
o 

no
t d

ed
uc

t f
or

 K
(c

ap
ita

l K
) a

s n
ot

 p
ar

t o
f

fin
al

 a
ns

w
er

1

1 
fo

r c
or

re
ct

su
bs

tit
ut

io
n 

an
d

ar
ith

m
et

ic



Pa
ge

 1
5

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

8
(a

)
pH

 re
m

ai
ns

/st
ay

s t
he

 sa
m

e/
do

es
n’

t c
ha

ng
e/

re
as

on
ab

ly
 c

on
sta

nt
 if

sm
al

l v
ol

um
es

 o
f H

+  o
r O

H
-  a

dd
ed

 (o
f a

ci
d 

or
 o

f a
lk

al
i i

ns
te

ad
 o

f
H

+  o
r O

H
- )

A
m

ph
ot

er
ic

 
1

If 
sm

al
l v

ol
um

es
 o

f a
ci

d 
an

d 
al

ka
li 

or
 e

qu
iv

al
en

t
ar

e 
om

itt
ed

(b
)

pH
 =

 p
K

a 
– 

lo
g 
[

]
[

]
[

]
[

]
[

]
sa

lt
ac

id
K

H
or

sa
lt

ac
id

a
×

=
+

or
 p

H
 =

 p
K

a 
+ 

lo
g 
[

]
[

]
ac

id
sa

lt

no
 o

f m
ol

es
 o

f C
3H

5O
2K

 
1

11
224

2
⋅

⋅
=

 G
FM

 C
3H

5O
2K

 
1

11
2
⋅

=

no
 o

f m
ol

es
 o

f C
3H

5O
2K

 
02

00
0
⋅

=

25
0

0
02

00
0

vn
c

⋅⋅
=

=

c 
= 

0·
08

00
 m

ol
 1

-1
 f

or
 g

et
tin

g 
co

nc
en

tra
tio

n 
va

lu
e 

(n
o 

un
its

re
qu

ire
d)

08
0

20
0

0
lo

g
9

4
pH

⋅⋅
−

⋅
=

   
or

   
[

]
08

0
20

0
0

10
3

1
H

5

⋅⋅
×

×
⋅

=
−

+

39
8

0
9

4
pH

⋅
−

⋅
=

   
or

   
 [

]
5

10
25

3
H

−
+

×
⋅

=

pH
 

5
4
⋅

=
 (o

r 
50

2
4
⋅

)  
or

  
pH

 =
 -l

og
(

)
5

4
10

25
3

5
⋅

=
×

⋅
−

)
49

4(
⋅

Fo
r p

H
 v

al
ue

 o
f 

5
4
⋅

 o
r 

49
4
⋅

 o
r 

50
2

4
⋅

1 1 1

If 
us

e 
C 

24
2
⋅

=
 t

he
n 

0 
m

ar
ks

 o
ut

 o
f 

2 
fo

r
ca

lc
ul

at
io

n.
[S

o 
1 

ou
t o

f 3
 if

 c
or

re
ct

 e
qu

at
io

n 
gi

ve
n]

Lo
ok

 fo
r c

an
ce

lli
ng

er
ro

rs
 g

iv
in

g 
co

rre
ct

an
sw

er



Pa
ge

 1
6

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

9
(a

)
(i)

Re
ag

en
t X

 =
 a

lu
m

in
iu

m
  o

xi
de

 A
l 2O

3 o
r a

lu
m

in
a 

or
 (c

on
ce

nt
ra

te
d)

su
lp

hu
ric

 a
ci

d 
H

2S
O

4 
or

 o
rth

op
ho

sp
ho

ric
 a

ci
d 

or
 H

3P
O

4 
or

ph
os

ph
or

ic
 a

ci
d

1
D

ilu
te

 su
lp

hu
ric

 o
r p

ho
sp

ho
ric

 a
ci

ds

(ii
)

Re
ag

en
t Y

 =
 h

yd
ro

ge
n 

cy
an

id
e 

 o
r H

CN

A
ci

di
fie

d 
K

CN

1
CN

– 

K
CN

/c
ya

ni
de

H
CN

–

(b
)

fu
ll 

or
 sh

or
te

ne
d 

str
uc

tu
ra

l f
or

m
ul

a
1

M
ol

ec
ul

ar
 fo

rm
ul

a

(c
)

Re
du

ct
io

n
1

A
dd

iti
on

H
yd

ro
ge

na
tio

n 
– 

bu
t n

ot
 a

s a
 c

an
ce

lli
ng

 e
rro

r

   
H

3C
O

H
O

C
   

   
   

   
   

C

H
3C

O
H



Pa
ge

 1
7

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

10
(a

)
Et

he
rs

 o
r a

lk
ox

ya
lk

an
es

1

(b
)

A
dd

 so
di

um
 m

et
al

/a
lk

al
i m

et
al

/g
ro

up
 1

 m
et

al
or

2
3

3
H

O
N

a
2C

H
O

H
2C

H
2N

a
+

→
+

 (o
r w

or
d 

eq
ua

tio
n)

1

(c
)

(i)
Fi

rs
t s

te
p 

– 
sh

ow
 th

e 
he

te
ro

ly
tic

 fi
ss

io
n 

of
 th

e 
C-

Cl
 b

on
d 

to
 fo

rm
th

e 
ca

rb
oc

at
io

n

Se
co

nd
 st

ep
 –

 sh
ow

 th
e 

nu
cl

eo
ph

ili
c 

at
ta

ck
 o

f t
he

 m
et

ho
xi

de
 io

n

M
us

t s
ho

w
 2

 st
ep

s 
Co

rre
ct

 te
xt

 a
cc

ep
ta

bl
e 

fo
r 2

 m
ar

ks

2

If 
w

ro
ng

 c
ar

bo
ca

tio
n 

– 
m

ay
 st

ill
 g

et
 2

nd
 m

ar
k.

  
Sh

ow
n 

as
 1

 st
ep

 =
 0

 m
ar

ks
N

o 
ca

rb
oc

at
io

n 
at

 a
ll 

= 
0 

m
ar

ks

A
ny

 su
gg

es
tio

n 
of

 S
N
2 

= 
0 

m
ar

ks

S N
2 

m
ec

ha
ni

sm
C

H
3

C
H

3

H
3C

 C
C

l
H

3C
 C

+
+ 

C
l-

C
H

3
C

H
3

C
H

3
C

H
3

H
3C

 C
+

O
-

C
H

3
H

3C
 C

O

C
H

3
C

H
3

   
C

H
3

ar
ro

w
s n

ot
ne

ce
ss

ar
y

ig
no

re



Pa
ge

 1
8

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

10
(c

)
(ii

)
Ca

n 
gi

ve
 o

ne
 o

f 
tw

o 
re

as
on

s, 
stu

de
nt

s 
w

or
di

ng
 m

ay
 v

ar
y 

bu
t

sh
ou

ld
 m

en
tio

n 
on

e 
of

 tw
o 

co
nc

ep
ts 

ei
th

er

th
e 

ca
rb

oc
at

io
n 

fo
rm

ed
 h

as
 th

re
e 

m
et

hy
l (

al
ky

l) 
gr

ou
ps

 a
tta

ch
ed

w
hi

ch
 c

an
 f

ee
d 

in
 e

le
ct

ro
n 

de
ns

ity
 s

ta
bi

lis
in

g 
th

e 
po

sit
iv

e 
ch

ar
ge

th
us

 m
ak

in
g 

an
 S

N
1 

m
ec

ha
ni

sm
 m

or
e 

fa
vo

ur
ab

le
. 

 T
er

tia
ry

(c
ar

bo
)c

at
io

n 
sta

bl
e

1

Te
rti

ar
y 

on
 o

w
n 

w
ith

ou
t e

xp
la

na
tio

n

or th
e 

te
rti

ar
y 

ha
lo

al
ka

ne
 h

as
 t

hr
ee

 m
et

hy
l 

gr
ou

ps
 a

tta
ch

ed
 w

hi
ch

of
fe

r 
ste

ric
 h

in
dr

an
ce

 w
.r.

t. 
th

e 
fo

rm
at

io
n 

of
 th

e 
fiv

e 
co

-o
rd

in
at

e
tra

ns
iti

on
 st

at
e 

se
en

 a
s p

ar
t o

f t
he

 S
N
2 

m
ec

ha
ni

sm

bu
lk

y 
gr

ou
ps

/to
o 

cr
ow

de
d/

ste
ric

 h
in

dr
an

ce
1

N
ot

 p
os

sib
le

 to
 in

ve
rt 

as
 it

 w
ou

ld
 b

e 
w

ith
 S

N
2 



Pa
ge

 1
9

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

10
(d

)

an
y 

on
e

1

C
H

2-
O

H

H
3C

-H
C

C
H

2-C
H

3

O
H

H
3C

-H
C

C
H

2-C
H

2

C
H

3

O
C

H
3

H
3C

-H
C

C
H

2-C
H

3

D
ra

w
n 

as

   
   

 O
H

C    
   

   
   

   
   

0 
m

ar
ks

C
H

3
H

H
3C

C
C

C
H

3

H
O

H



Pa
ge

 2
0

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

11
(a

)
A

n 
ag

on
ist

 w
ill

 p
ro

du
ce

 a
 r

es
po

ns
e 

lik
e 

th
e 

bo
dy

's 
na

tu
ra

l a
ct

iv
e

co
m

po
un

d

En
ha

nc
es

 b
od

y’
s n

at
ur

al
 re

sp
on

se
Bi

nd
s t

o 
re

ce
pt

or
 to

 p
ro

du
ce

 re
sp

on
se

St
im

ul
at

es
 re

ce
pt

or
s/t

rig
ge

rs
 n

at
ur

al
 re

sp
on

se
M

im
ic

s a
ct

iv
e 

m
ol

ec
ul

e
Bi

nd
s 

w
ith

 r
ec

ep
to

r 
an

d 
ca

us
es

 th
e 

sa
m

e 
re

ac
tio

n 
as

 th
e 

na
tu

ra
l

m
ol

ec
ul

e
1

(b
)

1

(c
)

Se
co

nd
ar

y 
am

in
e

1

C
H

O
H

O
H

C
H

2

N
H



Pa
ge

 2
1

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

12
(a

)
(i)

C=
O

 b
on

d/
C=

O
/c

ar
bo

ny
l/e

ste
r

1
al

de
hy

de
 C

 =
 O

ke
to

ne
 C

 =
 O

(ii
)

es
te

r
1

(b
)

(i)
M

as
s o

f c
ar

bo
n 

g
13

04
0

4412
g

47
8

0
⋅

=
×

⋅
=

 o
r 

g
13

0
0
⋅

M
as

s o
f h

yd
ro

ge
n

g
02

18
0

182
g

19
6

0
⋅

=
×

⋅
=

 o
r 

g
02

2
0
⋅

M
as

s o
f o

xy
ge

n

g
05

8
0

02
18

0
13

0
0

21
0

0
⋅

=
⋅

−
⋅

−
⋅

=
2

M
ay

 st
ill

 g
et

 2
nd

 m
ar

k 
if 

an
 e

rro
r i

n 
fir

st 
pa

rt.

fo
r t

w
o 

m
as

se
s

(f
or

 1
 m

ar
k)



Pa
ge

 2
2

Q
ue

st
io

n
A

cc
ep

ta
bl

e 
A

ns
w

er
M

ar
k

U
na

cc
ep

ta
bl

e 
A

ns
w

er
N

eg
at

es

12
(b

)
(ii

)

Em
pi

ric
al

 fo
rm

ul
a 

C 3
H

6O

Fo
llo

w
 th

ro
ug

h 
fro

m
 in

co
rre

ct
 a

ns
w

er
 to

 (i
)

1

A
ny

 e
rro

r

(c
)

(i)
RM

M
 =

 1
16

   
   

 1
15

 –
 1

17
   

   
 1

16
 a

m
u

1
11

6 
g

(ii
)

C 6
H

12
O

2

N
o 

ot
he

r a
cc

ep
ta

bl
e 

an
sw

er
s

1

(d
)

Et
hy

l b
ut

an
oa

te
1

[E
N

D
 O

F 
M

A
R

K
IN

G
 IN

ST
R

U
C

TI
O

N
S]

   
   

   
C

   
   

   
   

:
   

   
   

 H
   

   
   

  :
   

   
   

O

   
   

1213
0

0
⋅

   
  :

   
  

102
18

0
⋅

   
 :

   
 

1605
8

0
⋅

   
 

01
08

3
0
⋅

 :
   

 
02

18
0
⋅

   
 :

3
10

62
5

3
−

×
⋅

   
   

   
 3

   
   

   
   

:
   

   
   

 6
   

   
   

   
:

   
   

  1


