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444 CHAPTER 21. ANALYTICAL TECHNIQUES

21.1

1188. 9701 _m22 qgp_ 12 Q:40

Infrared spectroscopy

Which diagram shows the infrared spectrum of a compound that contains both a C=0 and an
O-H group?
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bond functional group containing the bond characteristic infrared absorption range
(in wavenumbers)/cm™
C-0O | hydroxy, ester 1040-1300
Cc=C aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N nitrile 2200-2250
C-H alkane 2850-3100
N-H amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
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1189. 9701_m21 qp_12 Q: 30

transmittance

445

When reactant X is treated with a suitable reagent, products Y and Z are formed. Infrared spectra
of X, Y and Z are shown.
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Which row could be correct?
X Y Z
A 2,3-dimethylpent-2-ene propanone butanone
B 2-methylpent-2-ene propanone propanoic acid
Cc pent-2-ene ethanoic acid propanoic acid
D propyl propanoate propan-1-ol propanoic acid
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1190. 9701_s21_qp_ 11 Q: 17

Compound X has the empirical formula C;H,4O. Its infra-red spectrum is shown.
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What could be the skeletal formula of compound X?

A B Cc D

OH @]
0 (_7/
H OH
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1191. 9701 _s21 _qp_11 Q: 26

Compound X has the empirical formula C;H,4O. Its infra-red spectrum is shown.
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transmittance /%
50+
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400 3000 2000 1500 1000 500
wavenumber/cm™

What could be the skeletal formula of compound X?

A B Cc D

OH @]
o (_7/
H OH
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1192. 9701 _s21 _qgp_ 12 Q: 30
The molecular formula of Z is C;H30.

The infra-red spectrum of Z is shown.
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What could be Z?

A B C D

OH

0
\j\ /\)J\OH Z"0H



https://stemup.co.uk

21.1. INFRARED SPECTROSCOPY 449

1193. 9701 _s21 qp 13 Q: 30

The infra-red spectrum of molecule Z is shown.
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What could be the identity of Z?
A B
HO OH
O O
AN

o L) e A
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1194. 9701_ w21 _qp_ 11 Q: 30

The infra-red spectra of three organic compounds are shown.

100

transmittance /%

spectrum 1 50 -
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4000 3000 2000 1500 1000 500
wavenumber/cm™
100
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spectrum 2 50
0 T | T T 1 1 1
4000 3000 2000 1500 1000 500
wavenumber/cm™
100

transmittance /%
spectrum 3 50

2000 1500 1000 500
wavenumber/cm™

4000 3000

What could the three compounds be?

spectrum 1 spectrum 2 spectrum 3
A propanoic acid propanone propan-2-ol
B propanone propanoic acid propan-2-ol
C propanone propan-2-ol propanoic acid
D propan-2-ol propanoic acid propanone
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1195. 9701_ w2l _qp_ 12 Q: 30

The infra-red spectrum of Y is shown.

100
transmittance/ %
504
O L L L L DL L DL L L L Y DL L L L A |
4000 3000 2000 1500 1000 500
wavenumber/cm™
What could Y be?

A CH3CO,CsHs
CH(OH)CH=CHCH,OH
CH3(CH).CO2H
CHy(OH)(CH,),CHO

O O w
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1196. 9701 _w21 _gp_ 13 Q: 30

The infra-red spectra of three organic compounds are shown.

100

transmittance/ %

spectrum 1 50
0 4+ Trrrrrrrrrs r "+ 1 1T
4000 3000 2000 1500 1000 500
wavenumber/cm™
100
transmittance/ %
spectrum 2 50
0 T T T I 1 1 1
4000 3000 2000 1500 1000 500
wavenumber/cm™’
100
transmittance /%
spectrum 3 50
0 +————r———r—r—r—rr—rr—rr———————————————
4000 3000 2000 1500 1000 500
wavenumber/cm™’
What could the three compounds be?
spectrum 1 spectrum 2 spectrum 3
A propanoic acid propanone propan-2-ol
B propanone propanoic acid propan-2-ol
Cc propanone propan-2-ol propanoic acid
D propan-2-ol propanoic acid propanone
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1197. 9701 _m20 qp_12 Q: 23

The infrared spectrum shown was obtained from a compound J.

100

transmittance
501
0 AL B L B L L L L L DL L L B |
4000 3000 2000 1500 1000 500
wavenumber/cm™

Which statement about J is correct?

A Both C=0 and C=N are present.
B Neither C=0 nor C=N are present.
C C=O0s present but not C=N.

D C=Nis present but not C=0.
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1198. 9701 s20 qp 11 Q: 29

Compound X has the infra-red spectrum shown.

100

transmittance/ %

501
0 LR B L LR B L | T M ' N 1 v ' ' o 1 ' ! T T 1
4000 3000 2000 1500 1000 500
wavenumber/cm™

What could be the identity of compound X?
A ethanoic acid

B ethanol

C ethylethanoate

D propanone

1199. 9701_s20_qp_12 Q: 21

The table shows the molecular formulae of three molecules P, Q and R. None of the molecules
are cyclic.

molecule molecular formula
P CH,O
Q CHy0;
R CH,0

Which molecules show a strong absorption between 1610cm™ and 1750cm™ in their infra-red
spectra?

A Qonly B Ronly C QandRonly D P,QandR
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1200. 9701 _s20 qp 13 Q: 7

The element sulfur produces a mass spectrum with the following peaks.

m/e value relative
of peak abundance
32 95.02
33 0.76
34 4.20
36 0.02

Which relative atomic mass of sulfur can be calculated from these data, given to four significant
figures?

A 3207 B 3208 C 3209 D 3210

455

1201. 9701 _s20 qp_13 Q: 25

The diagram shows the infrared spectrum of an organic compound.

100

transmittance
f% 50_
0 UL R RS R ALY L L L L B L B e e e |
400 3000 2000 1500 1000 500
wavenumber/cm™'

What could be the identity of this compound?
A propan-1-ol

B propanal

C propanoic acid

D

propancne
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1202. 9701_ w20 _qp_12 Q: 30

CHAPTER 21. ANALYTICAL TECHNIQUES

The infra-red spectrum shown was obtained from compound G.

What could be compound G?

A

B
Cc
D

100

transmittance
1% 504

4000

CHsCOCH:0OH
CH3CH,CO;H
CH3CO,CH;
CH3;CHCHCHgz

I I I
1500 1000 500

wavenumber/cm™

1203. 9701 _m19 qp_ 12 Q: 30

An infra-red spectrum shows a broad peak at 3000cm™ and a strong peak at 1710cm™.

Which substance could have produced this spectrum?

A

B
Cc
D

methyl propancate
propan-2-ol
propanoic acid

propancne
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1204. 9701_s19_qp_11 Q: 2

A sample of element X is analysed using mass spectrometry. The mass spectrum obtained is

shown.

56%
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|
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mle

What is the relative atomic mass of this sample of element X?

A 1137 B 114.0 C 1142 D 1144

457

1205. 9701 _s19_qp_ 11 Q: 24

The infra-red spectrum of a substance with empirical formula C,H4Q is shown.

100

transmittance
501
X
Y
0 L B DL L AL L L L L LR B
4000 3000 2000 1500 1000
wavenumber/cm™

Which bonds are responsible for peak X and peak Y?

peak X peak Y

A | C-H c=C
B| CH C=0
c| OH c=C
D| O-H C=0
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1206. 9701_s19_qp_12 Q: 2

Oxygen has three stable isotopes, '°0, "0 and "°0. All three isotopes are present in a sample of
oxygen gas, O,, which was analysed using a mass spectrometer.

How many peaks associated with the O,* ion would be expected?

A 3 B 5 C 6 D 9

1207. 9701 _s19 qgp_ 12 Q: 30

The diagram shows the infra-red spectrum of Q.

100

transmittance

50+
0 T T I 1 | | 1
4000 3000 2000 1500 1000 500
wavenumber/cm™

What could be Q?
A butan-1-ol

B butanoic acid

C butanone

D 3-hydroxybutanal
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1208. 9701_s19_qp_13 Q: 2

The mass spectrum of an alloy of copper and gold is shown.

601

56.36

50

404
percentage |
abundance 30 25 14

20+ 18.50

10

0
6365 197

Which expression can be used to calculate the relative atomic mass, A,, of copper present in this

sample?

(56.36 x 63)+(25.14 x 65)
(56.36 + 25.14 1 18.50)

mle

(56.36 x 63)+(25.14 x 65)+ (18.50 x 197)

B
(56.36 + 25.14 1 18.50)
o (66.36 x 63)(25.14 x 65)
(56.36 + 25.14)
o (5636 x 63)+(25.14 x 65)

(63 1 65)

459
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1209. 9701 w19 qp 11 Q: 30

The infra-red spectrum of compound P is shown.

100
transmittance
1% 50-
0 AL B DL L B L L L L L L L B |
4000 3000 2000 1500 1000 500
wavenumber/cm™

What could be compound P?
A methyl ethanoate

B propanal

C propanoic acid

D

propan-2-ol
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1210. 9701_ w19 _qp_ 12 Q: 30

Substance T was analysed and found to contain 62.07% carbon, 10.34% hydrogen and
27.59% oxygen.

The infra-red spectrum of substance T is shown.

100
transmittance
1% 50
0 L L L L L L e e e e e |
4000 3000 2000 1500 1000 500
wavenumber/cm™
Which substance could be T?
A B C D

HO.
O
O HO\/\/\/\
)I\ OH
OH OH

1211. 9701 _m18 qp_ 12 Q: 30

How many structural isomers with the molecular formula C;HcO give infra-red absorptions both
at approximately 1200cm™ and at approximately 3400cm™'?

A 2 B 4 C 6 D 7
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1212. 9701_s18 qp_11 Q: 30

CHAPTER 21. ANALYTICAL TECHNIQUES

Compound X contains three carbon atoms. Part of a simplified infra-red spectrum of compound X
is shown.

100

transmittance
501

0

4000

Which compound could be X?

A

B
c
D

CH3CH,CHO
CH3CH.CO,H
CH3CH,CH,0OH
CHsCO,CH;3

T T T T T T T 1
2000 1500 1000 500

wavenumber/cm™
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1213. 9701 _s18 qp_12 Q: 30

The infra-red spectrum of an organic compound is shown.

100

transmittance
% 50-
0 LA L L L L L I L L L L L L L R |
4000 3000 2000 1500 1000 500
wavenumber/cm™

Which compound could give this spectrum?
A CH;CH,CO.H

B CH;CH(OH)CH;

C CH;COCH;

D CH;COCH,OH
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1214. 9701_s18 qp 13 Q: 30

Compound S can be extracted from natural compounds. Reacting S with hot, concentrated
KMnQ, produces the organic product, T. Some of the absorptions found in the infra-red spectra of
S and T are described.

S has no strong absorption between 1670 and 1740cm™.

T has a s:trong absorption at 1720cm™ but has no strong, broad absorption between 2500 and
3000cm™.

From this information, what could be the formulae of S and T?

s T
A CHs(CH,)sCH=CH, CH3(CH,)sCOH
B ~®—< CHsCOCH,CH,COCH(CHs),
CH,CO
c CH;COCH(COCH;)CH,CH,CH(COCH;)CH;

D HO,CCH,CH,COCH,COCHj3
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1215. 9701_ w18 qp_ 11 Q: 30

J is a branched-chain alcohol, CsH;0. J is heated under reflux with an excess of Cr,O,% /H* until
no further reaction occurs. An organic compound K is formed in good yield.

The infra-red spectrum of K is shown.

)

100

transmittance
%
50
o777
4000 3000 2000 1500 1000 500
wavenumber/cm™

What are the structures of the branched-chain alcohol J and compound K?

J K

A | CHsCH(CHs)CH.CH,OH CH5CH(CH3)CH,CHO
B | CHsCH,CH(OH)CH.CH; CHsCH,COCH,CH;
C | CHsCH(CHs)CH(OH)CH; CH5CH(CH;)COCH;
D | CHsCH(CHs)CH,CH.OH CH3CH(CH;)CH,COOH
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1216. 9701_ w18 qp_ 12 Q: 30

The infra-red spectrum of compound L is shown.

100

transmittance
%
504
0 UL LA LR B DL L L B L L B |
4000 3000 2000 1500 1000 500
wavenumber/cm™

What could be the structure of L?
A HOCH,COCH,0OH

B HOCH,CH(OH)CHO

C HOCH,CH(OH)CH,OH

D HOCH,CH,COOH

1217. 9701_s17_qp_11 Q:2
The mass spectrum of a sample of lithium shows that it contains two isotopes, °Li and "Li.

The isotopic abundances are shown in the table.

isotope isotopic abundance

oL 7.42%
TLi 92.58%

What is the relative atomic mass of this sample of lithium, given to three significant figures?

A 6.07 B 6.50 C 6.90 D 6.93
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1218. 9701_s16_qp 13 Q: 4
The relative atomic mass of copper is 63.5.

Which chart is a correct mass spectrum that would lead to this value?

A B
100%
abundance abundance 50%
33%
17%'
T I I I I 1 I | I I I 1
61 62 63 64 65 66 61 62 63 64 65 66
m/e m/e
C D
abundance 749 abundance % 33%
. 22%
26% 12%
T I I I I 1 I | I I I 1
61 62 63 64 65 66 61 62 63 64 65 66
m/e m/e

21.2 Mass spectrometry

1219. 9701_w21_qp_ 11 Q: 1

The mass spectrum of a sample of neon is shown. The relative abundance of each peak is
written in brackets above it.

4 (100)
relative
abundance
(8)
(0.3) |
1 ]
20 21 22
mass
charge

What is the relative atomic mass, A,, of this sample of neon?

A 20.15 B 20.20 Cc 21.00 D 2182
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1220. 9701_w21_qp 12 Q: 1
Compound X consists of 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by mass.
What is the empirical formula of compound X?

A CH0O B C:H0 Cc CyH, O D CHO

1221. 9701 _ w2l _qp_13 Q: 1

The mass spectrum of a sample of neon is shown. The relative abundance of each peak is
written in brackets above it.

A (100)
relative
abundance
(8)
(0.3) I
1 I
20 21 22
mass
charge

What is the relative atomic mass, A,, of this sample of neon?

A 2015 B 20.20 Cc 21.00 D 2182
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Paper 1 Multiple Choice Answers: Analytical Techniques

Question Paper Q. No. Answer
1188 9701_m22_qgp_12 40 B
1189 9701_m21_qp_12 30 B
1190 9701_s21_gp_T 17 D
1191 9701_s21_qgp_T 26 A
1192 9701_s21_gp_12 30 D
193 9701_s21_gp_13 30 D
194 9701_w21_qgp_1 30 B
1195 9701_w2l_qp_12 30 B
1196 9701_w21_qp_13 30 B
no7 9701_m20_qp_12 23 C
1198 9701_s20_qp_N 29 A
1199 9701_s20_qp_12 21 C
1200 9701_s20_qp_13 7 Cc
1201 9701_s20_qp_13 25 C
1202 9701_w20_qp_12 30 C
1203 9701_m19_qp_12 30 Cc
1204 9701_s19_qgp_1 2 D
1205 9701_s19_qp_T1 24 B
1206 9701_s19_qp_12 2 B
1207 9701_s19_qp_12 30 C
1208 9701_s19_qp_13 2 Cc
1209 9701_w19_qp_T11 30 D
1210 9701_w19_qp_12 30 A
121 9701_mI18_qp_12 30 B
1212 9701_s18_qp_T1 30 Cc
1213 9701_s18_qp_12 30 C
1214 9701_s18_qp_13 30 B
1215 9701_w18_qp_T1 30 c
1216 9701_wl18_qp_12 30 C
1217 9701_s17_qp_1 2 D
1218 9701_s16_qgp_13 4 C
1219 9701_w2l_gp_T 1 A
1220 9701_w2l_qp_12 1 A
1221 9701_w2l_qp_13 1 A
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19.1 Infra-red spectroscopy
160. 9701 _m21 gp 22 Q: 3

Compounds P, Q and R have all been found in the atmosphere of one of Saturn’s moons.

P Q R
H H
N=C—C=C—C= H—C=C—C=N /C=C\
H C
A\
N

(@) The equation for the complete combustion of P, C,N,(l), is shown.
C,N,() + 40,(g) — 4CO,(g) + N,(g) AH=-2036kJmol"
(i) The enthalpy change of formation, AH,, of CO,(g) is =384 kJ mol".

Calculate the enthalpy change of formation, AH,, of P, in kJmol-".

AH. of P= e kdmol-' [2]
(ii) One of the products of the complete combustion of P is nitrogen gas, N,(g).

Explain the lack of reactivity of nitrogen.
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(b) Q forms when HCN reacts with ethyne, H—C=C—H.
(i) Ethyne, HCN and Q are all weak Brgnsted—Lowry acids.

Explain what is meant by the term weak Brensted—Lowry acid.

....................................................................................................................................... [2]
(i) Ethyne, HCN and Q all contain triple bonds between two atoms.
A triple bond consists of one sigma (o) and two pi () bonds.
Draw a labelled diagram to show the formation of one pi () bond.
(2]

(c) P and Q can be detected in the atmosphere by infrared spectroscopy.

Identify two absorptions, and the bonds that correspond to these absorptions, that will appear
in the infrared spectra of both P and Q.
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(d) The flow chart shows some reactions of R.

R
H\ /H T T dilute H,S0,(aq)
heat under reflux
C= _— C—C =
reaction 1 reaction 2
||
H H C

A\
N

pd

reaction 3 | H,(g)

T
CH,CH,CH,NH,

(i) Name the type of reaction shown in reaction 1.

....................................................................................................................................... 1]

(ii) Draw the structure of S, the organic product of reaction 2.
[1]

(iii) Name T.

....................................................................................................................................... 1]
(iv) T can also be formed by the reaction of CH,CH,CH,Br with ammonia.

State the necessary conditions of this reaction.

....................................................................................................................................... 1]

[Total: 13]
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161. 9701_s21 _qp_22 Q: 5

S is a secondary alcohol with molecular formula C,H,,0.

(a) Draw the displayed formula of S.

[1]

(b) S is converted to V in a three-step reaction sequence.

S step 1 T step 2 u step 3 v
—_— —_— _—
CHiO | PBr, C4HgBr CHLCN | dilute
acid

In step 1, the secondary alcohol S reacts with PBr, to produce T, which has molecular formula
C,H,Br.

(i) Give the systematic name of T.

....................................................................................................................................... [1]
(i) Name the type of reaction that occurs in step 1.

....................................................................................................................................... [1]
(iii) State the reagent(s) and conditions for step 2.

....................................................................................................................................... [2]

(iv) Step 3involves heating C,H,CN with dilute acid to form V.
Complete the equation for this reaction.

..... CHCN + o H #+ HyO > e 2]
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(v) An unlabelled sample contains either S, T or U.

The sample produces the infrared spectrum shown.

100
transmittance
1% 50
0 L L L L L L L e
4000 3000 2000 1500 1000 500

wavenumber/cm™

Explain how this spectrum confirms that the unknown sample contains U.

In your answer identify one relevant absorption in the infrared spectrum and the bond that
corresponds to this absorption in the region above 1500cm™".

[Total: 8]
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162. 9701 w21 _qp 21 Q: 4
Compound B is a liquid with a fruity smell.

B
O

/\O)I\/Br

The reaction scheme shows how B can be made from ethanol, C,H.OH.

o

O
C,HOH reaction 1 )I\ reaction 2 J\/Br
[O] HO HO

C,H;OH reaction 3
and H,SO,

B
o

/\OJ\/Br

(a) (i) Reaction 1 is an oxidation reaction.
Give the reagent(s) and conditions required for reaction 1.
(== Te =T o1 (=) IR USSP

CONAI OIS ... e

(ii) Construct an equation to represent reaction 1. 2
Use [O] to represent an oxygen atom from the oxidising agent in this reaction.
....................................................................................................................................... [1]

(iii) Suggest the type of reaction that occurs in reaction 2.
....................................................................................................................................... [1]

(iv) H,SO, acts as a homogeneous catalyst in reaction 3.

Explain why H,S0O, is described as homogeneous.
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(b) Reaction 2 needs to take place in the absence of water to prevent formation of compound C.

(]
o

S on
HO

If C is present in the reaction mixture of reaction 3, a different compound, compound D, will
also form. Compound D has two identical functional groups.

The infrared spectrum of D shows strong absorptions at 1100cm™ and 1720cm™', but no
absorption due to O-H bonds.

Use the Data Booklet to identify the functional group present in D.

Explain your answer as fully as you can.
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(c) Some other reactions of C are shown.

Cc
o

S on
HO

Na,CO,

E F soci, G
(CH,OH), —  (CH,CI),

(i) Draw the structure of E.

(1]
(ii) Suggest why NaBH, is not a suitable reagent to make F, (CH,OH),, from C.
Explain your answer.
....................................................................................................................................... 1]
(iii) Construct an equation for the reaction of (CH,OH), with SOCI, to form G, (CH,CI)..
....................................................................................................................................... 1]
(d) Explain why C is very soluble in water.
.............................................................................................................................................. [1]

[Total: 12]
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163. 9701 _s20 qp 21 Q: 6

2-methylbut-1-ene reacts with acidified manganate(VII) ions, under specific conditions, to produce
two organic compounds X and Y.

X immediately reacts with the acidified manganate(VII) ions to form carbon dioxide and water. Y
has the structural formula CH,CH,COCH,,.

acidified
manganate(VII) ions X Y
CH,CH,COCH,

Y
+

2-methylbut-1-ene

CO, + H,0

(a) Draw the skeletal formula of 2-methylbut-1-ene.

(1]

(b) (i) State the specific conditions required for the acidified manganate(VII) ions to react with
2-methylbut-1-ene in this way.

(ii) Name the type of reaction occurring to the functional group in 2-methylbut-1-ene in the
reaction in (b)(i).

(d) Describe a chemical test and the expected observation(s) to confirm the presence of the
carbonyl functional group in Y.
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(e) The infra-red spectrum of 2-methylbut-1-ene is shown.

1
0.8

. 0.6
relative 1
transmittance

0.4+

0.2+

4000 3000 2000 1000

wavenumber/cm™’

Predict two main differences that would be seen between the spectra of Y, CH,CH,COCH,,
and of 2-methylbut-1-ene. Give reasons for your predictions.

Your answer should refer only to the region of each spectrum above 1500 cm™.

(f) Propanoic acid, CH,CH,CO,H, is reduced by LiAIH,.

(i) Write an equation te show this reaction. Use [H] to represent an atom of hydrogen from the
reducing agent.
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(g) Organic compound W is an ester which is a structural isomer of propanoic acid.

(i) State the molecular formula of W.

(ii) Draw a possible structure of W.

[1]

[Total: 12]
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164. 9701 _w20_qp_ 21 Q:3

The reducing agent LIAIH, can be synthesised by reacting aluminium chloride with lithium hydride,
LiH.

(a) (i) At200°C, aluminium chloride exists as Al,Cl.(g).

Draw the structure of Al,Cl:(g), showing fully any coordinate (dative covalent) bonds in
the molecule.

[2]
(ii) At 1000°C, aluminium chloride exists as AICL,(g).
State the bond angle in AICI,(g).
.............................. ° 1]
(iii) Lithium hydride contains the ions Li* and H-.
State the electronic configuration of these two ions.
L e Hoo e
(1]

(iv) LiAIH, decomposes slowly to form LiAl(s) and H,(g).
LiAIH,(s) — LiAl(s) + 2H.(9)
LiAl(s) shows metallic bonding.

Describe metallic bonding.
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(b) LiAIH, cannot be used in agueous solution because it reacts with water to produce LiOH(aq),
H.(g) and a white precipitate which is soluble in excess sodium hydroxide.

Identify the white precipitate.

.............................................................................................................................................. [1]
(c) Two students try to prepare 2-hydroxybutanoic acid in the laboratory.
2-hydroxybutanoic acid
O
OH
Both students oxidise butane-1,2-diol to form P in reaction 1.
One student then reduces P using LiA/H,. Q is formed.
The other student reduces P using NaBH,. R is formed.
reaction 2
butane-1,2-diol P LIAIH, , Q
0] (o) /
/ﬁ/\OH —
reaction
OH OH
S reaction 3 R
NaBH,
(i) State the reagents and conditions required for reaction 1.
....................................................................................................................................... [2]

(ii) Only one of the students successfully prepares 2-hydroxybutanoic acid.

Identify which of Q or R is 2-hydroxybutanoic acid and explain the difference between
reactions 2 and 3.
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A third student prepares 2-hydroxybutanocic acid using propanal as the starting material. In
step 1 the student reacts propanal with a mixture of NaCN and HCN.

S
OH OH
O step 1 H é C,H otep 2 H—C—C,H
—b — — : — —
| NaCN/HCN | " HCl(ag)/reflux 2
H CN COOH

(iii) Draw the mechanism for the reaction of propanal with the mixture of NaCN and HCN to
form S.

o |dentify the ion that reacts with propanal.
e Draw the structure of the intermediate of the reaction.
e Include all charges, partial charges, lone pairs and curly arrows.

s
OH
O ._-CHs |
(|3 S R H—(|3—CZH5
H CN

[4]

(iv) Complete the equation for the reaction in step 2, when S is heated under reflux with
HCl(aq).

C,H.CHOHICN + oo 5 C,H.CH(OH)COOH + oo,

407
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(v) The infrared spectrum of an organic compound is shown. The organic compound is either
S or 2-hydroxybutanoic acid.

100
transmittance
% 504
0 L L L L L D T e e e e |
4000 3000 2000 1500 1000 500

wavenumber/cm™’

Deduce the identity of the compound. Give two reasons for your answer.

In your answer, identify any relevant absorptions above 1500 cm~ in the spectrum and the
bonds that correspond to these absorptions.

[Total: 17]
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165. 9701 _w20_qp 22 Q: 4

Some reactions of compound G are shown.

G
? reacton3 0
H)j\/\/OH Tollens’ reagent HO)‘\/\/OH
reaction 1 | SO, heat
reaction 2 | Na reaction4 | ' 22 4

under reflux

HOOG(CH,),COOH

(@) (i) State the type of reaction that occurs in reaction 1.

....................................................................................................................................... [1]
(i) Suggest the reagent(s) and conditions required for reaction 1.
....................................................................................................................................... [2]
(iii) Draw the structure of the organic product, H, from reaction 2.
(1]
(iv) State what you would observe in reaction 3.
....................................................................................................................................... [1]
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(b) G and J are structural isomers of each other.

G J
0O o] OH

HJ\/\/OH HM

(i) Name the type of structural isomerism shown by G and J.

(ii) Suggest one chemical test that can distinguish G from J. Give the result of the test with
each compound.

LS S
(=10 LT (o 1 TSRS USPPRPN
=T 0 o T U
[2]
In the reaction schemes below, G and J are converted into organic compound K.
G J
NaBH, NaBH,
AlL0O, Al,0,
HO(CH,),CH,OH = K == HO(CH,),CH(OH)CH
(CH,).CH, heat heat (CH,),CH(OH)CH,
(iii) State the role of NaBH, in the reactions with G and J.

....................................................................................................................................... [1]

(iv) Identify the organic product K.
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(¢) P and Q have the same molecular formula as G.

P Q
O 0

HO)K/\ )&/

OH

Complete the table with the expected observations for the reactions of P and Q with the named
reagents.

reagent result with P result with Q

Br,(aq)

2,4-dinitrophenylhydrazine

aqueous sodium carbonate

(3]

STEMUP.CO.UK
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(d) The structure of compound L is shown. R represents a hydrocarbon chain.

L
OQO\R
A student was asked to deduce the full structure of L.

The student analysed L using infrared spectroscopy. The following spectrum was obtained.

100
transmittance
% 50-
X Y Z
0 LA UL L L L B L L DL L L L L L L L I L AL AL |
4000 3000 2000 1500 1000 500

wavenumber/cm™

(i) Identify the bonds responsible for the absorptions marked X and Z.
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Absorption Y shows that L has a C=C bond present in the R group.

The student decided to treat L with hot concentrated acidified potassium manganate(VII). The
products of the reaction are shown.

(@]
L m
hot concentrated o) OH

(@)
ﬂ\ acidified KMnO,
> +
O o R
]
CH,(CH,),COO0OH
(ii) Name M.
....................................................................................................................................... [1]
(iii) Use the information in (d) to deduce the molecular formula of L.
molecular formulaof L= ..............cccooene. [11

[Total: 17]
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P, Q and R all contain five carbon atoms.

P Q R
OH <|3 DHC\ H
H,C—C—C=N S C=C
H,C CH,CH,CH,
CH,CH, H CH,CH,

A student carries out several tests to distinguish between P, Q and R.

(a) Complete the table, identifying any observations for the reaction of each reagent with
P, Qand R.

If no reaction occurs, write ‘no reaction’.

observations with
reagent
P Q R
Na(s)
2,4-DNPH no reaction
acidified K,Cr,0,(aq) no reaction

[3]

(b) Qis reduced by NaBH,.
Write an equation for the reaction of Q with NaBH,.

In your answer, use [H] to represent NaBH,.
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(c) R exists as a pair of stereoisomers.
Identify the type of sterecisomerism shown by R and draw the structure of the other sterecisomer.

type of stereoisomerism ..............ccooooiiii i

stereocisomer of R

(2]

(d) The infra-red spectrum shown corresponds to one of P, Q or R.

100
transmittance
50+
0 4+ ——————————————————— ———————————
4000 3000 2000 1500 1000 500

wavenumber/cm™

Deduce which of the compounds, P, Q or R, produces this spectrum. Explain your reaseoning.

In your answer, identify any relevant absorptions in the infra-red spectrum and the bonds that
correspond to these absorptions in the region above 1500 cm™".

compound .........ceceeennneen.

L=y qo1E= = (o] o USSP

[Total: 9]
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167. 9701 w19 qp 22 Q: 4

Prenol is a naturally occurring organic molecule found in many fruits. It contains both an alkene and
an alcohol functional group.

prenol

H,C H
C=—C

H,C CH,COH

(a) Prenol can be formed by the reaction of G with NaOH(aq).

Complete the diagram to show the mechanism of the reaction between G and NaOH(aq) to
form prenol.

Include all relevant charges, partial charges, lone pairs and curly arrows.

G prenol
H,C H H,C H
/
H,C C—Cl H,C CH,CH
/\
H H

[2]

(b) Prenol reacts with steam to form a mixture of three isomers, J, K and L, of molecular formula
CSH1202'

(i) When J is heated with excess acidified potassium dichromate(VI) it forms an organic
product which shows no reaction with 2,4-DNPH.

Draw the structure of J.

[1]
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K and L are stereoisomers with molecular formula C.H,,0.,.

K and L both react when heated with excess acidified potassium dichromate(VI) to form M,
C.H,0..

M forms an orange precipitate on reaction with 2,4-DNPH.

(i)

(iii)

(iv)

(c) ()

(i)

Give the structural formula of K and L.

Give the balanced equation to represent the reaction of K, C_H,,0,, with acidified potassium
dichromate(VI) to form M, C.H,O..

Use [O] to represent an atom of oxygen provided by the oxidising agent.

Prenol contains an alkene functional group.

Describe a chemical test to confirm the presence of an alkene functional group. Give the
result of the test.

Prenol can be polymerised to form poly(prenol).

Draw one repeat unit of poly(prenol).

[1]

417
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(d) Isoprenoal is a structural isomer of prenol.

isoprenol
H CH,
N/
C=—C
H CH,CH,OH

The series of reactions shows how isoprenol can be used to form Q, a sweet-smelling liquid.

N acidified P
potassium o)
_ H, and Ni dichromate(VI) M
isoprenol <~ —» >
reaction 1 OH heat under OH
reflux

C,H,OH | heat under
and H,SO, reflux

(i) Give the name of N.

....................................................................................................................................... [1]
(i) Isoprenol is a liquid.

Ni acts as a catalyst for reaction 1.

Identify the type of catalysis shown by Ni in reaction 1.

....................................................................................................................................... [1]

(iii) Draw the skeletal formula of Q and suggest one commercial use of Q.

Q

commercial use
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HC1 N H'/H,0 Q
—_— Cl —_— C% —_—
reaction I reaction IT reaction I1I oH

0

(i)

(iii)

(iv)

P

The progress of reaction I can be monitored using infra-red spectroscopy.

One absorption that can be used to monitor the progress of this reaction is that of C-C/ at
730cm™.

Identify another absorption that can be used to monitor the progress of this reaction. In

your answer, you should refer to the specific bond and its corresponding absorption range
in wavenumbers.

....................................................................................................................................... [1]
State the reagent(s) needed for reaction II.
....................................................................................................................................... [1]
Name the type of reaction that occurs in reaction III.
....................................................................................................................................... [1]
The yield of reaction I is very low.

Explain why.
....................................................................................................................................... [2]

[Total: 17]

419
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Cyclohexane is a colourless liquid used in industry to produce synthetic fibres.

A reaction scheme involving cyclohexane is shown.

Cl
reaction 1 reaction 2
—_—

(a) Reaction 1 involves a free radical substitution mechanism.

(i) State the essential condition required for reaction 1 to occur.

....................................................................................................................................... [11
(ii) Complete the table to give details of the mechanism in reaction 1.
name of step reaction
Cl, — 2CI-
propagation O + Cle —> O +
Cl
................................. Yoo (Y
termination O + Cle —>
[4]

(b) Name the type of reaction that occurs in reaction 2.
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(c) The product of reaction 2 is cyclohexene.
Cyclohexene can be converted into adipic acid (hexanedioic acid), HO,C(CH,),CO,H.

(i) Identify the reagents and conditions for the conversion of cyclohexene into adipic acid.

(i) Suggest three main differences between the infra-red spectra of cyclohexene and
adipic acid.

In each case, identify the bond responsible and its characteristic absorption range (in
wavenumbers).

[Total: 11]
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169. 9701 w18 qp_ 21 Q: 4
The structure of glycolic acid is shown.
H O
H—C—C—OH
OH

glycolic acid

(a) Complete the table to show what you would observe when an aqueous solution of glycolic acid
is added separately to each of the reagents. If a reaction occurs, state the functional group of
glycolic acid that is responsible for the reaction.

does a
reagent observation with glycolic acid reaction functional group
oceur? v /X

Na,CO,(aq)

2,4-DNPH

acidified Cr,0,>

4]
(b) Two reaction sequences to make glycolic acid are shown.
HCN and NaCN
sequence A HCHO > > CH,(OH)CO,H
reaction 1 reaction 2
Br,
sequence B C¢H,coH — > CH,BrCOH ——— X X  CH,(OH)CO,H
reaction 3 reaction 4

(i) Draw the structure of X.

[1]

STEMUP.CO.UK


https://stemup.co.uk

19.1. INFRA-RED SPECTROSCOPY 423

(iif) Name the reagent for reaction 2.

....................................................................................................................................... [1]
(iii) Name the mechanism of reaction 3.
....................................................................................................................................... [1]
(iv) Suggest the essential condition for reaction 3.
....................................................................................................................................... [1]
(v) Reaction 4 occurs via an S, 2 mechanism.
Complete the diagram for the mechanism for reaction 4.
Include all relevant charges, partial charges, curly arrows and lone pairs.
0 I
H—(|3—C—OH —_— H—(|3—C—OH
Br OH
-OH
[2]
(c) Glycolic acid can also be made by reacting glyoxylic acid with NaBH,.
H (o) H O
\ / NaBH, |
CcC—C —_— H—C—C—OH
4
0] OH OH
glyoxylic acid glycolic acid
(i) State the role of NaBH, in this reaction.
....................................................................................................................................... [1]

(if) Write an equation for this reaction using molecular formulae.
Use [H] to represent NaBH,.
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(d) When glycolic acid is heated in the presence of a sulfuric acid catalyst, a new compound, Y,
C,H,0,, is formed.

The equation for the reaction is given.

2CH,(OH)CO,H —» C,H,O0, + 2H,0
glycolic acid Y
(i) The infra-red spectrum of Y is shown.

100

transmittance
50

—T T T L

T T T T T T 1
2000 1500 1000 500
wavenumber/cm™

4000 3000

State how this spectrum differs from an infra-red spectrum of glycolic acid. Explain your
answer with particular reference to the peaks within the range 1500—4000cm™".

(i) Suggest a structure for Y.

[2]
[Total: 17]
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170. 9701 w18 qp 22 Q: 3

Trihalomethanes are organic molecules in which three of the hydrogen atoms of methane are
replaced by halogen atoms, for example CHF,.

(a) The equation shows a reaction to produce CHF,.

CHI,(s) + 3AgF(s) — CHF,(g) + 3AgI(s)

Use the data to calculate the enthalpy change of reaction, AH., for this formation of CHF,.

enthalpy change of
compound formation, AH,/kJmol™
CHI,(s) -182.1
CHF(g) -692.9
AgF(s) -204.6
Agl(s) -61.8

enthalpy change of reaction, AH, =

kJmol ' [3]

425
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(b) The graph shows the relationship between pV and p at a given temperature for CHF, and an
ideal gas.

CHF,

pVv

ideal gas

| ] | | 1
0 200 400 600 800 1000
p/atm

(i) CHF, is not an ideal gas.

State three basic assumptions that scientists make about the properties of ideal gases.

USSR

2 e et e teeeeeeeeeeeeseeeeasesesesteeseeeesseeseseeesstesaseeseseessseisseseissesesssiessteeasmeeaseseaneen

TS STRSEURUP PR

(3]

(i) E{))(glain why CHF, deviates from the properties of an ideal gas at pressures greater than
atm.
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(c) Adifferent trihalomethane, CHCI,, reacts with O, to produce carbonyl dichloride. HCI(g) is also
released as a product of this reaction.

o)
[
z/C\

Cc Cl

carbonyl dichloride

(i) Write an equation for this reaction of CHCI, with O,.

(ii) The conversion of CHCI, to carbonyl dichloride can be monitored by infra-red spectroscopy.
The infra-red spectrum of carbonyl dichloride is shown.

~ )

100

transmittance
501

o)
4000 3000

S B | T T T 1 T T T
2000 1500 1000 700
wavenumber/cm™

On the infra-red spectrum of carbonyl dichloride identify with an X the absorption that
would not be present in an infra-red spectrum of CHCI,.

Explain your answer.

[Total: 12]
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171.9701_ml7 qp 22 Q: 3

(a) A series of reactions starting from 1-bromobutane is shown.

HCN and KCN reaction 1
- | P | 2 CH,(CH,),CO,H

1-bromobutane

OH-(aq) reaction 2

polymer
Q

but-1-ene ——»

R

(i) Draw the displayed formula of compound P.

(1]

(ii) Identify the reagent(s) and conditions for reactions 1 and 2.
== Tox o] T ST USSP
FEACHION 2 ..ottt ettt ettt b e ettt eee
(2]

(iii) Draw the structure of the repeat unit of polymer Q.

[2]
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(b) Complete the reaction scheme to show the mechanism of the reaction of 1-bromobutane with
OH-(aq) to produce R.

Include all necessary charges, dipoles, lone pairs and curly arrows and the structure of R.

CH,CH,CH,
H—C—Br

H

“OH

3]

(c) But-1-ene reacts with steam as shown to form a mixture of two structural isomers, S and T.

reflux
S — | U
Cr,O0.2~/H*

major product
but-1-ene + steam

N

minor product

T

S can be oxidised with acidified petassium dichromate(VI) to form compound U.
S and U both react with alkaline aqueous iodine.

(i) Identify the type of reaction that occurs when but-1-ene reacts with steam.

(ii) State what can be deduced about the structure of S from its reaction with alkaline aqueous
iodine.
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(iii) Explain why S is the major product of the reaction of but-1-ene with steam.

(iv) Draw the skeletal formulae of S, T and U.

[3]
(v) Write an equationto represent the oxidation of S to U by acidified potassium dichromate(V1).

You should use [O] to represent the oxidising agent.
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(d) CH,(CH,),CO,H is a colourless liquid with an unpleasant odour.

It reacts with methanol in the presence of an acid catalyst to produce an organic product V,
which has a pleasant fruity smell.

(i) Name V.

(ii) A student analysed CH,(CH,),CO,H, methanol and V using infra-red spectroscopy. The
spectra were returned to the student without labels.

Identify which of the infra-red spectra, X, Y or Z, corresponds to V.

compound | CH,(CH,),CO,H methanol \'

spectrum

Explain your answer with reference to relevant features of the three spectra in the region
above 1500cm™".

431
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infra-red spectrum X

100
transmittance
50 1
0 LELELELE BLELELELE LR L L DL L L L R R L L L I B L L |
4000 3000 2000 1500 1000 500
wavenumber/cm™
infra-red spectrum Y
100
transmittance
50
or—r— T T ]
4000 3000 2000 1500 1000 500
wavenumber/cm™
infra-red spectrum Z
100
transmittance
50
0 LELELELE BLELELELE UL B L L L AL L I DL L L L I L L |
4000 3000 2000 1500 1000 500
wavenumber/cm™

[Total; 21]
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172. 9701 _s17_qp_22 Q: 4

(a) The hydrocarbons A, C,H,,, and B, C,H,, are both unbranched.
A does not decolourise bromine.
B decolourises bromine and shows geometrical isomerism.

(i) Draw the skeletal formula of A.

A
(1]
(ii) The hydrocarbon A, C,H,,, has a branched isomer.
Suggest why unbranched A has a higher boiling point than its branched isomer.
....................................................................................................................................... [2]
(ili) Give the structural formula of B.
....................................................................................................................................... [1]
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(v) Draw the mechanism of the reaction of B with bromine, Br,,.
Include all necessary charges, dipoles, lone pairs and curly arrows.

[4]
(vi) Explain the origin of the dipole on Br, in this mechanism.

(b) The alcohols C and D are isomers of each other with molecular formula C,H,,0. Both isomers
are branched.

When C is heated under reflux with acidified potassium dichromate(VI) no colour change is
observed.

When D is heated under reflux with acidified potassium dichromate(VI) the colour of the
mixture changes from orange to green and E, C,H,QO,, is produced.

E reacts with aqueous sodium carbonate to form carbon dioxide gas.

(i) Identify C, D and E.

[3]

(ii) Write the equation for the reaction between E and aqueous sodium carbonate.
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(c) Theisomers F and G, C.H,,O, both form an orange precipitate when reacted with 2,4-DNPH.

F is unbranched and reacts with alkaline aqueous iodine to produce a yellow precipitate.

G does not react with alkaline aqueous iodine. It contains a chiral centre and produces a silver
mirror when warmed with Tollens’ reagent.

U]

(ii)

(iii)

Name the yellow precipitate produced by the reaction between F and alkaline aqueous
iodine.

....................................................................................................................................... [1]
Give the structural formula of F and of G.
USSPV UTTPPTPTRRPPO
€SSO
(2]

435
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(d) H and | are isomers with molecular formula C,H,O,. The infra-red spectra of isomers H and |

are shown.
H
100
percentage
transmittance
504
o+t —+7
4000 3000 2000 1500 1000
wavenumber/cm™
I
100
percentage
transmittance
50
0""l""l""l""l'"'I""I
4000 3000 2000 1500 1000

wavenumber/cm™

(i) Identify the bonds responsible for the principal peaks above 1500ecm™" in each spectrum.

SPECHIUM OF H oot e e e e e e st ee e e e e eeeaean s
SPECITUM OF | e e e e e e s ata e e e e e s et e e e e e e e e nrnraaeas
[2]

(i) Name HandI.
e SR
| e et ettt e et eteeeateeeeetenee ettt eaeeeenneeas et eateennneensaeeaneeenneeane e aneeenen
[2]

[Total: 23]
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173. 9701 _ml16 qp 22 Q:5
Some reactions of compound P, C.H,O, are shown.

compound Q

H,(9)
Ni(s) catalyst

o) cold, acidified
NaBH, KMnO,(aq)
compound R +—— — > compound S
compound P
OH(aq)
I,(aq)
O

compound T + JI\/\
o)

(a) (i) Give the structures for organic compounds Q, R, Sand T.

Q

[4]

STEMUP.CO.UK
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(if) Give the systematic hame of compound P.

(ili) What would you observe when compound P is reacted with 2,4-dinitrophenylhydrazine
(2,4-DNPH)?

{(b) Compound U contains a chiral centre and has the same molecular formula as compound P,
C.H,0O.

Compound U readily decolourises a sample of bromine water.

Compound U does not show cis-trans isomerism.

When compound U is heated under reflux in the presence of excess acidified
potassium dichromate(VI), the organic product gives the infra-red spectrum shown.

infra-red spectrum of product

100
transmittance /
% -
50
0""l""I""l""I""I""I""I
4000 3000 2000 1500 1000 500

wavenumber/cm™

Use the information given to suggest a structure for compound U.
Explain your answer.

(4]
[Total: 10]
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174. 9701 _s16_qp_21 Q: 5

A reaction sequence is shown.

O
reaction 1 reaction 2 /
H,C—CH,—Br —F > H,C—CH,—CN —— H,C—CH,—C
bromoethane propanenitrile OH

reactioV \Leaction propanoic acid
4 5

H,C—CH,—OH H,C==CH, LiAlH4lreaction 3

ethanol ethene w

(a) Complete the diagram to show the mechanism of reaction 1. Include all necessary charges,
partial charges, lone pairs and curly arrows.

-CN
(2]
(b) (i) Give the name of the type of reaction involved in reaction 3.
....................................................................................................................................... 1]
The infra-red spectrum of the propanoic acid produced by reaction 2 is shown.
100
transmittance
501
o +—r—r—rr-r—rrrr-r—rrr—rrrr——————————————
4000 3000 2000 1500 1000 500

wavenumber/cm™

(ii) Describe and explain the main difference between the infra-red spectrum of W and that of
propanoic acid.

439
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(c) (i) Reactions 4 and 5 use the same reagent.

Give the reagent and conditions needed for reaction 4.

== = o PR

[olo] 3 Lo 1 1o ] o L= SRS SRRPSP [2]

(ii) Give the conditions needed for reaction 5.

(d) Under appropriate conditions, ethanol and propanoic acid undergo a condensation reaction.

(i) State the condition necessary for the reaction.

(ii) Draw the skeletal formula of the organic product of this reaction.

(iii) Name the organic product of this reaction.
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(e) V reacts with acidified manganate(VII) ions in two different ways depending on the conditions,
as shown in the reaction sequence below.

H3C—CH2—C// - hot, concentrated Vv cold, dilute .- T
MnO,~/H* MnO,~/H*
OH

propanoic acid

V decolourises bromine water.

When the acidified manganate(VI1I) is hot and concentrated, propanoic acid is the only organic
product.

When the acidified manganate(V1I) is cold and dilute, the organic product is T which has two
chiral centres.

(i) Give the structural formulae of Vand T.

Ve T e
[2]
(ii) Identify the types of stereoisomerism shown by V and T.
Ve T e
[2]

[Total: 15]
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175. 9701_s16_qp_22 Q: 4
This question is about molecules with molecular formula C,H,0,.

(a) Give the structural formulae of the pair of chain isomers with the formula C,H,O, that are
carboxylic acids.

[2]

(b) (i) Give the structural formulae of a pair of positional isomers with the formula C,H,0, that
are esters.

(2]
(ii) Give the reagents and conditions needed to produce one of your esters in (i).
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(c) The infra-red spectra of one of the esters and of another isomer, X, are shown.
X decolourises bromine water and is not an ester or an acid.

infra-red spectrum of the ester

100
transmittance
50
0 LR UL DL B LN I L L L L L L B L |
4000 3000 2000 1500 1000 500
wavenumber/em™
infra-red spectrum of X
100
transmittance
50
0 LR DL DL B LN I L L L L L AL AL L L |
4000 3000 2000 1500 1000 500

wavenumber/cm™

Explain the differences between these two spectra, with particular reference to the peaks with
wavenumbers above 1500 cm™".

[Total: 9]
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176. 9701 s16_qp 23 Q: 4

Acetoin, CH,COCH(OH)CH,, and diacetyl, CH,COCOCH,, are two of the compounds that give
butter its characteristic flavour. Their skeletal formulae are shown.

0O 0

HO

acetoin diacetyl

(a) Give the systematic name for acetoin.

(c) The infra-red spectrum for acetoin is shown.

100

transmittance
501

0+—
4000

T T T T

T L A R R LR A B |
3000 2000 1500 1000 500

wavenumber/cm™

(i) Explain the main features of this spectrum, with reference to the peaks with wavenumbers
greater than 1500 cm-'.
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(ii) State and explain how the infra-red spectrum for diacetyl would differ from the infra-red
spectrum for acetoin.

(d) If a sample of acetoin is reacted with concentrated sulfuric acid, a single product is formed that
does not exhibit stereoisomerism.

However, if a sample of acetoin is reacted with HBr, a mixture of a pair of sterecisomers is
produced.

(i) Give the structural formula of the product of the reaction of acetoin with concentrated
sulfuric acid.

(iv) Draw the two sterecisomers from (iii) using the conventional representation.

[2]

[Total: 14]

445
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19.2 Mass spectrometry

177. 9701 w18 qp 22 Q:1

The model of the nuclear atom was first proposed by Ernest Rutherford. He developed this model
on the basis of results obtained from an experiment using gold metal foil.

(a) Complete the table with information for two of the particles in an atom of ""Au.

article relative relative location total number in
P mass charge within atom an atom of "*7Au
electron 0.0005 -1 79
neutron nucleus

4]
(b) State the type of bonding in gold.
.............................................................................................................................................. [1]
(c) A sample of gold found in the earth consists of only one isotope.
(i) Explain what is meant by the term isofopes.
....................................................................................................................................... [2]

(ii) Adifferent sample of gold contains more than one isotope.

Suggest why this different sample of gold has the same chemical properties as the sample
found in the earth.
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(d) Tumbaga is an alloy of copper and gold. A sample of tumbaga was analysed. The mass

spectrum of the sample is shown.

A 56.36
percentage
abundance 25.14
X
0 1 |
63 65 197

mle

(i) Calculate the percentage abundance of gold, x, in the sample of tumbaga.

(ii) Calculate the relative atomic mass, A,, of the copper present in this sample.

Give your answer to two decimal places.

r

[Total: 11]

447
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160. 9701_m21 ms 22 Q: 3

\ Question Answer Marks
(d)(i) addition polymerisation 1
(d)ii) H H H H 1

..... 5_#_.__ ; (:3_(:3
H COzH H co.H
(d)(iii) propan-1-amine / 1-aminopropane 1
(d)(iv) | alcoholic/ethanolic solution 1
AND high pressure / heat in a sealed container

161. 9701 _s21 ms_22 Q: 5

Question | Answer | Mark
(a) displayed formula of butan-2-ol structure with O—H shown 1
H
\
o]
\c c/—H H
NN/
H H c—C—-H
VAN
H
(b)(i) 2-bromobutane 1
(b)(ii) substitution 1
(b)(iii) reagent 1

M1 NaCN or KCN

conditions 1
M2 ethanolic AND heat (under reflux)

(b)(iv) ) +(1)+2 = (1)C4HgCO2H + (1)NH4* v'v 1
correct organic product showing carboxylic acid functional group
M1 C4HsCO2H / C4HsCOOH

M2 balanced equation with a CsH10> or equivalent structure as product 1

(b)(v) 2200-2250 (cm~! due to) C=N/ triple bond between C and N. 1

162. 9701 w2l _ms 21 Q: 4

Question | Answer Marks

(a)() potassium/sodium dichromate [(VI)]/ K2Crz07/ NaxCr.07 2

acidified AND (heat) under reflux

(a)(ii) | C2HsOH + 2[0] — CH3CO.H + H.0 1
(a)(iii) substitution 1
(a)(iv) in the same phase /in same state 1

(b) M1 ester 3

M2 1100 cm' linked to C—O AND 1720 cm-! linked to C=0
M3 No COOH / carboxylic acid and No OH /alcohol in D (but present in C)
OR

COOH / carboxylic acid and OH/ alcohol reacted /lost (in C to form D)

(10} o] o] 1
J]\/OH <] J']\/OH
NaO ORNa+ O
(c)ii) Not a strong (enough) reducing agent 1

STEMUP.CO.UK
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Question |

Answer

Marks

(e)(iii)

Construct an equation
(CH2:0H), + SOCL — (CH:CI), + SOz + H.O

(d)

Forms hydrogen bonds with water

163. 9701 _s20 ms_21 Q: 6

(@

(B)(7)

hot AND concentrated

(b)ii)

oxidation

(c)

Structural formula of X:
HCO>H OR HCOOH

(d)

M1 reagent (2,4—) DNPH / (2,4)-dinitrophenylhydrazine
M2 observation yellow / orange / red precipitate

(e)

Predict two differences, with reasons, between spectra of Y, CH3CH>COCH3 and 2-methylbut-1-ene (shown)
first difference
M1 absence of peak/ absorption at 3100 (cm™') as no longer any =C—H present (in Y)

second difference

M2 peak at 1650 (em') moves to the left to any value / range of values between 1670 and 1740) due to disappearance of
C=C (in Y) and appearance of C=0 (in Y)

OR

absence of peak at 1650 (cm'') as no longer any C=C present (in Y)

AND

appearance of peak (in Y) at (any value / range of values) between 1670-1740(cm ') due to C=0

()

CH3CH2CO2H + 4[H] — CH3CH:CHOH + HO

(R(ii)

propan-1-ol
ALLOW propan-2-ol as error carried forward from 6f(i)

(@)@

Molecular formula of W
C3HeO2

(g)ii)

Possible structure of W
CH3COOCH; OR HCOOCH:CH3
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164. 9701_w20_ms_21 Q: 3

@)(i) M1: correct representation of Al,Cls, dot and cross or line diagram 2
Cl

a_ N\, o

Al Al
- \(‘l/ \\C]

Cl

M2: TWO correct co-ordinate bonds identified

(a)(ii) 120 1
(a)(iii) | Litis 1s? H-is 182 1
(a)(iv) (Lattice of) cations / positive ions surrounded by delocalised electrons’ 1

(b) AI(OH)3 / aluminium hydroxide 1
(e)(i) M1: potassium dichromate[(VI)] 2

M2: acid(ified) AND (heat under) reflux

(e)ii) (M1: correct identity of R and statement re: reaction 3 ONLY ketone reduced) 2

R (is 2-hydroxybutanoic acid) AND as (only) C=0O/ketone reduced

(M2: correct explanation re: strength of reducing agents)
NaBHs cannot reduce the COOH / carboxylic acid

OR

LiAIH; can reduce the COCH / carboxylic acid

(c)(ii) @\\E,CZHE, o 4
i R m— O\C/CZHS
H /\
] H CN
:CN
M1: Presence of :CN (if bonding shown, must be unambiguous triple bond)
M2: curly arrow from :CN lone pair to carbonyl carbon
M3: correct dipole AND curly arrow from double bond to oxygen
M4: correct intermediate drawn

(c)iv) | C2HsCH(OH)CN + HCI + 2H,0 — C;HsCH(OH)COOH + NH,CI 1

(c)(v) Any two of three absorption references: 2
* absorption 2200-2250 (cm') shows presence of CEN

* lack of absorption at 1680-1730 (cm™") shows lack of C=0

* lack of absorption at 2500-3000 (cm~") shows lack of RCO;—H/O-H in RCO.H
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165. 9701 _w20_ms_22 Q: 4

(2)()

oxidation

(a)ii)

M1: potassium dichromate[(VT)]

M2: acid(ified) AND (heat under) reflux

(a)ii)

structure of H
0]

JJ\/\/ONa
H

OR CHO(CHz)2CH20~ Na*

(a)(iv)

(formation of) silver mirror / ppt

(@)

esterification

(b)(1)

positional (isomerism)/ regioisomerism

(b)(it)

M1: add aqueous alkaline iodine

M2: G no change AND J yellow ppt

(b)(iii)

reducing agent

(b)(iv)

(1,3-)butadiene OR buta(-1,3-)diene OR =~

~

(c)

reagent result with P | result with Q
Brz(aq) no change/ no change/
stays orange stays orange
2,4-DNPH no change orange ppt
NazCOs effervescence no change

Award one mark for every two correct observations.

(d)(i) | XisC=0 AND Zis C—O 1
(i) hexanoic acid 1
(d)(iii) | C1zH2002 !

166. 9701 _m19 ms 22 Q: 3

(@) P Q R 3
Na(s) effervescence no reaction no reaction
2,4-DNPH no reaction orange ppt orange ppt
acidified . .
K-Cr20r(aq) no reaction no reaction (turns) green
(b) CsH10O + 2[H] - CsH120 1
(c) M1 geometric(al) 2
M2
OHC CH,CH
N
C=C
/ \
H H
(d) M1 compound P 3

M2 (absorption at) 2250 cm~! AND C=N (stretch)

M3 (absorption at) 3100-3700 cm~' AND O—H (stretch)

STEMUP.CO.UK
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167. 9701 _w19_ms_22 Q: 4

APPENDIX A. ANSWERS

a 2
(a) H3C\ /H
Cc=C
H Cﬂr \C& CGI_
R —
/\
AN
=]
:OH
M1: curly arrow from lone pair on O of OH-to C of C—Cl
M2: correct dipole on C—CIAND curly arrow from C—CIbond to CI3-
(b)) H3(|3 '}I 1
ch—?—(IZ—H
HO CH,CH
(b)(ii) (CH3).CHCH(OH)CH.0OH 1
(b)(iii) optical (isomerism) 1
(b)(iv) | CsH1202 + 3[0] — CsHeO3 + 2H.0 1
(e)() Add bromine water/Bra(aq) AND turns (from orange / brown to) colourless 1
(e)(ii) CI:Hs |'|1 1
CH3 CH;OH
(d)(i) 3-methylbutan-1-ol 1
(d)(ii) heterogeneous 1
(d)(iii) M1: skeletal formula of Q 2
J\)C_)I\
0" N onLy
M2: one commercial use of Q (ethyl isovalerate / ethyl 3methylbutyrate)
solvents / perfumes / flavourings
(e)() 1500-1680 (cm™') AND C=C 1
(e)(ii) potassium cyanide / KCN / sodium cyanide / NaCN 1
(e)(iii) (acidic) hydrolysis 1
(e)iv) M1: recognise this reaction involves less stable intermediate 2
1° (carbo)cation (intermediate) is less stable (than 3°)
M2: explain difference in reactivity in terms of positive inductive effect — comparative answer
lower (positive) inductive effect/lower (+)I
OR
inductive effect of less alkyl groups
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168. 9701 _m18 ms_22 Q: 4

575

(a)(i) ultraviolet/ UV light 1
(a)(ii) initiation 4
HCI
propagation
: .Cl
(b) elimination 1
(c)(i) acidified AND KMnO, 2
hot AND c(oncentrated)
(c)(ii) cyclohexene would have absorption at 1500-1680 (cm™') because of C=C (and adipic acid would not) max 3

cyclohexene would have absorption at 3000-3100 (cm™) because of =C—H/C—H in alkene (and adipic acid would not)
adipic acid would have absorption at 2500-3000 (cm™') because of 0—H/CO,—H (and cyclohexene would not)
adipic acid would have absorption at 1040-1300 (cm") because of C—O (and cyclohexene would not)

adipic acid would have absorption at 1640-1750 (cm'1) because of C=0 (and cyclohexene would not)

STEMUP.CO.UK
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169. 9701 w18 _ms_21 Q: 4

(a)

effervescence / v COOH/
fizzing / bubbling carboxylic acid

no visible X (no group
reaction owtte required)

orange to v —OH/ alcohol
green

1 mark for each in column 2 (obs)

1 mark for COOH and OH

(b)(®)

H 1
|

H—(IJ—CEN
OH

(b)(ii)

hydrochloric / sulfuric / nitric / phosphoric acid 1

(b)(iii)

free-radical substitution 1

(b)(iv)

UV (light) / sunlight 1

(b)(v)

B,/ OH

M1 lone pair on "OH AND curly arrow from lone pair to C of C—Br

M2 correct dipole on C—Br AND curly arrow from bond to Br

(e)i)

reducing agent/ reductant 1

(c)(i)

CoH05 + 2[H] - CyH405 2
M1 for correct molecular formulae C,H,05and C,H,05
M2 for balancing

(d)i)

EITHER 2
Glycolic acid would have:

M1 2500-3000 due to RCO,H
M2 range within 3200-3650 due to RO—H

OR

Spectrum Y would NOT have:
M1 2500-3000 due to RCO,-H
M2 range within 3200-3650 due to RO—H

(d)(ii)

o |

M1 ANY ester group AND valid C4H,0, molecule
M2 correct cyclic structure

STEMUP.CO.UK
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170. 9701_w18_ms_22 Q: 3

STT

(a) AH, = (—692.9)+3(-61.8)- (—182.1) —3(-204.6) 3
=-824 (kJmol™")

M1 AH, = x(—692.9) + y(—61.8) —v(—182.1) —w(—204.6) where x y v and w are integers >1 [1]
M2 use of correct stoichiometry where x =1 y =3 v=1 and w=3 [1]
M3 -82.4 [1]

(b)() 1 mark for each bullet, max 3 3
e particles/ molecules have (mass but) negligible size / volume (compared to total volume of gas / container)
* no/negligible forces/interactions between particles / molecules
e collision between particles / molecules are elastic
e gas obeys (all) basic gas laws

(b)(ii) M1 particles / molecules are (so) close [1] 2
M2 particle / molecule size becomes significant [1]
OR
repulsive forces between particle / molecules become significant

(c)(i) CHCL + %0, - COCL + HCI 1

(c)(ii) M1 X marked on peak at 1670-1740 cm™’ [11 2
M2 CHCA has no C=0 [1]

(c)(iii) | (It/ CHCLhas a) peak at 2850-2950 (cm™) 1
OR
carbonyl dichloride spectrum has no peak 2850-2950 (cm™)
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171.9701_m17 ms_ 22 Q: 3

APPENDIX A. ANSWERS

@ | R |
NEC—C—?—?—?—H
HHHH
(a)(ii) reaction 1 = HCl(aq) 1
reaction 2 = (conc.) NaOH/KOH AND ethanol 1
(a)(iii) I]l (Fsz. 2
-5
H H
C-C backbone with dangling bonds 1
rest of structure 1
(b) CH,-.CH;-GHQ Y CH;CHoCHy 3
/___ \C—Brt- — = HO—C,,
HY “H
H H
=]
10H
lene pair on O AND curly arrow from O to C of C-Br 1
dipole on C-Br AND curly arrow from C-Br to Br 1
product (butan-1-ol) 1
(e)(i) (electrophilic) addition 1
(c)(ii) 8 has CH;CHOH OR methyl/CHj; group next to CHOH 1
(e)(iii) positive inductive effect of more alkyl groups/more alkyl groups donate 1
electron density
secondary carbocation/secondary intermediate is more stable (than 1
primary)
(e)(iv) OH 1
A
- HOM 1
O 1
U= )J\/
(c)(v) CH;CHOHCH,CH; + [0] — CH3;COCH.CH; + H,O 1
(d)(i) methyl pentanoate 1
(d)(ii) (compound V is) spectrum X 1
spectra X and Z show a C=0 (stretch) at 1730 (cm™) 1
spectra Y and Z show O-H (stretches) above 2500 (cm™) 1
V has a C=0 (bond) and no O-H (bond) 1



https://stemup.co.uk

579

172. 9701_s17_ms_22 Q: 4

@O |\ NS 1
(a)(ii) (A straight chain) has strong(er) (temporary dipole-) induced dipole (attractions) ora 1
(because A/ straight chain has) bigger (surface) area/more (points of) contact (in unbranched isomer) ora 1
?55) more energy required to break the intermolecular forces ora
(a)(iii) | CHsCHCHCH; OR CH3CH=CHCHj; 1
@)(iv) No rotation / restricted / limited rotation of C=C/ (carbon) double bond 1
One (of the two) methyl groups / one (of the two) H (atoms) is on each C (of C=C) 1
@) o Hac\ o he H;C\ P CBrD
\\ C//'/‘C . e \C ;/C'\
H"/ K\—Elr._‘_:ar H”/L Br >V)<
! = Bre  or Br
arrow from the C=C double bond drawn to the bromine 1
dipole on Br, in correct orientation AND arrow from the Br-Br bond to the Br*~ 1
correct carbocation / bromonium ion from the structure with C=C drawn 1
Br~ with lone pair, negative charge AND arrow from lone pair to the carbon atom of intermediate 1
uos'i?ng both arrows shown (in alternative diagram)
(@)(vi) electrons in pi bond induce it (the dipole) OR 1
(high) electron density in pi bond / double bond / C=C repels electrons (away from nearest Br)
Sjarised by (high) electron density in pi bond / double bond / C=C
(b)(i) C = (2-)methylpropan-2-ol / (CH3)3COH / any unambiguous structure 1
D = (2-)methylpropan-1-ol / (CH3);CHCH,OH / any unambiguous structure 1
E = (2-)methylpropanoic acid /(CHs);CHCO,H / any unambiguous structure 1
LFH} O...0H
H3C‘C’?H HO, HC. CHy S
H Ca H, HyG™HCHy
c D E
(b)(ii) | 2C4Hz0O; + Na,C0O3 — 2C4H;0-Na + H,O + CO, 1
(c)(i) triiodomethane 1
(c)(ii) F = CH3CH,CH,COCH3 1
G = C;HsCH(CH3)CHO 1
(c)(iii) a (tetrahedral) atom with four different groups / atoms / substituents attached 1
SEarbon (atom) with four different groups / atoms / substituents attached
(d)(i) H C=0 (group/bond) AND O—H (group / bond) 1
1 C=0 (group / bond) AND C—H (group / bond) 1
(d)ii) H = ethanoic acid 1
I = methyl methanoate 1
Total: 23
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173.9701_ml16 _ms 22 Q: 5

APPENDIX A. ANSWERS

@ (i

o OH
Q )J\/\ R /]\%
o] OH

S).Koy:K TI/I\I

[1]
(1]

(1
1

(i)

pent-3-en(e)-2-one
OR
3-penten-2-one

(1]

(iii)

red/orange/yellow precipitate /solid

(1

(b)

This question was discounted.

M1 = decolourises bromine/1500-1600 cm™ = alkene

M2 = absorption at 1700cm™ is C=0

AND

(very) broad absorption at 2500-3000cm™ is O—H = carboxylic acid
M3 = no cis-trans so terminal alkene

OR

chiral so contains a carbon atom with 4 different groups attached

M4 =Uis

%)\//O

[1]
(1

(1]

(1]
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174. 9701_s16_ms_21 Q: 5

581

(a) H ] H
Hac—(lzoicﬁ? —_— Hac—<|:-—CN + B
H :
~CN
M1 = lone pair on C of CN- AND curly arrow from lone pair to C of C—Br |
M2 = correct dipole on C—Br, curly arrow from C—Br bond to Br AND Br~ 1
(b) (i) | reduction 1]
(ii) | disappearance of peak/dip/trough/absorption at 1680-1730 [1
due to (loss of) C=0 (M
OR
peak at 3200-3650 [1
due to (alcohol) O—H (formation) [1]
(c) (i) | sodium/potassium hydroxide [1
aqueous [1
(i) | ethanol (1
(d) (i) | (conc)H"/(conc) acid/(conc)HzS0,4/ (conc)HPO, [1]
"I
o]
g\ (1
(ii) | ethyl propanoate (1
(e) (i) |V =CH3CH;CHCHCH;CH3/ CH3;CH;CH=CHCH,CHj [11
T = CH3CH,CH(OH)CH(OH)CH;CH3 M
(ii) | V = geometric(al)/cis-trans/ E-Z [1]
T = optical [1

175. 9701_s16_ms_22 Q: 4

(a)

CH;3CH,CH,COOH

(CH3),CHCOOH/CH3;CH(CH3)COOH

1
1

(b) (i)

Two from
1. CH3CH2COOCH; 2. CH3COOCH.CH3; 3.HCOOCH,CH;CH3;

[1]
1

(i)

correct acid + alcohol for either ester
1. methanol + propanoic acid

2. ethanol + ethanoic acid

3. propan-1-ol + methanoic acid

(conc)HzS0,4/(conc)Hz;PO, AND heat/warm/reflux

[

1

(c)

Peak at 1710-1750 (for ester) due to C(=)O
Peak at 1500-1680 (for X) due to C(=)C/alkene
Peak at 3200-3650 (for X) due to (alcohol) O(-)H

1]
[1]
1
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582 APPENDIX A. ANSWERS

176. 9701_s16_ms_23 Q: 4

(a) 3-hydroxybutan(-2-)one [1]
(b) H,/Cr,0:% or names 1]
heat/reflux/warm [1]
(c) (i)| absorption at 1670-1740 C (=) O [11
absorption at 2850-3000 C (-) H [11
absorption at 3200-3650 O (-) H [1]
(ii) | no absorption at 3200-3650 [1]
0O-H disappears/no O-H bond in diacetyl [1]
(d) (i)| CH;COCH(=)CH, [1]
(ii) | one of the double-bonded C atoms/first C has 2H atoms attached ora [11
s0 no cis-trans/ E-Z/ geometric(al) isomerism possible
OR
no chiral C [1]
so mirror images superimposable/molecule not asymmetric
(iii) | asymmetric/ chiral C atom/carbon with four different groups/atoms attached [1]
(iv) ?CCHa H,COC [1+1]
C-., -C
/" WH H 4\

Br CH; HC Br

177.9701_w18 ms 22 Q: 1

(a) 4
shell(s)
(11
1.(001) 0[1] 118 [1]
[1]
(b) metallic 1
(c)@) M1 (atoms of the same element) with the same proton / atomic number [1] 2

M2 (but) different number of neutrons/mass number [1]

(c)(ii) same number of electrons/electronic structure 1
(d)(i) | (100 —56.36 — 25.14) = 18.5(0) 1
(d)(ii) | M1 correct use of *Cu and %*Cu and their % abundance [1] 2

M2 + (56.36 + 25.14) AND answer correct to two decimal places [1]
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Analytical chemistry - 2021

1. Nov/2020/Paper_41/No.9

The proton NMR spectrum of compound E in the solvent CDCI, is shown. The molecular formula

of compound E is C;H,,0O,.

d/ppm

(a) Explain why CDCI, is used as a solvent instead of CHCI,.

o=

-]

(b) Explain why TMS is added to give the small peak at chemical shift 5 = 0.

1]

(c) Compound E is hydrolysed by hot NaOH(aq), giving two organic products only. One of these

products is ethanol.

Name the functional group in compound E that is hydrolysed by hot NaOH(aq).

-]

(d) (i) Describe and explain the splitting patterns of the peaks at 5 = 1.4 and 56 = 4.3.

splitting pattern at 8 = 1.4 .o e

reason for splitting pattern at 8 = 1.4 ...

splitting pattern at 8 = 4.3 .. e

reason for splitting pattern at 8 = 4.3 ...

STEMUP.CO.UK


https://stemup.co.uk

(ii) Each molecule of compound E contains five protons which give rise to the peaks between
8=7.0and5=8.5.

Identify the functional group in compound E which contains these protons.

- [1]
(iii) Give the structural formula of compound E.
[1]
(e) The mass spectrum of compound E includes fragment ions with m/e values of 29 and 77.
Give the formulae of these fragment ions.

fragment ion WIth Mm@ =29 ..
fragment iION WItN M@ =TT ...t et
[2]
[Total: 9]

2
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2. Nov/2020/Paper_42/No.6d,6e
(d) Compound A can also be used to make the amide CH,CONHC,H,.

The proton NMR spectrum of the amide CH,CONHC,H; in the solvent CDCI, is shown.

T T T T T "I T T T
"1 10 9 8 7 6 5 4 3 2 1 0
&/ppm

(i) Explain why CDCI, is used as a solvent instead of CHCI,.
-1

(ii) Complete the diagram with the chemical shifts, 5, of the protons labelled in the

CH,CONHC,H, molecule.
8= .
N\ N 8%
\c:/ SCH,)
& By 5=,
5= -

[2]

(iii) State and explain how the proton NMR spectrum of the amide CH,CONHC,H, differs
when dissolved in D,O rather than CDCI,.

- [2
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(e) The mass spectrum of the amide CH,CONHC,H; includes a fragment ion with m/e value of 58.
Give the molecular formula of this fragment ion.

fragment ion with m/e value of 58 is ............................ [1]

STEMUP.CO.UK
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3.

June/2020/Paper_41/No.6e,6f

(e) An ester of pyruvic acid, F, is dissolved in CDCI, and analysed by proton NMR spectroscopy.

F
i
C 0] CH,
HBC/ \ﬁ/ \Cﬁz
0]
The proton NMR spectrum of F is shown.
M 4
! | v | v I v | |
5 4 3 2 1 0
&/ppm

Use the proton NMR spectrum of F to complete the table.

che_mical group responsible splitting pattern numbt_ar of 'H atoms
shift (5) for the peak responsible for the peak
1.3
22
4.0

STEMUP.CO.UK
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(f) Deuterium oxide, D,O, where D is 2H, can be used as a solvent in proton NMR spectroscopy.
The proton NMR spectrum of alanine in CDCI, has 4 peaks.
The proton NMR spectrum of alanine in D,O has 2 peaks.

alanine
NH,
H,C—C—COOH

H

On the diagram of alanine, circle the protons that show peaks in both NMR spectra.
Explain your answer.

- 2
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Analytical chemistry - 2021

1. Nov/2021/Paper_41/No.7a
The structure of phenylethanoic acid is shown.

OH
m

(a) Give the number of different peaks in the carbon-13 (*C) NMR spectrum of phenylethanoic
acid.

numberofpeaks = ..............ccccccoee... [1]

STEMUP.CO.UK
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2. Nov/2021/Paper_41/No.9d,9e
(d) The relative abundance of the molecular ion peak in the mass spectrum of ethylamine is 62.

(i) Calculate the relative abundance of the M+1 peak in the mass spectrum of ethylamine.

relative abundance = ........................... [1]

(ii) The mass spectrum of compound T contains several fragments. The m/e values of two of
these fragments are 29 and 91.

Draw the structures of the ions responsible for these peaks.

mie structure of ion

29

91

[2]

(e) The proton ("H) NMR spectrum of compound T shows hydrogen atoms in different environments.
Six of these environments are shown on the structure using letters a, b, ¢, d, e and f.

Use the letters a, b, ¢, d, e and f to answer the questions that follow. The questions relate to
the proton ("H) NMR spectrum of T.

Proton d does not cause splitting of the peaks for protons c or e under the conditions used.

Each answer may be one, or more than one, of the letters a, b, ¢, d, e and f.
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(i) Identify the proton or protons with a chemical shift (8) in the range 6.0 to 9.0.

-1
(if) Identify the proton or protons whose peak will disappear if D,O is added.
-1
(iii) Identify the proton or protons whose peak is a triplet.
.............................. [1]
(iv) Identify the proton or protons with the lowest chemical shift (3).
.............................. [1]
3

STEMUP.CO.UK


https://stemup.co.uk

3. Nov/2021/Paper_42/No.8b,8c
(b) The proton ("H) NMR spectrum of either alanine in D,O or glutamic acid in D,O is shown.

L L S L L N S L
° 8 7 6 5 4 3 2 1 0

d/ppm

State whether this is the spectrum of alanine in D,O or the spectrum of glutamic acid in D,O.
Explain your answer by reference to the number of peaks and splitting patterns.

- [3]
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(c) The mass spectrum of glutamic acid, H,NCH(CH,CH,CO,H)CO,H, is obtained.
(i) State the m/e value of the molecular ion peak in this spectrum.
- 1]
(ii) The spectrum has peaks with m/e values of 88 and 131.

Draw the structures of the ions responsible for these peaks.

mle structure of ion

88

131

[2]
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Analytical techniques - 2022 June A2 Chemistry 9701

1.

June/2022/Paper_41/No.6(b, f, g)

(b) Asparagine is an amino acid that contains a chiral carbon atom and displays stereocisomerism.

Separate samples of asparagine are dissolved in CDCI, and analysed using carbon-13 and
proton ("H) NMR spectroscopy.

asparagine

0
I

H,N CH C

2 2
'\.C/ \,C/"

A

o H NH

Fig. 6.1

SOoH

Predict the number of peaks seen in the carbon-13 and proton ("H) NMR spectra of asparagine.

carbon-13 NMR

proton ('"H) NMR

number of peaks

STEMUP.CO.UK
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(f) Thin-layer and gas-liquid chromatography can be used to analyse mixtures of substances.
Each type of chromatography makes use of a stationary phase and a mobile phase.
(i) Complete Table 6.1 with an example of each of these.

Table 6.1

stationary phase mobile phase

thin-layer chromatography

gas-liquid chromatography

(1]

(i) Anunknown amino acid is analysed using thin-layer chromatography. Two chromatographs
of the unknown amino acid and four reference amino acids, P, Q, R and 8, are obtained
using two different solvents.

5_
4__ ' ' e
3 (]
— ]
2__ ’ ) ’
| (]
1 )
cm
0— : : : : : : : —t :
P Q R S P Q R S
unknown unknown
amino acid amino acid
solvent 1 solvent 2
Fig. 6.4

Identify the unknown amino acid. Justify your answer.

STEMUP.CO.UK
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(g) A mixture containing three organic compounds is analysed by gas chromatography and mass
spectrometry. The gas chromatogram is shown.

L

peak J K| L
\ area/mm? | 8 | 44 | 58

| | | | |
1 2 3 4 5

retention time/minutes

) —

Fig. 6.5

The area underneath each peak is proportional to the mass of the respective compound in the
mixture.

The concentration of K in the mixture is 5.52 x 102gdm™.

Calculate the concentration, in moldm=, of compound L in the mixture.
[M: L, 116]

concentrationof L= ...l moldm= [1]
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2. June/2022/Paper_42/No.7
(a) State the uses of TMS and D,O in NMR spectroscopy.

(b) The three isomeric ketones with molecular formula C.H,,O are:

e pentan-2-one
e pentan-3-one

e 3-methylbutanone.

(i) Complete Table 7.1 to show the number of peaks observed in the proton ('H) NMR
spectrum and in the carbon-13 NMR spectrum for each compound listed.

Table 7.1
ketone number of peaks observed in number of peaks observed in
the proton ("H) NMR spectrum the carbon-13 NMR spectrum
pentan-2-one
pentan-3-one
3-methylbutancne

(if) State all the ketones with molecular formula C.H,,O that have:

a doublet in their proton ("H) NMR spectrum

[2]
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(c) Cortisone, C,,H,,0O., is a naturally occurring chemical that contains chiral carbon atoms.

(i)

(if)

(iii)

cortisone
OH
@]

CH,

O OH

CH,

0
Fig. 7.1

Deduce the number of chiral carbon atoms in one molecule of cortisone.

....................................................................................................................................... 11

Cortisone is reacted with an excess of NaBH,.

State the molecular formula of the erganic compound formed.

....................................................................................................................................... 11

Cortisone is an optically active molecule.

Explain what is meant by optically active.

....................................................................................................................................... [1
[Total: 8]

5
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Analytical techniques - 2022 Nov A2 Chemistry 9701

1. Nov/2022/Paper_41/No.9
(a) Gas-liquid chromatography involves a stationary phase and a mobile phase.

(i) Name, or describe in detail, a suitable substance that could be used for each phase.
] 1o g T OSSPSR U SUS SRRSO

(11 (o1 o ]| (=TRSOOSR

A mixture of three organic compounds is separated by gas-liquid chromatography. The
chromatogram obtained is shown in Fig. 9.1. The amount of each substance is proportional to
the area under its peak.

100~ B

80+

60-
recorder

response
40-

p ]
O

204

G LR LR L R L L R L L LR LN R RN LR L |

14 16 18 20 22 24 26 28 30
retention time (min)

Fig. 9.1
(i) Explain the meaning of retention time.

....................................................................................................................................... [1]

(iif) Calculate the percentage of B in the mixture. Show your working.
percentage of B= ... % [2]
1
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(b) Complete Table 9.1 to give the number of peaks in the carbon-13 NMR spectrum of each of the
five isomers of C.H,,0, that has an ester group.

Table 9.1

structural formula number of peaks

CH,CH,CH,CO,CH,

CH,CH,CO,CH,CH,

CH,CO,CH,CH,CH,

(CH,),CHCO,CH,

CH,CO,CH(CH,),

(2]

(c) State the number of peaks that would be seen in the proton ('H) NMR spectrum of
methyl butanoate, CH,CH,CH,CO,CH,. Name all the splitting patterns seen in this spectrum.

NUMDBET Of PEAKS ..ottt e e e e e ee e e e e e e e e e e e

=] o] 11 e [ o F= 1 (=Y g o 1= SRRSO
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(d) D and E are both esters with the molecular formula C.H,,0,. Their proton ('"H) NMR spectra are
shown in Fig. 9.2 and Fig. 9.3.

D
3
3
2 2
L L L L L e L
4 3 2 1 0
chemical shift, &
Fig. 9.2
E
3
6
1
allty
T T I T LI | T | T LI | T I T LI | T | T LI | T I T LI | T | T LI | T I T LI | T | T LI | T I T
4 3 2 1 0
chemical shift, &
Fig. 9.3
Table 9.2
environment of proton example typical chemical shift
range, &/ppm
alkane -CH,, -CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH,-C=0, -CH,-C=0, 22-30
>CH-C=0
alkyl next to aromatic ring CH.-Ar, -CH,—Ar, 2.3-3.0
>CH-Ar
alkyl next to electronegative atom | CH,-O, -CH,-O, 3.24.0
-CH,-ClI
attached to alkene =CHR 45-6.0
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(i) Deduce the structures of the two esters D and E and draw their displayed formulae in the
boxes below.

CSH1002 C5H1D02

[2]
(if) The spectrum of D includes a quartet at 6 4.1.

Identify the protons respensible for this quartet on your structure in (i) by labelling these
protons with the letter F.

Explain why this peak is split into a quartet.

(iii) The spectrum of E has a doubletat § 1.1.

Identify the protons responsible for this doublet on your structure in (i) by labelling these
protons with the letter G.

Explain why this peak has a chemical shift of 1.1.

[Total: 12]
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2. Nov/2022/Paper_42/No.8

When answering this question it should be assumed that together all the hydrogen atoms in a
benzene ring result in a single unsplit peak at 5 = 7.2 in a proton ('H) NMR spectrum
The structures of five isomeric ketones, P, Q, R, § and T are given.

P C,H.COCH(CH,), S C.H.CH,CH,COCH,
Q C.H.COCH,CH,CH,

T C.H.CH(CH,)COCH,
R C,H.CH,COCH,CH,

(a) ldentify all the chiral carbon atoms on the structures above. Label each chiral carbon atom with
an asterisk (*).

(1
(b) The proton ("H) NMR spectrum of one of the five isomers, P, Q, R, S or T, is shown in Fig. 8.1.

— 7T T T ' 1
1 10
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(i) Identify which of the compounds P, Q, R, S or T gives this spectrum.
Draw the displayed formula of the compound you have identified. Identify the protons
responsible for the peaks at 6 = 3.7, 6 = 2.5 and & = 1.0 on the structure you have drawn.

[2]
(i) Name the splitting pattern of the peak at 5 = 3.7. Explain why it has this splitting pattern.

....................................................................................................................................... [1]
(c) Choose from the letters P, Q, R, S and T to identify:
(i) the two compounds that each have a doublet peak in the proton ('H) NMR spectrum
....................................................................................................................................... 1]
(ii) the compound with only three peaks in its proton ('H) NMR spectrum.
....................................................................................................................................... 1]

(e) The proton ('H) NMR spectrum of compound T is compared in the presence of D,O and in the
absence of D,0.

Describe any difference between the two spectra. Explain your answer.

STEMUP.CO.UK
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() Complete Table 8.1 below to give the number of peaks in the carbon-13 NMR spectrum of each

compound.

Table 8.1

compound

number of peaks

compound

number of peaks

STEMUP.CO.UK
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Analytical techniques - 2023 A2 Chemistry 9701

1. Nov/2023/Paper_9701/41/No.7(d)
Sunset Yellow is an additive used for colouring foods.

A synthetic route for making Sunset Yellow is shown.

Molecules E and G each contain one —SO,~ group. These groups are unchanged in the formation
of Sunset Yellow.

E  ~0,SCgH,NH,

{ step 1
F G HOC,,HSO,~

step 2

\/

Sunset Yellow anion

HO
v JO
jos
0,8 SO,

Fig. 7.1
(d) Predict the number of peaks in the carbon-13 NMR spectrum of the Sunset Yellow anion.
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2. Nov/2023/Paper_9701/41/No.8(d)
Capsaicin is found in chilli peppers.

capsaicin

O

CH,O =

Ir=

HO

You should assume the CH,O group is unreactive in the reactions involved in this question.
(d) When capsaicin is treated with reagent J under suitable conditions one of the products is
methylpropanoic acid, CH;CH(CH,)COOH.

(i) Identify reagent J and any necessary conditions.

(ii) There are three different peaks in the proton ("H) NMR spectrum of CH,CH(CH,)COCH

in CDCL,.
Table 8.1
environment of proton example chemical shift
range
o/ppm
alkane —-CH,, -CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH,-C=0, -CH,—C=0, >CH-C=0 | 2.2-3.0
alkyl next to aromatic ring CH;—Ar, -CH,—Ar, >CH-Ar 2.3-3.0
alkyl next to electronegative atom | CH,-O, -CH,-O, -CH,~ClI 3.2-4.0
attached to alkene =CHR 4.5-6.0
attached to aromatic ring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
alcohol ROH 0.5-6.0
phenol Ar-OH 4.5-7.0
carboxylic acid RCOOH 9.0-13.0

Use Table 8.1 to complete Table 8.2 and state:

STEMUP.CO.UK
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the typical proton ('H) chemical shift values () for the protons
the splitting pattern (singlet, doublet, triplet, quartet or multiplet) shown by each peak
the explanation for the splitting patterns of the CH, protons and the CH proton.

Table 8.2

environment

o/ppm

splitting pattern

explanation for splitting pattern

CH,

CH

COOH

STEMUP.CO.UK
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3. Nov/2023/Paper_9701/42/No.7

Benzene can be used to make benzoic acid in the two-step process shown in Fig. 7.1.

benzene methylbenzene benzoic acid
step 1 step 2
—_— —_—
CH, COOH
Fig. 7.1

(a) Give the reagents and conditions for step 1 and step 2.

5] (= o 0 SRS
5] (= o 1SS
(2]
(b) Methylbenzene and benzoic acid each have five different peaks in the carbon (*C) NMR
spectrum.
Table 7.1

hybridisation environment of carbon example chemical
of the carbon atom shift range
atom /ppm

sp® alkyl CH,-, -CH,—, -CH<, >C< 0-50

sp> next to alkene/arene —C—C=C, -C-Ar 25-50

sp® next to carbonyl/carboxyl C-COR, C-O,R 30-65

sp> next to halogen Cc-X 30-60

sp> next to oxygen c-0 50-70

c=C

sp? alkene or arene >C=Cx<, CQ:Q\C 110-160

sp? carboxyl R-COOH, R-COOR 160-185

sp? carbonyl R-CHO, R-CO-R 190-220

sp nitrile R-C=N 100-125

Use Table 7.1 to complete the two sentences to suggest descriptions of these two spectra.

The carbon (13C) NMR spectrum of methylbenzene:

e has.......... peak(s) in the chemical shift range of .................... and

e has..... peak(s) in the chemical shift range of ...........c........

4
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The carbon ('3C) NMR spectrum of benzoic acid:

¢ has ... peak(s) in the chemical shift range of ..................... and
¢ has ... peak(s) in the chemical shift range of .....................
[2]
(c) (i) When treated with Cl, under suitable conditions, methylbenzene forms compound J.

When treated with CI, under different conditions with different reagents, methylbenzene

forms compound K.

Suggest and draw structures of compounds J and K in the boxes. The molecular formula

of each compound is given.

JC,H,CI methylbenzene KC,H,CI

- —
CH,

State the reagents and conditions required to form each product.

10 fOrm COMPOUNA J ... et e e e e ae e e e e e nnees

10 form COmMPOUNA K ...ttt e e e e

(4]

(ii) When treated with a chlorine-containing reagent under suitable conditions, benzoic acid

forms compound L.

When treated with a different chlorine-containing reagent under different conditions,

benzoic acid forms compound M.

Suggest and draw structures of compounds L and M in the boxes. The molecular formula

of each product is given.

benzoic acid
LC,H.CIO, MC,H,CIO
- —_—
COOH

State the reagents and conditions to form compound M from benzoic acid.

[Total: 11]
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4, Nov/2023/Paper_9701/42/No.8(b, c)

Lactic acid, CH,CH(OH)COOH, is the only monomer needed to form the polymer polylactic acid,
PLA.

(b) The proton ('H) NMR spectrum of CH,;CH(OH)COOH in CDCl, is shown in Fig. 8.1. The
proton NMR chemical shift ranges are shown in Table 8.1.

Lactic acid

12 11 10 9 8 7 6 5 4 3 2 1 0
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Table 8.1

environment of proton example chemical
shift range
o/ppm

alkane —CH;, —CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH;-C=0, -CH,—C=0, >CH-C=0 2.2-3.0
alkyl next to aromatic ring CH,;-Ar, -CH,—Ar, >CH-Ar 2.3-3.0
alkyl next to electronegative atom CH4-0, -CH,-0, —-CH,—CI 3.24.0
attached to alkene =CHR 4.5-6.0
attached to aromatic ring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
alcohol ROH 0.5-6.0
phenol Ar—OH 4.5-7.0
carboxylic acid RCOQH 9.0-13.0

(i) Use Fig. 8.1 and Table 8.1 to complete Table 8.2.

Table 8.2
proton environment chemical shift (&) name of splitting pattern
—COOH
=CH
—-OH
—CH,
(3]
(ii) Name the substance responsible for the peak at & = 0.0.
..................................................................................................................................... [1]
(iii) Explain why CDCI, is a better solvent than CHCI, for use in proton NMR.
..................................................................................................................................... [1]
7
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(c) Animpure sample of CH;CH(OH)COOH contains pentan-3-one as the only contaminant. The
mixture is analysed using gas/liquid chromatography. The pentan-3-one is found to have a
longer retention time than the lactic acid.

(i) Explain what is meant by retention time.

(ii) Suggest suitable substances, or types of substances, that could be used as the mobile
and stationary phases.

MODIIE PRASE ...t e e e et a e e et e e e e e e b ansnaeaaeaeeaaaan

SEAtONANY PRASE ..ottt e e e e e e e e s ane e neaeeeeeaaanan

(iii) Describe how the percentage composition of the mixture can be determined from the
gas/liquid chromatogram.

STEMUP.CO.UK
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5.

June/2023/Paper_9701/41/No.4(d)

Give the systematic name of W.

NH,

Fig. 4.2

-]

(d) Complete Table 4.1 to show the number of peaks observed in the carbon-13 NMR spectrum

forWand Z.

Table 4.1
compound | number of peaks observed
w
z

STEMUP.CO.UK
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6. June/2023/Paper_9701/41/No.7(e)

(e) Alanine, H,NCH(CH,)COOH, reacts with methanol to form the ester G under certain

conditions.

The proton ("H) NMR spectrum of G dissolved in D,0 is shown in Fig. 7.3.

H,N

T T T T T T T T T
4 3 2 1

chemical shift 6/ ppm

Fig. 7.3
Table 7.1
environment of proton example chemical shit range,
&/ppm

alkane —-CH,, —CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH;—C=0, -CH,~C=0, >CH-C=0 | 2.2-3.0
alkyl next to aromatic ring CH;—Ar, —CH,-Ar, >CH-Ar 2.3-3.0
alkyl next to electronegative atom | CH;~0, ~CH,-O, -CH~CI 3.240
attached to alkene =CHR 4.5-6.0
attached to aromatic ring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
alcohol ROH 0.5-6.0
phenol Ar-OH 4.5-7.0
carboxylic acid RCOOH 9.0-13.0
alkyl amine R-NH- 1.0-5.0
aryl amine Ar-NH, 3.0-6.0
amide RCONHR 5.0-12.0

STEMUP.CO.UK
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(i) Complete Table 7.2 for the proton ("H) NMR spectrum of G.

Table 7.2
chemical solitting pattern number of 'H atoms number of protons on
shift (8) PIting p responsible for the peak | adjacent carbon atoms
14
3.5
4.0

[3]
(ii) The proton ("H) NMR spectrum of G dissolved in CDCl, is obtained.

Describe the difference observed between this spectrum and the proton NMR spectrum
in D,O shown in Fig 7.3.

Explain your answer.

- 1]

11
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7.

June/2023/Paper_9701/42/No.8(c)

(c) The proton ("H) NMR spectrum of compound T, CgH,0,CL in CDCI, is shown in Fig. 8.2.

T
/\_JCJJ\
ci o
51.2
53.9 037 528
! | ! | ! | ! | ! |
5 4 3 2 1 0

chemical shift 8/ppm

Fig. 8.2
Table 8.1
environment of proton example chemical shift range
o/ppm
alkane —CH,, =CH,~, >CH- 0.9-1.7
alkyl next to C=0 CH,-C=0, -CH,-C=0, >CH-C=0 | 2.2-3.0
alkyl next to aromatic ring CH4—-Ar, —CH,-Ar, >CH-Ar 2.3-3.0
alkyl next to electronegative atom | CH,~O, -CH,~O, -CH,—CI 3.2-4.0
attached to alkene =CHR 45-6.0
attached to aromatic ring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
alcohol ROH 0.5-6.0
phenol Ar-OH 45-7.0
carboxylic acid RCOOH 9.0-13.0
alkyl amine R-NH- 1.0-5.0
aryl amine Ar-NH,, 3.0-6.0
amide RCONHR 5.0-12.0

STEMUP.CO.UK
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(i) Suggest why CDClL, is used as a solvent instead of CHCI; for the proton ("H) NMR

spectrum.

(i) Complete Table 8.2 for the proton ("H) NMR spectrum of T.

Table 8.2

chemical
shift 8/ppm

environment of proton

splitting pattern

number of 'H atoms
responsible for the peak

1.2

238

3.7

3.9

(iif) Explain the splitting pattern of the peak at 6 3.9 ppm.

(4]

STEMUP.CO.UK
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8. March/2023/Paper_9701/42/No.5(f)

U]

(i)

(i)

tulobuterol

Cl OH
H

K

Predict the number of peaks that would be seen in the carbon-13 NMR spectrum of
tulobuterol.

]

The proton ('H) NMR spectrum of tulobuterol dissolved in D,O shows peaks in four
different types of proton environment.

The peak for the —CH,N— environment is a doublet in the chemical shift range
& =2.0-3.0ppm.

Give details for each of the other three peaks in the proton NMR spectrum of tulobuterol,
to include:

chemical shift

environment of the proton
splitting pattern

number of 'H atoms responsible.

Table 5.1 gives information about typical chemical shift values.

STEMUP.CO.UK
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Table 5.1

environment of proton example chemical shift
range 8/ppm
alkane —CH,, -CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH,-C=0, -CH,—C=0, 2.2-3.0
>CH-C=0
alkyl next to aromatic ring CH,—Ar, ~CH,—Ar, 2.3-3.0
>CH-Ar
alkyl next to electronegative atom | CH,-O, -CH,-0O, 3.2-4.0
—CH,-CI
attached to alkene =CHR 4.5-6.0
attached to aromatic ring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
alcohol ROH 0.5-6.0
phenol Ar—-OH 4.5-7.0
carboxylic acid RCOOH 9.0-13.0
alkyl amine R-NH- 1.0-5.0
aryl amine Ar—NH, 3.0-6.0
amide RCONHR 5.0-12.0

STEMUP.CO.UK
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9. March/2023/Paper_9701/42/No.6(a _c)

A student uses thin-layer chromatography (TLC) to analyse a mixture containing different metal
cations. The student repeats the experiment using different solvents.

Fig. 6.1 shows the chromatogram obtained by the student using water as a solvent.

solvent front

5—
4—_ 0
3_
2— —1 M

_| 0
1— ¢

| baseline
0— o

cm
Fig. 6.1

(a) (i) Suggesta compound that could be used as the stationary phase in this experiment.

- 1]

(ii) Table 6.1 shows the R, values for different metal cations when separated by TLC using
water as a solvent.

Table 6.1
cation R; value (water)
Cd?*(aq) 0.40
Co?*(aq) 0.77
Cu?*(aq) 0.32
Fe®*(aq) 0.12
Hg?*(aq) 0.23
Ni?*(aq) 0.75

Suggest the identity of the cation that causes the spot at M in Fig. 6.1.

Explain your answer.

M

STEMUP.CO.UK
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(b) The student repeats the experiment using butan-1-ol as a solvent.

(c)

The metal cations do not travel as far up the TLC plate in this experiment.

Suggest why the metal cations do not move as far up the TLC plate with butan-1-ol as a
solvent.

-1
The student sprays the TLC plate in Fig. 6.1 with KSCN(aq).

The colour of some of the spots changes, as some of the metal cations undergo a ligand
exchange reaction.

Identify the ligands involved in the ligand exchange reaction.

veeeeeeeee €XChanges With .

(1]

STEMUP.CO.UK
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Analytical techniques — 2022 June AS Chemistry 9701

1. June/2022/Paper_11/No.40

A scientist chooses either infrared spectroscopy or mass spectrometry to find a particular piece of
information.

In which row has the best choice been made?

target information analytic method used
A identities of functional groups in an organic compound infrared spectroscopy
B identities of functional groups in an organic compound mass spectrometry
c values of successive ionisation energies of Na infrared spectroscopy
D values of successive ionisation energies of Na mass spectrometry

2. June/2022/Paper_12/No.40
Three organic compounds are listed.

1 ethanal
2 propan-1-ol
3 propan-2-ol

Which compounds will have a mass spectrum that contains a fragment peak at m/e =437

A 1lonly B 1andZ2only C 2and3only D 1,2and3


https://stemup.co.uk

3.

June/2022/Paper_21/No.4(d)
(d) Fig. 5.1 shows the mass spectrum of ketone Z, C.H,,0.

100 -
80 -
60 -
% abundance

40

20

0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII:III

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

m/e value

Fig. 5.1

Use the information in Fig. 5.1 to suggest the formulae of the fragments with m/e peaks at 29
and 57. Deduce the identity of Z.

2
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4,

June/2022/Paper_22/No.4(c)
(c) Xis an addition polymer.

Cl

Fig. 4.3

(i) Draw the monomer of X.

(ii) Suggest one reason why the disposal of items made from X is difficult.

3
STEMUP.CO.UK

[1]
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5.

June/2022/Paper_23/No.5(b)

(b) Z contains three types of atom: carbon, hydrogen and a halogen. The mass spectrum of Z is
recorded. Fig. 5.1 shows a section of the mass spectrum at m/e greater than 63.
The fragment at m/e = 64 is the molecular ion peak.

100- 100
80
relative 60 -
abundance 40- 333
20
2.2
0 I 1 | I
63 64 65 66 67
mje
Fig. 5.1

(i) Deduce the number of carbon atoms present in a molecule of Z using Fig. 5.1.
Show your working.

(ifi) There are also peaks at m/e = 29 and m/e = 49.

Suggest the formulae of these fragments.
Deduce the name of Z.

4
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Analytical techniques — 2022 Nov AS Chemistry 9701

1. Nov/2022/Paper_11/No.40

In the mass spectrum of a compound, Z, the relative abundances of the M and M+1 peaks are in
the ratio 13:1.

What is compound Z?

A butyl butanoate

B hexan-3-one

C 2,2 3-trimethylhexane
D 3,3-dimethylpentan-1-ol

2. Nov/2022/Paper_12/No.40

A molecule of an organic compound, P, contains three carbon atoms and shows a strong
absorption at 1720cm™ in its infrared spectrum.

P is reacted with an excess of hot acidified potassium dichromate(VI) forming organic product Q.

Q shows a strong absorption at 1700 cm™ and a strong, broad absorption centred at 2800cm™ i

its infrared spectrum.

n

bond | functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™
C-0O [ hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C-H | alkane 2850-2950
N-H [ amine, amide 3300-3500
O-H | carboxy! 2500-3000
hydroxy 3200-3600
What is P?
A propanal
B propanone
C propan-1-ol
D propan-2-ol


https://stemup.co.uk

3. Nov/2022/Paper_21/No.5(b, c)
(b) A student monitors the progress of reaction 2 using infrared spectroscopy.

Use Table 5.1 to suggest why it is difficult to distinguish between N and 5-hydroxyhexanoic
acid using infrared spectroscopy.

Table 5.1
bond functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™

C-0O | hydroxy, ester 1040-1300
=C |aromatic compound, alkene 1500-1680
C=0 |amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
=N | nitrile 2200-2250
C-H [alkane 2850-3100
N-H amine, amide 3300-3500
O-H |carboxyl 2500-3000
hydroxy 3200-3650

2
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(c) Unknown lactone Q is analysed using mass spectrometry.
Table 5.2 shows information from the mass spectrum.

Table 5.2
peak mie abundance
M+ 72 95.5
M+1 73 3.15

Use these data to deduce the structure of Q.

Show your working.

3
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4. Nov/2022/Paper_22/No.3(c)
(c) Organic compound E contains three carbon atoms.
E reacts with cold dilute acidified KMnO,(aq) to form a single compound F with M, = 154.9.
Fig. 3.1 shows the infrared spectrum of E.
Fig. 3.2 shows the infrared spectrum of F.

E
100
transmittance 4
1% 504
o7 T T ]
400 3000 2000 1500 1000 500
wavenumber/cm™’
Fig. 3.1
F
100
transmittance
1% 50-
oO+———rT———7T T T T
400 3000 2000 1500 1000 500

wavenumber/cm™’

Fig. 3.2

4
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Table 3.2

bond functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™'
C-0O | hydroxy, ester 1040-1300
=C | aromatic compound, alkene 1500-1680
C=0 |amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C-H |alkane 2850-3100
N-H |amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
Both spectra show absorptions between 2850 and 2950cm™' owing to C—H bonds in each
molecule.
(i) Use the two infrared spectra and Table 3.2 to identify the functional group present only

(i)

(iii)

in E.
Explain your answer, referring only to absorptions at frequencies greater than 1500 cm-".

FUNCHONAl GIrOUP oottt ettt ae e e teassatenssnbassn s ssanssnsenssnsnnssnnsnssnnnnnen

L=y (o= = T o

Use the infrared spectrum of F to identify the functional group formed when E reacts with
cold dilute acidified KMnO,(aq).

Explain your answer, referring only to absorptions at frequencies greater than 1500cm™'.
FUNCHONAl QrOUP oottt ettt et easeatensenbassn s ssenssnsennsnsnnssnnsnssnnnnnen

L= (o1 E= T =1 1L o

The mass spectrum of E shows a molecular ion peak and an M+2 peak of approximately
equal abundance at m/e = 120 and 122.

Deduce the relative molecular mass, M, of E.

5
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(iv) Use the information in 3(c) to suggest a structure for E.

(1]

(v) Complete the equation for the reaction of E with cold dilute acidified KMnO,(aq) to form F.
In the equation, [O] represents cold dilute acidified KMnO,(aq).

H,O + [O] + o P ettt ettt eeeeeeeeeereeeeeeeeeeeeietteareateatearearearnnran e

6
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Analytical techniques — 2023 AS Chemistry 9701

1. Nov/2023/Paper_9701/11/No.39
The infrared spectrum of compound L is shown.

transmittance
0/0

100

50

0

e
4000 3000

L
2000

LS S AL R L R B B R R |
1500 1000 500

wavenumber/cm™

bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™!

C-0 | hydroxy, ester 1040-1300

C= aromatic compound, alkene 1500-1680

C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750

C= nitrile 2200-2250

C-H alkane 2850-2950

N-H amine, amide 3300-3500

O-H carboxyl 2500-3000
hydroxy 3200-3600

What is the structure of L?

A HOCH,COCH,OH

o O W

HOCH,CH(OH)CHO
HOCH,CH(OH)CH,OH
HOCH,CH,COOH

1
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2. Nov/2023/Paper_9701/11/No.40
In the mass spectrum of compound J, the ratio of the height of the M +1 ion peak to the height of

the M + ion peak is 4:91.
Compound J forms a carboxylic acid when heated with acidified K,Cr,0O;.

What is compound J?

A butanal

B butanone
C propan-1-ol
D

propanenitrile

3. Nov/2023/Paper_9701/12/No.40
Oxygen has three stable isotopes, '®0, "0 and 0. Al three isotopes are present in a sample of

oxygen gas, O,, which was analysed using a mass spectrometer.

How many peaks associated with the 02+ ion would be expected?

A 3 B 5 C 6 D 9

4. Nov/2023/Paper_9701/21/No.4(b)
(b) The mass spectrum of C shows a molecular ion peak at m/e = 70. This peak has a relative
intensity of 48.7.
The relative intensity of the [M+1] peak is 2.7.

Show that this information is consistent with the molecular formula of C.

[2]

2
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5. Nov/2023/Paper_9701/22/No.3c(iv)

(iv) Reaction 3 is monitored using infrared spectroscopy. It is not possible to use the O—H
absorption frequency to monitor the reaction.
Use Table 3.2 to identify a suitable bond whose absorption frequency can be used to
monitor the progress of reaction 3.
State the change you would see in the infrared spectrum during reaction 3.
T 3T LRSS
change ininfrared SPECITUM ... ... e e
Table 3.2
bond | functional groups containing the bond characigrlshc infrared absorpt_l?n range
(in wavenumbers)/cm
C-0O | hydroxy, ester 1040-1300
=C | aromatic compound, alkene 1500-1680
=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C-H | alkane 2850-2950

6. June/2023/Paper_9701/11/No.40

There are two naturally occuring isotopes of bromine. One isotope has 44 neutrons. The other
isotope has 46 neutrons.

Ignoring fragments, how many peaks are there in the mass spectrum of tribromomethane, 2c! HBr,?

A 2

B 3 c 4

3
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June/2023/Paper_9701/12/No.40

The diagram shows the relative abundance of different isotopes of lead in a sample of lead ore.
The abundance of 208 is half that of 206. The abundances of 208 and 209 are equal.

100
757

% abundance
501

251
0 \ \

206 20? 208 209

What is the relative atomic mass of the lead in the sample?

A 207.00 B 207.25 C 207.50 D 207.67

June/2023/Paper_9701/13/No.40
The mass spectrum of compound X has M, M+1 and M+2 peaks. Other peaks are also present.

Peak M is the molecular ion peak, M*. Peak M has a relative abundance fifteen times that of peak
M+1.

Peaks M and M+2 are of equal height.
What could be compound X?

1-chloro-2,2-dimethylpentane
2-chloro-3-methylpentane

2-bromo-2-methylhexane

o 0 m r

3-bromo-2,2-dimethylbutane

4
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9.

June/2023/Paper_9701/22/No.5(d)

(d) D reacts in the presence of a sulfuric acid catalyst to form E and water.

The structure of E is shown in Fig. 5.1.

vo
Fig. 5.1

(i) Name the functional group present in E.

..................................................................................................................................... [1]
(ii) Identify the type of reaction that occurs when D reacts to form E.
..................................................................................................................................... [1]
(iii) Draw the structure of D in the box.
D
(1]
5
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(iv) The infrared spectrum of E is shown in Fig. 5.2.

transmittance/% 50

100

Ot

L I L
4000 3000 2000 1500
wavenumber/cm™!

Fig. 5.2
Table 5.3
bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™!
C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C—H | alkane 2850-2950
N—-H | amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3600

Use Fig. 5.2 and Table 5.3 to predict two differences in the absorptions above 1500 cm™

of the infrared spectrum of D compared to E. Explain your answer.
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10. June/2023/Paper_9701/23/No.5b(l _ii)

(b) The formation of Y from X requires the addition of a suitable reducing agent.

(i) Construct an equation using molecular formulae and [H] for the reaction in Fig. 5.1. Use
[H] to represent one atom of hydrogen from the reducing agent.

(ii) Identify a suitable non-gaseous reducing agent for the formation of Y from X.

7
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11. March/2023/Paper_9701/12/No.38
The infrared spectrum of an organic compound is shown.

transmittance
! % 50 -

100

0

4000 3000

——
2000

— T T T ]
1500 1000 500

wavenumber/cm™

bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™

C-O | hydroxy, ester 1040-1300

Cc=C aromatic compound, alkene 1500-1680

C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750

C=N | nitrile 2200-2250

C-H | alkane 2850-3100

N-H amine, amide 3300-3500

O-H | carboxyl 2500-3000
hydroxy 3200-3650

Which compound could give this spectrum?

A CH,CH,CO,H

o 0O W

CH,CH(OH)CH,
CH,COCH,
CH,COCH,0H

8
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12. March/2023/Paper_9701/22/No.4(d)
(d) (i) Fig. 4.2 shows the infrared spectrum of one of the compounds D, E, F, G or H.

o

100

transmittance
/% 50 -
0 T T T T T T T
4000 3000 2000 1500 1000 500
wavenumber/cm™
Fig. 4.2

Use information from Table 4.1 (on page 14) to identify which of the compounds D, E, F,
G or H produces the infrared spectrum in Fig. 4.2.

Explain your answer.

2]

9
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Table 4.1

bond | functional groups containing the bond | characteristic infrared absorption range
(in wawenumbers},*'cm‘1

C-0O | hydroxy, ester 1040-1300

C=C | aromatic compound, alkene 1500-1680

C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750

C=N | nitrile 2200-2250

C-H | alkane 28502950

N-H | amine, amide 3300-3500

O—H | carboxyl 2500-3000
hydroxy 3200-3600

(i)

In the mass spectrum of D, the relative abundance of the molecular ion peak is 3.4.

Predict the relative abundance of the M+2 peak for D.

Explain your answer.

10
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