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21.1 Infrared spectroscopy

1188. 9701 _m22 qgp_ 12 Q:40

CHAPTER 21. ANALYTICAL TECHNIQUES

Which diagram shows the infrared spectrum of a compound that contains both a C=0 and an

O-H group?
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carbon oxyl 1670-1740
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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

When reactant X is treated with a suitable reagent, products Y and Z are formed. Infrared spectra
of X, Y and Z are shown.

reactant X

100 W

transmittance
[#)]
o
|

0 |||||||[|I||||I|]|1I||||I|||]I||||I
4000 3000 2000 1000
wavenumber/cm 0
‘ b
product Y &ct Z

100 ‘_\,.\/~ 100

transmittance
(¢)]
o
1

0 IIII|IIIIII[IIlIlIIIII'IIlIIIIIIII

4000 3000 2000 100 4000 3000 2000 1500 1000 500

wavenumber/cm™ 0 wavenumber/cm™

Which row could be cor

Y z
A propanone butanone
B propanone propanoic acid
C 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,H40O. Its infra-red spectrum is shown.
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 /
What could be the skeletal formula of compound X? *\
A B c Q D
H O

OH

?‘]'PapaCambridge



“aPParasambridas,,

1191. 9701 _s21 _qp_11 Q: 26

Compound X has the empirical formula C,H40O. Its infra-red spectrum is shown.

100
transmittance / %
50
0 A ————————————————— ——————————
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wavenumber/cm™'
®
What could be the skeletal formula of compound X? *\
A B C D

ST )H/
o
Q"’Q
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1192. 9701 _s21 _qgp_12 Q: 30

The molecular formula of Z is C4HgO.
The infra-red spectrum of Z is shown.
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What could be Z?

A B

0O
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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?
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1194. 9701_ w21 _qp_ 11 Q: 30

The infra-red spectra of three organic compounds are shown.
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*» S
What could the three nds 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
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L J
What could Y be? *\
A CH.CO,C:Hs 0

B CHy(OH)CH=CHCH,OH

C  CHs(CH,)2COH

D CHy(OH)(CH;),CHO oo

?‘j_']'PapaCambridge



* JPPapaCambridge

1196. 9701 _w21 _gp_ 13 Q: 30

CHAPTER 21. ANALYTICAL TECHNIQUES

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

100

transmittance /%
spectrum 1 50 1

0 —
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What could the three nds 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
50
1 N
4000 3000 2000 1500 1000
wavenumber/cm™
Which statement about J is correct? ‘\

A Both C=0 and C=N are present.

Neither C=0 nor C=N are present. 0

B
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/ %

504
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4000 3000 2000 1500 1000
wavenumber/cm™
What could be the identity of compound X? ‘\

A ethanoic acid (
B ethanol 0
C ethylethanoate

molecules P, Q and R. None of the molecules

D propanone

1199. 9701_s20_qp_12 Q: 21

The table shows the molecular formula

are cyclic.
molecular formula
CH,O
CH-0,
D 4
oo & CH,0O
"‘ 1 1
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 32.08 C 32.09 D 3210 0
1201. 9701_s20_qp_13 Q: 25 0\

The diagram shows the infrared spectrum of an organic compound. (

o)
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What could be the ident

is compound?
A propan-1-ol

B propanal

C propanoic acid

D

propancne
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1202. 9701_ w20 _qp_12 Q: 30

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

100

transmittance
I’% 50_
0 LN LR L LA L L B
4000 3000 2000 1500 1000
wavenumber/cm™

What could be compound G?

A CH;COCH,OH

‘\
CH3CH.CO:H 0

B
C CH;CO,CHs
D CHsCHCHCH; @
1203. 9701 _m19 qp_ 12 Q: 30 0

An infra-red spectrum shows a broad p 000cm™ and a strong peak at 1710cm™.

Which substance could have pr, spectrum?

A methyl propanoate
propan-2-ol

propanc«?’ ci
&
propanon%’

B
Cc
D
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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%
41%
% abundance
3%
|
I ] I
112 113 114 115 116
mle
What is the relative atomic mass of this sample of element X? 0
A 1137 B 114.0 C 1142 D 1144
®
1205. 9701 _s19_qp_ 11 Q: 24 ﬁ
The infra-red spectrum of a substance with empirical formula C, vywn.
100
transmittance
50
Y
L L L L
2000 1500 1000 500
wavenumber/cm™’

Which bonds are responsible for peak X and peak Y?

peak X peak Y
A C-H c=C
B C-H C=0
Cc O-H 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
501
0\
0 AL B B B L L
4000 3000 1000 500

What could be Q7
A butan-1-ol

butanoic acid

B
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
mle
Which expression can be used to calculate the relative atomic mass, A;, of copper this
sample?
(56.36 x 63)+(25.14 x 65) ¢

(56.36 + 25.14 + 18.50)

(56.36 x 63)+(25.14 x 65)+ (18.50 x 197) 0‘

B
(56.36 + 25.14 1 18.50)
c (5636 x 63)+(25.14 x 65)
(56.36 + 25.14) 0
o (56.36 x 63)+(25.14 x 65) o
(63 1 65)

Q"’Qﬁ
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The infra-red spectrum of compound P is shown.

100
transmittance
1% 50
0 AL B L L L LY L L L
4000 3000 2000 1500 1000

wavenumber/cm™
What could be compound P? ‘\

A methyl ethanoate

propanal 0

B
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
l’% 50_
0 LR L LA L L LA L L AL L DL L B AL B
4000 3000 2000 1500 1000
wavenumber/cm™ \
Which substance could be T? (
A B c 0 D

OH

461

1211. 9701 _m18 qp_ 12 Q: 30

How many structural isomers wi

@u r formula C4H4,0O give infra-red absorptions both
at approximately 1200cm™ oximately 3400cm™'?

C 6 D 7

B 4

A 2
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1212. 9701_s18 qp_11 Q: 30

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

is shown.
100
transmittance

50
o+r—T— T 777
4000 3000 2000 1500 1000

wavenumber/cm™
L J

Which compound could be X?

A CHsCH,CHO 0‘
B CHyCH,CO:H

C CHsCH,CH,OH
D CH:CO.CHs
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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 A ———————————— ——————
4000 3000 2000 1500 1000
wavenumber/cm™’
Which compound could give this spectrum? ‘\

A CHs;CHCO:H

B CH:CH(OH)CH; o

C CHsCOCH;s

o
Q"’Q
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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 s1trong 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 ~@—< CH:COCH,CH,COCH(CH)s 0
CH,CO °
c CHACOCH(COCH;)CH;CH,CH(CO '

\

D SP/ HO,CCH,C ,COCHs
S 4 .
o {‘
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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 0

wavenumber/cm™! (\

What are the structures of the branched-chain alcohol J and com

J K
CH3CH(CH3)CH,CH,0H CH3CH(CH3;
CH3CH,CH(OH)CH,CHs CHsCHZCOC 3
CH3CH(CH3)CH(OH)CH3 CHs
CH3CH(CH3)CH,CH,0H Cc

o 0O w »

3)CH,COOH
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The infra-red spectrum of compound L is shown.

100
transmittance
%

50
0 L L D L D e
4000 3000 2000 1500 1000

wavenumber/cm™
What could be the structure of L? ‘\

A HOCH,COCH,0OH

B HOCH,CH(OH)CHO 0

C HOCH,CH(OH)CH.OH

D HOCH,CH,COOH @

1217. 9701_s17_qp_11 Q: 2

The mass spectrum of a sample of lithi s that it contains two isotopes, °Li and Li.

The isotopic abundances e table.

isotopic abundance

7.42%
92.58%

S 4

o
@

*

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 1
61 62 63 64 65 66 61 62 63 64 65 66
m/e m/e
C
abundance 749 abundance

26%

T T 1 T I 1
61 62 63 64 65 66

m/e

21.2 Mass spectrometry

1219. 9701 w21 _qp_ 11 Q: 1 @
The mass spectrum of a sample of neon is he relative abundance of each peak is

i
written in brackets above it. ?
é |
(8)

0.3
! I
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.

4 (100)

relative 0

abundance

I [
20 219 22

mass
charge

(8) e
03 | *\

What is the relative atomic mass, A,, of this sampl @
A 20.15 B 20.20 C 21.00 D 21.82
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