Topic 21 - Analytical techniques (IR & MS) 9701 Paper 2 - Questions

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

are shown.
H
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(i) Identify the bonds responsible for the principal peaks above 1500cm=" in each spectrum.
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(ii) 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).
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[Total: 11]
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(d) The infra-red spectrum shown corresponds to one of P, Q or R.
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Deduce which of the compounds, P, Q or R, produces this spectrum. Explain your reasoning.

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

compound .........oceeeeiiiiia,
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[3]
[Total: 9]
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(v) Complete the table with the bond responsible for each of the principal absorptions seen in
the infra-red spectrum of Z.

principal absorptions

in infra-red spectrum bond responsible

3200-3600cm™

1630cm™

1050cm™

(1]
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(e) P can be produced as shown.

HUHO Q
reaction I reaction II reaction III

OH
P

(i) 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-CI 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.

Oct/Nov 2019 9701/22 - Q4 (e)(i)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 4
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 21 - Analytical techniques (IR & MS) 9701 Paper 2 - Questions

(iii) The C-Br bond has an absorption between 500 cm=" and 600cm™ in an infrared spectrum.

The infrared spectra for both T and U have absorptions between 2850cm™ and 2950cm™.
These correspond to C—H bonds.

Identify:
e two other absorptions that would be seen in the infrared spectra of both T and U
e one other absorption that would only be seen in the infrared spectrum of T.

For each absorption, give the range of the absorption and the bonds that correspond to
these absorptions.

absorption 1 present in both spectra

[Total: 24]
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(e) The infra-red spectrum of 2-methylbut-1-ene is shown.
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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 1500cm™.
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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
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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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(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
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% 50— 1
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wavenumber/cm™

(i) Identify the bonds responsible for the absorptions marked X and Z.
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13
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.

0]
: PO
hot concentrated 0 OH

0
I)\ acidified KMnO,
> +
0= N\g R
M
CH,(CH,),COOH

Oct/Nov 2020 9701/22 - Q4 (d)(i) (cont.)

(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.

L e
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(2]
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(v) Anunlabelled sample contains either S, T or U.

The sample produces the infrared spectrum shown.

100
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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 1500 cm=".

[Total: 8]
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(b) Reaction 2 needs to take place in the absence of water to prevent formation of compound C.

C
O

)I\/OH
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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(iii) The progress of reaction 2 can be monitored by infrared spectroscopy.

The absorption caused by O-H bonds is always present because water is used as a

solvent.

Identify two absorptions, and the bonds responsible for these absorptions, whose
appearance will change significantly during the reaction.

Oct/Nov 2021 9701/22 - Q3 (d)(ili)

(iii) Use information from Table 4.2 to suggest how the infrared spectra of M and Perspex®

would differ. Explain your answer.

....................................................................................................................................... [1]
Table 4.2
bond functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™

C-O | 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 2850-3100
N-H | amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
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(d) Fig. 5.1 shows the mass spectrum of ketone Z, C.H. 0.
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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.

INIE = 2 e et e e e b e et e e ee e eaaateeeeeae ek eabeeteae e e e anteee e e atenteeaaa e nnnnees
L Y AP UR R
Identity OF Z e
[3]
[Total: 14]
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Important values, constants and standards

molar gas constant

R =8.31JK"mol™

Faraday constant

F=9.65 x 10°Cmol™’

Avogadro constant

L =6.022 x 102 mol™

electronic charge

e=-1.60x107"C

molar volume of gas V. =22.4dm*mol™ at s.t.p. (101kPa and 273K)

V., = 24.0dm®*mol~" at room conditions
K, =1.00 x 10-¥mol2dm-® (at 298K (25°C))
c=4.18kJkg' K" (4.18Jg'K™)

ionic product of water

specific heat capacity of water

© UCLES 2022 9701/21/MI/22

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 20
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

9701 Paper 2 - Questions

Topic 21 - Analytical techniques (IR & MS)

16

- - - - - - - - - - - 0gez 0'Leg 0'gZee -
WINEIUEIME] wnyjagqou wnis|epusw sy RV oy 1 wnuns oy 1 I Lwniueln winugzegod wnuog wniugse
n ON PN w4 s3 10 3g wg wy nd dN n ed ul oY spiounjoe
0L Z0L Lot ooL 66 26 16 96 56 +6 £6 Z6 16 06 B8
0sLL LELL 6891 €481 6¥8L SE8L 6851 €151 05k o5k - ¥l B0tk LorL BBEL
wingEn winigiad wnynyy winigse winagay wniscidsp winigis) oy " L 1 LA L wnss winuELuE]
m aA wyl 43 OH Aa qL PO n3 ws ud PN id 20 e sploueyjue|
Li oL B9 89 19 99 59 +a £9 Z9 19 09 BS a5 15
1 L 1 wininosay winuayi 1 I 1 U winissey wnuyog wnifiogess winmgnp wnipsapaLng wnipes winauely
6o Sl A oW 14 UN ug by sQ w SH yg bs aa d poupe | BY |
8l LlL alk SLE Ll £LE ZLE LLL 0Lk G0L 80l 0L a0l 50l ¥oL E0L-68 a8 18
- - - 0602 ZL0E g 9002 0261 L'S61 2'z6L 2061 9Bl FEBL 608k 5841 £LEL G6EEL
UOpE] auneyse wnjuojod ynusg peaj winjeyy Anasw pjob winuned wnepL wnwso wnmays usabuny wingEuE} wniuey wnueq wnisae
Uy W od 'g ad 1L 6H ny id 1 SO oy M el H sploueLuE] ed SO
a8 58 8 £8 8 [2:3 o8 6L 8L 4L =1 =78 i €L L LL=i5 95 55
£LEL 6921 9LEL ETAY 481 FrLL +ZLl 6201 a0l 6Z0L Lot - 656 6'E6 L6 688 9.8 gt
uousx aupo) winuns) fuownue un wnspuy wnwpes Jangs wnipeed wnipouys L I wnigeiu WwnuoE winimd wnyuoss wnpigns
ax I oL as us uI PO by Pd U4 ny oL O aN iz A 18 qd
¥S £5 25 LS 05 i1 et A ot st ¥t £F v ¥ 0% GE 8 i
2'ce B84 064 6'FL 9EL L'69 6o g'eg L'8% 685 865 6'YG 0'Zs 605 6L 06t Loy L'6E
oy BURBOIG Wwnmajes WuBLIE wueuuab wnged uz saddoo (R JEgqoa woul wnuEy) wnipueas WINEED wnissejod
™ id oS8 sy 29 €9 uz no IN ©0 °d U 10 A 1 28 ed A
9g SE ¥E £E ZE LE 0g 62 8z i 9z 14 ¥E £2 44 ¥4 0z 6l
B'6E S'GE L'ZE oLe L'BE 1) EFE ez
uofue auuojya myns sroydsoyd [Ieall wnuwnge N F _.F O _‘ @ w N w m V‘ m wnzaubew wnpos
Y 10 S d IS v B EN
8l Ll al Gl ¥l £l cl L
202 06l [0g:] ovl 0zl ok SSEL JIUDIE aAlE|a) [ 69
uosu auuonj uafifxo uabonu uoqueD uouog BLWEL wingisag i
oN 4 o) N o) g loquiAs ojoje ag n
oL [ 8 L 9 S Jaquunu Jiwole t £
oy oL
wngayy uaboupiy %@z
oH H
[1 I
8l Ll 9l Sl 143 el 7 [4 3
dnoig

sjuawa|3 jo ojqe] dipollad ayl

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment Intermational Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

9701/21/MI/22

© UCLES 2022

May/June 2022 9701/21

- Q4 (d) (cont.)

Page 21

examspath.com

RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play

Prepared by Mr Narendra Khaire & the ExamsPath Team


https://examspath.com/

Topic 21 - Analytical techniques (IR & MS) 9701 Paper 2 - Questions

(c) Fig. 6.1 shows the mass spectrum of Z.

100- 45
80-

relative 60

abundance

40 71

204

116
"17

0 T T T T T T T T
10 20 30 40 50 60 70 80 90

mle

Fig. 6.1

T T
100 110 120

(i) Deduce the molecular formula of Z. Explain your answer by referring to the molecular ion

peak in Fig. 6.1 and the empirical formula of Z.

May/June 2022 9701/22 - Q6 (c)(i)
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(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 404 33.3
204
2.2
0 T t 1 T
63 64 65 66 67
mle
Fig. 5.1

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

.............................................................................................................................................. [2]
Table 5.1
bond functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™

C—O | 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 2850-3100
N-H amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
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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 mle abundance
M+ 72 95.5
M+1 73 3.15

Use these data to deduce the structure of Q.

Show your working.

® UCLES 2022
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(b) Complete Table 1.1 to show the total numbers of protons and electrons in the molecular ions

NH,*, CO.> and PO*.

Table 1.1

molecular
ion

total number
of protons

total number
of electrons

NH,*

CO%

PO,*

4

Oct/Nov 2022 9701/22 - Q1 (b)
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(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
1% 504
0 UL LR B L | L L L ' 4 | I
400 3000 2000 1500 1000 500
wavenumber/cm™
Fig. 3.1
F
100
transmittance
1% 50
o+ 7T 7 T ]
400 3000 2000 1500 1000 500
wavenumber/cm™
Fig. 3.2
© UCLES 2022 9701/22/0/N/22
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11
Table 3.2
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 2850-3100
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
in E.
Explain your answer, referring only to absorptions at frequencies greater than 1500cm™".

fUNCIONAl GroUD ottt

EXPlANALION ... et

(ii) 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".
FUNCHONAI GIOUD ..ttt

EXPIANATION ..ot e e e e e e e e e e e e e e s nnnnnnnnnenenes

(iii) 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.

® UCLES 2022 9701/22/QIN/22 [TLI rn over
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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 mle abundance
M+ 72 95.5
M+1 73 3.15

Use these data to deduce the structure of Q.

Show your working.
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Important values, constants and standards

molar gas constant

R =8.31JK"mol™

Faraday constant

F=9.65 x 10°Cmol™’

Avogadro constant

L =6.022 x 102 mol™

electronic charge

e=-1.60x107"C

molar volume of gas V. =22.4dm*mol™ at s.t.p. (101kPa and 273K)

V., = 24.0dm®*mol~" at room conditions
K, =1.00 x 10-¥mol2dm-® (at 298K (25°C))
c=4.18kJkg' K" (4.18Jg'K™)

ionic product of water

specific heat capacity of water
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(f) Xis a product of the substitution reaction that occurs when CHCIF, reacts with Br.,.
There is only one naturally occurring isotope of fluorine, '°F.
The mass spectrum of X shows molecular ion peaks at m/e = 164, 166 and 168.

Complete Table 3.3 to show all the molecular ions responsible for each peak.

Table 3.3
mle formulae of molecular ions
164
166
168 (CF,%"Ci®'Br)*
[2]
[Total: 15]
©® UCLES 2023 9701/21/MIJI23 [Turn over
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(iv) The infrared spectrum of E is shown in Fig. 5.2.

100

transmittance/% 50

O++rrrrrrrrr T

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-O | 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~1
of the infrared spectrum of D compared to E. Explain your answer.

[Total: 12]
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Important values, constants and standards

molar gas constant R=28.31JK " "mol™’

Faraday constant F=9.65x 10*Cmol™’

Avogadro constant L =6.022 x 1023mol’

electronic charge =-1.60 x 1071°C

molar volume of gas V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10" *mol2dm® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)
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(c) The mass spectrum of a sample of pure copper is shown in Fig. 1.1.

A
504 46%

40-

% abundance 304
23%

21%
204
10%
10 °
31.532.5 63 65
mle
Fig. 1.1

Identify the ion with an abundance of 23% in the sample.
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(¢) Compounds S and T react to form organic compound U, which has a single functional group.

S

COOH

Table 4.2 shows some data from the mass spectrum of U.

Table 4.2
peak relative abundance
M* 7.2
[M+1]* 0.55

(i) Use the data from Table 4.2 to show that U contains 7 carbon atoms.

Show your working.

(2]

(ii) Fig. 4.2 shows the infrared spectrum of U.

100 \Vj
80
60
transmittance /%
404
20+
0""I"‘l""l""l'""l""'l""‘
4000 3000 2000 1500 1000 500
wavenumber /cm™!
Fig. 4.2
© UCLES 2024 9701/22/FIM/24
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Table 4.3
bond functional groups containing the bond characteristic infrared absorption
range (in wavenumbers)/cm™"

Cc-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 3200-3650

Use Fig. 4.2 and Table 4.3 to identify the functional group present in U.

Explain your answer fully.

FUNCHONAL GrOUP e e et e e e

EXPIANALION .
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(c) Both functional groups in one molecule of Y react with an inorganic reagent to form one
molecule of Q and one molecule of methanol, CHSOH, as shown in Fig. 6.3.

Y

inorganic reagent

» Q+CH,0OH

Fig. 6.3

(i) Part of the mass spectrum for Q is shown in Fig. 6.4. Only peaks with m/e greater than
198 are shown.

relative 100
abundance

X
|

198 199 200 201
mle

Fig. 6.4
Calculate the relative abundance, X, of the peak at m/e = 201.

Show your working.
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(iv) Use Table 6.2 to describe and explain two differences between the infrared spectrum of
Y and Q in the region above 1500 cm~1.

..................................................................................................................................... [2]
Table 6.2
bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™"
C-O | 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 3200-3650
[Total: 14]
© UCLES 2024 9701/21/M/IJ/24
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Important values, constants and standards

molar gas constant R=28.31JK " "mol™’

Faraday constant F=19.65x 10*Cmol!

Avogadro constant L =6.022 x 102mol™’

electronic charge =-1.60 x 1071°C

molar volume of gas V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10-"*mol2dm~® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)
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(a) Table 5.1 shows the two peaks with the greatest m/e values in the mass spectrum of W.

Table 5.1
mle relative abundance
74 50
75 X

(i) Calculate the relative abundance, x, of the peak at m/e = 75 using the information from
Table 5.1.

(i) The mass spectrum of W also shows peaks at m/e = 29 and m/e = 59.

Suggest the molecular formulae of these fragments.

(2]
(b) Asample of W, C4H100, is heated under reflux with an excess of acidified K2Cr20., until there
is no further reaction. Only one organic product, X, is present in the mixture at the end of the

reaction.

Fig. 5.1 shows the infrared spectrum of W.

100
" |
60 l
transmittance/ %
40+
20-
0 1 ) 1 Ll I I 1
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™"
Fig. 5.1
I @ LICI FS 2024 | a7n1/22/M1.1024
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INRVA TR, - -

Fig. 5.2 shows the infrared spectrum of X.

100
804
60+

transmittance /%
404

20+
B

0
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™'

Fig. 5.2
Table 5.2
bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™

C-O | 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 3200-3650

(i) Absorption A is shown in Fig. 5.1.
Absorption B is shown in Fig. 5.2.

Complete Table 5.3 using the information given in Fig. 5.1, Fig. 5.2 and Table 5.2.

Table 5.3
. functional group
absorption bond containing the bond
A
B
(1]
I @ 1101 FS 2024 i1 A7NA/22 ML 1IP4 [Turn over I
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NIRRTy~

(ii) Complete the equation to describe the reaction of W or Y with sodium.
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(c¢) The infrared spectrum of R is shown in Fig. 5.3.

100

801 W
transmittance g
1%
40+
20+
0 1 1 T 1 1 ] 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber/cm™"

Fig. 5.3
Table 5.1
bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™"

C-O | 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 3200-3650

Use the absorptions in the region above 1500cm™~" in Table 5.1 when answering this question.

* Add F to Fig. 5.3 to identify the peak that is present in an infrared spectrum of both Q
and R. Identify the bond that corresponds to the absorption for F.

* Add G to Fig. 5.3 to identify the peak that is not present in an infrared spectrum of Q.
Identify the bond that corresponds to the absorption for G.
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(f) Compounds A, B and C can be distinguished using infrared spectroscopy.

A B C
OH OH OH

%\CN %\COOH )\

Fig. 4.3 shows the infrared spectrum of one of the compounds.

100
X
©
(&)
= |
£ 501
=
w
c
&
. +————--—r———&—+——+—
4000 3000 2000 1500 1000
wavenumber/cm™
Fig. 4.3
Table 4.1
bond | functional groups containing the bond charactgrlstlc Infrared absorptl_cin range
(in wavenumbers)/cm
C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
amide 1640-1690
C=0 | 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
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(i) Explain why the absorptions at 2850-2950cm™" are not useful to help determine which
of the compounds A, B or C produces the infrared spectrum in Fig. 4.3.

Use Table 4.1 to answer this question.

(ii) Identify which of compounds A, B or C produces the infrared spectrum in Fig. 4.3.
Explain your answer.

compound ...,

Loy (o] F= T F= T i o] o SRR TR RTRPRRSI

[Total: 11]
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Important values, constants and standards

molar gas constant R=28.31JK "mol™’
Faraday constant F=9.65x 10*Cmol™’
Avogadro constant L =6.022 x 1023mol"
electronic charge e=-1.60x10"1°C

V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V., = 24.0dm*mol~" at room conditions

K, = 1.00 x 10" "*mol2dm® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg 1K1 (4.18Jg K1)
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(e) Compound F reacts with reagent G to form compound H.

F

°© ¢
Y—.H

H

The infrared spectrum of H is shown in Fig. 4.3.

100
2
@
Q
&
£ 504
S
w
o
g
0 L Ll I I
4000 3000 2000 1500 1000
wavenumber/cm™"
Fig. 4.3
Table 4.2
bond | functional groups containing the bond charactgrlstlc Infrared absorptl_c:n range
(in wavenumbers)/cm
C—-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
amide 1640-1690
C=0 | 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
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H also shows a molecular ion peak at m/e = 60 in its mass spectrum.

() Use the information in (e), Fig. 4.3 and Table 4.2 to deduce the structure of H. Explain
your answer fully.
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(f) Compounds A, B and C can be distinguished using infrared spectroscopy.

A B C
OH OH OH

%\CN %\COOH )\

Fig. 4.3 shows the infrared spectrum of one of the compounds.

100
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©
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= |
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c
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4000 3000 2000 1500 1000
wavenumber/cm™
Fig. 4.3
Table 4.1
bond | functional groups containing the bond charactgrlstlc Infrared absorptl_cin range
(in wavenumbers)/cm
C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
amide 1640-1690
C=0 | 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
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(i) Explain why the absorptions at 2850-2950cm™" are not useful to help determine which
of the compounds A, B or C produces the infrared spectrum in Fig. 4.3.

Use Table 4.1 to answer this question.

(ii) Identify which of compounds A, B or C produces the infrared spectrum in Fig. 4.3.
Explain your answer.

compound ...,

Loy (o] F= T F= T i o] o SRR TR RTRPRRSI

[Total: 11]
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Important values, constants and standards

molar gas constant R=28.31JK "mol™’
Faraday constant F=9.65x 10*Cmol™’
Avogadro constant L =6.022 x 1023mol"
electronic charge e=-1.60x10"1°C

V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V., = 24.0dm*mol~" at room conditions

K, = 1.00 x 10" "*mol2dm® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg 1K1 (4.18Jg K1)

I © UCLES 2024 % 9701/23/0/N/24 I

Prepared by Mr Narendra Khaire & the ExamsPath Team examspath.com Page 65
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

9701 Paper 2 - Questions

Topic 21 - Analytical techniques (IR & MS)

20

- - - - - - - - - 0gee 0LET 0gee -
WniaUEImE| wnijagou (TETEIE winuus s 1 I wnuny I I 1l wnien wingaejoid wnuouy wnsugoe
" ON PN w4 s3 10 1g wo wy nd dN n ed ulL o splounoe
€01 0l Lok ool 66 26 16 o6 S6 ¥6 €6 26 (1 06 62
0GLL LELL 6891 €491 69l SZ9L 6851 £L51 0Zst ¥ osL - A s 60rL Lork 68EL
wngEn| wrigEps g wigE oy wniscudsip wnegE; wnujoped wrsdoune WNUBELLES 1 d 1 T winus WNUEYIE|
ni aA wi 13 OH Aa a1 PO n3 wg wd PN id 8D e Sploueljue|
(%2 04 69 89 19 99 59 9 £9 9 [5:] 09 65 85 s
" L I Wn|ADISY wniuoyu wnawadon 1 L wnissey wnuyog wmbicgeas wnugnp WIN|psopeyIng wnipes winjouely
60 S| A N 14 UN ug 6y s@ n SH ug Bs qa Ji poupe | BY Ei
gLl L1 =101 5Ll Fil £LL A 133 oLk 601 801 0L a0l 501 0L E£0L-68 a8 L8
- - - 0602 2L02 ¥¥0E ao0g L6l L'S6L 226l 2061 [4: 11 2e8l 6081 SBLL £LEL 6'ZEL
uopel sugese wnjuojod pnwsig pes| wnjjEey) EALLICT peob winugepd winypuy wnuwso ALy ussBuny winjejwe) wnsupey wnueq wn|saEa
uy w od g9 ad 1L 6H ny id | SO oy M Bl iH spoveuE eg S0
a8 58 v8 £8 fitc] Lg 08 6L 8L 1L -7 =71 L £L 2L Li-i5 85 56
£lel 6921 oLZ) gzl L8k Ll ¥ELL 5L0L o0l 6201 Lok - B'G6 6'Z6 2’6 682 9l8 5'G8
uousx sujpol winynjjE fuownue ui wnipuy wniwpes anE wnipeyed wnipoy wnusyin wnpeuyssl | wnuspadow wnigow wniuoE wnimAi wnnuoss winipigrs
X I |l qs us ul PO By Pd Uy nd A O aN 1z A 18 94
] £5 25 LS 05 i1 a8 iy aF S ¥t £ it 13 oF GE 8E LE
28 B8 8L EFL 9TL 169 'e9 G'E9 188 685 255 B'FS 0Zs 605 B'LF 0S¥ Lok L'BE
uopdisyg aunw0Ig wnius|es RETEET wneuuss wriped auE saddon [CEEm Jlegoa 1] " I wniuE wnipueos wniajes wnissejod
™ ig 88 sy 29 €O uz no N 0D o4 UN 10 A 1L 98 ed A
8g SE ¥E £E ZE LE 0f 62 8¢ g 8z 52 ¥ £ (44 74 0z Gl
B6E 5'sE LzZe oLe (5 0Lz 38 74 0ez
uofue Bulcys nyns sruoydsoyd ugals wruwngE N w r _. O w @ w N @ m ‘W m wrnigsubew wnipos
N 1D S d IS v 6w EN
8l Li ] St ¥l £l 4% LE
20z 06l el 0wl ozl 201 SSEL JIWOIE BAlE|D] [ 69
uosu suuony uabifxo uaBasu uogres ucsog swey winipfsag |
SN E| 0 N o) g loquwiAs oiwoje ed 1
ok 5] 8 L 9 S Jaguunu Jnucje t £
0¥ oL
wnEy uaboupfy h&!
9H H
[ I
gt | o o | a | n | e z !
dnoig

SJUdWF Jo 3|qeL dIPoUd AL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series

9701/23/0/N/24

<
o
=
~
w
L
=
[&]
]
©

Q4 (f)(i), (i) (cont.)

Oct/Nov 2024 9701/23

Page 66

examspath.com

RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play

Prepared by Mr Narendra Khaire & the ExamsPath Team


https://examspath.com/

Topic 21 - Analytical techniques (IR & MS) 9701 Paper 2 - Questions

(d) Compound D contains carbon, hydrogen and chlorine only.

Fig. 1.2 shows the mass spectrum of D.

1001 L
80
60
abundance/% 40: ,
20
o +---++-+-------——+-+-+---r----——+—+r--——rHr-
20 30 40 50 60

mle

Fig. 1.2
(i) Explain the relative abundance of peaks 1 and 2 in the mass spectrum in Fig. 1.2.
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(c) Predict two absorptions that will be seen in the infrared spectra of both vitamin C and Q.
Describe the relevant bond and the specific functional group that is responsible for each
absorption identified.

vitamin C Q
OH OH
HO O.__0 HO 0.0
HO OH O 0
Fig. 4.3
............................................................................................................................................. [2]
[Total: 9]
Table 4.1
bond functional groups containing characteristic infrared absorption range
the bond (in wavenumbers)/cm™
c-0 hydroxy, ester 1040-1300
C=C aromatic compound, alkene 1500-1680
Cc=0 amide 1640-1690
carbonyl, carboxy! 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 3200-3650
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(iii)

The progress of the reaction of vitamin C with I,(aq) to produce M is monitored using

infrared spectroscopy.

Table 5.1 indicates the presence of some absorptions in the infrared spectrum of vitamin C.
Complete Table 5.1 to predict which of these absorptions, if any, are present in the

infrared spectrum of M.

I © UCLES 2025

Table 5.1
. 1 present in spectrum | presentin spectrum
absorption/cm of vitamin C of M
1500-1680 v
2850-2950 v
3200-3650 v
(1]
Table 5.2
bond | functional groups containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™"
C-O | 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 3200-3650
[Total: 5]
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Important values, constants and standards

molar gas constant R=28.31JK "mol™’

Faraday constant F=9.65x 10*Cmol™!

Avogadro constant L =6.02 x 102mol™’

electronic charge e=-1.60x10"1°C

molar volume of gas V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10-*mol2dm~® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg™' K" (4.18Jg7TK™)
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(v) Fig. 5.3 shows the structure of Z.
Fig. 5.4 is the infrared spectrum of Z.

100
80 M
C
60
transmittance / %
40- A
20
Ug D
0 T T l T T T T 'I T T T T [ T T T T 'I T T T T I T T T T I T T T T
3500 3000 2500 2000 1500 1000 500
wavenumber/cm™!
Fig. 5.4

Identify the bond and functional group responsible for each of the absorptions labelled A,
B, C and D in Fig. 5.4.
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Table 5.2
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 3200-3650
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(¢) The mass spectrum of hydrocarbon R is recorded.
Information about the two peaks with m/e greater than 135 is shown in Fig. 6.1.

A 100

relative
abundance

11.0

136 137 138 139
mle

Fig. 6.1
(i) Use Fig. 6.1 to deduce the number of carbon atoms in a molecule of R.

Show your working.

number of carbon atoms = ........cccoeceieeeiiiinnn [2]
May/June 2025 9701/24 - Q6 (c)(i)

(iii) The relative isotopic masses of the isotopes of Cr can be determined using mass
spectrometry.

State what other information is needed to calculate the relative atomic mass, Ar, of Cr.
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(i) The infrared spectrum of W is shown in Fig. 3.3.

100

transmittance /% 50

rrrr[rrrr|rrrrprrrr[ ¥t T T

G Ll T
4000 3000 2000 1500
wavenumber/cm™!

1000 500
Fig. 3.3

Identify two absorptions in the infrared spectrum of W that would not be present in the
infrared spectrum of cyclopentene.

*  Write 1 or 2 on Fig. 3.3 against each of these two absorptions.
*  Complete Table 3.2 to show which bond is responsible for each absorption that you
have identified in Fig. 3.3.

Table 3.2

absorption 1 2

bond responsible

(2]
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Table 3.3
bond | functional groups containing the bond charactgrlstlc infrared absorptl_cin range
(in wavenumbers)/cm

C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680

amide 1640-1690
C=0 | 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 3200-3650

[Total: 13]
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)

Oct/Nov 2025 9701/21 - Q3 (e)(ii) (cont.

(ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

100
80
60—
relative abundance
404
20
0 Ly -Ill |||||I I-I il
LR RAARLRRLLS RAALLLLLL | LR B H R | AR R
10 20 30 40 50 60 70 80
mle
Fig. 4.2

Identify which of X and Y gives this mass spectrum.

Give one reason for your answer, referring to the fragmentation pattern.
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(i) The infrared spectrum of S is shown in Fig. 4.2.

100

transmittance /% 50

4000 3000 2000 1500 1000 500

wavenumber/cm™’

Fig. 4.2

Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is
unsaturated.

*  Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

*  Complete Table 4.1 to show which bond is responsible for each absorption that you
have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

(3]
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S

Table 4.2

bond | functional groups containing the bond charactgrlstlc Infrared absorptl_cin range
(in wavenumbers)/cm
C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
amide 1640-1690
C=0 | 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 3200-3650

(iii) The mass spectrum of S shows the following peaks.

I © UCLES 2025

Table 4.3
peak relative abundance
m* 4.7
M+1]* 0.31

Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atOMS N S = .. e

[Total: 16]
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Important values, constants and standards

molar gas constant R=28.31JK "mol™’
Faraday constant F=9.65x 10*Cmol™’
Avogadro constant L =6.02 x 1023mol"
electronic charge e=-1.60x10"1°C

V,, = 22.4dm3mol~" at s.t.p. (101kPa and 273K)
V., = 24.0dm*mol~" at room conditions

K, = 1.00 x 10" "*mol2dm® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg K1 (4.18Jg K1)
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(i) The infrared spectrum of W is shown in Fig. 3.3.

100

transmittance /% 50

rrrr[rrrr|rrrrprrrr[ ¥t T T

G Ll T
4000 3000 2000 1500
wavenumber/cm™!

1000 500
Fig. 3.3

Identify two absorptions in the infrared spectrum of W that would not be present in the
infrared spectrum of cyclopentene.

*  Write 1 or 2 on Fig. 3.3 against each of these two absorptions.
*  Complete Table 3.2 to show which bond is responsible for each absorption that you
have identified in Fig. 3.3.

Table 3.2

absorption 1 2

bond responsible

(2]
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Table 3.3
bond | functional groups containing the bond charactgrlstlc infrared absorptl_cin range
(in wavenumbers)/cm

C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680

amide 1640-1690
C=0 | 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 3200-3650

[Total: 13]
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Oct/Nov 2025 9701/23 - Q3 (e)(ii) (cont.)

(vi) The mass spectrum of R shows peaks at m/e = 150 and m/e = 152.

Suggest structures for the ions responsible for these peaks.

peak at m/e = 150 peak at m/e = 152

(2]
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