Past-paper walk-through

Infrared spectroscopy = 22.1

eXercise



Past-paper walk-through

Questions in this set

m 9701/12 N25 Q40 = 1 mark
m 9701/22 N25 Q4 = 16 marks



Past-paper walk-through

Reading the mark scheme

m (B1) a mark that stands on its own — the point is either made or not.

m (M1) a method mark: the right approach, even if the number is wrong.

m (A1) an answer mark, and it usually needs its M mark first.

m (C1) a working mark on the way to the answer.

m // separates answers the examiner accepts equally.

m ecf = error carried forward: a later part is marked on your own earlier answer.

m owtte = “or words to that effect” — the wording need not match.



Past-paper walk-through

Question 40

9701/12 N25 = Q40 = 1 mark

40 The purity of a compound can be determined using infrared spectroscopy.

The table gives the characteristic infrared absorption frequencies for some selected bonds.

bond | functional groups containing the bond charactelristic infrared absorptiﬁm 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

Propan-2-ol is made by hydration of propene. A sample of the product is obtained.

Which feature of the infrared spectrum of the product would show that no propene remains in the
product?

absorption in the 2900 cm™ region

B strong absorption below 1000 cm™
C the lack of absorption at or near 1250 cm™
D the lack of absorption at or near 1550 cm™



Important values, constants and standards

molar gas constant R=8.31JK"mol™

Faraday constant F=9.65x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge e=-160x10""C

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

V., = 24.0dm*mol™" at room conditions

ionic product of water K, = 1.00 x 107" mol?dm™ (at 298K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)
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Past-paper walk-through

Solution 40

I Answer: D

Why
m Each functional group absorbs in its own characteristic wavenumber range.

m An impurity shows up as an absorption that the pure compound’s groups
cannot account for.

m So match every observed peak against the table, and look for one that the
intended structure cannot explain.
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Question 4

9701/22 N25 = Q4 = 16 marks

4  Fig. 4.1 shows how propane, C;H,, can be converted to propanoic acid, CH;CH,COOH.

reaction 1 reaction 2 reaction 3
C;Hg — > CH,CH,CH,Cl —— > CH,CH,CH,OH —— > CH,CH,COCH

Fig. 4.1
(a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.
C;Hg + Cl, » CH,CH,CH,CI + HCI
The reaction takes place via initiation, propagation and termination steps.

(i) Name the mechanism shown by reaction 1.



(ii) Complete the mechanism for reaction 1.
Construct equations to describe the steps of the mechanism.

initiation Cl, — 2Cl»









[3]
(iii) Reaction 1 is initiated by the bond fission of C,.

State the type of bond fission shown in the initiation step.



(iv) Compound Q is a by-product of reaction 1.

Q
H Cl H

H—C—C—C—Cl!

H H H

Name Q.



(v) The molecular formula of Q is C;H;CL,.

Identify the types of structural isomerism and stereoisomerism that a molecule with
molecular formula C;HgCl, can show.






[2]

(b) State the reagent and solvent required for reaction 2.



(c) Reaction 3 takes place when CH;CH,CH,OH is heated under reflux with acidified potassium
dichromate(VI) solution.

(i) State the colour change that takes place in the reaction mixture.



(ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen
from the oxidising agent.



(d) CH4CH,COOCH reacts with an unsaturated alcohol R to form unsaturated ester S.

(i) State the type of reaction that forms S.



(ii) The infrared spectrum of S is shown in Fig. 4.2.



VT T T T T T T T
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




131



Table 4.2
bond | functional groups containing the bond characte_rlstlc infrared absorpt|_c1>n 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
ot | carbory 2500-3000




| nyaroxy 32UU—305U



|- - 1

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

Table 4.3
peak relative abundance
M* 4.7
[M+17* 0.31

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



[Total: 16]

Important values, constants and standards

molar gas constant R=8.31JK"mol
Faraday constant F=9.65x 10*Cmol"
Avogadro constant L =6.02 x 102 mol!
electronic charge e=-1.60x107"°C

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

K, =1.00 x 10~ mol?dm=® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg ' K" (4.18Jg 1K)
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Solution 4

(a)(i)
m free-radical substitution
ml
= 9701/22
m October/November 2025
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Solution 4

(a)(ii) Mark scheme

M1 C3H8 + CI — CH3CH2CH2 + HCI

OR C3H8 + CI — C3H7 + HCl (m2
CH3CH2CH2 + CI2 — CH3CH2CH2CI + ClI
m OR C3H7 + CI2 — C3H7Cl + CI etc (M3

m CH3CH2CH2 + CI — CH3CH2CH2CI

m OR C3H7 + CI — CH3CH2CH2C|

m3
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Solution 4

(a) (i)

m homolytic
ml

(a)(iv)

m 1,2-dichloropropane
ml
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Solution 4

(a)(v)
m M1 (type of structural isomerism) positional (M2
m (type of stereoisomerism) optical
m?2
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Solution 4

(b)

m sodium hydroxide AND water
ml
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Solution 4

(c)()

m orange to green
ml

(c)(ii)

m CH3CH2CH20H + 2[0] — CH3CH2COOH + H20
ml
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Solution 4

(d)(i)

m condensation
ml



Past-paper walk-through

Solution 4

(d)(ii)
m M1 absorption labelled at approx. 1750 cm-1 identified as C=0 (M2
m absorption labelled at approx. 1650 cm-1 identified as C=C (M3
m absorption labelled at approx. 1170 cm-1 identified as C—O
=3
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Solution 4

(d)(iii)

m (0.31/4.7 x 100 /1.1) = 6 carbon atoms
ml



