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11.1 Spectroscopic Identification

Question Paper

Course DPIB Chemistry
Section 11.Measurements & Data Processes
Topic 11.1 Spectroscopic Identification
Difficulty Easy
Time allowed: 40
Score: /33
Percentage: /100
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Questionla

?:wee isomers of pentane are shown below.
A CH,—CH,—CH,—CH,—CH,
B CH,—CH,—CH—CH,
th,
CH,
c CH3—(|3—CH3
h,
Give the [IUPAC names of isomers Band C.

(2]

[2 marks]
Question1b
b)
Predict the number of different hydrogen environments in each of theisomers from part (a).
[3]
[3marks]
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Questionlc

c)
The displayed formula of propanalis shown.

H H 0
| |y

H—C—C—C/
Y
H H

State the number of 'H NMR signals that would appearin the 'H NMR of propanal and state the ratio of the area under the
peaks in which they would appear.

(2]
[2 marks]
Question 1d
d)
Propanal and propanone, shown below, both have the same molecularformula CzH4O.
0]
H,C CH,
Explain how propanone gives a different TH NMR spectrum comparedto propanal.
(2]
[2 marks]
Questionle
e)
Using section 27 of the data booklet, state the chemical shift for the 'H NMR of propanone.
)
[1mark]
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Question 2a
a)
Using section 27 of the data booklet, state the chemical shift forhydrogens aandb in the 'H NMR of propanal.
H H 0
|l | 7
H—C—C—C
a | | AN
H H H
b
[2 marks]
Question 2b
b)
The structure of the amino acid glycineis shown below.
|
H,N —clc— C—OH
H O
State the number of peaks found in the 'H NMR spectrum of glycine.
(]
[1mark]
Question 2¢
c) Statetheratio of the areas underthe hydrogen peaks for glycine.
[
[1mark]
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Question 2d
d)
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The chemical shift for the protons in the NH, protons in glycineis 1.0 - 4.5 ppm.
Using section 27 of the data booklet, predict the other 'H NMR chemical shifts for glycine.

Question 3a

a) Deducethe hydrogen deficiency of but-1-ene.

Question 3b
b)

Phenolacid has the molecularformula C4H4O.
Deduce theindex of hydrogen deficiency of phenol.

SN

/C=C—(|)—(|)—H

H H H
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Question 3¢

c)
Under certain conditions, butan-1-ol can be oxidized to the compound with the infrared spectrum shown below.

80
60
Transmittance
! %
40
20
0..............;.I........I.......

3000 2000 1000
Wavenumber / cm™

Using section 26 of the data booklet, state the name of the compound that has produced the spectrum shown.
)
[1mark]

Question 3d

d)
State what the molecular (parent) ion, M* peak, in the mass spectrum of a hydrocarbon containing '?C and 'H represents.

[
[1mark]
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Question 4a

a) Geraniolis an organic molecule that contains alkene and alcohol functional groups.

The mass spectrum of geraniolis shown below.

100:

80:
60 —
g

-
40—_

Relative intensity

20

0'0- l . |.|l| |II| i"l “, |.||].||| |||||ln[ ,|..=|. II.‘. —LL -

1
0.0 40 80 120 160
m/z

i) Statehow this mass spectrum can be usedto confirm the molarmass of geraniol. [1]

i) Givetheformula of anionthatcouldberesponsible forthe peakatm/z=69.[1]

[2 marks]

Question 4b

b)
Asample of propan-2-olwas heated underreflux with potassium dichromate(VI) acidified with sulfuric acid, and then the
mixture was distilled.
Apart from the peaks due to the C—C and C—H bonds, what peak(s) would be present in the infrared spectrum of the
distillate.

1]
[1mark]
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Question 4c
c)
The compound shown below can be analysedto obtain infrared and mass spectra.

HRR
H-G -GGG -GG GH
HHHHHHMH

Using section 28 of the data booklet, suggest the molecular formulae of theions responsible for peaks in the mass
spectrum with the following m/e values.

i) 150
i) 100[1]

[2 marks]

Question 4d
d)
The mass spectrum shown below was obtained for propanal, CHzCH,CHO.

100 4

B0 4

B0+

40 4

RELATIVE INTENSITY

204

nq....ll...l........l.. “......“..lf......‘..... ]l -

ettt
0 15 20 25 30 35 40 45 50 55 60 85 VO VS P
mie

i) Usethemass spectrum to show that the empirical and the molecular formulae of the compound mentioned are the same.
(1]

i) Usingsection 28 of the data booklet, suggest the species responsible forthe peakatm/z=29.[1]

[2 marks]
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a) This questionis about someisomeric alcohols with the molecular formula CsH;,0.

Some alcohols were heated with potassium dichromate(VI) and sulfuric acid. The organic compounds were separated
from the reaction mixtures and purified.

Theinfrared spectra of two of these organic compounds are shown below.

Compound Y

100

Transmittance (%)
=
|

{\

[} e T —
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Wavenumber (cm™)
Compound 2
100
= 4
Y 4
o
g
£ 504
£
5 J
| =
o
h 1
o+
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Wavenumber (cm™)

Using section 26 of the data booklet, deduce the type of compound responsible foreach spectrum.

Includeinyouranswerreferences to wavenumbers and their corresponding bonds.

[2]
[2 marks]
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Question 5b
b)

State whatis meant by the term ‘fingerprint region’ oninfrared spectra and explain how this can be used to identify primary,
secondary and tertiary halogenoalkanes.

(2]

[2 marks]

Question 5¢

c) Theinfrared spectrum a student obtained of an organic molecule which contains carbon, hydrogen and oxygen atoms is

shown below.

100
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Use section 26 of the data booklet andinformation from the infrared spectrum to explain how the student deduced that
the spectrum shows the presence of a carbonyl group.

[
[1mark]
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Question 5d

d) Inanexperiment to prepare a sample of ethanal, CHzCHO, ethanol, C,HsOH, is reacted with acidified potassium
dichromate (VI) and the reaction mixture is distilled. The infrared spectra for ethanol and ethanal are shown below.
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i) Statethebonds thatgiverise tothe absorption in the ethanol spectrum at 3400 cm~'and the absorption in the ethanal
spectrumat 1720 cm™. [1]

i) Explain why the absorption at 3400 cm™'in the ethanol spectrum does not appearin the spectrum for ethanal. [1]

[2 marks]
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