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21.1 Spectroscopic Identification of Organic
compounds

Question Paper

Course DPIB Chemistry
Section 21.Measurement & Analysis (HL only)
Topic 21.1 Spectroscopic Identification of Organic compounds
Difficulty Easy
Time allowed: 60
Score: /43
Percentage: /100
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Questionla

a)

Threeimportant analytical techniques in the chemist's toolkit are Mass Spectrometry, MS, Infrared Spectroscopy, IRand
NuclearMagnetic Resonance Spectroscopy, NMR.

Foreach techniqueidentify the characteristic chemicalinformation provided.

(3]
[3 marks]
Question1b
b)
Foreach of the following, identify their significance in an '"H NMR spectrum: number of peaks, area under each peak,
chemical shiftand splitting patterns.
[4]
[4 marks]
Questionlc
c)
'H NMR spectroscopy uses tetramethylsilane. State its formula and purposein'H NMR spectroscopy.
(2]
[2 marks]
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Question1d
d)
State three advantages of using TMSin an 'H NMR spectrum.
(3]
[3marks]
Question 2a
a)
Part of the 'H NMR spectrum of an organic compoundis shown below:
18
06
0.2
_‘“pc [ |z
4 3 2 1 0
5 (ppm)
Determine the number of unique hydrogen environments
(1
[1mark]

Question 2b
b)
Deduce the whole numberratio of the hydrogen environments in the spectrum.
(1]
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[1mark]

Question 2¢c
c)
State the splitting patterns presentin the spectrum and suggest whatinformation could be obtained from the patterns.
(4]
[4 marks]
Question 2d
d)
Assign peaks X, Y andZ to the correctlocation shown in the compound:
C
[ g
Fjo—g—¢—cHj
S Cl CH,|
(2]
[2 marks]
Question 3a
a)

Outline what chemicalinformation can be obtained aboutinorganicionic substances and complex organic molecules from

X-ray crystallography studies.
[2]
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[2 marks]
Question 3b
b)
Explain why X-ray crystallography is not very useful forcompounds containing hydrogen.
[2]
[2 marks]
Question 3c
c)
Suggest anotherlimitation of X-ray crystallography for organic compounds.
(1
[1mark]
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Question 3d

d)
An electron density map obtain from the X-ray crystallography of copper metalis shown below:

Usethe diagramto estimate theradius of a copperatom. The units are nm.
[1]

[1mark]
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Question 4a

a)

An organic molecule with molecular formula C,H,Ois analysed usingMS, IRand'H NMR. Use section 26, 27 & 28 of the Data

booklet to help you answer this question.
The MSis shown below:

100
80
60
Relative intensity

40-

20

0_ L T T T T
25 50 75 100 125
m/lz

Determine therelative molecular mass from the spectrum and account forthe peak at m/z29.

Question 4b

b)
The IR spectrum of the same compoundis shown below.
100

Transmittance % 50

] T . T . T
4000 3000 2000 1500 1000 500
Wavenumber
Identify the functional group responsible for the peak at X
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[2]
[2 marks]

(1]
[1mark]
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Question 4c

c)
The 'NMR spectrum of CoH40 is shown below:

Account forthe peaks at2.2 ppmand 9.8 ppm andtheirrelative areas.

(3]
[3marks]
Question 4d
d)
Deduce the displayed structure of this compound from the spectroscopic information.
[1]
[1mark]
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Question 5a

a)
The MS of compoundP is shown below. Compound P contains carbon, hydrogen and oxygen only. Use section 26, 27 & 28 of
the Data booklet to help you answer this question.

100

80

Relative
intensity
40

201

0 l | . |l| . ||||||
10 15 20 25 30 35 40 45 50 55 60
m/z

Determine therelative formula mass of P and account forthe peak at m/z45.

[2]
[2 marks]
Question 5b
b)
The IR spectrum of Pis shown below.
100
Transmittance % 50
0 : . T T T
4000 3000 2000 1500 1000 500
Wavenumber
Usethe spectrum and youranswerto part a) to deduce a functional group that could be presentin P.
(2]
[2 marks]
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Question 5¢

c)
The THNMR spectrum of P is shown below.

T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0

ppm

Deduce whatinformation can be found from the spectrum.
(2]

[2 marks]

Question 5d
d)
Astudent suggests that Pis propan-1-ol. Evaluate all the evidence from the spectra and determine whether the studentis
correct.
[4]
[4 marks]
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