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QUESTION ONE (30 MARKS)

a) Differentiate between the following
1. Wavelength and Wave number
ii. Chromophore and Auxochrome

b) Determine index of hydrogen deficiency for the following compounds

i. CsHiz
ii. CsHsBr
iil. CsHi1N3

1v.  C¢HsBr20s
¢) State any four application of UV-VIS spectroscopy

(4 marks)

(4 marks)

d) Predict the number of peaks that you would expect in proton-decoupled 13C spectrum of

each of the following compounds
(a) (0]
CH;—C—0—CH,—CH;

(b) Q

l
C/C_OH
.
Br

() o) (d)

i
C—0R /O/CH_\
; CH
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e) Define the following terms as used in Mass spectrometry

i.  Molecular ion peak
ii. Base peak
iii.  Radical cation
iv.  Fragmentation ion

(4 marks)

(4 marks)

f) Briefly describe the processes and instrumentation involved in electron impact ionization

techniques used in mass spectrometry

(3 marks)

g) The spectrum seen here was taken as a KBr pellet and belongs to a compound with the

formula C2HsO.




QUESTION TWO (20 MARKS)

a) A proton has resonance 90 Hz downfield from TMS when the field strength is 1.41 Tesla
and the oscillator frequency is 60 MHz

i. What will be its shift in Hertz if the field strenght is increased to 2.82 Tesla and the
oscillator freqency is 120 MHz (3 marks)

ii. What will be its chemical shift in parts per million (8) (3 marks)

b) Provide a structure of a compound having molecular formula CsH,00; that is consistent with the
following spectra.

Show your work by assigning all the relevant peaks in IR and NMR spectra (12 marks)
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QUESTION THREE (20 MARKS)

a) Show that
My, = "
) 2V (5 marks)

b) An unknown compound has the mass spectrum shown below. The infrared spectrum of
the unknown shows significant peaks at

3102 em™ 3087 3062 3030 1688
1598 1583 1460 1449 1353
1221 952 746 691
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low is for an ester compound the formula CsHsOs. Provide its structure
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Determine the identity of the compound.

h) The HNMR spectrum be
(3 marks)




b) Below are the IR spectra A and B for two of four compounds
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With reason, determine which spectrum belong to which compound (8 marks)

¢) Below is the mass spectrum of 2-butanone. Explain the large peak at 43 and the small peak at 73
(6 marks)

e .

f! }-4 T ¥ !Irfl'vtr‘|1lli=

i
¥ ¥ f ¥
L] - ] 20 b g b { o h 3 0 i 50 o5 GO os O e

-




There is also a band from aliphatic C-H stretching from 2879 to 2979 cm’!
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Deduce the structure (15 marks)

QUESTION FOUR (20 MARKS)

a) The '"H NMR of this compound should have four signals. Predict the splitting patterns

(singlet, doublet, doublet of doublet etc) you would see for each signal (4 marks)
"""" ~H H H=
CH
Br N -
H
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A SIMPLIFIED CORRELATION CHART
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APPROXIMATE CHEMICAL SHIFT RANGES (PPM) FOR SELECTED TYPES OF PROTONS®
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