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Question 1

(a) Arrange the following radiations in increasing order of wavelength; UV, X-rays,
Radio waves, Infrared, visible
(3]

(b)Y A 0.01M solution of a compound transmits 20% of radiation in a container with a
path length equal to 1.5 cm. Calculate the molar extinction coefficient (g) of the
compound.

[4]

(c) Calculate the absorption maximum (Amay) in the ultraviolet spectrum of 2,3
dimethylene bicycle [2, 2, 1] heptane.

X

{(d) Calculate the absorption maximum (hnay) for the three steroid structures below;

[4]

CoHqg CgHyg CgH47
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[6]

(e) Propose plausible IR absorption bands and m/z of the products.

(i)
/\H/ 1. NaBH4 >
2. H0*
O 3
(ii)
@]
1. CHaMgBr >
_ % {
2. H30+
(iii)

1. KMnQOy, O .
2. heat, H;0F

{6]




Question 2

(a) Suggest how pentan-2-one and pentan-3-one could be distinguished in a mass
spectrum. Write equations to show the formation of any important fragment ions.

(6]

(b) What are mass-to-charge ratios (m/z) for the three biggest peaks in the mass
spectrum  associated with the intact, unfragmented molecular ion of

dichlorobenzene?
[4]
(c) Name any five applications of IR spectroscopy.
(5]
(d) Determine the molecular formula and possible structures for each unknown based
on the given spectra. o]
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Question 3

(a) The integrated "THNMR spectrum of a compound of formula C4H;0 is shown
below. Examine the spectrum, interpret all signals and propose a structure, [8]

Chem. Rel. | : }
shift area : [ ,f.% S
122 150 i i
3.49 1.00 H
& I T S
'@
c
n
=] y
™S
i . BN
10 9 8 7 6 5 4 3 2 1 0 ppm

Chamical shift (5}
Figure X; The Intergrated 'THNMR Spectrum of C4H o0

(b} Propose a structure for an aromatic hydrocarbon, C1Hs, that has the following
“C NMR spectral data:
Broadband decoupled: 29.5, 31.8, 50.2, 125.5, 127.5, 130.3, 139.8 6

DEPT-90: 125.5, 127.5, 1303 3
DEPT-135: positive peaks at 29,5, 125.5, 127.5, 130.3 8; negative peak at 50.2 8
[91

(c) Compound A, C4HzOs3, has infrared absorptions at 1710 and 2500 to 3100 cm”
and has the 'H NMR spectrum shown below. Propose a structure for A.
(8]
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Question 4

(ay The IR spectra of four (4) compounds are provided below.

TRANSMITTANCE
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with the correct compound.
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(b) A compound with the formula C4HsO, was subjected to mass spectrometry and
found to give a base peak m/z = 73, In addition to a molecular ion peak at m/z =
88. The infra~red analysis of the molecule showed a sharp peak at 1710 cm™,
'HNMR of the molecule yielded the following peaks;

Chemical Shift Splitting Integrating Factor
1.10 Triplet 3
2.01 Singlet 3
4,10 Quartet 2

Deduce the structure of the molecule and account for the formation of all the

peaks in the spectra.

8]

(¢} Predict the splitting patterns you would expect from each proton in the following

Cle_~_.Cl

(d) Name four (4) factors that influence the chemical shift.

molecules.

Question 5

(3]

[4]

(a) Predict the structure of a compound with the formula CsH;NO, that best fits the
IR and 'HNMR spectra below;
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(b) Draw the structure that best fits the following spectra
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[10]
(c) Draw the structure that best fits the following spectra;
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Question 6
(a) Draw the structure that best fits the following spectra
(10]
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1
(b) Using only H NMR spectroscopy, how would you conclusively distinguish
between all 3 isomers (ortho, meta, and para) of bromophenol? Be as specific as
necessary in order to differentiate ortho from meta, meta from para, and ortho

from para.
[10]

(¢c) Calculate the Index of Hydrogen deficiency of the following compounds.
(1) CeHsN20O
(i)  CosHsO
(i) C4H5IS
(IV) Col; |IN205
(V) Cy ;H]zClQNQOS
[5]




TABLE 1.3 Relative Isotope Abundances of Common Elements.
Relative Relative Relative
Flements Isotope  Abundance Isotope = Abmmdance  Isotope  Abundance
Carbon Iz 100 B3C 1.11
Hydrogen 51 100 H 0.016
Nitrogen N 100 5N 0.38
Oxygen e 100 170 0.04 30y 0.2
Fluorine g 100
Silicon EURY! 100 LAY 5.1 303 3.35
Phosphorus Hp 100
Sulfur 29 100 SN 0.78 Mg 4.4
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