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Question 1 [6 marks]

Answer all the questions below:

Pure hexane has negligible ultraviolet absorbance above a wavelength of 200 nm. A
solution prepared by dissolving 25.8 mg of benzene (CsHs) in hexane and diluting to 250.0
mL had an absorption peak at 256 nm and an absorbance of 0.266 in a 1.000 cm cell.

(a) Define UV-Vis Spectrophotometer. (2)

(b) Find the molar absorptivity of benzene at this wavelength. (2)

(c) During a gravimetric analysis of the same solution, the benzene was extracted and
dried, yielding a residue of 0.0235 g. Verify whether the concentration determined
gravimetrically matches the concentration based on UV-Vis spectrophotometric
measurements. (2)
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Question 2 [20 marks]

UV-Vis spectroscopy plays a critical role in monitoring the concentration of chemical

substances, ensuring product quality, and optimizing production workflows.

Mirror
— 4 L. Reference
\ 7 LA/ Mirror
/ ——;40 [B] Output
g
. Data 3
slit Processing 2
' , < Wavelength
§ Bt _/Beam .)
| Slit & Splitter B
lA] Sample
(Daniel C. Harris, 2015)
(a) Explain the working principle of a spectrophotometer in detail. (4)
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(b) Identify components (A) and (B) in the UV-Vis spectrometer diagram. Explain their
specific roles in spectrochemical analysis. (4)

(c) Identify the types of radiation emitted by each lamp (UV or visible) in the diagram and
explain the difference between the two types of radiation. (3)
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(d) Analyze the figure below, which illustrates the preparation of standard solutions for UV-
Vis analysis. Using the given information, calculate the concentrations of samples X
and. (5)

6 mL of sample

6 mL 6 mL 6 mL
Molar mass= 250g/mol
Mass= 0.0150 g 1L /mﬁm

6 mi of water 6 ml of water 6 ml of water 6 ml of water

(trinset, 2024)
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(e) The calibration curve shown below prepared using a standard solution, is utilized for
quality control and process optimization in industrial applications involving methylene

blue.
25
2..
1
3
S 1854
&
©
£
w
= y =0.5175x + 0.0137
0.5 R?=0.9952
I (Daniel C. Harris,2015)
0"‘ T 1 . T T
0 1 2 3 4

Concentration of MB x10°% (M)

i. Explain the purpose of a calibration curve and describe how to construct one using a
standard solution. (2)
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A methylene blue sample solution has an absorbance of 0.528 (a.u.) after being
diluted by a factor of two. Calculate the concentration of the original solution before
dilution. (2)
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Question 3

[6 marks]

Chromatography is a fundamental technique in analytical chemistry. Refer to the diagrams
labeled A and B, which represent two types of instrumental chromatography, and answer

the following:

=” PC for Data
Acquisition

(Daniel C. Harris, 2015)

il V1
) |
} HPLC Column
M ‘ - rq
y p‘ w= Injector \
& coq= -—
Solvent Pump Detector Waste
'z
Sample ¥
Gas flow . Injector
regulator 7 pont .
= \ L._I Detector
Q Column
‘ “
| LA
Waste
Computer
Carnier gas Data analysis

(a) Identify the techniques represented in diagrams A and B.

(b) Explain the working principles of technique B.

(Daniel C. Harris, 2015)

(2)
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(c) Compare the two techniques, highlighting their key differences. (2)
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Question4

[ 4 marks]

An elemental analyzer is used to determine the composition of a coal sample before it is
used in a power plant. The chromatogram shows peaks for N,, CO,, H20, and SO..

1mV

Detector response ——»

0 180 360
Time (s)

720

(Daniel C. Harris, 2015)

(a) Based on the diagram, Calculate the retention time for each compound (N,, CO,,

and SO,).

(b) Find the relative retention (a).
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Question 5 [4 marks]

Among the three organic compounds (cyclopentanol, 2-hexanone, and carboxylic acid)
identify which molecule corresponds to the IR spectrum (1) and which corresponds to the
IR spectrum (2). Provide reasoning based on key functional group absorptions observed in
the spectra.

OH )

A~

cyclopentanol 2-hexanone carboxylic acid
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(Ashenhurst, 2016)

(1)
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0.8

0.4

0.2

0.6

3000 2000 1000

Wavenumber (cm-1)

(2)

(Ashenhurst, 2016)
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Functional Group

Wavenumber Range (cm™)

O-H (Alcohol) 3200 - 3600
O-H (Carboxylic Acid) 2500 - 3300
C—H (Alkanes) 2800 - 3000
C—H (Alkenes) 3000 - 3100
C—H (Aromatic) 3000 - 3100
C=0 (Ketone) 1650 - 1750
C=0 (Aldehyde) 1700 - 1750
C=0 (Carboxylic Acid) 1700 - 1725
C=0 (Ester) 1735 - 1750
N-H (Amine/Amide) 3300 - 3500
C=C (Alkyne) 2100 - 2260
C=N (Nitrile) 2200 - 2260
C=C (Alkene) 1600 - 1680
C—O (Ester, Ether) 1000 - 1300
Aromatic Rings 1450 - 1600
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MLO and Bloom’s Level of Complexity

Q# MLO Complexity Level Mark Remark
Addressed
1 1,3 Analyzing, Evaluating 6
2 1,2,3 Understanding/Applica 20
tion/Analyzing
3 2 Application 6
4 1,3 Application/Analyzing 4
5 3 Analyzing 4
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