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QL.

(i)

(iii)

(iv)

(V)

(vi)

(vii)

SECTION A - COMPULSORY

Attempt any 8 of the following 12 parts. All carry equal marks.

Distinguish, giving examples in each case, between the following 4
classifications of electrons: closed shell electrons; covalent single bond
electrons; paired non-bonding outer shell electrons; pi electrons.

Explain the letters ISE. Name the four common types. List three particulars of
ISE’s. Comment on their reliability.

Detectors are ranked using the following terms, sensitivity stability, linearity,
universality and selectivity. Explain any three of these terms

Determine the volume required, in cm®, of concentrated sulphuric acid (H2S04)
94% (g/100g solution), density 1.831 gcm™, to prepare 500cm? of a 0.250 mol
dm solution.

A solution containing 5.00 mg of potassium in 200 cm’ of water was observed to
transmit 75% of the incident radiation compared to the appropriate blank.

(a) What is the absorbance of the solution at this wavelength?

(b) What % of light would be transmitted by a solution three times as
concentrated?

(c)  What is the concentration in mol dm™.

Mr. for K = 39 gmol™

A 30 cm?® sample of cough medicine was analysed and found to contain 50mg of
glucose. Express the concentration of glucose in ppb and ppm.

Give a description of the infra-red and visible regions of the electromagnetic
spectrum. Include detail about common properties and differences between these
wavelength regions. What is the wavelength range for the infra-red, and visible
parts of the electromagnetic spectrum? What is the relationship between
frequency and wavelength of an electromagnetic wave?

(viii) Give a brief description of the physics of:

(a) Emission Spectroscopy
(b) Scattering Spectroscopy

Page 2 of 7



(ix)

(x)

(xi)

(xii)

CCDs are frequently used for light detection and measurement. What do the
letters CCD stand for? Give a simple description of the structure of a CCD and
thereby explain how a CCD measures light.

Draw a fully labelled block diagram of the optical layout for a double beam
spectrometer. What is the function of a double beam arrangement?

Most spectroscopic analysis techniques require electromagnetic radiation to have
narrow bandwidth. Explain what ‘narrow bandwidth’ means. Why is a narrow
bandwidth desirable for spectroscopic applications? List three methods/techniques
for achieving narrow bandwidth light source.

Reflection gratings are an important component in spectroscopic instrumentation.
What function does the reflection grating perform? Write down the grating
equation and identify each variable. A 1400 groove/mm diffraction grating is used
in a monochomator and is set to diffract at 400 nm. Calculate the diffracted angle
of light if light is incident on the grating at 10.00°.light.

(40 marks total)
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SECTION B

Attempt any two of the following three questions. All carry equal marks.

Q2. (i) Compare and contrast molecular Ultra violet visible spectroscopy and
Fluorimetry under the following headings:
(a) sample type
(b) method sensitivity and limit of detection
(c) qualitative and quantitative applications. (10 marks)

(i1) A multi-vitamin tablet was analysed for riboflavin (vitamin B2) content
according to literature methods. A series of standards were prepared from a
1.00ppm riboflavin stock solution. Their fluorescence intensity, (FI), values
were determined and are given in the table below.

The FI of the vitamin tablet sample was determined in triplicate results are
also included in the table. As can be seen, these FI values are outside the
range of the standards. A one in five dilution was necessary to bring these
values on scale. The analysis results for the diluted sample can be seen on
the data table too.

(a) Draw the appropriate calibration curve and determine the concentration
of riboflavin in the multi-vitamin tablet sample.

(b) Explain the process of how the dilution of the sample was achieved.

(c) What volume of the stock solution is required to prepare 100cm’ of the
0.O3mgdm3 standard solution?

Fluorescence Intensity (FI) Concentration / mgdm™
173.80 0.010
353.20 0.020
504.7 0.030
675.9 0.040
850.2 0.050
Sample Data FI
multi-vitamin sample 999.9
998.9
999.7.
Diluted sample 313.2
312.3
314.1.

(15 marks)
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(iii) ~ Consider the two molecules given below which compound would you expect to
give the greatest fluorescence quantum yield? Explain your answer.
(5marks)

COMPOUND A COMPOUND B
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Q3.

Q4.

Attempt 3 of the following 5 parts

All carry equal marks. (10 marks each)

(i)

(i)

(iii)

(iv)

v)

(i)

(i)
(iii)

Illustrate, with a well labelled diagram, the conductimetric titration curve
obtained when a weak acid is titrated against a strong base. Detail the ions
responsible for the conductivity before, at and after the endpoint of the
titration. Show on your graph how the endpoint is determined.

Chromatography peaks/bands broaden as they move through a column.
Describe three methods of band broadening giving appropriate diagrams in
each case. How does each method depend on flow rate?

(@) What is analytical chemistry? Outline the steps involved in any
analytical process.

(b) Sampling is the process of selecting a representative bulk sample from
the lot. Sample preparation is the process that converts a bulk sample
into a homogenous laboratory sample. Sometimes in analysis it is
necessary to mask an interfering species. Explain the underlined
terms.

(@) Conjugated systems and aromatic systems interact similarly with
ultraviolet and visible radiation. Explain the basis for these
interactions; include examples in your discussion.

(b) Explain the term auxochrome. What effect does its inclusion in a
molecule have on the absorption position and intensity of a
chromophore? Give at least one example to illustrate these effects.

In biological systems quantitative measurements are often made in the
UV-Visible region of the electromagnetic spectrum (200 — 800 nm).

In situations where this is impossible since the material absorbs outside this
region a complex or a chelate of the compound under investigation may be
formed which does.

An ideal chelating reagent must possess a number of important
characteristics, list and explain briefly three of these characteristics.

Describe in detail the method of partition chromatography. In your
description identify the mobile and stationary phases used and typical

sample type. A simple diagram is required. (15 marks)
List three other chromatographic separation methods, giving the
appropriate sample type in each case. (6 marks)

What is an internal standard and why is it included in chromatographic
analysis? Hence or otherwise explain the terms relative peak area and
response factor. (9 marks)
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