00067

THE OPEN UNIVERSITY OF SRI LANKA
B.Sc. Degree Programme / Stand alone courses in Chemistry
Level 5 — FINAL EXAMINATION - 2009 / 2010

CHU 3129/CHE 5129 — INSTRUMENTAL METHODS IN CHEMICAL
ANALYSIS

Duration: Two and half hours
Date and time: 24" June, 2010 from 9.30 a.m. to 12.00 noon

Instructions to students

This question paper consists of six pages and six questions. Answer any four
questions only.

1. (a) What are the information that can get from an IR spectrum for qualitative
analysis? . : {10 marks)

(b) (i) Draw and label a schematic diagram of UV/Visible spectrophotometer.
(ii) What are the differences in the instrumentation of UV/Visible
Spectrophotometer and IR spectrophotometer? (28 marks)

(c) (i) When you analyse a compound using a mass spectrophotometer, a
mass spectrum is resulted. Account for the signals in a mass spectrum.

(i) In a mass spectrum three important signals are the base peak,
molecular ion peak and (M+1) peak. Explain the significance of these
peaks and also how these peaks are used to identify the compound.

(32 marks)

(d) The indicator methyl orange (HIn) is a weak acid, with K, = 1.0 x 10",
At 470 nm, both the dissociated form (In") and the undissociated form
(HIn) have equal molar absorptivities, which is 10,000 L mol'cm™.
What is the absorbance of a methyl orange solution in a 1.00 cm cell at pH
= 4.5, if the total concentration of both forms is 3.76 x 10 M? Show all
the steps in calculation and give the answer with the correct number of
significant figures. (30 marks)

2. (a) (i) Draw and label a schematic diagram of a fluorimeter,
(ii) Briefly discuss the differences in the instrumentation of a fluorimter
compared to the absorption spectrophotometer.
(16 marks)




(b) Explain the following statements.
(i) Fluorescence spectroscopy is extremely sensitive when compared with
atomic absorption spectrophotometry.
(if) In atomic fluorescence spectroscopy, the emitted wavelength is |
equal to absorbed wavelength, but it is not so in molecular

fluorescence spectroscopy.
(20 marks)

(c) Briefly discuss why and how would you carry out method of standard

addition in atomic absorption spectrophotometry.
" (20 marks)

(d) The compound P undergoes the following reaction in water.
P20 ‘
A 0.100g of P (molecular weight = 100.0 g) was dissolved in 1.00 L of
water. The absorbance of this solution was 0.368 at 500 nm at a path
length of 1.00 cm. The molar absorptivities of P = 600 L mol'cm™ and
Q=100L mol”*em™ at 500 nm. Find the concentrations of P and Q at

equilibrium.
Show all the steps in calculation and give the answer with the correct
number of significant figures. (34 marks)

3. (a) Giving reasons identify the most suitable separation/ chromatographic
technique that can be applied to separate the following samples
(i) A mixture of fragments of DNA
(i)  Volatile components from a mixture of essential oils
(ifi) Metal ions extracted from a soil sample

{27 marks)
(b) Describe the following terms in brief.
(i) Dead time
(il)  Zone broadening
(iii)  Resolution
(24 marks)

(c) Calculate the plate height and the plate number for a 1.25 m long column if
10- bromoanthracene has a retention time of 8.32 minutes and a peak

width of 31seconds.
(25 marks)
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(d) Tabulate the major difference(s) between the following pairs.
@) Normal phase liquid chromatography and reversed phase liquid
chromatography
(ii)y  Isocratic elution and gradient elution
(iii)  Stationary phases in thin layer chromatography and paper
chromatography
(24 marks)

4. (a) ldentify the changes that you observe in a chromatogram with the increase
of the oven temperature of a gas chromatograph.

(15 marks)

(b} What are the basic components of a high pressure liquid chromatographic
system?

(25 marks)

(c) List down the advantages and the disadvantages of a UV absorbance
detector in a chromatographic system?

(20 marks)

(d) “Gel permeation chromatography is different from other types of
~ chromatography”
(i) How does the gel permeation chromatography differ from other
chromatographic mechanisms?
(i)  Explain briefly how the gel (stationary phase) affects the

separation.
(ii)  Give three types of gels that can be used as the stationary phases.
. (40 marks)
5. (a) .The standérg reduction potentials of four (4) half cells are given below
I(a9) 42 o> 3 [(aq) E°=0.54V
Ag'(aq) + e - > Ag(s) E’=0.80V
AgCl(s) +  e-——>Ag(s) + Clag) E°=-020V
Cd**(aq) + 2 e ~-—> Cd(s) E°=-040 V
Cly(g) + 2& -—--> 2CI'(aq) E° =135V

(i) Identify the strongest oxidizing agent amongst them; give the
reason for your choice.




