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General Instructions
1 This question paper consists of 04(Four) questions in 06 (six) pages

2. Read all instructions carefully before answering the questions

3. Answer all 04(Four) questions. All questions carry equal marks.

4. Having any unauthorized documents/ mobile phones/any other
electronic equipment in your possession is a puhishable offence.

5. Use blue or black ink to answer the questions.

6. Clearly state your index number in all pages of your answer script.

7. The use of a non-programmable electronic calculator is permitted




1. (a) Both X*" and Z** forms coloured complexes with the ligand L. at the optimal
pH 8. At pH 8 the formation constant of XL = 3.0 x 10" and Amax = 560 nm.
At the same pl, the formation constant of ZL= 7.5 x 10'® and Ama = 660 nm.
A photometric titration of a sample solution (25.0 mL) having both X** and
72" only was carried out with a solution L at A = 660 nm.

()

(1i)

(iii)

What may be the reasons for selecting photometric titration but not
classical titration?

Giving reasons for the shape of the curve, sketch and label the
expected titration curve.

State one important assumption that you made when sketching the

. curve and suggest the changes required in the experimental procedure

to make that assumption valid.
(45 marks)

(b) Tt was decided to analyse X** in the above sample solution in (a) using Atomic
Emission Spectroscopy and Z** using Molecular Fluorescence Spectroscopy.

()

(i)

(iiff)

Name two differences in Atomic Emission Spectrophotometer and
Molecular Fluorescence Spectrophotometer.

What is meant by sensitivity in an instrument? Suggest two ways of
increasing the sensitivity of the Flame photometer.

To analyse Z** using Fluorescence Spectroscopy a fluorophore was
added to form the compound P. State two main characteristics that P

should satisfy to analyse using Fluorescence Spectroscopy.
(25 marks)

(¢) The Amax of the ion B" is 420 nm. A weak acid solution HB (0.02 M) gave an
absorbance of 0.450 at & = 420 nm. An aqueous solution of NaB (0.01 M), a
strong electrolyte gave an absorbance of (.600 in same experimental
conditions. Calculate the dissociation constant of the weak acid. State the
assumptions clearly.

(d)

(20 marks)

“When Mass Spectroscopy is used to determine the molecular weight to
identify a compound, a mass analyser with a high resolution is always
recommended”.

Comment on the above statement,

(10 marks)

2. (a) What is meant by planar chromatography?

List down the advantages and disadvantages of planar chromatography.

(30 marks)

(b) Describe the mechanism of analjzte separation that takes place m paper

chromatography when a thick sheet of filter paper is used.

(20 marks)
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(¢) The chromatogram given below shows peaks of the two components A and
B. They were eluted through a column of length 10.0 cm.

Detector signal
300.0

)
/

1000 | ’
AR

urretamed

JAN

0.0 2.0 4.0 6.0 8.0 10.0 12.0
. Time/min |

(i) Calculate the number of theoretical plates (N) for A and the héight
(H) of a theoretical plate for A.

(ii) Caleulate the retention factors (k') for Aand B.
(1ii) Calculate the selectivity factor (o) for separation of A and B.

{(iv) Calculate the resolution of the two peaks A and B.

(v) Estimate the length (L) of the column needed for the peaks to be
just resolved i.e. R = 1.5.

[ 2= e ]

* Define all the terms in equations used for the calculations.
' (40 marks)

(d) Explain what ‘channelling’ is in relation to column chromatography?

Describe the measures that can be taken to avoid channelling. ‘
{10 marks)

3.(a) (1) Write down the two half-cell reactions occurring in a Daniel Cell.
(i) What is the function of the salt bridge in the above cell?
(ii1) Based on the half-cell equations given below, derive the overall
balanced cell reaction and its standard cell potential. Identify the

anode and cathode.

M"(aq) + € - > M(s) E°=-125V
Hg>Cla(s) + 2e —---—--- >2Hg + 2CI(aqg) Eo= 0268V

(iv) Write down the short hand representation for the above cell.
(30 marks)
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(b)  The following represent the two half-cell reactions of a cell:
M 2* (aq) + 2¢ ------- > M(s) _ E°=0.75V
Xa(g) + 26 - >2X (aq) E°= 045V

Consider the following cell reactions as written. They are said to be
NOT FEASIBLE. Explain.
() Xa(g) +M*aq) ——- >2X" (aq) + M(s)
()  Xa(g) +M(s) - >2X(aq) + M*' (aq)
(18 marks)
(¢) (1) Define Coulometry

(ii) A student carried out an electro gravimetric experiment to relate the
mass deposited on the cathode to that of the expected amount from a
- standard solution of CuSQ4 (1.0 M). It was found that 10.50 g of Cu(s)
was deposited on the cathode from a 200.0 ml of the standard solution.
(Faraday’s Constant = 96,500 C mol™") [Cu:63.5;$=32: 0= 16].

(D Calculate the quantity of electricity passed to complete the above
deposition. :

(I Assuming that all the copper ions have been reduced, calculate
the expected amount of Cu (theoretical yield) and hence,
determine the percentage yield.

(30 marks)

(d) (i) The technique of electro-gravimetry, involves the deposition of the
substance of interest whose concentration is to be determined. Write
down the important properties of the deposit in order for the above
technigue to be effective.

(11) Name any three (3) factors that affect the properties of such a deposit.

(111) What 1s the purpose for adding a supporting electrolyte such as KCl in a
polarographic analysis?
(22 marks)

4.(a) B"isan important ion which undergoes the following reaction with alcohol.

CHjCHz_OH + B* —_— BH + CH3CHO + H*

Information with respect to absorption of light is shown in the figure below
and the Table on page 5.

Absorbance 1 BRH

260 340 % (nm)




Table: Molar absorptivity coefficient values (¢) (mol'Lem™)

Species | AtA=260nm | AtA =340 nm
B* 16,000 0
BH 14,000 8,000

A blood sample was brought to the laboratory to determine the amount of
alcohol. After quantitative separation of the blood plasma from blood cells, a
0.50 mL of blood plasma was taken to a 25.0 mlL volumetric flask. The
solution was mixed well aftet adding 10.0 mL (an excess amount) of B and
topped up to the mark with distilled water. The transmittance of this solution
was 59.7% at A = 340 nm in a cell with a path length of 2.00 cm. (molecular
weight of the alcohol = 46.2 g).

(1) " However, in the above determination the absorbance was measured at
' A = 340 nm. What may be the reason?

(ii)  Calculate the amount of alcohol in blood in units of ppm.
‘ (25 marks)

(b) (i) Define all the terms in van Deemter equation.

B
H=4A+—4+Cu
173

(i) Ilustrate the van Deemter equation graphically showing all the component

graphs clearly labelled.
(25 marks)

(¢) (i) Write nuclear equations for the following radioactive decays:
(1) positron emission by carbon-11

(II) K electron capture by beryllium-7

(ii) The half-life of * Mo is 67.0 hrs. How much of a 1.000 g sample of pure
? Mo will remain after 335 hrs? (10 marks})

(d) (i) Briefly explain the principle behind Liquid scintillation detectors for measuring
radiation.

(i1) How does the Liquid scintillation delector differ from the Geiger- Miiller
(GM) counter?

(iii) Write one advantage of Liquid scintillation detector over GM counter.
(20 marks})
(c) To 1.00 g of a crude mixture of amino acids containing alanine, 40.0 mg of (-

labelled alanine with an activity of 1500 counts min™ (cpm) was added. After
equilibration, 20.0 mg of alanine isolated gave a count rate of 500 cpm.

(i) Briefly explain the principle behind isotope dilution analysis.

(il) What was the weight of alanine in the original amino acid mixture?
(20 marks)







