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INSTRUCTIONS

e Answer question One (Compulsory) and any other Two questions.
QUESTION ONE (30 MARKS)

a) State the function of the following components of atomic absorption spectrophotometer (AAS).

(1)  Hollow Cathode lamp (1 mark)
(i)  Chopper (1 mark)
(i) Atomizer (1 mark)
b) Describe the basic difference between atomic emission and atomic absorption spectroscopy.
(2 marks)

c) A 1.0 x10™* M solution of an analyte is placed in a sample cell with a path length of 1.0 cm. When
measured at a wavelength of 350nm, the solutions absorbance is 0.139. Determine the molar
absorptivity at this wavelength. (2 marks)

d) The table below shows the absorption data for some organic compounds.

Alkenes Amax €
Ethene 175 15,000
1,3-butadiene 217 21,000
1,3,5-hexatriene | 258 35,000
Ketones
Acetone 189 900
280 12
3-buten-2-one 213 7,100
320 27
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(i) State feature(s) of the first three molecules (alkenes) that can be attributed to the trends in

wavelength and intensity. (2 marks)
(if) Each of the two ketones in the list have two transitions. Identify the type of transitions and
justify your answers. (4 marks)
e) Briefly discuss the principle of gas chromatography (GC) (3 marks)
f) Describe the fundamental difference between ion-exchange and size-exclusion chromatography.
(2 marks)

g) The morphine levels (%) of seven batches of seized heroin were determined with the following
results:15.1, 21.2, 18.5, 25.3, 19.2, 16.0, 17.8. Calculate the 95% and 99% confidence limits for
these measurements (5 marks)

h) The wavelength of an electromagnetic radiation is 234nm. Determine;

(1)  The frequency of the photon (1 mark)

(i) The energy of one photon in kJ (2 marks)
(iii)  Energy in kJ of one mole of such photons (2 mark)

i) Differentiate between gradient and isocratic elution in HPLC. (2 marks)

QUESTION TWO (20 MARKYS)

a) (i) Differentiate between reversed phase HPLC and normal phase HPLC. (2 marks)

(i) A reverse phase high performance liquid chromatography (HPLC) separation was carried out
using the following conditions: Column: C18 (250 x 4.6 mm), ambient temperature (ca. 20°C).
Mobile phase: water/methanol 80:20, flow rate 0.8 mL/min. The resulting chromatogram
showed that the analytes were well-separated, but the total analysis time was too long. Suggest
5 ways in which the analysis time may be reduced (assume resolution will be maintained).

(5 marks)
b) Determine the retention/retardation factor (Rf) for compounds A and B spotted on the following

thin layer chromatography (TLC) plate. (2 marks)
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c) Briefly explain how temperature programming improve separations in gas chromatography (GC).
(3 marks)

d) The following data give the recovery of bromide from spiked samples of vegetable matter,

measured using a gas-liquid chromatographic method. The same amount of bromide was added

to each specimen. (8 marks)
Tomato (Ug g™) 777 790 759 790 | 770 | 758 764

Cucumber (ug g2) 782 773 778 765 789 797 782

(i) Test whether the recoveries from the two vegetables have variances which differ significantly.
(if) Test whether the mean recovery rates differ significantly.

QUESTION THREE (20 MARKS)
a) Discuss the following types of interferences in atomic spectroscopy and discuss the methods to

compensate for each interference.

(i) Matrix interference (5 marks)
(if) lonization interferences (4 marks)

b) Briefly discuss the principle of inductively coupled plasma atomic emission spectroscopy (ICP-
AES). (1 marks)

c) Briefly explain the properties of the ICP torch that have allowed it to become the dominant source
for AES (2 marks)

d) Describe the various causes for deviations from Beer -Lambert’s law. Distinguish between real

and apparent deviations. (4 marks)
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e) Radiation of wavelength 280 nm was passed through 1.0cm length cuvette that contained aqueous
solution of the amino acid tryptophan at a concentration of 0.5x10*molL™. the light intensity is
reduced to 54% of its initial value.

(i) Calculate the absorbance and the molar absorption coefficient of tryptophan at 280nm.
(22 marks)

(it) Determine the transmittance through a cell of thickness 2.0 cm. (1%2 marks)

QUESTION FOUR (20 MARKS)

a) The following data are for a liquid chromatographic column.

Length of packing 24.7 cm

Flow rate 0.313 mL/min
Vm 1.37 mL

Vs 0.164 mL

A chromatogram of a mixture of species A, B, C, and D provided the following data:

Retention time, | Width of peak base
min (W), min
Non retained 3.1 -
A 5.4 0.41
A 13.3 1.07
C 14.1 1.16
D 21.6 1.72
Calculate;
(i) The number of plates from each peak. (2%, marks)
(i) The mean for number of plates. (1 mark)
(iii) The plate height for the column. (1 mark)
(iv) The retention factor for species A, B, C, and D. (2%, marks)
(v) Calculate for species B and C;
I.  the resolution. (2 marks)
Il.  the selectivity factor a. (2 marks)

b) The following results were obtained when each of a series of standard silver solutions was

analyzed by flame atomic-absorption spectrometry.

Concentration, ng ml* 0 5 10 15 20 25 30

Absorbance 0.003 |0.127 [0.251 |0.390 | 0.498 |0.625 |0.763
(i) Determine the slope and intercept of the calibration plot. (5 marks)
(it) Determine the equation of the regression line for the above data. (1 mark)
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c) Describe hollow cathode lamp and explain its working principle. (3 marks)
STATISTICAL TABLES
Table A.1 F[2], the standard normal cumulstive distribution function

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

—3.4 | 0.0003 | 0.0003 | 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0005 | D.0005
—3.3 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0007
—3.2 | 0.0007 | 0.0007 | 0.0007 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0009 | 0.0009 | D.0009
—3.1 | 0.0010 | 0.0010 | 0.0010 | 0.0011 | 0.0011 | 0.0011 | 0.0012 | 0.0012 | 0.0013 | D.0013
—3.0 | 0.0013 | 0.0014 | 0.0014 | 0.0015 | 0.0015 | 0.0016 | 0.0016 | 0.0017 | 0.0018 | 0.0018
—2.9 | 0.0019 | 0.0019 | 0.0020 | 0.0021 | 0.0021 | 0.0022 | 0.0023 | 0.0023 | 0.0024 | D.0025
—2.8 | 0.0026 | 0.0026 | 0.0027 | 0.0028 | 0.0029 | 0.0030 | 0.0031 | 0.0032 | 0.0033 | 0.0034
—2.7 | 0.0035 | 0.0036 | 0.0037 | 0.0038 | 0.0039 | 0.0040 | 0.0041 | 0.0043 | 0.0044 | 0.0045
—2.6 | 0.0047 | 0.0048 | 0.0049 | 0.0051 | 0.0052 | 0.0054 | 0.0055 | 0.0057 | 0.00592 | 0.0060
—2.5 | 0.0062 | 0.0064 | 0.0066 | 0.0068 | 0.0069 | 0.0071 | 0.0073 | 0.0075 | 0.0078 | D.0080
—2.4 | 0.0082 | 0.0084 | 0.0087 | 0.0089 | 0.0091 | 0.0094 | 0.0096 | 0.0099 | 0.0102 | 0.0104
—23 | 0.0107 | 0.0110 | 0.0113 | 0.0116 | 0.0119 | 0.0122 | 0.0125 | 0.0129 | 0.0132 | 0.0136
—2.2 | 0.0139 | 0.0143 | 0.0146 | 0.0150 | 0.0154 | 0.0158 | 0.0162 | 0.0166 | 0.0170 | D.0174
—21 | 0.0179 | 0.0183 | 0.0188 | 0.0192 | 0.0197 | 0.0202 | 0.0207 | 0.0212 | 0.0217 | 0.0222
—2.0 | 0.0228 | 0.0233 | 0.0239 | 0.0244 | 0.0250 | 0.0256 | 0.0262 | 0.0268 | 0.0274 | 0.0281
—1.9 | 0.0287 | 0.0294 | 0.0301 | 0.0307 | 0.0314 | 0.0322 | 0.0329 | 0.0336 | 0.0344 | 0.0351
—1.8 | 0.0359 | 0.0367 | 0.0375 | 0.0384 | 0.0392 | 0.0401 | 0.0409 | 0.0418 | 0.0427 | 0.0436
—1.7 | 0.0446 | 0.0455 | 0.0465 | 0.0475 | 0.0485 | 0.0495 | 0.0505 | 0.0516 | 0.0526 | 0.0537
—1.6 | 0.0548 | 0.0559 | 0.0571 | 0.0582 | 0.0594 | 0.0606 | 0.0618 | 0.0630 | 0.0643 | D.0655
—1.5 | 0.0668 | 0.0681 | 0.0694 | 0.0708 | 0.0721 | 0.0735 | 0.0749 | 0.0764 | 0.0778 | 0.0793
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z 0.00 | 0.01 002 |003 |004 |005 |006 |007 |008 |0.09
1.4 | 0.0808 |0.0823 | 0.0838 | 0.0853 | 0.0869 | 0.0885 | 0.0901 | 0.0918 | 0.0934 | 0.0951
-1.3 | 0.0968 |0.0985 | 0.1003 |0.1020 | 0.1038 | 0.1056 | 0.1075 |0.1093 | 0.1112 | 0.1131
—1.2 | 01151 |0.1170 | 0.1190 |0.1210 | 0.1230 | 0.1251 | 0.1271 |0.1292 | 0.1314 | 0.1335
1.1 | 01357 | 0.1379 | 0.1401 |0.1423 | 0.1446 | 0.1469 | 0.1492 | 0.1515 | 0.1539 | 0.1562
1.0 | 0.1587 | 0.1611 | 0.1635 | 0.1660 | 0.1685 | 0.1711 | 0.1736 | 0.1762 | 0.1788 | 0.1814
—0.9 | 0.1841 | 0.1867 | 0.1894 |0.1922 | 0.1949 | 0.1977 | 0.2005 | 0.2033 | 0.2061 | 0.2090
—0.8 | 0.2119 | 0.2148 | 0.2177 | 0.2206 | 0.2236 | 0.2266 | 0.2296 | 0.2327 | 0.2358 | 0.2389
—0.7 | 0.2420 | 0.2451 | 0.2483 | 0.2514 | 0.2546 | 0.2578 | 0.2611 | 0.2643 | 0.2676 | 0.2709
—0.6 | 0.2743 | 0.2776 | 0.2810 | 0.2843 | 0.2877 | 0.2912 | 0.2946 | 0.2981 | 0.3015 | 0.3050
—0.5 | 0.3085 | 0.3121 | 0.3156 |0.3192 | 0.3228 | 0.3264 | 0.3300 | 0.3336 | 0.3372 | 0.3409
—0.4 | 0.3446 | 0.3483 | 0.3520 | 0.3557 | 0.3594 | 0.3632 | 0.3669 |0.3707 | 0.3745 | 0.3783
—0.3 | 0.3821 | 0.3859 | 0.3897 | 0.3936 | 0.3974 | 0.4013 | 0.4052 | 0.4090 | 0.4129 | 0.4168
—0.2 | 0.4207 | 0.4247 | 0.4286 | 0.4325 | 0.4364 | 0.4404 | 0.4443 | 0.4483 | 0.4522 | 0.4562
—0.1 | 0.4602 | 0.4641 | 0.4681 | 0.4721 | 0.4761 | 0.4801 | 0.4840 | 0.4880 | 0.4920 | 0.4960
0.0 | 0.5000 |0.5040 | 0.5080 |0.5120 | 0.5160 | 0.5199 | 0.5239 |0.5279 | 0.5319 | 0.5359
0.1 | 0.5398 | 0.5438 | 0.5478 | 0.5517 | 0.5557 | 0.5596 | 0.5636 | 0.5675 | 0.5714 | 0.5753
0.2 | 0.5793 | 0.5832 | 0.5871 | 0.5910 | 0.5948 | 0.5987 | 0.6026 | 0.6064 | 0.6103 | 0.6141
03 | 0.6179 | 0.6217 | 0.6255 | 0.6293 | 0.6331 | 0.6368 | 0.6406 | 0.6443 | 0.6480 | 0.6517
0.4 | 0.6554 | 0.6591 | 0.6628 | 0.6664 | 0.6700 | 0.6736 | 0.6772 | 0.6808 | 0.6844 | 0.6579
0.5 | 0.6915 | 0.6950 | 0.6965 | 0.7019 | 0.7054 | 0.7088 | 0.7123 | 0.7157 | 0.7190 | 0.7224
0.6 | 0.7257 | 0.7291 | 0.7324 | 0.7357 | 0.7389 | 0.7422 | 0.7454 | 0.7486 | 0.7517 | 0.7549
0.7 | 0.7580 | 0.7611 | 0.7642 | 0.7673 | 0.7704 | 0.7734 | 0.7764 | 0.7794 | 0.7823 | 0.7852
0.8 | 0.7881 | 0.7910 | 0.7939 | 0.7967 | 0.7995 | 0.8023 | 0.8051 | 0.8078 | 0.8106 | 0.8133
0.9 | 0.8159 | 0.8186 | 0.8212 | 0.8238 | 0.8264 | 0.8289 | 0.8315 | 0.8340 | 0.8365 | 0.8389
1.0 | 0.8413 | 0.8438 | 0.8461 | 0.8485 | 0.8508 | 0.8531 | 0.8554 | 0.8577 | 0.8599 | 0.8621
1.1 | 0.8643 | 0.8665 | 0.8686 | 0.8708 | 0.8729 | 0.8749 | 0.8770 | 0.8790 | 0.8810 | 0.8830
1.2 | 0.8849 | 0.8869 | 0.8888 | 0.8907 | 0.8925 | 0.8944 | 0.8962 | 0.8980 | 0.8997 | 0.9015
1.3 | 0.9032 | 0.9049 | 0.9066 | 0.9082 |0.9099 | 0.9115 | 0.9131 | 0.9147 | 0.9162 | 0.9177
1.4 | 0.9192 | 09207 | 0.9222 | 0.9236 | 0.9251 | 0.9265 | 0.9279 |0.9292 | 0.9306 | 0.9319
1.5 | 0.9332 | 0.9345 | 0.9357 | 0.9370 | 0.9382 | 0.9394 | 0.9406 | 0.9418 | 0.9429 | 0.9441
1.6 | 0.9452 | 0.9463 | 0.9474 | 0.9484 | 0.9495 | 0.9505 | 0.9515 | 0.9525 | 0.9535 | 0.9545
1.7 | 0.9554 | 0.9564 | 0.9573 | 0.9582 | 0.9591 | 0.9599 | 0.9608 | 0.9616 | 0.9625 | 0.9633
1.8 | 0.9641 | 0.9649 | 0.9656 | 0.9664 | 0.9671 | 0.9678 | 0.9686 | 0.9693 | 0.9699 | 0.9706
19 | 09713 | 09719 | 0.9726 | 0.9732 | 0.9738 | 0.9744 | 0.9750 | 0.9756 | 0.9761 | 0.9767
2.0 | 09772 | 0.9778 | 0.9783 | 0.9788 | 0.9793 | 0.9798 | 0.9803 | 0.9808 | 0.9812 | 0.9817
2.1 | 09821 |0.9826 | 0.9830 | 0.9834 | 0.9838 | 0.9842 | 0.9846 | 0.9850 | 0.9854 | 0.9857
2.2 | 09861 | 0.9864 | 0.9868 | 0.9871 | 0.9875 | 0.9878 | 0.9881 | 0.9884 | 0.9887 | 0.9890
2.3 | 0.9893 | 0.9896 | 0.9898 | 0.9901 | 0.9904 | 0.9906 | 0.9909 |0.9911 | 0.9913 | 0.9916
2.4 | 09918 | 0.9920 | 0.9922 | 0.9925 | 0.9927 | 0.9929 | 0.9931 | 0.9932 | 0.9934 | 0.9936
2.5 | 09938 | 0.9940 | 0.9941 | 0.9943 | 0.9945 | 0.9946 | 0.9948 | 0.9949 | 0.9951 | 0.9952
2.6 | 09953 | 0.9955 | 0.9956 | 0.9957 | 0.9959 | 0.9960 | 0.9961 |0.9962 | 0.9963 | 0.9964
2.7 | 09965 | 0.9966 | 0.9967 | 0.9968 | 0.9969 | 0.9970 | 0.9971 | 0.9972 | 0.9973 | 0.9974
2.8 | 09974 | 0.9975 | 0.9976 | 0.9977 | 0.9977 | 0.9978 | 0.9979 | 0.9979 | 0.9980 | 0.9981
2.9 | 0.9981 |0.9982 | 0.9982 | 0.9983 | 0.9984 | 0.9984 | 0.9985 | 0.9985 | 0.9986 | 0.9986
3.0 | 0.9987 | 0.9987 | 0.9987 | 0.9988 | 0.9988 | 0.9989 | 0.9989 | 0.9989 | 0.9990 | 0.9990
3.1 | 0.9990 | 0.9991 | 0.9991 | 0.9991 |0.9992 | 0.9992 | 0.9992 | 0.9992 | 0.9993 | 0.9993
3.2 | 0.9993 | 0.9993 | 0.9994 | 0.9994 |0.9994 | 0.9994 | 0.9994 |0.9995 | 0.9995 | 0.9995
3.3 | 0.9995 | 0.9995 | 0.9995 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9997
3.4 | 0.9997 | 0.9997 | 0.9997 | 0.9997 |0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9998
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Table A.2 The tdistribution

Value of t for a confidence interval of 90% 95% 98% 99%
Critical value of |t| for P values of 0.10 0.05 0.02 0.01
number of degrees of freedom
1 6.31 12.71 31.82 63.66
2 2.92 4.30 6.96 9.92
3 2.35 3.18 4.54 5.84
4 2.13 2.78 3.75 4.60
5 2.02 2.57 3.36 4.03
6 1.94 2.45 3.14 3.71
7 1.89 2.36 3.00 3.50
8 1.86 2.31 2.90 3.36
9 1.83 2.26 2.82 3.25
10 1.81 2.23 2.76 3.17
12 1.78 2.18 2.68 3.05
14 1.76 2.14 2.62 2.98
16 1.75 212 2.58 2.92
18 1.73 2.10 2.55 2.88
20 1.72 2.09 2.53 2.85
30 1.70 2.04 2.46 2.75
50 1.68 2.01 2.40 2.68
co 1.64 1.96 2.33 2.58

The critical values of |t| are appropriate for a two-tailed test. For a one-tailed test the value is
taken from the column for twice the desired P-value, e.g. for a one-tailed test, P = 0.05, 5
degrees of freedom, the critical value is read from the P = 0.10 column and is equal to 2.02.
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vz

L4

1

2

3

4

5

[

7

8

9

10

12

15

20

R B = R R P

161.4
18.51
10.13
7.709
6.608

5.987
5.591
5.318
517
4.965

4.844
4.747
4.667
4.600
4.543

4.494
4.451
4.414
4.381
4.351

199.5
19.00
9.552
6.944
5.786

5.143
4.737
4.459
4.256
4.103

3.982
3.885
3.806
3.739
3.682

3.634
3.592
3.555
3.522
3.493

215.7
12.16
9.277
6.591
5.409

4.757
4.347
4.066
3.863
3.708

3.587
3.490
3411
3.344
3.287

3.239
3.197
3.160
3.127
3.098

224.6
19.25
9.117
0.388
5.192

4.534
4120
3.838
3.633
3.478

3.357
3.259
3.179
3.112
3.056

3.007
2.965
2.928
2.895
2.866

230.2
19.30
9.013
6.256
5.050

4.387
3.972
3.687
3.482
3.326

3.204
3.106
3.025
2.958
2.901

2.852
2.810
2773
2.740
2711

234.0
19.33
8.941
6.163
4.950

4.284
3.866
3.581
3.374
3.217

3.095
2.996
2.915
2.848
2.790

2.741
2.699
2.661
2.628
2.599

236.8
19.35
8.887
6.094
4.876

4.207
3.787
3.500
3.293
3.135

3.012
2913
2.832
2.764
2.707

2.657
2.614
2.577
2.544
2.514

238.9
19.37
8.845
6.041
4.818

4.147
3.726
3.438
3.230
3.072

2.948
2.849
2.767
2.699
2.641

2.591
2.548
2.510
2477
2.447

240.5 | 241.9
19.40
8.786
5.964
4.772 [4.735

4.099 | 4.060
3.637
3.347
3.137
3.020 | 2.978

2.896 | 2.854
2.796 | 2.753
2.714 | 2.671
2.646 | 2.602
2.588 | 2.544

2.538 | 2.494
2.494 | 2.450
2.456 | 2.412
2.423 | 2.378
2.393 | 2.348

19.38
8.812
5.999

3.677
3.388
3.179

243.9
19.41
8.745
5912
4.678

4.000
3.575
3.284
3.073
2913

2.788
2.687
2.604
2.534
2.475

2.425
2.381
2.342
2.308
2.278

245.9
19.43
8.703
5.858
4.619

3.938
35N
3.218
3.006
2.845

2.719
2.617
2.533
2.463
2.403

2.352
2.308
2.269
2.234
2.203

248.0
19.45
8.660
5.803
4.558

3.874
3.445
3.150
2.936
2.774

2.646
2.544
2.459
2.388
2.328

2.276
2.230
2197
2.155
2.124

v1 = number of degrees of freedom of the numerator; v, = number of degrees of freedom of the denominator.

Table A.4 Critical values of F for a two-tailed test [P = 0.05]

va

¥

1

2

3

4

5

6

7

8

g

10

12

15

20

L= e R = Y R A PRI ]

047.8
38.51
17.44
12.22
10.01
8.813
8.073
7.571
7.209
0.937
6.724
6.554
0.414
0.298
6.200
6.115
0.042
5978
5922
5871

799.5
39.00
16.04
10.65
8.434
7.260
6.542
6.059
5.715
5.456
5.256
5.096
4.965
4.857
4.765
4.687
4.619
4.560
4.508
4.461

864.2
38.17
15.44
9.979
7.764
6.599
5.890
5416
5.078
4.826
4.630
4.474
4.347
4.242
4.153
4.077
4.011
3.954
3.903
3.859

899.6
39.25
15.10
9.605
7.388
0.227
5.523
5.053
4.718
4.468
4.275
4.121
3.996
3.892
3.804
3.729
3.665
3.608
3.559
3.515

921.8
35.30
14.88
9.304
7.146
5.988
5.285
4.817
4.484
4.236
4.044
3.891
3.767
3.663
3.576
3.502
3.438
3.382
3.333
3.289

937.1
39.33
14.73
9.197
6.978
5.820
5119
4.652
4.320
4.072
3.881
3.728
3.604
3.501
3.415
3.341
3.277
3.221
3.172
3.128

948.2
39.36
14.62
9.074
6.853
5.6095
4.995
4.529
4.197
3.950
3.759
3.6007
3.483
3.380
3.293
3.219
3.156
3.100
3.051
3.007

956.7
39.37
14.54
8.980
6.757
5.600
4.899
4.433
4.102
3.855
3.064
3.512
3.388
3.285
3.199
3.125
3.061
3.005
2.956
2913

963.3
35.39
14.47
8.905
6.681
5.523
4.823
4.357
4.026
3.779
3.588
3.436
3.312
3.209
3.123
3.049
2.985
2.929
2.880
2.837

968.0
39.40
14.42
2.844
6.619
5.461
4.761
4.295
3.964
3.717
3.526
3.374
3.250
3.147
3.060
2.986
2922
2.8606
2.817
2.774

976.7
39.41
14.34
8.751
6.525
5.360
4.666
4.200
3.808
3.621
3.430
3.277
3.153
3.050
2.963
2.889
2.825
2.769
2.720
2.676

984.9
39.43
14.25
8.657
0.428
5.269
4.568
4.101
3.769
3.522
3.330
3077
3.053
2.949
2.862
2.788
2.723
2.667
2.617
2.573

993.1
39.45
14.17
8.560
6.329
5.168
4.467
3.999
3.667
3.419
3.226
3.073
2.948
2.844
2.756
2.681
2.616
2.55%9
2.509
2.464

v1 = number of degrees of freedom of the numerator; vz = number of degrees of freedom of the denominator.
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