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QUESTION 1 {25]

(a) (i) Wiite down the equation that describes the “normal curve of error” in chemometrics, and explain all terms
appearing in it. (4)
(ii) Draw the Gaussian eurve, and on it indicate the mean and standard deviation 3)

(iif) Under what conditions in analytical sampling will the sample variance be the same as the population variance

)

(b) Use equations to explain the Benedetti-Pichler approach to sampling of solid samples. What are the short comings of
this approach? {4

()  River sediments present a challenge in their sampling for elemental analysis. What are these challenges, and how are
they practically met? (4)

(d) Describe Gy’s approach to sampling heterogeneous samples 4
(¢) Describe Visman’s approach to sampling coal in a moving belt. (4)

QUESTION 2 {25}

(a) A new microwave method for the analysis of carbon dioxide is being evaluated by comparing the results obtained using
it with that of the standard method. The results of the concentrations of the gas (in pL/ ), by the two methods are as
shown in the table below:

Standard Method Microwave Method

216 215
242 223
216 215
235 213
231 257
243 ' 246

221

236

231

i Ts there a significant difference between the two methods at the 95% confidence level. (5

{ii) Comment on the precision of the microwave method relative to the standard one at 95% confidence level.  (3)
(b) (i) Explain the difference between “homogeneous” and “heterogeneous” samples. (3)
(iD)Discuss the challenges associated with the latter with respect to the sampling step in chemical analysis. ()

(¢c) Inchemical research, the encoding and decoding of analytical information affects the accuracy and precision of research
data.

(i) Use diagrams to explain how a carbon dioxide laser works in encoding analytical information. (5)

(ii)Use diagrams to explain how the Si-VIDICON image sensor works in decoding analytical information. (5)




QUESTION 3 _[25]

(a) Use diagrams to explain how the ORTHICON image sensor works in decoding analytical information. (5)
(b) (i) Use a diagram to explain what is meant by aliasing? (4)
(il) Apply the Nyquist Theorem to explain how aliasing can be avoided. 3

{c) The following data was obtained during a spectrophotomeiric determination of Fe in tap water samples following
complexation with bipyridine:

Triplicate absorbance readings for the standards:  1.16 ppm — 0.120, 0.125, 0.130 ; 2.32 ppm — 0.248, 0.255, 0.252;
3,48 ppm — 0.382, 0.385, 0.384 ; 4.65 ppm — 0.504, 0.506, 0.502

Triplicate absorbance readings for the sample ate: 6.337, 0.335, 0.340

(i) Calculate the equation of the calibration curve using the Least Squares Method ()
(ii) Calculate the absolute error associated with the calibration curve, See (3)
(iii) Calculate the absolute error associated with the analytical measurement, S, 3)

(iv) Calculate the absolute subsanipling uncertainty, Ses, in ppm units if five 500-mg portions of the sample were found to
contain 3.08ppm, 3.07ppm, 3.11 ppm, 5.01 ppm, and 3.09 ppm. (2)

QUESTION 4 [25]

(a) The following absorbance data was obtained in triplicate during a standard additions determination of zinc in a soil
sample using atomic absorption, AA, following classical dissolution of 500-mg portions:

Addition 0:  0.102
Addition 1:  0.149
Addition 2:  0.265
Addition 3:  0.246

where 0 pl, 5p L, 10 pL, and 15 pL of a 100 ppm Zn standard solution was added to 10-mL aliquots of sample,
respectively.
(i) Perform a linear regression on the calibration curve using the least squares method #

(i1) Calcutate the relative error, in %, associated with the intercept, Sy, (4)

Thirty six (36) samples of soil were taken from a field to map the spatial variability of zinc. 500-mg portions of each
sample were digested and zinc measured by AA following the standard additions procedure on the same day and same
instrument as in part (a) above. The spatial distribution of zinc was found to be as follows:
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(iii) Use the Kolmogorv-Smirnott test to show that the distribution of zinc in the field is not Gaussian. N

(iv) In this population, identify and map the points that have resulted in a “hot spot” or “coldspot” causing the non-
Gaussian distribution of zinc in the population. 2)

(v) Calculate the uncertainty due to the sampling operation in ppm units 4)
(vi) Use the Student’s t-test equation to determine the minimum number of samples to be taken from the population if

the average vafue of zinc is to be within the error due to sampling at the 95% confidence level. (4)

QUESTION 5 [25]

(a) In data acquisition, noise is an important concept in instrumental analysis as it is a predominant factor in determining
precision and detection limits.

(i) Explain what is meant by “signal” in analytical data acquisition? 2)
(ii) Explain what is meant by “noise” in analytical data acquisition? (2)
(iii) Define “signal-to-noise ratio” in analytical data acquisition? ‘ {4}
(iv) Give the operational definition of “detection limit”. 3

(b) With regard to Johnson Noise,
(i) Explain it origins in analytical instrumentation A (3)

(ii) Waite down the equation relating the magnitude of this noise to the bandwidth, and explain all terms appearing in it

4)
(¢) With regard to Shot Noise,
(i) Explain its origins in analytical instrumentation ' 3)

(ii) Write down the equation relating the magnitude of this noise to the bandwidth, and explain all terms appearing in it

(4)

QUESTION 6 [25]

(a) Certified reference materials are useful in the evaluation of reliability and validity of analytical data, especially when the
analyte is in a complex matrix. In the determination of copper in sugar cane leaves. Explain how this material would be
used to evaluate the validity and reliability of copper measurements in sugar cane leaves. (5

(b} Blind samples are useful in analytical quality control in a commercial water laboratory.

(i) What is meant by a blind sample? )]

(ii) Explain how blind samples are used to evaluate validity and reliability of COD measurements in water. (3)
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(c)Quality control charts are useful in ensuring that repetitive day to day measurements are under statistical control. An in-
house reference material was used to generate the following data over a period of 10 days of measurement of nickel in an

ore:
Day # 1 2 3 4 5 6 7 8 9 10
Ni, 103 101 104 99 150 161 110 89 102 100
ppm

(i) What is meant by an “in-house reference material”? (3)

(i) Draw the quality control chart for the nickel determination, assuming that the in-house reference material is
10124 ppm Ni. Which days were the measurements not under statistical control and why? (6)

(d). Interlaboratory comparisons are useful in the evaluation of reliability and validity of analytical data. In the measurement
of mifrates in a mine pit water sample by ion chromatography, “LAB A” ran ten replicate measurements on the sample,
and requested “LAB B” to do the same with the remainder of the sample. The following results were obtained:

LAB A 25 23 21 24 25 22 20 22 21 20
(ppm)

LABB 23 29 22 18 15 21 25 29 32 21
(ppm) ,

(i) Comment on the validity of the results at the 95% confidence level. 3)

(ii) Comment on the relative precisions of the two laboratories at the 95% confidence level. 3)
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TABLE 1» Critical values of the chi-square distribution (continued)
P\ .995 975 9 5 d .05 025 .01 005 001 /%
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39 0.0 JE5242
0.5] 15471
1.01 15808
40 00| .15076
0.5F  .15207
1.0} 15622




ected one-
ov statistic

02

1456
1789
1456
495
1387
1377
1692
718
133
i440
M07
969
337
701
968
522
404
732
922
404 .
067
481
16562
809
'187
1115
BG4
018
151
167
1954
516
1668
1980
358
131
083
1379
3128
1256
1446
)39
1489
1586
43
¥115
1792
1134
1108
1654
1295
1484
1366
518
1898
1723
1796

0.01

57900
.66234
.82900
54210
60524
73409
51576,
.56853
65692
48988
.53327
60287
46761
50438
55970
44819
47928
52519
43071
45776
49652
41517
43893
47220
40122
42225
45127
.3BB56
40738
43298
37703
30401
.41680
36649
38190
40238
35679
37087
.38540
34784
36076
7764
33953

T 35145

36691
33181
34284
35707
.324359
.33485
34801
31784
244

33962

31149
32045
33182

TABLE X Critical values of the 8-corrected one-
sample Kolmogorov—Smirnov statistic
(continued)

_ o
n &) 0.2 0.1 0.05 0.02 0.01
12 00] .19343 2416 25136 .28346 30552
' 0.5 19843 23011 25814 29121 31393
10| 20616 23850 26732 0123 32456
23 0.0 .19001 22012 24679 27825 29989
0.5 19472 22572 25317 28554 - .30780
1.0 20197 23367 26175 .29494 31776
24 00| .18677 21630 24245 27313 29456
051 19121 32159 24847 8021 30202
1.0 19804 .22906 25656 28904 31138
25 00 18370 21268 23835 26866 28951
© 0S| 18790 21768 24404 27516 29657
Lo} 19433 2472 25166 28349 30539
26 00] .18077 20924 23445 26423 28472
0.5] 18476 21307 23984 2039 . 29140
10| 19084 22063 24704 27825 29973
27 00| 17799 20896 23074 26001 28016
0.5 .18178 21046 23586 26586 28650
1.0 L8753 21676 24267 27330 29439
28 00f .17533 20283 2721 25600 27562
0.5] .1789%4 0712 23208 26156 28185
10| .18440 21300 23853 26861 28933
29 0.0 17280 19985 22383 25217 27168
0.5 17624 20393 22847 25747 27742
10{ 18142 20061 3461 26417 28452
0 00] .17037 9700 22061 24851 26772
; 0.5 17363 20090 22504 \25358 27320
1.0 .1785% 20630 23088 25994 27996
31 o 16805 19427 21752 24501 26393
©o08| 171 ‘19800 22176 24983 26917
©10| 17589 20314 A2 25591 27561
32 0.0 16582 19166 21457 24165 26030
0.5 16882 19522 21862 24627 26531
1.0 17332 20014 22393 25207 27146
33 0.0 16368 18915 21173 23843 25683
0.5 .166% 19256 21561 24286 26162
1.0 17086 19726 22069 .24840 26750
34 0.0 .16162 18674 20901 23534 25348
0.5 16439 19001 21273 23958 25808
1.0 16850 19451, 21759 .24490 20371
35 0.0 15964 18442 20639 23237 25027
0.5 16230 18756 20986 23644 25469
10| 16625 9188 . .21462 24154 26008
16 00] 15774 18218 20387 22951 24718
0.5 16029 18521 ;20730 23343 25143
1.0{ .16408 ‘8035 21178 - 23831 25660
37 00| .1559 18003 20144 22676 24421
: 0.5 15836 18294 20474 .23052 24829
10| 16200 18692 20904 23522 25326
38 00§ .15413 Y7796 19910 22410 24134
- 0.5 .15650 18076 20228 22773 24527
1.0 .16000 18459 20642 23225 250605
39 0.0 19242 17595 19684 22154 23857
- 0.5 15471 17866 19991 22504 24236
10| 15808 18234 0388 22938 24696
40 60| - .15076 17402 19465 21907 23589
©os| 15297 17663 10762 22244 23955
1.0 15622 18018 ,20145 22663 .2439%
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