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Question 1 [25]

a) The following results were obtained for the analysis of aspirin in 100 g aspirin tablets:

Determination % Aspirin (w/w)
1 94.25
2 97.63
3 92.33
4 91.55
5 88.45

Calculate the following parameters, using the data from the table:

i) Mean @)
ii)  Median @
iii) Standard deviation “4)
iv) Variance @)

b) Using the same data set in (a);

i) Determine the confidence interval for the data set at the 95% confidence
level. “)
i) Explain what this confidence interval means to the analyst. )

iii) Explain what the standard deviation calculated in (a8) above means to the
analyst. @)

c) A 0.4512 g sample of primary-standard-grade Na,CO; required 36.44 mL of an H,SO4
solution to reach an end point in the reaction;

COs* +2H" » HO +CO,
What is the molarity of the H,SO, ? (C))

d) Using examples where appropriate, briefly explain the following terms as applied in
analytical chemistry.

i) Co-precipitation
ii) Reagent blank
iiij)  Standard Reference Material 3)




Question 2 [25]

a) i) Using a hypothetical data set, explain the difference between accuracy and
precision. 4)
ii) Write down the formula for the Gaussian curve in statistics and explain the
meaning of any four (4) terms appearing in it. )
b) Two methods were used to measure the pH of a blood sample taken from a
patient. The following results were obtained;
Potentiometrically pH
4.76 4.93 5.63 4.78 4.81
Titration 5.24 6.63 491 5.62 5.95

i) The mean pH for 5 000 patients recorded over a two year period by the
potentiometric method is 5.45. Is this particular patient’s blood pH
significantly different from other patient’s pH measured by titration at the

95 % confidence level? )
ii) In the data set for the titration measurements above, would the value of
6.63 be considered an ‘outlier’? Justify your reasoning. “4)

iii) Is the mean value of potentiometric measurements significantly different
from that of the titration method at the 95 % confidence level? 5)

iv) Compare the precision of the two methods at the 95 % confidence level.

Question 3 [25]

a)

3)
i) What is the difference between end-point and equivalence point in a
precipitation titration? 4)

ii) Explain what is meant by a blank titration in precipitation titrations(2)
iii)  Explain what is meant by a back titration in precipitation titrimetry, citing
an example. 4

b) A 0.050M AgNO; solution is used to titrate 25 mL of 0.10 M NaBr.

i) Given that the Ky, value for AgBr is 5.0 x 1073, calculate the pAg for the
following added volumes of AgNQO; solution;

20 mL 50 mL 70 mL
49 mL 51 mL (10)
ii) Plot the resulting titration curve. (5)




Question 4 [25]

a) Using examples, equations and illustrations explain the basic principles behind the
application of the following techniques as used in analytical chemistry;

i) Gravimetric analysis
ii) Solvent extraction
iii) Complexometric titrations (12)

b) Calcium (Ca) in a 200 mL sample of natural water was determined by precipitating the
cation as CaC,04. The precipitate was filtered, washed and ignited in a crucible
with an empty mass of 26.6002 g. the mass of the crucible plus CaO was 26.7134
g. Calculate the concentration of Ca in water in g/100ml. (5)

¢) Calculate the pH of a 400 mL solution containing 0.28 M NH4Cl and 0.07 M NH; in
an acid/base type of titration, where K;=1.76 x107.

The important reaction is;
NH; + H,O0 & NH," + OH “

d) Briefly describe how Dichlorofluorescein functions as an indicator in Fajan’s
titrations. “4)

Question 5 [25]

a) Standard solutions of an element X were prepared in 100 mL volumetric flasks.
The absorbances of the final solutions were measured with an Atomic Absorption
Spectrophotometer (AAS). The added standard has a concentration of 1 mg/L
(ppm) and is added incrementally at 1.0 mL. Absorbance readings obtained are

tabulated below;
Vol of Total Vol Absorbance
standard (mL)
(mL)
0 100.00 0.163
1.0 100.00 0.240
2.0 100.00 0.319
30 100.00 0.402
4.0 100.00 0.478
i) Calculate the final concentration of the added standard in each solution in
ppm. 6))
ii) Using the graphical method, determine the concentration of element X,
given that sample absorbance is at 0.430 ©)




b)

i) In a bid to improve suppressed analytical signal, an analyst performs a standard
additions procedure on soil samples for the analysis of Manganese. Outline the
experimental procedure for performing standard additions, using diagrams where
applicable to illustrate. 5)

ii) Briefly outline the four (4) main procedures to be employed during any
analytical work as part of the quality control protocol. Use diagrams to illustrate
your reasoning. (8)

Question 6 [25]

a)

i) a bottle of commercial concentrated HCl has the following on its label: purity
37 % (weight percent composition) and specific gravity 1.18 g/mL. Calculate the
molarity if the HCI. ®)

ii) A sample of salt water with a density of 1.02 g/mL contains 17.8 ppm nitrate,
NOs5'. Calculate the molarity of nitrate in water. 5)

b) Given that a linear relationship exists between the concentration and the absorbance of
the permanganate ion given below;

Cma04 1.00 5.00 10.00 20.00 25.00 Unknown
Absorbance | 0.030 0.147 0.301 0.577 0.738 0.217
i) Using the data as far as possible, plot the ‘best straight line’. 3)
ii) Use the least squares regression analysis of the data to calculate the slope,
intercept, and concentration of the unknown sample. (12)




Table .1(A) )
Values of t for v Degrees of Freedom for Various Confidence levels

Confidence Level

14 90% 95% . 99% 99.5%

1 6.314 12,706 63.657 127.32
2 2.920 4303 9.925 14.089
3 2.353 3.182 5.841 7.453
4 2.132 2.776 4.604 5.598
5 2.015 2.571 4.032 4.773
6 1.943 2.447 3.707 4.317
7 1.895 2.365 3.500 4.029
8 1.860 2.306 3355 3.832
S 1.833 2.262 3.250 , 3.690
10 1.812 2228 3.169 3.581
15 1.753 : 2131 2.947 3.252
20 1.725 2.086 2.845 3.153
25 1.708 2.060 2.787 3.078
« 1.645 1.960 2.576 2.807

v = N- 1= degrees of freedom.

Table 1(B) Values of 7 for Various Levels of Probability

Factor for Confidence Interval

Degrees of

Freedom 80% 90% 95% 99% 99.9%
1 3.08 6.31 . 12.7 63.7 637
2 i 1.89 2.92 4.30 5.92 316
3 1.64 2.35 3.18 5.84 129
4 1.53 2.13 2.78 4.60 8.60
5 1.48 2.02 2.57 4.03 6.86
6 1.44 1.94 2.45 3.71 5.96
7 1.42 1.90 2.36 3.50 5.40
8 1.40 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 3.17 4.59
11 : 1.36 1.80 2.20 311 4.44
12 - 1.36 1.78 2.18 3.06 4.32
13 1.35 1.77 2.16 3.01 422
14 1.34 « 1.76 2.14 2.98 4.14
X 1.29 1.64 1.96 2.58 3.29




TABLE 2

Values of F at the 95% Confidence Level

V=2 3 4 5 6 7 8 ) 10 15 20 30
Va=2 19.0 19.2 192 193 19.3 19.4 19.4 19.4 194 194 19.4 19.5
3 9.55 5.28 9.12 9.01 894 - 8189 8.85 8.81 873 8.70 8.66 8.62
4 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.86 5.80 5.75
5 5.79 541 5.9 . 505 495 488 482  4AT7 474 462 456  4.50
6 5.14 476 - 453 439 428 421 415 410 406 394 387 381
7 4.74 4.35 412 3.97 3.87 3.79 i 3.68 3.64 3.51 3.44 338
8 4.46 4,07 3.84 3.6% 3.58 3.50 3.44 339 335 3.22 3.15 3.08
9 4.26 3.86 363 3.48 337 329 323 3.18 .14 3.01 254 286
10 4.10 3.7 3.48 333 322 314 307 302 . 298 285 277 270
15 3.68 3.29 3.06 2.0 279 271 264 259 2.54 240 233 2325
20 349 3.10 287 271 . 260 251 245 239 2.35 220 212 204
30 332 2.92 269 253 242 233 227 221 216 201 193 184
TABLE 3
Rejection Quotient, Q, at Different Confidence Limits*
No. of Confidence level
Observations Qa0 Qa5 Qas
3 0.941 0.970 0.994
4 0.765 0.829 0.926
5 0.642 0.710 0.821
6 0.560 0.625 0.740
7 0.507 0.568 0.680
S 0.468 0.526 0.634
9 0.437 0.493 0.598
10 0.412 0.466 0.568
15 . 0.338 0.384 0.475
20 0.300 0.342 0.425
25 0.277 0.317 0.393
30 0.260 0.298" 0.372

* Adapted from D. B. Rorabacher, Anal.. Chem, 63 (1991) 139.
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