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Question 1 [25]

a) The following results were obtained in the replicate determination of the lead content
in a blood sample (in ppm) using a conventional instrument;

0.752, 0.756, -0.752, 0.751, 0.760

Use the data as far as possible to calculate the following;
i) , the variance R | B
ii)  therelative standard deviation T T[4 ¢ -
iii)  the coefficient of variation 2]
iv)  the spread 1]

b) A new instrument is purchased with promises of better precision and accuracy in
determinations. The same blood sample used in (a) is analysed using the new instrument
and the results are presented;

0.811, 0.751, -~ 0.683, 0.827, 0.755

The normal, acceptable or true value of lead in blood is set at 0.755 ppm.
i) Is the mean value of the new instrument significantly different from that of

the conventional instrument at-the 95% confidence level? [5]
ii) Briefly defime precision and comment on which of the two instruments is
more precise. 2]
iii)  Briefly define accuracy and comment on which of the two instruments is
more accurate. (2]
iv) Based on your comments in (ii) and (iii) above which instrument would
you recommend and why? : (2]
c¢) Define the meaning of determinant error in chemical analysis and give the likely
sources from which they originate. [s5]
Question 2 [25]
a) Calculate the pH of the following solutions, given that Ky=1.0x 10"
1)0.1 MH,SOs - (2]
ii) 0.1 M NaOH 31
b) Calculate the formula weights of the followmg compounds and round off to the correct
significant figures.
i) Caz(POqy), ii) (NH4)2C03 m) CH;COOH
iv) KMnO, - 4

~ ¢) Distinguish between systematic and random error, using examples to illustrate. “
]

d) i) Distinguish between a primary standard and a secondary standard. 4]



ii) Give four (4) essential requirements for a primary standard for titration

purposes. (4]

iii) What are the desirable properties of a standard solution meant for titrimetric

method of analysis? [4]
Question 3 [25]

a) A Flame photometer was used to determine the Ca” concentration of a water
‘sample. The instrument was calibrated via'a standard addltlons method, and the

responses obtained are listed below.
Standard addition Instrument reading
concentration (arbitrary units)
(mg/L)
0 12
3 16
5 27
10 37
15 49
20 61

Assuming that no interferences are present, determine the Ca®* concentration
within the original sample. [8]

b) The distribution coefficient, Kp, of an organic salt between hexane and water is
90. A quantity of 0.1 mol of the salt is dissolved in 100 mL of water. Determine
the number of moles of the salt that will remain within the aqueous phase

following extraction by using; .
i) 100mL (4]
ii) four 25 mL aliquots 4]

of hexane to extract the salt from the aqueous phase.

¢) Explain the difference between the following;
i) Mean and Median
ii) Standard deviation and variance 6]

d) Given that at 20°C only 0.24 g of an organic acid A dissolves in 100 mL of water,
but 2.70 g of the same acid dissolves in 100 mL of ether Calculate the value of the

partition coefficient. , [3]



estion 4

The analysxs of sulphur in meteorites is used to classify and establish their origin. The
following data was obtained for the analysis of sulphur in a meteorite found on the
Antarctic ice shelf to try and determine its origin.

Replicate Concentration
___(ppm)
5.8
12.3
6.3
6.1
59

o |un|s|w|o]—~

a) A first year chemistry student calculated the mean of the data to be 7.01 ppm.
Using your knowledge of data reproducibility and applying the necessary statistical
tool at the 95% confidence interval calculate the correct mean of the data.  [5]

b) Determine the 95 % confidence interval for sulphur in the meteorite, showing
clearly all your calculations. , [5]

c) The data from the analysis was not subjected to any quality control protocols.
i) Perform the necessary calculations and then plot a quality control chart for
this data set and interpret the resulting chart with respect to the quality of the
data. [5]
ii) The Standard Reference Material (SRM) for sulphur in meteorites shows a
value of 5.58 ppm. Comment on the precision of this method at the 95%
confidence interval. v 51

d) An independent analysis performed on another Asteroid (HC1998) revealed that it
contained an average of 5.8 ppm sulphur after 6 trials with a deviation from the
mean of 0.303. Speculation was rife that the Asteroid (HC1998) and the meteorite
originate from the same parental body. Perform the necessary statistical
manipulations (at the 95 % confidence level) to either confirm or reject the
hypothesis. - [5]



Question 5 [25] |

a) Riboflavin (Vitamin B2) was determined in a cereal sample by measuring its

fluorescence intensity in 5 % acetic acid solution. A calibration curve was prepared by

measuring the fluorescence intensity of a series of standards of increasing concentrations.
. The following data were obtained.

Standard 1 - 2 3 4 5 Sample
| (ug/mL) 0.000 0.100 0.200 0.400 0.800 X
Intensity 0.0 5.8 12.2 223 43.3 154

N~

Use the method of least squares to obtain the best straight line for the calibration curve
and to calculate the concentration of riboflavin in the sample solution. Your calculation
should include the following important points;

i) The slope 3]
ii) The y-intercept, [3]
iii) The equation of the curve. [2]
iv) A plot of the calibration curve. [3]
v) The concentration of the sample. [2]

b) A certain barium halide exists as the hydrated salt BaX;.2H,0, where X is the halogen.
The barium content of the salt can be determined by gravimetric methods. A sample of
the halide (0.265 g) was dissolved in water (100 cm®) and excess sulphuric acid added.
The mixture was then heated and held at boiling for 45 minutes. The precipitate (barium
sulfate) was filtered off, washed and dried. Mass of precipitate obtained = 0.2533 g.

Determine the 1dentlty of X. [5]
c) i) What is the difference between ‘end point’ and eqmvalence point’ in precipitation
titrimetry? 2]
ii) Explain what is meant by a blank titration in precipitation titration. - [1] _
iii) Explain what is meant by a back titration in precipitation titrimetry and the
conditions which necessitate its application. [4]
Question 6 |25]

a) A 0.0500M AgNO:; solution was used to titrate 25 mL of 0.100 M NaBr.
i) Given that the K, value for AgBr is 5.0 x 10", calculate the pAg for the

following added volumes of AgNOs.
20.00 mL 49.00 mL 50.00 mL 51 mL, 70.00 mL [10]
ii) Plot the titration curve. \ 3]

~ b) An organic compound weighing 0.3598 g was burned in a steam of oxygen. The CO;
produced was passed into a solution of barium hydroxide, forming 1.1226 g of BaCOQs.
Calculate the % of carbon in the organic compound. [5]



¢) Under what abnormal conditions arp the followmg techniques applied in analytical
chemistry?

i) Standard additions
ii) External standards

iii) Back titration - [31

d) Using litmus as an example of an i caxor, explain the mechanism responsible for the
characteristic colour changes observed when;

i) Hydroxide ions are added |

(2]
ii) Hydrogen ions are added

| 2]



Table .J(A) ' -
Values of t for v Degrees of Freedom for Various Confidence Ievels

Confidence Level ,
14 90% 95% 9% .99.5%
1 6314 12.706 63.657 12132
2 2.920 4303 . 9925 14.089°
3 2.353 3182 5.341 7453
4 , 2.132. 2.716. 4.604 5.598
s . - 2018 _oasm : 4032 a1 -
6 . 1943 2.447 3707 4317
1 1.895 "2.365 3.500 4029
8 "1.860 2306 - 3355 3.832
9 .1.833 - 2262 S 32% . 3.6%
10 1812 2228 _ 3.169 -3.581
15 1753 - 131 ' 2.947 T 3282
20 - L1728 2086 2.845 3.153
25 1708 2.060 2787 3.078
@ 1645 . 1960 25716 2.807
"y = N - 1 = degrees of freedom.

Table I(B)Values of t for Various Levels of Probability

Factor for Confidence Interval

Degrees of

Freedom 80% 90%: 95% - 9% 99.9% -
1 3.08 631 . 127 63.7 637
2 -1.89 . o292 . 430 9.92 316
3 164 - 2.35 3.18 584 129
4 1.53 213 278 4,60 8.60
5 1.48 202 2.57 4,03 6.86.
6 144 1.94 2.45 -3 596
7 142 - 1.90 236 . 3.50 5.40
3 1.40 1.86 231 © 336 5.04
9 138 1.83 226 3.25 478
10 1.37 . 1Bl 223 317 455
11 . 136 1.80 . 220 3.11 4.44
12 - © 136 LB 218 3.06 432
13 135 .77 2.16 ©o3.01 422
14 134 . & 176 - 214 298 . . 414
X 129 1.64 1.96 2.58 3.29




TABLE 2

Values of F st the 95% Confidence Level

v, =2 3 4 5 6 7 8 9 10 15 20 30
v2=2 -190 - 192 192 193 193 194 194 194 194 ° 194. 194 195
3 9.55 528 912 901 894 - 889 885 881 87 87 866 862
4 6.54 659 639 626 616 609 604 600 S96 58 580 575
5 579 541 . 5.9 . 505 455 488 482 477 44 462 456 450
6 504 476 - 453 439 428 421 415 410 406 394 387 381
7 474 435 412 397 387 379 373 368 364 351 344 338
8 446 407 384 369 338 350 344 339 335 32 315 3.08
9 426 386 363 348 337 329 323 318 314 301 294 286
10 410 371 348 333 322 314 307 302 . 298 285 277 270
15 3.68 329 306 290 279 271 264 . 259 254 240 233 225
20 349 310 287 271 260 251 245 239 235 220 212 204
30 332 292 269 253 242 233 227 221 216 201 193 1.34
TABLE 3
Rejection Quotient, Q, &t Different Confidence Limits*
No. of ‘Confidence leve!
Observations Qso Qss Qas
3 0.541 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 0277 0317 10.393
30 0.260 0.298* . 0372

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



PERIODIC TABLE OF ELEMENTS

GROUPS
I -2 3 4 5 6 7 8 | 9 10 I 12 13 14 15 16 17 18
PERIODS [ 1A nA-|nmfve [ve i [ vim | VIR f o | WA_]IVA_| VA [_VIA_| VITA | VIIiA
100K , 4001
I 11 He
! 2
6.941 9.012 Alomic mass 14 10.811.1 12.011 | 14.007 | 15.999 | 18.998 [ 20.180
2 - Li Be Symbol =1z B C N 0] F Ne
3 4 ' Atomic No. [P 5 6 7 8 9 10
22,990 | 24.305 26.982 { 28.086 { 30.974-] 32.06 35.453 | 39.948
3 Na Mg TRANSITION ELEMENTS Al Si P S cl Ar
1 12 o . 13 4 15 16 17 18
39.098 | 40.078 | 44.956 | 47.88 [ 50.942 51.996 | 54.938 | 55.847 | 58.933 | 58.69 63.546 | 65.39.] 69.723 | 72.61 | 74.922 | 78.96 [ 79.904 83.80
4 K Ca Sc Ti \'d Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85.468 | 87.62 | 88.906 | 91.224 | 92,906 | 95.94 | 98.907 | 101.07 102.91 | 106.42 | 107.87 | 112.4] 11482 1 118.71 | 121.75 | 127.60 | 126.90 | 131.29
5 Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn | Sb | Te I Xe
37 38 39 40 1l 42 13 44 45 46 47 48 49 50 51 52 53 54
132.91 1 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 186.21 | '190.2 | 192.22 | 195.08 196.97 | 200.59 | 204.38 | 207.2 | 208.98 (209) | (210) | (222)
6 Cs Ba *La HI Ta A4 Re Os Ir Pt Au llg TI Pb Bi Po At Rn
55 56 57 | 12 73 74 75 76 77 78 79 80 81 82 83 84 85 86
223 | 22603 [ (227) | (261) | (262) | (263) | (262) | (265) | (266) | (267
7 Fr Ra [ **Ac | Rf | Ha | Unh | Uns | Uno | Une | Uun ]
Y 88 89 104 105 106 107 108 109 10
[140.12 1 14091 | 14424 | (145) _mo.um. 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 173.04 { 174.97
*Lanthanide Series Ce |.Pr Nd | Pm | Sm | Eu | Gd | Tb Dy + Ho | Er | Tm | Yb | Lu
58 59 60 6l 62 63 64 65 66 67 68 69 70 71
** A ctinide Series '232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) (247) (247) (251) |.(252) | (257) | (258) (259) (260)
“Th Pa U | Np Pu Am Cm Bl Cr Es FFm Md- No Lr
) 90 91 92 - 93 94 95 9 97 98 929 100 101 102 103

() indicates-the.mass number of the isotope with the longest half-life.




