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QUESTION 1 [25]

a) i) Distinguish between systematic and random error, using example to illustrate? (4)

ii) Distinguish between precision and accuracy, using examples to illustrate your explanation.

3)
b) Whatis meant by “occlusion in gravimetry? How can occlusion be minimized?

(3)
¢} What is meant by ‘Peptization” in gravimetric analysis, and how is minimised? (3)
d) Explain two (2) cases when back titration is preferred instead of direct titration. 2)
e} Describe the principle of “indirect titration” in analytical chemistry. (3)

f) The phosphorus in 4.258 g of a plant food was converted to PO,> and precipitated as AgsPO,
through the addition of 50.00 mL of 0.0820 M AgNO,. The excess AgNO; was back titrated
with 4.46 mL of 0.0625M KSCN. Express the results of this analysis interms of % P,0s.  {7)

The chemical reactions are;
P,0s+9H,0 ———> 2P0,> +6H;0"

2P0,* +6Ag" 5 2Ag;PO,(s)

Ag'+SCN ———> AgSCN (s)

QUESTION 2 [25]

a) The concept of CRM and or SRM is widely used by industry for their quality control

measures. Briefly explain;

i) What are CRM or SRMs 2)

i) What is their central role in analytical chemistry? (2)
iif) How are they certified? (4)
b} Distinguish between sample mean and population mean (2)

¢) Riboflavin (Vitamin B 2) is determined in a cereal sample by measuring its fluorescence
intensity in 5% acetic acid solution. A calibration curve was prepared by measuring the
fluorescence intensities of a series of standards of increasing concentrations. The following

data were obtained.



Riboflavin {ug/mL) {x;) | Fluorescence Intensity (y;)
0 0
0.1 5.8
0.2 12.2
0.4 22.3
0.8 43.3
Unknown 15.4
i) Using the data as far as possible, plot the ‘best straight line’. (3)
ii) Use the method of least squares regression analysis of the data to calculate the
slope, intercept, and concentration of the unknown. (12)

QUESTION 3 [25]

a)

The standardized Gas Chromatographic (GC) method and a newly developed Enzymatic

Method (EM) were employed separately to determine the alcohol content of a locally

brewed wine. The results obtained (in % Ethanol) are as follows:

GC (% Ethanol): 13.0, 13.5, 133, 129

EM(Ethanol %): 15.1, 13.3, 12.7, 12.6, 13.1

i) Determine the pooled mean and the pooled standard deviation for the two data
sets. (6)

ii) Is there any significant difference in the precision of the two methods at 95%

confidence level? {4)

A method for the determination of mercury by atomic absorption spectrometry gave values
of 400, 385 and 382 ppm for a standard known to contain 400 ppm. Does the mean value
differ significantly from the true value, or is there any evidence of systematic error (bias) at

95% confidence level? (5)



¢} An analysis is carried out in water to determine the concentration of Cu in a river passing
through the Matsapha industrial site. The instrument was calibrated via standard addition

method, and the response obtained is listed below;

Standard Addition Concentration (mg/L) | Instrument Reading(Units)
0 12
3 16
5 27
10 37
15 49
20 61

Assuming that no interferences are present, determine the Cu concentration within the sample in

ppb using the graphical method. : (6)

d) i) Explain the advantage of using the standard addition method instead of external

calibration method for elemental analysis? (2)

ii) What is the disadvantage of using the standard addition method? (2)

QUESTION 4 [25]

a) Inthe lab | get the following 4 numbers for the concentration of chloride in a sample:

0.1015, 0.0951, 0.1016, 0.1014 and 0.1017 M.

What is;

i) the mean

i) the median

iif) the 95% confidence interval

iv) relative standard deviation for this data set. (12)
b) In 4(a) there is one value that looks like a ringer {an outlier). Use a suitable method to
determine if this value can be rejected from the data set. (5)
c) In 4(a) | had you calculate a relative standard deviation. The relative standard deviation is

usually regarded as a measure of the relative error on your mean. You also calculated a confidence
interval, which is also a measure of the uncertainty of the mean. Compare and contrast these

numbers. Which is the better measure of experimental uncertainty? (3)

d) In acid-base titrimetry,



i) Explain what a primary standard is and state two reasons why NaOH is not a suitable primary

standard (3)

ii) Name a common primary standard for the standardization of NaOH (2)

QUESTION 5 [25]

a)

b)

A 50.0 mL of 0.0500M NaCl is titrated with 0.1000M AgNO;. Calculate the pAg value at the
following stages of the titration, given that for AgCl, Ksp = 1.82 x 10,

After addition of 10.0 mL of AgNO3

At equivalence point

At26.0mL

Plot the titration curve (10)

A standard 0.0100 M solution Na“ is required to calibrate a flame photometric method to
determine the element. Describe how 500 mL of this solution can be prepared from a
primary standard Na,COs. (5)
What is the 0.0100 M Na* in ppm and ppb? (3)
You have just been employed as an analytical chemist at RSSC, in charge of soil chemistry
and analysis. it is alleged that a certain plantation with an area of 1 hectare has an excess of
the toxic element Arsenic from application of certain herbicides. Briefly outline the steps you
would undertake for a quantitative analysis of soil samples in the affected plé‘h:ation.
Explanation should include, but not limited to;

i) Sampling

ii) Quality control

iii) Data analysis and interpretation {7)

QUESTION 6 [25]

a)

b)

What is the difference between galvanic and non-galvanic cells? Explain. (3)
With an aid of a diagram explain the function of the salt bridge and explain how it works
3)

Calculate the electrode potential of a silver electrode immersed in a 0.0500 M solution of

NaCl using;
i) E°ageng = 0.799 V [ AgCl, Ksp = 1.82 x 107]
ii) E°nec/Ag = 0.222V (5)



d) In the determination of chlorine by Fajan’s titration in samples,
i) Name the common adsorption indicator used in this titration. (2)
i) What is the reason for the addition of dextrin before titration? 2)
e} Aniron ore was analysed by dissolving a 1.1324 g sample in concentrated HCI. The resulting
solution was diluted with water, and the iron (Ill) was precipitated as the hydrous oxide
Fe,03.xH,0 by the addition of NH;. After filtration and washing, the residue was ignited at a

high temperature to give 0.5394 g of pure Fe,0s.

Calculate

i) The % Fe in the sample

ii) The % Fe;0, in the sample. (6)
f) What is coprecipitation? (2)
g) What are the properties of a “good” precipitate in gravimetry? (2)



APPENDIX

VALUES OF £FOR VARIOUS LEVELS OF PROBABILITY

Number of Factor for Confidence Interval

Observations

80% 90% 95% 99% | 99.90%

1 3.08 6.31 12.7 63.7 637
2 1.89 2.92 4.3 9.92 31.6
3 1.64 2.35 3.18 5.84 12.9
4 1.53 2.13 2.78 4.6 8.6
5 148 2.02 2.57 4.03 6.86
6 144 1.94 2.45 3.71 5.96
7 142| 19| 236 35 5.4
8 14 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 478
10 1.37 1.81 2.23 3.17 4.59
11 1.36 1.8 2.2 3.11 4,44
12 1.36 1.78 2.18 3.06 4,32
13 1.35 1.77 2.16 3.01 4.22
14 1.34 1.76 2.14 2.98 4.14

| CRITICAL VALUES FOR REJECTION QUOTIENT Q

{
i

!

. Number of 9%  95% 99%
Observations | Confidence | Confidence | Confidence
3 0.941 0.970 0.994
4 0.765 l 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

8 0.468 k 0.526 0.634

9 0.437 0.493 0.598
10 0.412 0.466 0.568




Confidence Levels for Various Values
of z |

Confidence Level ,% . 2

50 0.67

68 1.00

80 1.28

90 - | 1.64

93 1.96

, 95.4 2.00

99 2.58

99.7 3.00

99.9 3.29




‘Table 4-5] Criticalyulues oLF

ot 954 confidence level

Degrees of Degrees of freedom for ¢,

freedom : ;
fors, 2 3 A4 5 ] 7 ] 9 012 |15 |® W e

2 196 1192 192 193 1103 194 (104 | 194 1104 104 (04 |194 ;I‘J.S (195
3 8551 928 942 961 | R4 RE9! RR4| RB | R | R4 | W 866 R&2 . RS3
4 6| 659 839 6261 6I6| 609! GD4| 600] 596 591 | 586 | 580 575 563
3 5791 541 5109| 505 495| 488 4B | 477 474 | 468 462 | 456 450 0 436
6 S.4| 47, 453 439 428 421 415| 10| 406 400| 394 | 387! 381 367
7 474 435, 412| 397 287 379 373) 368 | X6 | 353 15| 144 1M AW
8 446 | 407 384| 368 3S3| 350 344 339 335 | 328 | 322 | 345 308 293
9 426 | 3E6. 363 348 337) 329 3| 38| 304 307 301 | 284 286 27
0 |AI0) 370 3481 333 | 32| 14| A7) 302) 298| 291 | 284 ) 277 270 254
L 3.98 3.59: 336] 320 330 301 295| 200] 285 | 279 272 | 265 257 . 240
12 3R] 349 3260 AM1| 300) 291 LBS| 280 27§ 29| 262 | 254 247 230
(] 3801 341, VIR 02 202 2R3 27T AT 26T | 260 RSV 246 28 M
4 W O3 3] 296 RS 2 LW 245 U 253 146 239 231 213
B o | 32y 3061 W 27y 271 L 259 | 153 2441 140 | 233 R
14 163 324 I | RS 174 266 259 254 249 ) 242 28 128 219 201
17 339 34 29| 281 270 261 255 249 245 238 231 | 2231 215 196
18 356 346 293 LIT| ARG 2SR 11| I 2410 234 227 219 21 1m
19 3520 3] 290 274 63| 2| 248 242 238 | 231 223 216 207 188
20 349 310} 287 27| 160| 251 245| 230 235 223| 220 212 204 18
30 332 292 268 253 242 233 227 220 A6 209 201 193 184 182
= 300 260 237 221 X100 201 184 138 183 173 167 157 140 100
USEFUL CONSTANTS

Kw=1.00x 10"

Ka [HCN] = 6.20 x 10

~10



PP

s

Quantizy Symbol Value General data and
Speed of lightt ¢ 289792438 x 10" ms~! fundamfnta!
Elemeniary e TBO2I7TR 10~ ¢ -constants.
charga ,
Faraday F=enN, 8.6485 x 10* C moi—!
constant
8citzmann k 1.380 66 x 10~ g 1 :
canstane )
Gas constant A= kN, 8.31451 1K™ mgl~! -
320578 x 10~2 4
dm? atm K~* mol~! A
62.384 L Tarr K™ moi~t" f
Planck constamt & 6.626 08X 10> Jg e
) A= h/2x 1.05457x 10" J g 3
Avogadro N 6.022 14 x 107 g~
constant ‘
Atormie mass u 1.660 54 x 10~ kg
unit . .
Mass of
electron m, 8.10839x 10~ kg
proton m, 1.672.62% 10~ kg
neutron m, "1.57483% 10”7 kg
Vacuum i 4z X107 d s C A -y .
permeabilityt - - s A b
. dxx 107 T ' m3 .
Vacuum o= 1/c2u, 8.85419% 107131 Cl .
parmitthvity » ~ Tt .
dire, 111288 x 10~ g~V 4
Bohr magnewn He=eh/2m, 227402 x 1073 g T = e
Nuciear Yn = ghf2m, 5.050 79 % 10=%J Tt
magnaton . -
Electron g -3 200222
waiue P e —— )
Sobr radius 2 = dxeh m 1 528177 10" "' m X =
Rycberg R.=m o' lans 1.08737x 10% ern ™! -
canstant .
Fine structure e=poelc/2h 7.29735'x 10-3
cansant f
Gravitational G 8.87258x 107" N mikg~?
constant : |
Standard - 4 . 9806 65 o.5]?
acceleration .
at free fallt t Exact (definad) vaiuea
f g n I m ¢ d M G Prefixes

femto  pico nano miere  milli cent! deci kilo maga giga
1079 10™'3 gg-1 g~ 1g~3  1g-2 107 10 0% o8



PERIODIC TABLE OF ELEMENTS
]
| GROUPS e o
[ 2 3 4 5 6 | 7 8 o1 w IV e -3 | 4 [ 18 ] 16-
rERIODS | A A | mm | qve | ve | Vil | vl viif_ m | MR | WA_J VA | VA
FOUR
i i
i : 2
6941 | 9.012 Atornic muss —FTEAVT | 12011 | 14.007 | 15.999 | 18.008 | 20.180
2 Li Be B Symbol .-tB B & N 0 F Ne
3 4 . -7 AtomicNo. —J” 5 6 7 2 ? 16
22.990 | 24.305 269821 28,086 | 30.974 | 32.06 | 35433 | 39.948 ¥
3 Na | Mg | TRANSITION ELEMENTS | Al | si P S Ct | Ar
1" 12 . ) 13 14 15 i6 n 8
39.493 [ .0.078 | 44.956 | 47.88 | 50942 | 51,996 | 54.938 | 55847 | 50.933 | 58.69 } 63.546 | 6539. 69.723 | 7261 | 74.922 | 78.96 | 79.904 | 83.80
4 K Ca Sc Ti b4 Cr | Mn | Fe Co Ni Cu | Zn | Ga | Ge As Se Br | Kr
l 19 20 21 2 23 24 25 26 21 28 29 3. | 3 2 33 M 15 6
$5.468 | 87.62 | 88.906 | 91.224 [ 92.906 | 95.94 | 98.907 | 101.07 10291 | 10642 | 107.87 | 11241 [ 13482 | 11871 ['121.95 | r27.60 | 1269 | 131.29
& RE 78 ™V |"Zr | N[ Mo | T R 8h | Pd | Ag | Cd [ In | Sn | Sb | Te | I .| Xe
37 44 45 46 47 48 49 50 51 52 53 54
) 13201 . '190.2 | 19222 | 195.08 | 196.97 | 200.59 | 20438 | 2072 | 208.98 | (200) | (210) | (220}
6 .M,.&s,.w“,.?w WA . '93"“!1‘ ™M | Au "g T Pb Bi ) At Ra
|5 Lo . _ 16 . T 78 79 80 8! 82 83 84 85 86
1,423 [ 226 W 298 | @8N . : :
7 | Fro} Ra | ®Ae) I ) o [ Une f Uun
B T A Lopo . o7 . 1o, | 109 | 1O
) TOVE | 14091 | 4424 | (145) | 15036 | 15196 | 15725 | (3693 | V6250 | 16493 | 16726 | 16833 | 173,04 [ 17497
*ILanthanidé Serics .Ce [, Pr %}3 Pm | S | Bu | Gd | Tb { Dy | Ho | Er | Tm | Yb | Lu
11 o5 | 59 f-e0-| 61 | 62 | 63 | o4 | 65 | 66 | 61 | a8 | 0 | w0 |
** Actiniile Series 232‘.&! 22;l7ﬁ4~ R0D 123705 | (244) | (243) | (247) | (247) | (259 | (252) | (257) | (25B) | (259) | (260)
L © haBhe pePRec ol b oNpos P, 4 Amoof .Cm | Bk Cf Es Fm Md No Lr
-2 I 2 ].93 2 95 96 97 98 99 100 10t 102 103

T S iicatex-the miss rivber of fhe I5o(ope with the Tongest Ralflife, -



