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QUESTION 1 [25]

a) The following data was obtained from the analysis of a sample in ppm;

26 25 24 26 15
i) Should the value ‘15’ be considered part of the data at 95% confidence interval?  (4)
ii) Using another method, the values obtained for the same analysis yields the following:
33 26 25 35 33
Do the two methods give the same result at the 95% confidence level? {(5)
iii) Comment on the accuracy of the second method at 95% confidence level, if the ‘true’
value is 32ppm. {(2)

b} In a bid to improve suppressed analytical signal, an analyst performs a standard additions
procedure on soil samples for the analysis of Mn. Outline the experimental procedure for
performing standard additions, using diagrams where applicable to illustrate. 7

¢) Using appropriate illustrations compare external calibration curves with standard addition
methods and their use in elemental analysis, Clearly explain how an external calibration
curve is obtained. (4)

d)} Give two disadvantages of using standard addition compared to external calibration (3)

QUESTION 2 [25]

a) Describe how 2.00L of 0.0500M AgNO; can be prepared from a primary grade solid of
AgNO;,. (5)

b} i) What is meant by ‘digestion of a precipitate’? Briefly describe what happens in the process
of digesting a precipitate and give two {2) advantages of this step during gravimetric
analysis. : (4)
ii) What is peptization? How can this phenomenon be avoided during gravimetric analysis (3)

c) A 50.0 mLof 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,
i) After addition of 10.0 mL of AgNO3
i) At equivalence point
iii) At 26.0 mL
iv) Plot the titration curve {(10)
d) Explain what is meant by standardization in titration and give one example of a primary

standard used in acid-base titration. 3)



QUESTION 3 [25]

a) What are the assumptions that are made in the establishment and application of the least
squares method? (2)

b) A calibration graph was prepared as part of a validation procedure for a new method to
determine an active constituent of a sun cream by UV spectrophotometry. The following
data were obtained;

Analyte
Concentration
(mg/cm3) 0 20 40 60 80 100 120 Unknown
UV absorbance
at 325 nM 0.095 0.227 0.409 | 0.573 | 0.786 | 0.955 1.123 0.350
i) Check for the linearity of the data by calculating the correlation coefficient, r.
i) Use the method of least squares regression analysis of the data to calculate the
slope, intercept, and concentration of the unknown. (15)
c¢) i) Draw the Gaussian curve. (2)
ii} Indicate clearly the position of 1o (1)
iii) Indicate clearly the position of it . (1)

iv) State the percentage of the area under a normalized Gaussian curve covered by p £ 20 (2)

d) Explain the difference between accuracy and precision (2)



QUESTION 4 [25]

a)

b)

The standard hydrogen electrode (SHE) is the electrode against which all electrode
potentials are referenced.

{i) Draw the SHE and label all components. What is the role for the platinum? Why is it

a suitable metal for this role? {(3)
(i What specifications should be met by the SHE? {2)
(ifi) State the function of the salt bridge and explain how it works. 2)
i} Using an example differentiate between an oxidizing and reducing agent. (3)

ii} Calculate the potential of the following cell and indicate the reaction that would occur
spontaneously if the cell were short circuited.

Pt | U* (0.200M), UO,** (0.0150 M), H* (0.0300 M) || Fe* (0.0100 M), Fe** (0.0250 M) | Pt

The two half reactions are;

Fe¥ +e- &> Fe?* E°=+0.771V

UO> +4H' + 2¢ ¢ U™ + 2H,0 E°=+0.334V (6)

What is K, for the equilibrium;
CN +H,0 > HCN + OH (3)

i) What is the difference between ‘end point’ and ‘equivalence point’ in precipitation
titrimetry? (2)

ii) For the standardization of sulphuric acid, 0.4512 g sample of primary-standard grade
sodium carbonate required 36.44mL of an H,50, solution to reach an end point. What is the
molarity of the H,50,? (4) '



QUESTION 5 [25]

a) 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 k49
20 61

Assuming that no interferences are present, determine the Cu concentration within the
sample in ppb using the graph method if the sample measured was prepared by diluting to
volume 1 ml of sample extract into a 10 mL volumetric flask.

(10)

One of the challenges in the quantification of elements is the problem of interferences.

Explain what is meant by interferences giving a specific example and a solution on how this
interference can be eliminated. (5)

Differentiate between primary standard and a secondary standard for titrimetric
analysis (2)
Give four (4) desirable properties for a primary standard used for titration purposes.
(4)
Explain the term ‘Homogeneous precipitation’. What necessitates this method and what are
its unique advantages? (4)



QUESTION 6 [25]

a)

i) Distinguish between systematic and random errors, using examples to illustrate.  (4)
ii) Explain three (3) different ways which can be used to detect systematic errors. (3)
An atomic absorption method for the determination of copper content in fuels yielded a

pooled standard deviation of spooled = 0.32 pg Cu/mL (s = o). The analysis of the oil
from a reciprocating aircraft engine showed a copper content of 8.53 pg Cu/mL.

i) Calculate the 99% confidence limits for the result based on a mean of four (4)
analyses. {(3)

ii) How many replicate measurements are necessary to decrease the 99%
confidence for the analysis to + 0.20 pg Cu/mL? (3)

A standard method for the determination of carbon monoxide (CO} level in gaseous
mixture is known from many hundred measurements to have a standard deviation of
0.21 ppm CO. A modification of the method yields a value for s of 0.15 ppm CO pooled
from a data set with 12 degrees of freedom.

i) Does the modification give more precise measurements than the original
method at 95 % confidence level? (3)
ii) What is 0.21ppm CO in mol/L (2)

150.0 mL of 0.2105 M nitric acid was added in excess to 0.5 Kg sample with calcium
carbonate. The excess acid was back titrated with 0.1055 M sodium hydroxide. It
required 75.5 mL of the base to reach the end point.

Calculate the percentage (w/w) of calcium carbonate in the sample. (7)



APPENDIX

VALUES OF #FOR VARIOUS LEVELS OF PROBABILITY
Number of Factor for Confidence Interval
Observations
80% | 90% | 95% | 99% | 99.90%
1 308| 631| 12.7| 637 637
2 180 | 292 43| 992| 316
3 164 | 235| 3.18| 584| 129
P! 153 213| 278 46 8.6
5 148 | 2.02| 257 403| 6.86
6 144 | 194| 245| 371 59
7 . 1.42 19| 236 35 54
3 14| 186| 231| 336| 504
9 138 | 1.83| 226| 3.25| 478
10 137 | 1.81| 223| 3.17| 459
1 1.36 1.8 22| 311 444
12 136| 1.78| 218| 306| 432
13 135| 1.77] 216] 3.01| 422
14 134| 1.76| 2.14| 298| 414
. CRITICAL VALUES FOR REJECTION QUOTIENT Q
. Number of 90% 95% 99%
Observations | Confidence g Confidence | Confidence
.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
8 0468 | 0526 0.634
9 0.437 0.493 0.598
10 0.412 0.466 0.568




Confidence Levels for Various Values
ofz

Confidence Level , % z

S0 0.67

68 1.00

80 1.28

90 - | 1.64

95 1.96

_954 2.00

99 2.58

99.7 3.00

99.9 3.29




“Table 4-8) Critical volues of F

at 45% confidence leved

Degrees of Degrees of freedom for s,

[reedom : : '

for 5, ; LI | ] ¢ ? 8 b4 » |2 B » ¥ =

2 190 1162 1192 [183 1153 | 194 194 194 194 104 | 194 (194 ;I*}j 193
3 955{ 92R. 9.I2| 901 XM RO, RRA| RRI | R R R | R6S: RAZ . R
4 69| 659 539 626| GI16| 6.0F 604 | 600 596 591 586 | 580: 575 . 543
5 5791 541 5109 505} 495 488! 482 477 474 | 463 | 462 | 456 450 4%
6§ 504 476, 4331 439 428| 420 415 410 406 | 200 | 3% | 387: 381 . 147
7 47| 435 412] 397 387|379 373 36| 364 | 358| M51| 344 M. AD
8 4461 4071 J84| 369} 35830 350 344 339 335 ) 328| 22| A5 308 29
9 26| 386 363 34B| 337 3290 33| 38| 14| 307 301 | 294, 286 271
10 AI0] 311 3AR) 333 | 22| B4 AT 302 ) 29| 29| 28] 277 270 254
"o 398 | 359 336| 320| 30| 300 295| 290| 285 | 279 | 272 | 2650 257 240
12 JER | 30 326 AN 300 291 85| 280 275 269 62| 234 147 230
3 TR V4L VIR XX 207 283 AT I 6T | 26D | 251 2460 2 2
14 AT 33 OAIN| 296 | RS | 276 LW | 265 | 260 253 | 246 | 2390 231 213
15 J68| 329 06| 29| 279 271 264 | 259 | 254 | 248 | 240 233 135 27
14 A6 A2 301 RS T4 166 250 284 240 242 235 228% 299 ¢l
17 359 3 286 2810 27| 261 253 249 245 238 231 | 22 215 1%
(1] 156 3.!6§ 2631 277 A6 1SR 51| 2461 241 234 | 227 299 21l 19
19 3521 330 290 1M | 263 254 24B| 242 238 | 231 223 | 216 207 188
28 3490 310 237 2T | 26D| 251 245 239| 235 2281 20| 212 204 1&4
30 332 282 169 153 242 233 27 22 L6 0% 101 193 1M 162
= 300 240 237 121 40 200 )B4 LBE 183 173 167 157 146 108
USEFUL CONSTANTS

s M N ATNIN Y

Kw=1.00 x 104

Ki [HCN] =6.20 x 109



Quantity Symbaol

Speed of lightt c

Elementary 2
charge

Faraday F=eN,
constant

Bolzmann k
constant

Gas constant Ao kN,

”

Planck constant h

. h=hiox
Avogadra M
constang ’
Atomic mass u
unit
Mass of
g!ect_ron m,
proton m,
neutron m,
Vacuum Tl
permeabilityt
Vacuum f=1/c%,
permittivity .
dre,
Bohr magneton Hy = ehf2m,
Nuciear Humah/Zm,
magnaton .
Electron g .
value
Sohr radius 8y = Axxe i me
Rydberg B.mm s* B0
constant
Fine structure o= poaie/2h
coastant
Gravitational G
canstant
Standard t g
acceleration
of free fallt
4 p n K m

temto  pico nanoc micro milli

107 101 o= gg-4 g3

L4

Value

28792438 x 10" m s~!
FEO2I7TX 1019 ¢

S.6485 % 10*C mal™
1.380 66 x 10~ J !

8.31451J4K™ mol™'
8.20578x 10~

dm? atm K™ mo|™!
62384 L Torr X~ mai~!"
6.652608x10"* g
108457 210"+ gy
§.022 14 x 10 moi™!

1.660 54 x 10~ kg

8.10938 % 10~ kg

1.872.62 % 10~ kg
157483 X 1077 i3

dr X107y CimmY

4x X 1077 TP I md

8.854 13 x 10~'3 J;* Cim™
111265 X 10=1° 4=V Gi =y
8.27402% 103 J T

5.050 73 % 10~ ) 71
200222

528177x10™ "' m
1.087 37 %x 10%ecm ™

7.297 35'x 10~3

8.67259x 107" N m¥kg~t

. 8,806 85,p.87%
-] d k M G
cent! deci kils mega ¢lga

107 10”' 10° 10* o0

General data ang
" fundamental
-constants.

T Exact (defined) veiues

Prefixes
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PERIODIC TABLE OF ELEMENTS
]
! GROUPS o e ‘ .
[ 2 3 4 | 5 ] 6 7 8 [ 9] T T ] 15 ] 16-] 17 | i8 .
PERIODS | 1A nA | um | ave [ v | ovin | vin Vi | B | WA [ IVA | VA | VIA | VIiA VA~
100K llﬂfﬂ
i H Ik
1 , 2
6941 | 9012 Atowic mss —YFTG811 | 12011 | 14.007 | 15,995 | 18.998 | 20180
2 Li Be Symbeal mt B C N 0 F Ne
3 4 - AtomicNo. 1> 5 6 7 ] % 10
22.990 | 24.305 . 26:952 | 28,086 | 30.974 | 32.06 | 35.453 | 39948
3 Na | Mg [ TRANSITION ELEMENTS Al | si P S Cl | Ar
1 12 . ) i3 I4 15 16 17 18
39.098 [ 40.07K | 44.956 | 47.88 | 50942 | $1.996 | S4.978 | 55.347 | 58933 | 58.69 | 63.346 | 05.39.] 69.723 | 7261 | 74.922 | 78.96 | 79904 | #3.80
4 K Ca Se Ti A4 Cr | Mn | Fe | Co Ni Cu | Zn | Ga | Ge | As Se Br | Kr
19 20 21 » 23 y Y 15 26 27 28 29 3.1 3 12 33 M 35 36
85463 | 87.62 | 88.906 { 91.224 [ 92.906 | 95.94 | 98.907 | 101.07 | 10291 | 106.42 | 107.87 | 11241 ] 1482 | 11871 | 121.75 | 127.60 | 12690 | 131.29
5 RE | & {7V |"Zv | Nb| Mo "R {"Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
37 38 39 40 4 | @ 44 43 46 47 48 49 50 51 52 531 54
132.91 ! 183.85 1902 | 192.22 | 195.08 | 196.97 | 200.59 | 20438 | 2072 | 208.98 | (209) | (210) | (222)
6 - - @st-<be- | Pt | Au | Hg [ T Pb Bi Po At Rn
‘ 16 | 7 78 79 20 8! 82 83 84 85 86
%}‘ (486Y | d67) . ’
T . Jno | Une | Uun
* VAR ) 109 Lo
o [ZT3VE NETX 150:16. 151,96 [ 15725 | 158.93 | 16250 | 16493 | 16726 [ 16893 | 17304 [ 17497
*Lianthanidé Serics ~Ce | Pr ﬁd Pm | S | Bu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu |
% 58 |50 | 6o | el 62 63 64 85 66 67 68 59 70 "o
** Actiniile Series pap it} 231.04 238,03 1 217,05 | (244) | 43) | (247) | (247) | (250 | 252y | (257) | (258) | (259) | (260)
E e X3l ...‘.;Eﬂ:.. oL oNp ] wl’..'-lw cAm.f .Cm | Bk Cr Es Fm Md No Lr
T . 93 95 96 97 98 99 100 | 101 102 103
T "“r}‘in&?ema"tkzmm Wm&roftfm Isotope with the Iangesl halflife. -




