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QUESTION 1 [25J 


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) 

c) 	 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 [25J 

a) 	 Describe how 2.00l of 0.0500M AgN03 can be prepared from a primary grade solid of 

AgN~ 	 W 
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) 

l' 

c) A 50.0 ml of 0.0500M NaCI is titrated with O.l000M AgN03• Calculate the pAg value at the 

following stages of the titration, given that for AgCl, Ksp = 1.82 X 10-1°. 
i) After addition of 10.0 ml of AgN03 

ii) 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) 
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QUESTION 3 [25] 

a) 	 What are the assumptions that are made in the establishment and application ofthe least 

squares method? (2) 

b) A calibration graph was prepared as part of a validation procedure for a newmethod to 

determine an active constituent of a sun cream by UV spectrophotometry. The following 

data were obtained; 

I 

I 

Analyte 
Concentration 

(mg/cm3) 0 20 40 60 80 100 120 Unknown 
UVabsorbance 

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. 

ii) 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 10 (1) 


iii) Indicate clearly the position of 11 	 (1) 

iv) State the percentage of the area under a normalized Gaussian curve covered by 11 ±20 (2) 

d) Explain the difference between accuracy and precision 	 (2) 
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QUESTION 4 [25] 


a) 	 The standard hydrogen electrode (SHE) is the electrode against which all electrode 

potentials are referenced. 

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

a suitable metal for this role? (3) 

(ii) 	 What specifications should be met by the SHE? (2) 

(iii) 	 State the function of the salt bridge and explain how it works. (2) 

b) 	 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 IU4+ (0.2ooM), UO/+ (0.0150 M), H+ (0.0300 M) II Fe2+ (0.0100 M), Fe3+ (0.0250 M) I Pt 


The two half reactions are; 


Fe3+ + e-~ Fe2+ EO =+0.771 V 


UO/+ + 4H+ + 2e-~ U4+ + 2H20 EO = +0.334 V (6) 


c) 	 What is Kb for the equilibrium; 

d) 	 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 ofan H2S04 solution to reach an end point. What is the 

molarity ofthe H2S04? (4) 
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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) 

b) 	 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) 

c) 

i) Differentiate between primary standard and a secondary standard for titrimetric 

analysis (2) 

ii) Give four (4) desirable properties for a primary standard used for titration purposes. 

(4) 

d) 	 Explain the term 'Homogeneous precipitation'. What necessitates this method and what are 

its unique advantages? (4) 
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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) 

b) An atomic absorption method for the determination of copper content in fuels yielded a 

pooled standard deviation of spooled =0.32 j.lg Cu/mL (s ~ 0'). The analysis of the oil 

from a reciprocating aircraft engine showed a copper content of 8.53 j.lg 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 j.lg Cu/mL? (3) 

c) 	 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) 

d) 	 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) 
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APPENDIX 


VALUES OF tFOR VARIOUS LEVELS OF PROBABIUlY 

Number of Factor for Confidence Interval 
Observations 

80% 90% 95% 99% 

1 3.08 6.31 12.7 63.7 

2 1.89 2.92 4.3 9.92 

3 1.64 2.35 3.18 5.84 

4 1.53 2.13 2.78 4.6 

5 1.48 2.02 2.57 4.03 

6 1.44 1.94 2.45 3.71 
/ 

7 1.42 1.9 2.36 3.5 

8 1.4 1.86 2.31 3.36 

9 1.38 1.83 2.26 3.25 

10 1.37 1.81 2.23 3.17 

11 1.36 1.8 2.2 3.11 

12 1.36 1.78 2.18 3.06 

13 1.35 1.77 2.16 3.01 

14 1.34 1.76 2.14 2.98 

99.90% • 

637 i 

31.6 

12.9 

8.6 

6.86 

5.96 . 

5.4 ! 

5.04 

4.78 

4.59 

4.44 

4.32 

4.22 

4.14 

CRITICAL VALUES FOR REJECITON QUOTIENT Q 

r-
r-----..,.---i-----,----,.-----.-
i Number of , 90% i 95% 99% 

!Observations IConfidence IConfidence Confidence I 

3 0.941 0.970 I 0.994 le 
, i I _~
f--' 

4 0.765 0.829 0.926 II 
r--------:-----~-r_------~-----~~~ 

5 0.642 0.710 0.821 ~~ 
6 0.560 0.625 0.740 I_~ 
7 0.507 0.568 0.680 II 

~---.------~-----i--.-----~-------:r_r_ 

8 0.468 . 0.526 0.634 I I I 
! I I I ....-._----------- 

! 
9 0.437 f--~;ir-~;--In 

10 0.412 0.466 I 0.568 



Confidence Levels for Various Values 
ofz 

"-,

Confidence Level # % 


SO 


68 


80 


90 
 / 

95 

95.4 

99 

99.7 

99.9 

z 

0.67 

1.00 

1.28 

1.64 

1.96 

2.00 

2.58 

3.00 

3.29 



Degrees of Decrm offreedOlP for $1 
l'l.'ftdom 

Is 
, 

for!:! :z 3 " 5 (j 1 , 10 U 15 19 ,» ... 
2 10.(1 19.2 • lQ.'2 19.3 19.3 J1),4 \10.4 lii.4 19.4 IQ.4 19.4 19.4 19.5 . 19.:; 
3 9~~5 9.2R 9.12 9.01 3.94 U9 

1 
1tR4 lUll R.79 l!.74 R.'iO 11.66 R.n2 8_~3 

<\ 6.91 6.59 6.39 6.26 6..lG 6.09 ! 6.04 6.00 5.96 5.91 5.86 5.80 S,7S 5.63 
5 5.79 5.41 5.19 5.GS 4.95 4.88 ! 4.lt2 4.7'1 4.74 4,6.~ 4.62 4.56 4.50 4.36 

6 5.14 4.76, 4.53 4.39 4.n 4.21 I 4.1l 4.10 4.(Kj 4.00 1'):1. 3.87 3.81 l.67 
7 I 4.14 4,35 4.12 l<r! 3.81 3.19 I .1.7.\ 3.63 3.64 3.58 ljl 3.44 lJ8 3.23 
8 4.46 4.0; 3,34 3.69 3.53 3.50 I 3.44 3.39 3,3j 3.n l.ll 3.15 3.08 2.93 

l.86 . '}'48 3.31 
, 

1.719 4.26 ),63 

~!:~+ ;:,~ 
3.13 U4 3.01 3.01 2.94 , 2.86 

10 4.10 3.71 .US 1.:13 :t22 .t(ll 198 2.91 2.84 2.77 \ 1.70 lS4 .,.  ..... . ../..~_~_w , -" .. - ~ -- .. ...  .. +-_.- ... .~---~ ------.t  .... -~-~ ;-,.. -~ . .. -~. 
II 3.98 3.59 3.36 320 3.1Q 101 2.!lS 2.90 2.85 2.79 2,72 2.65 2.51 2.40. 
12 3.118 ;;.4'} .t26 3.11 :tOO 191 2.8S 280 2.7S 2.6<) 2.~2 2.$4 2,47 2..:.'1{) 
11 HI HI: 11~ l(l~ H?- Ul ?n ?71 167 :lfll ".n ?4t'i DR ? ?I 
14 3.1. JJ4 .UI 2.96 2.1\; 176 2;10 2.6.~ 2.60 2.S.~ 2,46 2.l9 2.31 lU 
15 j.6~ 3.2\1: 11.1& 2.90 2.79 Z.71 l-2:.&.4.. 2.59 2.54 2.4!i 2.40 2Jl. 2.~ 2.U7 
~'---""''' f----..-  --~,"'-.. -.--, .'-  r-- r----l. .....-'-"--,..... ', " .•..-~. 
16 .tlil :1.24 :t01 2.11'1 2.i4 l66! 2.W 2.~ 149 2.42 2J'I 2.2.11 ; 2.1Q 2.01. 
J'1 3.59 12U 2.96 2.111 2."iO 2.01 I 2.55 2.49 

~~I 
:U!I 2.JI 2.23 2.1.5 L% 

18 .\..56 3.UI 2.93 2.77 2.fi6 

i~: I 
lSI 1.46 2.34 2.27 2.19 2.11 1.92 

19 3j~ 3.n; 2.90 2..74 163 2.43 2.42 2.38 131 2.23 2.16 f 2.07· ts8 
20 3.49 3.[0 ~ 2..$7 2.'11 2.&) 2.51 i 2.45 2.39 2.35 2.2il 2.20 2.12 2.04 1.84 

10 3.J:! 2.512 2.69 253 2.42 2.33 2.'l7 HI 2.16 2.09 2.01 1.93 1.84 1.62 
..,. 3.00 l.W 2.li 2.21 l.W 2.01 1.!l4 U3 1.83 1.7, 1.67 151 1.4(, 1.00 

USEFUL CONSTANTS 

Kw = 1.00 X 10-14 


Ka [HCN] = 6.20 x 10 -10 
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Q \,Ill ntii:y Symbol 

Speed ollight't c 

Elemenlary -e 


charge 


Faraday 
 F .... 'N... 
cor:SUnt 


BOltzmann 
 k 
consta('It 


Gas c:anstant 
 a-It:N... 

Planck c:onstant h 

h "" hiLT 

Avogadro 
 Ni.. 

constant 
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unit 


MaS$ of 
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neutron m.. 
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Value General data and 
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