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QUESTION 1 

a) 	 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) 

b) 	 i) ExpJain the term 'Homogeneous precipitation'. (2) 

ii) Explain two ways in which homogeneous precipitation can be achieved during gravimetric 
.... 

analys~s. Give a specific example for each. (5) 


iii) What are the unique advantages of homogenous precipitation when compared to direct 


precipitation? (3) 


c) 	 i) What is meant by coprecipitation in gravimetry? (2) 

ii) Briefly describe three (3) different types of coprecipitation. (3) 

d) 	 Explain how the particle size of a precipitate can be controlled with reference to relative 

supersaturation. (3) 

QUESTION 2 

a) 	 A 50.0 mL of 0.0500M NaCI is titrated with O.l000M AgN03. Calculate the pCI value at the 

following stages of the titration, given that for AgCI, Ksp =1.82 X 10.1°. 
i) After addition of 10.0 mL of AgN03 

ii) At equivalence point 

iii) At 26.0 mL 

Plot the titration curve (8) 

b) 	 The phosphorus in 4.258 g of a plant food was converted to P043- and precipitated as Ag3P04 

through the addition of 50.00 mL of 0.0820 M AgN03. The excess AgN03was back titrated 

with 4.46 mL of 0.0625M KSCN. Express the results of this analysis in terms of % P20S. (7) 

The chemical reactions are; 

P20 S+9H20 -7 2PO/+6H30+ 

2PO/ + 6Ag+ -72Ag3P04 (s) 

Ag+ +SCN-7 AgSCN (s) 
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c) 	 In determining the amount of chlorine in unknown liquid samples, a gravimetric method was 

used. The method involved the addition of excess silver nitrate to the analyte.The excess 

silver nitrate was then back titrated using sodium thiocyanide and iron (III) was used as an 

indicator. At equivalence point 


i) What special name is given to this type of precipitation? (2) 


ii) Write down all the reactions which take place during this titration. (4) 


iii) What are the challenges of using this type oftitration, and how can these problems 


be solved? Explain (4) 

QUESTION 3 

,. 

a) 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) 

(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+ (0.200M), UO/+ (0.0150 M), H+ (0.0300 M) II Fe2+ (0.0100 M), Fe3+ (0.0250 M) IPt 

The two half reactions are; 

EO =+0.771 V 


EO =+0.334 V (6) 


c) What is a buffer solution? What equation is used to calculate the pH of a buffer solution? (3) 

d) Draw the titration curve for the titration of 20 mL, 0.1 M CH3COOH titrated with 0.1 M 

NaOH. Show calculations (6) 
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QUESTION 4 

a) 	 The following data was obtained in the analysis of copper using flame atomic absorption 

spectroscopy. 

I conc, ppm 
I 

I 5.1 

I 
17.0 

25.5 
I 

% transmittance 

78.1 

43.2 

31.4 

I 

I 

I 
I 
I 

I 

34.0 

42.5 

51.0 
I 

18.8 

14.5 

8.7 

Following calibration, a sample of unknown copper concentration was analysed. The measured 

transmittance was 35.6%. 

i) Report the concentration using the graph method. (3) 

ii) Use the method of least squares regression analysis ofthe data to calculate the slope, 

intercept, and concentration of the unknown. (12) 

b) 	 The calibration method used in (a) is known as external calibration. Standard addition can is 

an alternative calibration method which can also be used to determine the concentration of 

copper in a sample. 

i) Outline the experimental proceoore for performing standard additions, using 

diagrams where applicable to illustrate. (7) 

ii) Explain the advantage of using the standard addition method instead of external 

calibration method for elemental analysis? (2) 

iii) What is the disadvantage of using the standard addition method?'(l) 

QUES"nON 5 

a) 	 Glucose levels are routinely monitored in patients suffering from diabetes. The glucose 

concentrations in a patient with mildly elevated glucose were determined in different 

3 




months by spectrophotometric analytical method. The following results were obtained 

during a study to determine the effectiveness of the diet. 

Time Glucose Concentration (mg/l) 

-
Month 1 1108,1122,1075,1099,1115,1083,1100 

Month 2 992,975,1022,1001,991 

Month 3 788,805,779,822,800 

-..... Month 4 799,745,750,774,777,800,758 

i) '~Calculate a pooled estimate of the standard deviation for the method the firsttwo 

months (month 1 and month 2). (5) 

ii) Is the mean glucose level obtained in month 3 significantly the same as that 

obtained in month 4 at 95% confidence level? (5) 

iii) Determine the 95% confidence interval for the mean value for month 1. Assume that 

s = 19 is a good estimate of ~. (4) 

iv) 	 What is the meaning of the results obtained in a (ii).Explain (2) 

v) 	 How many replicate measurements in month 1 are needed to decrease the 

confidence interval in b (ii) to 1100.3 ±10.0 mg/L of glucose? (4) 

b) 	 Two barrels of wine were analysed for their alcohol content to determine whether they 

were from different sources. On the basis of six analyses, the average content of the first 

barrel was established to be 12.61% ethanol. Four analyses of the second barrel gave a 

mean Of 12.53% alcohol. The 10 analyses yielded a pooled standard deviation Spooled of 

0.070%. Do the data indicate a differen~ between the wines? (5) 

QUESTION 6 

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) 

ii) What is their central role in analytical chemistry? (2) 

iii) How are they certified? (3) 

b) i) Distinguish between systematic and random errors, using examples to illustrate. (4) 
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ii) 	 Suppose that 0.50 mg of precipitate is lost as a result of being washed with 200 mL of wash 

liquid. If the precipitate weighs 500 mg, calculate the relative error. (2) 

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

(3) 

d) Describe the principle of "indirect titrationll in analytical chemistry.(2) 

e) Explain two (2) cases when back titration is preferred instead of direct titration (2) 

f) 0.500g sample containing Na2C03 is analysed by adding 50.0ml of 0.100M HCl, a slight 

excess, boiling to remove COb and then back-titrating the excess acid with O.l00M NaOH . If 
...... 

5.6mL.NaOH is required for the back titration, what is the percent Na2C03 in the sample? (5) 
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APPENDIX 


VALUES OF tFOR VARIOUS LEVELS OF PROBABILITY 

Number of 
Observations 

-

Factor for Confidence Interval 

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 
~ 

1.48 2.02 2.57 4.03 6.86 

6 1.44 1.94 2.45 3.71 5.96 

7 .. 1.42 1.9 2.36 3.5 5.4 

8 1.4 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 1.8 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 

ICRl11CAL VALUES FOR RElECIlON QUOTIENT Q 
1 

t 

! 
! 

!INumberof 

i Observations 
I 
! 31 
i. ­
! 

4i 
I 
i 
! 5I 

I 6 

! 7! 
i 
; 

8i 
I 
I 

I 
; 
I 

, 9 
I 
I 
i 10 
i 

I 

99% 

I 
90% ! 95% 

I 
ConfidenceConfidence !Confidence 

0.941 0.970 0.994I I 
I I~I j 

I I 
0.765 0.829 0.926 

.1 i ,I 

0.642 0.710 0.821I I I 
0.560 0.625 0.740 

1 I I 
I0.507 0.568 0.680I 
II , I 
! 

I0.468 i 0.526 0.634 
\ ir- .

0.437 I 0.493 0.598I f 
I0.412 0.466 0.568I I I 

.\ 

' 'I . ­
I 
I 

­

I 
I I 



--

(;onfidence Levels for Various Values 
ofz 

zConfidence Level, % 

-
0.6750 

1.0068 
. .... 

1.288e 
~ -

, 1.6490 
, 

1.9695 

2.0095.4 

2.5899 

99.7 3.00 
, 

3.2999.9 

,...., 



j'tabld-S1 (:rittM3'alue. .11'..£. 

ne(l'eeuffreedolQ forsJ~or 
trftdom 
IM'f;Z % 3 .S fi '1 I. , 10 12 IS 2.9 i31 ,11/ 

:2 19.0 19.2 ~ lQ.2 193 19.3 1~.4111,)A 10.4 1M 10.4 10.4 19.4 i lOS i19.5 
3 cHS 9.2R [9.11 9.01 3.94 U9 1I.R4 UI 3.19 3.74 11.10 3.66! R.62 : Ul 
<I 6.94 (i,59! 6.39 &26 6.16 6.09 61M 6.00 5.96 5.91 5.86 5.80! S.1S i ~.ti3 
S S.19 5.41 1 5.19 S.OS 4.115 4.111\ 4.!l 4.77 4.74 4.6.$ 4.62 4..56 ~ 4.50 ; 4.36 
~~~-.----~~~~~~~~~~~~~~~~~~~~~~~~~--~~3.871u Sol 4 4.76. 4.53 4.39 4.lB 4.11 4.1.1 4.l() 4.06 4.00 3.911. 3.B1 ; 3.67 

·1_ 
..... 8 

4.74 
4.46 

4.35; 4.12 
4.II1 f 3.84 

3.97 
3.69 

3.81 
158 

3.79 
3.50 

173 
3.44 

3.63 
3.39 

3.64 
3.3S 

3.53 
3JS 

lSI 
all 

3.44 I 338 ; 3.n 
3.15 I 3.08 : 2.93 

51 
1:0 

4.26 
4.10 

J.86: 3.63 
3.71 i 3.43 

._._-_._._.­

3.48 3.37 
3.33 3.22

'-'-1-­ -

3.29 
3.14 

.--­

3,23 3.18 3.14 3.U7 
3..ll7 .t01 2.98 2.91 
. "­ f---'-+--r--­

).01 194! 2.86 ~ 2.11 
2.84 2.17! 2:70 • 2.54­

I---'!-'" - ..... --­
II 
12 
11 

, 3.98 
~.U 
HI 

3.59: 
3.49'
).4'; 

3.36 
J.l6 
\11 

3.20 
3.11 
'\'Ol 

3.10 
:un 
2W, 

3.01 
UI 
till 

2.95 
2.85 
271 

2.90 
230 
171 

2..85 1.79 
175 2.W 
167166 

2.72 
2.61 
,_" 

us f 2.r1 ; 1.40 
l54 I 141 2.30 
146IUR:1?1 

14 3.74 lJ4; :tll 
15___+-j_.()_I+-J_;1!J_~06 
16 3.63 U4; ::t.1lI 

196 
2.90 

l.1I5 

2.R; 
1.'N 

l.i4 

176 2.70 
2.11 2.&4 

166 .2.W 

2.65 
2.59 

2..~ 

160 
2.54 

1.49 

2.53 
l.~ 
1.42. 

1.46 
2.40 

lJ5 

2.J9 [ 131 . 2..13 
UJ; l.lS : l.m 

1.2lI! 2.19 ~2:Oi 
17 
18 

3.39 
.\..56 

l.W; 
3.16; 

2.96 
2.9.3 

2.31 
!.7'! 

1.1t) 
2.M 

2.01 
:lSI 

2.5S 
2.51 

2.49 
2.46 

1.4.5 
2.41 

2.3& 
2..34 

2Jl 
2.27 

123 i 1.15 
2.19 i 1.11 

1.96 
1.92 

19 3.3: 3.1: f 1.90 1.14 2.63 1S4 143 2.11 133 2.31 2.23 2.lei f 2.01 1.8& 
20 3.49 3.10 I 2JJ7 2.71 2.60 2..51 2.45 2.39 2.35 2.23 2.20 2.12 t 2.04 l.S4 

30 3.31 2.92 1.69 lj3 2.42 2.33 1.21 III llti 2..09 1.01 1.93 1.&4 1.62 
3.00 tell 237 2.21 2.10 2.01 1.94 1.13 1.83 1.75 1117 1.57 1.46 tOO 

USEFUL CONSTANTS 


" 



....... 


Ka Acid Base 
Name Fonnula Fonnula Name 

Large Perchloric acid HCI04 CI04 " Perchlorate ion 
32 * lOy Hydroiodic acid HI 1­ Iodide 

lOY Hydrobromic acid HBr Br- Bromide 
10° Hydrochloric acid HCI CI- Chloride 

1.0 * 1O;J Sulfuric acid H2SO4 HS04 - Hydrogen sulfate ion 
2.4 * 101 Nitric acid RN03 N03 - Nitrate ion 
---­ Hydronium ion H30+ H2O Water 

Ka 
. 

Acid r, . n"­- Name Fonnula Fonnula Name 
Large ~ . Perchloric acid HCI04 CI04 - Perchlorate ion .. 

32 * 109 Hydroiodic acid HI 1­ Iodide 
1.0 * lOY Hydrobromic acid HBr Br- Bromide 
1.3 * 10° Hydrochloric acid HCI ct- Chloride 
1.0 * 10:l Sulfuric acid H2SO4 HS04 - Hydrogen sulfate ion 
2.4 * 101 Nitric acid HN03 N03 - Nitrate ion 
----­ Hydronium ion H30+ H2O Water 

5.4 * lO-l Oxalic acid H02C20 2H H02C20 2­ Hydrogen oxalate ion 
1.3 * lO-z h Sulfurous acid. H2S03 HS03 - Hydrogen sulfite ion 
1.0 * 10-;.( HS04 - S04 ..­ Sulfate ionIon 
7.1 * 10-~ Phosphoric acid H3P04 H2P04 " Dihydrogen phosphate 

ion 
7.2 * 10-4 Nitrous acid HNOz NOl " Nitrite ion 
6.6 * 10-4 Hydrofluoric acid HF F- Fluoride ion 
1.8 * 10-4 Methanoic acid HC02H HCOz ' Methanoate ion 
6.3 * 10-~ Benzoic acid CJJsCOOH CJIsCOO- Benzoate ion 
5.4 * 10-' Hydrogen oxalate ion H02C2O

z-

~ 
Oxalate ion 

1.8 * 10-~ Ethanoic acid CH3COOH Ethanoate (acetate) 
ion 

4.4 * 10-7 Carbonic acid COl,f., HCOl ­ Hydrogen carbonate 
ion 

1.1 * 10-1 Hydrosulfuric acid H2S HS- Hydrogen sulfide ion 
6.3 * 10-~ Dihydrogen phosphate H2P04 -

HP0
4 

,f.­ Hydrogen phosphate 
ion ion 

~ion :.1-1S­ 82 - Sulfite ion 
I hlorous acid :aCIO CIO- Hypochlorite ion 

ic acid HCN CN" Cyanide ion 
5.8 * onium ion NH.. + NH3 Ammonia 
5.8 * 10­ Boric acid HlB03 HzBq3 - Dihydrogen carbonate 

ion 
4.7 * lO"n Hydrogen carbonate ion HC03 ­ Carbonate ion 
4.2 *10-u Hydrogen phosphate HP04 '" 

, 
Phosphate ion 

ion 
1.8 * 10'1' Dihydrogen borate ion H2B03- HB03 

z- Hydrogen borate ion 
1.3 * 10'1':! Hydrogen sulfide ion HS­ S ..­ Sulfide ion 
1.6 * 10-14 Hydrogen borate ion HB0

3 
.(.o B0

3 
~, Borate ion 

-------­ water H2O OH- Hydroxide 
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Quantii:'( Symbol, Value General data and 
Speed of lightt c 2..997 9~4 58 x '01 m 5. 1 .. fundamental 
Elemlifntliry 

r:G0T.17TX·~0-11• C ·constants·charge " 

Faraday 
 F- eN..,

constant 
.... 


BolttlT1!1nn 
 t 
CQ~l)C 

Gas co1tstant il .. kN.., 

8..2.05 78 x ,O-a 
dm:l atm K-1 mol-I 

6.2.364.l TQrr K-1 mol"':'! • 

Planclc: constant h 
 5.52.6 08 ~ , 07:140 J S 

h .. h/2.T 1.054'57 ¥ 10-:140J S 

Avogadro 
 N~ 15,02214 x 10= mol-Iconatllne 

Atcmic mass u 
 1,6SO 54x iO-~ kgunit 

Mascot 


!liecuen m. S.lDS39 X 10-:111 kg 
proton m. 1.872-62 x 1o-zr kg 
neutron m., '1.574.93 x fO-rI kg

Vacuum .: .1Lt 4J.T: x't0';"7 J sa C-Im:-1' • , •permeabilityt ... 

4#x 10-7 T'r.' m2 


Vacuum 
perrnfttfvitY .to - 1/r:";:. .s.aS419 ~ 10-11 Ji' c'2 m-' 

. . . 
4::e. 1.11265x 1a-1I1 J:""Cl m-" 

Bohr magneton 
.' 

Iola- e'h/2m. 9.27402 x la-a", J I' 
NUclear PH-e'h/2m. 5.05079 x 10-Z7'J,.....~magneton 
electron f1 g. 2..00232.value 
Sohr radius ',,- 4:tr..,ha/m l e 5.29W7 x iQ-II m 
Rydberg R , ... m.s4/8h'o 1.09737x 10'cm-1 

censtant 
Fine struc:ure a- Jl.o.Jr:/2h 1.2S73Sx 10-:1constant 
Gravitational G 

conatant 
tStandard 9Iccelention 

cf free fallt 

p n m c d k M G Prefixes 
femto pico nano micro mllJi centl deci kilo mega gig, 

10-
1
' 10-1 

:1 10-' 10'" 10-:11 10-:1 10-1 10-'1 10· 10' 

http:1.574.93
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PERIODIC TABLE OF ELEMENTS '. 

"J;;'luons 

1 

22.990 124.30.s 
Nn Mg3 
" 12 

'" 
5 

6 .. 

7 

~: 

TRANSITION ELEMENTS 

(222) 
'Bn' 

.', ! 

·~nnClumid,"Sel·ics 
I 

·tAcCillii~lc Series ,
oJ:: •. ,. ... .. -'" ...... .... , 

.. 

. . ,.. ... 


