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QUESTION 1 [25 MARKS] 

a) 	 During analysis it is important that a method blank be always included. 

i) What is a method blank? [2] 

ii) What is the purpose of a Method Blank? [2] 

b) The following are three sets of data for the atomic mass of antimony from the work 

of Willard and McAlpine 

Sl'l J ( \l1lLl) Sd :.: (dmLl) Si..'t 3 (al11L1) 

121.771 121.784 121.752 

121.787 121.758 121.784 

121.803 121.765 121·:765 

121.781 121.794 

i) Determine the mean and the standard deviation of each data set. [6] 

ii) Determine the 95% confidence interval of set 1 if the standard deviation (s) is 

a good estimate of cr. [3] 

iii) Determine whether the 121.803 value in the first data set is an outlier of that 

set at 95% confidence level. [3] 

iv) Determine whether the precision of data set 1 is the same as that of data set 3. 

[4] 

c) 	 In analytical chemistry explain what is meant by the limit of detection of a method. 

Explain how this parameter is obtained. [5] 

QUESTION 2 [25 MARKS] 

a) 	 i) List the four main types of determinate error. [2] 


ii) Give a brief explanation/description of each of the types of determinate error you listed 


in (i) giving a specific example for each. [4] 


iii) Explain two ways which can be used to detect determinate errors. [4] 
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b) The concentration of sodium was detennined using flame emission. The data obtained 

for the external calibration is given below; 

Sodium (ppm) Emission Intensity 

0.10 0.11 

0.50 0.52 

1.00 1.8 

5.00 5.9 

10.00 9.5 

unknown 4.4 

i) 	 Use the graphical method to find the concentration of the unknown. [4] 

ii) 	 It was discovered that the emission intensities was influenced by a variety of 

factors, including flame temperature. In order to compensate for this variation 

an internal standard method was used where the same amounts of lithium was 

added to all the standards and sample. The following data was obtained 

Sodium (ppm) Emission Intensity Li Emission Intensity 

0.10 0.11 86 

0.50 0.52 80 

1.00 1.8 128 

5.00 5.9 91 

10.00 9.5 73 

unknown 4.4 95 

Detennine the concentration ofNa (graphically) using this data [6] 

iii) Is there any difference between the plot made in a (i) and that in a (ii). Explain 

(2) 

iv) Give three characteristics ofa good internal standard. [3] 
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QUESTION 3 [25 MARKS] 

a)Define the tenns strong acid and weak acid. Using hydrochloric and ethanoic 

acid as examples, write equations to show the dissociation of each acid in 

aqueous solution. [4] 

b) Define the tenns Bnmsted-Lowry acid and Lewis base, and identify one example 

of each of these species in the equation from (a) above which is illustrating the 

dissociation ofethanoic acid. [4] 

c) 	 Suggest two methods, other than measuring pH, which could be used to 

distinguish between solutions of a strong acid and a weak acid of the same 

concentration. State the expected results. [4] 

d) 	 The pH values of solutions of three organic acids of the same concentration were 

measured. 


acid X pH=5 


acid Y pH=2 


acidZ pH=3 


(i) Identify which solution is the least acidic. [1] 

(ii) Deduce how the [H+] values compare in solutions ofacids Y and Z. [2] 

(iii) Arrange the solutions of the three acids in decreasing order of electrical 

conductivity, starting with the greatest conductivity, giving a reason for your choice. 

[2] 

e) 	 The CO in a 20.3 L sample of gas was converted to C02 by passing the gas over 

iodine pentoxide heated to 15 0 degrees Celsius. 

hOs (s) + 5eo (g) -+ 5C02(g) + h (g) 

The iodine Was distilled at this temperature and was collected in an absorber containing 8.2~ 

mL of 0.01101 MNa2S203 
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;The excess NaZSZ03 was back titrated with 2.16 mL of 0.00947 M Iz solution. 

i) 	 Calculate the concentration in milligrams of CO (28.01 glmol) per litre of sample. 

(6) 

ii) 	 The method used in e (i) is known as back titration; explain what is meant by back 

titration? (2) 

QUESTION 4 [25 MARKS] 

a) 	 Gold was determined in a waste stream using voltammetry; The peak height of the 

current signal is proportional to concentration. A standard addition analysis was 

done by adding specific volumes of 10 ppm Au solution to the sample as shown in 

the table below. All solutions were made up toa final volume of 20 mL The peak 

currents obtained from the analyses are also tabulated below 

Volume of Sample I mL Volume of Standard I mL Peak Current I /lA 

5 0 8 

5 2 16 

5 5 25 

5 10 41 

i) Calculate the concentration of Au in the original sample using the least 

squares method. [10] 

ii) What are the two assumptions made in the establishment and application of the 

least squares method? [4] 

iii) Give the main advantage of using standard addition over external calibration. [1] 

iv) Explain two disadvantages of using the standard addition method 

v) What is 10 ppm Au in ppb? [2] 

b) 	 Describe a sampling situation in which a sampler can use judgemental sampling to 

collect his or her samples. What is the disadvantage and advantage of using this 

technique? [4] 
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c) 	 Discuss another type of sampling technique used in analytieal chemistry, giving 

one advantage and disadvantage. [4] 

QUESTION 5 [25 MARKS) 

a) 	 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? [1] 

ii) Write down all the reactions which take place during this titration. [3] 

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

problems be solved? Explain [4] 

b) 

i) Explain the term 'Homogeneous precipitation'. [2] 

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

gravimetric analysis. Give a specific example for each. [4] 

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

to direct precipitation? [3] 

c) 	 i) What is meant by co-precipitation in gravimetry? [2] 

ii) Briefly describe three (3) different types of co-precipitation. [3] 

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

relative super saturation. [3] 
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QUESTION 6 [25 MARKS] 


a) 	 Method validation is one of the key elements in the development of a method to 

be used for analysis. Method validation looks into the competence of the 

developed method to produce reliable data. Explain in detail four (4) different 

ways which one can use to validate his I her data. [10] 

b) 	 i) Find the pH in the titration of25 mL of 0.3 M HF with 0.3 M NaOH after 

adding 10 mL ofNaOH. [6] 

ii) What name is given to the resultant solution in b (i)? [2] 

c) 	 i) 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 Na2C03. [5] 

ii) What is the concentration in c (i) in ppm? [2] 
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APPENDIX 

Useful Formulas 

r= nLxSi-LXiLYi 
~[nLXi2 - (LxJlnLYi2- (LyJ] 
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TABLES 

TABLE 1: Table ofAcid and Base Strength 

Ka Acid Conju2ate Base 
Name Formula Formula Name 

Large Perchloric acid HCI04 CI04 - Perchlorate 
ion 

3.2 * 109 Hydroiodic acid HI 1 Iodide 
1.0 * lOY Hydrobromic acid HBr Br- Bromide 

1.3 * 106 Hydrochloric acid HC} CI- Chloride 
1.0 * 10,;1 Sulfuric acid H2SO4 HS04 - Hydrogen 

sulfate ion 
2.4 * 101 Nitric acid RN03 NO)  Nitrate ion 
------- Hydronium ion H3O+ H2O Water 

5.4 * 10-2 Oxalic acid H02~02H H02C2O£ Hydrogen 
oxalate ion 

1.3 * 10-" Sulfurous acid H2SOJ HSOJ -

.' 

Hydrogen 
sulfite ion 

1.0 * 10-2 Hydrogen sulfate ion HS04 " S04 ~" Sulfate ion 
7.1 * 10-,;1 Phosphoric acid H3P04 H2P04 " Dihydrogen 

phosphate 
ion 

7.2 * 10-4 Nitrous acid RNOz NOl " Nitrite ion 
6.6 * 10'4 Hydrofluoric acid HF F- Fluoride ion 
1.8 * 10-4 Methanoic acid HC02H HC02 - Methanoate 

ion 
6.3 * 10-:> Benzoic acid C6HsCOOH C~sCOO- Benzoate ion • 
5.4 * 10-5 Hydrogen oxalate ion H02C2O'  02CZOZ .1.- Oxalate ion ! 

1.8 * 10-' Ethanoic acid CH3COOH CH3COO Ethanoate 
(acetate) ion 

4.4 * 10'1 

I 

Carbonic acid COl ./.. HC03  Hydrogen 
carbonate 

ion 
1.1 * 10-1 Hydrosulfuric acid H2S HS- Hydrogen 

sulfide ion 
6.3 * 1O.H Dihydrogen phosphate ion H2P04 - HP04 .1. Hydrogen 

phosphate 
ion 

6.2 * IO-~ Hydrogen sulfite ion HS S"- Sulfite ion 
2.9 * 1O-~ Hypochlorous acid HCIO CIO- Hypochlorite 

ion 
6.2 * 1O-w Hydrocyanic acid HCN CN" Cyanide ion 
5.8 * IO-w Ammonium ion ~+ NH3 Ammonia 

! 5.8 * 1O- w Boric acid HlBOl H2B03 - Dihydrogen 
carbonate 

ion 
4.7 * 10-11 Hydrogen carbonate ion HC03 - COl 

L 
- Carbonate 

ion 
4.2 * 10-1 

,;1 Hydrogen phosphate ion HP0
4 

./. P0
4 

,. Phosphate 
ion 

1.8 * 10-1 
,;1 Dihydrogen borate ion H2B03- HBOl 

2 - Hydrogen 
borate ion 

1.3 * 10-13 Hydrogen sulfide ion HS S .1. Sulfide ion 
1.6 * 10-14 Hydrogen borate ion HB03 

2' B0
3 

3• Borate ion 
..----- water H2O OH- Hydroxide 
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Table 2: The Q- Table 

Number of 

Observations 

90% 

Confidence 

95% 

Confidence 

99% 

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 0.468 0.526 0.634 

9 0.437 0.493 0.598 

10 0.412 0.466 0.568 
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<" Table 3: T - Table 

VALUES OF t FOR VARIOUS LEVELS OF PROBABILITY 

Degrees of 

Freedom 

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 

I 

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 

\ . 

, ~", 
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Table 4: Z- Table 

Confidence Level, % z 

50 0.67 

68 1.00 

80 1.28 

90 1.64 

95 1.96 

95.4 2.00 

99 2.58 

99.7 3.00 

99.9 3.29 
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. . Table 5: F- Table 

tl"ftdom 
ror.f~ 12 3 .. 5 , IT 8 9 10 11 15 2.0 30 ell 

2 
J 
·1 
5 

i 19.0 
9..~S 
6.9-1 

1 5.'9 

11,1.2 10.2 
cUR 9.12 
659 6.39 
5.41 5.19 

I~U 

9.01 

626 
S.OS 

II,U 111,)..1 lU 
8.94 i ~.IIC) I R.fW 
6.l{; i (;'09 6.()t1 
4.95 I ·US! 4.82 

I~.~ 

!UlI 
(t.00 
~.n 

19.4 i 1Y..1. 
R."Xl I R.74 
5.96 ! S.91 
4.74 I 4.6:J 

II,I,J 

R.70 
5.86 
4.62 

IQ..1. IQ5 
8.£16 . R.62 
S.80 S.7S 
4.S6 4.SO 

19.5 
8.S.' 
S.63 
4.36 

(] S.14 4.76 4.53 4J'J 4.2!11 4.21 I 4.1S 4.10 4.06 i 4.~) 3.94 3.87 : l81 l.67 
7 4.'4 4..\5 4.12 3.9: .1.87 

, 
179 lJ.l 3.61 3.64 :tS~ .L~I 3.44 . 3.38 3.2.1 

H 4.40 4.0; l.S4 J.&J 3.S~ ; 3.30 3.44 JJ9 3.J' 3.2il 3.22 3.IS 3.08 . 2,93 
9 4.26 lUG 3.63 148 3.37 • 3.29 3.23 118 3.14 3.07 lOt 2.94 2.8V 2.71 

10 4.10 171 t4a 1.B J.22 ' 114 .1.00. .1.02 2.98 2.91 2.84 2.17 :no 2.S4 

II 3.98 3.59 3.36 3.20 3.10 3.01 . 2.95 2.90 2.85 2.79 2.72 2.65 2.57 . 2.40 
12 
1'\ 

.UK 
u: 

3."" t26 
HI i It 

3.11 
lO' 

3.I~J 2.91 !.tIS

'Q' 1 
Hl "., 

2.80 
'71 

2.7S 2.6,$ 
, n1 HII" 

2.62 
Pii 

2.54 2.47 
146 "A 

2JO 
? 'I 

14 3.1" lJ.l. '1.11 2.96 2.lti ! 'lJ6 2.70 2.M 2.60 2.:H 2.4lI 2.39 2.31 2.13 
Ij 

1(, 

loS 
1.6.l 

J.2Y lU6. 
:U4 lOI 

2.W 

2.R~ 

2.7'1; VI 2.64, • 
2.i4 : Hill H9 

2.59 

VI .. 
2S4 2,4!S 

2.49 2.42 

2.4tl 

2J~ 

2.33 2.25. 
2.28 2.19 

2.00. 
2.m 

Ii 
18 

jj9 
.Un 

12U 2.W, 
llfl 2.9.\ 

2.81 ., ...,
_.1, 

2.70 ; 161 . 20SS 
2.1'16; !.~a 2.~I 

2.~9 

2.46 
2.45 :U~ 

2.41 234 
2JI 
2,27 

2.2j 2,15 
2.19 2,11 

I..,., 
1.92 

19 lS! ll~ 2.90 2.7-1 2.G3 : 2,S4 . 2.1& 2:12 2,)& 2.31 2.23 2.16 2.07 1.88 
20 149 3.10 2.1f7 1,71 2.6iJ· 2.51 2.45 2.39 2.3S 2.2:i 220 1.12 H)4 1.801 

30 3J! 2.92 2.69 2j; 2.41 2.33 2.27 2.11 2.16 2,(19 2..01 1.93 1.84 1.62 
..., lOO 2.00 2.37 2.21 2.10 2.01 1.94 1.88 1.8) 1.75 1.67 1ST 1.46 1.00 
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Periodic Table of the Elements 

2 . 31 4 5 6 7 8 9 10 11 12 1.3 14 15 16 17 18 
1 

H 
1.0079 

3 

I u 
6.941 

11 

Na 
22.990 

19 
I 
I K 
~ ~~9.098 
I ~'~b 

35.468 

:J5 

Cs 
132.91 

1 
87 

I Fr 
(223) 

4 

Be 
.'

9.0122 

12 

Mg 
24.305 

20 

COl 
40.078 

38 

Sr 
87.62 

56 

Ba 
137.33 

88 

Ra 
226.03 

I 21 

I Sc 
44.956 

39 

Y 
88.906 

57 

La 
138.91 

89 

Ac 
227,03 

22 ! 23 24 

I Vfl Cr 
I 

47.8<3 I 50.942 51.996 
r 

40 I 41 42 

1 NbZr Mo 
I 

91.2J4 ! 92.906 95.94 

72 73 74 

H"f Ta W , 

178.~9 . 180.95 183.'35 

104 . I 105 106 

rH Db Sg 
(261) (262) (263) 

, 2 

He 
. 4.0026 

5 6 7 '8 9 10 

B C N 0 f N,e 
10.811 12.011 ~tl.007 15.999 18.998 20.180 

13 14 15 ;16 17 18 

AI Si P ·S CI Ar 
26.982 28.086 30.974 . 32.066 35.453 39.943 I 

25 L5 27 28 29 30 31 32 33 1;34 35 36 

Ni t<rMn fe Co Cu Zn Ga Ge As ~. Se Br 
54.938 55.847 58.933 53.69 63.546 65.39 69.723 72.61 74.922 , 78.96 79.904 83.80 

43 44 45 46 48 '5247 49 50 51 53 54 

Te Rh Pd Cd Sb 
, 

Hu Ag In Sn ; Te I Xe, 
(98) : 11.07 102.91 105.42 107.87 112.41 114.82 118.71 121.75 I 127.60 126.90 131.29 

75 76 77 78 79 '80 81 82 83 !84 85 86 
" Re Os Ir Pt Au Hg TI Pb Bi ;. Po At Rn 
!j 

186.21 ~90.2 192.22 195.08 i96.97 200.59 204.38 207.2 208.98 . :; (209) (210) (222) 

107 lu8 109 110 111 
I 

Btl Hs I Mt Os Rg 
(262) (265) (266) (7) (7) 

tl-
III .Q) " -0 
C 
ro 

..c ...... 
C 
ro 

....J 

Q) '" 
-0
'c 
:;::; 
u « 

I 63 64 66 6761 £2 65 68 716059 69 F70..I 
Gd Oy t-Io Tm r Vb luNd Pm Tb ErC~~ Pr Sm I Eu Ii,r~~ 1 157.25(145) ::.50.36 I 151.97 158.93 174.97152.50 I 164.93 ! 167.26 168.93 Ii 173.04. 140.12 I 140.91 144.24 . 

;'10293 95' 9692 94 97 93 101 10390 191 99 1100 
.;

AmU Np em BIc Cf Es FmI Md No lrPu''TI1 I Pa 
(243)(244) (247) (247) (251) (262)238.03 237.05 (252) l (257) (258) :' (259)232.04 231.04 

'. 


