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Question 1          [20 marks] 

a. Define the following terms        [8] 

i. Buffer 

ii. Analyte 

iii. Sampling 

iv. Equivalence point 

v. Standard deviation 

vi. Significance level 

vii. Primary standard 

viii. Complexiometric titration 

 

b. Identify the following laboratory consumables and give one function of each [12] 

 

     

  i.       ii. 

 

    

  iii        iv 



     

  v.      vi.  

 

Question 2          [20 marks] 

 

a. A quantitative determination of paracetamol in an oral solution with a specified 

content of 24 mg/mL, gave the following results when six individual measurements 

were conducted:  

Measurement No Quantity (mg/ml) 

1 21.6 

2 23.1 

3 23.2 

4 23.3 

5 23.6 

6 23.7 

 

i. If it is necessary, reject the outlying data at 95% confidence level using the Q-test.

   [4] 

ii. Calculate the mean of the paracetamol   [2] 

iii. Calculate the standard deviation.  [2] 

iv. Calculate the confidence interval at 95 % confidence level.  [2] 

 

b. 200 ml of a 0.25 M sodium borate (NaB) buffer with pH 8.0 was prepared. Then 20 

ml of 0.1 M HCl was added to it. Given that boric acid pKa is 9.14, calculate: 

i. The pH of the new buffer solution.       [8] 



ii. Molarity of the new buffer solution.       [1] 

 

Question 3          [20 marks] 

a. A thymol mouth wash is formulated by adding 127.78 mg (0.12778g) of thymol in 

mixture of ethanol (96%v/v) and methanol, and the solution is dissolved in 20 ml 

of water. The density of water is 0.997044 g/ml at room temperature 25 °C and 

the molecular weight of thymol (C10H14O) is 150.217 g/mol. 

i. Calculate the molarity of the solution.      [3] 

ii. Calculate the molality of the solution.      [3] 

iii. Express the concentration of the solution in % w/v    [2] 

iv. Express the concentration of the solution in ppm.     [2] 

 

b. What mass of AgNO3 (169.9 g/mol) is needed to convert 2.33 g of Na2CO3 (106.0 

g/mol) to Ag2CO3? What mass of Ag2CO3 (275.7 g/mol) will be formed?  [6] 

c. Calculate the molar analytical concentration of Na2CO3 in the solution produced when 

25.0 ml of 0.200 M AgNO3 is mixed with 50.0 ml of 0.0800 M Na2CO3?  [4] 

 

Question 4          [20 marks] 

a. Ni2+ can be analyzed by indirect titration, using standard Zn2+ at pH 5.5 with xylenol 

orange indicator. A solution containing 50.00 ml of Ni2+ in dilute HCl is treated with 

50.00 ml of 0.1057 M Na2EDTA. The solution is neutralized with NaOH, and the pH is 

adjusted to 5.5 with acetate buffer. The solution turns yellow when a few drops of 

indicator are added. Titration with 0.04598 M Zn2+ requires 35.22 ml to reach the red 

end point. What is the molarity of Ni2+ in the unknown?     [4] 

 

b. 50.0 mL of a 0.0200 M metal Mn2+ solution is titrated with 0.020M EDTA at pH 9.00. 

The value of log K for the complex is 14.30 and αY4- is 5.4 x 10-2. 

i. Describe any two types of Complexiometric titrations   . [4] 

ii. Calculate the missing pMn2+ in the table below.    [4,4,4] 

 

mL 0.00 25.0 49.9 50.0 50.1 55.0 

pMn2+ 1.70  4.70  10.30  

 



Question 5          [20 marks] 

a. A 2.00-g sample of dolomite, a calcium supplement, was dissolved in hydrochloric acid 

(HCl). To the resulting solution was added excess ammonium oxalate ((NH3)2C2O4) that 

precipitated calcium as calcium oxalate (CaC2O4). The precipitate was filtered then placed 

together with the filter paper in a 30.1025-g crucible. This was then ignited and weighed 

several times to a constant weight as 30.7100g CaO.  

i. Why was the precipitate ignited?       [3] 

ii. What is the benefit of converting and using the precipitate as CaO?  [1] 

iii. Calculate the percentage content of Ca in the supplement.    [7] 

 

b. A 50 ml aliquot of 0.05 M NaCN (Ka for HCN = 6.2 x 10-10) is titrated with 0.100 M HCl at 

the following acid volumes: 

Va (ml) 10.0 25.0 26.0 

pH    

i. From the provided data, calculate the pH of the solution at all titration volumes [9] 

Appendix 

Formulas 

𝑀𝑜𝑙𝑎𝑟𝑖𝑡𝑦 =  
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑖𝑛 𝑙𝑖𝑡𝑟𝑒𝑠 (𝐿)
 𝑀𝑜𝑙𝑎𝑙𝑖𝑡𝑦 =  

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑖𝑛 𝑙𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠 (𝑘𝑔)
 

 

𝑝𝑎𝑟𝑡𝑠 𝑝𝑒𝑟 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 =
𝑚𝑎𝑠𝑠 𝑜𝑓𝑠𝑜𝑙𝑢𝑡𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 𝑋 106 𝑝𝑎𝑟𝑡𝑠 𝑝𝑒𝑟 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 =

𝑚𝑎𝑠𝑠 𝑜𝑓𝑠𝑜𝑙𝑢𝑡𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 𝑋 109 

 

�̅� =
𝑥1+𝑥2+𝑥3…𝑥𝑛

n
=  ∑

𝑥𝑖

𝑛𝑖  𝑠 =  √
∑ (𝑥𝑖−�̅�)2𝑖=𝑛

𝑖=1

𝑛−1
 𝝁 = �̅� ±  

𝒕∙𝒔

√𝒏
 𝑄𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 =  

|𝑥𝑖− 𝑥𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙|

|𝑥1− 𝑥𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙|
 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 = %(𝑤/𝑤) =
𝑚𝑎𝑠𝑠 𝑜𝑓𝑠𝑜𝑙𝑢𝑡𝑒

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 𝑋 100%  

𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 = %(𝑣/𝑣) =
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓𝑠𝑜𝑙𝑢𝑡𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 𝑋 100% 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 = %(𝑤/𝑣) =
𝑚𝑎𝑠𝑠 𝑜𝑓𝑠𝑜𝑙𝑢𝑡𝑒 (𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (𝑚𝑙)
 𝑋 100% 

 

 



Values of student’s t 

Degree of 
freedom (n-1) 

Confidence level 

80% 90% 95% 99% 99.9% 

1 3.08 6.31 12.7 63.7 637 

2 1.89 2.92 4.30 9.92 31.6 

3 1.64 2.35 3.18 5.84 12.9 

4 1.53 2.13 2.78 4.60 8.61 

5 1.48 2.02 2.57 4.03 6.87 

6 1.44 1.94 2.45 3.71 5.96 

7 1.42 1.90 2.36 3.50 5.41 

8 1.40 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 

15 1.34 1.75 2.13 2.95 4.07 

20 1.32 1.73 2.09 2.84 3.85 

40 1.30 1.68 2.02 2.70 3.55 

60 1.30 1.67 2.00 2.62 3.46 

ꝏ 1.28 1.64 1.96 2.58 3.29 

 

Q-values for Q-test 

Number of 
measurements 

Confidence level 

90% 95% 99% 

3 0.94 0.98 0.99 

4 0.76 0.85 0.93 

5 0.64 0.73 0.82 

6 0.56 0.64 0.74 

7 0.51 0.59 0.68 

8 0.47 0.54 0.63 

9 0.44 0.51 0.60 

10 0.41 0.48 0.57 

 

Values for EDTA 



 

 


