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Question 1 (9 marks) 
 

1.1 Name three aspects that need to be considered when selecting an analytical 

method. (3) 

 

1.2 For solutions of liquids or gasses, the gross sample can be relatively small 

compared to the gross sample taken from solids. Explain. (3) 

 

1.3 What is a refractory substance? (1) 

 

1.4 If a substance is insoluble in aqueous solutions, which techniques (list only two 

techniques) may be used to decompose or dissolve the sample? (2) 

 

 

Question 2 (9 marks) 
 

2.1 Is it more important to perform an analysis more accurately or more precisely? 

Explain your answer. (3) 

 

2.2 A standard serum sample containing 102 meq/L chloride was analysed by 

coulometric titration with silver ion. Duplicate results of 101 and 98.0 meq/L 

were obtained. Calculate (3) 

2.2.1. the mean. 

2.2.2. the absolute error of the mean. 

2.2.3. the relative error of the mean in percent. 

 

2.3 In a titration the initial reading on the burette is 3.51 mL and the final reading is 

15.67 mL, both with a standard deviation of 0.02 mL. What is the volume of 

titrant used and what is its standard deviation? (3) 
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Question 3 (9 marks) 
 

3.1 An area of land is being investigated to determine the concentration of lead 

present in the soil. Thirty samples of soil are submitted to the laboratory for 

analysis and the mean lead concentration is found to be 513.8 mg/kg with a 

standard deviation of 13.1 mg/kg. The concentration of lead in the soil must not 

exceed 500 mg/kg. Based on the results obtained, is there any evidence to 

suggest that the concentration of lead in the soil exceeds this limit? Assume a 

significance level of α = 0.05. (6) 

3.2 Describe the Type I error for Question 3.1. What is the probability of this error 

occurring? (3) 

 
 
Question 4 (10 marks) 
 

4.1 In order to minimize errors during calibrations, the internal standard method or 

the standard additions method may be used. 

4.1.1 Which of these two methods will require a standard that is identical to 

the analyte? (1) 

4.1.2 Which of these two methods will require a standard that is similar to (but 

not the same as) the analyte? (1) 

4.1.3 Name three other methods that can be used to minimize errors during 

analytical measurements. (3) 

 

4.2 In the Bradford protein determination, the color of a dye changes from brown to 

blue when it binds to protein. This experiment was performed and the 

absorbance of light was measured for a range of standards: 

Protein (μg) 0.00 9.36 18.72 28.08 37.44 
Absorbance at 595 nm 0.466 0.676 0.883 1.086 1.280 

Linear regression was performed and the equation for the least squares straight 

line through these points was found to be y = 0.0218x+0.4706. A sample with 

unknown concentration of protein gave an absorbance of 0.973. Calculate the 

number of micrograms of protein in the sample. (2) 
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4.3 A spectrophotometric method for the quantitative analysis of Pb2+ in blood yields 

a response signal (Ssample) of 0.193 when a 1.00 mL sample of blood is diluted to 

5.00 mL. A second 1.00 mL sample of blood is spiked with 1.00 μL of 1560 ppb 

Pb2+ standard and diluted to 5.00 mL, yielding a response signal (Sspike) of 0.419. 

What is the concentration of Pb2+ in the original sample of blood? (3) 

 

 

Question 5 (8 marks) 
 

5.1 A solution contains three anions with the following concentrations: 0.20 M CrO42⁻, 

0.10 M CO32⁻ and 0.010 M Cl⁻. If a dilute AgNO3 solution is slowly added to the 

solution, what is the first compound to precipitate? (4) 

 

5.2 If the pH of the solution (in Question 5.1) is changed, which precipitation reaction 

will be influenced and how? Give the necessary chemical equations to support 

your answer. (4) 

 

 

Question 6 (9 marks) 
 

6.1 Name two methods that can be used to convert colloids into filterable solids.(2) 

 

6.2 Name two types of co-precipitation. (2) 

 

6.3 Marie Curie dissolved 0.09192 g of RaCl2, and treated it with excess AgNO3 to 

precipitate 0.08890 g of AgCl. In her time (1900), the atomic mass of Ag was 

known to be 107.8 g/mol and that of Cl was 35.4 g/mol. From these values, find 

the atomic mass of Ra that Marie Curie would have calculated. (5) 
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Question 7 (9 marks) 
 

7.1 Like all equilibrium constants, the value of Kw depends on temperature. At body 

temperature (37 °C), Kw = 2.4 × 10⁻14. Calculate the pH of pure water at body 

temperature. (4) 

 

7.2 Show the stepwise dissociation for the ethylene diammonium ion 

(+H3NCH2CH2NH3+). (2) 

 

7.3 Suppose that 0.5 M solutions of each of the following compounds are prepared. 

Predict whether each solution will be acidic, basic or neutral. (3) 

a) KF 

b) (NH4)Br 

c) KBr 

 

 

Question 8 (9 marks) 
 

For questions 8.1 to 8.3, choose the correct answer (only write A, B, C or D). (3) 

 

8.1 Which pair of compounds below cannot be used to prepare a buffer solution? 

A. NH4NO3 and NH3 

B. KH2PO4 and K2HPO4 

C. HCN and NaCN 

D. HNO3 and NaNO3 

8.2 A buffer was prepared by mixing solutions of H2CO3 and NaHCO3. A small 

amount of NaOH was added to the buffer. Choose the statement that correctly 

explains what happens upon NaOH addition. 

A. OH⁻ reacted with NaHCO3 and the pH increased. 

B. OH⁻ reacted with H2CO3 and the pH decreased. 

C. OH⁻ did not react. The buffer components blocked the OH⁻ from changing 

the pH. 

D. OH⁻ reacted with H2CO3 and the pH increased. 
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8.3 Which statement below concerning [H+] or pH of a buffer solution is correct? 

A. When the [HA] / [A⁻] ratio is greater than 1, the [H+] is less than the Ka. 

B. When [HA] = [A⁻], the pH equals the pKa. 

C. When the [HA] / [A⁻] ratio is less than 1, the [H+] is greater than the Ka. 

D. The larger the Ka of the weak acid component of the buffer, the higher the 

pH 

 

8.4 A buffer was prepared to contain 0.20 M HNO2 and 0.30 M NaNO2. Calculate the 

pH of this solution. Show the relevant chemical equation(s). (3) 

 

8.5 Which has the greater buffer capacity: (a) a mixture containing 0.100 mol of NH3 

and 0.200 mol of NH4Cl or (b) a mixture containing 0.0500 mol of NH3 and 0.100 

mol of NH4Cl? Explain your answer. (3) 

 
 
Question 9 (9 marks) 
 

9.1 What is the difference between the equivalence point and end point in an acid-

base titration and how are they measured / determined? (4) 

 

9.2 25 mL of a 0.0256 M solution of the weak base aniline, C6H5NH2, is titrated with 

0.0195 M HCl solution. What is the pH at the equivalence point of the titration? 

Draw a rough titration curve for this experiment. (5) 
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Question 10 (9 marks) 
 
10.1 Name two indicators that can be used during titrations with EDTA. (2) 

 

10.2 A cyanide solution with a volume of 12.73 mL was treated with 25.00 mL of Ni2+ 

solution to convert the cyanide into tetracyanonickelate(II): 

4CN- + Ni2+ → Ni(CN)42- 

The excess Ni2+ was then titrated with 10.15 mL of 0.01307 M ethylene-

diaminetetraacetic acid (EDTA): 

Ni2+ + EDTA4- → Ni(EDTA)2- 

Ni(CN)42- does not react with EDTA. If 39.95 mL of EDTA were required to react 

with 30.10 mL of the original Ni2+ solution, calculate the molarity of CN- in the 

12.73 mL cyanide sample. (7) 

 
 
Question 11 (10 marks) 
 
11.1 Distinguish between thermodynamic equilibrium constant and concentration-

based equilibrium constant. (2) 

 

11.2 Calculate the % relative error in solubility by using concentrations instead of 

activities for Fe(OH)2 in 0.0500 M KNO3. The thermodynamic solubility product 

constant for Fe(OH)2 is 4.1 × 10-15. (8) 

  



CEM2B20 – PRINCIPLES OF ANALYTICAL CHEMISTRY NOVEMBER 2019 
 

 Page 8 of 10  
 

Formula sheet: 

 
𝐸𝐸 = 𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑡𝑡 

𝐸𝐸𝑟𝑟 =
𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑡𝑡
𝑥𝑥𝑡𝑡

 × 100% 

𝑠𝑠𝑚𝑚 =
𝑠𝑠
√𝑁𝑁

 

𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝑠𝑠
�̅�𝑥

 

𝐶𝐶𝐶𝐶 =  
𝑠𝑠
�̅�𝑥

× 100 % 

𝐶𝐶𝐶𝐶 𝑓𝑓𝑓𝑓𝑓𝑓 𝜇𝜇 =  �̅�𝑥 ±
𝑧𝑧𝑧𝑧
√𝑁𝑁

 

𝐶𝐶𝐶𝐶 𝑓𝑓𝑓𝑓𝑓𝑓 𝜇𝜇 =  �̅�𝑥 ±
𝑡𝑡𝑠𝑠
√𝑁𝑁

 

𝐶𝐶𝐶𝐶 = (1 − 𝛼𝛼) × 100 % 

𝑧𝑧 =
�̅�𝑥 − 𝜇𝜇0
𝑧𝑧/√𝑁𝑁

 

𝑡𝑡 =
�̅�𝑥 − 𝜇𝜇0
𝑠𝑠/√𝑁𝑁

 

𝐹𝐹 =  𝑠𝑠12/𝑠𝑠22 

𝑄𝑄 =
�𝑥𝑥𝑞𝑞 − 𝑥𝑥𝑛𝑛�

𝑤𝑤
 

𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 

 

− log 𝛾𝛾𝑋𝑋 =
0.51𝑍𝑍𝑋𝑋2√𝜇𝜇

1 + 3.3𝛼𝛼𝑋𝑋√𝜇𝜇
 

Ksp (Ag2CrO4) = 1.2×10⁻12 

Ksp(Ag2CO3) = 8.1×10⁻12 

Ksp (AgCl) = 1.8×10⁻10 

Ka (HF) = 6.8 x 10-4 

Kb (NH3) = 1.76 × 10⁻5 

Ka (HNO2) = 7.1 x 10-4 

Ka(C6H5NH3+) = 2.51 ×10-5  
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Source of variation SS df MS F 

Between groups 𝑅𝑅𝑅𝑅𝐹𝐹 𝐶𝐶 − 1 𝑀𝑀𝑅𝑅𝐹𝐹 =
𝑅𝑅𝑅𝑅𝐹𝐹
𝐶𝐶 − 1

 
𝑀𝑀𝑅𝑅𝐹𝐹
𝑀𝑀𝑅𝑅𝐸𝐸

 

Within groups 𝑅𝑅𝑅𝑅𝐸𝐸 𝑁𝑁 − 𝐶𝐶 𝑀𝑀𝑅𝑅𝐸𝐸 =
𝑅𝑅𝑅𝑅𝐸𝐸
𝑁𝑁 − 𝐶𝐶

  

Total 𝑅𝑅𝑅𝑅𝑆𝑆 𝑁𝑁 − 1   
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