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Question 1 [17] 

1.1 (a) What is a chemical analysis? (3) 

(b) What does it mean to obtain a sample? (3) 

1.2 Briefly discuss the impact of wrong analytical results in 

(a) forensic analysis (2) 

(b) healthcare (2) 

1.3 When would you choose a wet chemical analysis procedure over an instrumental 

analysis procedure? (2) 

1.4 What does it mean to prepare a sample? Avoid the word “prepare” in your answer. (3) 

1.5 Give 5 reasons that may justify the need for developing a new analytical method. (5) 

Question 2 [20] 

2.1 What general tasks relating to the analysis of a sample must be performed prior to 

executing the chosen method of analysis? (2) 

2.2 Under what circumstances would a selective (grab) sample be more appropriate 

than a composite sample? (2) 

2.3 What sampling approaches are represented in the figures A, B and C below? 

Explain your choices. (6) 

  

  

  

                      

  

     



2.4 Researchers investigated methods for preserving water samples collected from 

anoxic (oxygen-poor) environments that contain high concentrations of dissolved 

sulphide. They found that preserving water samples with HNO3 (a common method 

for preserving aerobic samples) gave significant negative determinate errors (i.e. 

results are lower than “true” values) when analyzing for Cu*. Preserving samples by 

first adding H202 and then adding HNOs, eliminated the determinate error. 

(a) Explain the reason behind the negative error knowing that metal sulphides have 

a low solubility in water. (2) 

(b) How does the addition of H2O2 correct the observed error? (2) 

2.5 Discuss the 3 key factors affecting the solid phase extraction (SPE) technique. (6) 

Question 3 [20] 

3.1 A spectrophotometric method for the analysis of iron has a linear calibration curve 

for standards of 0.00, 5.00, 10.00, 15.00, and 20.00 mg Fe/L. An iron ore sample 

that is 40-60% w/w is to be analyzed by this method. An approximately 0.5-g 

sample is taken, dissolved in a minimum of concentrated HCl, and diluted to 1 Lin 

a volumetric flask using distilled water. A 5.00 mL aliquot is removed with a pipette. 

To what volume—10, 100, or 1000 mL—should it be diluted to minimize the 

uncertainty in the analysis? Explain. (6) 

3.2 The spectrophotometric methods for determining Mn in steel and for determining 

glucose use a chemical reaction to produce a colored species whose absorbance 

we can monitor. In the analysis of Mn in steel, colorless Mn** is oxidized to give 

the purple MnO«g ion. To analyze for glucose, which is colorless, we react it with a 

yellow colored solution of the Fe(CN).¢?, forming the colorless Fe(CN)¢* ion. The 

directions for the analysis of Mn do not specify precise reaction conditions, and 

samples and standards may be treated separately. The conditions for the analysis 

of glucose, however, require that the samples and standards be treated 

simultaneously at exactly the same temperature and for exactly the same length 

of time. Explain why these two experimental procedures are so different. (4) 

3.3 Yan and colleagues developed a method for the analysis of iron based on its 

formation of a fluorescent metal—ligand complex with the ligand 

5-(4-methylphenylazo)-8-aminoquinoline. In the presence of the surfactant 

cetyltrimethyl ammonium bromide the analysis is carried out using an excitation 

wavelength of 316 nm with emission monitored at 528 nm. Standardization with 

external standards gives the following calibration curve: 

If= -003 + 1.594 mg Fe**/L 

A 0.5113-g sample of dry dog food was ashed to remove organic materials, and



the residue dissolved in a small amount of HCI and diluted to volume in a 50-mL 

volumetric flask. Analysis of the resulting solution gave a fluorescent emission 

intensity of 5.72. 

(a) Determine the sensitivity of the method (use the correct unit). (2) 

(b) Determine the mg Fe/L in the sample of dog food. (3) 

3.4 Briefly explain how Drift Corrector Solutions (DCS) are used and give the main 

advantages and disadvantages of this correction method. (5) 

Question 4 [20] 

4.1 (a) Explain the principle of Neutron Activation Analysis (NAA). (3) 

(b) Provide two advantages of the NAA technique. (2) 

4.2 The following diagram is a representation of a transient peak obtained by FIA 
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It has been reported that analytical chemists are more interested in the 

parameters represented by h and T’ in the above figure. Provide the meaning of 

the two parameters and explain their importance in the analytical process. (5) 

4.3 (a) Briefly explain the following terms that are commonly used in ICP-MS technique. 

(i) Nebulization efficiency. (1) 

(ii) lonization efficiency. (1) 

(iii) Matrix effects. (1)



(b) Briefly explain how you do correct the following problems when using ICP-MS 

instruments. 

(i) Mass discrimination. (1) 

(ii) Detector gain. (1) 

4.4 (a) Define speciation analysis. (2) 

(b) Briefly discuss the relevance of speciation analysis in environmental studies. (3) 

Question 5 [20] 

5.1 The formula weight (FW) of a gas can be determined using the following form of 

the ideal gas law 

FW = gRT/PV 

where g is the mass in grams, Ris the gas constant, T is the temperature in Kelvin, 

P is the pressure in atmospheres, and Vis the volume in liters. In a typical analysis 

the following data are obtained (with estimated uncertainties in parentheses) 

g = 0.118 g (+ 0.002 g) 

R = 0.082056 L atm mol! K? (+ 0.000001 L atm mol? K"?) 
T = 298.2 K (40.1 K) 
P=0.724 atm (+ 0.005 atm) 

V = 0.250 L (+ 0.005 L) 

(a) Calculate the compound’s formula weight, its estimated uncertainty and show 

how you would report your result. (4) 

(b) To which variable(s) should you direct your attention if you wish to improve 

the uncertainty in the compound’s molecular weight? Briefly explain. (2) 

5.2 Two students have investigated the quantitative determination of Cr in high-alloy 

steels using a potentiometric titration of Cr(VI). Before the titration, samples of 

the steel were dissolved in acid and the chromium oxidized to Cr(VI) using 

peroxydisulfate. Shown here are the results (as %w/w Cr) for the analysis of a 

reference steel. 

16.968 16.922 16.840 16.883 

16.887 16.977 16.857 16.728 

(a) Calculate the mean of the results. (1) 

(b) Calculate the standard deviation of the mean. (1) 

(c) Determine the 95% confidence interval about the mean. (2)



(d) What does this confidence interval mean? (1) 

5.3 Horvat and co-workers used atomic absorption spectroscopy to determine the 

concentration of Hg in coal fly ash. Of interest to the authors was developing an 

appropriate procedure for digesting samples and releasing the Hg for analysis. 

As part of their study they tested several reagents for digesting samples. Results 

obtained using HNO3 and using a 1 + 3 mixture of HNO3 and HCI (Aqua regia) are 

shown here. All concentrations are given as ng Hg/g sample. 

  

Nitricacid 161 165 160 167 166 

Aquaregia 159 145 140 147 143 156 
  

(a) Compare the precision of the two sets of data (a = 0.05). (4) 

(b) Use the appropriate statistics to compare the Hg extraction efficiency of the 

two reagents (a = 0.05). (5) 

END
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v, = number of degrees of freedom of the numerator; v, = number of degrees of freedom of the denominator. 
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Multiplicative expressions of uncertainty: 

2 AT- EG) y a b c d 

Critical Values for the Rejection Quotient 

  

  

      

  

  

  

  

  

  

  

  

  

  

Qerit (Reject if Quip > Qerit) 

N 90% 95% 99% 
Confidence | Confidence | 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             

N = number of observations 
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