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GENERAL INSTRUCTIONS  

 

 

There are a total of 3 questions in this examination booklet. Attempt ALL 

QUESTIONS. For full credit you must write adequate reasoning and show all 

steps involved in calculations.  
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QUESTION ONE 

1.1 Briefly explain robustness and ruggedness of a method.                                          (4) 

 

1.2 A new lab technician has been given a task to analyse copper (Cu) in urine 

samples collected from mine workers. The technician would like to start with 

making a set of standards to make a calibration curve. He is not sure about a 

few things and needs your assistance. Here are a few questions he has: 

 

(a) He was advised by his manager to be cautious of the matrix effect. What 

calibration method can he use to account for the matrix, and briefly explain 

how the standards and samples are prepared?                                           (4) 

 

(b) The technician decides to prepare 100 ppm Cu2+ standard solution from 

CuSO4.5H2O (249.5 g mol-1) by dissolving it in de-ionised water and diluting 

to a 50.00 mL volumetric flask. With aid of calculations, describe the 

preparation of standard solution.                                                                           (3) 

 

1.3 Discuss the role of matrix modifiers in GF-AAS. Give at least two examples of 

matrix modifiers.                                                                                                    (6) 

 

1.4 Distinguish between collisional broadening and Doppler broadening.              (6) 

 

1.5 The temperature of a flame depends on the position of the radiation beam 

emanating from the lamp above the burner tip, making it is necessary to adjust 

the height of the flame to get best signal. The figure below shows the effect of 

flame temperature on absorbance of analytes. Explain why the sensitivity varies 

with the type of element.                                       (8) 



3 

 

 

1.6 Why is atomic emission more sensitive to flame instability than atomic 

absorption?                                                                                                       (4) 

                                                                                                                      [35] 

 

QUESTION TWO 

2.1 The following calibration data were obtained for the determination of iron (Fe) 

in an unknown sample. A 2.0 g aliquot of a solid sample containing iron was 

dissolved in deionized water and diluted to 100 mL. The sample solutions were 

prepared in triplicate and the signal corresponding to each solution was 

recorded using flame atomic absorption spectrometry. The following replicate 

data were then obtained: 

Concentration 

(ppm) 

Number of 

replicates 

Mean 

absorbance 

Standard 

deviation 

0 25 0.031 0.0075 

2 4 0.173 0.0094 

6 5 0.422 0.0084 

10 5 0.702 0.0084 

14 5 0.956 0.0085 

Unknown 1 1 0.622  

Unknown 2 1 0.597  

Unknown 3 1 0.611   
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A least-squares analysis of calibration data for the quantification of iron based 

on its absorbance yielded the following regression equation: 

 A = 0.066CFe + 0.0341 

where CFe is the iron concentration in ppm and A is the absorbance. Answer 

questions (a) to (d) based on the information provided. 

 

(a) Calculate the individual concentrations and the mean concentration for 

iron in the original solid sample.                                                         (7) 

 

 

(b) What is the calibration sensitivity?                                                                           (1) 

 

 

(c) Calculate limit of detection for this method.                                           (2) 

 

(d) Calculate the limit of quantitation for this method.                                  (2) 

 

 

2.2 The figure below shows the most common components of an ICP-OES system.  

Answer questions (a) through (d) based on this figure. 

 

 

a) What are two functions of a spray chamber?                                      (2) 
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b) Discuss the importance of drain in ICP-OES.                                          (4) 

 

c) Is a vacuum system required for the detection of elements by this 

system? Explain.                                                                             (3) 

 

d) The argon gas is split into three lines. Name and explain the function of 

each flow of argon gas.                                                                    (7) 

 

2.3 Why is an arc excitation often done in a controlled gas atmosphere?              (4) 

          [32] 

 
QUESTION THREE 

3.1 Interferences are commonly encountered in chemical analysis. Answer 

questions (a) through (d) based on types of interferences encountered in ICP-

MS analysis.  

(a) Briefly explain non-spectroscopic interferences in ICP-MS.                              (2) 

 

(b)  Briefly explain spectroscopic interferences in ICP-MS.                            (4) 

 

(c) What is the limitation of quadrupole mass analyzer?                                           (2)  

 

(d) Briefly explain how collision/reaction cell technology is applied to eliminate 

interferences in ICP-MS analysis.                                                                         (6) 

 

3.2 ICP-MS is a very powerful tool for detecting and analysing trace and ultra-trace 

elements, however, coupling the ICP torch with the mass spectrometer is often 

compared to “Placing of the Earth about half a mile away from the Sun”. Briefly 

describe the role and nature of the interface between the ICP torch and the 

mass spectrometer in an ICP-MS.       (5) 
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3.3 Chromatograms of (a) calibration standards of four arsenic species (As5+, MMA, 

As3+, and DMA) and (b) a mixture of arsenic standards, 0.5 ppb each, and apple 

juice sample determined using HPLC hyphenated to ICP-MS are shown below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Answer questions (a) to (c). 

(a) A mixture of arsenic standards, 0.5 ppb each, and an apple juice sample 

were separately injected into the column and provided the chromatograms 

shown in figure (b). Why is the tracing of a chromatogram of a standard over 

that of a sample important?                                                                         (3) 

(b)  Outline the procedure you would follow to prepare an apple juice sample 

for the determination of arsenic species by HPLC hyphenated to ICP-MS.     

 (3) 

(c) How would you determine the concentration of the arsenic species in the 

apple juice sample based on the information in figures (a) and (b)?        (4)   

     

3.5 Explain how XRF works.                                                                                       (4) 

          [33] 

a 

b 
Strong peaks: 0.5 ppb 
standards 

Calibration 
standards 
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