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Question 1 [20] 

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

(b) What does it mean to say that a laboratory worker has good analytical skills? (3) 

1.2 Briefly discuss the impact of wrong analytical results in 

(a) trade (2) 

(b) environmental monitoring (2) 

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

analysis procedure? (3) 

1.4 What does it mean to carry out an analytical method? Avoid the word “analyse” in 

your answer. (3) 

1.5 What is method validation and what are the results of this validation used for in 

analytical chemistry? (4) 

Question 2 [20] 

2.1 Why are sampling and sample preparation procedures as crucial to the success of 

an analysis as the analytical method chosen? (3) 

2.2 What is a representative sample? Do not use the words “represent” or 

“representative” in your answer. (2) 

2.3 Briefly explain the concept of random sampling and give its advantages as well as 

its disadvantages. (5) 

2.4 (a) The constituents of an ink sample can be quantified either by HPLC (Method A) 

or by acarefully designed method based on TLC separation and UV-Vis 

quantification (Method B). Which of the two methods will likely lead to greater 

error and why? (3) 

(b) If you want to determine the level of cadmium in drinking water, what reagent 

grade would you use for that purpose and why? (2) 

2.5 (a) Differentiate between solid—liquid extraction (SLE), liquid-liquid extraction (LLE), 

and solid phase extraction (SPE). (3) 

(b) Why are solvents such as aliphatic hydrocarbons, methylene chloride, toluene, 

diethyl ether and chloroform useful in the extraction of organic analytes



from water samples? 

Question 3 

3.1 One method for the analysis of Fe**, which can be used with a variety of sample 

matrices, is to form the highly coloured Fe?*—thioglycolic acid complex. The 

complex absorbs strongly at 535 nm. Standardizing the method is accomplished 

using external standards. A 10.00 ppm Fe** working standard is prepared by 

transferring a 10-mL aliquot of a 100.0 ppm stock solution of Fe** to a 100-mL 

volumetric flask and diluting to volume. Calibration standards of 1.00, 2.00, 3.00, 

4.00, and 5.00 ppm are prepared by transferring appropriate amounts of the 

10.0 ppm working solution into separate 50-mL volumetric flasks, each containing 

5 mL of thioglycolic acid, 2 mL of 20% w/v ammonium citrate, and 5 mL of 0.22 M 

NH3. After diluting to volume and mixing, the absorbances of the external standards 

are measured against an appropriate blank. Samples are prepared for analysis by 

taking a portion known to contain approximately 0.1 g of Fe**, dissolving ina 

minimum amount of HNO3 and diluting to volume in a 1-L volumetric flask. 

A 1.00-mL aliquot of this solution is transferred to a S5O-mL volumetric flask, along 

with 5 mL of thioglycolic acid, 2 mL of 20% w/v ammonium citrate, and 5 mL of 

0.22 M NH3 and diluted to volume. The absorbance of this solution is used to 

determine the concentration of Fe?* in the sample. 

(a) What is an appropriate blank for this procedure? 

(b) Ammonium citrate is added to prevent the precipitation of Al?*. What is the 

effect on the reported concentration of iron in the sample if there is a trace 

impurity of Fe3* in the ammonium citrate? 

(c) Why does the procedure specify that the sample contains about 0.1 g of Fe?*? 

3.2 For each of the pair of calibration curves shown in the figure below, select the 

calibration curve using the most appropriate set of standards. Briefly explain the 

reasons for your selections. The scales for the x-axis and y-axis are the same for 

each pair. 

(2) 
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3.3 Many of the analytical methods used to determine the concentration of fibrinogen 

in plasma are based on light scattering following its precipitation. Light scattering 

is measured nephelometrically at a wavelength of 340 nm. Analysis of a set of 

external calibration standards gives the following calibration equation 

Ils = -4.66 + 9907.63 x C 

where Is is the intensity of scattered light and C is the concentration of fibrinogen in 

g/L. A9.0-mL sample of plasma was collected from a patient and mixed with 1.0 mL 

of an anticoagulating agent. A 1.0-mL aliquot of this solution was then diluted to 

250 mL in a volumetric flask. Analysis of the resulting solution gave a scattering 

intensity of 44.70. What is the concentration of fibrinogen, in gram per liter, in the 

plasma sample? (4) 

3.4 Give three disadvantages of the isotope dilution method. (3) 

Question 4 [20] 

4.1 (a) What is quenching in Atomic Fluorescence Spectroscopy (AFS) and why is this 

phenomenon considered to have a negative effect in quantitative AFS analysis? (4) 

(b) It has been reported that an Atomic Absorption Spectrometer (AAS) can easily 

be converted into an AFS if a fluorescence lamp (or a continuous source with the



right wavelength selector) is used instead of a hollow cathode lamp. What other 

critical change would you make to the AAS design if you were to convert it into 

an AFS instrument? Explain your choice. (3) 

4.2 (a) Name the components labelled as A to E for the Mass Spectrometer (MS) 

represented in the figure below. 
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(5) 

(b) Differentiate between the following MS techniques: 

(i) EIMS and TIMS (2) 

(ii) ICP-QMS and ICP-SFMS. (2) 

4.4 List the different classes of chemical speciation. (4) 

Question 5 [20] 

5.1 Researchers have developed an analytical method for determining trace levels of 

atmospheric gases. An analysis of a sample containing 40.0 parts per thousand 

(ppt) 2-chloroethylsulfide yielded the following results 

43.3 34.8 31.9 

37.8 34.4 31.9 

42.1 33.6 35.3 

(a) Determine whether there is a significant difference between the experimental 

mean and the expected value at a = 0.05. (5) 

(b) As part of this study a reagent blank was analyzed 12 times, giving a mean of 

0.16 ppt and a standard deviation of 1.20 ppt. What are the IUPAC detection 

limit and limit of quantitation for this method? (2) 

5.2 Lord Rayleigh, J.W. was one of the most well-known scientists of the late 19" and 

early 20' centuries, receiving the Nobel Prize in 1904 for the discovery of argon. 

An important turning point in his discovery of Argon (Ar) was the experimental



measurements of the density of N2. Rayleigh approached this experiment in two 

ways: 1° by taking atmospheric air and removing all O2 and Hz (at the time, air was 

thought to be only made of O2, H2 and No); and 2"4, by chemically producing N2 by 

decomposing nitrogen containing compounds (NO, N20, and NH4NOs) and again 

removing all O2 and Ho. Following are his results for the density of Nz, published in 

Proc. Roy. Soc. 1894, LV, 340 (all values are for grams of gas at an equivalent 

volume, pressure, and temperature). 

  

  

Atmospheric Chemical 

origin origin 

2.31017 2.30143 

2.30986 2.2989 

2.3101 2.29818 

2.31001 2.30182 

2.31024 2.29869 

2.3101 2.2994 

2.31028 2.29849 

2.29889 
  

(a) Use the appropriate statistics (a = 0.05) to explain why these results led Rayleigh 

to look for, and discover Ar. Assume that there is no significant difference in the 

precision of both set of measurements. (8) 

(b) In the measurement of the density of Nz in air from atmospheric origin, the 

value of 2.30986 seems to be an outlier, use the Q test to assess whether this 

value should be rejected (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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Critical Values for the Rejection Quotient 

  

  

  

  

  

  

  

  

  

        

Qerit (Reject if Qexp > 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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