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QUESTION ONE (30 MARKS) 

1.a Discuss the principal applications of the following instrumental methods: 

 i) X-ray diffraction (XRD)       [2 marks] 

 ii) X-ray absorption spectroscopy      [1 mark] 

 iii) Atomic emission spectrometry (AES), Optical emission spectrometry (OES) 

[1.5marks] 

 iv) X-ray Fluorescence (XRF)      [1 mark] 

 v) Inorganic mass spectrometry (MS)      [1.5 mark] 

b i) Write short notes on the photoelectric effect     [3 marks] 

  ii) Calculate the percentage loss of intensity due to the reflection of a perpendicular beam of 

yellow light as it passes through a glass cell that contains water. Assume that for yellow radiation 

the refractive index of glass is 1.50, of water is 1.33, and of air is 1.00.  [2 marks] 

  iii) Cesium is used extensively in photocells and in television cameras because it has the lowest 

ionization energy of all the stable elements. 

       (a) What is the maximum kinetic energy of a photoelectron ejected from cesium by 520 nm 

light? Note that if the wavelength of the light used to irradiate the cesium surface becomes longer 

than 660 nm, no photoelectrons are emitted.              [1 mark] 

      (b) Use the rest mass of the electron to calculate the velocity of the photoelectron in (a). 

           [1 mark] 

iv) Why must the slit width of a prism monochromator be varied to provide constant effective 

bandwidths but a nearly constant slit width provides constant bandwidth with a grating 

monochromator?         [2 marks] 

c i) In high-temperature sources, sodium atoms emit a doublet with an average wavelength of 

1139 nm. The transition responsible is from the 4s to the 3p state. Set up a spreadsheet to 

calculate the ratio of the number of excited atoms in the 4s state to the number in the ground 3s 

state over the temperature range from an acetylene-oxygen flame (3000°C) to the hottest part of 

an inductively coupled plasma source (8750°C).     [3.5 marks] 

 ii) In the concentration range of 500 to 2000 ppm of U, there is a linear relationship between 

absorbance at 351.5 nm and concentration. At lower concentrations, the relationship is nonlinear 

unless about 2000 ppm of an alkali metal salt is introduced into the sample. Explain.   [2 marks] 
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iii) An analyst attempts to determine strontium with an atomic absorption instrument equipped 

with nitrous oxide–acetylene burner, but the sensitivity associated with the 460.7- nm atomic 

resonance line is not satisfactory. Suggest at least three things that might be tried to increase 

sensitivity.          [1.5marks] 

iv) Use the Equation for the resolving power of a grating monochromator to estimate the 

theoretical minimum size of a diffraction grating that would provide a profile of an atomic 

absorption line at 500 nm having a line width of 0.002 nm. Assume that the grating is to be used 

in the first order and that it has been ruled at 2400 grooves/mm.   [2 marks] 

 

d i) Describe how the isotope dilution technique is used in atomic mass spectrometry [1.5mark] 

   ii) Calculate the goniometer setting, in terms of 2u, required to observe the Ka1 lines for Fe 

(1.76 Ǻ), Se (0.992 Ǻ), and Ag (0.497 Ǻ) and Ag (0.497 Ǻ) when the diffracting crystal is 

 (a) topaz, (b) LiF, and (c) NaCl.         [4.5 marks] 

 

QUESTION TWO  (20 MARKS) 

2 a With the aid of Figures 7-2 and 7-3, suggest instrument components and materials for 

constructing an instrument that would be well suited for    [7 marks] 

I) The investigation of the fine structure of absorption bands in the region of 450 to 750     

nm. 

    II) Obtaining absorption spectra in the far IR (20 to 50 μm). 

 III)A portable device for determining the iron content of natural water based on the 

absorption of Radiation by the red Fe(SCN)2+ complex. 

IV) The routine determination of nitrobenzene in air samples based on its absorption peak 

at 11.8 μm. 

V) Determining the wavelengths of flame emission lines for metallic elements in the region 

from 200 to 780 nm. 

  VI)  Spectroscopic studies in the vacuum UV region. 

  VII) Spectroscopic studies in the near IR. 

b. A simultaneous determination for cobalt and nickel can be based on absorption by their 

respective 8-hydroxyquinolinol complexes. Molar absorptivities corresponding to their 

absorption maxima are as follows:       [4 marks] 
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Calculate the molar concentration of nickel and cobalt in each of the following solutions using 

the following data: 

 

c) Palladium (II) forms an intensely colored complex at pH 3.5 with arsenazo III at 660 nm.33 A 

meteorite was pulverized in a ball mill, and the resulting powder was digested with various 

strong mineral acids. The resulting solution was evaporated to dryness, dissolved in dilute 

hydrochloric acid, and separated from interferents by ion-exchange chromatography. The 

resulting solution containing an unknown amount of Pd (II) was then diluted to 50.00 mL with 

pH 3.5 buffer. Ten milliliter aliquots of this analyte solution were then transferred to six 50-mL 

volumetric flasks. A standard solution was then prepared that was 1.0 × 10-5 M in Pd (II). 

Volumes of the standard solution shown in the table were then pipetted into the volumetric flasks 

along with 10.00 mL of 0.01 M arsenazo III. Each solution was then diluted to 50.00 mL, and the 

absorbance of each solution was measured at 660 nm in 1.00 cm cells. 

    

 i)  Determine the slope and y-intercept of the line using regression equation  

           [4 marks] 
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 ii)  Determine the standard deviation of the slope and of the intercept  [2 marks] 

            iii) Calculate the concentration of Pd (II) in the analyte solution  [1 mark] 

 iv) Find the standard deviation of the measured concentration  [1 mark] 

d) Distinguish between pressure broadening and Doppler broadening  [1 mark] 

 

QUESTION THREE  (20 MARKS) 

3 .a i) What is an internal standard and why is it used?    [1 mark] 

      ii) Why do ion lines predominate in spark spectra and atom lines in arc spectra?[1.5marks] 

     iii) What are the relative advantages and disadvantages of ICP plasmas compared to 

microwave plasmas?         [1.5 marks] 

     iv) What are some of the advantages of plasma sources compared with flame sources for 

emission spectrometry?        [2 marks] 

  b. i) What types of mass spectrometers are used in ICPMS? How do they differ from one 

another?          [7 marks] 

    ii) Why is an internal standard often used in quantitative analysis by ICPMS?    [2 marks] 

   iii) A 5.00-mL sample of blood was treated with trichloroacetic acid to precipitate proteins. 

After centrifugation, the resulting solution was brought to a pH of 3 and was extracted with two 

5-mL portions of methyl isobutyl ketone containing the organic lead complexing agent APCD. 

The extract was aspirated directly into an air-acetylene flame yielding an absorbance of 0.454 at 

283.3 nm. Five milliliter aliquots of standard solutions containing 0.240 and 0.475 ppm Pb were 

treated in the same way and yielded absorbances of 0.412 and 0.642. Calculate the concentration 

Pb (ppm) in the sample assuming that Beer’s law is followed.    [2.5 marks]  

iv In a hydrogen-oxygen flame, the atomic absorption signal for iron decreases in the presence of 

large concentrations of sulfate ion. 

a) Suggest an explanation for this observation.    [1 mark] 

       b) Suggest three possible methods for overcoming the potential interference of 

sulfate in a quantitative determination of iron.      [1.5marks] 

       

 

QUESTION FOUR    (20 MARKS) 
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a) The sodium in a series of cement samples was determined by flame emission 

spectroscopy. The flame photometer was calibrated with a series of NaCl standards that 

contained sodium equivalent to 0, 20.0, 40.0, 60.0, and 80.0 μg Na2O per mL. The 

instrument readings R for these solutions were 3.1, 21.5, 40.9, 57.1, and 77.3. 

i. Obtain a least-squares equation for the data.   [3.5 marks] 

ii. Calculate the statistics for the line in (i).   [1.5marks] 

iii. The following data were obtained for replicating 1.000-g samples of 

cement that were dissolved in HCl and diluted to 100.0 mL after 

neutralization         

  

Calculate the percentage of Na2O in each sample and also determine the 

absolute and relative standard deviations for the average of each 

determination.       [4.5 marks] 

b) Discuss quantitative instrument performance criteria that can be used to decide whether a 

given instrumental method is suitable for attacking an analytical problem. [3 marks] 

c) Write short notes on the application of the following in Atomic Emission spectroscopy. 

   1. Arc and spark emission       [1.5 marks] 

   2. plasma sources       [2 marks] 

d) The drug tolbutamine (fw=270) has a molar absorptivity of 703 at 262nm. One tablet is 

dissolved in water and diluted to a volume of 2L. If the solution exhibits an absorbance in 

the UV region at 262nm equal to 0.687 in a 1-cm cell, determine the amount of tolbutamine 

contained in the tablet.        [2 marks] 

e) Amines (weak base) form salts with picric acid (trinitrophenol), and all amine picrates 

exhibit an absorption maximum at 359nm with a molar absorptivity of 1.25 ×104. A 0.200g 

sample of aniline, C6H5NH2, is dissolved in 500 mL of water. A 25.0 mL aliquot is reacted 

with picric acid in a 250 mL, volumetric flask and diluted to volume. A 10.0 mL, aliquot 
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of this is diluted to 100mL and the absorbance read at 359nm in a 1-cm. If the absorbance 

is 0.425, determine the percent purity of the aniline.    [2 marks] 

 

Figures 7.2 and 7.3 
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