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SECTION A- MULTIPLE CHOICE [25Marks] 

Instruction: Write the letter of choice next to the question number in this 
section. Show calculations and give explanations where stated. 

1. Beer's taw (or the Beer Lambert Law) is .... (2) 

(a) a linear relationship between the intensity of a UV absorbance and the concentration 


of the analyte. 


(b) an inverse relationship between the IR stretching frequency and the energy of light. 


(c) used to calculate the chemical shift (0) of an NMR resonance relativ~ to that of the 


tetramethylsilane standard. 


(d) used to derive a molecular formula from the mass-to-charge ratio of an analyte. 


2. Which one of the following compounds is expected to have the longest wave length 


absorbance (Amax)? Explain choice (2) 


a) b) c) d) 

V 
~~ 

U 
~ ~ 
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3. Which structure is most consistent with the following infrared spectrum? (1) 
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4. The wavenumber of a transition is 2000 cm- • In what part of the electromagnetic spectrum 

does this come? (2) 

(a) Microwave (b)Ultraviolet-visible (c) Infrared (d) Radiowave 

5. The frequency of a transition is 5.4 x 1015 Hz. What is the corresponding wavelength? (Show 

Calculation) (2) 

(a) 180 000 cm­ 1 (b) 560 nm (d) 5.6 x 10-6 (e)5.6 x 10-43 m 

2 



6. Compound Z absorbs light of wavelength 320 nm. A 1.0 x 10-3 mol dm-3 solution of a compound 

Z gives an absorbance reading of 0.15 when placed in a solution cell of path length 1 cm. What is 

the value of the molar extinction (absorption) coefficient of Z? (Show calculation) (2) 

(a) 150 dm3 marl cm-l (b)1.5 X 10-4 mol dm-3 cm-l 

7. Which ofthe following statements is correct? (2) 

(a) Microwave radiation possesses more energy than infrared radiation. 

(b) Infrared radiation has a shorter wavelength than visible light. 

(c) Infrared radiation has a lower wavenumber than visible light. 

(d) Ultraviolet radiation has a longer wavelength than infrared radiation. 

8. A copper(lI) sulfate solution of unknown concentration is placed in a colorimeter and an 

absorbance reading of 0.46 is recorded. Using the same solution cell, a 0.055 M solution of 

copper(lI) sulfate gives an absorbance reading of 0.34. What is the concentration of the first 

solution? (Show calculation) (2) 

a) 0.041 mol dm-3 b) 0.35 mol dm-3 c) 8.60 x 10-3 mol dm-3 d) 0.074 mol dm-3 

9. In reverse phase chromatography. the stationary phase is made (1) 

a) non-polar 

b) polar 

c) either non-polar or polar 

d) none of these 

10. Which of the following detectors give concentration-dependent signals? (1) 

a) Electron-capture detector b) Thermal conductivity 

c) Infra-red detector d)AII of these 
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11. A solid sample !s being extracted into a solvent in a round bottom flask. Following extraction, 

the solids are filtered, put back into a round bottom flask and extracted a second time. The 

concentrations of the analytes from both extractions in this case can be used to test: (1) 

a) extraction precision b) extraction efficiency 

c) extraction time needed d) all ofthe above 

12. Which of the following is not a step in atomic absorption spectroscopy (AAS)? (1) 


a) Particles are adsorbed onto a stationary phase 


b) A solution is vaporised. 


c) A calibration curve is constructed. 


d} Atoms absorb light. 


13. In HPLC column efficiency is measured in terms of number of plates which is; (1) 

a) inversely related to the square of the peak width 

b) directly related to the square of the peak width 

c) inversely related to the cube root of the peak width 

d) directly related to the square of the peak width 

14. A sample was placed into a spectrophotometer, and it was found that the light reaching the 

,detector at 450nm was exactly 75% the intensity of the light reaching the detector when a blank 

was placed in the spectrophotometer. What is the absorbance of the sample? Show working. 

a) 1.845 b) -0.125 c) 0.347 d) 0.125 

e) My answer is not listed 
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15. In many countries, fish with more than O.SOOppm mercury is considered unsafe. In one 

experiment, a 0.7S0g piece of tuna was appropriately treated and made up to 10.0mL solution. 

This solution returned an absorbance of 0.70. Using the calibration graph below, what can be 

concluded from this analysis? (Show working) (3) 
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a) The tuna does not contain mercury. 

b) The concentration of mercury is exactly equal to O.SOOppm and mayor may not be safe to 

eat 

c) The concentration of mercury in the tuna is greater than O.sOOppm and it should not be 

eaten. 

d) The concentration of mercury in the tuna is less than O.SOOppm and it can be eaten safely. 
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SECTION B 


Instruction: Answer any three (3) questions from this section 

QUESTION 1125 Marks] 

a) State the light source for AAS. Explain how it works, including why a different lamp must 

be used for each element [7] 

b) A major breakthrough in atomic absorption spectrophotometry was the invention of 

graphite furnace AA. 

i) What is the major difference between flame AA and graphite furnace AA? Use 

diagrams to support your answer. [3] 

ii) Identify the physical stages involved in the furnace program and describe the 

processes that occur during each stage. [3] 

iii) Outline three (3) advantages of graphite furnace AA over flame AA [3] 

c) 	 An internal standard in analytical chemistry is a chemical suBstance that is added in a 

constant amount to samples, the blank and calibration standards in a chemical analysiS. 

The method of internal standards is used to improve the precision of quantitative 

analysis. 

i) Give three characteristics of a "good" internal standard. [3] 

ii) In ICP-MS analysis, choose one internal standards; Bi, Sc or In for each of the 

following analytes; Cd, Pb and Cr and explain why you chose as you did? [3] 

iii) Explain why an internal standard can be used for ICP-AES but is not used for AAS 

[3] 

QUESTION 2 [25 Marks} 

a) 	 What are the desirable characteristics of a GC detector? [4] 

b) The retention of a compound in GC is determined by how much time a substance spends in 

the mobile phase versus the stationary phase. Explain three (3) factors which affect the 

retention of a substance in GC. [3] 

c) 	 Sodium in tap water was analysed by flame emission spectroscopy using a simple flame 

photometer utilising a butane/air flame. The following calibration graph was produced. 
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i) Why does the graph slope down at high concentrations? [2] 

ii) What can be done, if anything, to get a straight line for the calibration? [2] 

iii) The inset shows a zoom of the low concentrations. Why does this show a negative 

deviation from a straight line calibration? [2] 

iv) What can be done to remedy, if anything, this part ofthe calibration graph? [2] 

v) Spectral interference can be a real problem in emission techniques, however in this 

scenario we don't have to worry about spectra interference; why? [3] 

d) State Beer's law as applied to spectroscopy, and explain all terms appearing in it. [3] 

i) What is meant by "stray light" in spectroscopy? [1] 

ii) Use equations to explain why stray light leads to negative deviations from Beer's law [3] 

QUESTION 3 [25 Marks] 

a) Differentiate between "Spectroscopy" and "Spectrometry" [3] 

b) For a spectroscopic band occurring at 1685 cm­ 1 
, 

i) Convert to energy in joules [1] 

ii) State in which region of the electromagnetic spectrum the band falls [1] 

(iii) State the kind oftransition expected in this region [1] 
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c) Explain using diagrams, why atomic spectra appear as lines, whereas molecular spectra 

appear as bands [5] 

d) With respect to Ca explain chemical interference in flame atomic absorption spectrometry 

and explain how it is eliminated. [4] 

e) In 2001, the Swaziland Water Services Corporation acquired a new atomic spectrometer 

called Liberty 110 (CP. 

(i) What does ICP stand for? [1] 

(ii) Draw the (CP torch and label its components [4] 

(iii) Concisely explain why chemical interferences are less common in ICP-AES than they 

are in flame MS. [2] 

(iv) List and describe each of the three (3) advantages that ICP has over flame atomic 

absorption spectroscopy [3] 

QUESTION 4 [2S MARKS) 

a) 	 UV/Vis spectroscopy is routinely used in analytical chemistry for the quantitative 

determination of different analytes, such as transition metal ions and biological 

macromolecules. For a particular assay, your plot of absorbance versus concentration is not 

linear. Explain the possible reasons for this. [4] 

b) What criteria should be used to choose an appropriate wavelength at which to make 

absorbance measurements in UV-visible spectroscopy? Why is that choice important? [4] .. ~ 

c) Explain the difference between electromagnetic radiation in the UV and visible ranges. How 

does quantitative spectroscopy using the UV range differ from that using the visible range? 

[5] 

d) Considering a typical spectrophotometer, what is the effect of decreasing the exit slit width 

of the monochromator on the light incident to the sample? [3] 

e) Consider the reactions of two unknown compounds X and Y. 

X + 2H2 ~ CsH12 

Y+ 2H2 ~ CsH12 

i) Deduce the molecular formula of the two unknown compounds [2] 

The UV spectra of the compounds are compared to pent-1-ene in the table below. 

Compound Am.x 

X 176 
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y 211 

Pent-1-ene 178 

ii) Draw the structures of compounds X and Yand explain the choice of structure for 

each. [5] 

f) Which of the molecules oxygen and hydrogen chloride is IR active and why? [2] 

gUESTION 5 [2SMarksl 

a) Why is the injection port of a GC at a higher temperature than the oven temperature? [2] 

b) Why must sugars and fatty acids be derivatized before GC analysis while pesticides and 

aroma compounds need not be derivatized. [3J 
,. 

c) What is solid-phase extraction and why is it advantageous over traditional liquid-liquid 

extraction? Give three (3) advantages. [5J 

d) What is a guard column and why is it used? [3] 

e) What is the separation principle in Size Exclusion Chromatography? [2J 

f) In HPLC what do you understand by Isocratic and Gradient elution? [3] 

g) Which is the most commonly used detector in High Performance Liquid Chromatography 

and why? [3] 

h) What are the main differences between High Performance Liquid Chromatography and Gas 

Chromatography? Give four (4) [4] 

DEPARTMENT OF CHEMISTRY 
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Periodic Table of the Elements 
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PHYSICAL CONSTANTS AND UNITS 


Table 1 : General Physical Constants 
, 

Constant I Symbol 51 Units Non-51 L'r'its 

Velocity of Ught 
I 

c 2.9979 X 108 ms­l 

Electronic charge e -1.6022 x 10-19 C 

Avogadro's constant NA 6.0220 x 1023 mor l 

Atomic mass unit u 1.6606 x 10-27 kg 

Electron rest mass me 9.1095 x 10-31 kg ,.. 

Proton rest mass mp 1.6726 x 10-27 kg 

Neutron rest mass mn 1.6750 x 10-27 kg 

PlancJ~/s constant h 6.6262 x 10-34 J s 

Rydberg constant RH 1.0974 x 10' m­1 

Ideal gas constant R 8.314 J mor 1 
1("1 0.08206 I atm mol-1 

1("1 

Gas molar volume (STP) Vo 2.21414 x 10-2 m3 mor l 22.41 mor l 

Boltzmann constant k ·1.3807 x 10-23 J 1("1 

Faraday constant F 96485. Cmor l 

Gravitational acceleration g 9.80 m S-2 

Permittivity of a vacuum Eo 8.8542 x 10-11 Fm­l 

I Mechanical equivalent of heat 1 calorie == 4.18 J 



---

Table 2: IR Correlation table for common functional groups 

Functional group band (cm-1
) 


-CH3 
 2950-75 (5), 2870-90 (m), +440-65 {m}, 1370-90 (s) 

-CH 2 (acyclic) 
 2910-40 (s), 2840-80 (m), 1440-80 (mJ, -720 (w) 


-CH 
 2880-90 (w), -1340 (w) 

-C=CH 2 
 -2970-3070 (m), 129()"1420 (w), 860-900 (w) 

-CH=CH- (cis) 
 675-730(m) 
-CH=CH- (trans) 960-70 (m) 

-C=C- , 
 1620-80 (m) 

Aryl-H 
 3010-80 (rr,), 1000-1250 (w), 700-900 (m) 

Aryl C=C 
 1590-1620 (v), 1575-90 (v), 1470-1525 (v), 1430-65 (v)] 


400-625 (m) 


-C=C-H 
 -330()-:-40 (s), 700-900 (m) 

-C=C­ 2100-2250 (v) 

water 
 -3700 

~ 

water of crystallisation 3100-3700 

'"" Vj 

D-H (intermoiecular H-bond) 3200-3500 (s) 
O-H (intramolecular H-bond) 3400-3600 (s) 
O-H 1260-1400 (s) 
C-,.QH 1020-1200 is) 
Aryl-O-H -3600 (m), 1180-1390 (s), 600-700 (s) 

COO-H (dimer) 2500-3300 (s) 

COO-I·I (chelated) 
 2500-2700 (s) 

C-O-C (all kinds) 
 1050-1250 (v) 

N-H 
 3200-3500 (m), 150(}-1600 (s)] 650-900 (s) 

C-N 
 1020-1200 (m) 

C(=O)N-H (amide) , 3200-3400 (s), -1450 (s), 1590-1650 (m) 

C-F 
 1000-1400 (s) 

C-Cl 
 600-800 (s) 

C-Br 
 500-750 (s) 

C--I 
 -500 (s) 

N02 
 1660-1490 (s), 1390-1260 (s) -----,
C=N -2250 (s) 



----

Table 3: IR Correlation table for carbonyl groups 

band (cm-1
) (all strong 

absorptions) 
Functional group Type 

1715-45saturated aliphatic RC(=O)R' 
1650-1700arylketones 
1660-1700a-~ unsaturated 
-1780cyclobutanone 

cyclopenta none -1750 
1730-50a halo 
1580-1640~-diketone (enol form) 
1720-40RC(=O)H sat aliphatic 

aldehydes 1685-1705a-13 unsat 
1685-1715aryl 
1645-70~-keto (enol form) 
1730-65 ,.a-halo 

COOH 1700-25sat. aliphatic (dimer) 
carboxylic acids 1740-1800sat. aliphatiC (monomer) 

1680-1710aryl (dimer) 
1690-1715a-13unsat 
1715-40.~ halo (dimer) 
1650-80H-bonded (intramolecular) 
1550-1610,1300-1420anion 

C(=0)-O-C=O 1800-40,1740-80sat aliphatic 
acid anhydrides 1780-1830,1710-55a-13 unsat, aryl 
C(=O)X 1790-1815X = CI sat aliphatic 
acid halides 1735-50, 1765-90 X =CI a.-~ unsat, aryl 
COOR 1725-50sat aliphatic 
Esters 1705-40a.-13 unsat, aryl 

1750-1800RCOOC=C 
1740-60 
1635-55 

a.-keto 

13 -eto 
1740-70a.-halo 

lactone (5 ring) 1760-80 

C(=O)-N 12 amide I -1690 
Amides amide II -1600 

22 amide! 1670-1700 
amide II 1510-50 
32amide 1630-70 
lactam 1700 

amino acids Free 1390-1425,1560-1600 
C=N oxime 1640-90 ... 


