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gUESTION 1 [25) 

a) 	 Differentiate between "Spectroscopy" and "Spectrometry" [4] 

b) Several analytical techniques are based on the absorption of energy from different parts of 

the electromagnetic spectrum. 

The following diagram shows part of the electromagnetic spectrum; 

X-Rays p Visible Q Microwaves 

i) Identify the types of radiation labelled P and Q [2] 


ii) Identify which one of the five regions has radiation of lowest frequency [2] 


c) 	 Explain howand why molecular and atomic spectra are different. In other words, describe 

the differences in the spectra you record and then explain physically what happens within 

the atoms/molecules to give these differences. Use diagrams to iUustrate [5] 

d) 	 This question relates to the following spectrum: 
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i) For the largest peak in the spectrum, calculate the energy in Joules per photon. 

Estimate any quantities you need from the scale on the spectrum [4] 

ii) Calculate the frequency (in Hertz) for this same peak [2] 

iii) In what region of the electromagnetic spectrum (e.g. x-ray, gamma ray, ultra violet 

and micro-wave) does this peak fall? [2] 

e) Explain the different uses of atomic spectrometry in analytical chemistry? (Give 2) [4] 
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qUESTION 2 [251 

a) 	 Sketch out the main components in FES and AAS and highlight the main difference [4] 

b) 	 Which group of elements can be determined by FES? Explain why the technique is 

limited to these elements [2] 

c) 	 What is the role of the monochromator in AAS? [2] 

d) 	 With an aid of a diagram describe how does a hollow cathode lamp works [5] 

e) 	 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 two characteristics of a (lgood" internal standard. [2] 

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? [4] 

iii) Explain why an internal standard can be used for Inductively Coupled Plasma 

Emission ICP-AES but is not used for AAS 	 [3] 

f) 	 Give an example of chemical interference in AAS. Describe the fundamental problem 

and how you would solve it [3] 

qUESTION 3 [251 

a) 	 The following two solvent systems were found to separate compounds X and Y by 
column chromatography (column more polar): 

X: hexanes/ethyl acetate 10:1 
Y: hexanes/ethyl acetate 10:4 

Which is the more polar compound, X or Y? (2) 

b) In order to separate a mixture of X and Y as in problem 3(a) by column chromatography: 
i) Which solvent system must be used first? (2) 
ii) Which compound will elute from the column first (assuming you chose the correct 

solvent)? (2) 
iii) You only see one compound coming off the column when you suspect two. Where might 

the other compound be? How can you recover this compound? (2) 
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c) 	 The design of different spectrophotometers depends on the type of measurement (e.g. 

atomic emission, atomic absorption, uv-visible absorption, fluorescence) they are 

intended to take. 

i) Draw a block diagram of a single beam spectrophotometer that might be used for uv

visible molecular absorbance. (4) 

ii) Write the specific components of each block of your block diagram. (3) 

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

called Liberty 110 ICP. 

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

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

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

are in flame AAS. (2) 

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

absorption spectroscopy. (3) 

QUESTION 4 [251 

a) 	 The Deuterium lamp is one ofthe radiation sources used in UV-visible spectroscopy. Using 

equations, explain how the lamp is able to produce a continuum radiation (160 - 380nm) [5J 

b) Consider the reactions of two unknown compounds Xand Y. 

X+ 2H2 -7 CsHu 

Y+ 2H2 -7 CSH12 

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

The UV spectra ofthe compounds are compared to pent-l-ene in the table below. 

Compound 

X 	 176 

Y 	 211 

Pent-l-ene 178 

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

each. [5] 

c) 	 A student wanted to determine a more accurate value for the solution of Mn2+ (aq) which 

was known to be between 0.10 and 0.010 M. She was provided with a solution of 1.00 M 

manganese (II) sulphate, MnS04. Describe how she could determine the unknown 
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concentration using visible spectrometer and explain the importance of the Beer - Lambert 

law in the method used. [6J 

d) Which type of GC detector is most commonly used? Explain its working principle and what 

are its limitations? [7] 

QUESTION 5 [251 

a) 	 IR spectroscopy is a technique mostly used for qualitative analysis of organic compounds. 

i) State what happens at molecular level when infrared radiation is absorbed. [2J 

iI) Explain the two criteria required for a molecule to absorb IR radiation. [4] 

iii) Which of the molecules iodine and hydrogen iodide is IR active and why? [3J 

b) 	 There are four isomeric alcohols with molecular formula C4HlOO.' 

i) Draw a structure for each of the four alcohols. [2J 

ii) Explain why the four compounds could not be easily distinguished by looking at their 

infrared spectra. [2J 

a) 	 Nebulization is a very wasteful approach to atomization. 

i) What does the term "nebulization" mean? [1] 

ii) Use diagrams to explain how nebulization is carried out in atomic spectroscopy. [4] 

iii) Use your answer in (c) ii above to explain why nebulization is considered inefficient. 

[2] 

b) 	 In chromatography, what do you understand by column efficiency and how is it expressed? 

Explain all terms appearing in the equation. 

[5] 
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QUESTION 6 [25] 

a) 	 With the aid of a diagram, briefly but informatively explain how the following detectors work 
in chromatography: 

i) Electron Capture Detector [4] 

ii) Flame Ionization Detector [4] 

b) 	 Draw the main components of a GC. Explain the function of each function. [5] 

c) 	 What are the main differences between High Performance Liquid Chromatography and Gas 
Chromatography? [5] 

d) 	 The two most common types of columns used in high performance liquid chromatography 
(HPLC) are "C8" and "C18" columns 

i)Explain the difference(s) between a "C8" column and a "C18
11 column [2] 

ii) Explain why these two particular types of columns are used for'''reverse phase" HPLC. [3] 

e) 	 Explain why it is necessary to use a "guard column" in an HPLC but not in a GC. [2] 
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Periodic Table of the Elements 
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43 
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75 
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Fe Co Ni 
~5.847 . 58.933 58.69 
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PHYSICAL CONSTANTS AND UNITS 

Constant 

Velocity of Ught 

{ 

Table 1 : General Physical Constants 

Symbol Sl Units 

c 2.9979 x 108 ms1 

I 
I 

Non-Sill r.its 

Electronic charge e -1.6022 x 10-19 C 

Avogadro's constant NA 6.0220 x 1023 mor 1 

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 

I 

Neutron rest mass 

Plancl~/s constant 

Rydberg constant 

Ideal gas constant 

Gas molar volume (STP) 

mn 

h 

RH 

R 

Vo 

I 

1.6750 x 10-27 kg 

6.6262 x 10-34 J s 
- . 

1.0974 x 107 m1 

8.314J mol-1 
1\1 

2.21414 x 10-2 m3 mor1 

.~ 
I 

0.08206 I atm marl le1 

22.4 I mor l 

Boltzmann constant 

Faraday constant 

k 

F 

I '1.3807 X 10-23 J 1\1 

96485. C mor 1 

Gravitational acceleration g 9.80 m S-2 

Permittivity of a vacuum Eo 8.8542 x 10-12 F m1 

Mechanical equivalent of heat 1 calorie == 4.18 J 



Table of Characteristic IR Absorptions 

frequency, cm1 bond 

3640-3610 (s, sh) O-H stretch, free hydroxyl 

3500-3200 (s,b) O-H stretch, H-bonded 

3400-3250 (m) N-H stretch 

3300-2500 (m) O-H stretch 

3330-3270 (n, s) -C..c-H: C-H stretch 

3100-3000 (s) C-H stretch 

3100-3000 (m) =C-H stretch 

3000-2850 (m) C-H stretch 

2830-2695 (m) H-C=O: C-H stretch 

2260-2210 (v) CiiN stretch 

2260-2100 (w) -CiiC- stretch 

1760-1665 (s) C=O stretch 

1760-1690 (s) C=O stretch 

1750-1735 (s) C=O stretch 

1740-1720 (s) c=o stretch 

1730-1715 (8) C=O stretch 

1715 (s) C=O stretch 

1710-1665 (s) C=O stretch 

1680-1640 (m) -C=C- stretch 

1650-1580 (m) N-Hbend 

1600-1585 (m) C-C stretch (in-ling) 

1550-1475 (s) N-O asymmetric stretch 

1500-1400 (m) C-C stretch (in-ring) 

1470-1450 (m) C-Hbend 

1370-1350 (m) C-Hrock 

1360-1290 (m) N-O symmetric stretch 

1335-1250 (s) C-N stretch 

1320-1000 (s) C-O stretch 

1300-1150 (m) C-H wag (-CH1X) 

1250-1020 (m) C-N stretch 

1000-650 (s) =C-Hbend 

950-910 (m) O-Hbend 

910-665 (s, b) N-Hwag 

900-675 (s) C-H "oop" 

850-550 (m) C-CI stretch 

725-720 (m) C-Hrock 

700-610 (b, s) -C..C-H: C-H bend 

690-515 (m) C-Br stretch 

functional group 

alcohols, phenols 

alcohols, phenols 

1',2' amines, amides 

carboxylic acids 

alkynes (terminal) 

aromatics 

alkenes 

alkanes 

aldehydes 

nitriles 

alkynes 

carbonyls (general) 

carboxylic acids 

esters, saturated aliphatic 

aldehydes, saturated aliphatic 

a, l3-unsaturated esters 

ketones, saturated aliphatic 

a, l3-unsaturated aldehydes, ketones 

alkenes 

I' amines 

aromatics 

nitro compounds 

aromatics 

alkanes 

alkanes 

nitro compounds 

aromatic amines 

alcohols, carboxylic acids, esters, ethers 

alkyl halides 

aliphatic amines 

alkenes 

carboxylic acids 

1',2' amines 

aromatics 

alkyl halides 

alkanes 

alkynes 

alkyl halides 

m=medium, w=weak, s=strong, n=narrow, b=broad, sh=sharp 


