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GENERAL INSTRUCTIONS

There are a total of 3 questions in this exam booklet. Please attempt all
questions showing all steps in your calculations and giving detailed
explanation wherever required. Please note that a “Yes” or “No” type
answers are unacceptable




QUESTION ONE

1.1

1.2

1.3

1.4

1.5

Analytical techniques such as ICP-MS are used for simultaneous multi-element

determination. You are tasked to prepare mixed standard solutions containing
four elements for ICP-MS analysis. You are given stock solutions of four
elements in four different vials with the label concentrations shown in brackets
(ppm): Cu (500); Mn (500); As (100); Hg (100). From these stock solutions, you
are asked to describe the preparation of the following mixed standard solutions
in 10 mL volumetric flask with concentration of each element shown in bracket
below.

a) Standard 3 (ppm): Cu (0.5), Mn (0.5), As (0.1), Hg (0.1)

b) Standard 2 (ppb): Cu (100), Mn (100), As (20), Hg (20)

c) Standard 1 (ppb): Cu (25), Mn (25), As (5), Hg (5)

Please note that you have 10 — 100 puL and 100 — 1000 uL variable
micropipettes to transfer the standard solutions. Follow the best economical
approach to prepare the standard solutions. (12)

Briefly explain the following concepts in atomic spectrometry.
a) Nebulization (2)

b) Atomization (2)

Show the mechanism behind emission of radiation by hollow cathode lamp in

terms of chemical reactions. (4)

Name and briefly explain the heating stages in graphite furnace atomic

absorption spectrometry. (6)
Discuss the principle of flame atomic emission spectrometry. (6)
[32]



QUESTION TWO

2.1 The concentration of cadmium (Cd) in wastewater was measured using
inductively coupled plasma-optical emission spectrometry (ICP-OES). A
sample weighing 1.00 g was digested in 5 mL HNOs and 0.50 mL aliquot of
500 ppm yttrium (Y) added before it was diluted to 50.00 mL. Aliquots of Cd
standard (ppm) were pipetted into four 50.00 mL volumetric flasks to ensure
final concentrations which ranged between 0.02 to 0.20 ppm. Approximately
5 mL of HNOs and 0.50 mL of the 500 ppm yttrium standards were added to
each flask before they were diluted to a final volume of 50.00 mL with de-ionized
water. Emission intensity of each solution was measured at 226.5 nm (Cd) and
at 371.0 nm (Y). The calibration curves were constructed and presented as
shown on the graphs A and B. The measured emission intensity counts for Cd

and Y were 3230 and 66, respectively.
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Based on the above information answer questions (a) to (h)

a) Graph B is preferred for the quantification of Cd in the wastewater. Give a

reason for your choice. (1)

b) Explain why HNOs was added to the Cd calibration standards. (2)



2.2

Why was yttrium added to the standards and the sample in the
determination of Cd using ICP-OES? (2)

Calculate the concentration of yttrium in standard and sample solutions. (2)

Calculate the concentration of Cd (ppm) in wastewater using both graphs A
and B. (4)

Choose the correct answer from (e) above and calculate the concentration,
in ug/g, of Cd in the original wastewater sample. (3)

State an advantage of the high temperature attained in the plasma with

respect to atomization and ionization of Cd. 4)

This analysis was carried out with the ‘axial’ viewing mode of the plasma.
Draw a sketch to illustrate this viewing mode. State an advantage of this
viewing mode. (4)

Interferences are commonly encountered in chemical analysis. Answer

questions (a) through (c) based on types of interferences encountered in AAS
and ICP-OES.

a)

b)

c)

Explain why chemical interferences are less common in ICP-OES than they
are in flame AAS. (4)

Why are ionization interferences usually not as severe in the ICP as they
are in flames? 2)

How can ionization interference be minimized in atomic absorption

spectrometry? (3)



2.3 What are the applications of isotope ratio measurements? lllustrate your
answer by giving example. (5)
[36]
QUESTION THREE

3.1 What are the functions of tangential argon gas flow in ICP-OES and ICP-MS?
(3)
3.2 How would you evaluate ICP-OES, ICP-MS and XRF techniques for the
determination of Hg, Cd and Pb in wastewater at part-per-billion levels?
Compare three techniques in terms of multi-elemental capability and limits of
detection. (5)
3.3 Differentiate between total, fractionation and speciation analysis. (6)
3.4  Why do we use hyphenated techniques if standard techniques are available?
lllustrate your answer by providing examples. (6)
3.5 Briefly explain the difference between wavelength-dispersive X-ray

fluorescence (WDXRF) and energy-dispersive X-ray fluorescence (EDXRF)
techniques. Give the block diagrams of both techniques. (12)
[32]



The Periodic Table

Period

18/Vill
1 2
H He
1 2 1.008 13/l _14/IV__15/V__16/VI _17/ViI| 4.003
3 4 5 6 7 8 9 10
Li | Be B C N (0] F | Ne
6.941 | 9.012 10.81 | 12.01 | 14.01 | 16.00 [ 19.00 [ 20.18
1 12 13 14 15 16 17 18
Na | Mg Al | Si P S| Cl| Ar
22.99 | 2430 | 3 2 5 6 7 8 9 10 1 12 | 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 314 | 35 36
K | Ca| Sc| Ti \Y Cr ([Mn| Fe |[Co| Ni |[Cu|Zn| Ga | Ge | As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.88 | 50.94 | 52.00 | 54.94 | 55.85 |58.93 | 58.69 | 63.55 | 65.39 | 69.72 | 72.61 | 74.92 | 78.96 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr| Y| Zr [Nb |Mo | Tc |Ru [Rh | Pd |[Ag | Cd| In | Sn | Sb | Te | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | 98.91 | 101.1 [ 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 | 1a-| 72 73 74 75 76 77 78 79 80 81 82 83 84 | 85 86
Cs | Ba L Hf | Ta | W | Re [ Os | Ir Pt | Au | H TI | Pb | Bi | Po | At | Rn
132.9 [ 137.3 | “Y | 178.5 | 180.9 | 183.8 | 186.2 [ 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | 210.0 | 210.0 | 222.0
87 8 [ Ac. | 104 [ 105 [ 106 [ 707 [ 108 [ 109
Fr | Ra L Unq|Unp |Unh |Uns |Uno |Une | ......
223.0 | 226.0 r
[ s block | d block | pblock ]
57 58 59 60 | 61 62 63 64 65 66 67 68 69 70 71
Lanthanides | La | Ce | Pr [ Nd |Pm |Sm | Eu [Gd | Tb | Dy [ Ho | Er | Tm | Yb | Lu
138.9 | 140.1 | 146.9 | 144.2 | 144.9 | 150.4 [ 152.0 | 157.2 [ 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
89 90 91 92 93 9 95 96 97 98 99 | 100 | 101 | 102 | 103
Actinides Ac | Th |Pa | U |Np [Pu |Am |Cm Bk | Cf | Es |Fm |Md | No | Lr
227.0 | 232.0 | 231.0 | 238.0 | 237.0 | 239.1 [ 243.1 | 247.1 | 247.1 | 252.1 | 252.1 [ 257.1 | 256.1 | 259.1 | 260.1
| fblock




