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Question 1 (25 marks)
a) Explain the following terms:

1) A normal calibration curve 2]
ii)  Matrix matching 2]

b) Briefly discuss how the multiple point external standardization, (the Normal Calibration

curve) can be used to obtain the concentration of a sample during a FAAS analysis.

8]

c) After all the necessary pretreatments, the ashed residue of 4.02g of a plant sample was

dissolved in 10mL of 1:9 HNOs;, filtered, and diluted to 50mL in a volumetric flask. The
following data were obtained during a this analysis for the concentration of Na by the

flame atomic emission spectroscopic(FAES), method

Sample ppmNa  Emission (arbitrary units)

blank 0 0

standard 1 2.00 90.3

standard 2 4.00 181

standard 3 6.00 272

standard 4 8.00 363

standard 5 10.00 448

sample 238

Determine the parts per million Na in the plant sample.. [13]

Question 2 (25 marks)

(a) Sate the Nernst’s distribution law. Give its mathematical expression and define all the
parameters involved in it. [3]

(b) The distribution coefficient, Ky and distribution ratio, D, are terms used during the solvent
extraction analysis: '
(1) Difterentiate these two terms.
(11) Give an example to illustrate the difference. [4]

(c) For the extraction of a weak acid, HB, whose anion does not penetrate the organic phase,
and 1s monomeric in both phases:
(1) Supply the expression for its distribution ratio, D, and define all the parameters in it.



[4]

(11) Discuss the factors that influence the value of D. 2]

(d) A solute, X, was being isolated from an aqueous sample by solvent extraction method, using
carbon tetrachloride as the extracting solvent. If its distribution ratio is 85.0.
(1) Calculate the % of X extracted from the aqueous phase when 50.0mL ofa 1.0 x 10°M

aqueous solution of X is extracted with 50.0mL of carbon tetrachloride. [6]
(11) Would you have preferred using two successive extractions, each with 25.0mL of carbon
tetrachloride? Justify your answer with appropriate calculations. [6]

Question 3 (25 marks)

(a) Describe the procedure for the solvent extraction of a solute from a 50mL aqueous sample,

using 100mL carbon tetrachloride as the organic solvent. [6]
(b)
(1) What is a chelating agent? [1]
(1) Write the equation for the formation of a metal chelate and identify the reactant and the
products in the reaction. |3]
(111) Give two properties of a metal chelate formed during the solvent extraction of a metal as
a metal chelate. [2]
(1v) Give two examples of a chelating agent and one metal for which each of them is useful
for extraction as a metal chelate. [3]

(¢) Give the expression for the distribution ratio, D of a metal between two phases during its
solvent extraction as a metal chelate. Hence briefly discuss the factors that influence the
distribution ratio, D. ' [4]

4 4
(d) Fora 1.0 x 107"M solution of a metal ion for which: n = 2,Kp=1.1x10 ; Kppy=7.0x10 ;

22
K¢=5.0x10 . Estimate its distribution ratio during its extraction as a metal chelate using a
5
1.0 x 10*M dithizone at pH 1.0; Take K; =3.0 x 10 6]

Question 4 (25 marks)

(a) For the following sets of chromatographic terms, explain/define the terms in each set and
give an expression that relates them.
(1) Retention time, tg, adjusted retention time t'g and dead time, ty.
(11) Capacity factor, k, retention time, tg and dead time, ty,.



(b)

(c)

(d)

(1)
(i1)

(iii)

(1)  Volume flow rate, F, retention volume, Vy and retention time, tg
(Each term needs to be defined only once)

Explain the terms resolution, R;, between two adjacent peaks in a chromatogram.

A solute was eluted completely from a chromatographic column over a period of 2min.
24s. Calculate its retention volume if its flow rate is 24.0 mL/min.

During the chromatographic analysis of a sample, two adjacent peaks, A and B appear

with the following features:

Component tr (min) W (min)
A 8.36 1 0.96
B 9.54 0.64

Calculate the resolution between A and B.

It the retention time for an unretained solute is 1.20min, calculate the selectivity

factor for A and B.

Calculate the capacity factors for A and B.

Question 5 (25 marks)

(a)

(b)

(c)

In gas Chromatography (GC), what is column efficiency? How is its value influenced by
N, the number of theoretical plates and H, the plate height? What other factors influence

1t?

Explain the term ‘temperature programming’ with respect to GC analysis. With the aid of
a graphical illustration, show how its use affects the resolution, R, the retention time and

[

[2]

[4]

3]

3]
4]

1]

the number of solutes eluted during a GC analysis. Summarize its advantages over the

1Isothermal method.

Give five general applications of ‘Gas Chromatographic Analysis’. Give four examples

[11]

of industries and/or laboratories in Swaziland in which this method is being routinely

employed for analysis.

9]

)



Question 6 (25 marks)

(a)  Give three advantages of thin layer chromatography (T.L.C) over paper chromatography.

[3]
(b) Forthe T.L.C.

(1) Give two examples each of the stationary phases and mobile phases commonly used
for analysis. [4]

(1)  What stationary phases would you employ for the analysis of:

* a polar compound
* aweakly polar compound 2]

(c) Briefly describe the procedure for chromatogram development and detection of analyte
SpPOts. [7]

(d) For the 'Rf-Value' of a solute during TLC experiments:
(1)  Give its definition. [1]

(1) Using a diagrammatic illustration only, demonstrate how it can be measured. [4]

(e) Give four factors that influence the Rf Value of a compound. [4]



PLEETE Y P T B i o T e S U e g e e - 4
Py’ o - . -

'.'I

|
| _*
. . PERIODIC TABLE OF ELEMENTS
] | _ | .
. | R e GroOUrS . e g . S
rERIODS|{ 1A WA | W[y | ove i v | Vi | _E A VA | VA [ via h,p_iﬂ._._.uh, YHIEA
_ 443
: ¢
yuiz | | | Ateunic mass ~N 10811 | 12011 [ 14007 | 15.999 | 18,998 | 20180 |
Be o Symliol —I L | C N | O I¥ N
L . Atamic Np. ™™ 5 BT S T A 4 16 |
22.990 | 24.30% . [ 26987 | 28.086 | 30.974 | 3206 | 35451 | 39.945 |
My | TRANSITION ELEMENTS . Al | Gi I’ 5 o Chopoar
| I2 __ | | | S 13 .1 14 15 16 | 17 ER
_ 40.078 | 44956 | 4788 | 50992 [ 51,996 | 54.938 | 55847 | 58933 | 38.69 | 63546 | 6509 | 69.923 | 72.61 | 74.922 | 7896 | 19.994 | 4340 |
A4 Ca S¢ Ti .ﬁ Cr | Mn Iie Co Ni Cu - Ga | Ge As 5S¢ Br Kr |
20 (o2 | o2r | 23 ) 24 25 | o6 1 27 2 | o 30 | 3 | 32 oz x| a5 | o |
87.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07 | 102.9] | 106,42 | 107.87 | 11241 CHI482 ] TIBTE [ 12075 | 12760 | 126,90 | 12129 |
5 hTs Y L Nh | Mo Te | Ru R Pd Ay | Cd In S Sb Te I Xt
B L3R | 39 g A0 ol a2 | a3 | A4 | 45 46 f 47 | 48 | 49 | s | st | s2 oq 53 f 54
137.33 | 138.91 | 17849 | 18095 | 133.85 1 186,21 [ 1902 | 192.722 & E | 196,97 [ 20050 [ 20438 | 2072 | 20898 | 09 | 210y | (222)
G Ba La | HE | Ta | W R O3 r. | Au Hiz Ti={ Pb | Bi | Po Al | In
o 56 4 81 1 n 73 74 75 76 fo7e | s | g1 | 2 | 83 g1 | 8S 86
1603 | @27y | @6 L {262) | (263} | (200) | (263) Eé ES,, | B
y. Ha | "™Ac | I Ha | Uash { Uns § Uno | Une | Uun |
94 89 104 | 103 06 | 107 | 108 g 009 | 1o |
14012 14091 | 144.24 | (145) | 15036 | 151.96 __,E.,ﬁ_ 15393 [ 162,50 16403 [ 167.26 1 168.93 | 173.04 [ 17497
3 Lm—:m-—“:“mrmﬂ _Wﬁ_amﬂm . | nﬁ P’r 2& uuu: m:w m._-.ﬂ . ﬂﬁh | .H,.T —w.v._. : N—C * Ir | | | ._.,__.:n MJ._ mh._r_—
58 ] s9 60 | 6} | G2 63 G 65 66 61 | 68 69 0 17
* A clinide Series 232,04 | 23104 | 238.03 | 23705 | (244) | (43) | @47y | @0 | (251) | @51 | (257) | (25%)| (259 | (2ov)
Th Pan 4 U Np | Pu | Am | Cm N Cf | OF Far | Vi No Lr
90) 9| 92 .| 93 94 95 9% | 97 | 98 | 99 | 10| ot | 102 103
| S Y SRR S ¢ R i
| m \ indicates the mass number af the EES% widlt the E:ﬁﬁx \.::.x /i ife.
_




N el e g . S—

Facagday e, 3.5433 x 104 ¢ oalel it
conslans
Belttmana r 1.380 85 % 1p~*= J K=
Cansizn:
3% eOnstant R = kN, B.3id 5y g teletiml -
- ] 8.208 78 x 152
dm? atm K- pygiet
82384 L Torr k= mai=t
Planck constant 4 552508 x 10~ 5,
A= 2 VOS5 x 0
AYEOECTD i $.022 14 x 1™ mei™!
CoMsIant
Alomis mass L 1.880 54 x 19-v X3
Uit : T
Mass of |
slactron . 9,708 38 x 1077 g
- Hroton ., - -+ 187282 % 10-77 Rg -
neutran et T TTLETA S w W%y -
Yasuum L, BT XNGTY § g2 o2 m= | L L
. P;’Efm&a#;iif‘f * -t | ‘
- . -~ |
CTXIGTIT g
Vazuum ta= /¢y, 8.854 19 x 16~ g~ 01 o | S
ﬁﬂfmfﬂi‘v’;?}f e : . Lo _ - T - s ,*;. e "‘ | A | -
. dxg, V11263 % 197 = 2 m! S |
S3hr maznatan Hs = eh/2m, 327402 x 10~ g
Nucleas Bu= i 2m, 505073 x 10 3 =
magnelon |
Siectron ¢ S 2.002 232,
vaius i - e
Sohr ragive Zxmde A m 529V 7T % 10711 m
Aydbery Re®mm a8 8. 1.087 37 % 108 o =
cConglant | y
Fins strocsure o= yeaicizn 7.237 38 x 19-?
ennsiant ! .
Cravitatinnal G 8.87259 %107 N m? kg~
COTSIEANE |
% | s
Standard & -+ -, .8.30885m ¢
aeaferatinn |
of frea i3+ T raser idaiined] values
f T N u m ¢ :f k A G Prefixas
femte  pien AN Micrs milli  cepy geci xila  mega giga
078 LT 107 gg-s W7 107 qget g CIS% g0 _ .
—H—hhm - — = i - s, _—_ —— r.ouk. S—— S—— —at. -




