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Question 1(25 marks) 

(a) 	 For the extraction of a weak: acid, HB into an organic phase, the acid being 
monomeric and its anion being insoluble in the organic phase, employ the basic 
equilibria involved to: 
(i) Obtain the expression for the distribution ratio, D, in terms ofKa, KoHB 
~~~. 	 ~ 

(ii) 	 Show how a linearized form ofthe expression for D above can be used in 
evaluating the values ofKa and KDHB graphically. (3) 

(b) 	 (i) The distribution coefficient, Ko, of an organic compound between water 
and an organic solvent isI8.0. If 100 mL ofanaqueoussolution of the 
compound, buffered at pH 6.00 is extractedthreetimes.with 50 mL of the 
orgamc solvent, calCulate the percentage remaining in the aqueous phase. 
( Ka = 2.0 x 1O~ . .. (7)· 

(ii) What will be the value ofD at pH 4? 	 (3) 
(iii) Comment on the results of (i) and (ii) above. 	 (1) 

(e) 	 ... A certain metal ion Mn
+ is extracted bya chelating agent.11ie concentration of 

the chelating agent is 0.01 OM and the following data are obtained: 

I~ 
From the plot of log D vs. pH obtain the values n and K (collection ofconstants) 

(7) . 
Question 2 (25 nlarks) \ 

(a) (i). State the expression that relates the net retention volume, Vn, and the 
specific retention volume, V g and defme the other parameters in it. (2) 

(ii) What are the. factors that influence the value of Vg. in. a solvent and . 
what assumption is made in this respect? (3) 

(iii) Assuming an ideal behaviour, howis the net volume affected by an 
increase in the temperature and volatility of the solutes? (3) 

(b).A 5.00-IJL sample containing aniline (C6HsNH2) and anisole (C6H50CH) 
together with other substances was injected into a GC. The heights for the 
peaks ofthese two solutes in the resulting ~hromatogram were 4.22 
(aniline) and 7.60 (anisole) chart divisions. Another 5.00-I.IL sample was 
injected together with 0.25 IJL ofpure aniline (all in the same syringe), 
producing aniline and anisole peak heights of 8.73 and 7.60 chart 
divisions. Calculate the concentration; in volume%, of the two 
components under the following assumptiOIlS: 
(i) The detector responds equally to both compounds. (5) 



--

---
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(ii) 	 The detector response (on a volume basis) is 1.35 times more for 
anisole than for aniline (4) 

<0 (i) 	 Give the two expressions for the resolution, Rsoftwo adjacent 
peaks in a chromatogram. Account for the factors that influence its 
value. (4) 

(ii) 	 Using a 2.0 mcolumn, what height of a theoretical plate is needed 
to achieve a resolution of 1.07 (Given that ex = 1.05, and k' = 0.5). 

. 	 ~). 

Question 3 (25 marks) 

(a) Explain the term 'band broadening' inGC analysis;-·· 	 (1) 

(b) With reference to the vatlDeemter equation, account for the contribution by each 
of the factors responsible-for band broadening"and column efficiency in terms of 
HETP. . (8) 

<0. 	 By making reference to the Van Deemier equation, predict the effect 

(increase, no~.effect,cannotdetennine);.on.the·plateheight,_H, in each of 

the folloWing conditions, with only one parameter varied at a time: 


(i) 	 Decreasmgthepattic1e size, 
(ii) 	 IncreasiI;lg 1;he ~olumn temperature. _ 
(iii) 	 lncreasin,g the thicmess of the liquid coating material. 
(iv) 	 Increasing the linear gas flow rate. (2) 

(d). - -The analysis orn-hexane was carried out by injecting 2-IJL samples unto a 

3.00m GG column. The following table contains the data obtained: 


. 
.3 4"'.~Sample-..=- 82­ 5 6­ 7 \ 

­

--	 t- ­
2.00,Flow Rate 0.84 0.431.51 1.20 1.05 0.67 0.53 

.. ",{mu~},- .. 
·517.2Retention time, 430.2329.4 382.2 457.2 589.8 678.6 761.4 

- -is (s) ­ 'I 
Peak Width (s) 21.0 23.4 25.8 28.2 32.4 40.8 48.6 57.0 

, 

(i) Prepare a van Deemter plot (Le. plot HETP vs. flow rate). (8) 
(ii) Determine the optimum flow rate 	 (2) 
(iii) Calculate N and H (HETP), at the optimum flow rate. 	 (4) 

Question 4(25 marks) 

(a) 	 For the HPLC technique, distinguish between: 
(i) 	 Analytical and guard columns. 
(ii) 	 Normal phase chromatography and reverse phase chromatography., 
(iii) _ Isocraticelunonaridgradient"ehitibn. 	 . (6) 



(b) . Give four of the basic requirements for a IIPLC pump. (4) 

© 	 Describe two of the different kinds ofpumps commonly employed in HPLC. 
What are the advantages and disadvantages 6feach? (9) 

(d) 	 During the HPLC determination of the caffeine in an analgesic tablet, a 10 - ilL 
injection loop was used In preparing the caffeine standards. The following data 
were obtained: 

[Standard], 
(ppm) 

50.0 100.0 
-

150.0 
., .._.. " ­ - -.~ ._- "'" 

200.0 
:.:' -:..~-:.::." -= '...' 

250.0 
-­

Signal( arbitrary 
units) 

8354 16925 
...

25218 
... 

33584 
-'".'".-~ 

42002 

A single analgesic tablet was placed in a small beaker, dissolved with 10.0 mL of 
methanol and the contents, including the binder, were transferred into a 25 - mL 
volumetric flask and diluted to level with m~thanol. The sample was-then fIltered and a 

... 2.50 mL aliquot was transferred into another 25- mL volumetric flask, diluted to level 
with methanol and analyzed similarly as·the standards. A signalof21469 was obtained 
fot the-caffeine. Estimate the am6Uhtofcaffeine-(lflmg), in the analgesic tablet (6} 

Question 5(25 marks) 

(a) 	 Defme the following terms and discuss the factors that influence their values: 
. . (i) Electrophoretic mobility.· . 

(ii) 	 ElectroQsmotic flow velocity. . (6) 

(b) 	 . Give a brier account of the principles of capillary zone electrophoresis(CZE). 
Whafis"ils' maililirilitationand hoW is it overcome by themicellir electrokinetic 
chromatography(MEKC)? (7) 

© 	 Discuss the efficiency and solute resolution of capillary electrophoresis, 
indicating tIle para~etersthat influe~ce them. .. . 1(6) 

. . . 

(d) 	 CZE was employed for the analysis ofNOJ- in aquarium water, using I04-as an 
internal standard. Standard solutions of 30.0·ppmNOJ' and 20;0 ppm OfI04- gave 
peak heights (arbitrary units); of 190.0 and 200.2 respectively. A 2.50 mL water 
sample from an aquarium was transferred into a 250.0 mL volumetric. flask and 
then diluted to volume after adding sufficient internal standard to make its 
concentration 10.00 ppm. Analysis gave signals of29.2 and 105.8 N03- and I04-, 
respectively. Estimate the concentration ofNOJ- in the aquarium sample in ppm. 

. 	 (6) 

-



Questiou 6(25 marks) 

(a) 	 What are the advantages of supercritical fluid chromatography over GC and, 
HPLC? (4) 

• 	 (b) ,Discuss the principles ofsize exclusion chromatograpl1Y. What!l!e the likely 
soUrces oferror during the applieationofthis· techniE{uefor analysis'?-·· -(6) 

© 	 Distinguish gel- filtration from gel-perineation exClusion cmoniiifography. 
(2) 

(d) 	 During a gel- penneation experiment, a 2.5 x 50 - em Sephadex G - 200 column 
was used, giving the following elutio~ data: 

.. 


Compound 
.. ,.-~-'". -~">'.-~.--."~~ . 

Molecular Wt.(M.W.) Retention volume 
(mL) 

, Sucrose' , .. 342 .. 242 
Glucagon 

. .' 

5;500 233 
• Cytochrome c 11,000 214 

Chymotripsin6~en 24,000 188 
Bovine serumalbtimin. 80,000 149 

Aldolase, , 153,000 
..' "'-" 

127 
{X - Conaractln 486,000 92 

eX - Crystallin 825,000 78 
Blue dextran 2,000,000 75 

Unknown ? 119 
'. " 

"(if 	 ., Plot an appropnategraphfrom the data. 
(ii) 	 Determine theM.W. of the 'unknown from your plot. 
(iii) 	 Why is the retention volurilenearly independent of the M.W. at both very low 

and very bigh M.W·s? ' 
(iv) 	 Estimate the retention volume for an enzyme with M.W. of 39,000. 
(v) 	 Calculate N(llie number of theoretical plates), for two peaks having Rs = 1 and 

retention volumes of 200 - mL and 205 - mL. (13) 
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QUnntii:" 

Speed of lighti 

Elememary 
charge 

Faraday 
constane 

Boltzmann 
constant 

Gas constant• 

Planck constant 

Avogadro 
constant 

Atomic mass 
unit 

Mass of 
electron 

proton 

neutron 

Vacuum 
perm ea bilitYT 

Vacuum 
peqninivity 

Bohr magneton 

Nuclear 
magneton 

Electron 9 
value 

30nr radius 

Rydberg 
constant 

Fine struc:ure 
constant 

Gravitational 
constant 

Standard t 
accelerinion 
of free rallt 

f P 
femra plea 

10- 1S ,o-~:Z 

Symbol 

c 

-e 

F= eN... 

k 

R=kNA 

h 

h =h/2..... 

N;., 

u 

m. 

m" 

m" 
.: ,!1.:l 

d.;rt:'CI 

Jls .;.. en/2m. 
.Ut< = ef//2m" 

£ 

a'l = 4;rt:',/-,l/m.t' 
R .::: m~~/8hlc; 

G 

9 

n P- m 

nano micro milli 

10-' 10-0 10-J 

Vslue -General data and 
, . fundamental 

2.997 9f4 58 x 1QII m s-' 
.constants·

r:602:17Tx"10- 1l1 c 

, .33.0 66 x 10-:-2::1 J K-' 

8.31451 J K-1,mo!-1 

8.205 78 x '0-1 

dm:l atm K- ' mol-1 

62.364 LTorr K-1 mol-! . 

6.626 08 x. 10-:-:34 J s 
1.Q54· 57),t 10-:34 J S 

6.02214 X 102:1 mol-I 

9. lOS 39 X 10- l 
' kg 

1.672·62. X 10~1? kg 

-1.67493x ro-:l1 kg 
4;r £10:-7 J s2 C-% ~:-1' 

4.rr x 10-7 T2 J-1 m::! 
'* 

.8.85419 X 10-1%J-' C2 m- I 

1.112. 65 x 10- IQ J:"" c% rii-' 
9.27402>< 10-z"J,' 
5.05079 x ,O-21'J,'. 

~002.32 

5.29177 x 10- 11 m 

1.09737 X lOS cm- ' 

. 9 ....606 65.ro..s.:-~ 

t E:cact (danned} 'falun 

c 

centi 

10-1 

d 

deci 

10- 1 

k 

kilo 

10l 

M 

mega 

104 

G 

gigll 

10' 

Prefixes 
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PERIODIC TABLE OF ELEMENTS 


11.11111 

He 
2 

9.012 I Atomic Illass -".. 10.81 'I 12.0 II 14:007 15.999 18.998 20.180.,. 
~ . C N 0 F Nc 

6 7 8 9 10 

28.086 30.974 32.06 )5.45) )9.948 

TRANSITION ELEMENTS AI· Si P S CI Ar 
, J) , 14 15 16 17 18 

44.956 47.88 50.942 51.9()6 . 54.9)8 55.847 58.93) , 58.69 6).5'16 65.39 . 69.723 : 72.61 74.9.22 78.96 79.904 RJ.IW 

SC Ti V Cr. '. Mn Fe Co Ni .... Cu. ", Zh:: Gn : ~'Ge As Sc Dr Kr 
21 22 2) 24 25 26 27 28 ,29 '30j! .31 i )2 )) )4 )5 )6 

88.906 91.221. ' 92.906 95.94 98.907 101.07 102.91 
. .' . I 

107.81 IliA!1 '. I! . 
121.75 r27.60 126.90 I) 1.29106.42: 114.82 i 1,18m 

'Pd: Cd::" 
" I ' 

Y ZI' Nb Mo. Tc Ru RIt Ag In i Sri Sb Tc I Xc 
•.1 

)9 40 41 42 . 4T 44 45 46 ' 47 48. '. ~49, I: 50 51 52 5) 5<\ 

IJ8.91 178.49 180.95 18J.85 186.21 190.2 192.22 195.08 196.97 200.59; 204.)8 : 20712 208.98 (209) (210) (222) 

*Ln Hf 'fn W Re Os Ir Pt Au IIg, ;TI , .Pb Di Po At nn 
57 72 7J 74 75 76 71 78 79 80 ' :81· 82 83, 84 85 86 

(227) (261) (262) (26) (262) (265) (266) 
HAc Rf Hn Unh Uns Uno'~ Une 

89 104 105 106 107 108 109 

140.11 140.91 144.24 ( 145) 150.J6 151.96 157.25 158.9J [62.50 .164.9J 167.16 168.9) . 17J.04 174.97 

Cc . Pr Nd Pm Sm Eu Gd Tb Dy lIo Er TIll Yb Lu 
58 59 60 61 62 63 64 65 66 67 68 . 69 70 . 71 

232.04 2J 1.04 2J8.0J 2)7.05 (244) (24) (247) (247) (251) (252) . ;: (257) (258) (259) (260) 

Th Pn U N .' Pu Am Cm Hk Cf " E~ 1:1 Fill: Md No LrIl.. 
90 91 92 93 94 95 96 97 '.. 98 99 100 101 [02 IOJ 

;~ 

- . 


