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() What is meant by the term “disrotatory motion” in electrocyclic reactions?
Illustrate your answer with any diene. 4)
(c) Why is thermal cycloaddition of ethene difficult? ?3)
UESTION 4

(a) Write the structure of the product of each step of the following: (16)

() _HNO,

() (2) HBF,

() HySO4/NaNO,
(2) Kl

(i)

) (2) CuBr

(1) NaHCO3, Ho0»
@) H*

(iv)

@i
NH2
:102
NH,
|
(' HBr, NaNO5
NH5
502
Cl




() Write all steps involved in the mechanism of nucleophilic aromatic substitution
involving Meisenheimer complex. What is the effect of electron-withdrawing

groups on the substitution? C))
QUESTION 5§
Write down the likely steps in the following transformations:
(8 CH;COCH; + Br/H ~ CH;COCH,Br 4)
() CH;CHO + OH - CH;CH(OH)CH,CHO 3)
(c) CH;CH; CH; CH,OH - CH;CH; CH; CH,CH(CH5)CHLOH (7)
(d) CH;COO C;Hs - CH;COCH,COO C;Hs 6)
COQC2H;
(e) C2H500C(CH2)4C00 C2Hs ——» &]/
)
QUESTION 6

(a) (i) Write the three isomeric ethers with the molecular formula C4H;,0 and name
them.

(ii) State how many signals will arise in the '>C nmr spectrum of each named
compound. (12)

(b) (1) How many ions would you expect in the mass spectrum of 2-hexene by
p-fragmentation?

(ii) What are the masses of the ions in (i) above? (6)
(c) Predict the structure of a compound with molecular formula C;HgO that has 'H

nmr signals at = 7.3, 4.4 and 3.7 ppm with relative intensities of 7:2.9:1.4
respectively. Q)
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QUESTION 1 [25]

a. i) Use diagrams to explain what is meant by resistance to mass transfer in the stagnent mobile phase. [3]

ii) State the HETP equation for resistance to mass transfer in the stagnent mobile phase, and explain all terms
appearing in it. [4]

iii) For each of any four (4) of these terms above, explain how it influences bandbroadening in practical terms. [4]
b. With regards to liquid chromatography,

i) What does the acronym “HPLC” stand for? [1]

ii) Describe three (3) ways of degassing solvents in HPLC. [3]

iii) Explain why two solvent reservoirs are used instead of one in HPLC. [2]

iv) Give two (2) reasons for using a pre-column in HPLC. [2]

v) State one advantage and one disadvantage of using microparticle packings in HPLC. [2]

¢. Use diagrams to explain how a “flow-through” ultraviolet detector works in HPLC. [4]

QUESTION 2 [25]

a. In the table below,

Spectral Energy Type of Wavelength Frequency Wavenumber Energy
Region @ Transition {(nm) (sec™) (em™) (eV)
| gamma rays A >10%
X-ray B 120
uv-visible F C 700 H 1
infra-red D 4,000
micro-wave G 10° J

i.State A, B,C,D [4]
ii. Calculate F, G, H, I, J (5]
b. On asingle plot, draw the blackbody radiation profiles of sources heated at 500K and at 2000K. [2]

¢. Explain why the 500K plot in (b) above is the ideal one for use as an IR source, and explain its implication on
resolution. [2]

d. Draw and label the “Bunsen” arrangement of optical components in a spectrometer. 151
e. Explain how a single wavelength is practically selected in the spectrometer in (d) above. [3]

f.  Explain how the silt width affects resolution in infra-red spectroscopy. [4]

QUESTION 3 [25]

a. For each of the five (5) desirable properties of a solid support for gas chromatography,

i) Discuss the property desired [5]
ii) Explain how each property relates to the Van Deemper equation [5)

b. Describe the solid support “Chromosorb T”. [2]
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In GC, the column is kept in an oven, whereas in LC, the column is kept at ambient temperature. Explain why

this is so. [2]

Use diagrams and equations to explain how a flame ionization detector works. List three (3) compounds that can
not be detected by this method and explain why. [5]

Use diagrams and equations to explain how an electron capture detector works. List three (3) compounds that can
not be detected by this method and explain why. [6]

QUESTION 4 [25]

What does the acronym “ICP-OES” stand for? [1]
Give operational definitions of:

i) aplasma[2]
ii) an inductively coupled plasma [2]

The ICP is normally referred to as a “non-chemical” flame. Explain the meaning and significance of this. [2]
Draw the ICP torch and label all its components. [4]

Analytical ICP operates under a range of experimental parameters. Give the optimum range for the following:
iii) radio frequency of coil in MHz [1]

iv) operating power in kW [1]

v) main argon gas flow in mL/min [1]

vi) auxiliary gas flow in mL/min [1]

List and describe three (3) disadvantages of graphite furnace AAS when compared to flame AAS. [3]

Explain why at low frequencies the plasma shape in ICP-OES assembles a “teardrop”, whereas at high
frequencies the plasma resembles a “doughnut”. [2]

In the ICP, “calibration curves cover almost 5 orders of magnitude”. Explain the meaning and significance of this
phrase. [2]

Use diagrams to explain why ICP-OES can make the simultaneous determination of up to 35 elements possible.

(3]

QUESTION 5 [25]

a.

In the following table:
Wavelength Colour absorbed Colour observed
380-420 Violet A
470-500 D Red
620-680 Red C
680-780 B Green

Complete the table by stating A, B, C, D [4]

b. State Bragg’s Law and draw the Czerny-Turner arrangement of opticals in a spectrometer. [4]

C.

With the aid of a large diagram, explain how the “barrier layer cell” detector works in spectroscopy. [3]



d.

f.

What is meant by a “resonance line” in atomic spectroscopy? [1]
i) Explain why atomic spectra appear as lines when compared to molecular spectra. [2]

ii) The 228.8nm cadmium line corresponds to a 'S,—»'S, transition. Would emission or absorption be chosen for
its analysis at 2250°C flame operating temperatures? Explain why. [3]

For each of the following interferences in flame atomic absorption spectroscopy, describe the interference and
explain how it is eliminated.

i) spectral [3]
ii) physical 3]

List and describe two (2) disadvantages of graphite furnace atomic absorption spectroscopy over flame methods.
(2]

QUESTION 6 [25]

b.

i) What is meant by “chromophore” in uv-visible spectroscopy? [1]
ii) State the difference between a “bathochromic” and “hypsochromic™ shift in uv-visible spectroscopy. [2]

Explain how the following cause deviations in Beer’s Law

i) slitwidth ([2]

ii) pH (2]

iii) temperature [2]

Explain why IR spectroscopy is performed almost exclusively using double beam instruments. [3]

Use diagrams to explain how a “circular cage” photomultiplier tube works. [4]

Use diagrams to explain how the Molar Ratio method is used to determine the stoichiometry of the Fe- bipyridine
complex, given that bipyridine does not absorb at the wavelength of analysis at 522 nm. [3]

Explain how uv-visible spectroscopy can be used to simultaneously measure more than one component in a
mixture. [3]

Use equations to explain why components in a spectrometer are kept in a darkened compartment. [3]



I3 ARSI =R IURIIRd ALNAS AN LB A NP AWt bk it

14

*Tndfc"itqr pH range pKin  Acid Base ; Q Q e DF. t, tos t
Thymol hlue 12—-28 16 red vellow | 3 004 8 o2 5 o3 155 €3 13° e
" Methyl yellow 29—4.0 33 red yellow | 4 0.76 7 051 10 041 2 082 29 43 0.
Meth¥1 orange 31—44 42 red yellow | 5 064 8 047 3 076 235 32 5,
Bromocresol green 3.8 —54 4.7 yellow blue n 4 074 215 28 4
Methyl red 4262 50 red yellow 15. Bond. Enthalpies 5 073 202 257 4.
Chlorophenol red - 4.8—64 6.0 yellow red sl'il?d;)l at;_S"c (e Bmd E,f.‘"gl“é)l §z g;i }gg ,2,;5 3.
Bromothymol blue 6.0—-76 7.1 11 " blu 7 ‘v 236 3.
Phenol rsendn 64—80 74 :;,rzllgx relé.e IéI ggg ggé 413 368 o63 432 8§ 07 186 231 3
Cresol purple 74—90 83 yellow purple - 346 272 489 328 9 070 183 22§ 3.
N 222 163 [ MISC.| 275 192 10 070 1.81 223 3.
Thymol blue 8.0—-96 8.9 yellow blue S5 2
_ - 51 H—H 436 C=C 615 20 069 172 208 2.
Phenolphthalein 8.0—9.8 9.7  colorless red
Thymolphthalein ~ 93 —105 9.9 colorless bl S—F 827 N=Node C=Co812 | 30 0 Th 2o o
: -2 9.9 colorless blue S—C1271 N=0Q 607 C=0 749 w 067 164 196 2.
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