
534 

CHROM., 6134 I’ : 
.I ,‘:; 1, ‘! ‘,’ ‘1 ‘. 

Avkali : metal sales af .benzenesulphonic 
gas,,chromatography 

. l,.,‘, ;.,‘, !‘, j 

NOTES 

acid as staticmary phases in 

Gas chromatography (GC) on clathratc-forming stationary phases has been 
reported by previous workers 2-6. As a result of. their ability to distinguish between 
molecular structures, these. stationary phases have been widely used. Potassium, 
rubidium and caesium benzenesulphonates have been used for a long time for sorbing 
gases ‘and vapours;’ The sorption of vapours by potassium benzenesulphonate has 
been explainedfl by the phenomenon of clathration. In ,particular; the sorption has 
been ,found to be. maximal -for alcohols and, in, general, polar. compounds are sorbed 
to a ,greater extent than non-polar compounds. Metal salts’vs, on the other hand, 
because of their higher thermal stabilities, have been used successfully for .the separa- 
tion of ‘isomers ‘and compounds of. high-molecular-weight. As such sulphonates act 
both,as clathrate-forming compounds and metal salts, the present study was carried 
out in order to investigate their selectivity as GC stationary phases for polar com- 
poundsand to gain an insight into the mechanism of the sorbate-sorbent interactions. 

::: 
i&ei&ne&#l? 

Chemicals. ,The following three benzenesulphonates were synthesised in this 
laboratory with authentic reagents, and recrystallised from an ethanol-water mixture : 

(I) .potassium benzenesulphonate (BK) ; (2) sodium benzenesulphonate (RS) ; (3) 
rubidium ben&nesulphonate (BR) . ‘. 

The sorbates,,were, in general, of pure grade. For slightly impure samples, the 
retention of the peak with the greatest area was reported. .’ 

Cohmns. Stainless-steel coluinns (6 ft. x 9 in. O.D.) were used. Packing mate- 
rials :were:prepared by slurrying 40% w/w of the freshly prepared salts in water with 
Chromosorb P (-60 to + 80 mesh), removing the water by heating. Experiments were 
carried out’with a Perkin-Elmer Model 810 gas chromatograph fitted with a flame 
ionization detector and a I mV PIoneywell recorder, using nitrogen as the carrier gas 
(flow-rate ,30’ ml/min), The BS .and .BK columns were pre-conditioned by keeping 
them,at 160~ for.2 h under nitrogen at a flow?rate of 30 ml/min. The BR column was 
pre-conditioned,at z20°.for ‘3 h. The sample size .was 0.2-0.3 ,ul. 

,, .,,. ” :.: ,’ ‘., : 

Reszclts and dis&ssioF 
(..’ I. The.retentions. of compounds, on the benzenesulphonate columns were found to 

be! governed; by three important factors, namely, hydrogen bonding, clathration and 
interactionswith the lone pair of..electrons on the metal ion. 

..‘.., ::AZco&oli~’ ethers, and, hydrocarbons. ,Table I ,illustrates the relative retentions of 
.alcohols, ethers and hydrocarbons. Unlike ,other inclusion compounds where clathra- 
tion isstabilised by Van der Waals forces6 or by charge-transfer interactionQJ0, the 
clathrationof~.~alcpholqon these;phases is governed .primarily ,by hydrogen-bonding. 

j 

Thus! tlie.retentionof,methanol is high compared with the <other alcohols ‘on RK and’. 
::RR:*pha&sj ,but ,not on BS,:,showing the deficiency ,in ‘the sorption properties. of the. 
.RS.:::phaqe?,:::The retentions iof, normal, alcohbls decreased with .an increase in chain 

‘:. le$#i~,+&ept::for +z-but,anbl. Par, isomeric alcohols;! the retention decreased in the ., a 
. :. ,.’ ,/‘,, ;; 
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TABLE I 

RELAZIVE RETENTION TIMES OF ALCOHOLS, ETHERS AND HYDROCARBONS ON BENZENESULPWONATE 
COLUMNS 

Compound 

Rfi’ 

ku 

Boiling point Column 
PC) 

BS BIG BR 

AicoiroZs 
Methanol 
Ethanol 
Isopropanol 
let&-Butanol 
Ally1 alcohol 
vr-Propanol 
sec.-Butanol 
Isobutanol 
n-Butanol 
Isopentanol 

Elhevs 
Dicthyl ether 
Diisopropyl other 

Hydvocavbons 
Benzene 
Cyclohoxano 

64.7 
(70”) 

1.00 
x.04 
0.70 
0.96 

97.0 
97-2 
99.5 

107.9 
117.7 
131.5 

1.32 
1.80 

34*7 
69.0 

80.1 
80.8 

I.50 
1.40 
2.52 
4.20 

(46’) 
1.00 
1.25 

(53”) 
I .oo 
0.83 

(I 100) 
1.00 
0.67 
0.18 
0.13 
0.56 
on37 
0.18 
0.19 
0.40 
0.25 

(40°) 
1.00 
0.50 

(50°) 
1.00 
0.40 

(80”) 
1.00 
0.60 
0.39 
0.25 
0.90 
o.Go 
o-45 
o-49 
0.90 
0.90 

(43O) 
1.00 
0.70 

(52’) 
1.00 
0.36 

order primary > secondary > tertiary. The lower retention of isoalcohols is due to 
their molecular shape. Owing to the presence of the more electronegative sfi’Uybridised 
carbon atom in ally1 alcohol, the hydrogen atom of the hydroxyl group acquires a 
greater electropositive character than that of ut-propanol, resulting in hydrogen- 
bonding with ally1 alcohol being greater and therefore producing a later elution.than 
with +propanol. 

The elution of two ethers from columns of BR and BK clearly indicates the 
presence of holes in the crystal lattices of the sulphonates. Diisopropyl ether (b.p. 69’) 
has a bulky structure and cannot enter the holes, so it is eluted earlier than diethyl 
ether (b.p. 34’). The order of elution of +hexane, n-heptane, s-octane, isooctane and 
cyclohexane followed the order of their boiling points on all the columns, and the 
same result was also obtained for aromatic hydrocarbons. The higher retention of 
benzene compared with that of cyclohexane is obviously due to the metal ion-z- 
electron interaction. 

Regarding the stability of the BR column, it was observed that on keeping the 
column at 160’ for I h and then lowering the temperature to the corresponding tem- 
perature for the elution of alcohols and ethers, the retentions followed the,order of the 

1 boiling points, contrary ‘to previous observations, thereby indicating the collapse of 
the’ holes or channels inside the crystal lattice. 

Phenols. The columns used in the present work have excellent possibilities for 
.,phenols. Table Il’presents the relative retention results for some phenols, from which 

‘, ‘it appears that the elution is governed by two factors. One factor is hydrogen- 
‘1’ :~,bdnding, and the other is the interaction of the metal ion with the lone pairs pf 
z~“:‘elec’trons’ on the oxygen atom of the phenolic group. The retention of a compound is 
,;\{:ljrob$$y due To the combined effects,of these, two interactions. That the elutiondoes 
..:: “h$‘4’occui’ through clathration holes or channels. is, obvious from the, fact that *even, 
y !‘I# ,z, a ,, :,:.. ” c , , r . . 
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TABLE II 

RELATIVE RETENTION TIMES OP PHENOLS ON 13EN%EXE SULPMOSATE COLUMNS 

NOTES 

Compownd Uoiflhg pohtt C0i1cttw 
PC) - . ..__ -.---- -.- --._ --.-_..---- -_--_. -. 

13s 13 Ii 1311 
( rso”) (r&j)” (IGOO) 

--_--___-_-...-._- .._..-. _. ._...__ -_.- ..-. __.______ .___ -__-_-._-_. _..__,_.. -.- ._---.__..._ - -.-. 

Phenol 1Hr.7 

w-Crcso! 202. I 

p-Crcsol 201.5 

o-Crcsol rg0.S 

o-l?:thylpllcnol 207.5 
o-~~r-IJropylpllcllol 219.4 
o-Isopropylphcnol 214.5 
o-Cevl.-Uutylpl1c1101 22 1 .o 

2,6-sylcllol 2oo.ti 

2,4-Xylcnol 211.3 
2,5-Sylcnol 
2;3-Sylcnol 

211.5 
217.1 

3,5-Sylcnol 221.7 
3,4-Sylcnol 227.0 
2,G-cli-lent.-Butylphcnol - 

2,4,6-TrimctlIylplicnol 220.G 

2,3,5-TrinicthylplicrIol 23&o 
2,4,5-Trimethylphcnol 235.2 
3,4,5-Trimcthylphcnol 252.0 
2,3,4-‘l’rimcthyll~,hcnol 237.0 
Anisolc I54.0 

__ 

1.00 

I,00 

1.00 

I.00 

I ,OO 

I.00 

I,00 

0.90 

0.G4 
I.10 
1 .oo 

I.30 
I.SO 

1055 
O-GO 
0.80 

3020 
- 

4130 
- 

0.35 

1.00 

1.00 

1.10 

o.Go 

o-53 
0.50 

0.33 
0.33 
0.30 
1 .OO 
0.90 
1.00 
1.17 

I.30 
0.29 

0.47 
1.30 
I *40 
I.90 
- 

0.17 

I .oo 
1.27 
1.76 

0.83 
0.76 
O.GS 
0.52 

0.44 
o-54 
1.59 
o.gY 
T.20 
1.84 
I .g2 
0.1s 

1.13 
I.G2 
1.78 
2.Qg 

2.r3 
0.14 

after the collapse of the channels, the order of elution of the phenols remains the same. 
The BS column was found not to behave normally, as the peaks obtained were highly 
tailed. In o&ho-substituted phenols, the higher the molecular volume of the alkyl 
group, the lower is the retention, owing to the steric hindrance by the alkyl group 
of hydrogen-bonding and metal ion-lone pair interactions. In phenols with alkyl 

Pig. I. Separation of m-crcsol and p-crcsol on a rubidium bcnzcncsulphonatc column. 

Izig. 2. Scpnration of 2,4- sncl 2,5-xylcnol on a rubidium bcnzencsulphonatc column. 
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groups in ntetn- and’ p’avn-positions, tile decrease in the liyclrogcn-bonding and tile 
increase in tile lone pair-metal ion interaction can be attributecl to electronic effects. 
On these pleases, the most significant effect is tire metal ion-lone pair interaction, 
wllich is a maximum wit11 the BR column, on wl&Al escellent separations of mixtures 
that are usually difficult to separate, sucli as 24 and. 2+sylenols and I)&- and /G 
cresols, liave been acllieved (Figs. I and 2). Tile separation of tlie two sylenols (n = 
I.S3) as obtainecl on such a short column and within such a short time leas not been 
reportecl elsewliere. In tliese two pairs of compounds, tlie lliglier retentions of +cresol 
and 2-4 sylenol are clue to tlie higher electron density on tlie pllcnolic osygen atom, 
wliicli again is clue to tlic presence of a methyl group in tlic 4-position wit11 conse- 
quently higher interaction. Tlie retention ratios of +.zrcsol/ilt-cresol sliow that tlie 
interaction decreases in tile orcler BR > BIG. > BS. This may be clue to the fact tllat 
tile ionic radii of tile metals also decrease in tile orclcr Rb > K > Na. T11e presence 
of hydrogen-bonding of the solutes wit11 the stationary pllascs is once again confirmed 
by the fact that wllen tlie plienols are 0-rnetliylatecl l1 the interaction clecrcascs 
abruptly. Tllc retention of anisole is given in Table II. 

In general, the peaks of alcoliols and plienols are tailed. Tailing is minimal on 
the BR column and maximal on the BS column. Finally, regarding the stabilities of 
tile columns for phenols, the BR and BIG. columns were used for 2 months witllout any 
cleterioration. Further work on tlic analytical applications of this tecliniquc is in 
progress. 

Tl?e authors are grateful to A. C. BHATTACHARSSA and ~-\NuP BHATTACHARJYA 
for their valuable suggestions. Tl~anlss are clue to A. IAHIRI, Director, for his permis- 
sion to publish this paper. 
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