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Rubidium benzenesulpheonate as a staticnary phase in the gas chromato-

graphy and separation of isomers of phenols and pyridine bases
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The selectivity of rubidium benzenesulphonate as a stationary phase in gas-
solid chromatography (GSC} had been reported in a previous paper?, and it was
found that zziling of peaks was the main disadvantage for quantitative work. In the
present study, peak tailing has bean eliminated and isomers such as cresols, lutidines
and picolines have been separated. The mechanism of the reteation of phenols has
besn found to apply also 1o pyridine basas.

EXPERIMENTAL

Equipment

A Perkin-Elmer 810 gas chromatograph fitted with a flame ionization detector
and a Honeywell I-MYV recorder was used. Experiments were carried out in stainless-
steel columns (6 fi. x I/8 in. O.D.) with nitrogen as the carrier gas (flow-rate 30 ml/
min}. The packing materials for the following two columns were prepsred by slurrying
the stationary phases with the support in a water-methanol mixuire followsd by
removal of the sclvent by heating:

Columa A: 409 rubidium benzenesulphonate 4+ 2%, Carbowax 20M + 2%
ascorbic acid on Chromosorb P (60-80 mesh}.

Column B: 409 rubidium benzenesulphonate + 29 Carbowax 20M on
Chromosorb P (60-83 mesh).

The columns were pre-conditioned at 120° for | h under 2 flow of nitrogen.
As there was ao separation of g- and y-picolines or 3,4- and 2,5-utidines on column B,
or .u- and p-cresols on columa A, at 120G°. the columns were further conditioned at
1607 for I h. This activation of the columns enabled the separation of the above pairs
ta be achieved at 120°. The results reported in this paper were obtained an an activated
column.

Chemicals

The following pure-grade chemicals were used for quantitative work: 2.4~
xylenol and 2,5-xylenal (BDH. Poole, Great Britain): 2,4-lutidine (Riedel. Hannover.
G.F.R.: dried over sodium hydroxide pellets): 2 5-iutidine (L. Light, Coinbrook.
Great Britain: dried over sodium hydroxide pellets); o-cresol (E. Merck, Darmstadt,
G.F.R.}; mr-cresol (BDH): p-cresol (Naarden. Naarden. The Netherlands); and
ascorbic acid (BDH).
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RESULTS AND DISCUSSION

In a previous study!, it was suggested that some sort of clathration holes or
channels** were present in rubidium benzenesulphonate crystals and that these holes
or channels collapsed as the temperature of the column was increased to 160°. For
the first time, differential thermal analysis (DTA) on rubidium benzenes:lphonate
clearly showed a third endothermic change at 1607 (Fig. 1}. As there was no weight
loss at that temperature, the change can be attributed to some structural rearrange-
ment caused, in this instance, by the collapse of clathration hol~s. The first and second
endothermic changes were due to the expulsion of moisture whereas the fourth was
due to its melting.

Phenals

The analysis of phenols on a packed column by GC is difficult, firstly owing
to the tailing of peaks caused by non-linear adsorption on the solid support and
secondly to the non-availability of a suitable stationary phase for the complete
separation of isomers such as cresols and xylenols. particularly 2,4- and 2,5-xylenols.
Several workers*—7 have reported the use of different stationary phases. none of which,
however, resulted in the complete separation of all the cresols or 2,4- and 2.5-xylenals.
Peak symmetry has been achieved in some instances®®® by converting the phenols
into their alkyl or silyl ethers. In the present work, peak tailing has been successfully
eliminated by using 2% Carbowax 20M and 29 ascorbic acid together with 406¢;
rubidium benzenesulphonate (column A). Surprisingly, Carbowax 20M and ascorbic
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acid, when used individually with rubidium benzenesulphonate. failed to eliminate
tailing. Figs. 2 and 3 show the chromatograms of ¢-, n1- and p-cresols and 2,6-, Z,5-
and 2,4-xylenols, respectively. The complete separation of these two groups of isomers
on 2 single stationary phase has not been reported elsewhere. Table I gives the relative

TABLE [

RELATIVE RETENTION TIMES OF PHENOLS ON COLUMN A AT 1457

Compound Roiling point (°C)  Refutive retention time

Phenol i81.7 1.00

o-Cresol £9G.8 0.8¢

2,6-Xylznot 303.6 a.52

5-Crasol 201.5 £.50

m-Crescl 203.¢ 1.26

2,4-Xyienol 2113 144

2,5-Xvienni 2115 .60

2,3-Xyvlenot Ii7.1 137

3,5-Xvlenci 2310 1.69

3,4-Xylenol 22760 214

2.6-Di-rere.-burviphenol — .21

Aniscle 15<.0 0.10

TABLEIT

ANALYSIS OF SYNTHETIC MIXTURES OF CRESOLS ON COLUMN A AT 135°

Compound  Afixture F (% wiw)} AMixture IT (%5 wiw)  Afixture TIT (°; wiw)
Fournd  Preser: Found  Present Found  Present

a-Cresol 38.8 3.0 354 353 316 3t.2

m-Cresoil 37.7 37.7 .4 £1.9 5t 515

5-Cresol 33.5 333 53.2 528 17.4 i7.3
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TARLE IiI
ANALYSIS OF SYNTHETIC MIXTURES OF XYLENOLS GN CCLUMN A AT 145°

Compound  Mixture I (%g win)  Mixture II (°; wivy  Mixiure T 7%, wiw)

Found  Present Found  Present Fourd  Present
2.6-Xylenol 359 36.0 257 256 33.7 134
2,5-Xylenol 29.2 389 12.6 12.0 54.3 53.3
3 4-Xylenol 349 35.1 61.7 62.4 120 13.3

retentions of some phenols. the elution of which follow the mechanism already
reported’. As several mixtures of cresols and xylenols have been successfully deter-
mined on this column (Tables II and IIl}. the pr spect seems good for its use for
analytical purpases.

Pyridines

As with phenols, peak tailing of pyridine bases on a rubidium benzenesulpho-
nate column was a major disadvantage for quantitative work. Carbowax 20M has
been found 1o be effective in eliminating tailing'® of hydrocarbons in GSC. We used
this procedure in order to achieve symmetrical peaks for pyridine bases on column B.
Fig. 4 shows the chromatogram of 2,6-, 2,5- and 2,4-lutidines, indicating 2 complete
separation. Several stationary phases''~!¢ have been used for the separation of pyridine
bases, but none achieved the complete separation of 2,4- and 2.5-lutidines. The present
stationary phase has been found to be most suitable for the separation of this pair
of isomers, the separation factor for which « = 1.26 is so far the highest reported.
g- and y-picolines are not resolved completely on this phase. The relative retention
times of some pyridine bases are presented in Table IV. The elution of pyridine bases
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Fig. 4. Separation of 2.6-, 2,5- and 2.4-lutidines at 115- cn column B.
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EELATIYE RETENTLS TI860S E}‘ P ESB’.%’F’ BASES O COLUMN B AT 1I¥°
Curnggurd 7 &wrfa: pm’m' ! C’ ¥ i«f(:m‘-f refention fime

Frontne fis 3 E.ij

Z-Feauns 1394 .95

B st eler 144G .57

--?wr‘fm: 3£, 153

Afechite 1454 2.i0

2 L0 tidne £57.9 £.70

é.—érL—» taefine £57.¢ 214

&byl eidine FATT 314

St -Sthiyigyriding 1783 75

TABLE Y
AM&LYQI‘; (Jf SYNTHETIC MiIXTURES OF LUT;D["*IES ON COLUMN B A_T 115°

Enround 4{1,«:{,4# i ”,. f*/w' frfl clure I[ {9y afui Mixture IFF {5 wiw}
£ 'rm.u’ Fres “n‘ Fa: md Fre.sem Fom. Present

3 e-futiding 338 354 456 458 349 350

I Lutiding 333 34, 3.2 29 46.5 304

2 4 Latiding 34,3 32 4 s1. 2 §t3 15.6 14.6

was found to bie governad by the interaction of the metal ion and the lone pair of
efectrons on the nitrogen atom. Three synthetic mixtures of lutidines were anaiyzed
an ehis column and the results were found to be satisfactory (Table V).

in geaeral, both columins A and B deteriorate after 2 few days, as shown by
the fas of resolution of the isomers examined. The original performance of the
columin can ba restored merely by activation of the column at 160° for about I h
under u flow of nitrogen. The fact that the efficiency of the columns increases with
notivatien niay be due to “frozen equilibrium™!¥, which occurs with some alkali metal
siift-, The increise in the number of accessible Rb* ions interacting with the lone
patr of elecirons on the nitrogen or oxygen atom at the activation temperature
renutdns unchanged for ¢ consideruble time even at lower column temperatures,
therehy efiecting the separation of the isomers.
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