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Progress in gas chromatography is dependent on the availability of improved 
chromatographic cohmms and much work has been carried out on the development 
of new column materials, including stationary phases. Some of the latter have been 
found to exhibit very interesting and unusual properties that might make them very 
valuable in gas chromatography, and liquid crystals belong to this category_ 

Liquid crystals were employed for the first time in gas chromatography in 
1963’*“, since when a number of monographs have appeared3-s. Liquid crystals are 
used in the separation of close-boiIing compounds on the basis of molecular shape. 

One of the most interesting separations that has been achieved on liquid crystals is 
the separation of optical isomers 6-7 Certain liquid crystal stationary phases are . 
suitable for programm e&temperature gas chromatography and for work at a tem- 
perature of about 300c*-10_ Gas chromatography is also suitable for investigating the 
physico-chemical properties of liquid crystals. 

In a previous pape9-l we have reported good separations of the isomers of 
several disubstituted benzenes on liquid crystals in small-bore micropacked columns 
(0.8 mm I.D.) of lengths 5 and 18 m. In this paper we examine the possibility of 
separating a number of mixtures, including isomeric disubstituted benzenes, in 
conventional analytical columns of 4 mm I.D., and describe the use of liquid crystalfine 
azoxy and azo compounds as stationary phases. 

EXPERIMENTAL 

Azoxy and azo compo-unds with the general formulae 

N+i=+- OR and NC@N=@OR (:I 

and 

(21 

where R,R’ are as given in Table I, were studied as liquid crystalline stationary 
phases. The phase transition temperatures and the isomeric constitution of the axoxy 
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STATIONARY PHASES iNVESTIGATED 

S&f iotmy phase No. of isomers Temprature of frmifion to Ciquid (“C) 

NO. R or R’ in fortnda (I ad 2) Smec f ic Nematic LFotropic 

I R =-G&z 1 - 124 153 
II R =-GEL 2 - 93.5 146.5 

111 R =-G&7 1 100.5 138.5 148.5 
IV R = -‘G&7 2 71 117 135 
V R = XOC&: 2 60.5 132 

II 
0 

VI R = -COC&l,, 2 60s ‘ii9.5 125.5 
II 
0 

VII R’ = -C&l,, - - 106 116.5 
VIII R’ = -C*H,, - - 101 111 

compounds studied are also given in Table I. In the synthesis of these compounds 
one obtains a mixture of two isomers differing in the position ofthe oxygen atom on 
one or the other nitrogen atom. Compounds I and III are isomers that are described 
by formula (3): 

Compounds I, II, V, VII and VIII are nematics, while compounds III, IV and 
VI have both a smectic and a nematic mesophase. 

The preparation of liquid crystals has been described by Adam&a et ~1.~~. 
The stationary phases were deposited on supports from methylene dichloride solution. 
Chromosorb W AW, NAW and AW DMCS (0.102-0.2 mm) were used as the sup- 
ports. The study was conducted on a Fye U&am GCV gas chromatograpb equipped 
with a flame-ionization detector. The columns used were 2.1 and 2.7 m x 4 mm I.D. 
Argon was used as the carrier gas. The injector and detector temperatures were 240” 
and HO”, respectively. Methane was used in the determination of the dead time. The 
characteristics of the columns are given in Table II. The amount of liquid crystal on 
the supports was determined by heating at 600” to constant weight. The columns 
were placed in the thermostat of the chromatograph and heated for 3 h at a tempera- 
ture at which the liquid crystal concerned was an isotropic liquid. The mixtures to be 
separated were dissolved in cyclohexane and injected on to the column by means of a 
I-$ Hamilton syringe. 

RESUJXS AND DISCUSSEON 

CoZrmr~~ e@cferxy 
@ETP values were measured as a function of flow-rate (24) at column tempera- 

tures corresponding to the maximal retention time. Fig. 1 shows the dependences 
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TABLE II 

coLUM.NS USED 

CUM StC2tionary Ckronzosorb Amount of Len&l of W&l&of 
No. Phe stationmy phase whn7R (in) jit%ilg I-n 

OR supporl (%I ’ WItaRR (g.. 

: : W AW DMCS 2.40 
WAW 2.14 i-: E 

3 I W NAW 2.06 2:1 8.85 
4 I W AW DMCS 8.46 2.1 8.40 
5 I WAW 7.81 2.1 10.25 
6 I W NAW 8.02 2.1 9.05 
7 II WAW 11.52 21 8.40 
8. VII WAW 11.80 21 9.70 
9 VIII WAW 9m 2.1 9.65 

10 IV WAW 11.01 2.1 9.50 
11 III WAW 12.44 2.1 9.65 
12 V WAW 12.10 2.1 9.30 
13 VI WAW 1205 2.1 9.45 
14 VI WAW lZl0 2.7 12.00 

obtained for compound I. It was found that with ca. 2 y0 and 8 y0 of liquid crystal on 
the support the lowest HET’P is obtained with Chromosorb W AW. With this support 
the HETP decreases with increasing amount of liquid Crystal. 

Therefore, in the analytical studies we used colrlmfis with CQ_ 10% of liquid 
crystal deposited on Chromosorb W AW. With acid-washed supports, the longer 
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Fig 1. IiET@ vers.us flow-rate (u) for columns l-6. Column t.em~ratore, 125”; test substan~, 
chlorobenzfne. 

C-Cl& 
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branches of the curves of the Van Deemter plors (Fig. f) are Bat+zr and parallel to 
each other (columns Z and 2, and 4 and 5), whereas with Cbromosorb W NAW these 
branches are steeper (columns 3 and 6). With the au> compounds studied, the longer 
branches of the curves are fiat and almost coincident. The curves for compounds 111 
and IV (& pure isomer and an isomeric mixture, respectively) are very similar and are 
exceptionally flat (Fig. 2). The optimal flow-rate ranged from 15 to 25 cm3/min. The 
lowed HE?T (0.64 mm) was obtained with column 9. 

Fig. 2. HETP vermx ffow-rate (u) for columns 10 and Ii. Column temperature 77’ (column 10) and 
l@V (c&mm IL); test substance, p-xylene. 

Relative retention times 

The relative retention time, a = f:l/t:z* where fcL > f& was calculate+ for 4 
of the colllmns using xylene isomers. The dependences a = f(T) obtained by heating 
the columns were either simikr to the curve in Fig. 3, which is characteristic of nematic 

09’ - + 
23 24 25 a 

Fig. 3. a verms looO/r for colunm 2. Broken line: cooling of cohim. 0, m, p = isomers of Me= 
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Fig. 4. a versus KNlO~T for columns 8 and 10. p, m = isomers of xyieue. 

azoxy compounds, or to that in Fi,. = 4, which is characteristic of azo and azoxy 
compounds that have both a smectic and a nematic phase. Fig. 3 also shows the 
change in a obtained by cooling the colmna. It can be seen that this part of the depen- 
dence difEers from that obtained by heating the column. This can be explained by the 
ability of nematic azoxy compounds to become supercooled. Liquid crystals that 
Gill not supercool exhibit the same values of a during both heating and cooling of 
the column. During heating, the maximal value of a is obtained at temperatures cor- 

TABLE III 

MAXIMAL RELATIVE RETENTION TIMES FOR p- AND nz-XYLENE 

CoZGnn No. Temperatare 
of wzwnn (“C) 

1 127 (kat.ii@ 1.040 
!30 (cooling) LOSS 

2- 127 (Ixating) 1.038 
90 (cooling) 1.052 

3 . 127 (heating) 1.040 
90 (-msI 1.072 

4 127 @sting) 1.044 
90 (cooling) 1.090 

5 127 (heating) 1.042 
6. 127 (lYNaing) lSM-4 
7 93 (heating) 1.058 
8 108 (heating) 1.030 
9 107 (heating) 1.027 

10 810 1.043 
11 108 (heating) 1.033 
12 63 (kating) 1.078 
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responding to the maximal retention tie. When nematic azoxy compounds are 
supercooled, a increases, but so does the analysis time. Also, the ability of a liquid 
crystz3.l to stay in the supercooled s&&e is limited. Below a certztin temperature, the 
state of-supercooling rapidly disappears. Table ILL gives the maximal v&es of a: for 
zn- and p-xylene on several columns. 

Separ&ims 
With the liquid crytis studied, complete separations of ethyholuenes, chloro- 

toluenes, bromotoluenes and dichlorobenzenes were achieved. Complete separations 
of ethylbenzene from xylenes and of propylbenzene from ethyltoluenes were also 
achieved. Et was also possible to separate a mixture of cyclohexane, cyclohexene and 
benzene. Almost complete separations of xyIenes were achieved. 

The separations obtained on different cohtmns are listed in Table IV and a 
typical separation is shown in Fig. 5. Of the liquid crystals studied, the best scpara- 
tions were achieved with compounds II and V, which are mixtures of isomers. The 
azoxy compounds were found to be better stationary phases than the corresponding 
azo compounds_ 

TABLE N 

SOME SEPARATIONS OBTAINED ON DIFFERENT COLUMNS 

COkJ7lR Good separation of mixture The of Fbw-rate Temperature 
No. separation of argon of colKmR 

(min) (cnP/min) CT) 

4 Dichlorobenzenes 40 2Q 85 
5 Dichlombenzenes 

BromotoIuenes 
: 20 128 

20 85 
6 Dichlorobenzenes 27 15 105 
7 Bromotoluenes 62 16 90 

Dichlorobenzenes 25 17.5 95 

10 Ethyltoluenes 45 20 11 Benzene, cyclohexute, cyclohexene 3.5 20 1:: 
12 XykRes 62 17.5 50 

Ethyltoluenes 50 17.5 70 
14 Xylenes 50 20 60 

EthyItoluenes 35 
-Benzen& cydohexane, cydohexene 8 ?I 

85 
60 

Bromomluenes 83 20 a5 
CMO03tOlUeneS 40 20 85 

No separations of o- and p-diethylbenzenes were achieved on .any of *he 
COIZULIIIS, although previously we had been able to separate these isomers using a 
micropacked CO~IIEXI with a liquid crystal deposited on Polsorb B”. The frtilure to 
achieve a separation in the present work could have been caused by the use of a 
shorter column with a greater HETP and of a different type of support that orientates 
the liquid crystal molecules in 8 different mer_ With Polsorb B, better properties 
were obtained with acid-washed thhan with untreated supports; with Chromosorb 
the reverse was the case. 

Isopropylbenzene could not be separated from xylenes; it was coincident with 
p-xyZe~e.This is due to the shape of the isopropylbenzene molecule tid to its smztJ.l 
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Fig. 5. Separation of a mixture on column 14. Temperature, 60”; carrier gas, argon at 20 cm3/min. 
Peaks: 1 = cyclohexane; 2 = cyclohexene; 3 = benzene; 4 = toluene; 5 = ethylbenzene; 6 = m- 
xyIene; 7 = p-xylene; 8 = o-xylene; 9 = propyibenzne; 10 = methyltoluene; 11 = pethyltoluene; 
12 = u-ethyltoluene. 

length-to-width ratio. Molecules of this type are eluted from the column at an earlier 
stage than molecules with a greater length-to-width ratio. 

One should consider whether the improvement in the separation of meta azid 
para isomers that is achieved at higher relative retention times is caused by delayed 
elution of the pax isomer or by accelerated elution of the meta isomer. From Fig. 3 
it can be seen that the ralative retention time of orttro and parca isomers remains 
constant, while those of ortho and me?Q and of pm-a and mezcz isomess increase. 
Hence it can be concluded that at higher relative retention times the meta isomer is 
eluted from the column earlier than thepara isomer. 

Also of interest is the order in which cyclohexane, cyclohexepe and benzene 
are eluted from the column. On most of the conventional stationary phases this order 
is different and corresponds to their boiling points, vk, benzene, cyclohexane and 
cyclohexene. This leads to the conclusion that on a liquid crystai the separation of 
these compounds is determined by the planarity of the ring. Being the most planar 
of the three, the benzene ring fits into the structure of the liquid crystal with the 
greatest ease and is therefore retained the longest_ The cyclohexane ring is the least 
planar, does not fit easily into the structure of the liquid crystal and is therefore 
eluted from the column in the shortest time. 
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