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SUMMARY 

The gas chromatographic properties of six stationary phases containing vari- 
ous mixtures of the liquid crystals N,N’-bis(p-methoxybenzylidene)-a,a’-bi-p- 
toluidine and N,N-bis@-ethoxybenzylidene)-a,cc’-bi-p-toluidine are reported in both 
their supercooIecl and normal nematic temperature ranges. At temperatures at which 
all mixtures are in their nematic states, separations of 1,3- and 2,3-dimethyl- 
naphthalene, and anthracene and phenanthrene are highest for the stationary phases 
containing the highest percentage of N,N’-bis@ethoxybenzylidine)-a,cz’-bi-p- 
toluidine. Since the mixed stationary phases can operate at lower temperatures than 
the pure compounds, it is possible to obtain better separations. Additionally, the 
liquid crystals interact with the support material, causing the crystal-to-nematic 
transition temperatures of the mixed-phase column packings to be generally lower 
than those of the liquid crystal mixtures themselves_ This interaction also changes the 
eutectic composition of the mixed-phase packings. The results demonstrate that the 
use of mixed stationary phases improves selectivity and extends the usable tempera- 
ture range of liquid crystal gas chromatographic columns. 

INTRODUCTION 

The use of nematic liquid crystals as gas chromatographic stationary phases is 
becoming increasingly popular ‘_ Such phases have been successfully employed in a 
number of diflicult separations, including those of polycyclic aromatic hydrocarbons 
(PAHs)~, benzene isomer?, and polychlorinated biphenyl?. However, the limited 
usable temperature range of such phases remains a significant problem, although 
several methods have been used to overcome this restriction. These include the syn- 
thesis of new phases with wider nematic temperature ranges’, the employment of 
lower-temperature smcctic5*6 and supercooled-nematic’l* thermal regions of some 
iiquid crystalline phases, and the use of mixtures. Generally, blends of two or more 
liquid crystals have a.lower crystal-to-nematic transition temperature than any of the 
components, and can operate at lower column temperatures when used as gas-liquid 
chromatographic (GLC) stationary phases. The value of such an approach was dem- 
onstrated by Kelker et ~i_~ and later by Schroeder and co-workers3-‘o-“, &ho em- 
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ployed mixed liquid crystahine stationary phases for the improved separation of 
benzene isomers. 

Since the pioneering work of-Kelker et al. and Schroeder and co-workers, a 
number of new, more versatile liquid crystalline stationary phases have been de- 
veloped. The liquid crystal N,N’-bis(p-methoxybenzyhdene)-or,a’-bi-p-toluidine 
(BMBT), for exampIe, has a very wide nematic temperature range, and has been 
demonstrated to be a useful GIG stationary phase for the separation of 3-5-&g 
PAIIs’~, dimethyinaphthalenes’, and steroid epimers”. The use of BMBT in a mixed 
stationary phase thus has the potential for even greater versatility. We investigated 
this potential by measuring the gas chromatographic properties of mixtures of BMBT 
and its homolog, N,N’-bis@-ethoxybenzylidene)-a,a’-bi-p-toluidine (BEBT). 

ExPERIMEN-rAL 

Muteriais 
The liquid crysta1 compounds BMBT and BEBT were synthesized using pub- 

lished methods”*i4 and purified to give constant transition temperatures which 
matched those reported. The transition temperatures and enthalpies are listed in 
Tabie I. 

TABLE I 

TRANSITION TEMPERATURES AND ENTHALPIES OF THE COMPOUNDS STUDIED 

T = transition temperature; 4K = ent!&py; C + N = crystal to nematib mesophase; N - I = nematic 
mesophase to isotropic liquid. 

Compound Transition T (“Cj j H (kcal/rnoIe) 

BMBT C-N 181 (lSl)* 10.4) 
N-I 337 (337)f 1.7* 

BEBT C+N 173 (173)f 9.2* 
N-*1 3:2 (%ir* 2.2* 

* Data from ref. 14. 

Apparatus and procedure 
Transition temperatures for all liquid crystal mixtures were determined by 

differential scanning CaIorimetry (DSC) using a Perkin-Elmer Model DSC-2 unit. 
Gas chromatographic analyses were performed on a Hewlett-Packard Model 

7620 gas chromatograph equipped with a fIame ionization detector. Ah of the col- 
umns were glass (6 ft. x 2 mm I.D.). The cohmm packings were 2.5% (w/w) of the 
liquid crystal mixtures on 100-120 mesh Chromosorb W-HP, prepared by dissolving 
each mixture in chloroform and then coating the support by the soIvent slurry tech- 
nique. The compositions of the liquid crystal mixtures used in each c~iumn packing 
are Listed in Tabie II_ Chromatograms were recorded on a 1 mV f-s. strip chart 
recorder using an eiectrometer setting of 16 - IO*. Courier gas ffow (helium, 20 ml~min) 
was monitored by a cahbrated Brooks 5840 Dual-GC Mass Flow Controller, while 
hydrogen and air IIow-rates (40 and 500 mi/min, respectively) were measured by a 
soap bubble ffow meter. Samples (usually l-2 $1) were injected with a Hamilton 701 
N loL@ syringe. 
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COMPOSITIONS OF LIQUID CRYSTAt: MIXTURES USED IN EACH COLUMN PACKiNG 

Gxknvl Mole percent &fo1e percenr 
BMBT BEBT 

1 0 100 
2 26.8 73.2 
3 43.1 56.9 
4 61.6 38.4 

2 
76.3 23.7 

100 0 

The retention characteristics of 1,3- and 2,3_dimethylnaphthalene were -de- 
termined while cooling the columns from 180°C to 85°C in 5” increments, while those 
of anthracene and phenanthrene were determined while heating the columns from 
1 30°C to 205’C also in 5” increments. Retention times were corrected using benzene as 
the unretaincd solute, which was experimentally shown to be unretaincd over the tem- 
perature range used. The separation factor, LX, was determined by the ratio of cor- 
rected retention times (IX = r&t&)_ 

RESULTS AND DISCUSSION 

In addition to its potential for increased versatility in GLC analyses, the 

Nematic 

lcfe Percent BMBT 

Fig_ I. Phase diagram of the BMBT-BEBT system. 
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BMBT-BEBT system was chosen for evaluation because it was expected to have 
predictabIe physical properties. Being homologs, the two liquid crystals have very 
similar structures, and therefore shouId be miscibie. Additionally, because they are 
homologs, mixing of the two compounds should cause little or no disruption of liquid 
crystalline order. The phase diagram for the BMBT-BEBT system (Fig. 1) confirms 
these predictions_ Both the crystal-nematic and nematic-isotropic transition tem- 
perature<omposition curves are smooth, with no unexpected discontinuities. In 
fact, the nematic-isotropic curve is virtually linear, in contrast to the concavity of 
such CLEWS with binary liquid crystal mixtures of dissimilar structure’1*‘5. 

The experimentally determined eutectic composition and transition tempera- 
ture for this system is in accord with the values predicted from the Schroder-Van 
Laar equations16*” : 

__In&=A$ f-f ( > 1 

where AH,, T, and AH,, T2 are the transition enthalpies and temperatures of pure 
components 1 and 2 from crystal tc nematic mesophase, and T is the eutectic tran- 
sition temperature for a system containing X, mole frdction of component 1. Simul- 
taneous solution of the equations using the data for BMBT and BEBT (Table I) gives 
a predicted eutectic composition of 43 mole percent BMBT and a transition tempera- 
ture of 15O’C, virtually identical to the experimentally determined values (Fig. 1). The 
applicability of these equations to the BMBT-BEBT system again indicates the for- 
mation of a nearly ideaI solution, with little or no interactive forces between the two 
components- 

Mixtures of BMBT and BEBT, as well as the pure liquid crystalline com- 
ponents? exhibit supercooling from the nematic to crystalline state. The supercooling 
transition temperatures are independent of the cooling rate, in accord with observa- 
tions by Janini et aL8 and others’*” for other supercooled liquid crystals. Addition- 
ally, the supercooling nemstic-to-crystal transition temperature-composition curve 
(Fig. 1) parallels that of the normal crystal-to-nematic curve. The eutectic mixture of 
43 mole percent BMBT and 57 mole percent BEBT can be supercooled to a tempera- 
ture of I1 1°C before it crystallizes_ 

The existence of supercooled nematic thermal regions in mixtures of BMBT 
and BEBT gives such mixtures the potential for use of GLC stationary phases at 
lower column temperatures_ The GLC properties of the mixed liquid crystal columns 
in these supercooled regions were evaluated by determination of the retention charac- 
teristics of 1,3- and 2,3_dimethyInaphthaIene, soIutes which have reasonabie retention 
times at these lower temperatures, and have been successfully separated on other 
suprcooled liquid crystalline phases’. At the higher temperatures near the normal 
(non-supercooled) crystal-to-nematic transitions, the columns were studied by inves- 
tigation of the retention behavior of anthracene and phenanthrene. -_ 

Fig. 2 displays the retention behavior of 1,3- and 2,3_dimethylnaphthalnes 
(Fig. 2A) and anthracene-phenanthne (Fi,. = 2B) in the supercooled and -normal 
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Fig_ L Behavior of the separation factor with tenqxrature for columns I-6 for (A) l.%iimethyl- 
naphthakne and 2J-dimeth~!naphthakne in the supercooled nematic re&xu of the columns and (B) 
anthracene and phenathrene in the normal nematic regions. O, Column 1; 0. column 2; I, coIumn 3; El, 
column 3: A. column 5; A, column 6. 

(non-supercooled) nematic therma regions, respectively, for all six columns_ The data 
are presented as plots of the logarithm of the separation factor, CL VS. the reciprocal of 
the absolute column temperature_ Since the value In a has been shown to be an index 
of relative selectivity for liquid crystal columns’“~‘g*‘o, this format provides a direct 
comparison of column characteristics. The curves are linear for all of the columns in 
their nematic thermal regions, in accord with IMatire’s thermodynamic equations” 
relating relative retention and temperature for liquid crystal columns. 

At temperatures in which all columns are in their nematic thermotropic re- 
gions, selectivity for both 1,3- and 2,3_dimethylnaphthalene and anthracene-phen- 
anthrene is highest for column 1, which consists of a 100 o/O BEBT stationary phase. 
Pure BEBT has the highest nematic-isotropic transition temperature of all the mix; 
tures evamated, and thus its superior selectivity is consistent with theories relating 
increased liquid crystal column selectivity with hiSher nematic-isotropic transition 
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Mole Percent EMBT 

Fis 3_ Behavior of the sepamtion factor uith percentage of BMBT in the mixed stationary phase for 1.3- 
diimeth$naphtha!ene and ~Sdimethylnaphthalene at 135’C ( e) and anthracene and phenanthrene at 

I95T (Cf. 

tem_peratures’~‘4*‘o. Additionally, selectivity for the mixed liquid crystal cohmm.s is 
directly related to the composition of the mixture; at a given temperature, columns 
containing higher proportions of BEBT have greater selectivity. This relationship is 
displayed graphically in Fig. 3 as plots of the logarithm of the separation factor VS. 
mole percent BMBT at two column temperatures. For both the separations of 1,3- 
an& 2,3-dimetbylnaphthalenes and that of anthracene and phenanthrene, these curves 
are linear within experimental error (correlation coefficients greater than 0.99 for the 
equation below)_ At a given column temperature, then, the selectivity of a column 
composed of a mixed BMBT-BEBT stationary phase is simply a linear combination 
of the selectivities of the columns composed of the two pure liquid crystak. That is: 

where ?I~, SLY and =I,2 are the separation factors for two solutes on columns consisting 
of pure component I, pure component 2, and the mixture, respectively, and fci, and 
151~ are the mole fractions of components 1 and 2 in the mixture, respectively_ The 
above equation allows for the prediction of the separation of solutes for any column 
using a mixed BLMBT-BEBT stationary phase. In addition, the applicability of the 
equation to the BMBT-BEBT mixed system further indicates the absence of any 
interactive effects on the separation properties of either of the components of the 
mixed phases. It should be emphasized that the equation is valid only at temperatures 
in which ail columns are in their nematic states, and only for solutes which separate 
by the unique geometric factors’*“*‘o associated with liquid crystal cohunns, such as 
those used here_ 

Maximum values of a for both 1,3- and 2,3_dimethylnaphthalenes aqd anthra- 
cene-phenanthrene are shown in Table III. Despite rhe greater inherent selectivity of 
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stationary phases in gas chromatographic analyses thus remains a powerful tool for 
the extension of the working temperature range and selectivity of liquid crystal GC 
columns in general. 
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