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CHROM. 611s 

LIQUID CRYSTALS 

III. ~,~‘-DI-~z-AJ~I~OXYA%OSY~~EN%I?=NES AXEJ THEIR lVITSTURES AS 
STATIONARY LIQUID PHASES IN GAS-LIQUID CHROMATOGRAPHY’~ ** 

The 4,4’-di-lt-alkoxyazosybcnzcne (I) homologs in which the alkyl group 
is methyl, ethyl, gt-butyl and qz-hexyl and mistures of these compounds have been 
studied as stationary phases in gas-liquid chromatography. The nematic mesophases 
of the materials are selective toward solutes on the basis of molecular shape. 
Speciiically, they effect good separations of close-boiling ~Mn- and #vn-disub- 
stituted benzene isomers, the more linear +zrn isomer being eluted last. The results 
support earlier evidence that the use of nematic mistures is a promising approach 
to masimum selectivity of this type because it makes lower operating temperatures 
possible, Previously unreported phase diagrams of four binary systems of homologs 
of I and criteria for choosing components of highly selective nematic mistures are 
presented. 

INTRODUCTION 

The liquid crystalline (mesomorphic) state112 is a state of matter intermediate 
between crystalline solids and isotropic liquids. The phenomenon is exhibited by 
certain compounds having relatively rigid, rodshaped, polar molecules that tend 
to be oriented with their long axes parallel due to mutual attractive forces. When 
such a’ substance is heated, the crystalline solid melts to an anisotropic liquid (a 
mesophase) in which adjoining molecules lie parallel to one another. At a higher 
temperature, the melt undergoes transition to “normal” isotropic liquid. Two 
common varieties of liquid crystals are the nematic and smectic types. Whereas 
nematic mesophases have only the parallel molecular arrangement, the molecules 
in smectic liquids are additionally constrained to be arranged in layers with their 

* Previous ppcr in this series: S. A. I-IAUT, D. C. SCHROISDEI~ AND J. P. SCWROEDER, 
J. Ovg. CIVIL., 37 (1972) 14.25. 

“* Bnscd on the M. S, Thesis of M, A. A., The University of North Cnrolinn nt Greensboro, 
1970. 

* l l To whom inquiries should bo dircctecl. 
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long axes more or less perpendicular to the layer planes. A third type, cholesteric 
or twisted nematic, is related in molecular organization to the nematic type. Com- 
pounds that exhibit cholestcric mesomorphism are always optically active, 

Liquid crystals are of interest as solvents because of their anisotropic nature. 
Among the solvent applications that have been studied is their use as stationary 
liquid phases in gas-liquid chromatography (GLC)3. 4,4’-Di-?z-alkoxyazoxybenzenes *k 
(I) were some of the first liquid crystalline at 

Ia, R = CH,; Ib, R = C,H,; Ic, R = wC,H,; Id, R = wC,H,,. 
compounds to be investigated in this regard. The nematic mesophases of the methyl 
(Ia),4-11 ethyl (Ib) 6,7,0,10,12,13 and n-hexyl (Id) 0*8* lo* llp l4 homologs were found 
to be selective toward solutes on the basis of molecular shape. E.g., close-boiling 
~zeta and para isomers of disubstituted benzenes are separated readily, the more 
linear para isomer invariably being eluted last. 

Thermodynamic studies4~G~D~ l4~ 16 provide an explanation of this behavior. 
The enthalpy and entropy of solution in the mesophase are lower for the paya 
isomer, indicating, respectively, stronger solvent-solute interactions and a better 
ordered solution state compared to the meta isomer. This is consistent with the 
relatively linear para-substituted molecules fitting more readily into, and, therefore, 
interacting. more strongly with, the parallel molecular arrangement of the nematic 
solvent. In GLC, proceeding from the completely disordered vapor (similar for 
both. isomers) to the ordered solution state, the para-substituted molecule sacrifices 
more. translational rotational freedom, but its favorable geometry allows stronger 
interaction with the mesophase. On balance, the entropy loss is overcome by 
the enthalpy difference and the para isomer is more soluble than the ~zeta isome+. 

An’inherent limitation of a mesophase in practical applications is its restricted 
temperature range. Depressing the lower limit of the range is particularly desirable. 
In GLC, the selectivity of a nematic stationary phase toward solutes on the basis 
of molecular shape increases with decreasing temperatureb-79 lo. In other applications 
that depend on nematic liquids, such as optical device@ and NMR spectrometry 
in nematic solventsl’, the stable existence of the mesophase at or near room tem- 
perature is ,advantageous. 

The use ,of mixtures is a convenient means of obtaining nematic mesophases 
that are stable at relatively low temperatures ls. Like other crystalline solids, a 
nematogenic compound,undergoes melting point depression on addition of a substance 
with which it ‘is miscible. A mixed nematic mesophasc originating at a lower tem- 
perature is the result. If the molecular structure of the added substance is similar 
to, that of’ the nematogenic compound, there is little “disruption of the nematic 
mesophase,, which’ may persist to a high concentration of’ the second component. 
In. particular; if: the :added substance is also nematogenic, the mixed, system often 
exhibits nematic mesomorphism at all compositions. 

Mixtures of :4,4’-di-qz-alkoxyazoxybenzene (I) homologs are examples of such 
compatible nematic blends. The phase diagrams of, the, systems Ia-IblQsO, IaAd’o 
an$“eight others containing higher homologs of I (?z-C,H,, through +C,,H,,)~p~Q? 
have been determined; In every instance, the system exhibits mesomorphism at 
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all compositions but, for mixtures of the higher homoIogs, this is predominantly 
or entirely smectic. Therefore, the blends of the lower homologs are best suited 
for a study of mised nematic mesophases. The systems Ia-Ib7~1U and Ia-Id81 10 were 
investigated earlier as stationary liquid phases in GI&. Nematic mixtures were 
obtained that can be used at relatively low temperatures and display high selectivity 

.!.,atoward weta- and @va-disubstituted benzene isomers. In this paper, comparable 
~~~~+da.ta (including phase diagrams) for the systems Ia-Ic, Ib-Ic, Ib-Id and Ic-Id 

are presented and the results for all binary systems based on Ia, Ib, Ic and Id are 
discussed. 

EXPERIMENTAL 

Three of the homologs of I (Ia, Ib and Id) were conunercial products. The 
Ia and Ib were recrystallized from benzene before use; the Id was pure as received. 
4,4’-Di-gz-butoxyazoxybenzene (Ic) was synthesized. 4-gz-Butyloxynitrobenzene, 
prepared from p-nitrophenol (0.10 mole) and g,-butyl bromide (o.IG mole) by a 
modified Williamson reaction22, was reduced to Ic with LiA11-1,23. The crude product 
(60 yO yield based on @-ritrophenol) was recrystallized from 95 % ethanol. The 
transit ion temperatures of the pure materials are given in Table I. 

mmwrfox TJIMPISI~ATURES OF SOivE IIOMOI.Oc~S OF ~,~‘-r~I-~l-AtICO.~Yh~o.~Y.~r~~~~~l~ 

In = q,4’-di-mcthosyazoxvbcnzcnc; Ib = 4,-F’-cli-ethosynzosybcllzctlc; Ic = q,q’-cli-n-butoxy- 
azo~sybcwx?tlc; Icl = ~~,4.‘-cii-?1-hcsosyazosybcl~~~t~c. Litcraturc values arc given bctwcen pnrcn- 
th.escw. 
- 

Ia 11gfj (I xt3.5p I35 (I3.5P 
lb 13805 (135.5)b 16g.5 (I(~S)‘J 

I: 
I;405 (105)’ 136 (136.5)’ 

(SI)” Izg (127)” 

n Refs. 2rl, 25. 
” Ref. 20. 
c Ref. ‘27. 
cl Ref. 28. 

The GLC solutes were commercial products which were not purified further, 
No major contaminants were observed in their chromatograms. 

Procedzcre amif apparatam 
The experimental methods were, in general, the same as those described 

earlieras l”gao. Mixtures for determining the phase diagrams (Pigs. 1-4) were prepared 
by weighing the components accurately into a small beaker, melting, and cooling 
the liquid with stirring until solidification occurred. Phase transition temperatures 
of :the pure compounds and mixtures were measured with a calibrated .Nalge-Axelrod 
hot-stage polarizing microscope. ‘The heating rate was’ ca; 0.5 “/min while observing 
the.transitions. 
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Fig. I. Phase diagram of system 4.4’-ditnethosyazosybcnzene (In)-‘t,4’-di-ut-butosyazoxy- 
benzene (1~). I = isotropic. N = ncmatic. 
Fig. 2. Phase diagram of system 4,4’-diethosyazosybenzene (Ib)-4,4’-di-?a-butosyazosybenzctle 
(Ic). I = isotropic, N = ncmatic. 

60 I I I I 1 I I 1 I I 
0 20 40 60 80 100 60 
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Fig. 3, Phase diagram of system 4,4’-diethoxyazosybcnzcnc (Ib)-4,4’-di-n-hcsosynzosybel~zcno 
(Id). I = isotropic, N = nematic. 
Fig. 4* Phase diagram of system 4,4.‘-di-,rz-butosyazosybellzello (Ic)-4,4’-cli-whesosyazosy- 
benzene (Id), I = isotropic, N = nematic. 

Gas-liquid chromatograms were obtained with an Aerograph Hy-Fi gas 
chromatograph, Model No. 600-D, using nitrogen as carrier gas (flow-rate ca. 20 

ml/m.in) and a flame ionization detector. The injection chamber was at 250~ and 
the sample size was 0.4 ,ul of a I % solution in CS, for all runs. (Small sample size 
minimizes’ disruptive solute effects on mesomorphic stationary liquid phases,) The 
GLC columns were made from 3,2 mm O.D., 1.8 mm I.D. annealed copper tubing 
and were 5 m in’length. The tubing was washed with CH,C& to remove oil before 
packing. The column packings contained 15 wt. yO of stationary liquid phase 
deposited on .,the solid support, .Chromosorb W (60-80 mesh), from solution ,in 
CH&ls. The, columns, .were..conditioned at, rg” above the nematic-isotropic (N-I) 
transition temperature of the.stationary liquid phase for.I-2 h before use, : + 

,/’ . ,Retention’ times (tn) of the,, solutes were determined-first, at, a column temper- ‘* 

ature ..well, above the N-I transition point of. the stationary phase and then :at sue-i 
cessiveljrtilower~.temperatures until ,crystallization: of the phase occurred as signaled 
by a droG in tR. Relative retentions (a) were calculated from t!R values, corrected: 

; ~l.~~?~~OWfdO~Y.; 71’ @72) 233-242 
.’ 



CiLc 0” 4,4’-DI-12-ALKOXYAZOXYBENZENES AND THEIR MIXTURES. 111. 237 

for column dead space by subtracting the In for methane under the same conditions. 
Within the precision of our measurements, methane is not absorbed by the relatively 
po!.ar homologs of I .of this study. Usually, the a values (Figs. s-8) were reproducible 
t,o a precision of =t 0.5 yO in successive runs. However, in plotting a vs. temperature, 

1.02 - 

0.98 a0 100 120 140 
TEMP. Cc) 

a( 
1.06 

1 I 1 I I I 1 
70 100 130 

TEMn("c) 
lb0 

Fig. 3, Variation of relative retention (0~) of p-xylene (w-sylcne = 1.00) with tempernturc using 
Ia, Ic and the Ia-Ic outectic misture as stationary liquid phases. 0-0, la; A--A, Ic; 
A- - -a, cutcctic (36 mole y0 Ia). 
Fig. 6. Variation of relative rctcntion (a) of p-sylene (w-sylcnc = I .oo) with temperature using 
‘Ib, Ic ant1 their mixtures as stationary liquid phases. A--A, Ib; •--~, Ic; A - - -A, cutecf;ic 
(34 mole y. Ib) ; o - - o , 55 mole :J, Ib. 

0.98 1 I I I I I I 1 
80 100 120 140 lb0 la0 

TEMP.(‘C) 

1.06 

0.98 I I I I I I I I 
70 90 110 130 190 

TEMP.CC) 

Fig; 7, Variation of relative retention (a) of,+xylene (wxylcne = 1.00) with temperature using 
Ib, Id and their mistures as stationary liqud phases. A-A,, Ib; o-0, Id; A- - -A, cutectic 
(zz mole o/o Ib); o - - of 64 mole% Ib. 
Fig. S. Variation of relative retention (a) of p-xylenc (nwylene = 1.00) with tcmperaturc using 
Ic, Id and their mixtures as stationary liquid phases, A-A, Ic; 0-0 ,Icl; A- - -A, eutectic 
(48 mole o/o Ic) ; 0 - - 0, 55 molt o/o Ic. 

a.number of points fell far away from what was obviously the general trend of the 
data. Because they. are confusing, these Ysports” ‘have been omitted from Figs. 5-8. 
While we must confess to some uneasiness at their appearance and ‘our inability 
to explain them, it should, be stressed that an overwhelming ‘majority of the’. data 
points gave meaningful a 2~s. temperature correlations. ,. : 
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RESULTS AND DISCUSSION 

The phase diagrams of the systems Ia-Ic, Ib-Ic, Ib-Id and Ic-Id are presented 
in Pigs. 1-4, When these are considered along with the previously determined 
diagrams for Ia-Ibl”*s5 and Ia-Id,l” it is seen that all six systems exhibit nematic 
mesomorphism at all compositions and a eutectic composition that, melts below :!;3.. 
either pure component. The principal variation between diagrams is in the shape d; 
of the nematic-isotropic transition curve. This is strongly concave upward for the 
system Ia-Id, almost linear for Ia-Ib and Ic-Id, and slightly concave for the other 
three systems. These results are consistent with the supposition’OJOg 31 that concavity 
reflects disruption of the mixed mesophase. Thus disruption appears to be greatest 
when the components are relatively dissimilar structurally (Ia-Id), and least when 
they are similar (Ia-Ib and Ic-Id). Further support of this view is provided by 
data for binary mixtures of higher homologs of I. The N-I transition curves for 
C,-C,, and C,-C, mixtures are highly concave, those for C,-C, and C,-C,, are less 
so, while the curves for C,-C, and C,-C,, are linear S20. Another factor that seems 
to play a role is the stabilizing effect on a mixed mesophase of a component that 
exhibits a very stable nematic mesophase as a pure compoundlo. The N-I transition 
temperature is a reasonable measure of mesophase stability. For the compounds 
under consideration here, the stability order based on this criterion is Ib>Ic>Ia>Id, 
and the three systems containing lb display N-I transition curves that are, at most, 
only slightly concave. Also, there is a maximum in the Ib-Ic N-I curve at cu. 
65 mole percent Ib and the hint of two maxima at ca. 65 and go mole percent Ib 
in the Ib-Id curve, This “buttressing” effect on nematic mesophase stability in 
mixtures at certain compositions has been observed before2Dv32. It was attributed 
to enhanced intermolecular attraction at these specific compositions resulting from 
optimum geometric arrangements of the parallel molecules. It is not illogical that 
such buttressing should ,be ‘accomplished best by a component like Ib with a proven 
ability to exert, strong intermolecular attractive forces, i.e., one that exhibits a 
highly stable nematic mesophase as a pure compound. 

If the selective affinity of nematic solvents toward linear, rodlike solute mole- 
cules is,-‘as it appears to be, the result of a steric discrimination by the parallel 

‘molecular alignment in the mesophase, the regularity of that alignment should 
influence the-degree of selectivity. Based on these premises, the relative molecular 
order in several nematic mesophases as a function of temperature has been estimated,, 
using the difficult separation of meta- and para-xylene .by GLC as the experimental 
crlterionl~. A. convenient- way to present ,the, data is to’ plot relative’ retention (a) 
01 +xylene (myxylene = 1.00) against. temperature. Plots of this type for several 
compositions of ‘the ‘systems .Ia-Ic, Ib-Ic; Ib-Id and Ic-Id, including ,the pure 
components and eutectic mixtures, are presented in Pigs. s-8. The selectivities of 
the various stationary liquid phases were determined at temperatures ranging 
from above the N-I transition point downward until crystallization occurred. 

: ;:.,When these’ figures,’ are, considered’ together with analogous plots for Ia-Ib 
and I,a+I&O,: several conclusions may. beI drawn. At a given temperature, :thd selec- 

5 
x 

ti,+es;“of:~: ,the ,’ nematic, .:mesophases of.,, tlie ,pure.. components are :in, the ,ordtik. 
Ib,$Ic+Ia>Id,;, (It .is necessary to extrapolate the Ib curve ‘,fof this comparison.) 
This, order is the same as that, ,of: ,their. N-I. transition tetiperatures, suggesting 

,, J:.,ci~~m.at*& 7r (I972) .233-242 
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that both parameters are measures of molecular regularity in the mesophase. 
However, the data for Ia and Ic indicate that the N-I transition temperature is 
only a rough indicator of molecular order, Although the transition points of these 
compounds are almost identical (135” and 136”), Ic is far more selective. Ia is 
unique in this group of substances in two respects: it is the lowest member of the 
homologous series and the only one of the four with an odd number of carbon 
atoms in the alkyl moiety. Other odd-numbered homologs should be studied to see 
if they, too, are poorly selective relative to even-numbered homologs with com- 
parable N-I transition points. 

In all of the plots, a increases gradually on cooling the isotropic liquid, which 
may be due, in part, to the increasing difference between the vapor pressures of 
nt- and $-xylene with decreasing temperature 33. However, it is also consistent with 
the development of some nematic molecular order in the stationary phase above 
the usually assigned N-I transition point 34. This must certainly be the explanation 
of the high selectivity (a = 1.03) displayed by Ib just above its N-I transition 
temperature (Pigs. 6 and 7). 

On further cooling, there is a rapid increase in a at the transition point as 
*the nematic mesophase forms and displays a strong preference for the para isomer. 
Below the transition temperature, a continues to increase with cooling until the 
nematic liquid crystallizes. Thus, the value of a is maximal at the lowest possible 
operating temperature. From a practical standpoint, this amax. value is optimum 
and it is a convenient parameter for comparison of the various nematic stationary 
phases in terms of maximum selectivity and molecular order, In Table II, the 
mesophases that were studied in this work and in ref. IO are listed with their com- 
positions, amax, values, and the temperatures at which these values were obtained. 

TABLIZ II. 

MAXIMUM VALUES OF Ct FOR p-XYLENE (WZ-XYLENE = I .00) OBTAINED WITH Nl%MhTIC STATIONARY 

LIQUID PHASES IN GLC 
-v 

Slatiowary liqacid phase ColunzVa amax. 
ten@. (“C) 

Ib-Ic (35 mole yo Ib) 1.13 
Ib-Ia (40 mole oh Ib; cutectic)n z:: (99)” 1.11 (I,IO)b 

Ib-Ic (34 mole oh Ib; eutcctic) 1.10 

lw 1:: (140)" I.10 (r.og)b 

Ib-Id (64 mole y. Ib) 98 I.10 

Ic 10s I ,085 
Ic-In (64 mole oh Ic; eutcctic) SO I 908 
I&Id (55 mole oh Ic) 72 1.08 
I&Id (22 mole o/o Ib; eutectic) I .07 
&Id (48 mole o/o Ic: eutectic) ;: 1.07 

80 I .07 
Id-IS ($93 molt Oh’ Id; cutcctic)a 1.07 
Id-In (66 mole y. Icl)a ;“o 1.06 

Id-In (39 m,ole y. Id)” I.05 

1aa 1:; (I 19)” 1.04 (1.04)” 

Id-la (x8 mole oh Id) * 110 1.03 ’ 
i 

. ,. ,. .’ / a Ref, 10.’ / 

b Values reported by KELKER et aE.7. 
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It should be stressed that the separation of an- and $-xylene by GLC is a clas- 
sically dificult one so that a values greater than 1.05 are outstanding. On this basis, 
most of the stationary phases in Table II can be classified as highly selective and 
several are exceptionally so. The amax. values of the pure homologs are in the order 
Ib>Ic>Id>Ia (the positions of Ia and Id are reversed relative to the order for 
a determined at a given temperature because the minimum operating temperature 
for Id is so much lower: So” vs. rrg”). On examining the table further, one sees 
that the order in which the pure components contribute to the selectivities of the 
mixed mesophases is also Ib>Ic>Id>Ia. I.e., Ib mixtures have, in general, higher” 
amax, values than Ic mixtures, etc. Also, in the systems for which several mixed 
compositions were studied, selectivity increases with increasing concentration of 
the more selective component. Similarly, the Ic-Ia eutectic mixture, which has 
a high content of Ic, is very selective (amax, = 1.08). These results negate the rule 
of thumb that the eutectic composition is likely to be the most selective mixture 
in a binary nematic system, since it has the lowest melting pointlo. Apparently, 
a balance must be struck between the molecular ordering effects of the more selective 
component and of the minimum operating temperature in order to achieve maximum 
selectivity. E.g., it seems probable that Ib-Ia mixtures rich in Ib, which have 
not been studied, would display higher selectivity than the eutectic composition. 

The data in Table I I further show ‘that nematic mixtures of homologs of I 
are most selective when the pure components are highly selective and have alkyl 
groups of comparable length. Thus Ib-Ic and Ib-Ia mixtures have the highest 
amax, values in the table. Even when the alkyl groups differ considerably in length, 
as’in Ib-Id mixtures, performance is excellent if one component is highly selective 
and present in high concentration. 

Having established the selectivities of these nematic stationary phases toward 
WZ- and $‘-xylene, their effectiveness in the separation of other close-boiling meta- 
para isomer pairs was determined. The data are summarized in Table III along 
with results for a silicone stationary phase for comparison. The nematic phases 
are arranged in the same order as in Table II, i.e., descending order of effectiveness 
in separating m- and $-xylene, and it is seen that the relative retentions follow a 
general trend in the same direction in Table III also. All of the nematic liquids 
are highly selective (a values r,og-1.28). 

. . 

CONCLUSION 

The use of nematic mixtures appears to be a promising route to stationary 
liquid phases that are highly selective toward solutes on the basis of molecular 
shape. The results for homologs of I suggest the following guidelines for choosing 
components for such “superselective” mixtures: 

(I) At least one component (‘A) should exhibit a very stable nematic mesophase 
(have a highN-I transition point). 

(2) The other component(s) should be compatible with A in the sense that 
the mixture also’has a very stable, well ordered nematic’mesophase. 

(3) Ideally, the mixture should have a high concentration of A.’ and a low 
freezing point. In these circumstances, advantage may be taken of the molecular 
ordering effects of both A and low temperature. ” 
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GLC OF 4,Lt’-DI-n-ALICOSYAZOSYB@NZENES AND THEIR MIXTURES. 111. 24= 

TABLE IT1 

vhtwzs 0P GC Porz ~-IZTI*YI+TOLUENE, p-DICHL~ROBEN~ENE ANT:, ~-LIE~HYLANISOLI~ (,wwla ISOLII~R = 
I .OO) ON NEMATIC STATIONhIiY LIQUID PHASES 

Ib-Ic (55 molt 0h Ib) 
11~Ia (40 xnolc y0 Ib)” 
Ib-Ic (34 mole y0 Ib) 
Ib” 
IC 
Ic-In (64 r11olc “4 Ic) 
Tc-ICI (55 11101e O/o Ic) 
Ib-Icl (22 molt y0 lb) 
k-m (4s molt yo Ic) 

Iclh 
‘I$‘” (73 1llOlC y. Id)” 

S‘E-30 Silicoric 

90 1.17 1.22 1.21 
100 I,ISC 1.25 I.23 
92 1.19 1.25 I.19 

141 I.15 1.2G 1.15 
108 1.12 I.JS 1.14 

96 1.22 I.22 I,15 
57 1.11 1.14 
SG 

J.14. 
I.11 I,15 1.15 

94 1.10 I.15 1.14 
55 I.09 x.11 1.13 
7.5 I.11 1.17 I.IG 

SZO I.09 1.17 I.12 
100 1.01 1.04 I .02 

n For tho mesomorphic stationary phases, the column temperature is in the lower part 
of the ncmatic range. 

1’ Ref. 10. 
0 KELICEIX et a2.’ rcportccl the same a vnluc at gg”, 

Criterion (1) is easy to apply, but at the present state of knowledge, criteria 
(2) and (3) require an empirical, trial-and-error approach. E.g., the anil II (N-l 
transition point 363”) is obviously a likely choice for component A. However, 
its compatibility with the structurally dissimilar Ia (the N-I transition curve for 

(11) 

this binary system is convex upward) and the very low operating temperature of the 
eutectic composition (60”) were not anticipated lo. Ternary, quaternary or even 
more complex mixtures are attractive in that 
amounts of several components disrupting the 
lowering the melting point substantially, while 
the mesophase. 

one can imagine relatively small 
crystalline lattice of A, and thus 
being quite compatible with A ic 

ACKNOWLEDGEMENT 

Support of this work by a grant-in-aid from the University of North Carolins 
at Greensboro Research Council is gratefully acknowledged. 

REFERENCES 

I G. H. BROWN AND W. G. SWAW, Ckem. l&w.. 57 (1957) Io4g. 
2 G. W. GRAY, Moleclrlar Slvuctzwe and the Pvo#erlies of Liquid Crystals, Academic Press, Nov 

York, 1962, 
3 H. KELKER AND E. VON-SCHIVIZHOFPEN, Adv, Clwomatogr. 6 (1968) 247. 
4 H. KELKER, ‘Ber, Rulzsenges, ‘P?bys. Chm., 67 (1963) 698, 

J, Ch+‘o8?ZatO@‘.. 71 (1972) 233-24’ 



242 M. A. ANDREWS, D. C. SCNROEDER,J. P. SCHROEDER 

5 'I-1. KELICER, Z. Anal. Chcm., 198 (1963) 254. 
6 M. J, S. DIXWAR AND J. P. SCHROEDER,J. Amer. Chem. SOIL, 80 (1964) 5235. 
7 H. MELICER, B. SCHFXJRLE AND H. WINTERSCHBIDT, Anal. Chim. Acta, 38 (x967) 17. 
8 M. J, S. DIZWAR, J, I?. SCI~ROIZDIUZ AND D. C. SCHROEDER,J. Ovg. Clzellr.., 32 (1967) 1692. 
g H. KELICER AND A. VERHELST,,J, Cltromatogv. Scz'., 7 (x969) 79. 
IO J. I?. SCHROEDER, D. C. SCUROPDEI< AND IM. KATSIICAS, in J. P. JOMNSON AND R. S, POINTER 

(Editors), LiquidCrystals and OvdcredFZzcids, Plenum Press, New York-London, 1970, I>. Ifig. 
IL L;'C. CI-~OW AND D. E. MARTIRE, J. Phys. Chcm., 73 (IgGg) 1127. 
12 H. KELI~ER AND H. WINTERSCHEIDT, b. AnaE. Chem., 220 (1966) I. 
13 1% KELKER, Abh. Deut. Ahad. Wiss. Ber+iw. KC. Chem., 

67 (1967) 76516b. 
Geol. Mol., No. 2, (1966) 49; C. A., 

14 W. L. ZIELINSICI, JR., D. H. FREEMAN, D. E. MAIXTIRE AND L. C. CHOW, AWL Chem., 42 
(1970) 176. 

15 D. E. MARTIRE, P. A. BL~SCO, I?, I?. CARONE AND H.VICINI, J. Plays. Chent.. 72 (1965) 3489 
IG T. KALLARIY (E&or), LiquidCrystals and Tkeir~Applicatiolas. Optosonic Press, New Yorlc, xg7o 
17 G. R. LVCICNURST, Q. Rev. (Londolz), 22 (xgG8) 179. 
38 J. E. GOLDMACHZXZ AND J. A. CASTIZLLANO,~Y. Pal. 1,170,48G,Nov. 12, 1909. 
19 A. PRINS, Z. Pl8y.s. Chean. (Le,ifizig), 67 (Igog) 689. 
20 H. ARNOLD AND H. SACKMANN,%. Plays. Chem. (Leipzig),213 (1960) 145. 
21 H. SACI~MANN AND D. Dqvs, (Leipzig),Z. Hays. Chem. (Leipzig), 222 (1963) 143, 

22 G. W.GRAY AND I% JONES, J.Chem. Soc.,(Ig54) 1467. 
23 M. J. S. DIZWAR AND R. S. GOLDBERG, Tctvahedron L&t.. 24 (x906) 17.17, 
24 W. DAVIES AND R. A. R. DOWN, J. Cltena. Sot., (1929) 586. 
25 R. S. POIXTER AND J. F. JOHNSON, J. Phys. Cl&em., GG (x962) 1826 
26 I. I?, I-IOMFRAY. J. Chcm. Sot.. 97 (rgro) 1669. 
27 W. MAIIZR AND G. ENGLERT, Z. Pltys. Clrem. (I;ran/zfiwt am Mai?a). rg (x959) I@. 
28 C. WEYGAND AND R. GABLER, J. Pvaht.Chem., 155 (1940) 332. 
zg J. P. SCFIROEDIZR AND D. C. SCNROEDER, J. Oug. Chem., 33 (IgG8) 591, 
30 J. S. DAVB AND M. J. S. DEBAR, J. Chem, Sot., (1954) 4G1G. 
31 J. S. DAVE AND M. J. S. DEBAR, J. Chem. Sot., (1955) 4305. 
32 E-1. SACKMANN AND D. DIZMVS. 2, Pibys. Chem. (Leipzig), 224 (1963) 177, 
33 W. A. WISEMAN, Nnturc, 185 (1960) 841. 
34 N. A. TOLSTOI, Zk. Eksp. Tcor.Iriz., 17 (1947) 724. 

J. 'C?WOWZatO@'., 71 (1972) 233-242 


