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SUMMARY 

Gas chromatographic measurements on selected nematic liquid crystals as 
stationary phases show a slight change in the slope of the log Vz vs. TV1 functions. 
IR measurements were performed in order to check this effect by an independent 
technique, by observing the temperature dependence of the position of the OH band 
of a-octanol, which was dissolved in the nematic phase. This position of the OH band 
was used as an indicator of intermolecular interactions and was compared with the 
log c data. Analogously to the GC measurements, the IR results also show dis- 
continuities in the voH vs. T-r function and in the slope of this function. Possible 
reasons for this behaviour are discussed. 

In a previous paper1 we described the application of mesomorphic phases, 
particularly nematic phases, of certain 4-n-pentylacetophenone G-(4-n-alkoxyben- 
zoyl)oximes as stationary phases in gas chromatography (CC). We examined Vz as 
a function of temperature, in order to obtain a basis for thermodynamic consider- 
ations. in the course of that work we considered it surprising that for the higher 
members of the homologous series (from the hexyloxyoxime ester) there was a slight 
change in the slope of the log VP” vs.T- r functions. For sake of clarity, we designate 
the higher temperature region of the nematic phase as nematic 2 for molecules pos- 
sessing more than five carbon atoms in their alkoxy chain, and the lower region as 
nematic 1. By this procedure we did not intend to introduce anything like the idea of 
nematic po!ymorphy. The changes in the slope were found in the middle of the 
nematic region. The slope of the log Vi vs. T-r function is less steep at higher tem- 
peratures, which indicates a decrease in the differential molar enthalpy of solution 
(--d&) in this region (negIecting the temperature dependence of the enthaipy of 
condensation, which is justified in such a small range of temperature, the differential 
molar enthalpy of solution becomes identical with the partial molar enthalpy of solu- 

- Dedicated to Professor Dr. Horst Sackmann on the occasion of the 60th anniversary of his 
birthday on February 3rd. 1981. 

002t-9673/8O/tlOCWXW /SO225 0 1980 Elsevier Went&z Fublishing Company 



370 A. K&BE, G. KRiUS 

tion). We were surprised by this result, because to our knowledge the behaviour of any 
nematic phase used in GC is uniform over its whole range of existence and also in our 
case a phase change does not occur. Very carefd calorimetric measurements* did not 
give any indication of a change of the phase in the range of temperature concerned. 

In order to check and to complete these measurement.+, we again used3 
infixred (IR) spectroscopy as an independent method and investigated two problems. 
Firstly, we added about 2% of 243ctanol to the octyloxyoxime ester (G) and to the 
pentyloxyoxime ester (C,). The positions of the OH bands of these particular solutions 
were recorded at 5°C intervals in the nematic range of C, and G. These positions 
were also believed3 to be indicative of moIecular interactions. Secondly, we recorded 
at the same temperatures the intensity behaviour of pure C, and Cz in the range 
9004400 cm-‘. 

EXPERIMENT;U 

The experimental conditions used in the GC work’ and the details of the IR 
measurements using mesomorphic phases3 have been described previously. For the 
additional IR investigations we used sodium chloride cells of 0.6 mm thickness and 
carbon tetrachloride (Uvasol grade; E. Merck, Darmstadt, G.F.R.) as a solvent. 

RESULTS AND DZSCUSSION 

Only qualitative results were obtained by measuring the intensities of the pure 
substances in the range 900-1400 cm-‘. From the spectrum of C, it can be concluded 
that the intensities of all bands in this range decrease uniformly from the melting point 
at 48.0°C up to about 75°C. Then, on increasing the temperature to 95°C (nematic- 
isotropic transition point = 96.O”C) the intensities of the bands remain nearly 
constant, with perhaps a very slight increase. Thus by this method we found qual- 
itative agreement between the IR and GC behaviour. 

The results obtained in determining the wavenumbers of the OH band as a 
function of T” are summarized in Fig. 1. Clearly there is a discontinuity in v,, and 
in the slope of this function when C, is used as a solvent. An analogous result was 
obtained by using the heptyloxyoxime ester as a solvent. Also, it is evident that there 
is no comparable change in the +,H VS. T -I function with C, as a solvent, but vOH 
varies about the same with respect to T- I. Similar results were obtained when the 
butyloxyoxime ester was used. 

An interpretation of our results should take into account three main points. 
Firstly, we may consider the thermodynamic relationships based on the previous 
result+; secondly, the properties of the hydrogen bond should be discussed: and 
lastly, we should take into consideration the behaviour of particular nematic phases. 

In order to obtain a basis for thermodynamic considerations, the average 
values of AH, and LI& of 22 organic compounds’ were calculated, using the nematic 
states and the isotropic melts as stationary phases. The differences in these values are 
summarized in Table I. 

Considering Table I, we should mention that there remain certain regularities 
in these differences. In particular, Table I can be used to compare the average ther- 
modynamic data obtained using C,-C, as stationary phases with the corresponding 
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Fig. 1. Wavenumbers (u, cm-‘) of the OH stretching band of 2-octanol in pentyloxyoxime and 
octyloxyoxime esters versus W/T (“Kml). 

TABLE I 

DIFFERENCES J.N THERMODYNAMIC DATA (AVERAGE FOR 22 COMPOUNDS GiVEN 
IN REF. 1) WHICH RESULT ON COMPARING THE BEHAVIOUR OF THE ISOTROPEC 
AND THE NEMATIC PHASES OF THE OXIME ESTERS AS STATIONARY PHASES 

n = carbon number in f&e dkoxy chain. 

Parafneter n . 

2 3 4 5 6 7 8 9 

AA& (W mol-I) 

AA& (J mol-’ “K-‘) 

Nemaric/tiotropic Netnaiic 2/isotropic 

7.1 4.2 8.0 3.8 11.8 3.4 3.4 7.6 

Nenmtic I/isotropic 

0.0 0.0 0.0 2.5 

Nemtic/isotropic Nemtic 2/isotropic 

15.5 0.0 8.8 6.7 IS.9 - 1.3 0.0 9.7 

Nenzatic I/isotropic 

-19.3 -18.9 --18.9 -10.5 

data for C& as stationary phases. Evidently the differences obtained for C,C, 
are in better agreement with the results for the higher temperature range of the 
C& oxime esters than for the lower range. Therefore we conclude that the higher 
temperature nematic state of the CCC, oxime esters is similar to the nematic state of 
C;-e, oxime esters. There are considerable differences between the data for the 
nexnatic 1 state of the C& compounds and the other-findings. In particular we 
should emphasize the decrease in entropy that occurs in this range, whichclearly 
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indicates an increase in the order of the arrangement of the substrate molecules, 
probably predominantly as a consequence of the higher molecular order existing in 
particular nematic regions, as is discussed below. Fig. 2, showing a --dH, vs. --dS, 
relationship, provides evidence of this behaviour. 

-AS* (3 l K-‘mai-‘) 

Fig. 2. Partial molar enthalpy of solution (4&) versus partial molar entropy of solution (LS,) in 
pentyloxyoxime and octyloxyoxime esters. I indic&es ffie isotropic and N the nematic state. The 
substrates are as follows: +. and -e--, C&Cl2 n-alkmzs; A and A, xylems; 0 and a,. 
chlorotoluenes; Cl and E, n-hexanol. in the nernatic or isotropic state, respectively; a, 0 and q , 
xyleaes, chiorotoluenes and n-hexanol, respectively, in the nernatic state at 6OO”C. 

The second point to be considered concerns the dependence of the OH 
frequencies of hydrogen bonds on temperature, particularly those of 1: 1 associates. 
We previously published some results concerning this problem+, and we shall base 
our considerations on those results. However, first it should be mentioned that the 
variation in the OH frequency with temperature for I :I associates causes some 
problems in the use of the Badger-Bauer rules, because the linear plot of in Kvs. T-l, 
which implies a constant enthalpy of association over the whole temperature range, 
does not agree with a varying AH. 

In principle, two effects should be responsible for the variation in vOH as a 
function of temperature. Both may be deduced from the properties of the potential 
curves of the hydrogen bonds, namely the anharmonicity and the steepness. Con- 
sidering that the wavenumber relating to the hydrogen bond interaction is about 
100 cm-‘, and in this instance hvtkT, then a considerable or even predominant part 
of the associated complexes will exist in an excited state of vibration. With increasing 
anharmonicity and increasing excitation there is a change in the equilibrium position 
of the proton, and consequently a change in the length of the hydrogen bond and 
also a change in voH. This effect will be less in the case of a stronger hydrogen bond, 
because then kTdoes not exceed trv to the same extent, thus causing a smaller number 
of excited associates. Similarly, there will be a smaller variation in voH in the case of 
a less anharmonic potential of the hydrogen bond. 

These considerations are sufficient to explain the changes in yOH. but cannot 
explain the change in the slope of z+, or even a discontinuity in yoH with varying 
temperature. As a possible reason for these effects, we can postulate the existence of 
at least two basic centres in the acceptor molecules, in the present instance the oxygen 
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and the nitrogen atoms. Owing to steric efkcts, which are dependent on the length of 
the alkoxy chains and also on the temperature, the accessibility of the different 
acceptor positions is changed, thus leadin g to different possibilities of forming 

hydrogea bonds. 
We tried to check this idea experimentally by dissolving 2-octanol (0.028 

mole/l) in carbon tetrachloride as a solvent. This solution shows only one sharp OH 
band due to the monomeric alcohol. Then a three-fold molar amount of heptyl- 
oxyoxime ester was added. In addition to the free OH band two associate bands now 
appeared (3490 and 3510 cm-r), which varied to slightly different extents on changing 
the temperature. Surprisingly, but not associated with our main problem, these 
variations do not obey the Badger-Bauer rule, which requires a higher increase in the 
lower wavenumber band on decreasing the temperature, but in this instance the 
intensity of the band near 3510 cm-l is more sensitive to the variation in temperature. 

Independent of this fact, we can infer in the nematic state also the existence of two 
(or more) basic centres per molecule, but because of the stronger interactions in this 
state the diKerent OH bands of the alcohol may not be well resolved. 

It should be mentioned that the hydrogen bonds represent only one aspect 
of all possible interactions, and therefore the occurrence of similar behaviour by two 
substances in forming hydrogen bonds is not sufficient to allow the conclusion that 

there are identical interactions and identical thermodynamic behaviour in the phases 
under investigation. 

The third point to be discussed, namely the properties of particular nematic 
phases, may perhaps be based upon the theory of cybotactic groups, which has been 
deduced from some X-ray patterns and was discussed in detail by De Vries6 and 
others. Whereas in the nematic state the molecules usually show a parallel arrange- 
ment of their longitudinal axis only, in the cybotactic groups there is a second param- 
eter of order. As was pointed out by De Vries, the parallel-orientated moIecuIes of 
the nematic state may form groups similar to a planar rhombus with angles of 45” 
and 135”. The formation of such groups may start at a temperature in the middle of 
the nematic region. 

In this instance we may consider the possibility that only the members with 
a larger number of carbon atoms in the alkyl chain possess cybotactic groups at lower 
temperatures. Such groups showing a higher degree of order may be responsible for 
the effects measured here. It is desirable to check the behaviour of the nematic phases 
under discussion by X-ray measurements. 

CONCLUSIONS 

The IR results are in clear agreement with those of the GC investigations. The 
changes in the slope of the log V,” vs. T-l functions in particular instances of nematic 
phases are also accompanied by a change in the slope of the OH band position of an 
alcohol as a function of T-r. 
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