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Influence of Cyclohexanone Admixture 
on Molecular Arrangement Order S 
of Cholesteryl Nonanoate 
P. ADAMSKI, A. HOLWEK, A. DYLIK-GROMIEC, and 
M. WOJCIECHOWSKI 
Institute of Physics Technical University of idd i ,  
Wolczanska 219. 93-005kodi  Poland 

(Recriwd Nowrnher 13, 1978; in f ind  form July 31, 1979) 

The influence of a cyclohexanone admixture on molecular arrangement order S of cholesteryl 
nonanoate has been investigated. The refractive indices of the four mixtures containing 1.96 :;, 
3.82%, 5.67% and 7.50% cyclohexanone in nonanoate as a function of temperature were 
measured using an Abbe refractometer. A calculation of the order parameter S based on the 
following formula S = az-ay/aI-aq was performed. Values of the principal polarizabilities in 
this expression were counted from the Lorentz-Lorenz equation and from Vuks’ formula. 

From the data obtained, the results show that the order parameter of the mesophase of the 
nonanoate solutions in the given range of concentrations do not differ from the order parameter 
of the mesophase of pure nonanoate. The non-mesogenic substance, affects only the temperature 
value decreasing the mesophase transitions. 

The characteristic property of the mesophase of liquid crystals is its long 
range orientational order which may extend on very large number of mole- 
cules. One of the earliest definitions of this molecular arrangement order 
S was proposed by Zwetkoff’ as: 

(3 cosz 8 - 1) 
2 

S =  

where 6, is the angle between the long axis of molecule and the optic axis of 
mesophases. In 1960 Maier and Saupe’ have presented a molecular theory 
of nematic phase. Ten years later McMillan3 presented theory for the smectic 
A phase of liquid crystals. The investigations of these phenomena as bire- 
fringence, dichroism and nuclear magnetic resonance may be used to cal- 
culate the molecular arrangement order S.  The arrangement order parameter 
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54 P. ADAMSKI er al. 

S of nematic liquid crystals have been the subject of many experimental and 
theoretical s t~dies .~-"  The arrangement order parameter S studies of the 
cholesteric and smectic liquid crystalline structure are few in 
Studying those papers, we drew conclusion the investigations of the S were 
made for the pure liquid crystals also their mixtures. 

In this paper we wish to report on the investigation of the effect of addi- 
tion of foreign nonliquidcrystalline substance on mesomorphic structure 
and molecules arrangement order S .  

Cholesteryl nonanoate (C36H6202) and cyclohexanone (C6HlOO) we 
used for the investigation mentioned above problem. As admixture we have 
chosen cyclohexanone for the sake of high temperature of boiling point and 
density which is similar to density of cholesteryl nonanoate. We made the 
four mixtures of these substances: 1.96%, 3.82%, 5.67%, 7.50% cyclo- 
hexanone in cholesteryl nonanoate. The arrangement order S of cholesteryl 
nonanoate and their mixture with cyclohexanone was obtained from formula: 

a, - a y  S = -  
ai - a, 

were a,, a, and a l ,  a4 are the average polarizabilities parallel and perpen- 
dicular to optics axes for mesophases and solid state, respectively. 

For the present the values of principal polarizabilities ai may be calculated 
by means of one of several approaches given by Vuks,16 Neugebauer,17 
de Jeu et a1.,I8 Barber0 et Saupe-Maier." In case of cholesteric esters 
Neugebauer's approach is not giving satisfactory results." Applying de 
Jeu's formula one ought to have information about magnetic susceptibility. 
In our work for calculation of the polarizabilities one decided to select the 
Lorentz--Lorenz equation and Vuks's formula. 

The values of principal polarizabilities ai (Tables I-V) were counted 
from Lorentz-Lorenz equation: 

and following Vuk's formula 

3M(n, + n,)An 
c(. = 
' 4nNd(iz2 + 2) 

where N is Avogadro's number, M is the molecular weight, ni are the prin- 
ciples refractive indexes and d is density. (Table I-V) the values a1 - a, is 
the average values counted from data which were obtained earlier by us'" for 
cholesteryl nonanoate. We used the Abbe's refractometer to measure the 
refractive indices of the aforesaid mixtures and using the method which was 
presented in work." The desired temperature of the sample was maintained 
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within A0.25" by pumping thermostated water through the copper 
block containing the sample. The accuracy of the refractive index measure- 
ments was better than 0.0005. 

The density of mixtures was calculated from formula: 

where d , (  T) ,  d 2 ( T )  are the densities of cyclohexanone and cholesteryl 
nonanoate in given temperature and cl, c2 are the concentrations by weight 
both the components respectively. The values ofd,(T) were obtained through 
linear extrapolation of cyclohexanone density given by Landolt,I4 but 
d2(T)  values were determined from the density vs temperature curve of 
cholesteryl nonanoate obtained by Price and Wendorff,' partly also 
through extrapolation of this curve. 

The results of refractive indices n,i n, (at /z = 589 nm) depending on 
temperature are set in Figure 1 and Tables (I-V) in which apart from this 
the results of polarizability calculations and the arrangement order are 
also shown. From the above data it results that arrangement order of meso- 
phase of the nonanoate solutions (in the given range of concentrations) 

1,53 

1,52 

1,51 

1SO 

1A9 

1,48 

FIGURE 1 
hexanone different mixtures and temperature. 

The relatlonship between refractive indices of cholesteryl nonanoate and cycio- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
39

 2
3 

Fe
br

ua
ry

 2
01

3 



INFLUENCE OF CYCLOHEXANONE ADMIXTURE 

TABLE VI 

Transition temperatures and temperature range of cholesteric and 
smectic mesophases for different mixtures of cholesteryl nonanoate and 

cyclohexanone 

61 

Transition temperature 
Concentration 

76 is-ch ch-sm sm-sol Tcho, T,,,, 

0 88°C 72 5°C 50°C 15 5°C 22 5°C 
I 96 85°C 69°C 37°C 16°C 32°C 
3 82 69°C 53 5°C 35°C I5 5°C 18 5°C 
5 61 59°C 41°C - 18°C - 

1 5 0  41 5°C 26°C - 15 5°C - 

does not differ from the arrangement order of mesophase of pure nonanoate. 
For the cholesteric mesophase the S lies the range of 0.2-0.3 but for the 
smectic mesophase it is in the range of 0.6-0.7. These values are consistent 
with the arrangement order S for pure nonanoate which was obtained in 
work." In Table VI there are temperature values corresponding to shifting 
of solution from the isotropic phase of the liquid to cholesteric mesophase 
and from the cholesteric mesophase to smectic mesophase. From this set it 
results that the temperature values of interphasal transition decrease sys- 
tematically as the concentration of molecules of admixture increases in 
the mixture. This means a change and shift of temperature range of existing 
mesophase in the low temperature direction as compared with the pure 
nonanoate. The molecules arrangement order S dependence on temperature 
and concentration of admixture is shown on the curve Figure 2. 

The study on the influence of concentration of foreign molecules on the 
molecules arrangement order of cholesteric liquid crystals can give us 
valuable information concerning the mechanism of forming the mentioned 
mesophase. The tests of the nonmesogenic constituent effect on the arrange- 
ment degree MBBA carried by Tolmacheff et ~ 1 . ' ~  also led to the similar 
conclusion that S does not depend on concentration. From the work" and 
also from our own investigation l o  it ensues that the nonmesogenic substance 
effects on decreasing the temperature value of mesophasal transition. 

We would like to give below our hypothesis explaining both these 
phenomena. The molecule of nonanoate is not symmetric and a side group 
possessing big freedom of rotation. In the cholesteric mesophase temperature, 
diapadon the side group, can have the shape of elongated zig-zag chain and 
the existence of this group causes the appearance of spiral structure of choles- 
teric mesophase. It's known that such spiral is characterized by appropriate 
pitch p which changes its value with temperature. The influence of tempera- 
ture on the side group can be marked with this that at high temperature this 
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P. ADAMSKI et al. 
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S 

ago 

0.10p 

FIGURE 2 The molecular arrangement order of cholesteryl nonanoate and cyclohexanone 
mixtures vs. reduce temperature AT(by Lorentz-Lorenz). 

group is more unwound, the zigzag chain is straightened. The decreasing of 
temperature causes that particular segment of the chain of the side group 
to occupy lower energetic positions, and the whole side group is like a 
round ball, as in chained molecules of polymers. In the author's point of 
view the above mentioned change of temperature affecting the shape of the 
side group has a deciding significance on the temperature value of the 
mesophasal transitions. Sufficiently strong wind ball of the side group seems 
to be the cause of possessing two mesophases-cholesteric and smectic by 
nonanoate. 

On the basis of winding phenomena of the side group in liquid crystals 
of cholesteric type, one can explain not only the existence of two mesophases 
in liquid cholesteric crystals but also decreasing temperature of phase shift 
with the increase of admixture concentration, and the fact of independence 
of arrangement order S from concentration (Figure 2). Addition of non- 
mezogenic substance causes the decrease of interaction of molecules of 
the cholesteric liquid crystals. The decrease of these interactions is the 
cause that mesophase transition can take place only at a lower temperature: 
isotropic liquid-cholesteric mesophase. Further fall of temperature of the 
solution causes the interactions of molecules of liquid crystal at lower 
temperature to become the same as in the case of pure liquid crystals at a 
higher temperature. 

In order to explain the second problem of impendence of S from concentra- 
tion of cyclohexanone, one should keep in mind the cause of setting arrange- 
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INFLUENCE OF CYCLOHEXANONE ADMIXTURE 63 

ment in the liquid crystal. The molecules arrangement order S of liquid crystal 
molecules depends on their asymmetrical construction. 

In our opinion one of the causes is the dependence of energy of interaction 
of liquid crystal molecules, not only on their distance, but also of their 
relative setting. Therefore, the change of S with the concentration is not 
visible in the experiment as well. 

Due to present difficulties our research did not include such a big con- 
centration for which the disappearance of liquid crystalline mesophase 
could be expected. So it is difficult on the basis of these tests to foresee the 
existing concentration limit and when eventually the concentration will 
start affecting the arrangement degree of liquid crystal. 
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