
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Short and long range correlations in liquid crystals composed of non-rod-
like molecules
M. Massalska-Arodźa; H. Kresseb

a Henryk Niewodniczański Institute of Nuclear Physics, Kraków, Poland b Martin-Luther Universität
Halle, Halle, G.D.R.

To cite this Article Massalska-Arodź, M. and Kresse, H.(1990) 'Short and long range correlations in liquid crystals
composed of non-rod-like molecules', Liquid Crystals, 7: 3, 361 — 365
To link to this Article: DOI: 10.1080/02678299008033812
URL: http://dx.doi.org/10.1080/02678299008033812

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299008033812
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LlQUiD CRYSTALS, 1990, VOL. 7, NO. 3 ,  361-365 

Short and long range correlations in liquid crystals composed of 
non-rod-like molecules 

by M. MASSALSKA-ARODZ 
Henryk Niewodniczanski Institute of Nuclear Physics, 3 1-342 Krakbw, Poland 

and H. KRESSE 
Martin-Luther Universitat Halle, Sektion Chemie, PSF Halle, DDR-4010, G.D.R. 

(Received 29 March 1989; accepted 4 September 1989) 

Dielectric data of a polymer siloxane derivative have been analysed. The 
deviation from the Debye behaviour has been interpreted using the many body, 
cooperative model. Comparison with the results for liquid crystals composed of 
elongated molecules has been made from the point of view of short and long 
range correlations. 

1. Introduction 
A growing number of dielectric relaxation data show that simple Debye behaviour 

is hardly ever observed experimentally in imperfectly structured materials [I]. It has 
been found [2] that the asymptotic frequency dependence of the electric susceptibility 
~ ( w )  = ~ ' ( w )  - i ~ " ( w )  is universal for various materials. The behaviour given by 

~"(0) N ~'(0) - ( a / a r n a x Y - ' 2  for o > o,,,, (1) 

~"(0) - (~'(0) - ~'(0)) - (W/Wmax)m for Q < o m a x ,  (2) 
is observed over many decades of frequency with 0 i n, m < 1 where w is the 
angular frequency and urnax( = 27cv,,,) is a characteristic relaxation rate. The par- 
ameters n and m (illustrating the shape of the dielectric response) together with ~ ' ( 0 )  
and w,,, can give a complete description of the relaxing system. In the cluster model 
[3] admitting that the reorientation of each molecule goes via cooperative rearrange- 
ment of its neighbours the parameters n and m give information about the extent of 
the correlation of intra-cluster and inter-cluster motions. They can be understood as 
a measure of the structural ordering in the relaxing system on the local and long range 
level. The case with n + 0 and m -+ 1 corresponds to systems which consist of 
independently relaxing molecules and recovers the Debye limit. The opposite case 
with n -+ 1 and m -, 0 corresponds to a fully cooperative response, typical of crystals 
with a perfect structural lattice. The behaviour of the relaxation process occurring in 
imperfectly ordered materials is intermediate between those two limits. The equation 
of motion for dielectric response function $( t )  

d2$/dt2 + t-'(2 + n + a,,,t)d$/dt + t '(n + orndxt(l  + m))$ = 0, (3) 

has been proposed [4] to describe the time evolution of various systems during 
the relaxation phenomenon. The conservative nature of this second order equation 
is weakened progressively in time, due to the time dependence of the force 
constant - (n  + o,,,t(l + m))tP2 and damping factor - ( 2  + n + wrndxt ) t r ' .  The 
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362 M. Massalska-Arodi and H. Kresse 

solution of equation (3) can be obtained analytically giving ~ ( o )  as [3, 41 

~ ( w )  = x’(O)*(I  + ico/con,ax)’ “**F, ( I  - n, 1 - rn; 2 - n; (1 + iw/comdx)-’), 

(4) 
where Z F ,  is the hypergeometric Gauss function. The high and low frequency limits 
of this expression have already been given in equations (1) and (2), respectively. 

We have applied this non-Debye approach to the interpretation of the kHz 
relaxation data [6] observed for a side chain polymer with a liquid-crystalline phase. 

2. Experimental details 
To investigate the dielectric properties of the side chain siloxane polymer the 

complex capacity C = C’ - iC”, (C’ is the real part, C” is (2nvR) ’ where R is the 
resistivity) has been chosen [6] instead of the permittivity. The measurements were 
performed on a modified Sawyer-Tower bridge using a voltage of about 5 V .  The 
sample was placed in a microcapacitor 0.5 cm2 in area and with a 0.025 mm separation 
between the electrodes. No orienting magnetic field was applied. The capacity has 
been studied for several temperatures during slow cooling of the sample from 342 K 
to 295 K in the frequency range from 2 Hz to 10 kHz. Due to ionic transport [6], part 
of the C“ data at low frequencies, deviates from the log C”(10g v )  linear behaviour and 
so was excluded from further consideration. 

Figure 1. Master absorption curve for the siloxane side chain polymer in a double logarithmic 
scale. The curvc has bccn obtained by the appropriate shift of the log Cjlog v) curves for 
cach temperature along both coordinate axes. The magnitude of each translation is given 
by the vector connecting the reference point, i.e. the dot in the circle, whose position was 
chosen arbitrarily, and the encircled point being the trace of the reference point after 
shifting the data. The absolute values of v,,, can be obtained after symmetrical reflection 
of each encircled point with respect to the dot in the circle. 0 = 295.3 K, 0 = 306.8 K. 
v = 316.3K, * = 325.3K, x = 330.8K, 0 = 336.3K, A = 341.3K. 
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3. Results and discussion 
The complex capacity data for the polymer siloxane derivative analysed in [6] 

using the Cole-Cole representation has demonstrated, in kHz frequency range, only 
one complex relaxation process (a z 0.16) related to reorientation of the side chain 
around the silicon chain. The temperature dependence of the estimated relaxation rate 
has indicated a typical glassy behaviour with To of 243.7K. 

In figure 1 the dielectric absorption is illustrated by the frequency dependence of 
the capacity of the sample in the double logarithmic scale in the compact form. 
The log C”(1og v) response curves have been shifted at  each temperature along both 
coordinate axes to obtain the single master absorption curve. Superimposition of a 
number of experimental curves enlarges the effective frequency range of dielectric loss 
and reduces the experimental inaccuracies. The scaling procedure (described earlier 
[2, 3, 71) is possible due to the form of the frequency dependence of the susceptibility 
(and capacity) proposed by equation (4). In figure 1 the scaling has been done 
with respect to vmaX at the temperature chosen of 306K; the reference point is 
marked by the dot in the circle. The experimental points for this temperature, 
represented by dots, are the only ones on the absolute scale. The encircled points 
represent the traces of the reference point after shifting the respective absorption 
curves. 

2 3 4 5 6 7 8 

log(V/Hz) 
Figure 2. The dielectric response of the polymer siloxane derivative, swallow-tail com- 

pound (the substituted benzylidene malonate with a cyano-side group [5]) and 4-n- 
octyloxyphenyl-4-n-heptyloxybenzoate. For each substance the master absorption curve 
has been scaled with respect to  the peak loss at  the temperature close to 350 K. 
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Table 1. The shape parameters for molecules in liquid-crystalline or plastic phases. 

Shape 
parameters 

No Substance Phase diagram m n 

1 C8OIOC.it C 335K Sc 343K SA 361 K I 0.96 0.13 
2 polymeric C 317K SA 443K I 0.55 0.4 
3 cyclohexanol Phase I1 267K phase I 298 K I 0.61 0.41 
4 swallow-tailed C 333 K SA 373 K N 404K I 0.81 0.5 

(racemic mixture) 

?No large difference between thc dynamical properties of the SA and Sc phases has been 
found [7]. 

In figure 2 we show master absorption curves for the liquid-crystalline phases of 
4-n-heptyloxyphenyl4’-n-octyloxybenzoate [7], and of the swallow-tail compound [ S ] ,  
in both cases for the parallel component of the permittivity, and of the polymer siloxane 
derivative scaled to the temperature close to 350 K. (Due to  very different values of 
clearing temperature (see the table) it was impossible to present the data at the same 
reduced temperature, i.e. (TLc., - T )  for each material.) As the v,,, values are on an 
absolute scale we can compare the characteristic rates of the cyano-biphenyl reorien- 
tation around the main chain and of reorientations around the short axes of two other 
types of molecule. In the table the n and m parameters determined from the linear 
wings of the master absorption curves are collected together with typical results for 
plastic crystals [2]. In all cases the n values are not zero, unlike the Debye model. 
However, for the example of rod-like molecules n is rather small, which corresponds 
to weak coupling of their reorientations around the short axes. In other cases the n 
values are much larger. In the smectic A phase of the swallow-tail compound it is due 
to the antiparallel pairing of the molecules which has been observed experimentally [ S ] .  

For the siloxane side chain polymer the deviation of the observed relaxation from 
the Debye limit is significant. The increase in the short range order can be explained 
by both the interaction of the neighbouring CN dipoles and the relatively fixed 
positions of the side groups with respect to the main chain. The relatively high long 
range order (in comparison with the other two examples of liquid crystals) may be 
connected with the coupling of the cyano biphenyl motion with the main chain 
movement via the spacer group. The reorientation of the side group as a whole are 
rare and occur via large rearrangement of the non-polar spacer groups and non-polar 
back-bones in the environment; this causes a considerable reorientation of other 
dipoles and/or molecular units. Studies of the influence of the chemical structure of 
the main chain on the mobility of the side groups and on the glass transition 
temperature [6] provide experimental evidence to justify such an interpretation. 
Moreover it seems that the size of the local and long range correlations in the liquid- 
crystalline polymer is similar to that in plastic crystals [2]. In their structural organis- 
ation the role of the crystal lattice transmitting energy/ information through the whole 
sample is replaced by the long back bone polymer groups. 

4. Conclusions 
The kHz-frequency relaxation observed for the smectic A phase of the polymer 

siloxane derivative has turned out to have the power law behaviour differing signifi- 
cantly from the nearly Debye form in compounds with rod-like molecules. In the side 
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chain polymer a cooperative motion of polar side groups is predicted in which the 
spacer and the main chain take place. 

The authors express their thanks to Professor Jerzy Janik for his interest and 
valuable discussions. 
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