
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 06:08
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

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

The Determination of the
Elastic Constants of Nematic
Liquid Crystals
W. H. De Jeu a , W. A. P. Claassen a & A. M. J. Spruijt
a

a Philips Reseaerch Laboratories, Eindhoven, The
Netherlands
Version of record first published: 21 Mar 2007.

To cite this article: W. H. De Jeu , W. A. P. Claassen & A. M. J. Spruijt (1976): The
Determination of the Elastic Constants of Nematic Liquid Crystals, Molecular Crystals
and Liquid Crystals, 37:1, 269-280

To link to this article:  http://dx.doi.org/10.1080/15421407608084362

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407608084362
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

6:
08

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Crvsf., 1976, Vol. 37. pp. 269-280 
@ Gordon and Breach Science Publishers, Ltd., 1976 
Printed in Holland 

The Determination of the Elastic 
Constants of Nematic Liquid Crystals? 
W. H. DE JEU, W. A. P. CLAASSEN, and A. M. J. SPRUIJT 
Philips Research Laboratories, Eindhoven, The Netherlands 

(Received September 17,  1976)  

The elastic constants K,, and K,, are calculated from the threshold field H, associated with the 
Frederiks transition in a magnetic field of a uniform planar and a horneotropic layer, respectively. 
Theelasticconstant K , ,  isdeterminedindirectly usingatwistedplanar 1ayer.Theerrorsassociated 
with the determination of H ,  are critically evaluated. In particular the anchoring conditions at the 
boundaries are found to have an important influence on H , .  Results for all three elastic constants 
of PAA and MBBA are given. In general our values for K , , and K,, are substantially higher than 
those reported in the literature. 

1 INTRODUCTION 

In the nematic liquid crystalline phase' the elongated molecules are, on 
average, aligned with their long axis parallel to a preferred direction that can 
be labelled by a unit vector n (the director). The centres of mass of the mole- 
cules are distributed at random. In an ideal single crystal of a nematic n is 
uniform over the whole sample. However, in many practical circumstances 
such an ideal configuration is not compatible with the constraints imposed by 
the walls of the container: n will vary in space. For a distorted nematic the 
space variations of n are small over molecular dimensions and a continuum 
description of the nematic liquid crystal can be used. In the bulk of a nematic 
sample three types of distortions can occur: splay, twist and bend. The 
associatedelasticconstantsareK, ', K z 2  andK,, , respective1y.Thedistortion- 
free energy (per unit volume) of a nematic is given by'*2 

F ,  = j [ K ,  ,(div n)' + K,,(n. rot n)' + K,,(n x rot n)']. ( 1 )  

t Presented at the Sixth International Liquid Crystal Conference, August 23-27, 1976. 
Kent. Ohio (USA). 

269 

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

6:
08

 2
3 

Fe
br

ua
ry

 2
01

3 



270 W. H .  D E  JEU. W. A. P. CLAASSEN A N D  A. M .  J. SPRUIJT 

Much of the interest in liquid crystals is associated with the fact that the 
orientation of the director can easily be influenced by external stimuli. In the 
description of these effects the free energy due to the distortion always plays a 
central role. Consequently, knowledge of elastic constants of various liquid 
crystalline materials is of fundamental importance. Nevertheless, relatively 
little attention has been paid so far to the determination of the elastic con- 
s t a n t ~ ? - ~  Moreover, values from different sources of an elastic constant of a 
specific compound differ often by amounts up to 20 or 100 per cent (see for 
example Tables 3.1 and 3.2 of Ref. I).  In this paper we shall critically evaluate 
the determination of the elastic constants via the so-called Frederiks tran- 
sition, i.e. the onset of the deformation of a uniform nematic layer in a mag- 
netic field. This, together with an accurate determination of the anisotropy of 
the magnetic susceptibility, makes it possible to give a complete set of elastic 
constants for the nematic temperature range of p-azoxyanisole (PAA)  and 
N-(p-methoxybenzylidene-p-n-butylaniline) (MBBA). 

The theory of the Frederiks transition has been described extensively 
e l ~ e w h e r e . ~ . ~  In the presence of an external magnetic field H the elastic free 
energy Fd must be supplemented by a term F, describing the diamagnetic 
response of the material: 

F = --A X(n .H)’. ( 2 )  

x,, and xI are the (dimensionless) volume susceptibilities parallel and per- 
pendicuIar to n, respectively. In nematics the difference Ax = xII - xL is 
usually positive; the situation with n//H corresponds to minimum energy. 
Consider a magnetic field perpendicular to the director of a uniform nematic 
layer of thickness d. We assume fixed boundary conditions, i.e. the orientation 
of the director at the substrates is not influenced by the field (strong anchoring). 
Then the director pattern will be distorted only above a threshold field H,.4.8 
Using Eqs. (1)  and (2) H ,  can be calculated to be given by 

A1Hfd2 = K i i x 2 ,  (31 

where i = 1, 2 and 3 for the respective situations depicted in Figure 1 a. 1 b and 
Ic. If the upper boundary of a uniform planar layer (Figure I a) is rotated over 
an angle $, a twisted planar layer is obtained. This situation is depicted for 
$ = n/2 in Figure Id. The threshold field now is given by9 

Eqs. (3) and (4) can be used to determine the elastic constants of a given 
material, provided that the distortion of the director pattern can somehow be 
measured accurately. 
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ELASTIC CONSTANTS OF NEMATICS 27 1 

2 EXPERIMENTAL 

In principle any physical quantity that has a different value along and per- 
pendicular to the director can be used to detect variations of the director. A 
simple and convenient method is to make use of the anisotropy of the re- 
fractive index and to detect the transition optically. We consider the situation 
of Figure l a  and calculate the phase difference 6 between normally incident 
light that is linearly polarized along the x axis and along the y axis, re- 
~pec t ive ly .~ .~  The optical path of light polarized in the x direction depends for 
all values of H on the ordinary refractive index no. The effective index neff for 
the light polarized in the y direction depends on the deformation angle 0, no 
and the extraordinary index n,:  

( 5 )  neff = n,n,(nf sin' 6 + n', cos2 6)- ' j2 .  

The phase difference 6 is given by 

where J. is the wavelength of the light. With increasing field starting at H = H, 
a series of maxima and minima is found until neff = no for H % H,. The case of 
a homeotropic layer can be treated similarly. The determination of K 2 ' ,  
however, is somewhat more complicated. In the situation shown in Figure lb  
6 = 0 for all values of the field. The sample can be divided into two halves that 
give an equal contribution to 6 but of opposite sign. In order to detect the 
transition one has to use light. incident at a relatively large angle."*" In 
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212 W. H. DE JEU, W. A. P. CLAASSEN AND A. M. J. SPRUIJT 

practice this is fairly complicated if the sample is to be thermostated. There- 
fore we used an over 7c/2 twisted planar layer (Figure Id and Eq. (4)) from which 
the value of ( K ,  , + $ K 3 3  - iK,,)  can be determined. As K ,  , and K,,  are 
known it is thus possible to calculate K , , .  

If the refractive indices of the compound under investigation are known, it 
is possible to obtain either K ,  , or K , ,  from the threshold value of the field, 
and K ,  , /K,, from a least-squares fit of the experimental and theoretical 
curve of b ( H )  - b(0) versus H.6* '2  We found that in practice the quality of the 
fit is not very sensitive to small variations of An = n, - no,  while the ratio 
K , 1 / K 3 3  varies strongly with An.Thismakes this method rather ina~curate .~. '  

The monochromatic light source used is a Spectra-Physics He-Ne laser 
(model 133P, A = 632.8 nm, output 1.8 mW, 500 : I polarized). The nematic 
sample is placed between the poles of a magnet in an electronically ther- 
mostated oven, constructed on the lines of the inner part of the Mettler FP52 
heating stage. The temperature stabilization is of the order of 0.1"C. The 
current through the magnet is stabilized to better than 0.1 % and provides a 
maximum magnetic field of 13 kOe over a gap of 35 mm. Depending on the 
orientation of the director, the light beam is lead directly through the sample 
via two small holes in the oven, or indirectly via two mirrors. The intensity of 
the chopped light beam is measured with a photosensitive diode, amplified 
with a synchronous amplifier and fed to the y axis of an xy recorder. The 
continuously variable magnetic field is measured with a Hall probe; the Hall 
voltage is fed to the x axis of the recorder. The field is calibrated against an 
NMR unit. This is essential because commerical field-strength meters often 
have calibration errors of the order of 3-5 per cent. The first part of a 
typical run is shown in Figure 2. The laser, the oven and the optical accessories 
are mounted on an optical bench. Using micromanipulators the director of 
the sample in the oven can be positioned perpendicular to the field with a 
high precision. 

The nematic liquid is put between two polished glass plates. The plates are 
thoroughly cleaned in successive solutions on Teepol, KOH, and HNO, 
plus H,SO,. Then an appropriate procedure is applied to obtain well- 
defined boundary conditions (see next section). The plates are kept apart at a 
fixed distance by two tungsten wires (@ 50 pm) and sealed at two sides with 
epoxy resin. The thickness of the nematic layer is taken equal to the spacing 
between the two plates of the empty cell, which is measured interferometrically 
with an accuracy of about 0.5 per cent. 

The determination of an elastic constant requires in addition to the values 
of H, and d the value of Ax. The anisotropy of the susceptibility was obtained 
with an accuracy of the order of 1-2 per cent by measuring xl l  in the nematic 
phase and x = (xII + 2x,)/3 in the isotropic phase by the Faraday-Curie 
method. Details will be described elsewhere. l4 
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ELASTIC CONSTANTS OF NEMATICS 213 

- HIOe) 
I 

1000 2000 3000 

FIGURE 2 
in monochromatic light (PAA. 131"C, d = 47.7 pm). 

Interference pattern of a uniform planar nematic layer between crossed polarizers 

The following points were found to be important for an accurate deter- 
mination of H,: 

a) The theory assumes strong anchoring conditions of the director at the 
boundaries: 0 = 0 for z = 0 and z = d. In practice different surface treatments 
were found to give different values for H ,  (other conditions being equal). This 
indicates that in the presence of the magnetic field strong anchoring conditions 
are not fulfilled. There seems to be no separate method for checking the 
boundary coupling. However, it can be expected that the weaker the boundary 
anchoring the lower H c , I 5  

b) As the theory assumes equilibrium conditions, the variations of the 
field should be quasi-static. We observed that near the threshold d H / d t  had 
to be restricted to values 540 Oe/min. For H / H ,  > 1.1 a three times larger 
value could be used. 

c) It was found that the accuracy with which H is normal to n is very 
important. In Figure 3 the phase difference of the run of Figure 2 is plotted 
against the field. H, can be obtained by straightforward extrapolation. How- 
ever, for even small angles between H and the normal to n there is a strong 
roundingoffofthecurvenear H = H,.Thismakestheextrapolation toobtain 
H ,  difficult, and leads to values of H ,  that are too small.I6 

The errors associated with the points (a) and (c) probably can account for 
the large apparent discrepancies found in the literature. As these errors always 
lead to a decrease of H,,  a high value of a specific elastic constant is to be 
preferred to a lower one if Eq. (3) has been used. 
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214 W. H. DE JEU, W. A. P. CLAASSEN AND A. M. J. SPRUIJT 

15 

10 

5 -  

- 

- 

- H (Oel 
1 

1000 2000 3000 LOO0 5000 
Phase-difference versus magnetic field strength for the run of Figure 2. 

0 L 
0 

FIGURE 3 

When the treatment of the substrates includes rubbing, the boundary 
conditions are often not exactly tangential. If the angle between the director 
and the substrate is 8,, this leads to either a uniform tilt angle in the sample 
(Figure 4a) or to a tilt angle that varies from - 8 0  to 8, (Figure 4b). In the case 
of a twisted planar layer these two situations are connected with opposite 
twist directions, and can occur in the same sample. For small values of 0, this 
difference in tilt angle does not influence the value of H,, provided the direc- 
tion of the magnetic field is carefully optimized to give the highest possible 
threshold. In the case of a twisted planar layer of MBBA consistent values of 
H ,  were only obtained if the sample was cooled down from the isotropic phase 
in presence of a magnetic field parallel to the glass plates and at an angle with 
the rubbing directions. This ensured a correct uniform twist over the sample. 

If the angle between H and n is 90" or very close to this value there are two 
equivalent possibilities for the director to tilt in the direction parallel to H. 
Between two regions with different tilt angles inversion walls occur. These 
walls do not contribute to the interference pattern but only scatter light. This 
effect depends strongly on the quality of the original uniform texture. If this 
texture is really uniform no walls occur. 

f H  (a )  
........ . . . . . .. .....-. 
I...... - 

FIGURE 4 
tangential. 

The two possible director patterns if the boundary conditions are not exactly 
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ELASTIC CONSTANTS O F  NEMATICS 215 

3 RESULTS AND DISCUSSION 

When the methods described above are used to determine K,,,  K z t  and 
K,, the anchoring energy at the surface turns out to be the most uncertain 
factor. Various possible surface treatments have heen tested for samples of 
PAA. Rinsing of the substrate with chromic/sulphuric acid is the classical 
method of obtaining homeotropy. Using this method the values for K,,/Ax 
of PAA reported by Tsvetkov3 and by Saupe4 could be reproduced very well 
(see Figure 5).  Higher thresholds were found using substrates that were 

12 0 

10.0 

- T 
al 
C 

6 0  - 
X 

9 
x- 

4.c 

2.c 

0.c 

0 

X 

O x x x  
o x  

o x  ' . 

I I 1 I L I 

- 30 -20 - 10 0 
t -tNI(-cl- 

F lGURE 5 Elastic constants K , , / A x  for PAA. 
0 Tsvetkov (Ref. 3), 
x Saupe (Ref. 4). 

Madhusudana et a/. (Ref. 11 J, 
Filled symbols: this work. surface treatments: 
0 K 3 3  : 1 -dodecanol, 

K,,, K , l :  polymer film + rubbing, 

K ,  : rubbing + cremophor 0. 
A K 3 3 :  chromic/sulphuric acid, 

V K 3 3 :  CTAB. 
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exposed for about 30 minutes to I-dodecanol at 200°C and degreased with 
isopropanol afterwards. When additionally 0.1 % (by weight) cetyltrimethyl- 
ammoniumbromide (CTAB) was added to the liquid crystal a lower threshold 
was obtained. 

To obtain uniform planar samples of PAA the classical rubbing technique 
was used, while in addition the surfactant CH,(CH,), 5(OCH,CH2),,0H 
(cremophor 0, BASF) was added. The highest thresholds were obtained, how- 
ever using substrates coated with a polymer film of (-CH,-Ph-CH,-), 
(poly-p-xylylene) and gently rubbed afterwards. The values of K ,  JAx thus 
obtained are approximately 20 per cent higher than those reported by 
Tsvetkov or by Saupe (see Figure 5). Rubbing with cremophor 0 gives 
intermediate results for PAA. However, this seems to be due to the relatively 
high temperature used. For MBBA and other substances at temperatures 
below 80°C the thresholds obtained using poly-p-xylylene and cremophor 
0 were found to coincide. Substrates coated with obliquely evaporated SiO 
were found to give lower thresholds. 

Using substrates coated with poly-p-xylylene twisted planar samples of 
PAA were made. With the threshold for this situation and the new values of 
K '/Ax and K,,/Ax values are obtained for K,,/Ax using Eq. (4). These values 
agree very well with results reported in the literature (see Figure 5). These 
latter values were obtained using the configuration of Figure lb. Evidently it 
is relatively easy to obtain in the case of PAA strong anchoring conditions for 
a rotation of the director parallel to the substrate. Hence earlier results for 
K,,/Ax are probably more trustworthy than those for K , , / A x  and K,,/Ax. 

Samples of MBBA were made using the surface treatments with l-dode- 
canol (homeotropic) and poly-p-xylylene or cremophor 0 (uniform and 
twisted planar). The results for K,,/Ax are given in Figure 6. Again our 
values for K ,  and K,, are substantially higher than those reported in the 
literature. The results obtained for K,,/Ax are slightly higher than the values 
from Ref. 17. As K2,/Ax is obtained indirectly using Eq. (4) the highest values 
are now not necessarily the best ones. The difference with Ref. 17 is probably 
within the experimental accuracy. 

In Figures 7 and 8 we give results for Axg = A.x/p, where p is the density, of 
PAA and MBBA. For PAA our data agree very well with values reported 
earlier in the l i t e r a t ~ r e . ' ~ ~ ' ~  For MBBA there is considerable disagreement 
between the various authors. Our values agree essentially with those of 
Hallereta1.20,andalso within Spercent withthoseofSigaudand Gasparoux." 
Earlier results from Gasparoux et a1.19 give a rather different temperature 
dependence of Axg. These measurements should probably be disregarded 
because of the rather low NI transition temperature of the MBBA used. It is 
not clear why the values for Axgof Poggi et aL2* are so much higher than those 
of the others. Results from the literature for Axg of PAA and MBBA obtained 
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LO 
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- 30 -20 -10 0 0.0 1 

t-tNI(*C) - 
FIGURE 6 Elastic constants K i i / A ~  for MBBA. 

0 Haller (Ref. 5), 
x Greulich et al. (Ref. 7), 
0 Leenhouts et a!. (Ref. 17), 
Filled symbols: this work. 

with rotating field methods24 are considerably lower than the values given in 
Figures 7 and 8. 

Finally we give in Tables I and 11 a series of values of the elastic constants of 
PAA and MBBA. These were calculated with data for Kii /Ax and Axg 
obtained via interpolation using the full curves in Figures 5-8. From the 
reproducibility of the results for different samples it is estimated that Kii /Ax 
( i  = 1, 3) can be determined with an accuracy of about 2 per cent. This leads 
to an accuracy of the order of 4 per cent for K and K 33 and of about 10 per 
cent for K 2 2 .  The temperature dependence of K i i  of a single compound is 
obtained more accurately. It is difficult to estimate whether systematic errors 
are still present. In principle it cannot be excluded that other methods of 
surface treatment may give a higher anchoring energy and possibly higher 
elastic constant values. However, the good agreement of our values for K,JAx 
with other work indicates that this situation is not likely to occur. 
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-10 - 30 -20 - 10 0 
t - t N I " C )  -----b 

FIGURE 7 Diamagnetic anisotropy of PAA 
0 Foex (Ref. 18). ' 

x Gasparoux et ol. (Ref. 19). 
0. this work. 

TABLE 1 

Elastic constants of PAA (IN, = 135°C) 

25 
21 
17 
13 
10 

I 
5 
3 
2 
I 

~~ 

5.67 3.12 11.08 
5.51 2.99 10.46 
5.32 2.84 9.78 
5.10 2.68 9.05 
4.90 2.53 8.42 
4.68 2.38 7.71 
4.46 2.25 7.12 
4.19 2.10 6.43 
4.02 2.02 5.98 
3.83 1.93 5.45 

1.392 
1.351 
1.307 
1.261 
1.221 
1.158 
1.100 
1.010 
0.975 
0.920 

1.1737 
1.1703 
1.1667 
1.1630 
1.1601 
1.1572 
1.1551 
1.1528 
1.1516 
1.1504 

9.26 5.1 18.1 
8.71 4.7 16.5 
8.11 4.3 14.9 
7.48 3.9 13.3 
6.94 3.6 11.9 
6.27 3.2 10.3 
5.67 2.9 9.05 
4.93 2.5 7.56 
4.51 2.3 6.71 
4.05 2.1 5.71 

a Ref. 23 
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; 
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FIGURE 8 Diamagnetic anisotropy of MBBA. 
A Gasparoux et al. (Ref. 19), 
0 Sigaud and Gasparoux (Ref. 21), 
x Haller et nl. (Ref. 20). 
0 Poggi et nl. (Ref. 22), 

0. this work. 

TABLE I1 

Elastic constants of MBBA ( t N I  = 45°C) 

26 
22 
18 
14 
I I  
8 
6 
4 
2 
I 

5.16 3.62 7.46 
5.49 3.45 7.10 
5.22 3.30 6.13 
4.94 3.14 6.32 
4.69 3.01 5.98 
4.42 2.86 5.55 
4.21 2.70 5.21 
3.94 2.50 4.78 
3.52 2.24 4.29 
3.18 2.10 3.95 

1.236 
1.210 
1.170 
1.116 
1.070 
1.013 
0.967 
0.916 
0.847 
0.145 

1.050 
1.046' 
1.043' 
1.040 
1.037 
1.034' 
1.033 
1.0315 
1 .0305 
1 .0295 

7.48 4.1 9.68 
6.95 4.4 8.99 
6.37 4.0 8.22 
5.73 3.6 1.34 
5.20 3.3 6.64 
4.63 3.0 5.82 
4.20 2.1 5.20 
3.72 2.4 4.52 
3.07 2.0 3.14 
2.44 1.6 3.03 
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The methods described here were used to investigate the elastic constants 
of some homologous series of nematic liquid crystals. These results and a 
possible microscopic interpretation of the elastic constants will be published 
in the near future. 
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