
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 08:11
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

Comments on Piezoelectric
Effect in Liquid Crystals
Chungpeng Fan a
a Rutgers-The State University, New Brunswick, New
Jersey, USA
Version of record first published: 28 Mar 2007.

To cite this article: Chungpeng Fan (1971): Comments on Piezoelectric Effect in
Liquid Crystals, Molecular Crystals and Liquid Crystals, 13:1, 9-15

To link to this article:  http://dx.doi.org/10.1080/15421407108083533

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/10.1080/15421407108083533
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.
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Abstract-A study on Meyer's hypothesis for piezoelectric effect in liquid 
crystals is made. We find that according to his model the existence of a 
domain structure in nematic liquid crystals when placed in a constant electric 
field depends critically upon the magnitude of dielectric anisotropy.7 Both 
positive and negative dielectric anisotropy have inhibitory effect on the 
appearance of a periodic pattern. There is a critical value in the magnitude 
of dielectric anisotropy above which no periodicity can occur. Thermal 
fluctuations from equilibrium orientation pattern are studied by means of 
linearized dynamical equations. We find that with the piezoelectric coupling 
there will appear optical modes which are damped oscillations induced by the 
electromagnetic field besides the ordinary slow mode of relaxation. Under 
the simplifying assumption that the sum of two piezoelectric coefficients is 
zero, the change to the spectrum for the slow mode due to the proposed piezo- 
electric effect is vanishingly small. 

It has been demonstrated recently that(1) a nematic liquid crystal 
may develop domain structure under the influence of a constant 
electric field. Two different models for explaining this interesting 
phenomenon were offered by Bfeyer(2) and Helfr i~h(~)  separately. 
Meyer, with an analogy of piezoelectricity in ordinary crystal, pro- 
posed a coupling scheme between the electric field and the curvature 
of orientation pattern of the liquid crystal molecules by assuming 
that either splay or polarization is externally induced by the electric 
field. Helfrich, on the other hand, emphasized the role of conduc- 
tivity in liquid crystals and maintained that the orientation pattern 
is dynamically governed by an interplay of fluid flow, conductivity 
anisotropy and molecular orientation. We here shall study some 

t We were told by the referee that this has been discussed by R. Meyer in his 
unpublished doctoral dissertation, Harvard University, 1970. 
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10 MOLECULAR C R Y S T A L S  A N D  LIQUID CRYSTALS 

consequences of Meyer’s model in detail by including the effect of 
dielectric anisotropy and thermal fluctuations. It will be seen that 
the existence of a domain-like periodic pattern in Meyer’s model is 
critically influenced by the magnitude of dielectric anisotropy. 

The expression for the “ electric entha,lpy ” is given by Meyer. 

H E  = BK,, S2 + +K,,(n. V x n)2 + 4K3, B2 - e , ,  E - S - e 3 x f l  B 

1 
8rr 

- - [E i ( E  x n)z + E ,, (E  * a)’] 

where K,,, K,, and K3,  are elastic moduli of liquid crystals defined by 
Frank.(4) S and B are respectively so-called splay a2nd bending 
related to the curvature of the orientation. 

S = ( V . n ) n ,  

B = ( ? t - V ) n  = - n x ( V x n ) .  (2) 

el, and eSs are piezoelectric coefficients, while E II and are respectively 
perpendicular and parallel components of dielectric constant. We 
shall denote their difference, dielectric anisotropy by xa = ( E ,, - € L ) / ~ H .  

The expression in (1)  for the enthalpy can be greatly simplified 
if we assumed that e,, = - egX = e , and K,,  =K,, =Ka3 = K .  Let 
n, = cose, n, = sine. Then we have from (1)  and 12) 

(3) 
dB x 1 
dy 2 87r 

BE = 3 K (g) - e ,  E - - 2 E2 cos2 8 - - el E2. 

To find the equilibrium orientation pattern we minimize the 
ent.halpy (3) with respect to t9 and obtain the equation 

d28 
K--XaE2sinBcose=0. 

dY 

We note that this equation, except for a sign, is identical to an 
equation found by de Crenne~(~) in his work on cholesteric liquid 
crystals in magnetic field. Using the same analysis we can draw 
the following conclusions : 

(a) The domain width is expressible as follows 

2 = ( : ) , s O K ( k ) E ( k ) .  
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C O M M E N T S  ON P I E Z O E L E C T R I C  E F F E C T  1 1  

Where E(k)  and K ( k )  are complete elliptical integrals of first and 
second kinds and the eccentricity k is determined by 

This certainly reduces to the relation given by Meyer for xa = 0 where 
k = 0, 

TK z=-- 

(b) The periodicity of the domain structure only depends upon 
the ma,gnitude of dielectric anisotropy I ;(a 1 but not on its sign. This 
can be seen from the following reasoning. For negative xa Eq. (4) 
remains invariant when we change 8 into 8 + ~ 1 2  while Eq. (3) will 
be changed into the form 

(7)  e,  Eo - 

This expression (8) is the same as (3) except for a constant in the 
last term. Since the eccentricity k is determined from (4) by minimiz- 
ing the enthalpy the difference of a const’ant term in (8) does not have 
any effect. Therefore, the orientation pattern for negative xa is 
obtainable from positive xn by changing 8 into 0 + 712. 

(c) From Eqs. ( 5 )  and (6) we observe that there is a critical value 
for 1 x,, I beyond which the domain structure cannot exist. i.e. 

where 
Z = m ,  k = l  for I X a [ > ~ X X a / c  (9) 

This is a distinct feature in Meyer’s model that dielectric anistropy, 
either positive or negative inhibits the formation of a domain pattern. 
On the contrary it has been found that in Helfrich’s model positive 
anistropy has inhibitory effect while negative anistropy will stimulate 
the onset of an instability which will manifest itself in the form of a 
stationary convective flow at the margina.1 state. (le) So far experi- 
mental results seem to agree closely with Helfrich’s model. 

We shall study further the effeck of piezoelectricity on the fre- 
quency spectrum of the orientation fluctuation when it is perturbed 
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12 MOLECULAR CRYSTALS AND L I Q U I D  CRYSTALS 

from the equilibrium pattern. We assume for simplicity that 
dielectric anistropy xa is zero, fluctuation in n only occur in x-y plane 
and that all the dynamical variables depend upon z and y only. 
The equations of motion for the orientation n can be obtained from 
the hydrostatic and hydrodynamic theories of liquid crystals by 
Oseen,(') Frank,(4) Erickson,@) Leslie@) and Stephen.('O) Since we 
have complications here due to the coupling between electric field 
and orientation through the piezoelectric effect we have to supple- 
ment those hydrodynamic equations with the complete set of 
Maxwell's equations for electro-magnetic fields. In  fact, if we want 
to obtain the exact dispersion relation for the thermal excitation, 
we have to solve the whole set of coupled electro-magneto-hydro- 
dynamic equations for liquid crystals in a self-consistent fashion. 
Instead, we shall here content ourselves with n study on the relation- 
ship between the electromagnetic fields and orientation alone. The 
effect of viscous flow is summarily represented by a term of relaxa- 
tion for the director n. In  this approximation indeed the fast mode 
is neglected while only the slow mode of molecular relaxation is 
retained.(ll) In light of the fact that in both nemsLtic(ll) and 
cholesteric(12) liquid crystals for e ,  = 0 only the slow mode contributes 
to the light scattering spectrum and that these two modes are widely 
separated, we feel quite convinced that this is not too bad an 
approximation. With this we have the following self-consistent 
equations : 

n x KVan +e, ( (V n) E - V(E * n) [ 
D = 4~ e,[(V - n)n +n x (V x n)] + EE (11) 

1 aB V-D=47Tp, V x E =  -- - 
c at 

4a iao 
c c at 

V * B = O ,  V x H = - J + -  

B = H ,  J - a E  (14) 

V *  J + ,  aP =: 0 
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C O M M E N T S  ON P I E Z O E L E C T R I C  E F B E C T  13 

where y is the viscosity coefficient, p, J ,  D, E ,  B and H are respec- 
tively the electric charge, current, electric displacement, electric 
field, magnetic flux density and magnetic field in the system, 0 and 

are the conductivity and permittivity of the liquid crystal, and c 
is the velocity of light. We have here assumed that the electric 
current consists only of conduction current. Diffusion current is 
entirely neglected. 

The equations are linearized into the following version : 

[RV2 - +0]G - e,(V x E), = 0 117) 
where w is the frequency for the excitation, n" is the fluctuating 
component of director, i.e. ii = n, sinay -nu cosay, a = e, E,IK and 
E, being the constant applied field. 

Substituting (17) into (16) we obtain the dispersion relation as 
follows : 

($0 - K q 2 ) ( ~ ( i w ) 2 + h ~ ( i w )  +c2q2) -4ne,2(iw)aq2 = 0 (18) 
where q is the wave number. 
This expression clearly shows that in the spectrum for the orienta- 

tion fluctuation there exist optical modes besides the ordinary slow 
mode. The optical modes are induced by the electromagnetic fields 
and they are mixed with the slow mode by the piezoelectric coupling. 
We can easily show that the last term in (18) is vanishing small and 
the slow mode is entirely decoupled from the optical modes. We do 
this by first transforming Eq. (18) into a dimensionless form using 
the units for frequency and wave number : 

1 

where d is the spacing between the parallel plates across which the 
constant electric field E, is applied. 
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14 MOLECULAR C R Y S T A L S  A N D  LIQUID C R Y S T A L S  

We estimate t,he.value of e p  by using the expression for the domain 
width in (7) and the experimental values for K ,  Eo and 2 for 
p-azoxyanizole given by Heilmeier et aZ.(l) and He1frich.o) We find 
e p -  in cgs unit. Taking values K -  dyne, (I- lo3, 
y N 0.05, E - 5, d - 10-4. The three characteristic numbers in (19) 
are respectively : 

47ra yd2 ----lo 
E K  

47r e p  - N 10-2 
KE 

Since these numbers dBer largely in orders of magnitude, we can 
conclude that the last term in (19) is almost negligible, and that the 
hypothesis for a piezoelectric effect in liquid crystals does not bring 
significant change to the frequency spectrum except for adding a 
constant wave vector due to Rragg scattering from the periodic 
distorted structure. 

It should be emphasized that the conclusions we have drawn here 
is by no means contrary to what was given by the Orsay Group 
regarding a related problem.(13) They have discussed the frequency 
spectrum for fluctuatioiis from a uniform orientation pattern with no 
equilibrium distortion, and reached the conclusion that if the sum of 
the two coefficients el, + e3% is nonzero and large enough, then the 
piezoelectric effect may contribute a noteable change in the slow 
mode. In  fact, what they have considered is an experimental situa- 
tion quite different from what was being discussed above. They 
assumed that the nematic liquid crystal is placed in a static magnetic 
jield instead of an electric field. They have further assumed that the 
fluctuating electric field is irrotational and thus neglected any coupl- 
ing of the slow mode with the optical mode. On the other hand, we 
have adopted directly the simplifying assumption made by Meyer@) 
that e l ,  = -e3% = e,(14) and studied the fluctuation from the equili- 
brium distorted structure which is caused by the applied electric 
field through the piezoelectric effect. Whether the hypothesis for a 
piezoelectric effect in liquid crystals is relevant to the experimental 
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COMMENTS ON P I E Z O E L E C T R I C  E F F E C T  15 

observation of domain-like structure and significantly changes the 
fluctuation spectrum can only be clarified by further experiments 
on nematics with large values of el, + eSx as suggested by the Orsay 
Group. (13) So far, no apparent, experimental evidence has been 
offered in support of such an hypothesis.(15J6) 
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