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Studies of the Temperature-Pitch Variations in 
Planar Cholesteric Layers and Surface Anchoring 

H. ZINKa and V.A. BELYAKOVb 

aLaboratorium voor Akoestiek en Thermische Fysica, Celestijnenlaan 2000, 
B-3001 Leuven, Belgium and bL.D. Landau Institute of Theoretical Physics, 

Kosyginstr 2, I1 7334 Moscow, Russia 

Analysis of the temperature dependence of the measured optical characteristics of planar ori- 
ented cholesteric (CLC) layers shows that just before the change of the number of 
half-pitches within the layer thickness by one, the director direction at the surface essentially 
differs from the alignment direction and the jump temperature is dependent on the direction 
of the temperature change (cooling or heating). A theoretical description of this hysteresis is 
presented on the basis of a continuum theory of elasticity of CLC's that takes also account of 
the surface anchoring. Because the observed hysteresis and deviation angle are dependent on 
the molecular anchoring forces at the surface the corresponding measurements fitted to the 
developed theory are used to obtain information about the anchoring potential. The possible 
ways of the, model independent, anchoring potential reconstruction and the different jump 
mechanisms are discussed. 

Keywords: surface anchoring; hysteresis 

INTRODUCTION 

For completely aligned planar oriented cholesteric samples ,the number of half- 
pitches in the sample thickness depends on the temperature and only at res- 
tricted temperatures an exact number of half-pitches will fit in the sample 
thickness.In previous publications r'-31 we demonstrated that this can be seen in 
the transmission spectra of normal incident circular polarized light.These spec- 
tra can be described by the 4-wave model [4*51 in which 6 parameters charac- 
terize the shape of the spectra.By introducing an angle which takes the devia- 
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4584 10701 H. ZINK and V.A. BELYAKOV 

tion of the director direction from the alignment direction at the sample surface 
into account the 4-wave model gives also a good description of the experimen- 
tal spectra for non integer half-pitch numbers.This is demonstrated in Figure 1 
The parameters used in the calculations are: 
a Ellipticity of the incident light 
5 Angle between polarization direction of incident light and director 

orientation at the entrance surface. 
(r, Deviation angle between director direction in layer and at entrance 

surface. 
r Ratio of refractive indices of the external media and the CLC. 
6 Dielectric anisotropy. 
N Sample thickness expressed in equilibrium number of half-pitches. 

N=Zd/p; p is the pitch and d is the layer thickness. 
The solid line is the caiculated spectrurn.Circles are the experimental points 

450 500 550 600 650 

Wavelength Inm 

FIGURE 1 Transmission spectrum T=40 3OoC ,d=4 8pm 

The calculated spectrum is a combination of 2 spectra with weight factor w 
The deviation from the director orientation at the specimen surface from the 
alignment direction at the jump temperature has been compared with a con- 
tinuum theory of elasticity of CLC’s taking account of the surface anchoring 
This gives a quite good quantitative description Subsequent measurements 
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PITCH VARIATIONS IN CHOLESTERIC LAYERS [ 107 1 ]/459 

showed temperature hysteresis which depends strongly on the specimen thick- 
ness and the anchoring at the surface of the layer. The parameters for the tem- 
perature hysteresis for the cholesteric pitch are determined for a mechanism 
where the director at the surface slips through a potential barrier. 

EXPERIMENTAL 

The temperature dependence of the parameters of the spectra has been deter- 
mined in 2 samples of a 60% racemic mixture of CE6 “’.A thick sample with 
d=18pm and a thin sample with d=4.8pm.The temperature dependence of the 
pitch in the bulk CLC was assumed to be the same as in the 18pn sample. It 
can be described by the relati~n‘~”] 

p=poo[ 1 +a(T-T,)]+b(T-T,,)’ 

The transition temperature T, depends on the thickness of the sample.& 
shown ear1ier‘l3*,the spectra are described by a theory with non-integral 
number of half-turns of the cholesteric helix over the thickness of the sample. 

0 8  

TrC 

FIGURE 2. Temperature hysteresis in 4.8 pm sample 

The non-integer number of half turns is given by N f AN and A N=2Oh 
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Figure 2. demonstrates the presence of temperature hysteresis for the pitch 
jump in the specimen with d=4.8pm.In this example the jump is from N=30 to 
N=32 and vice versa and N=3 1 is not present.The deviation angle @ is plotted 
in fbnction of the temperature.The lines are as a guide to the eye. 

TEMPERATURE HYSTERESIS OF THE PITCH JUMP IN THE 
CONTINUUM THEORY OF ELASTICITY 

The condition[*] for a jump in the cholesteric pitch resulting in a restructuring 
of the director configuration from a cholesteric helix with N half-turns to a 
helix with N+l half-turns over the layer thickness,corresponds to the tempera- 
ture at which the fiee energies F for these configurations are equal. However , 
in order for the transition between the director configurations to occur,the 
system must overcome an energy barrier separating the initial and final states. 
This is a reason for possible hysteresis observation in the temperatures of the 
pitch jump during heating and cooling of the 1ayer.k is obvious that the hys- 
teresis depends on the surface anchoring.The mechanism whereby the director 
configuration in the layer is actually restructured is very important. One pos- 
sibility is a continuous rotation of the director at the surfaces of the layer, 
resulting in deflections away from the alignment direction. Another possibility 
is sharp fluctuation-induced variations in the director structure in the volume 
of the cholesteric 1ayer.The second possiblity cannot be described by the 
standard continuum theory of elasticity of cholestencs,where only spatial 
derivatives up to  the second order of the director field appear.Therefore we 
shall consider only the first case in which the potential barrier between con- 
figurations with N and N+1 half-turns of the director in the layer is overcome 
in a continuous manner during the transformation.To find the temperature 
behaviour of the deviation angle @ we write the fiee energy of the layer as 

Kzz is the elastic torsional modulus,W,(@) is the surface anchoring potential , 
p(T) is the equilibrium value of the pitch in a bulk C L C , P ~ + ~  is the value of 
the pitch in the cholesteric 1ayer.We assume that the alignment direction and 
the surface anchoring force are identical for both surfaces of the layer and 
therefore AN=2@/x.By minimizing F(@) in Eq.(2) we obtain the following 
expression for @(p(T)) 
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PITCH VARIATIONS IN CHOLESTERIC LAYERS [ 1073]/Nil 

For a fixed T there exist several solutions of Eq.(3) which correspond to 
different values of N in the layer.For finite anchoring forces the number of 
possible solutions is limited by the condition @<@,.The critical angle @, is 
determined by the form of the anchoring potential W,(@).Only one of the 
solutions is stable and we denote the value by No.The temperature p(T) of the 
transition between configurations differing by one half-turn is determined by 
the temperature for which @=@,.The computed @(T) for a Rapini model 
surface potential"] W,=-W c0s2(@/2) , is displayed for strong anchoring in 
Fig. 3. S=4nK~2/Wp.The curves above the abscissa refer to increasing tem- 
peratures and below the abscissa to decreasing temperatures. 

1.0 7 

3 4 5 6 7 a 9 1 0 1 1  

2cypo 

FIGURE 3. Computed deviation angle @ in function of T 
for S= 5 and N=5,6,7,8; 1- hysteresis present, 
2- hysteresis absent. 

The potential barrier between the director configurations with N and N+l half- 
turns is determined by ['] 

B(No,T)=F(No,@c)-F(No,@(T),T) (4) 

The computed temperature dependence for the height of the potential barrier 
for the same conditions as in Fig. 3,is displayed in Fig. 4. 
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3 4 5 6 7 8 9 1 0 1 1  

2m-n 
FIGURE 4. Temperature dependence of potential barrier 

The transition temperature for a jump from N to N f l  half-turns can be ob- 
tained from Eq.(3). by substituting @=@,[8'.The assumption that W, is an 
even function of 4 leads to the following equation for QC: 

1 s 1  
2 2 2  

W,(@,)= - y ( -) = - W,, ( 5 )  

The admissable values for @ are restricted by the condition - 

since it follows from formula (5) that 4,=x/4 for the Rapini potential. 
The difference between the number Zd/p(T) of half-turns across the layer for 
the equilibrium value of the pitch and N half-turns in an unstressed configura- 
tion AN,=N-2d/p(T) , found from Eq.(3) is described by 

< 4 < If 
4 4 

The jump hysteresis can be found from 
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As can be seen from Fig.3. that,for strong anchoring (S=5) after the jump 
through the potential bamer ( QC=d4), the jump director configuration does 
not correspond to the configuration with minimum free energy for the jump 
temperature. I 0; 1 >I 0j where 0, is the deflection angle at the jump point 
and 0; is the actual realized deflection angle.This also holds for weak anchor- 
ing forces and large N 

0.80 

0.60 

0.40 

0.20 

-0.20 

-0.40 

-0.60 

-0.80 

FIGURE 5. Temperature dependence of the deflection angle 0 
for a 4 8zm thick sample.(cooling).Calculations 
are for S=25 .Different symboles for experimental 
points with N=26+34 

Analysis of the hysteresis phenomena based on the mechanism whereby the 
director slips through a barrier for the parameters of the problem which cor- 
responds to the experiment performed (S=20,N=30) leads, according to 
Eq.(6),to AN, of order 3 before the jump and 2 after the jump,when @=a; 
This means that in the higher mentioned mechanism,the director configuration 
in the layer is strongly distorted and metastable not only before but also after 
the pitch jump. 
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DISCUSSION 

The fit of the theoretical curves @(T) with respect to the parameter S for tem- 
peratures preceding the pitch jump to the measured values of this quantity 
(Fig 5 )  demonstrates a reasonable agreement between theory and experiment 
for S=25 during both cooling and heating of the specimen[*].If this value of S 
is used to  calculate the hysteresis with Eq.(7) for example for N=30, then we 
obtain ANh=2.4.An estimate of the same quantity from the measured values of 
the temperature of the pitch jumps and the temperature changes of the 
equilibrium pitch in a bulk cholesteric (i.e.the 18 nm sample),see Fig.3, gives 
us a much smaller value,equal to only 0.3. 
If one draws a straight line parallel to the Y axis near 2d/p(T)a6 in Fig.3 it 
becomes clear that the continuum theory predicts in addition to a stable 
configuration,several metastable configurations with different values for N. 
If such metastable configurations were present in the layer for a sufficiently 
long time,the experimental spectra would consist of more then two spectra 
with different values of N.Moreover,structural changes with N changing by 
more then 1 should be observed.However the experimental measurements do 
not give a clear indication for this. 
Thus,it must be concluded that in the specimen studied,the restructuring of the 
director configuration does not occur by means of continuous changes in the 
orientation of the director at the surface.This means that some kind of fluctua- 
tions of the director or instabilities of the director configuration prevent @ 
from reaching the value Oc. It should be expected that these factors influence 
the appearance of hysteresis in the pitch jump especially if several metastable 
configurations of the director with I @I I < I @,I exist in the layer. 

References 
[ I ]  H. Zink and V.A. Belyakov, Mol. Cryst. Liq. Cryst. 265,445 (1995) 
[21 H. Zink and V.A. Belyakov, JETP Lett. 63,43 (1996) 
[3] H. Zink and V.A. Belyakov, Mol. Cryst. Liq. Cryst. 282, 17 (1996) 
[41 V.A. Belyakov and V.E. Dmitrienko, Sov. Sci. Rev. A Phys., edited by I.M. Khalat- 

nikov, 13 1 (1989) 
[5] V.A. Belyakov, Diffraction Optics of Complex-structured Periodic Media. (Springer- 

Verlag, N.Y. 1992) Chap. 4 
[6] R.S. Pindak, C.H. Huang and J.T. Ho, Phys. Rev. Lett. 32,43 (1974) 
[7] H. Zink and W. Van Dael, Liq. Cryst. 14,603 (1993) 
[81 H. Zink and V.A. Belyakov, JETP 85 (2), 285 (1997) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

29
 1

7 
A

ug
us

t 2
01

2 




