
 

 

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

Optical activity and light scattering in the isotropic and smectic A* phases
of a highly chiral smectic liquid crystal
Brian D. Yanoffa; Andrew A. Ruethera; Peter J. Collingsa; Andrew J. Slaneyb; John W. Goodbyb

a Department of Physics and Astronomy, Swarthmore College, Swarthmore, Pennsylvania, U.S.A. b

School of Chemistry, The University of Hull, Hull, England

To cite this Article Yanoff, Brian D. , Ruether, Andrew A. , Collings, Peter J. , Slaney, Andrew J. and Goodby, John
W.(1993) 'Optical activity and light scattering in the isotropic and smectic A* phases of a highly chiral smectic liquid
crystal', Liquid Crystals, 14: 6, 1793 — 1800
To link to this Article: DOI: 10.1080/02678299308027716
URL: http://dx.doi.org/10.1080/02678299308027716

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/10.1080/02678299308027716
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1993, VOL. 14, No. 6, 1793-1800 

Optical activity and light scattering in the isotropic and smectic A* 
phases of a highly chiral smectic liquid crystal 

by BRIAN D. YANOFF, ANDREW A. RUETHER 
and PETER J. COLLINGS* 

Department of Physics and Astronomy, Swarthmore College, 
Swarthmore, Pennsylvania 19081 U.S.A. 

ANDREW J. SLANEY and JOHN W. GOODBY 
School of Chemistry, The University of Hull, Hull, HU6 7RX, England 

The results of optical activity measurements on the smectic A* phase of 1- 
methylheptyl 4'-[(4-n-tetradecyloxyphenyl)proprioloyloxy] biphenyl-4-carb- 
oxylate (14PlM7) and the chiral nematic phase of a chiral-racemic mixture of 
S-4-(2-methylbutyl)phenyl 4-decyloxybenzoate (CE6) are shown to be extremely 
similar. This is in full agreement with the proposed model of the A* phase as a twist- 
grain-boundary (TGB) phase. In addition, new light scattering measurements using 
circularly polarized light in a back-scattering geometry yield information on the 
fluctuations in the isotropic phase. Unlike in chiral nematics where only one 
structural mode is affected, the data show a strong deviation from the normal 
temperature dependence near the isotropic-smectic A* transition for two structural 
modes. Possible reasons for this behaviour in highly chiral smectic liquid crystals 
are discussed. 

1. Introduction 
Significant progress in our understanding of chiral liquid crystals has come from the 

realization that the orientational order in these systems can be described in terms offive 
structural modes. The orientational order of the chiral nematic (N*), blue (BP), and 
chiral smectic C (C*) phases can all be represented as a linear combination of these five 
structural modes. Fluctuations in the isotropic and smectic A phases can also be 
described in terms of these modes. One important result of this work is the observation 
that fluctuations in the isotropic phase near the transition to the blue phase increase 
with chirality, significantly affecting the nature of the transition (See [l] for a recent 
review of this work.) 

Recent investigations into highly chiral smectic liquid crystals have revealed that 
they might behave quite differently from highly chiral nematic systems. A new phase 
appears below the isotropic phase, and the evidence is mounting that this is a twist- 
grain-boundary (TGB) phase C2-41. In addition, thermodynamic measurements 
indicate that significant changes take place in the isotropic phase just above the 
transition to the A* phase [3,5]. Clearly, analysis of the results of optical activity and 
light scattering measurements in terms of the five structural modes, which is so useful in 
highly chiral nematic systems, should reveal important information about these 
smectic liquid crystals. For example, the orientational order in the proposed TGB 
phase is identical to the chiral nematic phase, except that the director rotates 
continuously in the N* phase and discontinuously in the TGB phase. However, the 
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1794 B. D. Yanoff et al. 

discontinuities in the TGB phase appear to be separated by a distance much smaller 
than the wavelength of light, and therefore should not affect measurements in the 
visible. With this in mind, both the N* and A* phases can be represented in terms of the 
same combination of two structural modes, and thereby possess the same optical 
properties. This article contains results from optical activity experiments on the A* 
phase of l-methylheptyl 4'-[(4-n-tetradecyloxyphenyl)proprioloyloxy]biphenyl-4- 
carboxylate (14P 1 M7) and a chiral-racemic mixture of S-4-(2-methylbutyl)phenyl 4- 
decyloxybenzoate (CE6) which confirm this. 

In addition, the results of light scattering experiments in the isotropic phase which 
measure the amplitude of fluctuations in two of the structural modes are reported. 
Whereas such measurements on highly chiral nematic liquid crystals have revealed that 
a weak deviation from mean field behaviour occurs only for one structural mode, these 
new results on 14PlM7 show strong deviations for both modes. These deviations seems 
to indicate that the behaviour of these systems just above the isotropic transition is 
quite complex, perhaps involving interactions due to the presence of strong fluctu- 
ations of both the orientational and positional order parameters. 

2. Theory 
Landau-de Gennes theory uses the anisotropic part of the dielectric tensor cij as the 

orientational order parameter. Since it is a symmetric tensor with zero trace, E~~ has five 
independent elements. For chiral systems, it is appropriate to represent ei j  as a linear 
combination of five basic tensors or 'structural modes' with a wavevector q. (See [l] for 
a more extensive description of this theory.) The five independent elements become the 
amplitudes Em(q) of these five modes. The m=O mode is not chiral and represents a 
nematic-like structure. The m = 1 modes are conical spirals and the m = f 2 modes 
are planar spirals. The plus and minus signs refer to a left-handed or right-handed 
structure, respectively. In this formulation, a right-handed chiral nematic phase can be 
represented as a specific combination of the m =  -2 and m=O modes. The optical 
activity of such a structure for light propagating along the helical axis was first worked 
out by de Vries [6]  and later more exact calculations were performed by numerous 
people. These later results confirm that the de Vries equation 

p = nAi(An)2/[4nA2(Ag - A 2 ) ] ,  (1) 

where p is the optical activity, A is the wavelength, n is the average refraction index, An is 
the optical anisotropy, and A, = nP, where P is the pitch, holds as long as An is small 
and A is not too close to A, [7]. 

The orientational order in the A* phase is very similar to the N* phase, except that 
instead of a continuous rotation of the director, the director rotates in steps of about 17" 
every 24 nm or so [S]. Since this distance is much less than the wavelength of visible 
light, the rotation should appear virtually continuous for visible light propagating 
along the helical axis. To confirm this, we ran an algorithm which numerically 
calculated the propagation of light through such a structure [9, lo] and the results were 
identical to the de Vries equation in the visible part of the spectrum. 

If the free energy is written as an expansion up to second order in c i j  and its spatial 
derivatives, then each mode contributes independently to the free energy density F(q), 
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Optical properties of isotropic and SX phases 1795 

A, B, and C are coefficients in the expansion and qo is the chirality 4n/P. The coefficient 
A is temperature dependent, A ( T ) = A o ( T -  T*), where T is the temperature and T* is 
the temperature at  which a second order transition would occur for a non-chiral 
system. The mean square fluctuations of E,(q) in the isotropic phase can be calculated 
from the equipartition theorem. We find that the inverse of the mean square 
fluctuations of E,(q) should be linear in IT: but the fluctuations in each mode tend to 
diverge at a different temperature, T*,(q), 

2 T? 2 ( 4 )  = T* + (B/Ao)( k 2404 - 4 )? 

T? l(4) = T* + (B/Ao)( k 2404 - [I- C/2Blq2), (3) 
T,*(q)= T* + (B/Ao)( - [ 1 + 2C/3B]q2). 

Here 4 is the scattering vector (2k sin O), where k is the wavevector of the light in the 
sample and 8 is half the scattering angle. This has been recently confirmed in chiral 
nematics, where the difference between Tt(q) and TT2(q) ranged from 0.2 to 0.8 K 

The effect of fluctuations on the structural modes can be obtained following the 
method of Brazovskii [13-151, where a first correction to A(T)  due to fluctuations can 
be made. The result is 

[ll, 121. 

A”(T)=A(T)+L(k,Tq~/C4nJ(BA”(T))l~, (4) 

where A(T) is the corrected A(T)  and Lis the coefficient of the fourth order term in the 
free energy. As can be seen from figure 1, this correction to A(T) causes the inverse of the 
mean square fluctuations in E, to bend away from the normal linear temperature 
dependence close to the transition, which is just what is observed in light scattering 
experiments on highly chiral nematic liquid crystals [12]. 

In a transition from the isotropic phase to a smectic phase, both orientational order 
and smectic order are involved. Prior theoretical work on the isotropic to nematic 
transition [16-181 has shown that smectic fluctuations can be taken into account in 

Figure 1. The correction to the coefficient A(?”)= A,(”- T*) due to orientational fluctuations 
in the isotropic phase using equation (4) with A ,  = 1 and tkBTq$(44nJB)= 1. Thick line: 
corrected value of A(T). Thin line: Value of A(T) according to a linear extrapolation from 
its behaviour significantly above T*. 
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1796 B. D. Yanoff et al. 

ways similar to Brazovskii’s method. The result is that the inverse light scattering 
intensity bends down away from a linear temperature dependence due to smectic 
fluctuations acting through a third order term coupling the smectic and nematic order 
parameters. This has been verified by a number of experiments, where a smectic phase 
exists below a narrow nematic phase [17-191. Certainly such effects should be even 
more important in the transition from the isotropic to the smectic A* phase, since it is 
likely that the fluctuations in both order parameters are of the same relative magnitude. 

3. Experiments and results 
The optical activity measurement system consisted of a 1000 W xenon lamp and a 

monochromater set to a bandpass of 2 nm. The polarizer in front of the sample was 
fixed, while the polarizer behind the sample was rotatable and controlled by a 
computer. Before entering the sample the light was chopped and the output of a silicon 
diode detector behind the second polarizer went to a lock-in amplifier. To measure the 
optical rotation angle, the computer would scan the second polarizer through 10” on 
either side of the minimum, fit the points to a second order polynomial, and determine 
the angle of minimum intensity. The angles measured in this way were accurate to less 
than one degree. The sample was located in an Instec HS-1 hot stage, with a 
temperature homogeneity of less than 10 mK. 

The samples were (1) a 38 wt% mixture of one optical isomer of CE6 with a racemic 
mixture of both optical isomers of CE6 and (2) one optical isomer of 14P1 M7. This 
particular mixture of CE6 was chosen so that it would have a pitch about equal to that 
of 14PlM7. Each was introduced into 10pm glass cells, the surfaces of which had been 
coated with poly( 1,4-butylene terephthalate) and rubbed. A planar texture in the chiral 
nematic phase of CE6 was obtained by slowly warming from the smectic A phase. A 
similar texture was obtained in the smectic A* phase of 14P1 M7 by slowly cooling from 
the isotropic phase. Both textures contained a few defects which were visible under the 
microscope. To gauge what effect these defects had on the optical activity data, the 
experiments were repeated on several different samples. Although there were slight 
differences in the value of the optical activity from sample to sample (less than 10 per 
cent), the wavelength dependence remained virtually unchanged. In all cases, the 
optical activity measurements were made throughout most of the visible spectrum with 
the temperature held constant, after which the temperature was increased by one 
degree and the measurements repeated. 

The chiral nematic range of CE6 and the smectic A* range of 14PlM7 are both 
about 4 K, therefore measurements at three different temperatures are reported for 
each. The results for the CE6 mixture are shown in figure 2. Since these measurements 
are all for wavelengths less than I ,  = nP, it is clear that CE6 possesses a right-handed 
helix. These data do not follow equation (1) exactly, because the optical anisotropy and 
average index of refraction both decrease with an increase in wavelength. How strongly 
(An)2/n decreases with wavelength depends o n  how close to the visible the sample 
begins to absorb. For example, cholesteryl nonanoate begins to absorb somewhere 
below 200nm, and (An)’/n decreases slower than 1/1 [ZO]. PAA begins to absorb at 
around 450nm, and (An)’/n decreases faster than l / I  [21]. CE6 and 14PlM7 begin to 
absorb at around 310 and 350nm, respectively, so in an attempt to include this effect, 
the data were fitted to equation (1) with the addition that the constant containing 
( A r ~ ) ~ / n  was given a l / l  dependence. Although reasonable, the validity of this is 
uncertain, so all results should be viewed as approximate. As can be seen from figure 2, 
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Figure 2. Angle of optical rotation as a function of wavelength a t  three temperatures in the 

chiral nematic phase of a mixture of 38 wt% CE6 and 62 wt% CE6R. The sample thickness 
is 10pm. The solid lines represent least squares fits to equation (l), with (An)'/n 
proportional to  l /A .  0, 4154°C; 0, 4254°C A ,  4354°C. 

Table 1. Least squares-fitted values for the optical activity of a 38 wt% mixture of the pure 
optical isomer of CE6 with a racemic mixture of both optical isomers using the function 
p =(K/d)d:/[d2(dg - A')]. The sample thickness is 10pm. 

T/"C A, nm K x lo3 Ocm-lnm2 

41.54 993 f 8 1.928 0.005 
42.54 784+ 1 1.464 0.004 
4334 7462 1 1.213+0.004 

this procedure gives good fits to the data and and allows both 1, and the constant 
containing (An)'/n to be estimated. The results are given in table 1. Notice that 1, 
decreases with increasing temperature and that the constant containing (An)' also 
decreases with temperature. This latter effect is most likely due to the fact that the order 
parameter (and hence An) is decreasing. 

The results for 14PlM7 are shown in figure 3. This compound must possess a left- 
handed helix, since the optical activity is negative at wavelengths less than &. The same 
fitting procedure was used, and again reasonable fits were obtained. The results for 1, 
and the constant containing (An)2/n are presented in table 2. Notice again that 1, 
decreases with temperature. This decrease is in close agreement whith the results of 
reflectivity measurements on this compound [22]. The values for A, obtained from 
these optical activity measurements are about 5 per cent higher than those from the 
reflectivity measurements, but this can easily be the result of the approximate fitting 
procedure. A comparison of tables 1 and 2 reveals that the constant containing (An)2/n 
does not decrease with increasing temperature in 14PlM7 nearly as much as in CE6. 
This is quite understandable, since it is well known that the order parameter in smectic 
liquid crystals decreases much less with increasing temperature than in nematic liquid 
crystals. 

The experimental apparatus used for the light scattering experiment was very 
similar to the one described in [12]. Light from a 5mW He-Ne laser was passed 
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0 

I I I I I - 7 0  
400 450 500 550  600 650 7 0 0  

X/nm 
Figure 3. Angle of optical rotation as a function of wavelength at three temperatures in the 

smectic A* phase of 14P1 M7. The sample thickness is 10 pm. The solid lines represent least 
squares fits to equation (l), with (An)'/n proportional to l / i .  0,91"C; El, 92°C; A ,  93°C. 

Table 2. Least squares-fitted values for the optical activity of 14PlM7 using the function 
~ = ( K / 1 ) L ~ / [ 1 ~ ( 1 ~ - f l ~ ) ] .  The sample thickness is 10pm. 

T/"C L,/nm K x 103 O cm-' nmz 

91.00 966k12 - 4.74 f 0.02 
92.00 847 & 6 -4.67+0.03 
93.00 747 & 2 - 4.5 1 & 0.03 

through a polarizer and quarter-wave plane before being focused on the sample. Light 
scattered from the sample at 165" passed through a second quarter-wave plate and 
second polarizer before being focused on a pinhole in front of a photomultiplier tube. 
The angle between the polarizers and the fast axis of the quarter-wave plates was 
always 45", so the light incident on the sample was either right circularly polarized 
(RCP) or left circularly polarized (LCP). Likewise, the light detected by the 
photomultiplier tube was either RCP or LCP. In the experiment, the polarizers were in 
one of two positions: either RCP light was incident on the sample and RCP light was 
detected or LCP light was incident and LCP light was detected. The first case is only 
sensitive to the m = - 2 structural mode, while the second case is only sensitive to the m 
= 2 structural mode. The sample was contained between two pieces of glass separated 
by 100 pm and with their temperature controlled by an Instec HS-1 hot stage to better 
than 1OmK. 

The light scattering results are shown in figure 4. The background intensity I ,  is 
determined by fitting the data to a D/( T - T*) + I ,  temperature dependence, where D, 
T*, and I ,  are fitting parameters. The fits improve as the lowest data points are 
dropped one by one, and the straight lines in the figure represent the fits with the lowest 
chi-squared per data point for the stronger scattering mode. This implies that the data 
do not follow the mean field temperature dependence for about a 4 K region just above 
the transition to the smectic A* phase. This is the same region where the optical activity 
behaves anomalously [23],and a broad peak shows up in DSC scans [3] and heat 
capacity measurements [ S ] .  The difference between T,*(q) and T*_ 2(q) is 0.6 K, which is 
similar to results from measurements on chiral nematic systems [ll, 121. 
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9 2  9a 104  110 116  
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Inverse of the scattered light intensity versus temperature in the isotropic phase of 
14P1M7 for two orientations of the polarizers. The upper data (weaker scattering) were 
obtained with RCP light incident on the sample and RCP light detected in the scattered 
light. The lower data (stronger scattering) were obtained with LCP incident light and LCP 
detected light. The sample thickness was 100pm and the scattering angle was 165". The 
straight lines represent the least squares fits to the function I = D/(T- T*) + I ,  using only 
the data above 98°C. 

Figure 4. 

4. Discussion 
The similarity of the data in figures 2 and 3 indicates that the smectic A* phase 

behaves just like a chiral nematic phase as far as the optical activity is concerned. This is 
what we would predict given the proposed structure of the TGB phase, so these results 
add further support to this model. The fits to these data also point out that the order 
parameter in the smectic A* phase behaves like other smectic phases in that it does not 
decrease significantly with an increase in temperature. 

The light scattering data for the isotropic phase are more difficult to interpret. If the 
bending up from the linear temperature dependence of the inverse scattering intensity is 
due to the presence of strong fluctuations, then they are strong enough to affect both 
structural modes, where only one was significantly affected in a nematic sample. This 
should not be surprising, however, since, if fluctuations are the cause of this behaviour, 
they must be strong enough to register on DSC scans and heat capacity measurements. 
The fact that the deviation does not continue to increase even more with decreasing 
temperature makes the behaviour even more complex. This could be explained by the 
presence of strong smectic fluctuations in addition to the orientational fluctuations. In 
a non-chiral sample, with narrow nematic range, these smectic fluctuations cause a 
downward bend in the inverse light scattering intensity. Perhaps the type of behaviour 
seen in 14PlM7 is due to the presence of both types of fluctuations, which tend to affect 
the inverse light scattering intensity of the isotropic phase in opposite directions. If the 
orientational fluctuations begin to grow strong at a higher temperature than the 
positional fluctuations, then data like those shown in figure 4 might result. 

5. Conclusions 
These optical activity measurements add one more piece of evidence for considering 

the smectic A* phase of 14PlM7 as a TGB phase. The evidence is mounting, especially 
considering the latest freeze-fracture transmission electron microscopy results [S]. 
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1800 Optical proper t ies  of isotropic and SX phases  

The light scattering results indicate that the interactions in the vicinity of the 
isotropic to smectic A* transition are exceedingly complex. A few explanations 
involving both positional and orientational fluctuations have been suggested and seem 
reasonable. However, all of the data accumulated to date do not rule out the possibility 
of an additional, highly disordered phase in the 4 K region above the smectic A* phase 
of 14PlM7. Which of these is the case is a question which requires further evidence 
before it can be answered. 

These results are based upon work supported by the National Science Foundation 
under grant No. DMR-9196048 and by the W. M. Keck Foundation. The authors 
would like to thank V. Podnek for suggesting the correction to A(T)  due to fluctuations, 
D. Berreman for allowing us to use his optics program, and J. Rosenzweig for obtaining 
some of the preliminary data. Useful discussions with T. Lubensky, J. Patel, R. Pindak, 
and S. Renn are sincerely appreciated. 
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