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

A Method for Indirectly Measuring the Second Sound Velocity in Smectic a
Liquid Crystals

D. G. Gleed?; J. R. Sambles®; G. W. Bradberry*

2 Thin Film and Interface Group, Department of Physics, University of Exeter, Exeter, England

To cite this Article Gleed, D. G., Sambles, J. R. and Bradberry, G. W.(1988) 'A Method for Indirectly Measuring the Second
Sound Velocity in Smectic a Liquid Crystals', Liquid Crystals, 3: 12, 1689 — 1697

To link to this Article: DOI: 10.1080/02678298808086630
URL: http://dx.doi.org/10.1080/02678298808086630

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges 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/10.1080/02678298808086630
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:46 26 January 2011

Downl oaded At:

Liquip CrysSTALS, 1988, VoL. 3, No. 12, 1689-1697

A method for indirectly measuring the second sound velocity in
smectic A liquid crystals

by D. G. GLEED, J. R. SAMBLES and G. W. BRADBERRY

Thin Film and Interface Group, Department of Physics, University of Exeter,
Stocker Road, Exeter EX4 4QL., England

(Received 5 May 1988, accepted 1 July 1988)

We present a simple method by which the variation of the hypersound velocity
with the angle between the liquid crystal director and the scattering plane is fitted
to theory. Combinations of bulk elastic constants can be obtained together with
a value for the second sound velocity. This method is used to study the smectic A
phase of 4-n-octyl-4’-cyanobiphenyl. We compare our results with previous work.

1. Introduction

In the smectic A phase of a liquid crystal two propagating phonon modes can exist
[1,2]. One corresponds to the usual sound velocity in a fluid, i.e. longitudinal com-
pression and the other to a shear-like motion of the smectic layers at approximately
constant density. This second mode which is often referred to as second sound has a
much lower velocity than the first mode. Several methods have been used to study the
behaviour of this mode. Acoustic techniques enable detailed investigations at lower
frequencies (providing measurements in a good approximation to the hydrodynamic
regime) [3, 4]. Brillouin scattering has also been used both directly [S] and indirectly
[6] to measure the second sound velocity. The indirect method involves measuring the
variation of the normal hypersound velocity as a function of the angle between the
liquid crystal director and the scattering plane.

The angular dependence is a relatively elaborate function of three elastic constants
and a large number of data points need to be acquired to allow good least squares
fitting to give these constants. We present a simpler method by which a smaller
number of data points can be used to fit to a reformatted theory in the form of a
straight line. From this straight line fit we not only confirm the theory in its general
form but obtain combinations of the elastic constants, which are then used to fit the
unreduced data set by adjustment of one parameter. Results are given for the tempera-
ture dependence of the elastic constants and the second sound velocity in the smectic-A
phase of the liquid-crystal 4-n-octyl-4-cyanobiphenyl (8CB) and comparisons are
made with existing data.

2. Background
Several theories exist for the phonon modes in the smectic A phase of liquid-
crystalline materials [1,2]. These predict that, in general, there are two sets of
propagating modes with velocities given by

@ViV; = (4B — C?)sin’ O cos’ 0 4}
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and
eV + V7)) = 4+ (B + 2C)cos’ 0, )

where A is the bulk modulus, B and C are elastic constants related to motion of the
smectic layers, and 8 is the angle between the director and the scattering plane. V| is
the velocity associated with the mainly longitudinal mode and ¥, is the second sound
velocity. At § = 0° and 90° this second propagating mode is overdamped. The
angular dependence of the velocities of the two propagating modes are given by

oV2 ~ A + 2Ccos*0 + Bcos* 0 3)
and
oV} ~ Bsin?fcos® 6. Y

When Brillouin scattering is used to study the temperature dependence of the hyper-
sound velocity in liquid crystals it is V| which is usually measured [7]. V; is a much
smaller velocity (V(45°) ~ 5V,(45°) and hence the corresponding Brillouin signal
will generally be obscured by the elastically scattered light. To observe V, directly
the contrast of the instrument used to acquire the data must be high enough to resolve
the weak Brillouin lines which are very close to the strong elastic Rayleigh line.

However, by measuring the angular dependence of ¥, and fitting the data to
theory, an indirect measurement can be made of V;. As can be seen from the form of
equation (3) many data points would be needed to obtain a good least squares fit to
the data. It is, however, possible to reformat equations (1) and (2) so that the theory
takes the form of a straight line. This method provides combinations of the liquid
crystal bulk elastic constants and gives a good fit with fewer data points.

3. Reformatting the theory
The first step is to express equations (1) and (2) in a slightly different form [8] using
another set of elastic constants, Cy,, C,; and C;;. C,, and C,, are elastic constants
corresponding to longitudinal sound propagation in the x and z direction (the z axis
is perpendicular to the smectic A layers, i.e. along the director). C,; is a measure of
the elastic anisotropy. This gives us

*VEVE = (C, Cy3 — Ch)sin’® Ocos? 0 (5)
and
oVE+ V2) = C,sin?0 + Cy;cos? 0. (6)
Comparing equations (1) and (2) with (5) and (6) it can be seen that
A=Cy, B=Cy+C,—-2C; and C= C; — Cy,.
Substituting for gF7 from equation (5) in (6) gives

Ql/lz = C]l Sin2 0 + C33 0052 0 - # (C“ C33 - C123)COS2 05in2 0. (7)
1
If we define V| by the relation V,c(6) = V;(90° — 6) we can then write

oVE = Cjcos’0 + Cyysin® — Q_II/_Z (C1,Cy3 — C%)cos? Bsin? 6. 8)
1C
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Combining equations (7) and (8) gives

1
W+ Ve = E(Cn + Cy)

1 e s V' + Vo)
o _ fcos? g 1T Tt/
P (C,,Cy3 — Cjy)sin® Ocos a7z C)
Equation (9) has the form of a straight line if we take
2 2
X = <%>sin2 20 (10)
and
Y = P+ Vi (1n

We can, therefore, obtain two combinations of elastic constants, (1/9)(C,, + Cy;)
from the intercept and (1/¢*)(C,,C;; — C%) from the slope by reducing the data into
pairs of velocities at complementary angles. Note that the first combination is simply
given by

1
V2% + P7(90°) = E(Cu + Cy).
Using equation (7) the expression for the angular dependence of V] is

1 .
e = % (C,, sin* 6 + Cy; cos® )

1
+ % [(C), sin* 8 + Cj; cos’ ) — 4(C,,Cy; — C)sin? Ocos? 0)]'72.

(12)

The angular dependence of ¥, would be given by the right hand side of equation (12)
but with a negative sign in front of the square root term. It is then possible to fit the
unreduced data set to equation (12) by choosing (1/9)C,, or (1/9)C,; then using the
intercept, (1/0)(C,, + Ci3) to select the other elastic constant. The final parameter
required is (1/¢°)(C,,Cy; — C%) which is the slope obtained from the straight line fit.

When 6 = 45° the equations for the angular dependence of the velocities reduce
to a form which just include the combinations of elastic constants obtained from the
straight line fit. Using equations (5) and (12) with & = 45° we obtain the expression

(CHC33 — CIZJ)
(Cll + C33) + [(Cll + C}})z - 4(CIIC33 - C123 ]l/2

for the second sound velocity at 45°

oV (45°) = (13)

4. Experimental
A study was made of 8CB in the smectic A phase. The phase transition tem-
peratures for 8CB are

C — §,21-:5°C, S, —» N 33:5°C, N — I40-5°C.

Thin film samples (100 um) were aligned by sandwiching the liquid crystal between
glass plates. The homogeneous alignment required to study the variation in hypersound
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velocity as a function of the angle between the director and the scattering plane was
achieved using a thin film of SiO,, evaporated at 60° to the substrate normal, as an
aligning layer.

An argon-ion laser (A = 488 nm) in single mode operation was used for the
scattering experiments. The scattered light was collected at 90° to the incident beam
and frequency analysed using a Burleigh triple-pass scanning interferometer together
with a low noise photon counting tube (EMI9893), fast scaler and data store. The
samples were held in a heated stage, which allowed the temperature to be controlled
in 0-1°C steps and the sample temperature was monitored using thin calibrated
copper-constantan thermocouples inserted in the scattering cell. Measurements were
made in the temperature range 23-5 to 32-0°C for various different angles between the
director and the scattering plane. The angle between the incident beam and the
normal to the liquid crystal cell was set to 45°. With this geometry it is not necessary
to know the refractive index of the liquid crystal in order to determine the hypersound
velocity [9].

5. Results

At each temperature a set of spectra was obtained from which the angular
dependences of V| were found. These enabled a straight line plot to be made using the
substitutions of equations (10) and (11). Figure 1 shows the spectra recorded at 32-0°C
with the director at 45° to the scattering plane. The Brillouin lines due to the
longitudinal phonons are clearly seen at channel numbers 25, 105, 145 and 225. At this
angle the second sound velocity has its greatest value. The Brillouin lines corresponding
to this mode however are very close to the centre of the Rayleigh line and are not
directly observed. Figures 2 and 3 show the straight line fit for the data collected at

Intensity 7 Arbitrary Units

10 30 50 70 90 110 130 150 170 190 210 230 250

Channel Number

Figure 1. A typical Brillouin spectra for 8CB in the smectic A phase at 32-0°C. The angle
between the scattering plane and the liquid crystal director is 45°,
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Figure 2. The hypersound velocity, ¥;, as a function of the angle, 8, between the
scattering plane and the director for 8CB at 23-5°C plotted with redefined variables.
X =V + VE/AVEVL)sin? 20 and ¥ = VP + VL where Vic(6) = V,(90° — 6).
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Figure 3. The hypersound velocity against the angle between the scattering plane and the

director for 8CB at 23-5°C fitted to theory.
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Figure 4. The hypersound velocity, V;, as a function of the angle, 6, between the
scattering plane and the director for 8CB at 30-5°C plotted with redefined variables.
X =+ VEAVIVL)sin®20 and Y = V! + VL where V,c(6) = V,(90° — ).
Only a small number of data points are used.
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Figure 5. The hypersound velocity against the angle between the scattering plane and the
director for 8CB at 30-5°C fitted to theory using a smaller number of data points.
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The temperature dependence of the second sound velocity in 8CB when the angle

between the scattering plane and the director is 45°.
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Figure 7. The temperature dependence of various combinations of bulk liquid crystal
elastic constants plotted in the same form as in the paper by Bradberry and Vaughan

[6].
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23-5°C and the corresponding velocity against angle plot. The usefulness of this
technique is illustrated in figures 4 and 5 which use fewer data points. Thus fewer
spectra need to be accumulated for each temperature and hence the time required to
obtain temperature dependent information is significantly reduced. Figure 6 shows
the temperature dependence of the second sound velocity when the angle between the
director and the scattering plane is 45°. Figure 7 shows the temperature dependence
of various combinations of elastic constants, namely C,,, (C,,Cy; — C3)'2, (Cy; +
C,, — 2C;;) and (C), — C)3). These are plotted in a similar form to figure 2 in the
paper by Bradberry and Vaughan [6] except for (C, Cy; — CH)".

6. Conclusions

The variation of the hypersound velocity in the smectic A phase with the angle
between the director and the scattering plane can be explained by invoking the
presence of a second phonon mode. We have presented a method by which a small
number of data points can be used to determine the velocity of this mode and obtain
a good fit to theory. :

The longitudinal velocities in 8CB at 23-5 £+ 0-3°C were found to be
179113 + 4:5ms™ ' and 17150 + 4-5ms™' for propagation parallel and perpendicular
to the director. The errors quoted for the velocities indicate the accuracy of the data
fitting. The data taken at 23-5°C and 30-5°C used a free spectral range of 13:82 GHz
whilst the data taken at 25-2, 28-0 and 32-0°C used a free spectral range of 14-25 GHz.
There is an uncertainty of 0-5% in the free spectral range. At 25-2 £+ 0-3°C the values
obtained for the elastic constants 4, Band C are 2:962 + 0-031 x 10° Nm 2, 0-710 +
0:066 x 10°Nm~* and —0-221 + 0-045 x 10° Nm 2. These values are in good
agreement with previous work [10] on 8CB which gave the values of 4 and B + 2C
as 292 +0-10 x 10°Nm 2 and 023 + 004 x 10° Nm~? at 25°C. The second
sound velocity in 8CB reduces with temperature from 346:7 + 7-1ms ' at 23-5°C but
stays finite (=275 ms™') as the temperature approaches the smectic A-nematic phase
transition. This is in qualitative agreement with the theoretical predictions of Lui [11]
who suggests the existence of a second propagating mode in the nematic phase due
to phonons of higher frequency than those present in the smectic A phase.

The value of V,(45°) at 23-5°C and the temperature dependence of the elastic
constants in figure 6 are similar to those obtained by Bradberry and Vaughan [6] and
confirm that none of the combinations of these constants extrapolate to zero close to
the smectic A-nematic transition temperature. However the values of some of the
combinations of the elastic constants are slightly different. We believe that the data
presented here are more reliable due to the procedures used to fit the data.

We wish to thank P. Cann for the preparation of the liquid crystal samples. One
of us (DGG) was supported by an S.E.R.C. award.
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