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ANALYSIS OF SURFACES PROPERTIES BY ACOUSTIC
METHODS AS APPLIED TO LIQUID CRYSTALS

KAPUSTINA OLGA

Institute of Acoustics Academy of Sciences,
Moscow, USSR,

Abstract  Acoustic visualization, acoustic
microscopy, acoustic probing, method of acous-
tic emission and photoacoustic methods are
discussed as applied to liquid crystals.

INTRODUCTION

Surface physics is an extremely diversified field
of science as far as the range of its problems

is concerned. Among present-day experimental
techniques of studying free surfaces and phase
interfaces, it is acoustic methods of nondestruc-
tive testing based on the penetrability of acous-
tic waves that are particularly attractive. Some
of these methods may be recommended for investi-
gating the interaction between liquid crystals
(LC) and boundary phases ( solids, gases, 1i -
quids). Those are: acoustic visualization, acous-
tic microscopy, acoustic probing, method of
acoustic emission, photoacoustic methods. Among
-all known ICs, nematic LCs which have only one
type of thelong rang order are the most suscep -
tible to external actions, including surfaces
forces. For this reason we shall refer mainly to
the nematic liquid crystal (NLC). .

173



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 19 February 2013

174 0.KAPUSTINA
ACQUSTIC VISUALIZATION

Nature has not gifted man the ability to "see"
with the help of sound. However, during the last
s8ixty years many various ideas have been sugges -
ted to devise acoustic instruments which could
enable man to overcome the limitation. A charac-
teristic feature of ICs consists in their unique
capability of transforming the information of an
acoustic field into the visible image without
using any axiliary devices. Figure 1 presents
simplified scheme of producing the image of a
wave field in NIC placed in a capillary whose
walls orient somehow the mesophase molecules. Vi-
sualization becomes possible due to an ultrasoni-
cally induced change in polarization of the light
passing through the NLC layer, or due to a change
in the light scattering intensity.

optically source of light
transparent crossed
acoustic  plate
beam ‘/ ® polarizers

\
to observer
beam splitter
acoustically .- X
transparent N4 capillary

plate

FIGURE 1. Scheme of acoustic visualization
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A solid wall acts on the LC in two way: a)it
imposes boundary conditions forthe whole volume
of the specimen and thus determines the behaviour
of the NIC under the action of disturbances; b)it
changes the structure and properties of the NLC
boundary layer. The above scheme makes it possi-
ble to identify the boundary conditions in the
capillary and find the degree of the optical ho-
mogeneity of specimens ( completely dependent on
surface conditions) by means of a volumetric chan-
ge in orientation caused by acoustic actions.We
shall not touch upon various acousto-optical ef -
fects in NICs reported in numerous papers ( see
reviews 1'2), but we consider particular examples
to find how the picture of the wave field in the
NLC layer is connected with the type of boundary
conditions in the capillary and with the optical
homogeneity of the specimen,

Surface acoustic waves (SAW) seem to be the
most attractive for the purpose of identifying
boundary conditions, the corresponding scheme is
shown in figure 2. In a general case, at the ar-

L to observer
SAW transducer

shear
Qﬁesive layer ////// transducer
\ J\/JI//-.-
ilIIIII.i',/ ) ] NLC
quartz line |,
capillary plates

% from light source

FIGURE 2. Identification of boundary condi-
tions in NLC layer by SAW
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bitrary relation of the layer thickness 4 and the
surface wavelength, the wave field in the NIC lay-
er is a complicated pattern of interference of
modes with different wave numbers and attenuation
constants. This interference pattern can be calcu-
lated only by numerical methods. However, we suc-
ceeded in showing’ that the wave field in the
layer is the superposition only of two modes in a
frequency range where the thickness of the NIC
layer and the characteristics of wave fields obey
following inequalities

lp»dy, 124, 1, .« d (1

(lR- surface wavelength in the plate material, 1l-
wavelength in the NIC, lsis
in the NLC). In this case it becomes possible to
obtain the analytical form of the relation bet-
ween the orientation distortion, layer thickness
and the acoustic parameters. The picture of the
distortion is spatially modulated4 but its perio-
dicity depends on the type of boundary conditions.
For homeotropic conditions the spatial period L of
distortion caused by SAW is given by following re-~
lationship L = 0,5 1x( Co/C - 1 )7 and is inde-
pendent of the layer thickness. Here CR means the
SAW velocity in the plate, and C is the velocity
of the elastic wave in the NIC ( GR=3.2K1O5cm/s;

C = 1.5x105cm/s ). For planar boundary conditions
the period of distortion is L = 0,61d and does
not depend on the sound frequency. (It is supposed
that the SAW propagates along the director ). At
typical layer thicknesses of 10 to 40 M @ inequa-

- viscous wavelength
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lity (1) is valid in a range of 5 to 40 MHz,this
determining the limits of the applicability of
the present method for NLC testing. The acoustic
power QRrequired for visualization of the image
depends on the layer thickness, SAW frequency and
physical constant of the NLCB’u. For a layer 40ﬁm
thick, at a SAW frequency of 28.38 MHz the value
of Phis about 10 nW/cm 3. The method of acoustic
visualization can be made more sensitive. For
this purpose a source of shear vibrations (Y-cut
quartz) is added into the above visualization
scheme 6. It produces a coherent viscous wave in
a NLC near the phase boundary,this essentially
changes the picture of stationary acoustic flows
responsible for orientation distortion. The consi-
dered ways of comnbined actions on the NIC lead to
an increase in the spatial homogeneity of the op-
tical image and also result in that the value of
BR decreases by factor of 10 to 100.

Acoustic visualization has been successfully
applied in the characterization of the orientation
homogeneity of NLC layer. The chematic drawing to
obtain the image is shown in figure 1. The neces-
sary condition for the succes of such tests is
the homogeneity of the wave field in the NIC lay-
er. In the case of remote visualization all ob =-
servation must be carried out only in the Fraunho-
fer's zone. The contact method of visualization
requires that the source of acoustic waves should
be a Straubel-cut quartz. This enables a more
uniform distribution of vibration amplitude over
the transducer surface. The value of Ph at fre-
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quencies of about unities MHz for layer 10 to 100
Mm thick is 40 and 600 mW/Cm?,respectively.7

ACOUSTIC MICROSCOPY

Acoustic microscopy is a modification of the me-
thod of acoustic visualization.There exist seve-
rel schemes of an acoustic microscope which dif-
fer one another mainly in the principle of trans-
forming the acoustic image into the visible image.
Specifications of modern acoustic microscopes are
as follows: a frequency range ~ from 50 to 3000
MHz, resolution - 50 to 0,1 Mm, magnification x50
to x5000, depth of penetration - 1ﬁm to 1 mm. In
the University of Stenford (USA) a family of cry-
ogenic scanning acoustic microscopes has been de~-
vised for studing surfaces of materials. One of
thems possesses the highest resolving power - 25
to 30 nm at 8 GHz, liquid helium at 0.1 K being
used as the immersion liquid. The method of acou-
stic microscopy is rather sensitive to the pre-
sence of inhomogeneities in micro-objects,inclu-
ding optically opaque ones. Such a techniqgue has
the ability to detect disturbances of adhesion,
flaking, microcracks, pores, foreign inclusions,
deviations from the prescribed thickness of a lay-
er in multilayer systems and coatings. Possible
applications of this method are topographical and
morphological investigations of smooth and textu-
red surfaces. It may be helpful in quality cont-
rol of multilayer structures used for NILC orien-
tation and composite materials (NLC-polymer)
whose components are very close to each other as
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regards their optical characteristics, but differ
in their acoustic properties, Particularly, it
may be recommended for studing the polymer-dispe-
rsed liquid crystal films ( analysis the droplet
size,spacing and distribution ).

METHOD OF ACOUSTIC PROBING

In the last years investigations of the action of
vibrations on the NIC have received a marked deve-
lopmentq’2 . In particular, experiments have
shown that the sensitivity of NIC to shear vibra-
tion depends on the anchoring energy. In figure3
the solid and dashed lines show the amplitude de-
pendence of the dc component of the optical sig-
nal for the NLC layer placed between '"clean" po-~
lished glass plates and between plates with an
amorphous film’; d = 100um, £ = 500 Hz ', Accor-
ding to Naemura11 and Kleman? for these specimens
the anchoring energy W is (3...5)1073 and (3...4)
10'4erg/cm?, respectively,i.e. the ratio is more
than 10.These results give qualitative relation
between the anchoring energy and the optical re-
action of the NILC to the acoustic action.

o////pob
o
10~3 d/// o~ crossed polarizers
/7

10~% s
10~ 1071 10 g, M
displacement amplitude
FIGURE 3. Behaviour of the dc component of the
optical signal under shear vibrations




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 19 February 2013

180 0.KAPUSTINA

For a quantitative estimation of the an-
choring energy we suggest the new method based on
measuring the dc component of the optical signal
for the homeotropic layer of the NIC under simul-
taneous action of two types of vibrations of fre-
quencies () shifted in phase by 5i/72. Suppose the
motion of one of the plates is described by

Vol geq = V0808, V1., 4 =2 Vosinxbt (2)

where a - ratio of the amplitudes of the compone-
nts Vx and Vz. The character of the anchoring of

the NLC molecules with the plate surfaces is dete
rmined by

W& - K436/3z|,_ = 0, WO - K3d0/3z|, 5= 0 (3)

3

Here © is the angle made by the director with the
z -axis. We are interested in the orientational
behaviour of the director in the audible frequen-
cy range satisfying the condition lof'd<'lvis’
L<L 159 L >a (here L, - the sample length,
lor- the orientation wavelengths). For specimens
10 ... 100 Mw thick this condition is valid up to
frequencies of about ’IO3 Hz. An analysis shows12
that in the geometry considered the non-linear
interactions between the director oscillationsand
the velocity field give riseto astationary distor-
tion of the structure of the layer so that the di-
rector oscillates near the new guasi-equilibrium
state. Following our analy51512 for the boundary
condition (3) the angle '6§t describing a statio-

nary effect is written as
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8,4=1/2]a w§§d—4K§1{-[224—3z3d+ 2d3-3za3(1 + 25)™"
(4)
+ %(1+5)d4(1+26)"1J+ 3/2X?51(z4-2z3d + zzd?)} ,

where & = Ky/Wd is the dimensionless parameter
which characterizes the anchoring of the NLC mo-
lecules with the boundary. At amplitudes and fre-
quencies satisfying the inequality OA,’IX‘au)‘é‘odL/K3 P |
nonlinear effects are very considerable and the
contributuion made by the stsbtionary distortion
into change in the optical transmittivity of the
layer is exhibited distinctly. In such a situa -
tion dc component of the optical signal is given
by my= 0,51 = 3 (P;) cosP |I if the the angle
between the polarizer and the direction of shear
vibrations of the plate makes J7/4, Here Iois the
intensity of the incident linearly polarized
light, Jo is Bessel's function of the first kind.
The parameters Po and PH depend on the values of
€, It implies that the dc component m is a func-
tion of %’o‘ A% high value of P (for P,>P,) the
first maximum of this function is determined by
the following condition:

P,= (5)

According to 12

P.= 0.0075 kOAnd(ag{asgﬁ/KB)z['l + 0,12((’/22)2

- 0,67 /0y + £ (D) + Angi k /24, (6)
where k0=2ﬂT/RD,An is the birefringence of the
NLC,, and |’ are viscous coefficients of the NLC,
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The relations between the anchoring energy W and
the amplitude %rgax corresponding to the first
maximum of m, derived from (5) and (6) are shown
in figure 4 for a NLC sample, 15‘4m thick, at 123
Hz for the following number of values of the para-
meter a = V,/V_: 0.16, 0.4 and 0.9 ( curves 1-3).’
It can be seen that in the region of weak ancho -
ring small changes in W lead to shift of gax to
amounts which can be measured., Experimental va -
lues of gax are also shown in figure 4 (a mix-
ture of MBBA and EBBA; the plates bounding the
NIC layer were treated with lecithine,W =10 ~3
erg/cmz). The change in the values sigax as a
function of W is in agreement with the dependence
ofzegt on W (curve 4 for 4 = 50 Mm, z = 4/2, éh

1Mm, a = 0,1 and £ = 100 Hz).

1
x ¢hcmax |
Gst' %°%t‘m , 2
40° [ L aB
005 Q - 0.16
i - 0.4
597 0.2( x
0.1 1073 1072 5
W, erg/cm

FIGURE 4., Evaluation of anchoring energy

METHOD OF ACOUSTIC EMISSION

It was considered for a long time that acoustic
emission (AE) was inherent in solids only.However
as it turned out AE is also characteristic of ILCs
in which there are a lot of inhomogeneities.Itali-
an colleagues have shown that one of the simplest
situations to observe AE is a change in the sample



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 19 February 2013

ACOUSTIC METHODS AND LIQUID CRYSTALS 183

temperature, during this change the IC passes a
number of phase transformations?3 Such observati-
ons were carried out on thick (~1cm) nonoriented
samples of MBBA, COOB, CBOOA. It was found that
the acoustic activity was most clearly pronounced
in the nematic-isotropic transition. A high sensi-
tivity of the method to microstructurel inhomoge-
neities of materials allows one to view it as a
mean of control of the alignment stability of LC
sample. Unfortunately, little attention is given
to this problem.

OPTOACOUSTIC SPECTROSCOPY

The successful development of powerful lasers has
led to the progress of the existing mebthods of op-
tical spectroscopy, for instance, of the optoacou-
stic method (OAM). It is based on the generation
of a thermal or an acoustic waves by absorption

of pulsed light. An important feature of the OAM
is the dependence of the OA signal on thermal
properties of the medium. It enables one to emp~
loy this method for studing the phase state of
materials and for probing thermal properties of
the samples. For these purposes the OAM with in-
direct detection of sounds in a gas surrounding
the sample is most efficient in condensed media,
Since the OA signal is proportional to the energy
absorbed by the sample, the light scattering,
which offers serious difficulties in standard spe-
ctroscopy does not play any essential role in the
indirect OAM. This makes it possible to use the
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OAM in the spectral analysis of strongly scatte-
ring objects. Rosencwaig was the first who de-
monstrated the possibility of applying the OAM to
the stady of pretransitional effects in LCs ¥,
More recently15 within the framework of the gene-
ral theory of OA spectroscopy it became possible
to find a simple correlation between OA signal
(phase, amplitude) and two dimensionless parame-
ters of LCs ( thermal-diffusion to optical-absor-
ption length ratio, sample to gas effusivity ra-
tio). Several methods are employed for the detec-
tion of the 0OA signal (gas microphones,piezoelec-
tric transducers, probe beam refraction). Recent-
ly in the Institue of Acoustics of the Academy of
Sciences (USSR) a family of optical microphones on
ILC hag Dbeen devised. One of them16 may be used
in the detection of 0OA signal.
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APPENDIX
We collect here the set of symbols used in the

paper but not defined in the text:

Io— the intensgity of the incident linearly pola-
rised light;

Idc' the dc component of the optical signal mea-

sured between crossed polarizers;

%o ~ the displacement amplitude of the shear;

lvis' the viscous wavelength;

K3 ~ Frank elastic constant;

a - the ratio of the amplitudes of the sound par-

ticle velocity components V and V ;

£(8) =[5.5(1 +26)71- 1.65(‘/’251] 1162(1+36 %82

(1 + 25)< -
8, = 1/a an%z -1 [ 3/16 5(2"1 -1/ - 5’





