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The elastic properties of cadmium arachidate films, 11 to 401 monolayers thick, prepared on molybde-
num and glass substrates by the Langmuir-Blodgett dipping technique, have been investigated by Bril-
louin scattering. Measurements of the dispersion of the guided acoustic waves with film thickness indi-
cate an anomalously small ratio of the shear to the compressional elastic constants. Evidence for molec-
ular reorientational fluctuations in the depolarized spectrum was also observed.

PACS numbers: 68.55.Pr, 62.65.+k, 78.35.+c

Langmuir-Blodgett (LB) films are unique because
they are fabricated by dipping the substrate successively
through a water surface containing an oriented mono-
layer film. The solid-state nature of the films has been
established by electron diffraction,! x-ray scattering,?
and scanning tunneling microscopy.® However, the fra-
gile nature of these soaplike films suggests weak inter-
layer forces, and the high degree of orientation suggests
anisotropic elastic properties. The compressional® and
shear moduli® of a monolayer film spread on a water sur-
face prior to deposition have been measured. However,
only the coefficient of sliding friction between two LB
films and the shear strength of the films have been deter-
mined experimentally® for deposited films. In this Letter
we present the first experimental investigation of the
elastic properties of LB films. We find them to be high-
ly anisotropic, with shear properties reminiscent of
smectic-B liquid-crystal media,” and we have observed
depolarized spectra usually associated with molecular
orientational fluctuations in a liquid. In addition, the
large anisotropy leads to ‘“‘bunching” of the guided
acoustic waves.

Brillouin scattering has been used successfully to mea-
sure the elastic properties of surfaces and thin films for a
number of years. In thin films, light is inelastically scat-
tered from thermally excited acoustic phonons guided by
the film. The spectral components are characterized by
their frequency shift from the incident light frequency
(the acoustic frequency Q) and the change in the optical
wave vector component parallel to the surface (which is
equal to the parallel component of the acoustic guided-
wave vector k,). The number of surface guided modes
increases with film thickness (#), and their velocities de-
pend on the product x,h, as well as multiple elastic con-
stants of both the film and the substrate. There are
essentially two orthogonal sets of guided acoustic modes,
Sezawa waves (of which the Rayleigh wave is the lowest
order) and Love waves, which in the present case are
shear polarized with displacements parallel to the sur-
faces. By careful choice of scattering geometries and po-
larization of the incident and scattered light fields, it is
possible to isolate various features of these acoustic
modes and hence measure their dispersion relations (and

the elastic constants).

The tandem Fabry-Perot interferometer used for fre-
quency analysis of the scattered light was based on
Sandercock’s original design.®® An argon-ion laser
operating at A =0.5145 uym was the light source, and the
Brillouin signal was detected with an FW130 photon-
counting photomultiplier tube. An IBM PC servo con-
trolled the tandem interferometer and recorded the Bril-
louin signal during the experiments.

The LB films used were formed from cadmium salts of
the fatty acid arachidic acid, CH3;(CH,),;3COOH, here-
after referred to as CdA. Film samples ranging in thick-
ness from 11 up to 401 layers thick (27.8 A per layer as
measured by x-ray diffraction) were fabricated on both
molybdenum and BK-7 glass'® substrates with a Joyce-
Loebel Langmuir trough. Standard substrate cleaning
and deposition techniques were used.!! The first layer
was deposited with the hydroxyl group attached to the
substrate, and successive layers were deposited with al-
ternating orientations, commonly referred to as “Y”
type.'?

A typical Brillouin spectrum from the CdA samples is
shown in Fig. 1. The polarized backscattering spectrum
of a molybdenum substrate coated with 75 layers shows
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FIG. 1. Typical Brillouin spectrum of 75 layers of CdA

coated onto a molybdenum substrate. The scattering geometry
is illustrated in the upper right corner.
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FIG. 2. Brillouin spectra of CdA film samples on molybde-
num. The samples range in thickness from 11 to 401 mono-
layers thick.

three distinctive features arising from at least three guid-
ed acoustic modes. The peak corresponding to the small-
est frequency shift is due to the Rayleigh wave. The
velocity is obtained from the frequency shift and the
scattering geometry (which gives k,). The variation of
the Brillouin frequency shifts versus film thickness is il-
lustrated in Fig. 2. In two separate experiments the elas-
tic constants ¢33, C44, and cgg Were measured, and the
remaining constants c;3 and c;; were obtained by a
parametrized fit to an acoustical model of the LB film.
The value for ¢33 was obtained by observing back-
scattering at near normal incidence from longitudinal
phonons in a 301-layer sample coated onto a BK-7 glass
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FIG. 3. Depolarized scattering from a CdA sample 301
layers thick. No phonon modes were observed larger than 3
GHz.

substrate. The angle of incidence of the incident light
was 14°, and the scattered light was collected normal to
the surface. A frequency shift of 23.6 GHz was mea-
sured for the longitudinal phonons traveling along a
direction 4.5° from the surface normal. The sound speed
of the longitudinal phonons is 3980 m/sec for an index of
refraction of no=1.525."> We have measured the densi-
ty of CdA films with Rutherford backscattering
to be 1.32(%+0.06) g/cm®. Therefore c33=2.1x10'°
N/m?.

The values of c44 and cgs were estimated by our ob-
serving guided Love modes in the LB film. s-polarized
light at an angle of incidence of 60° was directed onto a
301-layer LB sample; the p-polarized scattered light was
collected along the surface normal. No guided Love
modes were observed as shown in Fig. 3. Since there are
no clear features larger than 3 GHz it is possible to place
limits on the values of c44 and ces. The scattering angle
within the film is 146°; therefore

C665In20+ 440520 < 3.6 X 10° N/m?,

where 6 is the direction of the acoustic wave in the film.
Here 0=17°, therefore c4 <4x10® N/m? and ce
<4.5x10° N/m?.

With the values for ¢33 and c44, the remaining elastic
constants ¢, and ¢;3 can be obtained by a parametrized
fit to a model of the Rayleigh-wave thickness dispersion
data. The parametrized model of the Rayleigh wave
velocity was constructed by modeling the LB film as a
hexagonal film (symmetry axis normal to the surface) on
an isotropic substrate. The calculated Rayleigh-wave
dispersion curve, as well as dispersion curves for the
higher-order guided-wave modes, is shown in Fig. 4 for
comparison with experiment. Note the “bunching” of
the guided-wave modes at velocities near the Rayleigh
wave velocity of the free substrate. It is a direct conse-
quence of the large difference between the shear and
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FIG. 4. Comparison of Brillouin scattering measurements

with Rayleigh and Sezawa dispersion curves for a hexagonal

film with C33"2.1x10m N/mz, c|3—1.0x10'° N/mz, Ca4

=4.0x10'" N/m?, and ¢;;=1.0x10'"" N/m? deposited on a
polycrystalline molybdenum substate.
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compressional elastic moduli, and is not obtained for iso-
tropic films. It is scattering from two of these modes
that gives rise to the remaining two peaks in Fig. 1. The
value of ¢, can be estimated from ¢y, =c;; —2ces. Con-
sequently, 0.2x10'" N/m? < ¢j5 < 1.1x10'© N/m?.

The frequency shifts of the Brillouin features were es-
timated with an error less than 2%. The largest error in
estimating the phase velocity associated with a Brillouin
feature was the scattering-angle measurement which was
as large as 3%. Since the values of the elastic constants
are interrelated more work must be done before reason-
able errors can be assigned. The most significant error
contributing to the elastic constants is the measurement
of the film density which has been measured to within
5%.

No depolarized scattering was observed from Love
waves; the spectrum is shown in Fig. 3. The long diffuse
tails, which appear to be due to Brillouin features cen-
tered at or near zero frequency shift, may arise from
molecular orientational fluctuations as in molecular
liquids. The appearance of these features suggests that
the individual long-chain LB molecules are undergoing
orientational fluctuations inside the LB lattice, leading
to a large damping of the shear waves polarized parallel
to the layers.

These results show that the elastic properties of these
LB films are highly anisotropic. The compressional con-
stants are comparable to those obtained for oriented po-
lymer films.!* In contrast, the resistance to shear strains
is small, as evidenced by the small shear elastic con-
stants, much smaller than those observed in polymers.
These properties are similar to results reported previous-
ly for smectic-B liquid crystals,'> raising interesting
questions about the similarities and differences between
LB films and smectic-B liquid-crystal media. Similarly
de Gennes has identified a solid form for smectic-B
liquid-crystal media that appears to have similar proper-
ties to LB films.!®

In summary, the elastic constants of LB-deposited
films of CdA have been measured for the first time by
Brillouin spectroscopy: namely cqq <4.0%x10°® N/m?,
ce6 <4.5%10° N/m? c;;=1.1x10" N/m?, c33=2.1
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x10' N/m?, ¢;3=1.0x10'"® N/m? and 0.2x10'° N/
m?<¢;3<1.1%10'° N/m% The shear elastic constant
cas is quite small for a solid film. There is evidence for
molecular reorientation in the depolarized spectra of the
CdA films.
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