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Smectic layer displacement fluctuations in solid substrate supported smectis-films
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In this paper we present results of calculations of static and dynamic characteristics of smectic layer
displacement fluctuations in solid substrate supported smadilms with due regard for asymmetric profiles
of the bending elastic constalitand the smectic layer compressibilBy We also take into account difference
in properties of boundary surfaces of the film, namely, the surface tension of the free surface is taken to be
finite whereas that of a film-substrate interface is assumed to be infinitely large. Profiles of the smectic layer
displacement fluctuations and correlations between them are calculated for films formed of liquid crystalline
compounds with the bulk smecti-to nematic phase transition. The calculations are performed at tempera-
tures much lower than that of the bulk phase transition and at maximum temperatures of existence of films of
given thickness. The time dependent displacement-displacement correlation functions for thermal smectic layer
displacement fluctuations and time dependent intensity-intensity correlation functions for diffuse x-ray scatter-
ing from the films are also calculated. It is shown that unlike free-standing sn#ediiicts, an effect of the
temperature on dynamics of smectic layer displacement fluctuations in solid substrate supportedAsmectic-
films can be observed in experiments on coherent x-ray dynamic scattering from not very thickNilms (
~20) and at significantly smaller wave vector transfer component in the film plane.

DOI: 10.1103/PhysRevE.69.011701 PACS nunider61.30.Cz, 64.70.Md

I. INTRODUCTION placement fluctuations in the solid substrate supported smec-
tic films.

Smectic liquid crystals possess a one-dimensional layer- Theoretical description of the thermal layer displacement
ing [1] due to which they have an ability to form free- fluctuations in solid substrate supported smeéti¢Sm-A)
standing films with a macroscopic surface areac?) [2]  films has been developed in Refd6,17. In these papers
and thickness which can be varied from thousands of mosuch fluctuations are described in the framework of well
lecular layers down to two and even one smectic ldgef].  known discrete Holyst's mod¢ll8—2Q earlier proposed for
These unique properties make them the most suitable modégescription of the layer displacement fluctuations in FSSAFs.
systems for studying the crossover from three-dimensiondn this model the solid substrate supported smeétfdm is
(3D) to 2D behavior. In addition, the surface-induced order-assumed to be spatially homogeneous and characterized with
ing combines with finite-size effects in free-standing smecticonly the number of the smectic layexs the surface tension
films (FSSF$, and this combination gives rise to the appear-7 its boundary free surfacgn Ref.[16] the surface tension
ance of phenomena that are not observed in bulk liquid crysef a film-substrate interface is assumed to be infinitely large,
tal (LC) sampleg5-9]. Therefore, during the last 20 to 25 and in Ref[17], the film layer adjacent to the substrate sur-
years FSSFs have been the objects of intensive experimenfaice is assumed to be rigidly fixgdand the elastic constants
and theoretical investigations. K andB for bending and compression of the smectic layers,

At present, a significant interest is focused on solid sub¥espectively. The latter constants are assumed to be similar
strate supported smectic filis0—15. Similar to FSSFs, the for all film layers and equal to those for the bulk -
most complete information on the structure of these films caphase. In Ref421-23 it has been pointed out that, even for
be obtained from experiments on specular and diffuse x-raf SSAFs, this assumption is physically justified only for tem-
scattering. These experiments provide us with information onperatures significantly lower than the bulk S¥a-nematic
both equilibrium properties of the film&umber of film lay- (Sm-A-N) or SmA-—isotropic (SmA-I) transition tem-
ers, the layer spacing, the local layer structag well as the peratures. In this case the Sinstructure is well developed
thermal fluctuation in them. In addition, experiments on dif-in whole volume of the film, and both orientational and
fuse x-ray scattering10-12,19 yield information on the translational molecular ordering in internal film layers should
substrate roughness which induces distortions in the smectlge similar to those near the boundary free surfaces. Since the
film. In Ref. [16] it has been shown that displacement-bending elastic constari{ is proportional top?, and the
displacement correlation functions for such films, which de-smectic layer compressibilit is proportional tos? [1],
termine intensity of the diffuse x-ray scattering, consist ofwherep and s are the orientational and translational order
two parts, one of which is due to intrinsic thermal smecticparameters, respectively, the elastic constirasdB should
layer displacement fluctuations and the second part is due &lso be almost equal for all film layers. However, thin smec-
substrate roughness replication in the film. Thus, an informatic films of some LCs can exist at temperatures much higher
tion on intrinsic thermal smectic layer fluctuations and thethan the bulk SmA—I or Sm-A-N transition temperatures
substrate roughness cannot be extracted separately from d&fa-9]. The microscopic model proposed in Refg4-27,
of experiments on the diffuse x-ray scattering without anwhich describes many features of behavior of the FSSAFs at
adequate theoretical description of the smectic layer disthese temperatures, predicts that well above the bulk

1063-651X/2004/6@)/0117019)/$22.50 69011701-1 ©2004 The American Physical Society



L. V. MIRANTSEV PHYSICAL REVIEW E 69, 011701 (2004

Sm-A-I or SmA-N transition points the internal film layers placement fluctuations in FSSAFs has been theoretically in-
can be significantly less ordered than the outermost oneyestigated in our previous pap@s]. It has been shown that -
This theoretical result has been experimentally confirmed byhis effect can be observed in experiments on the dynamic
experiments on a visible light transmission through FSSAF&-Tay scattering from sufficiently thick filmsN=100) and
[28] and x-ray scattering from smectic-films [9] heated ~for large enough#%10° cm™*) wave vector transfer compo-
above the bulk Smk—N transition temperature. Therefore, Nent in the film plane. In thinner films and for not so large
in such films both the bending elastic const&ntand the Wave vector transfer component in the film plane, the major
smectic layer compressibilitg should decrease with dis- role in the dynamics of the thermal layer displacement fluc-
tance from the boundary free surface and reach minimunidations in FSSAFs belongs to the so called acoustic mode
values in the interior of the film. In the Holist's model8— [31,32 with practically temperature independent relaxation
20] such profiles of the elastic constaritsand B are not time
taken into account, and, consequently, above the bulk
SmA-l or SmA-N transition temperatures this model TM=Ndny/2y, (1)
should not give correct values of the smectic layer displace-
ment fluctuations and correlations between them. An effectvhered is the smectic layer spacing, ang is the layer
of spatial inhomogeneity of FSSAF on the thermal layer dis-sliding viscosity. This mode corresponds to such motion of
placement fluctuations has been theoretically investigated ithe film when an interlayer spacing is constant, and, hence,
Refs.[21-23. It has been found that taking into account thisany dependence on the elastic modkiliand B profiles is
inhomogeneity, for maximum temperatures of existence ofbsent. However, for the solid substrate supported smActic-
FSSAFs, one can obtain results significantly different fromfilms, the acoustic mode of its motion vanisHdg]. Thus,
predictions of the Holyst's model. It should be, however,the thermal layer displacement fluctuations always give rise
noticed that an assumption of spatial homogeneity of théo change in the interlayer spacing. Therefore, dynamic char-
solid substrate supported smechidiims can be invalid even acteristics of these fluctuations should depend on the elastic
for lower temperatures. The point is that their boundary surmoduli K andB profiles, and, hence, on the temperature, not
faces(the free surface and the film-substrate interfame=  only in very thick films and for not so large wave vector
not similar, and, hence, these surfaces could have differeritansfer component in the film plane. In other words, an ef-
orienting action on the LC molecules. As a result, such filmsfect of spatial inhomogeneity of the solid substrate supported
are not symmetrical with respect to their central layer that ismecticA films on their thermal layer displacement fluctua-
not consistent with the assumption of their spatial homogetions should be stronger than analogous effect in FSSAFs.
neity. Therefore, the theoretical description of the smectic In this paper we present results of calculations of both
layer displacement fluctuations proposed in R¢f6,17]  static and dynamic characteristics of the layer displacement
cannot be considered as adequate. fluctuations in the solid substrate supported smektidms

As for dynamics of the thermal layer displacement fluc-with due regard for the bending elastic modukisand the
tuations in FSSAFs, it has been under experimental and themectic layer compressibiliti3 profiles. These calculations
oretical investigations since only the last few years. For itsare analogous to those for the layer displacement fluctuations
experimental study, the dynamic soft x-ray scatteri@g] in FSSAFs presented in Ref21-23 and[35], but here we
and the dynamic hard x-ray scatterif@p] techniques have take also into account that the boundary surfaces of the film
been developed, and theoretical description of the experiare not similarithe surface tension of the boundary free sur-
mental results has been presented in R&%-34. This de- face is taken to be finite, whereas that of the film-substrate
scription is based on linearized equations of the sme&tic- interface is assumed to be infinitely lajgand that the elas-
hydrodynamics and the above mentioned Holyst's modetic moduli profiles are not symmetrical with respect to the
[18-2( for the free energy excess associated with the layefilm center. These profiles are determined from the micro-
displacement fluctuations in FSSAFs. The mod&%—-34  scopic mode[24—-27 for FSSAFs, taking into account the
allow to determine the dynamic correlation functions for difference in orienting actions of the boundary surfaces on
these fluctuations and calculate time dependent intensitynolecules of the film.
intensity correlations for x-ray scattering from FSSAF. Their  In the following section we present results of calculations
predictions are in a qualitative agreement with results of thef the smectic layer displacement fluctuation profiles and
experimentg 29,30 on the dynamic x-ray scattering from correlations between them for the films formed by liquid
FSSAFs of various thickness. As for dynamics of the thermatrystalline compounds with the bulk SA-N phase transi-
layer displacement fluctuations in the solid substrate suption. The calculations have been performed for both the tem-
ported smectid films, it is not experimentally investigated peratures well below the bulk phase transition temperature
up to now. Nevertheless, its theoretical investigation hasand the maximum temperatures of existence of the films of
been already performed7] in the framework of the Ho- given thickness. It has been shown that, well below the tem-
lyst's model[18—-20, neglecting the spatial inhomogeneity perature at which the smectic order in the bulk LC disap-
of the films. As a result, such an approach yields temperaturpears, taking into account the profiles of the elastic maguli
independent dynamics of these fluctuations. and B does not produce noticeable differences from the re-

An effect of both the bending elastic modulksand the sults of Refs[16,17] obtained in the framework of the Ho-
smectic layer compressibiliti3 profiles, and, consequently, lyst's model. However, at maximum temperatures of exis-
the temperature, on the dynamics of the thermal layer distence of the films, our results are considerably different from
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the predictions of this model, especially when an orienting M =K.dq?+(B,_;+2B,+B,.1)/2d=b,,n=2N-1,

action of the film-solid substrate interface on the LC mol- %)
ecules is much weaker than the orienting action of the free
surface of the film. Mns1in=Mupi1=—(B,+Bpi1)/2d=c,,n=1N-1,

In Sec. Il the results of calculations of the time depen- (8)

dent displacement-displacement correlation functions and ) . )

intensity-intensity correlations for diffuse x-ray scattering WhereK is the elastic modulus for bending of théh smec-
sented. It has been shown that, unlike FSSAFs, an effect dfnow the magnitudes of elastic mod#liandB for the bulk
temperature on the dynamics of the layer displacement flucSMA phase of a given LC at a certain temperatlig
tuations in such films can be observed in experiments on theK(To) =Ko, B(To)=Bo] much lower the bulk Sni—I or
dynamic x-ray scattering from not very thick filmsl20)  SmM-A-N transition temperature, we can determine values of

and for significantly smaller values<(10> cm ') of the the elastic moduliK,, B, for any film of this LC at any
wave vector transfer component in the film p|ane_ temperatureT within an interval of its existence via the mi-

croscopic model[24—-27 for a thin LC layer with two
boundary surfaces. The algorithm of determination of these
elastic moduli is described in detail in our previous papers
[21,23. Further, one can find the elementd (1), of in-
verse matrix, and, using these elements, calculate the average
film layer displacement fluctuations,=(u3(0))? and the

In Refs.[16,17] it has been shown that the thermal smec-displacement-displacement correlations gy n(R)
tic layer displacement fluctuations in the solid substrate sup= (y,(R)u,(0))/(oo). According to Refs[18,19,
ported smecti@ films can be described in a framework of
discrete model similar to that proposed by Hol{$8-20Q kg T
for description of these fluctuations in FSSAFs. Let us con- oﬁ=<uﬁ(0)>= 5
sider theN layer solid substrate supported sme@&i¢im. In (2m)
this film the smectic layer displacementg(x,y) from equi-

II. THE SMECTIC LAYER DISPLACEMENT
FLUCTUATIONS AND CORRELATIONS BETWEEN
THEM IN THE SOLID SUBSTRATE SUPPORTED
SMECTIC-A FILMS

f(M*)nndai, (9)

librium positionsz,=(n—1)d along z axis normal to the = _ keT 1 N

film layers, wheren is the layer index andl is the smectic (U(R)us(0))= (27r)2f (M7 nexpliq, -R)dq, . (10)
layer spacing, give rise to the free energy exdessnsisting

of a bulk contributionFg determined by Eq92) and(3) in In right-hand sides of Eq$9) and(10), the lower limit of
Ref.[21], and a surface contributiois which according to integration is determined by the transverse film slze
Ref.[16] is given by whereas the upper limit is determined by the molecular di-

ametera (2w/L<|q,|<2w/a). If the film has a macro-
scopic transverse size~cm, then one can set the lower
limits of integration in Eqs(9) and(10) to be equal to zero.
Numerical calculations of the smectic layer displacement
wherevy, is the surface tension of the free surface of the film fluctuationso, and correlationgy ,(R) have been carried
yn is the surface tension of the film-substrate interfatés ~ out for the solid substrate supported smeétiéitm consist-
the radius vector in the plane of the fillR{=x2+y?), V, is  ing of N=24 layers. The film is assumed to be made of a LC
having a “weak” first order SmA—N phase transition. Ac-
cording to the well known McMillan theor}§36] for the bulk
Sm-A phase and the microscopic modgk—27 for a thin
R R L LC layer with two boundary surfaces, in this case the model
un(R)=(2w)‘2J un(q,)expiq, -R)dq, , ()  parametera=2 exg —(mto/d)?] used in the theory must be
a<0.98 where  is a characteristic radius of the model pair
one can obtain the following simple and compact expressioROtential proposed by McMillan. As in Reff21-23, our
for the free energy excess calculat!ons have been perfqrmed tor-0.871. The smectic
layer displacement fluctuations and correlations between
1 N them have been calculated for two temperatures. The first
F== > | ul(q,)Myu,(—q,)dq, , (4)  temperatureT, is well below the bulk SMA-N transition
2 k=1 temperature and the second temperaiurés just below the
] ] ] maximum temperature of existence of the film of a given
whereM,,, are the elements of ribbonlike matrix. The non- thickness. According to Ref§24—27, above the maximum

1 N i >
FSZEJ [yl Vo ur(R[Z+ | VL un(R)PIAR, (2)

the projection of theV operator on thex,y) plane.
Using the Fourier transformation

zero elements of this matrix are determined as temperature, the smectic order completely disappears in vol-
5 4 ume of the film 6—0). As in Refs.[21-23, we takeT;
M11= 7107 +Kqdq; +(By+Bp)/2d =Dy, (5 =0.204(Vy/kg) [according to Ref[36], for «=0.871, the
5 . bulk SmA-N phase transition temperature is equallig
Myn=yndi +Kndd) +(By-1+By)/2d=by,  (6)  =0.2091{,/kg)], WhereV, is the intermolecular interac-
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tion constant in the McMillan theory. In the framework of 18
the model proposed in Ref24-27, a value of the tempera-
ture T, is determined by the orienting actions of the bound-
ary surfaces of the film on the LC molecules. These actions
are simulated by effective short-range external fields, the
strength of which is proportional to interaction constamts 1

andW)y, corresponding to the free surface of the film and the ' \
film-substrate interface, respectively. As in our previous pa-\¢ 2

pers[21-23, we setW, /V,=1.6. As for the constartv,,, ¥ °8 \/
we considered three cases. In the first case wé\ggt W, ]

(orienting actions of two boundary surfaces are equal to eact
othep. In the second case we takéy=5W, (the orienting

action of the film-substrate interface is much stronger than

that of its free surfade Finally, in the third case we set
Wy=W,/5 that corresponds to a very weak orienting action

of the film-substrate interface. Then, in the first case, as in 0.0 . , , ‘ ‘
Refs.[21-23, we obtainT,=0.210 35§, /kg), in the sec- g 5 10 15 20 25
ond caseT,=0.21039¥,/kg), and in the third casd, n

=0.2093W/kg). FIG. 1. The bending elastic constdtprofiles in the solid sub-
The bending elastic constaht, and the smectic layer strate supported smectic{ilm well below the bulk SmA-N tran-

compressibilityB, for the bulk SmA phase at the tempera- sition temperature and near the maximum temperature of its exis-

ture Ty well below the bulk SMA-N phase transition tem- tence.N=24; «=0.871; W, /V,=1.6, Wy=W,/5. Curve 1, T

peratureT o\ are assumed, as in Ref21-23, to be equalto  =T1=0.204(o/kg); curve 2,T=T,=0.2093¥,/kg).

Ko=10"° dyn andB,=10% dyn/cnt (typical value for most

LCs[1]). A value of the surface tensiop =25 dyn/cm for  for the temperaturd,, a significant part of the solid sub-
the free surface of the film has been taken from I%‘f.and strate supported smectfe-film is rea”y Spatia”y homoge-
the surface tensioryy of the film-substrate interface is as- neous, or almost homogeneous, and the Holyst's middet
sumed, as in Ref.16], to be infinitely large(in numerical  20] used in Refs.[16,17] should give results not very
calculations we sefy=1000y,). The film layer spacingis  different from ours. However, close to the maximum tem-
assumed to be temperature independent and equal to perature of existence of the film of given thicknesE (
=30A, and we set the molecular diamet+4A (typical  =T,), in all above mentioned cases, the film is already not

values for the LC moleculefsl]). spatially homogeneoutsee curves 2 in Figs. 1 and 2 and
First of all, using the mod€l24 27, we have calculated

the bending elastic constait and the smectic layer com-
pressibility B profiles for three above mentioned relations
between orienting actions of two boundary surfaces of the
film. As expected, in the first cas&\y=W,), the profiles 1
obtained are completely similar to those presented in our
previous papers on the thermal layer displacement fluctua:
tions in FSSAFgsee Figs. 1 and 2 in Refi21,23)). In the
second caseW\=5W,), the profiles obtained are also very
similar to those in Refd.21,23, though values oK/K, and
B/By for the Nth layer are slightly larger than analogous
values for the first layer. In the third casé&/(,=W,/5), how-
ever, the profiles obtained are significantly different from
those presented in Reff21,23. First, as expected, these 04
profiles are not symmetrical with respect to the center of the

film. Second, the elastic moduli, especially the compressibil-

ity B, have their minimum values not in the central part of

the film, but in the layer adjacent to the solid substrate. It
should be also noticed that, for the lower temperaiyrésee

curves 1 in Figs. 1 and 2 and Figs. 1 and 2 in Rg#4,23), 00 ‘ ‘
in all above mentioned cases, the elastic mod#uland B 0 5 10 15 20 25
profiles have a large plateau in the central part of the film, on n

which these moduli are nearly constant and very close to the FG. 2. The smectic layer compressibilB/profiles in the solid
bulk valuesk, andBy, respectively. On the contrary, for the substrate supported smeccfilm under the same conditions as in
maximum temperatur@&, of existence of the film, this pla- Fig. 1. Curve 1, T=T;=0.204(,/kg); curve 2, T=T,
teau is absenfsee curves 2 in these figuje€onsequently, =0.2093W,/kg).

12-

08

B/B,
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FIG. 4. Analogous profiles foly=W,/5. Other parameters are

. ) . .. the same as in Fig. 3. Solid circle§=T,=0.204(V,/kg); solid
FIG.. 3. The smectic layer dlsplacgment fluctuation profiles 'nsquaresT=T2=0.2093(\/o/kB); dashed line, the results of the Ho-

the solid substrate supported smedicilm. W, /Vy=1.6, Wy lyst's model

=W,, Ky=10°dyn; B,=10° dyn/cn?; y,=25 dyn/cm. Solid '

circles, T=T;=0.204(/,/kg); solid squares, T=T,

=0.210 35,y /kg); dashed line, the results of the Holyst's model
[18-20.

growth of temperature of the film gives rise to very weak
change in ther, profile. In the third case, heating the film
from the lower temperatur€; to the maximum temperature
Figs. 1 and 2 in Refg21,23). In addition, in the third case, T2=0.2093Wo/kg) of existence of the film gives rise to
the film is strongly asymmetrical with respect to its center,€ven more radical change in the, profile (see Fig. 4. For
and, in the layers adjacent to the substrate, the elastic moduli= T1. We have a very weak dependencesgfon the layer

K andB are much weaker than those close to the free surfacldex n, excepting the sharp decay of, to zero atn=24,

of the film. Consequently, just in this case, a difference beWhereas, for the maximum temperatufe of existence of
tween results obtained in Refd6,17 in the framework of the film, we see a significant growth of, with increasingn

the Holyst's model and our results should be most noticelP to the last but one film layer followed by the sharp decay
able. to zero ain=24. So, the maximum value ef, is shifted to

Further, the elastic modulk and B profiles obtained the solid substrate surface, where the elastic mddaindB

above have been used in calculations of the layer displacdiave minimum value¢see Figs. 1 and)2In other words, in
ment fluctuation profilesr,, in the 24-layer solid substrate all cases under consideration, maximum values of the ther-
supported smectié- film for both the lower temperaturé, ~ Mal smectic layer displacement fluctuations are observed
and maximum temperatuf® of its existence. The results of Where the layering structure of the film is weakest, and a
these calculations for the firstWy=W,) and the third POSItion of these maxima is deter_mined by orienting actions
(Wy=W,/5) cases are shown in Fig. 3 and Fig. 4, respecpf the boundary surfaces of the ﬂlm on the LC molecules.
tively (the o, profile for the second case is slightly different ~We have also calculated the displacement-displacement
from analogous curves in Fig).3n the same figures, using correlationsg, ,(R) for different layers in the solid substrate
the dashed curves, the thermal fluctuation profiles obtaine@UPPorted smectié- films. The results of these calculations
in the framework of the Holyst's moddll8—2 are also for correlations b_etween the layer displacement fluctuations
shown. As expected, in both cases, Tox T, our results are  Of the central film layer K=12) and other layers n(
very similar to those given by this model. However, close to=1,24R=0) for the case ofVy=W, are shown in Fig. 5.
the maximum temperatures of existence of the filnis ( Well below the bulk SmA-N transition temperature T(
=T,), taking into account the elastic modidiandB pro-  =T,), our resultdcurve 1 in Fig. 3 are very similar to those
files gives rise to a considerable deviation from the Holyst'sobtained in the framework of the Holyst's modd8-2Q
model[18-2( predictions. So, in the first cagsee Fig. 3, (dashed curve in this figureOne can see a significant de-

a maximum value of the layer displacement fluctuations therease of the correlatiog;,,(0) with increasing absolute
o, calculated at the temperatuid,=0.21035W,/kg) is  value of difference 12 n. However, as expected, the curves
about 1.5 times larger than that calculated at the temperatubtained are not symmetrical with respect to the center of the
T,. In addition, the maximum of the, profile is shifted to  film, and decay of this correlation with approaching the solid
the center of the film, where the elastic modkilandB have  substrate surface is much faster than that with approaching
minimum values. At the same time, according to calculationghe free surface of the film. So, near the free surface (
performed in the framework of the Holyst's model, such=1), the correlatiorg;,,(0) exceeds 0.2, whereas for the
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10 - through the layers adjacent to central ones, a significant de-
’a crease of their elasticity should give rise to weakness of the
) correlationsg;,,(0) between the displacement fluctuations
08 o o of the central layers and those of other film layers. In the
o third case Wy=W,/5), however, heating the film to the
o . maximum temperaturé&, of its existence not only gives rise
' * . to decrease in elasticity of its central layers, but also to a
on .b more considerable extent decreases elasticity of the smectic
. N layers adjacent to the substrate surfésee Figs. 1 and 2 of
o a ‘. the present papgrAs said above, a rigid fixation of these
* " R ) layers hinders other film layers from fluctuating “in unison.”
" 2w So, in this case, heating the film eliminates an obstacle for
LI ) such “synchronous” fluctuations, and, hence, enhances the
vy correlations between them.

G12,4(0)

04

02

0.0

n IIl. DYNAMICS OF THE SMECTIC LAYER
DISPLACEMENT FLUCTUATIONS IN THE SOLID

FIG. 5. The correlationg;,,(0) between the displacement fluc- SUBSTRATE SUPPORTED SMECTIC-A FILMS

tuations of the 12th and other smectic layens=(1,24) in the solid

substrate supported smechcfilm. The parameterhl, a, W;, Wy, According to the model proposed in Ref81,32, a time

Ko, Bo, y1 are the same as in Fig. 3. Solid circle=T;  dependence of the smectic layer displacement fluctuations
=0.204(Vo/kg); solid squares,T=T,=0.21035V,/kg). The y (x,y) from equilibrium positions in the smecti-film is

dashed curve represents the results of the Holyst’'s model. determined by the following equations of motion:
last but one film layer if=23), this correlation is close to d%u,, u, 1
zero. Such difference between magnitudes of these correla- Po 5 =~ 138, — =~ OF/dun, (11

tions is due to the fact that the smectic layers disposed near
the free surface of the film can fluctuate “in unison” with the ) . ) i )
central film layers. At the same time, the smectic layers situVN€r€po IS an average density of L&js the time, and- is
ated close to the last film layer, which is rigidly fixed at the th® @bove mentioned free energy excess associated with ther-
solid substrate surface, have no such opportunity because mal smectlc.layer dlspla(_:ement quctuagons in th.e film. From
very large energy excess associated with their stretch or confedS: (11), using the Fourier transformaEg(B) and mtrodus:-
pression. ing d|men32|onless vane;blet/s;:[(KoBo) /(qn3)]t andq

Our calculations show also that heating the solid substrat& 9. /9o, Go=[Bo/(Kod )]l_’ one can obtain a set of equa-
supported smectié- films up to the maximum temperatures tions which can be written in the following compact matrix
T, of their existence gives rise to changes in values of corform:
relationsg ,(0) much weaker than the changes in the profiles
of fluctuationso,, (see Fig. 3 In addition, the thermally ) d%up, ;5 Up .
controlled changes in values gf,(0) are determined by the (poKo/73) ot'2 =-a ?_ Mamtm. (12)
orienting actions of the boundary surfaces of the film on the
LC molecules. If the orienting action of the film-substrate , . . .
interface is equal to the orienting action of the free surface oyvhereM nm &ré eIement; of a ribbonlike matrix analc_)gous to
the film (Wy=W,) or exceeds it Wy=5W,), then heating the above defined matnMnm. In the case of the solid sup—
the film gives rise, as in the case of FSSAFs, to decrease firate suppo_rted smecii-film, nonzero elemgnts of this
values of the correlationg;,,(0) (see Fig. 5 On the con- matrix are given by E_qs(ll)—(15) In our previous paper
trary, when the orienting action of the film-substrate interface[35] devoted to dynamics of the layer displacement flu_ctua-
is weaker than that of the free surface of the filwy( tions in FSSAFs if the dimensionless surface tension
—W,/5), a growth in the temperature gives rise to an en-="¥(KoBo) “?in Egs.(11) and(12) in this paper is replaced
hancement of these correlations. These results can be physiy y;=v1(KoBo) ~¥? and yy= yn(KoBo) ~ Y2 respectively.
cally interpreted as follows. In the first two case®/\( As in Refs.[31,32,35, the solutionu,(q’,t") of Egs. (12
=W, andWy=5W,), heating the solid substrate supportedcan be expressed in terms of eigenvecmﬁg(q’) of the
smecticA film to the maximum temperaturg, of its exis-  matrix M/, (q’) as follows:
tence gives rise to a significant decrease in values of the
elastic moduliK and B in the center of the film, whereas N
these moduli _in its inte_rfacial layers practically do not uy(q',t)=2, u®(q’ t"Ho®(q"), (13)
change. As said above, in these cases, the elastic midduli k=1
andB profiles are very similar to those in FSSAERe Figs.
1 and 2 in Refs[21,23). Since the displacement fluctuations and the time dependence of the normal mad$qq’,t') in
of the central film layers are transmitted to other layersthis expansion is determined by the equation
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upd(a’ t)=uf?(a ) exid AY(a")t ] *
+ufd(@)exd gY@l (14 2

By using Egs.(18)—(21) in Ref. [35], the exponents
,B(ik)(q’) can be expressed in terms of relaxation times
7¥(q’) and frequencies®(q’). A knowledge of the time
dependences of the normal mod.éé)(q’,t’) enables us to
calculate the time dependent displacement-displacement col &
relations which in the Fourier representation are determinecs 1o

20

(arb. units)

[31,32 by
Crn(a',t)=(Un(a’,t )un(—q’,0)). (15 ?
1
Finally, using Eqgs.(27) and (28) in Ref. [35], one can 0
express the time dependent intensity-intensity correlation 0 ! 2_9 8 4
(1(q,t)1(q,0)) for the diffuse x-ray scattering from the film t (107s)

in tﬁrms qf tre corlrellaté_on funct;or(iﬂ,n(q t’.t ). d dent FIG. 6. Time dependences of the displacement-displacement
umerical - calculations 0 € ume  dependent .,relation functionCs, 1o Wy=W;, q, =10° cm ™. Curve 1,T

displacement-displacementC, ,(q, ,t) and intensity- —T,=0.204/y/kg); cUrve 2,T=T,=0.210 35, /Ks).
intensity (1(q,t)I1(q,0)) correlations have been performed
for the 24-layer solid substrate supported smeAtiims at  5.qstic modé31,32, which corresponds to such motion of
values of the model parameters similar to those used in Sefq film that does not change interlayer spacing. Therefore,
Il in calculations of the smectic layer displacement fluctua-ng gependence of the relaxation times on the elastic moduli
tion profiles and correlations between these fluctuations. Thg ,nqB profiles should be observed in such motion. In the
layer sliding viscositys was assumed to be equal iy ggjig substrate supported smecficilm, however, the layer
=0.4 g/(cms) thatis a typical value for smecAcCs. The  ggjacent to the substrate surface is rigidly fixed, and the
calculations have been performed for the three above meny.,stic mode does not occur in its motidry]. Therefore
tioned relations between interaction constaMsandWy at  the Jayer displacement fluctuations in such films always give
both temperature$, andT,. rise to change in the interlayer spacings, and, hence, the re-
First of aII,.We have mvesngat_ed an effect.of the temperagyation timesﬂk)(q’), which determine the time depen-
ggrelof the f"g? cl)n the behavior of Ithe time defpendentdences of the displacement-displacement correlation func-
Isplacement-displacement correlation UNCctionSjons should depend on the elastic modaland B profiles,

Crn,n(d,,1). In our previous papef35] it has been shown and, consequently, the temperature, even for not very thick

that, for FSSAFs, this effect can be observed in sufficiently, N=100) films and not verv lar It should be noticed
thin films (N=100) and at large enougl=10° cm™ ') val- ( ) y argq, -

. ! that, for the substrate surfaces supported smécfitns, the
ues of the wave vector transfer component in the film plan

ias. 3 and 4 i ) tth &Eemperature dependence of these correlation functions can be
(se_e Figs. 3 and 4 in Refl35)). Ho_vvt_aver, In our case of the  ohsaryed even for more smaller values of the wave vector
solid substrate supported smechiciilms, this effect is no-

ticeable for thinner films and at significantly smaller values 10
of this wave vector transfer component. This fact can be
illustrated by Fig. 6 demonstrating the time dependence of &
the displacement-displacement correlation functiog, ;,
calculated for the 24-layer film at;, =10° cm 1, Wy
=W, and for the temperaturel; (curve ) andT, (curve

2). One can see that, for maximum temperatlizeof exis-
tence of the film, an absolute value of the funct©g, ;, at
t=0 is about two times larger than that for the lower tem-
peratureTl,, and, forT=T,, a decay of this correlation func-
tion with time is significantly slower than analogous decay 2
for T=T,. Other time dependent displacement-displacement
correlation functions €, ;, C, 1,, etc) demonstrate a simi-
lar behavior. In the case of FSSAFs, for the same valués of %
andq, , these correlation functions are absolutely tempera-
ture insensitive. Such difference in behavior of the solid sub- , :

strate supported smectifilms and FSSAFs can be quali- o0 o1 O'Zt (10.75)0‘3 o4 0s
tatively explained as follows. In not very thickN& 100)

FSSAFs and fog, <10° cm™ !, a major role in dynamics of FIG. 7. Analogous dependences forC,; at
the layer displacement fluctuations belongs to the so-called, =2x10* cm™1.

C, 1+ (arb.units)

.
@
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) . o . ) FIG. 9. The same dependences as in Fig. 8 buWQe=W,/5
FIG. 8. Time dependences of the intensity-intensity correlation, q,=3x10" cm . Curve 1,T=T,=0.204(/,/kg); curve 2,
function (1(q,t)1(9,0)). Wy=W,, q,=10° cm . Curve 1,T T=T,=0.2093/,/kg).
=T,=0.204(,/kg); curve 2,T=T,=0.210 35/ /kg).
similar to those shown in Fig. 8. On the contrary, when the
transfer component in the film plane. This fact is illustratedorienting action of this interface is much weaker than that of
in Fig. 7, demonstrating the time dependences of thehe free surface of the filmWy=W,/5), the decay of the
displacement-displacement correlation functiop, for q, intensity-intensity correlation functiofi (q,t)1(q,0)) at the
=2x10* cm ! at bothT=T, (curve ) andT=T, (curve  maximum temperaturd, of existence of the film becomes
2). For such a not very large value gf , both dependences even more slower. Finally, our calculations show that, for the
demonstrate oscillations, but these oscillations are noticeably4-layer solid substrate supported smeétidiim, an effect
different from each other. of the temperature on the time dependence of the intensity-
Then we have calculated the time dependent intensityintensity correlatior(1(q,t)1(q,0)) is observable for even
intensity correlationgI(q,t)1(q,0)) for the 24-layer solid more smaller values, for examplg, =3x 10* cm™ %, of the
substrate supported smec#cfilm. The results of these cal- wave transfer component in the film plane, when this depen-
culations for the diffuse x-ray scattering from the film in the dence demonstrate noticeable oscillatiqese Fig. 9. In
vicinity of the first Bragg peakd,=2m/d) at the wave vec- FSSAFs, for such values af, , this correlation function is
tor transfer component in the film plagg =10° cm™ %, and absolutely temperature independent.
for Wy=W,, are shown in Fig. 8. Curve 1 corresponds to  Thus, the results obtained show that the dynamics of the
the temperaturd@, well below the bulk SmA-N phase tran- layer displacement fluctuations in the solid substrate sup-
sition temperature, and curve 2 corresponds to results of caported smecti@ films is much more sensitive to change in
culation at the temperatuf®, just below the maximum tem- internal structure caused by its heating, and an experimental
perature of existence of the film. One can see that heating thstudy of this dynamics can be a sufficiently effective tool for
film to the temperaturd, noticeably decelerates the decay investigation of this structure.
of the intensity-intensity correlation functig(q,t)1(q,0))
with the timet, and observation of this phenomenon is most ACKNOWLEDGMENT
convenient fort~10°s. It should be also noticed that
when the orienting action of the film-substrate interface is This work was supported by the Russian Fund of Funda-
very strong Wy=5Wj;), the results of calculations are very mental InvestigationgGrant No. 01-03-32084
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