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Temperature difference between bulk and surface transition in freely suspended smectic films

D. Schlauf and Ch. Bakr
Institute of Physical Chemistry, University Marburg, D-35032 Marburg, Germany

M. Glogarova M. Kaspar, and V. Hamplova
Institute of Physics, Academy of Sciences of the Czech Republic, Na Slovance 2, 182 21 Prague 8, Czech Republic
(Received 8 December 1998

We report an ellipsometric study of freely suspended films of a chiral liquid-crystal compound possessing
the phase sequence smedliesmecticA—isotropic with a very broad67 K) smecticA phase range. We
observe a smecti€—smecticA surface transition which is situated more than 60 K above the bulk smectic-
C-smecticA transition temperature. Possible reasons for this unusually large temperature shift are discussed.
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PACS numbd(s): 64.70.Md, 68.10.Cr

Most condensed matter systems are expected to be lefdlowing. For most transitiond T amounts to a few degrees
ordered at the surface than in the b{il{. Exceptions are K, with some variation from compound to compoufithble
simple chain molecules such as alkanes and alcohols, arldgives an overview The transition between the two sim-
thermotropic liquid crystals. These compounds can show, dilest smectic phases, smeci¢Sm-A) and smectic-
temperatures above a bulk phase transition, a distinct surfade(Sm-C), occurs for most compounds at the surface of
phase transition, at which the low-temperature phase i§eely suspended films about 10 to 15 K above the bulk
formed at the surface whereas the bulk remains in the higHransition temperature. SW-and SmE phases can be con-
temperature phase. In the case of alkanes and alcoholsidered as stacks of molecular layers, each layer correspond-
where a crystalline surface layer on an isotropic melt ising to a two-dimensional fluid in which the rodlike mol-
formed a few degrees K above the bulk melting point, thisecules are with their long axis aligned on average parallel
behavior has been observed fairly recerfdy-4], whereas (Sm-A) to the layer normal or tilted (Sr) by an angled
for liquid crystals the corresponding behavior is known forwith respect to the layer normal.
more than 15 years. The free surface of liquid crystals has Recently, it was observed that in compounds possessing
been studied in two kinds of samples: Thick films on a sub{luorinated alkyl chains the StA—Sm<C surface transition
strate have been used to investigate the behavior at phatgmperature is situated unusually clasely 1-2 K above
transitions involving the isotropic and nematic phf§e7]  to the bulk transitiorj20,11]; the small value oAT in these
(in these cases, however, the surface phase develops ofteampounds is probably a result of the low surface tension of
continuously without a distinct transitipnBy far the most  fluorinated compounds. We report here our observation of an
studied systems are freely suspended smectic films whichnusualarge value (>60 K) of AT in a compound possess-
provide ideal systems for the investigation of transitions being a very broad Smi phase above its Si8- phase. The
tween different smectic phases at free surfaces. large AT value is probably a consequence of a large tilt

Freely suspended smectic films consist of an integrasusceptibility in the S phase of this compound.
number(adjustable between several hundred and only)two The compound under investigatioridesignated as
of molecular smectic layers which are arranged parallel t¢'9HL,” the molecular structure is shown at the top of Fig.
the two free surfaces. If a transition between two smecticl) is a chiral lactate derivativie1]. The bulk phase sequence
phases is approached from above, the layers at the surfacé our sample is Sn& 64 °C SmA138 °C isotropic. Freely
transform into the low-temperature phase usually well abovesuspended films are drawn in the $uphase using a rect-
the bulk transition temperatufescent reviews arg8,9]). On  angular, variable-area frame described[22]. The typical
further approaching the bulk transition temperature, the lowfilm area is 5< 10 mnt.
temperature phase grows into the interior of the film, in most The SmA-Sm< transition at the film surface is detected
cases via a series of layer-by-layer transitions. Finally, whetby ellipsometry. The beam of a HeNe laser transmits the film
the bulk transition temperature is reached, the complete film

has adopted the structure of the low-temperature phase. TABLE |. Typical values of AT for different smectic transi-

We are concerned here with the temperature differenciOns:

A_TZ_TS— Ts between.the surface trangltlon and the transi- Transition AT (K)

tion in the corresponding bulk sample; in some cases, phases

appear at the surface which are not present in the bulk SmecticC—smecticA 1-16 [11-13

sample(see, e.g.[10]); we do not regard these cases in the HexaticB—smecticA 7-8 [14-14
CrystalB—smecticA 9-13 [17,18
Hexaticd —smectic€ 5 [19]

* Author to whom correspondence should be addressed. Electronic CrystalE—hexaticB 5 [15]
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CoH1s0<0)-€00 {O)-€00 {O)-€00 — CH(CHs) — COO — Cobhra around 64 °C where the differen¢A_—A | shows an in-
3 crease with decreasing temperature which becomes very pro-
M — A- nounced in thick films. Above the bulk transition tempera-
A2r ———— ture, a finite difference betweek, andA_ remains over a
(deg) 1'ﬂ+ (a) wide temperature range until, at 127 °C, the surface transi-
0 ' ' ' tion takes place wherA, becomes equal tA _ . Thus, for
—8R 9HL the temperature differenc®T between the surface and
\ A the bulk SmMA-Sm<C transition amounts to 63 K. To our
12} ‘ 1061 knowledge, the largest value AfT reported so far for freely
_198l suspended films consisting of at least ten lay@d is that
Al k 5 120 125 130 of the compound 2-methylbutylester of 4-decyloxy-
benzylidene-4aminocinnamic acidDOBAMBC) for which
AT=16 K was found[12]. There are also several cases
[23,27] where AT cannot be measured since the &m-
Sm-A surface transition is shifted beyond the bulk
Sm-A-isotropic transition temperature, i.e., the surface lay-
. . . . b ers remain tilted with increasing temperature until the film
60 80 100 120 ruptures; however, in these compounds the temperature
T(C) range above the bulk Stv—Sm<C transition, in which freely

FIG. 1. Temperature dependence of the ellipsometric quaftity suspended films are stable, is relatively nan@15 K).

for freely suspended films with thicknesses of 25 lay@sand fi Since fc;r matny d.II.ferentt ttg/pef,‘s of STeC“C phase ttrﬁ.nshl_
>300 layers(b) of the compound 9HL. The bulk S~Sm<C I0NS a surrace transition a € free surface occurs at nigher

transition temperature is 64 °C, the surface 8/Sm<C transition temperatures compared to the bulk transition, the detailgd
oceurs at 127 °C; see inset b). structures of the involved phases do not seem to play a major
role. An important origin of the enhanced surface order is the
under an angle of incidence of 45°. Using a null ellipsom-Surface tensiory which can damp the displacement fluctua-
eter (details can be found ifi23]) we determine the quanti- tions of the smectic layers near the surface. The smectic
ties A and¥ which describe the state of polarization of the !ayer fluctuations consist of two contributiofisending and
transmitted lightA and tan¥ correspond to the argument dllatathn/compre33|on of the laygrand the|r. magnitude is
and the magnitude of the ratio of the complex field ampli-détermined by the values of the bend elastic constaand
tudesE, andE, of the p- ands-polarized components of the layer compressibility constait If y>/BK, the fluctuations
transmitted light:E,/E,=tan¥ exp(4), i.e., A gives the at the surface are expected to be smaller compared to the
phase difference and tain the amplitude ratio of thp ands ~ Pulk, otherwise they should be largg28,29; both cases
components. The polarization of the incident light is de-Were experimentally confirmed by x-ray reflectivity studies
scribed byA=0 and¥ = /4. A weak dc electric field8 [30,31. Supposmg that the dgpressmn of the fluctuations by
Vicm) is applied in the film plane and perpendicular to theth® surface tensiony is the primary reason of the enhanced
plane of incidencéthe plane containing the film normal and surface transition temperature, the experimental behawor
the incident laser beamValues of A and ¥ are continu- May be described by a very simple Landau model if we
ously collected while the temperature is changed at a contreduce a coupling between the order parameter of the tran-
stant rate of about 2 K/h. For each field polarity one meaSition (in our case the tilt anglé) and, or, more precisely,
The value ofA is sensitive to the magnitude and direction Plest form for a second-order transition
of the optical axis of the film. Because 9HL is a chiral com-

pound, there is a spontaneous electric polarizaﬁg'm each

layer. The direction oPg is coupled to the tilt direction, and Here, T is the bulk SMA—Sm<C transition temperature

the applied dc field, which aligrg, is used to predetermine describes the strength of the coupling betweeand ¢, and

the tilt direction: In our experimental geometry, the mol- a andb are positive constants. Equati¢b yields a transi-

ecules in the ferroelectric SK@-phase tilt, depending on the tion temperaturd’g, corresponding to the surface transition

polarity of the applied field, within the plane of incidence temperature, as

either towards the incident laser beam or away from it, giv-

ing rise to two valuesA_ and A, . The difference|A_ 2C(y—\BK)

— A, | is a measure of the average tilt angle in the film. This Ts=Tg+ - a

method is sensitive enough to detect a nonzero tilt even if

only a few layers of the film are tilted, regardless of whether Primary reasons for a large value &AfT=Tg— Tg could

the film consists of only a few or hundreds of smectic layerdbe a large value of or a small value o&. The magnitude of

[12,24,29. the surface tensioy depends mainly on the composition of
Figure 1 shows the temperature dependenca ofand  the alkyl chains of the liquid-crystal molecules. Compounds

A_ for a freely suspended 9HL film with a thickness of possessing simple alkyl chains with no other substituents

about 25 layers and a very thick film consisting of severalthan hydrogen show values in the range of 21-28 dyn/cm

hundred layers. The signature of the bulk transition is seef32,33; compounds with fluorinated alkyl chains show

g=0o+ 3 &(T—Tg)#*+ 3 b@*~C(y— VBK)#2 (1)

@
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smaller value$34,35. There is no reason why 9HL should values for DOBAMBC are between 23 and 50
show a considerably larger value than, e.g., the compound x10* J m 3 K1 [40,41, i.e., two to four times larger than
DOBAMBC. the value of 9HL. According to Eg2), the differenceAT
The coefficient of the Landau free energy expansion is abetween the S—Sm<C surface and bulk transition tem-
measure of the inverse susceptibility of the order parameteperature for 9HL should be two to four times larger than in
In the case of the SPA—Sm<C transition,a corresponds to DOBAMBC [provided the other quantities of E(@) are of
the inverse tilt susceptibility, i.ea describes how easily the Similar magnitude in both compouniddndeed we find ex-
Sm-A phase could be tilted by external fields: the smaller the?erimentallyA Top /ATpopavec = 3.9 ,
value ofa, the “softer” (easier to tilf the SmA phase. The In conclusion, we have reported our observation of an
large temperature range of the bulk Smphase provides unusual large temperature different@ between a Sri—

some indication that 9HL is likely to possess a small value oM< surface and bulk transition in freely suspended films
a It is well known that the width of the SrA- phase is of the smectic liquid crystal 9HL. The large value AT is

. ~.— probably not the consequence of an unusually large surface
g?::;g;e?hvg'tg;Kevazxriﬁ;ttshfhsem:;:r:gﬁgga?gz]or;'i:uejle tension but rather the result of a large tilt susceptibility in the
L -~ Sm-A phase. The compound 9HL provides a system with a
second order towards tricritical behavi@6,37); the transi- b b P y

8 . - well separated surface transition, the correlation length asso-
tion can even become first ordg$8,39. Thus, the magni- P g

de of tional eff ) h itude of the il ciated with the second-order bulk S&-Sm-C transition is
tude of pretransitional effects, I.e., the magnitude of the tilt, a1y very small at the surface transition temperature.
susceptibility, can be expected to be large in compound

: : igh-resolution studies of this Sth—Sm-C surface transi-
with a large SmA phase width. Indeed, the compound 9HL tio% are in progress.

possesses a large tilt susceptibility and an extraordinarily

smalla value: for many compoundsis in the range of 20to  This work was supported in part by the Deutsche For-

200X 10° Jm 3 K~! [40-44, but for 9HL a value ofa  schungsgemeinschaiGrant No. Ba 1048/6 the Fonds der

=11x10°* I m 3 K~ was determined45]. Chemischen Industrie, and the Grant Agency of the Czech
Among the compounds, for which the valuesdf=Tg  Republic(Grant No. 202/99/1120 Special thanks are due to

—Tg are known, DOBAMBC is the only one for which the F. GielRelmann for communicating his research results prior
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