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Ellipsometric study of freely suspended smectic films of a partially fluorinated compound
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High-resolution ellipsometric studies have been conducted on freely suspended films of a chiral, partially
perfluorinated liquid-crystal compound near its smegtiesmecticE transition. The surface-enhanced transi-
tion is unusually close to the bulk transition temperature. Moreover, in the ferroelectric si@egtiase an
unexpected tilt direction inversion with respect to the direction of an applied electric field is found in films
thinner than about 20 layers whereas it does not occur in thick fll§1063-651X97)51005-1

PACS numbgs): 61.30.Eb, 64.70.Md, 68.10.Cr

Thermotropic liquid crystals are prime examples of sys- Ellipsometry enables us to directly measure changes of
tems possessing enhanced surface order. Corresponding dike direction of the optical axis resulting from the molecular
perimental studies are frequently carried out using freely sugdilt even in two-layer films[4]. In this paper, we re-
pended films which can be prepared from smedtie.,  Port high-resolution ellipsometric measurements of freely
layered liquid-crystal phases. Freely suspended filtfr ~ Suspended films of one perfluorinated compo{sanethyl-
recent reviews sefl,2]) consist of an integral numbgbe-  hexyloxybenzoat@-n-perfluoropentyimethyleneoxyphenyl,
tween several thousands and only jved molecular smectic 4MEOBFSMOR  possessing a structure — similar = to
layers, the layer planes being parallel to the two free surtil0FSMOPP. We had to choose the former compound be-

faces. The surface-enhanced order becomes apparent near i;?’ gih?beifgrigeg %ilg’;’l'e gﬂ;exg?;:gggér:e?#iﬁz a Gsr?]mple

phase _transitions benNggn different §mectic phases: .a&hase Thus the cor?1pound had ?o be chiral. Our data yield

proaching a phase transition from the high-temperature sid hat t‘he surface-enhanced  transition tem.erat'tlj of

the surface layers of freely suspended films transform intg : p &0

4M60OBF5MOP is only abau2 K above the bulk transition

the more ordered phase several degrees above the bulk tran- . , .

sition temperature emperatureTg. An explanation for the plausible relation
P : between the magnitude &fT=Tg— Tg and the surface ten-

For most types of smectic transitions, the temperature dlf'sion will be given. Furthermore, for a film thickness thinner

ference be_:t_wee_n th_e §urface transition and the corresponding,, 20 layers, 4M60BFSMOP films display an unusual re-
bulk transition is within a range from 5 to 10 #the values \ersa| behavior: an unexpected tilt direction inversion with
also vary, for a given type of transition, from compound {0 egpect to the direction of an applied electric field is found.
compound [3]. The largest effect is observed for the This feature is not observed in thick films.

smecticA (Sm-A)-smecticc (Sm-C) transition. These  The molecular structure of 4AM60OBF5MOP is shown on
phases are the least ordered smectic phases: each layer ¢8p of Fig. 1. The bulk transition temperatures are: Gm-
be regarded as a two-dimensional liquid, the mean directiog3 °C SmA 100 °C isotropic. Freely suspended films are
of the long molecular axis being either parallel ($H-or drawn in the SmA phase using a rectangular variable-
tilted (SmC) with respect to the layer normal. When a surface frame described [d]. The area of the films is ap-
freely suspended film is cooled from the Swto the Sm-  proximately 5<10 mn?. Details about our ellipsometric
C phase, the surface layers become tilted at a temperatuget-up can be found ifiv]. We determine the parameteks
usually 10 to 20 K above the bulk transition temperatureand ¥ which have the usual meaning] and describe the

[4,5]. polarization of a laser beam\ E633 nm) which transmits
A recent heat capacity study6] of the partially the film at an angle of incidence of 45°.
fluorinated compound H10F5MOPP (5-n-decyl-2{4- The values ofA and¥ measured at zero tilt enable the

n-(perfluoropentylmethyleneoxyhenylpyrimidine) yielded determination of the film thicknes (number of smectic
an indication of a surface S®—Sm-< transition being situ- layerg as described ifi7]. Further, the value oA is directly
ated unusually close to the bulk transition. The magnitude ofelated to the amount and direction of a tilt of the optical axis
the heat-capacity anomaly associated with the surface Snof the film [7]. A weak dc electric field8 V/cm) is applied
A-Sm<C transition may be so small that even with our high- along the film plane in order to predetermine the direction of
resolution calorimetric system we might not be able to detecthe molecular tilt in the Sn& phasd9]. In our experimental

it. Consequently, it is essential to give an independent checgeometry, the molecules tilt within the plane of incidence,
of this important observation with another experimentaldepending on the field polarity, either away from or towards
probe. High-resolution ellipsometry which measures the opthe incident laser beam giving rise fo, andA _, respec-
tical tilt angle, the order parameter associated with this trantively. Usually, one finds for a given film , <A <A _ with
sition, is one of the powerful tools. A, being the value measured in the Suphasg5,7].
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FIG. 1. Temperature dependence/of (@, tilt away from in- 60 62 6;4 66 68
cident laser beajnand A _ (O, tilt towards incident beainfor a T (°C)
70-layer film of AM60OBF5MORthe molecular structure is shown

on the top. The inset shows the behavior around the surface tran- FIG. 2. Temperature dependence dffor various thicknesses
sition at 64.5 °C. (N gives the number of layer®f 4M6OBF5MOP films;®: same

field polarity as the\ | data in Fig. 1O: same field polarity as the
Figure 1 shows the temperature dependencé pfand A~ data in Fig. 1. Around 63 °CN=17,10), 62 °C N=4),
A _ for a 70-layer 4AM60OBF5MOP film. FGF>64.5 °C, we and 61 °C =3) a spontaneous inversion of the tilt direction is
find A,=A_, i.e., above this temperature the tilt angle is °PSeTved-

zero throughout the film. At 64.5 °C the surface tranSItlonplay the same relation between tilt and field direction as the

takes place and\, #A -, i.e., the direction of the optical one for thick films. These experimental results strongly sug-
axis of the film depends on the sign of the applied dc field. ) P gly sug

This indicates a finite tilt of the mean direction of the long gest that the reversal phenomenalaf andA - in films with

axis of the molecules. Around the bulk transition temperaturé\/\l\l;i?s'iéggistggr tototheefgrgaectfefﬁigté;gg;?; e)é?fk:'irsnﬁgt/aél
(62.5 °Q, a large increase in the difference betweenand ytog 9

A _ takes place indicating that now all layers of the film reversal phenomenon.

. o . Since the relation between directions of tilt and electric
become tilted. Similar results are obtained from a 55-layer. 7" . ) .
ilm. field is determined by the sign of the spontaneous polariza-

Qualitatively, the behavior described above fortion P, [10], the inversion of the tilt direction at a given field
4M60OBF5MOP is similar to other StA—Sm-<C compounds. direction may be described as a sign inversioPof a phe-
The unusual feature is the small temperature difference begxomenon, which is knowfil1] to occur in some unique bulk
tween the surface and the bulk transition. For example, iiquid-crystal compounds. A recent studg2] has shown
thick films (N=10) of the compound DOBAMBC, the sur- that such a sign inversion also occurs in freely suspended
face SmMA—Sm<C transition is enhanced by about 17[K].  films of one of the compounds regardless of the film thick-
However, for thick AM60OBF5MOP films the enhancement isness which ranged from 3 to nearly 100 layers. We believe
only 2 K. A plausible explanation for this significant differ- that the origins of sign inversion of such compounds and
ence will be given later. 4AM60OBF5MOP are different, because the latter compound

Figure 2 shows some typical experimental results obonly exhibits the inversion in thin films, but not in thick
tained from thin films N=17, 10, 4, and B For N=10, films.
similar to the thick film result, the surface enhanced transi- We have found that in very thin filmg\<10) the occur-
tion occurs around 64.5 °C. Upon decreasing temperature, if¢nce of the inversion is sensitive to the experimental condi-
contrast to the monotonic behavior &f. andA_ found in  tions. The inversion was only observed in freshly loaded
thick films, an unusual reversal behavior is found in thesamples and disappeared if the sample remained on the film
surface-enhanced S@-order of thin films. The applied dc Pplate for more than two days at elevated temperat(iree
electric field which produces a tilt direction away from the Oven is not vacuum tight.In the latter case, the relation
incident laser beamA(,) for the 70-layer film(see Fig. 1, between electric field and tilt direction is the same as that of
produces an opposite tilt direction for films witi<20. the thick film over the whole temperature range. We have
Then in the vicinity of the bulk Sm—Sm-C transition tem-  further observed that thg inversion temperature coincides
perature, a reversal betwedn andA _ is found. Similar to  sometimes only approximately in both rufsne for each
other transitions between the smectic phases found in freefffeld polarity) of a given film(see Fig. 2N=10). This effect
suspended films, further enhancement in the surface transiray be related to the thermal degradation of the sample but
tion temperature is found in four- and three-layer films.we do not have a conclusive explanation for it. For thick-
Moreover, the crossing betweén, andA _ occurs at lower nesses between 20 and 40 layers we found it extremely dif-
temperatures. At a sufficiently low temperature, all films dis-ficult to achieve a homogeneous alignment of the tilt direc-
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Experimental measurements pfhave shown that fluori-
nated compounds possess distinctly smaller valuesy of
(y=14 dyn/cm for HIOF5MOPR15]) compared to non-
fluorinated compound$which show y values between 20
and 30 dyn/cm[16,17)). Furthermore, recent x-ray studies
[18] of the fluctuations in freely suspended films of a fluori-
nated compound similar to HLOF5MOPP have shown that
the fluctuation profile across the film of such a compound is
different from that of an nonfluorinated compound. For the
nonfluorinated compound a considerable damping of the
layer displacement fluctuations near the surface was found
[19], whereas even a slight enhancement of the fluctuations
near the surface was observed for the fluorinated compound
[18]. The results of the present study, i.e., the small tempera-

FIG. 3. Temperature dependence bffor a 21-layer film of  {yre difference betweefig and Tg, fit well to these obser-
4MBOBFSMOP; the® and O symbols designate the same field \51ions and lead to the conclusion that the free surface of
polarities as in the preceding figures. fluorinated liquid-crystal compounds has, compared to non-

. , . - fluorinated compounds, only a small ordering effect because
tion by the external field. An example is given in Fig. 3 of the low surface tension.

which shows the result from a 21-layer film. The inversion of The influence ofy on the surface transition temperature

P, is discernible but the tilt alignment is rather poor. Direct can pe described by a simple Landau model if one adds a
optical inspection of such a film reveals the presence of @oupling betweery and the square of the tilt ang## to the
schlierentexture indicating that the magnitude Bf is not  Landau free energyg. A linear coupling term would not
sufficient to obtain a homogeneous alignment by a weak dgnake sense since the surface does not prefer a certain direc-
field. We varied the field strength ranging from 4 V/cm to 16tion of the molecular tilt. In its simplest forny then reads
V/cm and failed to get good alignment. Larger fields cannot

be used due to the onset of electroconvective flow in the g=go+3a(T—Tg) 6+ b6~ Cy6°. 1)

film.

Table | gives the temperatures of the 2mSm-C bulk
(Tg) and surface Tg) transitions for various compounds
studied in freely suspended films. The valuesTgfare for
films thicker than 10 layers for whichg does not depend on
the film thicknesgwhereas in thinner film$ g increases with
decreasing thicknegslt is obvious that the two fluorinated 2Cy
compounds show by far the smallest differengg< Tg). Te=Tg+ —. 2

In liquid crystals, it has been demonstrated that a more a

ordered phase will usually establish at the free surface. Al'he ¥ values of fluorinated compounds are typically about

direct indication of this phenomenon s>Tg for many .one half of those of nonfluorinated compounds and accord-

different types of smectic phase transitions. The physical ori- : :
gin of the surface stabilization is obviously not related to themg o Eq.(2) one expects a corresponding reduction of the

. ; : ifference Ts—Tg) by 1/2 (provided that there is only a
detailed structures of the phase_s involved. Theoretical m_od% inor variation ofC anda). We are presently looking for a
els[13,14 of freely suspended films use the surface tension

v in order to take the effect of the two free surfaces intoquantltau've c.heck _Of the P redlct!on of E@). )
account. Fory>{BK (B andK being the elastic constants The sign Inversion OTPS’ which was observed in the
for compression and bending of the smectic layersiamp- ~ Présent study in thin films, has been observed in bulk
ing of the fluctuations of the smectic layer displacements igamples of several liquid crystalsee references iL2)). A
expected near the surface which may result, near a phal§Cent study12] of one of these compounds in freely sus-
transition, in the occurrence of a more ordered phase at theended films has shown that thg inversion occurs also in

surface at temperatures above the bulk transition temperatutgin films, the inversion temperature decreasing with de-
[14]. creasing film thickness. This shift of the inversion tempera-

ture is observed also in very thin films of the present study
TABLE I. Bulk (Tg) and surface Ts) smecticA—smectic€  (see Fig. 2 and may result from the reduced dimensionality
transition temperatures in very thin films as is discussed [i2].

The I5S inversion indicates a changeith temperaturgof

Here, Ty is the SmA—-Sm<C bulk transition temperaturé&;
describes the strength of the coupling betweeand 6, and

a andb are positive constants. The introduction of the?
coupling shifts the transition temperature and one obtains a
surface transition temperatuiie

Compound s (°C) Ts (O Ts—Ts (K) the average direction of the permanent molecular dipole mo-
DOBAMBC [4] 95 112 17 ment and may result from molecular conformation changes
MHPOBC[5] 120 135 15 [20] and/or changes of the potential of the molecular rotation
MBOOBC [5] 41 51 10 around its long axi$21]. In any case, the magnitude ég
H10F5MOPP[15] 75 76 1 (below and above the inversion temperafuresuch a com-
4MB60OBF5MOP 63 65 2 pound is small, indicating that the average direction of the

molecular dipole is close to the tilt plane defined by the layer
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normal and the molecular long axis. In the case that théecular conformation and the resulting mean dipole direction
dipole direction is exactly parallel to the tilt plane, one would of 4AM60OBF5MOP is very sensitive to the spatial confine-
find P,=0. Thus, small external distortions may be able toment of the sample. The chiral center, which is the molecular
move the dipole direction to the other side of the tilt planeorigin of Py, is situated in the flexible alkyl chain, far from
resulting in a sign inversion d?s. The results of the present the aromatic core. It is quite reasonable to assume that this
study indicate that such a distortion may be produced nedact alone sufficiently explains the sensitivity to spatial con-
the film surfaces. finement. The role of the fluorinated alkyl chain in this re-
Since we do not observe tH, inversion in thick films, ~Versal behavior is not clear. Further work is needed to find

the presence of one free surface alone is obviously not sufh€ origin of such behavior.
ficient for a corresponding change of the mean dipole direc- This work was supported in part by the Deutsche For-
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