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Crystalline transitions in free-standing films of 4n-heptyloxybenzylidene-4n-heptylaniline
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Free-standing films of #-heptyloxybenzylidene-#-heptylaniline are known to exhibit multiple smectic-
surface layers in the presence of a smeaéticterior. The phase transitions leading to the crystallization of
these films have been studied using electron diffraction. Our data are consistent with the scenario of the
smectict surface layers first developing a crysBleutermost layer before transforming entirely into the
crystalB phase, to be followed by the freezing of the smegticiterior. The adjacent crysté-and smectid-
layers show evidence of orientational epitaxy.

PACS numbgs): 64.70.Md, 61.30.Eb

The compound 4rheptyloxybenzylidene-#  isotropic liquid phase observed inn-pentyl-4-n-
heptylaniline(70.7) has been widely studied because of its pentanoyloxybiphenyl-4-carboxylai®4COOBQJ [6,7] and
rich liquid-crystal polymorphism. In the bulk, its phase prop- 4-n-butoxybenzylidene-4-octylaniline (40.8) [8,9].
erties are not unusual, showing the nematic, smecism- To examine the phase behavior at lower temperatures, we
A), smectic€ (Sm<C), and crystaB (Cry-B) phases upon have conducted electron-diffraction studies with free-
cooling[1]. However, 70.7 exhibits a variety of hexatic be- standing 70.7 films of 8 to 25 molecular layers, using an
havior in free-standing films. The tilted hexatic smedtic- electron microscope equipped with a pressurized,
(SmF) phase is found in films thinner than about 175 mo-temperature-controlled sample chamfid]. Figure 1 shows
lecular layers, changing at higher temperatures to théhe typical diffraction patterns obtained with a 20-layer film.
smectict (Sm4) phase in films thinner than about 25 layers When the film is cooled below 69.0 °C, the diffraction pat-
[2]. Films of six layers or fewer in the Sinphase undergo tern shown in Fig. (8) is obtained, with one pair of hexatic
two additional transitions upon further heating, first to filmsarcs in the presence of a uniform diffuse ring, signifying the
with Sm4 surfaces and a Si@-interior and finally to the Presence of seven outermost $ttayers on either surface of
SmC phase[3,4]_ We recenﬂy showed that free-standing the film, with the interior six Iayers remaining in the Sin-
70.7 films of up to 25 layers thick possess the unusual coPhase. This interpretation is supported by the fact that the
existence as a function of distance from the surface of thregatio of the integrated intensity of the Smarcs below
distinct phases: an outermost Srlayer, several |ayers ofa 69.0°Cto that above 69.0 °C is around 7. Thus at 69.0 °C, all
middle phase, and a Skinterior [5]. The middle phase isa the middle SmE’ layers in the film have abruptly trans-
novel tilted liquid, with hexaticlike positional correlations formed to the Smi-phase.
but no long-range bond-orientational order, which transforms At 68.7 °C, there is a transition to the unusual diffraction
to the Smkt at a lower temperature. We have extended these
studies to lower temperatures using electron diffraction. In
this paper, we report the multiple intermediate steps leading
to the transformation of these films to the ythe unusual
occurrence of the tilted Shphase developing an orthogonal
Cry-B layer either on the surface or in the interior, and the
evidence for orientational epitaxy between adjacent layers of
these two phases.

As reported previousli5], the electron-diffraction pattern
for a 20-layer film of 70.7 above 80.5 °C consists of a uni-
form diffuse ring characteristic of the Skiliquid. Between
80.5 and 77.7 °C, the diffuse ring is not uniform, but has a
twofold intensity modulation indicative of the presence of
surface S layers coexisting with a SrA-interior. Be-
tween 77.7 and 69.0 °C, the diffraction pattern consists of a
pair of short bright arcs and a pair of longer arcs in the
presence of a uniform diffuse ring. This diffraction pattern
has been interpreted as evidence for the existence of multiple
layers of a novel phase, which we called sme€tic-
(Sm-C’"), sandwiched between a single $rayer on either
surface and a Sm-interior which is estimated to be one-
third the thickness of the entire film. The middle Smi- FIG. 1. Electron-diffraction pattern from a 20-layer 70.7 film at
phase appears to be the tilted analog of the highly correlate@) 68.8 °C,(b) 68.6 °C,(c) 68.0 °C, andd) 67.0 °C.
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intensity of the bright arc can be fitted to the equation tradi-

(a) tionally used for diffraction due to bond-orientational order:
40 —

L [(x)=1,| 1/2+ >, Cg,cos(xy—30% | +lgg, (1)
n=1

3.0 —
where Cg, are the &-fold bond-orientational order param-

. eters[11]. This fact, together with the twofold symmetry of
. the short arcs, indicates that the layers immediately beneath
a0 . the CryB surfaces are still in the Sinphase. Finally, the
. S diffuse ring provides evidence that the interior layers remain
. ‘ in the SmA phase. Our previous knowledge of the structure
. . of the film immediately above 68.7 °C suggests that the film
10 N o immediately below 68.7 °C most likely consists of a @y-
. . layer on each outermost surface, six Srayers immediately
L . ., next to the CryB surfaces, and an interior composed of six
tecosssseassese®’ C eeene Sm-A layers. A direct verification of this structural descrip-
00 ' IR IR NI S IN N tion using the integrated intensity of the various diffraction
-30 -20 -10 0 10 20 30 features is complicated by our low instrumental resolution of
Angle (degrees) fthe Cr_yB spots a}nd the need to mak'e delicate backgrpund
intensity subtraction. However, a relatively crude analysis of
the data yields the values 1, 4.3, and 2.6-1 for the rela-
tive integrated intensity of the Crig; Sm4, and SmA sig-
(b) nals, respectively. This result is at least qualitatively consis-
tent with our thickness assignment of the three phases.
20 ‘ The fact that there is only one set of GByspots in Fig.
1(b) indicates that the two outermost CBydayers are in
- perfect registry with each other. This occurrence despite the
relatively large distance between these two outermost layers
illustrates the importance of the influence of the intervening
Sm{ and SmA layers. Figure (b) also suggests that the
Cry-B spots are in close alignment with the Srarcs. How-
10 ever, a closer examination of the separate intensities in Fig.
2(b) reveals that the peak positions of the @gpot and the
- Sm4 arc are not perfectly aligned, but have a small angular
separation of about 2°. This result may be another manifes-
0.5 — tation of the interesting phenomenon of orientational epitaxy,
similar to that reported earlier in the case of cry&al-

= Aw/ NJ‘ Kﬂ_ \ (Cry-E) surfaces on top of a hexati-(Hex-B) interior
0.0 1 | 1 Loy [12,13. Such a small rotation of the two lattices might be
T30 20 -10 0 10 20 3

-3 0 necessary to minimize the energy of the strain between the
two adjacent layers, which are slightly incommensurate in
their lattice parameters. That fact that a similar behavior was
FIG. 2. (a) Diffraction intensity from a 20-layer film along g observed also with adjacent surface @yand next-to-

scan at 68.6 °Qb) Separation of the diffraction intensity {@) into surface HexB layers in 40.48] suggests that this phenom-

the SmA (crosses SmH (solid circles, and CryB (open squargs enon might beOUbiqUitOL_‘S' . . .
contributions. The line through the solid circles is a fit to Y. ~ Below 68.4°C, the diffraction pattern shown in FigclL
is obtained. It consists of six bright spots coexisting with a

pattern shown in Fig. (b). It shows the coexistence of a pair diffuse ring. This indicates that all the remaining $tayers

of bright arcs, six sharp spots, and a diffuse ring. The intenhave now frozen into the CrB-phase, resulting in multiple
sity () around the ring as a function of the anglén the  (most likely 7 Cry-B layers on either surface and a $m-
neighborhood where all three features are present is plottedterior, probably of six layers. Below 67.4 °C, the diffrac-
in Fig. 2@). The superposition of a sharp spot, a bright arc,tion pattern consists only of six sharp spots, as shown in Fig.
and a uniform ring is clearly discernible, and is confirmed by1(d), demonstrating that the entire film has finally frozen into
the fact that the diffraction intensity can be shown to be thehe CryB phase. There is a possibility that transformation of
sum of these three separate features, as illustrated in Fithe interior from the Sra to the CryB phase is not a direct
2(b). The six bright spots of equal intensity suggest diffrac-one, but might involve a hexatic phase as an intermediate
tion from the CryB phase. Since liquid crystals are known to step. During the cooling runs, we observed visually that the
exhibit surface freezing, we will assume for the moment thadiffraction immediately above 67.4 °C often consisted in part
the CryB phase resides on the surface of the film. Otherof rapidly rotating hexaticlike arcs. However, since the mo-
possibilities will be discussed at the end of this paper. Thdion of the arcs was fast compared to the typical exposure

Intensity (arb. unit)
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Intensity (arb. unit)
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Finally, we would like to discuss other possible locations

ey e — - of the CryB layers between 68.7 and 68.4°C. We have as-
: 674 C 64T - 687 C sumed in our data analysis that the @Yayers occur in the
A o <@ i <« o outermost surfaces of the film. This assumption is based on
OB b o St the observation that, in almost all of the studies on phase
Cry-B Cry-B Cry-B Sm-1 e S X
— transitions in liquid-crystal films, the surface layers are found

FIG. 3. Possible phase sequence in a 20-layer 70.7 film belo{? D& more ordered than the interior. In other words, the
69 °C upon cooling. surface favors a hexatic phase over a liquid phase, and a

crystalline phase over a hexatic phase. In 750BC, for ex-
) _..ample, where there is coexistence between Egpnrd HexB
time of several seconds, we were unable to record equilibspases, x-ray scattering along the thickness of the film sug-
rium diffraction patterns showing evidence for the '”terme'gests that the Cr layers are on the surfacdd2]. The
diate hexatic phase. _ .application of this general rule to our data in 70.7 would
A possible multiple-step phase sequence in 70.7 that i§ ggest that the crystalline CBayer with its higher posi-
consistent with our data is summarized in Fig. 3. This behaviional order would lie outside of the hexatic Sninterior.
ior can be compared to that observed in other materials th"ﬁlowever, in 70.7, there is a competing order that also may
exhibit hexatic phases. Surface freezing has been seen ifjact the phase of the surface layer, namely, tilt. It is known
n-heptyl-4-n-pentyloxybiphenly-4-carboxylate  (750BO  that 70.7 prefers a tilted surface over an orthogonal[@ie
(CryE surface layer on He® interion [12], in 40.8  Bepween the choices of an orthogonal @ysurface or a
(Cry-B , surface layer on He® interion [8], and  jiteq Sm4 surface, we cannot totally rule out the latter in
in - 5(4"-hexyl,3 -fluoro-p-terphenyl-4-oxjypentanoic acid 70 7 if that is the case, the CBtayer will be interior to the
ethyl ester(FTEY) (crystalH surface layer on Srh-interior g gyrface, which represents yet another unusual and in-
and crystalN surface layer on smectic-interior) [14]. In teresting scenario.
these examples, an orthogonal hexatic phase develops an or-
thogonal crystal surface, while a tilted hexatic phase devel- One of us(C.Y.C,) acknowledges support from the Na-
ops a tilted crystal surface. In 70.7, we find the unusuational Science Council, Taiwan, Republic of China, under
possibility in which a tilted hexatic phag€m{) develops an  Grant Nos. NSC 88-2112-M-008-029 and NSC 89-2112-M-

orthogonal crystal surfacCry-B). 008-004.
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