
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:43
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Freezing Transitions in Free-
Standing 7O.7 Liquid-Crystal
Films
C. Y. Chao a , C. R. Lo a & J. T. Ho b
a Department of Physics, National Central University,
Chung-Li, Taiwan, 32054, ROC
b Department of Physics, State University of New
York at Buffalo, Buffalo, New York, 14260, USA

Version of record first published: 27 Oct 2006

To cite this article: C. Y. Chao, C. R. Lo & J. T. Ho (2001): Freezing Transitions
in Free-Standing 7O.7 Liquid-Crystal Films, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 365:1,
507-514

To link to this article:  http://dx.doi.org/10.1080/10587250108025330

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025330
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

43
 1

6 
A

ug
us

t 2
01

2 



Mol. Cryst. andLq.  Crysf.. 2001. Vol. 365. pp. 507.514 
Repnnts available directly from the publisher 
Photocopying permitted by license only 

8 2WI OPA (Overseas Publishen Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprim 
a member of the Taylor & Francis Group. 

Printed in the USA 

Freezing Transitions in Free-Standing 70.7 
Liquid-Crystal Films 

C. Y. CHAOa, C. R. LOa and J. T. Hob 

aDepartment of Physics, National Central University, Chung-Li, Taiwan 32054, 
ROC and bDepartment of Physics, State University of New York at Bufalo, 

Buffalo, New York 14260, USA 

Electron diffraction has been conducted in freestanding films of 4-n-heptyloxybenzyli- 
dene-4-n-heptylaniline (70.7). We report an unusual phenomenon in these films in which a 
tilted hexatic smectic-l phase can develop an orthogonal crystal-B outermost layer before 
transforming entirely into the crystal-B phase, to be followed by the freezing of the smectic-A 
interior. The adjacent crystal-B and smectic-l layers show evidence of orientational epitaxy. 

Keywords: liquid-crystal films; freezing transition; orientational epitaxy ; electron diffraction 

The compound 4-n-heptyloxybenzylidene-4-n-heptylaniline (70.7) has 
been widely studied because of its rich liquid-crystal polymorphism. In 
the bulk, its phase properties are not unusual [ 13,  showing the nematic, 
smecticd (Sm-A), smectic-C (Sm-C), and crystal43 (Cry-B) phases upon 
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cooling. However, 7 0 . 7  exhibits a variety of hexatic behavior in free- 
standing films. The tilted hexatic smectic-F (Sm-F) phase is found in 
films thinner than about 175 molecular layers, changing at higher 
temperatures to the smectic-I (Sm-I) phase in films thinner than about 25 
layers [2]. Films of 6 layers or less in the Sm-I phase undergo two 
additional transitions upon W e r  heating, first to films with Sm-I 
surfaces and a Sm-C interior and finally to the Sm-C phase [3,4]. We 
recently showed that free-standing 70.7  films of up to 25 layers thick 
possess the unusual coexistence as a function of distance from the 
surface of three distinct phases: an outermost Sm-I layer, several layers 
of a middle phase, and a Sm-A interior [ 5 ] .  The middle phase is a novel 
tilted liquid, with hexatic-like positional correlations but no long-range 
bond-orientational order, which transforms to the Sm-I at a lower 
temperature. We have extended these studies to lower temperatures using 
electron diffraction (ED). In this paper, we report the multiple 
intermediate steps leading to the transformation of these films to the Cry- 
B , the possible unusual occurrence of the tilted Sm-I phase developing 
an orthogonal C r y 4  surface layer, and the evidence for orientational 
epitaxy between adjacent layers of these two phases. 

As reported previously [ 5 ] ,  the ED pattern for a 20-layer film of 7 0 . 7  
above 80.5 "C consists of a uniform diffuse ring characteristic of the Sm- 
A liquid. Between 80.5 "C and 77.7 "C, the diffuse ring is not uniform, 
but has a two-fold intensity modulation indicative of the presence of 
surface Srn-C layers coexisting with a Sm-A interior. Between 77.7 "C 
and 69.0 "C, the ED pattern consists of a pair of short bright arcs and a 
pair of longer arcs in the presence of a uniform diffuse ring. This ED 
pattern has been interpreted as evidence for the existence of multiple 
layers of a novel phase, which we tentatively called smectic-C' (Srn-C), 
sandwiched between a single Sm-I layer on either surface and a Sm-A 
interior which is estimated to be one-third the thickness of the entire film. 
The middle Sm-C' phase appears to be the tilted analog of the highly- 
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correlated isotropic liquid phase observed in n-pentyl-4'-n-pentanoyloxy- 
biphenyl-4-carboxylate (54COOBC) [6,7] and 4-n-butoxybenzylidene-4- 
n-octylaniline (40.8) [8,9]. 

To examine the phase behavior at lower temperatures, we have 
conducted ED studies with free-standing 70.7 films of 8 to 25 molecular 
layers, using an electron microscope equipped with a pressurized, 
temperature-controlled sample chamber [lo]. Figure 1 shows the typical 
diffraction patterns obtained with a 20-layer film. When the film is 
cooled below 69.0 "C, the ED pattern shown in Fig. l(a) is obtained, with 
one pair of hexatic arcs in the presence of a uniform diffuse ring, 
signifying the presence of 7 outermost Sm-1 layers on either surface of 
the film, with the interior 6 layers remaining in the Sm-A phase. This 
interpretation is supported by the fact that the ratio of the integrated 
intensity of the Sm-l arcs below 69.0 "C to that above 69.0 "C is around 

FIG. 1 ED pattern from a 20-layer 70.7 film at (a) 68.8 "C, (b) 68.6 "C, 
(c) 68.0 "C and (d) 67.0 "C. 
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7. Thus at 69.0 "C, all the middle Sm-C' layers in the film have abruptly 
transformed to the Sm-I phase. 

At 68.7 "C, there is a transition to the unusual ED pattern shown in 
Fig. 1 (b). It shows the coexistence of a pair of bright arcs, six sharp spots, 
and a diffuse ring. The intensity I( x ) around the ring as a function of the 
xangle in the neighborhood where all three features are present is 
plotted in Fig. 2(a). The superposition of a sharp spot, a bright arc and a 
uniform ring is clearly discernible, and is confirmed by the fact that the 
ED intensity can be shown to be the sum of these three separate features, 
as illustrated in Fig. 2(b). The six bright spots of equal intensity suggest 
diffraction from the Cry4 phase. Since liquid crystals are known to 
exhibit surface freezing, we will assume for the moment that the Cry-B 
phase resides on the surface of the film. Other possibilities will be 
discussed at the end of this paper. The intensity of the bright arc can be 
fitted to the equation traditionally used for diffraction due to bond- 
orientational order [ 1 I]. This fact, together with the two-fold symmetry 
of the short arcs, indicates that the layers immediately beneath the Cry-B 
surfaces are still in the Sm-I phase. Finally, the diffise ring provides 
evidence that the interior layers remain in the Sm-A phase. Our previous 
knowledge of the structure of the film immediately above 68.7 "C 
suggests that the film immediately below 68.7 "C most likely consists of 
a Cry-B layer on each outermost surface, 6 Sm-I layers immediately next 
to the Cry4 surfaces, and an interior composed of 6 Sm-A layers. A 
direct verification of this structural description using the integrated 
intensity of the various diffraction features is complicated by our low 
instrumental resolution of the Cry-B spots and the need to make delicate 
background intensity subtraction. However, a relatively crude analysis of 
the data yields the values 1, 4.3 k 0.1, and 2.0 & 0.1 for the relative 
integrated intensity of the Cry-B, Srn-I, and Sm-A signals, respectively. 
This result is at least qualitatively consistent with our thickness 
assignment of the three phases. 
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Angle (degrees) 

Angle (degrees) 

FIG. 2 (a) ED intensity from a 20-layer film along a x  scan at 68.6 "C. 

(b) Separation of the ED intensity in (a) into the Sm-A (+), Sm-I (0) and 
C r y 4  (n) signals. The line through the solid circles is a fitting curve. 

The fact that there is only one set of Cry4 spots in Fig. l(b) indicates 
that the two outermost Cry-B layers 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-I and Sm-A layers. Figure 1 (b) also suggests that the Cry 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

43
 1

6 
A

ug
us

t 2
01

2 



512/[1468] C.  Y. CHAO el al. 

-B spots are in close alignment with the Sm-I arcs. However, a closer 
examination of the separate intensities in Fig. 2(b) reveals that the peak 
positions of the Cry-B spot and the Sm-I arc are not perfectly aligned, 
but have a small angular separation of about 2". This result may be 
another manifestation of the interesting phenomenon of the orientational 
epitaxy, similar to that reported earlier in the case of crystal-E (Cry-@ 
surfaces on top of a hexatic-B (Hex-B) interior [12,13]. Such a small 
rotation of the two lattices might be necessary to minimize the energy of 
the strain between the two adjacent layers which are slightly 
incommensurate in their lattice parameters. The fact that a similar 
behavior was observed also with adjacent surface Cry-B and next-to- 
surface H e x 4  layers in 40.8 [8] suggests that this phenomenon might be 
ubiquitous. 

Below 68.4 "C, the ED pattern shown in Fig. l(c) is obtained. It 
consists of six bright spots coexisting with a d i h e  ring. This indicates 
that all the remaining Sm-I layers have now frozen into the Cry-B phase, 
resulting in multiple (most likely 7) Cry-B layers on either surface and a 
Sm-A interior, probably of 6 layers. Below 67.4 "C, the ED pattern 
consists only of 6 sharp spots, as shown in Fig. l(d), demonstrating that 
the entire film has finally frozen into the Cry-B phase. There is a 
possibility that transformation of the interior from the Sm-A to the Cry-B 
phase is not a direct one, but might involve a hexatic phase as an 
intermediate step. During the cooling runs, we observed visually that the 
diffraction immediately above 67.4 "C often consisted in part of rapidly- 
rotating hexatic-like arcs. However, since the motion of the arcs was fast 
compared to the typical exposure time of several seconds, we were 
unable to record equilibrium difiaction patterns showing evidence for 
the intermediate hexatic phase. 

A possible multiple-step phase sequence in 70.7 that is consistent 
with our data is summarized in Fig. 3. This behavior can be compared to 
that observed in other materials that exhibit hexatic phases. Surface 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

43
 1

6 
A

ug
us

t 2
01

2 



FREEZING TRANSITIONS IN 7 0 . 7  FILMS [ 1469]/5 I3 

- - - 
Cry-B Cry-B Cry-B Sm-l 

Cry-B Cy-B Sm-1 Sm-l 

Sm-A Sm-A 

Cw-B C y - B  Sm-I  Sm-1 

Cry-8 Cry-B Sm-l Cq-B 

67.4 T: - 68.4 t - 68.7 t - 
cry-B + -  Sm-A c7- + -  
- - 

FIG.3 Phase sequence in a 20-layer 70.7 film below 69 "C upon cooling. 

freezing has been seen in n-heptyl-4'-n-pentyloxybiphenyl-4-carboxylate 
(750BC) (Cry-E surface layer on Hex-B interior) [12], in 40.8 (Cry-B 
surface layer on Hex-B interior) [8], and in 5-(4"-hexyl,3'-fluoro-p- 
terphenyl-4-oxy)-pentanoic acid ethyl ester (FTEI) (crystal-H surface 
layer on Sm-F interior and crystal4 surface layer on smectic-l interior) 
[14]. In these examples, an orthogonal hexatic phase develops an 
orthogonal crystal surface, while a tilted hexatic phase develops a tilted 
crystal surface. In 70.7, we find the unusual possibility in which a tilted 
hexatic phase (Sm-l) develops an orthogonal crystal surface (Cry-B). 

Finally, we would like to discuss other possible locations of the Cry- 
B layers between 68.7 "C and 68.4 "C. We have assumed in our data 
analysis that the Cry-B layers occur in the outermost surfaces of the film. 
This assumption is based on the observation that, in almost all of the 
studies on phase transitions in liquid-crystal films, the surface layers are 
found to be more ordered than the interior. In 750BC, for example, 
where there is coexistence between Cry-E and Hex-B phases, x-ray 
scattering along the thickness of the film suggests that the Cry-E layers 
are on the surfaces [ 121. The application of this general rule to our data 
in 70 .7  would suggest that the crystalline Cry-B layer with its higher 
positional order would lie outside of the hexatic Sm-I interior. However, 
in 70.7, there is a competing order that also may affect the phase of the 
surface layer, namely, tilt. It is known that 70.7 prefers a tilted surface 
over an orthogonal surface [ 2 ] .  Between the choices of an orthogonal 
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Cry-B surface or a tilted Sm-I surface, we cannot totally rule out the 
latter in 70.7.  Under this scenario, the C r y 4  layer will be interior to the 
Sm-I surface. 
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