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F-06108 Nice Cedex 2, France

(Received 20 March 1996; accepted 13 May 1996)

The liquid crystalline polymorphism (S,, Sz, CrE) and the structures of the phases of N-n-
perfluoralkylethyl-(4-phenylbenzylidene)imines are described. It is shown that the smectic
layer consists of two sublayers in to which the incompatible moieties of the compounds
segregate. It is proved that the perfluoralkyl chains remain disordered until crystallization
occurs, whereas with decreasing temperature, the aromatic parts are ordered in types of Sy

and CrE structure.

1. Introduction

Variation of rod-like molecular architecture gives rise
to the structural peculiarities of the known liquid crystal-
line phase types.

Addition of polar groups in terminal positions has led
to subgroups of the conventional S, and S; phases
[1-3]. Lateral or terminal branches enhance steric inter-
actions and can result in incommensurable periodicities
[4] or transitions within the S, and S¢ phases [5].
Another way of modifying the properties of smectic
layers involves the partial substitution of hydrogen
atoms by fluorine atoms. Recently, numerous com-
pounds containing perfluoralkyl groups have been syn-
thesized [6-10]. As the most simple examples, semi-
fluorinated alkanes [9,11-15] can be considered in
which the fluorinated and hydrogenated parts are
assumed to be organized in different sublayers [12,15].
In the case of polyphilic compounds, two or more
chemically different moieties are linked and tend to
segregate into different structural sub-units [16-23] if
additional interactions do not prevenit this. In the present
paper the structures of the liquid crystalline phases of
new compounds which consist of a biphenyl unit linked
via a short spacer to a fluorinated alkyl chain are
discussed. Since steric interaction is strongly related to
the incompatibility of molecular moieties of different
chemical structure, separation of these two parts takes

* Author for correspondence.

place. This has been proved by X-ray measurements and
a model of the layer structure is postulated.

2. Experimental

The synthesis and characterization of the new com-
pounds have been described in a previous paper [24].
The phase transitions were detected by DSC measure-
ments (DSC 7, PERKIN ELMER) and polarizing
optical microscopy (LEITZ orthoplan). The phases were
identified by texture observations, as well as by X-ray
studies. The X-ray studies of non-oriented samples were
performed wusing a Guinier-goniometer (HUBER
Diffraktionstechnik GmbH) and CuK, radiation. The
patterns, especially the diffuse scattering, have been
evaluated by a peak fit program. Oriented samples of
different quality prepared in glass capillaries were
obtained by slow cooling of the sample from the isotropic
state. A magnetic field was not applied. The patterns
were recorded with a 2D detector (HI-STAR Area
Detector, Siemens AG).

3. Results

The phase behaviour and transition temperatures
of the homologous N-n-perfluoralkylethyl-(4-phenyl-
benzylidene)imines are listed in table 1. It is seen that
all members of the series exhibit a S, phase. The short
chain homologues form, additionally, a CrE (B4, B6)
and an S phase (B6). The S, phase appears under the
polarizing microscope with the well known fan-shaped
texture. The Sy phase adopts a paramorphic fan-shaped

0267-8292/96 $12-00 © 1996 Taylor & Francis Ltd.
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Table 1. Structural formulae, phase {transition tempera-
tures (°C) and code names.

CH=N—GJZ—<H2——( @& )y—F
n

Code Transition scheme

B4 4 Cr25CrE48 S, 68 1

B6 6 Cr 53 (CrE 50) S 56 S, 100 1
B8 8 Cr878S, 1151

B10 10 Cr 109 S, 1281

texture, whereas the characteristic paramorphic fan-
shaped texture with additional concentric arcs indicates
the CrE phase [25]. The thermal behaviour is different
for the compounds B4/B6 and B8/B10, respectively; the
DSC curves (figure 1) of the higher homologues display
a distinct melting peak, whereas the lower homologues
do not tend to crystallise.

The X-ray patterns of all the substances exhibit a
strong reflection in the small angle region and its higher
orders (figure 2), indicating the smectic layer structure.
Dependent upon the phase under investigation, a broad
diffuse scattering (S, phase), one strong narrow reflection
(Sp phase) or several reflections (CrE phase) can be
observed in the wide angle range. The appearance of an
additional diffuse scattering at a Bragg angle of about
f=~8" in the patterns of all the liquid crystalline phases
is a peculiarity of the perfluorinated substances under
investigation and will be discussed below.

The scattering diagram of the CrE phase (B4, B6) has
been evaluated on the basis of an orthorhombic unit
cell which is supported by the patterns of oriented
samples. By slow cooling from the S, phase, a very well
oriented monodomain of the CtE phase of compound
B4 has been obtained. The pattern shows the spot-like
reflections of the layer periodicity and distinct maxima
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Figure 1. DSC curves of the homologues B4, B6, BS, B10;
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Figure 2. X-ray diffraction patterns of compound B6 in the
CrE, Sg and S, phases. The diagrams are shifted by 50 a.u.
with respect to each other.

at the outer reflections (figure 3). The g, component of
the scattering vector (z is identical with the direction
of the layer normal) is half of the scattering vector
q( = q,) of the layer reflection. The pattern points to an
extinction of the reflections [(h0l): h + I=2n)] leading to
a doubling of the ¢ parameter. The observed reflections,
their indexing and the lattice parameters of the ortho-
rhombic cell of the CrE phases are listed in table 2. In
the case of B6, a monodomain of sufficient quality could
not be obtained. Therefore conclusions concerning the
extinction of the reflections cannot be given. The values
listed for compound B6 are calculated under the assump-
tions of the same packing found in B4.

The d values (thickness of the smectic layer) are nearly
independent of the temperature, e.g. d increases by
0-06 nm with decreasing temperature in case of com-
pound Bé.

Figure 4 presents the layer periods (d*) in the S, phase
of the four homologues in comparison with the lengths
of the molecules. It follows from figure 4 that d* > L.
The difference A =d* — L is a function of the length of
the perfluorinated chain. These results point to a bilayer
S. phase of the S, type constituted by dimers. The
X-ray data suggest a model with antiparallel aligned
molecules which are shifted with respect to each other
so that the aromatic parts overlap. A model with overlap-
ping perfluoralkyl chains can be excluded, since in this
case the difference A should be independent of the length
of the perfluorinated chain. This type of molecular
arrangement leads to a smectic layer which is built up
from sublayers consisting of perfluorinated chains and
aromatic parts. This conclusion can be supported by a
consideration of the packing density in both sublayers.
The cross sections of two aromatic parts (28,) corre-
spond to that of one perfluorinated chain (dg). The
difference between the two values in the present case
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Figure 3. X-ray pattern of a mono-
domain (compound B4) of the
CrE phase (T=40°C) together
with the Miller indices.

Figure 6. Schematic model of the
S4 structure.

LC phases of perfluorinated compounds
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Table 2. Observed and calculated reflections, Miller indices and lattice parameter of the CrE phase.

Compound hkl Bexp/°C 0eare/°C a/nm b/nm ¢/nm
002 194 —
004 3-90 3-88
006 5-82 5-83
008 7-75 779
B4 110 n.obs. — 0-834 0-542 4-55
111 9-82 —
200 10-66 —
202 10-85 10-84
210 1350 135
002 . 1-63 —
004 3-26 326
006 4-88 490
B6 008 652 6-53 0-836 0-546 5-42
110 n.obs. —
111 975 —
200 10-63 —
202 n.obs. -
210 13-48 1343
56l ' ' — i ) presented here the chains are tilted as well as highly
m disordered in the sublayer. With respect to this point,
L~ g il . .
5.4 & :,"gt ol et // the appearance of the additional scattering around 6=
321 - 1 8° which is found in all the smectic phases under
<ol / , discussion (even if the second diffuse scattering con-
- denses) seems to be a fundamental resuit. In order to
) 7 ] “ . . - . -
287 P Pt explain this scattering, both the outer scattering maxima
& o . A
26 - e | in the S, phase (figure 5) have been compared using a
S - - profile analysis. It can be seen that the first diffuse
L = ] scattering is more and more enhanced if the number of
22 T - perfluorinated C-atoms increases. Therefore this scat-
50 ' L ‘ , tering must be caused by the disordered perfluorinated
4 5 6 7 3 9 10 chains.

Figurc4. d*-values and lengths L of the molecules as a
function of the number » of fluorinated carbon atoms.

(20, ~0-42nm?; 3 ~0-31nm?) [16] can be explained
either by a tilt of the chains and/or by a highly disordered
packing of the chains.

The experimental d values (figure 4) are fitted by the
equation d/nm=1-402+0-210n. Assuming a F,C-CF,-
bond distance of 0:-13nm [26], a tilt angle  of the chain
with respect to the layer normal can be estimated to be

On the other hand, using the equation 234, = dg/cos«
[19], a value x=42" is obtained. These values exceed
those reported in the literature. Dichroism measurements
performed on polyphilic molecules yield a value o« about
30° [16]. It must therefore be assumed that in the model

The FWHM of this scattering is nearly independent
of the temperature. In the case of the compounds B4
and B6, the second diffuse scattering condenses to Bragg
reflections at the transition into the Sy or CrE phase,
but the first diffuse scattering remains unchanged. In
other words, whereas (with decreasing temperature) the
aromatic moieties of the molecules are ordered in a
hexagonal or orthorhombic cell, the perfluorinated
chains remain disordered. That is only possible if both
parts are separated from each other and are arranged
in two different sublayers as shown in figure 6. Such a
separation is proposed by Mabhler et al. [12] for semi-
fluorinated alkanes. But their fluorinated fragments are
considered to be ordered in the hexagonal net of the Sy
phase, with the hydrocarbon chains disordered. The
results under discussion clearly point to a different
behaviour. This can be explained by the fact that in the
case of the alkanes, the fluorinated moiety has the
greater cross section, whereas in the model discussed
here (figure 6), the two aromatic parts of the molecular



08:41 26 January 2011

Downl oaded At:

LC phases of perfluorinated compounds 607

B4 Be
50 r 70 [
[.LN3
40
- » 50
1 £
Z st Z a0 [
& €
.3 S
& e
20 & sop
20}
1o U . 4 5 e A Je 2 ] 10 A i i At A I — 1 n "
[} 7 8 [} 1 1t 12 3 " 1L [} ? 8 -] 10 11 12 13 1 11-]
Thels !de. Thels ,del
i1:] Bto
0} 7
ol 80
g o0 g 50
= ~——
T 40 ’E’ ot
E §
2 30 B
201 20
‘o 1 4. ' i, i s i I} 1o 4. i A . X A L ")
[} k] 8 ] 10 n 2 19 14 1% e K ] [} jo [} ] 1”2 12 14
Thaloldeg Thets ,dc(

Figure 5. Intensity profile of the wide angle scattering in the S, phase of the homologues B4, B6, B8, B10.

pair require the larger space. Therefore the steric inter-
actions of the different molecular moieties strongly
influence the ordering of these parts. Consequently,
different structures of the smectic phases are obtained
for compounds with different molecular architectures.
The incompatibility of fluorinated and non-fluorinated
parts does not necessarily lead to structural peculiarities.
Monolayer S, phases with antiparallel aligned molecules
have been reported for semifluorinated alkanes [13, 14]
or polyphilic compounds [16]. A transition of an Sy,
into an S,, is reported in [27,28]. By adding cyano
groups S,, and Sc, phases are observed [18]. In the
case of terminally branched compounds, the packing
determines the structure and yields S,, phases [29].
However, if the perfluorinated part is enlarged in these
compounds, undulated structures [7,29] are observed
as a result of a balance between the packing needs and
the incompatibility of the different molecular parts.

4. Summary
The results obtained prove the appearance of phases
of the type S,, Sy and CrE. The layer thickness is found
to be greater than the length of the molecule in each
case, so that the designation S,, (and consequently Sy,

and CrE,) can be used by analogy with terminally polar
substances [1,27]. The layer structure of the phases
consists of two sublayers which are built up from the
fluorinated and non-fluorinated moieties of the molec-
ules, respectively. The building units of both sublayers
behave differently with decreasing temperature: whereas
the fluorinated chains remain disordered until crystal-
lization occurs, the aromatic parts of two homologues
are arranged in a hexagonal or orthorhombic lattice.
This different structural order of different parts of the
molecules as a function of temperature is possible
because of the local separation of the chemically incom-
patible moieties. In this respect, the behaviour resembles
the microphase separation observed in liquid crystalline
phases of diluted polysiloxane side chain polymers [30].

We are very grateful to the Deutsche Forschungs-
gemeinschaft (Di 465/3-1 and Sfb 335, Anisotrope
Fluide) for financial support.

References
[1] HarpouiN, F., LevELutr, A. M., ACHARD, M., and
SiGauDp, G., 1983, J. Chim. phys., 80, 53.
[2] Ostrovskn, B. 1., 1993, Lig. Cryst., 14, 131.



08:41 26 January 2011

Downl oaded At:

608 LC phases of perfluorinated compounds

[3] De Gennes, P. G., and Prost, J., 1995, The Physics of
Liguid Crystals, Oxford: Clarendon Press.

[4] DieLE, S., MABNKE, S., WEISSFLOG, W., and Demus, D,
1989, Lig. Cryst., 4, 301.

[5] GoriNg, P., PELZL, G., DIELE, S., DELAVIER, D., and
SiEMENSMEIER, K., 1995, Lig. Cryst., 19, 629.

[6] FINkENZELLER, U., KURMEIER, A., and POETSCH, E., 1989,
19th  Freiburger Arbeitstagung  ‘Fliissigkristalline
Systeme’, Freiburg.

[7] Nguyen, H. T., Sicaup, G., Acharp, M. F.,
HarbpouiN, F., Twigg, R. T, and BertERTON, K., 1991,
Lig. Cryst., 10, 389.

[87 Doi, T., TAKENAKA, S., KUSABAYASHI, S., NISHIHATA, Y.,
and TeraucHi, H., 1991, J. Mater. Chem., 1, 169.

{97 RaBoLT, J. F., RusseLL, T. P., and TwigG, R. 1., 1984,
Macromolecules, 17, 2786.

[10] TourNILHAC, F., Bosio, L., Nicoup, J.-F., and SiMoN, ],
1988, Chem. Phys. Lett., 145, 452.

{117 TurBerG, P. M., and BraDY, E., 1988, J. Am. chem. Soc.,
110, 7797.

[12] MAHLER, W, GUILLON, D., and SKoOULIOS, A., 1985, Mol.
Cryst. lig. Cryst. Lett., 2, 111.

[13] Viney, C., RusseLL, T. P., DeEpero, L. E., and TwiEkG,
R. J., 1989, Mol. Cryst. lig. Cryst., 168, 63.

[14] VmNgY, C., TwieG, R, J., RusseLL, T. P., and DEPERO,
L. E., 1989, Lig. Cryst., 5, 1783.

[157 Hopken, J., and MOLLER, M., 1992, Macromolecules,
25, 2485.

[16] BLwov, L. M., Loeko, T. A., OstrRowski, B. I,
SuriaNov, S. N., and TourniLHAC, F., 1993, J. Phys. I1
{ France), 3, 1121.

[17] TourniLHAc, F., and SmMon, J., 1991, Ferroelectrics,
114, 283.

[18] Ostrovsky, B. I, TourNiLHAC, F. G., Bumnov, L. M,
and HAASE, W, 1995, J. Phys. II{ France), 5,, 979.

[19] TournNIiLHAC, F., BLiNov, L. M., SIMON, J., SUBACHIES,
D. B., and YABLONSKY, S. Y., 1993, Synth. Met., 54, 253.

[207] Brinov, L. M., and TOURNILHAC, F., 1993, Ferroelectrics,
148, 111.

[21] TourniLHAC, F., Bosio, L., SiMoN, J., BLinov, L. M.,
and YABLONSKY, S. V., 1993, Liq. Cryst., 14, 405.

[22] Brinov, L. M., and TourRNILHAC, F., 1993, Mol. Mat.,
3, 93.

[23] BLivov, L. M., and TourNILHAC, F., 1993, Mol. Mat.,
3, 169.

[24] Guittarp, F., Sixou, P., and CaMmBON, A., 1996, Mol
Cryst. lig. Cryst. (in press).

[25] Demus, D., and RICHTER, L., 1980, Textures of Liquid
Crystals, (Leipzizz VEB Deutscher Verlag fiir
Grundstoffindustrie), pl. 123.

[26] Heise, B., Kwian, H. G., and MULLER, F. H., 1966,
Kolloid-Z. Polym., 213, 12.

[271 Rixer, T. P, and Janunis, E. P., 1994, Lig. Cryst.,
17, 681.

[28] RiEkEr, T. P., and JaNuLis, E. P., 1995, Phys. Rev. E,
52, 2688.

(297 DierzmMannN, E., WEISSFLOG, W., MARKSCHEFFEL, S.,
JakLi, A., Losg, D., and DieLg, S., 1996, Ferroelectrics
(in press).

[30] DieLE, S., OeLSNER, S., KuscHEL, F., HISGEN, B., and
RinGsDORE, H., 1988, Mol. Cryst. lig. Cryst., 155, 399.



