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Fig. 3. Topology of the exchange interactions according to Fig. 2 

The present results show that indeed the structural data 
allow us to decide which vanadium centers must be consid- 
ered formally as + 5 and which as + 4, at least with respect 
to the limit of strong localization. In fact, if the V3 and V3a 
centers were to be considered as vanadium(Iv), or as interme- 
diates between vanadium(rv) and vanadium(v), they would 
be involved in several strong p o x 0  bridges, thus providing a 
complete change in the exchange pattern. In particular, they 
would be expected to be involved in strong antiferromagnet- 
ic exchange interactions with the V1 and Vla centers, which 
would then have their spins coupled, contrary to observa- 
tion. The successful calculation of the magnetic susceptibility 
confirms that bis pox0  bridges are very effective in transmit- 
ting antiferromagnetic exchange interactions between oxo- 
vanadium(1v) moieties. 

The variability of the exchange interactions between vana- 
dium centers and the possibility of fixing the ratio of vanadi- 
um(1v) and vanadium(v) centers in the cluster enables us in 
principle to tune and/or design the topology and as a conse- 
quence the magnetic properties of polyoxovanadates (IV/V) 
through the template effect.I4' 
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Highly Oriented Poly(di-n-alkylsilylene) Films 
on Oriented PTFE Substrates 

By Holger Frey, Sergej Sheiko, Martin Moiler,* 
Jean Claude Wittmann, and Bernard Lotz 

Poly(di-n-alkylsily1ene)s (polysilanes), catena-Si poly- 
mers, are one-dimensional semi- and photoconductorsf'] 
that owe their electronic and photonic properties['] to the 
o-orbital delocalization of the backbone. Hole mobilities of 
the order of rn'V-'s-' on short length scales have 
been reportedL31 for crystalline poly(di-n-hexylsilylene). 
Generally, symmetrically substituted poly(di-n-alkylsilyle- 
nes) are crystalline and form conformationally disordered 
(two-dimensional) mesophases at elevated  temperature^.^^, 

Well-oriented polysilylene layers are of potential interest 
for several areas of application : e lec t roph~tography,~~~ non- 
linear optics,['] display fabrication,[81 and microlithogra- 
~ h y . [ ~ ]  In many cases, highly oriented materials may show 
improved performance in comparison to isotropic films. It 
was suggested that oriented polysilylenes may show consid- 
erably enhanced f 3 )  nonlinear optical (NLO) properties.['] 
So far however, there are only a few reports on the manufac- 
ture of oriented structures in the literature, either by Lang- 
muir-Blodgett techniques["] or by co-orientation upon 
stretching with a drawable polymer matrix["* ''I in the 
mesomorphic state. 

In this paper it is demonstrated that highly oriented 
polysilylene films can be prepared by the method of 
Wittmann and Smith,[131 i.e., crystallization of polymers on 
a highly preoriented polytetrafluoroethylene (PTFE) sub- 
strate. At elevated temperatures, PTFE exists in a partially 
mobile phase, which upon transfer by friction onto a smooth 
surface forms a very thin (2-50 nm) film, as the chains in 
contact with the surface are drawn out of the bulk."41 The 
PTFE films used for the work reported here were prepared 
at 230°C and a pressure of I 5  Pa. Such PTFE layers are 
suitable as substrates for crystallization of poly(di-n-alkylsi- 
1ylene)s in a highly oriented film. This is illustrated by Fig- 
ure 1, which shows optical micrographs of films of (top) 
poly(di-n-butylsilylene), PDBS, and (bottom) poly(di-n- 
hexylsilylene), PDHS, which were crystallized on PTFE 
from CHCI, solution. The micrographs were taken on the 
edge of the oriented PTFE film. The left-hand side of the 
image (recorded with crossed polarizers) shows the typical 
isotropic spherulites observed for solution- or melt-crystal- 
lized poly(di-n-alkylsilylene)s, the right-hand side shows a 
highly birefringent and homogeneously oriented structure, 
which indicates the orientation of the PDBS chains upon 
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dered fraction is detected. The PTFE reflections at 1.30 A 
(meridional) and on the equator can be used for the calibra- 
tion of the polysilylene diffraction patterns. 

Fig. 2. Electron diffraction pattern of a film of a copolymer derived from 
poly(di-n-pentylsilylene), PDPS, which crystallizes in a 7/3 helix. 

Fig. I .  Micrographs of top) poly(d1-n-hutylsilylenej. PDBS, and bottom) 
poly(di-n-kcxylsilylene), PDHS, crystalhzed on the edge of an oriented 
PTFE film (crosscd polarirers): qize of the areas imaged: approximately 
500 x 420 pm. 

crystallization. Similar images have been obtained for poly- 
(di-n-pentylsilylene), PDPS. 

The different polysilylenes studied here vary in their crys- 
tal structure: PDBS and PDPS form a 7/3 helix,['51 while 
PDHS has an all-trans planar backbone How- 
ever, in spite of the different molecular geometries, all mate- 
rials form similarly oriented layers on friction-transferred 
PTFE. Optically, we have also observed excellent orienta- 
tion for various poly(di-n-alkylsilylene) copolymers with a 
fraction of shorter side chains. 

In order to evaluate the achievable degree of orientation, 
the films were characterized by electron diffraction. For  this 
purpose, the polysilylene film cast on PTFE was backed with 
a carbon support film and floated off the glass. The patterns 
indicate a high degree of orientation, as demonstrated in 
Figure 2 for a copolymer derived from PDPS by replacement 
of 4 %  of the side chains with chiral (S)-2-methylbutyl sub- 
stituents.[I6] The series of meridional reflections display no 
significant arcing. The layer line spacing of 13.83 A is unam- 
biguous evidence for the 7/3 helical structure reported for 
PDPS,'"' as are the strong third and seventh layer lines a t  
4.69 8, and 2.04 A, respectively. Equatorial reflections ob- 
served at 11.9-12.0 A are typical of the interlayer spacing in 
the hexagonal unit cell (interchain distance of 13.8 A) of 
PDPS. No significant amorphous halo indicative of a disor- 

Thus, close to perfect orientation can be concluded from 
electron diffraction. However, electron diffraction is a very 
local method and limited to thin layers. Therefore, we have 
studied films with a thickness up to 1 pm crystallized on 
PTFE. Randomly selected areas were investigated by polar- 
ized transmission Fourier transform infrared (FTIR) spec- 
troscopy. This also allows the orientation quality to  be com- 
pared with the orientation observed in a drawn ultra high 
molecular weight polyethylene (UHMWPE)/PDPS blend re- 
ported before.['21 The aligned PTFE films were prepared on 
silicon wafers, which are transparent to infrared light. Subse- 
quently, the polysilylene films were solution crystallized on 
the PTFE. Polarized FTIR spectra of PDPS and PDHS, as 
shown in Figure 3, confirm a high degree of orientation even 
in quite thick films. The PTFE films on silicon are too thin 
to be detected by FTIR transmission spectroscopy and thus 
do not show up in the spectra presented here. Both PDPS 
and PDHS display strongly dichroic behavior, depending on 
whether the polarization direction is parallel or perpendicu- 
lar to the orientation of the layers. 

At least two dichroic band regions are evident (Fig. 3): i) 
the region from 600 to 700cm- ' ,  with a very strongly 
dichroic band at  660-670 cm-' (Si-C stretching vibration, 
highly orientation sensitive), and ii) the CH, and CH, 
stretching vibrations between 2800 and 2900 cm- ', which 
are weakly dichroic in PDPS and strongly dichroic in PDHS. 
The strong dichroism of the 660 cm- band reflects the good 
backbone orientation, since the transition moment of the 
Si-C stretching vibration is parallel to the polysilylene 
chain. The dichroism observed for the side chain stretching 
vibrations in PDHS and PDPS demonstrates much more 
pronounced orientation of the side chain matrix in PDHS, 
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Fig. 3 Polarized transmission FTIR spectra of PDPS and PDHS, recorded 
parallel ( I \ )  and perpendicular (L) to the orientation direction. The spectra 
exhibit periodic fringes, which are due to interference of the IR beam in the thin 
material layer and thick Si-wafer substrate. 

with its three-dimensionally ordered side chains,["l than in 
the less ordered helical PDPS. A more detailed discussion of 
the polarized FTIR spectra is in preparation. Comparison 
with the FTIR data from [12] shows that the degree of orien- 
tation in the present films is comparable to that reached by 
ultradrawing (drawing ratio 3.2 30) in a UHMWPE matrix. 

To summarize, crystallization of poly(di-n-alkylsily1ene)s 
on an oriented PTFE substrate yields highly oriented poly- 
(di-B-alkyl-silylene) films of several square centimeters, even 
when the film thickness exceeds 1 pm. The degree of orienta- 
tion is assessed by optical birefringence, electron diffraction 
and dichroic IR experiments. The PTFE-induced orientation 
technique can be extended to poly(di-n-alkylsilylene)s with 
different crystalline structures. The underlying cause of the 
high orientation achieved on aligned PTFE substrates is not 
yet clear. Epitaxy is not very plausible, given the different 
molecular geometries and cell parameters of PTFE and the 
polysilylenes. Alternatively, oriented grooves on the PTFE 
surface may act as a nanometer-scale grating, inducing an- 
isotropic nucleation of the mesomorphic polysilylenes.[' 31 
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Ultrathin Films of Cellulose on Silicon Wafers ** 
By Matthias Schaub, Gerlzard Wenz, Gerhard Wegner,* 
Andreas Sfein,  and Dieter Kfemrn 

Efforts to construct supramolecular architectures of poly- 
mers have led to the development of a novel, non-am- 
phiphilic class of polymers-so called hairy-rod materials- 
which are excellently suited for the Langmuir-Blodgett (LB) 
technique."] Hairy-rod polymers consist of an inherently 
stiff backbone to which short flexible side chains are at- 
tached so as to provide the backbone with a permanently 
fixed hydrophobic solvent shell. 

Examples are substituted phthalocyaninatopoly(si1ox- 
ane)s['] and co-poIy(glutamate)~,[~~ both of which are well- 
suited for the preparation of supramolecular architectures 
by the LB-technique. Ultrathin films of the pure materials or 
of composites of the components are of interest for their 
application as sensor  device^,'^] in optoelectronics[51 or as 
orientation layers in the manufacture of liquid-crystal dis- 
plays (LCDS).[~] 

Monolayers of cellulose derivativesL7, *I or pure cellu- 
lose['] at the air-water interface have been studied for more 
than 60 years. For example, Kawaguchi et al. investigated 

[*I Prof. G. Wegner, Dr. M. Schaub, Dr. G. Wenz 
Max-Planck-Institut fur Polymerforschung 
Postfach 31 48, D-55023 Mainz (FRG) 
Dr. A. Stein, Prof. D. Klemm 
Iristitut fur Organische iind Makromolekulare Chemie 
Friedrich-Schiller-Universitit 
Humboldtstrasse 10, D-07743 Jena (FRG) 

[**I The work reported here was supported by the German Ministry of Re- 
search and Technology (BMFT) in the Materialforschungsprogramm 
within the research project on Ultrathin Layers of Polymers as Novel 
Materials. M. Schaub gratefully acknowledges personal support by a 
Chemiefonds-scholarship of the VCI. 

Adv. M a w .  1993, 5 ,  No. 12 VCH Verlajisgrsellscliuft mhH, 0-69469 W m h e i m ,  1993 0935-9648/93/1212-0919 $ 5.00+ ,2510 91 9 




