
DOE/ER/45292--13

DE92 014497

NMRAND OPTICAL STUDIES OF PTSZOELECTRIC POLYMERS

ANNUAL PERFORMANCEREPORT

Grant No. DE-FGO6-87ER45292

For The Period April 1, 1991 - March 31, 1992

by

Co-Principal Investigator ProFessor V. Hugo Schmidt
and

Co-Principal Investigator George F. Tuthill

Department of Physics
Montana State University

Bozeman, Montana 59717

,DISCLAIMER

as an account of work sponsored by an agency of the United States MASTERThis report was prepared

Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer- ., , ,-.,! _,.
cncc herein to any specific commercial product, process, or service by trade name, trademark, _ '
manufacturer, or otherwise dc>cs not necessarily constitute or imply its endorsement, recom-
me.dation, or favoring by the United States Government or any agency thereof. The views "-"_"_"_

and opinions of authors expressed heroin do not necessarily state or reflect those of the

United States Government or any agency thereof, Dh.STRlfbUTION C..)F7 _'t{S DOCLJlV1F-NI" IS U



TECHNICAL PROGRESS

for Grant year 1 April 1991 to 31 March 1992

DOE Grant DE-FG06-87ER45292

ELECTROACTIVE POLYMERS AND LIQUID CRYSTALS

Principal Investigator: V. Hugo Schmidt

Principal Investigator: George F. Tuthill

Department of Physics

Montana State University

Bozeman, MT 59717

Submitted Dec. 26, 1991

This report covers the middle year of this three-year grant. Our

most notable breakthrough from the financial point of view was the

funding by DOE of our equipment proposal, which with the MSU match

comes to over $Ii0,000. With this money we are buying an HP Apollo

work station which will speed up the polymer modelling greatly. We

also bought and just received a Tecmag Taurus Real-Time NMR Station

which will improve our NMR capabilities. We also bought and

ordered apparatus which will extend considerably our dielectric

apparatus speed of operation and frequency range. For the audio

range we bought a Wayne-Kerr 6425 Precision Component Analyzer

which we use as a dielectric bridge which covers the 20 Hz to 300

kHz frequency range. At the high-frequency end, we have ordered an

HP 4191A which covers the 1 to I000 MHz range, while at the low

frequency end we are getting a frequency synthesizer and

electrometer which will bring us into the fractional Hz range.

We were fortunate to have Stuart Hutton visit u& and show us

how to automate the taking of dielectric data and control of

temperature. He got experience at Mainz, Germany in working with
the 1 to I000 MHz HP bridge, and when he returns for two months

this winter he will help in setting it up. We also recently set up

hysteresis loop measuring system, which will be used to study our

piezoelectric (ferroelectric) copolymer samples. All of the above
measurements are (or will be) availab?e over the temperature range

4 K to 500 K.

As to scientific progress, the last paper reporting Zhimin

Liu's Ph.D thesis work was published, dealing with Brillouin

scattering from the 80/20 mol_ vinylidene fluoride /

trifluoroethylene random copolymer. A graduate student, Greg

Pastalan, is interested in continuing this work. One particular

problem we wish to investigate is ways of increasing the transition

temperature Tc out of the ferroelectric state, thus enhancing the
practical range of the copolymer for piezo- and pyroelectric

applications. Seymour Preis, a consulting chemist who has been

very helpful to us, has a patent for increasing T c by various heat
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treatments, and Brillouin scattering is one way of monitoring T c.
Our goal is to understand the microscopic basis of the improvements
he achieved.

Another graduate student, Nick Pinto, has made a preliminary

NMR (nuclear magnetic resonance) study of a lithium stearate liquid
crystal sample. "Li NMR was carried out in the temperature range
21 to 178 °C. This liquid crystal has a series of transitions as

temperature increases. At 114 °C there is a crystalline-

crystalline phase transition. At 140 °C there is a crystl!ine-

smectic phase transition and at 174 °C the sample becomes an

isotropic liquid. Lineshape measurements need to be made again
because of lack of proper Fourier transform software, which we now

have. Spin-lattice relaxation time (TI) measurements up to 140 °C
indicate the presence of more than one relaxation time constant,

while above this temperature these time constants merge into one.

Clear indication of the various transitions is seen when T1 is

plotted against temperature, where an abrupt drop in T I indicates
_he phase transition. In subsequent reruns of this experiment the
'Li• signal decreased considerably above 114 °C, making it hard to

perform any set of measurements with accuracy. We will investigate
whether this is caused by sample deterioration or by equipment

problems. W_th the new computer controlled NMR apparatus we plan

on studying lineshapes on the above samples, lt will also be

possible to measure TI.. This will enable us to study slow motions
in the liquid crystal[

Graduate student Tim Tu learned the NMR technique and made T

measurements of the E7 liquid crystal. He found evidence for th_

phase transition at the clearing point at 61 °C. He also made some
calculations for the Freedericksz transition (see Fig. 1 below)

which are helpful in analyzing our results discussed below.

A graduate student new to our group, Greg Pastalan, has built

up an apparatus for measuring thermal conductivity and specific

heat by an ac temperature wave technique. The device is now based
on two Melcor thermoelectric devices, one acting as the wave

generator and the other as the temperature sensor. This will be
useful for measuring thermal properties of polymers and liquid

crystals.

Another graduate student, Phil Himmer, is measuring the

Freedericksz transition in E7 liquid crystal, using a laser and our

15" Varian electromagnet which _s no longer needed for NMR since we

got uur superconducting magnet. The liquid crystal director is

originally perpendicular to the field. As the magnetic field
increases past a critical value, the director suddenly starts

turning to align with the field, changing the optical properties.
The critic_l value depends on the magnetic susceptibility

anisotropy, the volume elastic constant, and for thin samples the
surface anchoring strength. Our goal is to determine the surface

anchoring strength, a parameter which is necessary in determining
elastic constants in PDLC (polymer-dispersed liquid crystal)

experim_i:nts as discussed below.



We submitted a proposal to NSF for a joint US/France project

on neutron scattering and NMR of piezoelectric polymers.

Unfortunately, the Grenobl_ (ILL) reactor where we planned to do

the neutron work under the direction of Jeff Legrand is out of

commission for three years because of cracks in both the main and

the backup Cooling systems. We tried to modify the proposal after

this happened, but the referees and the NSF personnel said the

scope of the work was too greatly changed, so we have to resubmit

May i, 1992.

Jeff Legrand was here this spring for a few days, and we made

quite a bit of progress with the polymer model. Also, we submitted
an abstract for the March 1992 APS Meeting.

Profs. Arnold Craig and Bradford Mundy of our Chemistry

Department are preparing a new material, based on dye molecules
with which Prof. Craig had experience at Kodak, which we hope will

have liquid crystalline properties. If it does, the next step will

be to polymerize it onto a silicon backbone to obtain a liquid

crystalline polymer.

Hugo Schmidt is working on a paper to explain the results of
measurements on PDLC materials, in which the various bulk and

surface elastic constants are important. He is also investigating

the role of the kl_ elastic constant_ A graduate student, Hua Zhao,
is beginning work with George Tuthill on the theory for these
interactions.

George Tuthill and his collaborator and students have
continued statistical mechanical studies of models of linear

polymers using both analytical and numerical (simulation)
techniques:

(i). We have further pursued studies of the statistical mechanics
of the n=0 vector model for polymers. In work published in June

1991 we have shown, based on Monte Carlo simulation results, that

contrary to recent speculation this model fails to undergo a

percolation-like transition in the dense phase limit. The context
of this study is as follows: The n-vector model of magnetism,

where n is the number of components of the local magnetic moments

has long provided physics with a framework for discussing a wide

variety of phase transitions. The n=0 limit of this model was

shown by de Gennes, and des Cloizeaux, to yield information about
the behavior of a system of (idealized) polymer chains. In the n=0

model, which in our work is realized on a lattice, the length and
number distribution of chains are controlled by fugacities for

polymer links and polymer end-points. On the basis of scaling

arguments the n=0 vector model for a many-polymer system has been

predicted to undergo a percolation-like transition to a phase in
which a single chain occupies the lion's share of the system (an
"infinite chain" in the thermodynamic limit). During the pasti

year we corr_p]eted a Monte Carlo examination of this suggestion on
lattices in both two and three dimensions. Extrapolation was used

to infer infinite-system behavior from our studies of a sequence of
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finite-sized samples. Our work indicates that a percolation-type

transition can occur only in the limit of vanishing statistical

weight for chain end-points. We also show that the correct scaling

arguments are consistent with the results of our simulations. The

implication for real polymers is that free energy for flexible
chains should be "smooth" in the melt, apart from any transition

due to crystallization.

(2) We have solved exactly a model for the biased and interacting

self-avoiding walk (SAW), on a lattice which is a deterministic

fractal, the 4-simplex lattice. SAWs on lattices serve as simple

models for linear polymers in dilute solution, particularly when

one is interested in such properties as the scaling of the radius

of gyration or end-to-end distance with chain length. A lattice
SAW is a coarse-grained model of a real polymer, but it can

incorporate not only the excluded-volume constraint (through self-
avoidance) but other intra- and inter molecular effects as well.

For example, it can include chain bias (resistance to bending) and
monomer-solvent interaction (solvent quality). The first of these

effects can arise from an energy difference between trans and

gauche bonds in a polyethylene-type chain, while the second --
which can be modeled by an attractive interaction between adjacent,
non-consecutive monomers -- can lead to a collapse transition,

where the chain adopts a tightly coiled configuration.

Despite extensive study, there are few cases in which the

properties of SAWs on regular lattices have been calculated

exactly. Recently, however, there has arisen interest in finitely
ramified fractal lattices. For such cases SAW statistics can be

analyzed exactly on a sequence of successively larger lattices.
Such lattices are not uniform, since there is a great variety in

the structure neighborhoods of different lattice sites. They
therefore serve as crude models for real amorphous materials where

local environments are non-uniform and fluctuute randomly. We have

concentrated our efforts on the 4-simplex lattice (with Hausdorff

dimension a = 2), since SAWs on it can represent polyethylene-like

polymer chains on a fractal subset of the diamond lattice. The
bends of a SAW on the 4-simplex correspond to gauche bonds of the

polymer into which the walk is mapped. Thus the current model

pertains in a rudimentary way to an ensemble of polymers.

Together with W.A. Schwalm (University of North Dakota) we

have completed and submitted for publication the first study for
SAWs on the 4-simplex lattice in which both chain stiffness and
monomer-monomer interactions are accounted for exactly. This

represents a significant extension of work begun last year in which

only stiffness was included. We are able to describe the
conditions under which collapse can take place, and show that chain

antistiffness (bias favoring chain bends) is insufficient to cause

collapse. The full phase diagram has been mapped in the space of

three fugaeities -- for SAW steps, bends, and nearest-neighbor
monomer-mono_,,er interactions. We have found critical amplitudes

(as well as critical exponents) in senlianalytic fashion. We have

also treated fully the scaling properties of very stiff SAWs which
are _od-like at short lengths but flexible on long length scales.
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(3) We have developed, and are now analyzing results from, Monte

Carlo simulations of chains of electrically active PVF2 and

PVF2/TrFE copolymers. In this work our object is to model the

conformational order/disorder transition within the chain that

underlies the ferroelectric/paraelectric phase transition. In

particular we are assessing the role of inter- and intrachain

dipole-dipole forces in this process. So that we may use

relatively rapid Monte Carlo methods in this study, we confine the
monomers to the sites of a diamond lattice. In this scheme an all-

trans chain lies along the lattice Ii0 direction, and the important

kink-3-bond defect can be naturally accomodated. Our initial

results suggest that in fact electrical forces do play a dominant

role determining chain conformations, as compared to torsional

(trans/gauche) energies at temperatures near the transition. We

will report on this work at the March APS meeting in Indianapolis.

(4) In a second phase of these PVF2/TrFE simulations we are

developing a molecular dynamics simulation of linear chains in the

crystalline phase. This is a multi-chain model in free space
(rather than on a lattice) for which the equations of motion of the

monomers are numerically integrated. Dynamic properties such as

relaxation and time-dependent response, as well as time-averaged
behavior can thereby be studied. This work is being carried out

with Maureen Grigereit, a graduate student; portions of the code

are presently being tested and we expect preliminary results during
the coming semester.
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Fig.l The Freederikse's transition for a nematic slab under a
magnetic field
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Publications and Abstracts Appearinq or Submitted in 1991

i. "Deuteron NMR Study of Ferroelectric Transition in VF2/TrFE
Copolymer" V.H. Schmidt, C. Perry, E.A. Dratz, and Y. Ke,

invited talk at US-USSR Seminar on Ferroelectrics, Boulder,

July 1989 Ferroelectrics II____7,149 (1991).

2. "Search for a Percolation Transition in a Lattice Polymer

Model" G.F. Tuthill and D.G. Glover, Bull. Am. Phys. Soc.

3_ 6, (19911.

3. "Biased Self-Avoiding Walks on the 4-Simplex Lattice", W.A.

Schwalm and G.F. Tuthill, Bull Am. Phys. Soc. 3_66, 693
(1991) .

4. "Search for a Percolation Transition in a Lattice Polymer

Model", G.F. Tuthill and D.J. Glover, J. Chem. Phys. 9_44,
8408 (1991).

5. "Studies of 80/20 Mol% Vinylidene Fluoride-Trifluoroethylene

Copolymer by Brillouin Scattering", Z. Liu and V.H. Schmidt,
Ferroelectrics ii___99,9 (1991)•

6. "Ferroelectric Soft Mode in P(VDF-TrFE) Copolymers as

" J F Legrand, E M.Revealed by a Neutron Spin Echo Study, . .

Amalric, and V. H. Schmidt, Bull. Am. Phys. Soc. 3__77(to

appear March, 1992).

• " , " G F7 Interacting Biased SAWs on the 4-Simplex Lattice, . .

Tuthill and W. A. Schwalm, Bull. Am. Phys. Soc. 3__77(to

appear March, 1992) .

8. "Monte Carlo Simulation of PVF2/TrFE Chains on a Lattice,"
D. J. Glover and G F. Tuthill, Bull. Am. Phys. Soc. 3_/7(to

appear March, 1992).

9. "Biased Interacting Self-Avoiding Walks on the 4-Simplex
Lattice," G. F. Tuthill and W. A. Schwalm (submitted to

Phys_ Rev. B).

I0. "Normal Distortion Mode Description of Periodic Distortions

in Nematic Liquid Czystals and Proposed Method to Measure

Saddle Elastic Constant k44 , V_H. Schmidt (to be
resubmitted to Molec. Cryst. - Liq. Cryst.).






