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MOLECULAR WEIGHT DISTRIBUTIONS OF DURHAM POLYACETYLENE
PRECURSOR POLYMERS

KEVIN HARPER AND PETER G. JAMES
BP Research Centre, Chertsey Road, Sunbury-on-Thames,
ENGLAND.

Abstract: A low temperature gel permeation chromatography system
has been developed and used to obtain the molecular weight
distributions of a series of Durham polyacetylene precursor
polymers,

INTRODUCTION

The Durham route to polyacetylene (1) is summarised in Scheme 1,

R R
R R R R E S
Q ’
s #f=1%
(R=CF3 (m),R=CF4 )
(1),R=COOCH, (IV),R=COOCHg
Scheme 1

Monomers (I) or (Il) are ring-open polymerised using typical
metathesis catalysts to give Durham precurser polymers (III) or
(IV). These polymers are thermally unstable and may be contrellably
transformed to give polyacetylene (V). However, their thermal
instability has so far precluded the use of conventional
solution-phase techniques for their characterisation. The aoclecular
weight distributions of samples of Durham polymers (III) and (IV)
have recently been obtained using low temperature gel permeation
chromatography (GPC) as outlined below.

EXPERIMENTAL

The GPC apparatus used is represented schematically in Figure 1.
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Figure 1: Schematic experimental layout for gel permeation
chromatography

GPC relies on the ability of porous supports (u-styragel)(2) to
separate polymer molecules by virtue of their size or hydrodynamic
velume. A condition of the technique is that the polymer amust be
soluble in the esluent solvent. The columns were calibrated with
standards (monodisperse polystyrene) of known molecular weight so
that a distribution function in terms of molecular weight could be
obtained, The GPC apparatus (excluding the data acquisition and
recorder units) was situated in a cold room with an ambient
teaperature of -17°C. At this temperature reproducible 6PC
distribution curves were obtained.

RESULTS AND DISCUSSION

A typical 6PC distribution curve for a sample of Durhas polymer
(III) is shown in Figure 2. A variety of samples were studied.
Examples of some of the results ohtained are given in Table 1.
“Polystyrene equivalent” weight-average molecular weights ranged
from 200,000 to 500,000 depending upon the polymerisation
conditions, indicating that Burham polymer is a genuine high
molecular weight polymer.
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Figure 2. GPC distribution curve for a sample of Durham polymer

POLYMER MOLE RATIOS(a) Mw Mn Mw/Mn
Monomer;Solvent
(Iin 100:1075 284,000 160,000 1.8
(I11) 144:1014 412,000 179,000 2.3
(I11} 100:750 389,000 156,000 2.9
(11 100:1000 256,000 92,000 2.8
(1I1) (b) 100:750 269,000 104,000 2.6
(Iv) 10012000 402,000 184,000 2.2

(al Relative to WCig(MoClg):SnMe,ratioc of 1:2
{b) MeClgused

Table {:"Polystyrene equivalent” molecular weights for a range
of Durham polymers
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To check the validity of the "polystyrene equivalent” molecular
weights obtained by GPC, the weight-average molecular weight of a
sample of the room-temperature-stable model polymer (VI) was
obtained by light-scattering (3). A sample of pelymer (VI) with a
GPC "pelystyrene-equivalent® molecular weight of 279,000 had a
light-scattering molecular weight of 590,000, hence the values
given in Table 1 should be corrected by multiplying by a factor of
2. These results indicate that the number of double bonds in
Purham polyacetylene is as high as 7300 (4),

CH,00C COOCH,

(vI)
CONCLUSIONS

(1) The molecular weight distributions of Durham precursor polymers
have been obtained using low temperature GPC,

{2) A concurrent light-scattering experiment indicated that the
"true" weight-average molecular weights of the Durham-type polymers
were approximately twice the "polystyrene-equivalent” molecular
weights.

(3) Durham precursor polymers are genuine high molecular weight
polymers, producing initially cis polyacetylene with up to 7,500
double bonds.
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