
GA–A23352

LIVING RADICAL POLYMERIZATION OF
TRIMETHYLSILYLSTYRENE

by
B.W. McQUILLAN and S. PAGUIO

JUNE 2000



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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
responsibility 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.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof.  The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.



GA–A23352

LIVING RADICAL POLYMERIZATION OF
TRIMETHYLSILYLSTYRENE

by
B.W. McQUILLAN and S. PAGUIO

This is a preprint of a paper to be presented at the 13th Target
Fabrication Meeting, November 8–11, 1999, Catalina Island, California
and to be published in Fusion Technology.

Work supported by
the U.S. Department of Energy

under Contract No. DE-AC03-95SF20732

GA PROJECT 3748
JUNE 2000



B.W. MCQUILLAN AND S. PAGUIO LIVING RADICAL POLYMERIZATION OF TRIMETHYLSILYLSTYRENE

GENERAL ATOMICS REPORT GA-A23352 1

LIVING RADICAL POLYMERIZATION OF TRIMETHYLSILYLSTYRENE

B.W. McQuillan and S. Paguio
Inertial Fusion Division, General Atomics

P.O. Box 85608
San Diego, Ca 92186-5608

(619) 455-2922

ABSTRACT

We have demonstrated the synthesis of poly(4-
trimethylsilylstyrene) by living polymerization techniques.
The use of cupruous bromide, di-n-nonylbipyridine, and
phenethylbromide to polymerize neat 4-trimethylsilyl-
styrene at 120°C results in a narrow molecular weight
polymer. The method improves on the polymer specifica-
tions made by  conventional free radical methods.

I.  INTRODUCTION

The ICF program at University of Rochester requires
polystyene films with silicon. In the past, they have used
poly(trimethylsilylstyrene) [p(Si-S)] made by standard
free radical polymerizations (AIBN or benzoyl peroxide).
These methods are simple, but the polydispersity is 1.8-
2.5 with polymer yields of <30%. We sought to obtain
higher yields and more narrow polydispersity by using the
ATRP (Atom Transfer Radical Polymerization) developed
by Matyjaszewski and coworkers.1-3 In particular for this
work, we have followed the work of Matyjaszewski,
Patten and Xia, who first made a homogeneous copper-
bipy catalyst by adding alkyl chains to bipy (bipyridine).4

II.  EXPERIMENTAL

All reagents were obtained from Aldrich. Reactions
were carried out under anhydrous and inert atmosphere
conditions. 4-trimethylsilylstyrene was synthesized from
the Grignard of 4-chlorostyrene in THF with
trimethylsilylchloride, followed by vacuum distillation of
the product (50%–70% yield) to separate it from a
divinylbiphenyl side product.5 (This side product can
crosslink the polymer to an insoluble mess if not
separated.) Di-n-nonylbipyridine was made following

Matyjaszewski’s method for di-n-heptylbipyridine.4 4,4'-
dimethyl-2,2'-bipyridine was reacted with butyl lithium in
THF (-78°C) with di-isopropylamine, followed by
addition of n-octylbromide. After washing with
ammonium sulfate, the organic layer was separated and
the solvent distilled. The crude product was reprecipitated
from acetonitrile, to yield about 83% yield of di-4,4'-n-
nonyl-2,2'-bipyridine. NMR confirmed the composition:
(H NMR by NuMega Resonance Labs, San Diego, 500
MHz, CDCl3), δ(ppm): 8.54 (d, 1 H); 8.22(s, 1H); 7.12 (d,
1H); 2.68 (t, 2H); 1.68 (p, 2.12H); 1.32 (m) and 1.25 (s)
sum to 12.6H; 0.87 (t, 3H).

The polymerization was performed with 128 g of
trimethylsilylstyrene (0.727 mole), 0.100 cc phenethyl-
bromide (0.733 mmole), 6.00 g di-4,4'-n-nonylbipyridine
(14.7 mmole), 0.727 g CuBr (5.07 mmole) in a 500 cc
flask with a water condenser under nitrogen flow. The
ratio of trimethylsilylstyrene to phenethylbromide would
ideally give chains of 992 monomer units, for a molecular
weight M =174.5 K, if the polymerization is taken to
100% yield. The trimethylsilylstyrene, CuBr, and di-4,4'-
n-nonyl-2,2'-bipyridine are added to the flask with a stir
bar and an N2 sweep gas is passed through the system.
The copper complex forms a deep blood red solution. The
phenethylbromide is added via syringe,  and the solution is
stirred for an hour at room temperature. The 120°C oil
bath is then raised around the flask, and the reaction pro-
ceeds for 92 hours. After 4 days, the solution is very vis-
cous, but not solid, indicating the reaction has not gone to
completion. The flask is cooled, and toluene is added. The
toluene removes the monomer solvent, leaving a plug of
polymer. Several additions of toluene are needed over
several days to dissolve this plug of polymer. The toluene
solution is then dripped into ethanol, to precipitate the
polymer. Several cycles of toluene dissolution and ethanol
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precipitation are required to obtain white polymer product,
without the copper complex. (12 ppm residual copper
remained in the final polymer.) We obtained 68.7 g of
polymer (53.7% yield).

III.  RESULTS

Molecular weight analysis of this polymer by
Viscotek on their Triple Detector gave MW = 120,500,
MN =  90,700, and a polydispersity = 1.33. For a living
polymerization taken to 53.7% completion, one would ex-
pect MN = 93.700, which is consistent with the MN mea-
sured. The polydispersity is large, compared to the value
for bulk styrene (1.07).4 In the case of styrene, the MN
was only 5900, and the reaction was only run for 7 hours.
For the higher molecular weights desired, the number of
propagating chains is smaller, and the polymerization re-
action rate is slower and can become similar to the thermal
polymerization rate, thus broadening the polydispersity.
However, the polydispersity of 1.33 is still much smaller
than the 1.8–2.6 values obtained with a normal free radical
polymerization of trimethylsilylstyrene.

Elemental analysis was performed by Desert
Analytics. The calculated weight percentages for
poly(trimethylsilylstyrene) C11H 16Si: C, 74.97%; H,
9.09%; Si, 15.94%. Experimental values (average of
duplicates): C, 75.35%; H, 8.87%; Si, 14.93%. The Si
value is consistently  lower than expected. Peak ratios of
the proton NMR of the monomer which went into this
batch also showed a lower Si content than expected (90%
of monomer units had Si), which corresponds to
14.97 wt% Si. No Cl was found in this polymer, which
rules out residual 4-chlorostyrene in the monomer. Thus,
the polymer may have a small component of styrene,
possibly caused by acid cleavage of the trimethylsilyl unit
by HCl formed from slight excess of trimethylsilyl
chloride being present upon hydrolysis and workup.

IV.  CONCLUSIONS

Living free radical polymerization to form
poly(trimethylsilylstyrene) proceeds as anticipated, to give

a higher yield of narrow polydispersity polymer. The di-
4,4'-n-nonyl-2,2'-bipyridine is an appropriate ligand for
the copper catalyst.
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