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Polymerization of styrene with diphenylzinc-cocatalyst systems
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SUMMARY

The diphenylzinc-Ha0 and diphenylzinc-HaO0-BueCl systems
were used as catalysts for styrene polymerization in solution
at various temperatures and solvents. The systems are greatly
influenced by the molar ratio HaO/Fhein, and the msaximam
catalyst activity, in both cases, was found at a8 molar ratio of
G.75. GFC results strongly sugoest  the presence of more than
one active species. For Fhaeln-HzO0-BusCl system, in
dichloromethane at -78<C with the molar ratio of HaQ/Phalin =
0.7%, the reaction is {first order with respect to  monomer
with kp = 2.45x10"% Lmol "‘sec—t.

INTRODUCTION

Styrene, St, has beern polymerized by combinations of
titanium or zirconium compounds with methyl alumoxane, MAD, as
catalysts (1-7). In most cases the obtained polystyrene, FSt,
was highly stereoregular with syndiotactic placements.

Current literature reports  that mixtures of metal alkyl-
H=0 systems (where the metal alkyls are triethylaluminium,
EtsAl, or diethylzinc, Etzin) with ovr without cocatalysts are
effective catalyst for S5t polyvmerization. (8,9

We have been working in epoxide polymerization using the
diphenylzinc~H=0 system (10-12), which effectively catalyzes
ethylene oxide, E0Q, propylene oxide, PO, and styrene oxide, 80,
palymerization. The catalyst activity of the systems markedly
depend on  the amount of water added. With PO and 80 & fraction
of isotactic polymer was produced. We reported (12 on the
gimilarity of 80 and 8t for polymerizations initiated by FhaZn-
Hz0 systems. A coordinative-ionic process was suggested where
the iomic character changes from cationic to anionic as the
molar ratio Hz0/Fhain increases from O to 1.

The present communication reports preliminary resulits on
the polymerization of 8t initiated by FPhelZn-Hz0 and by Phein-
H=20-BusCl.

EXFERIMENTAL

A vacuum line (107% mbar) technique was used for filling
the polymerization vessels, which consisted of 10 cm lengths of
tubing of 2 cm bore. The Fheln solution in benzene and the
reguired amount of additives and monomer were transferred by
ayrings under a positive pressuwre of argon. The reaction
mixtures were degassed and then the vessel sealed off from  the
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vacuuwm line and left at - the adeguate temperature For the
required length of time. Folymerizations were terminated by
addition of benzene and a small excess of methanol over that
required to precipitate the catalyst. Catalyst residues were
removed centrifugally, and the polymere were isolated by
precipitation with methanol or by freeze-drying.

Intringic viscosities, [91, were measured at 250 in
chloroform. Viscosity-average molecular weights, Moy were
calculated according the eqguation (13)

[Nl = 1.12x10-4q = >
valid for the molecular weight range 7-180x104,

RESULTE AND DISCUSSION )

The results of the polymerization of styrene by the Fhein-
Hz0 system, at various molar ratios H0/Fhall, at &0°C and 1200
in benzene and at H0°C in dichloromethane, are listed in Table
1. When comparing the benzene soclution polymerizations, it can
be noticed that the ' polymerization at 1200 produced

Table 1. Folymerization of styrene initiated by the Phein-Hz0
system at various HaO/PhzaZn molar ratios.

12 ds. 6090 FhH~ T ds. 12090 Fhid=~ 13 ds. 60°C CHaClz®

Ha0

Phen Yieldes [91d9 Mo Yields {014 M. Yields (N1« Mo

mal Smed % alL.g—* xlO-= A dlg—3* xio—-= % adlg™* xw1O—=
Q.00 7. 32 1.31 E.7S 100 Q.62 1.34 8.1 0,218 0,32
0. 25 ®].88 1.&68 G5.14 7.8 0.6% 1,55 48.9 0.14% 0,18
0. 50 F.60 1.68 5,25 Y4.0  O.64  1.40 5300 0,128 0.1é4
Q.78 e s o e L TéaLE 0O.0% 0,10
1.00 776 X422 13,93 FOo.%  0.77  1.81 24.% 0,573 120
1,50 10,36 3,11 12,20 e e 1.2 0,735 1.70

a) [Pheind = 0,023 M, [85t1 = 4,38 M, St/ Fhain = 198 mol/mal.

b)Y [Pheind = 0,05 M, [GL1 = 1.64 M, St/ FhepiZn = 32,8 mol /mol.
<) Rased on initial St
d) Measured in chloroform at 2850,

very high conversions after only three days of polvmerization.
Conversions diminishe ag water is incorporated to the system.
For polymerizations at &0°C polymer vield is only  about 10 %
after 13 days, with almost no difference between the various
malar ratios H:20/Fhain used. Comparison between both sets of
experiments also shows different molecular weights of the PBts
abtained; the AUC process produced the higher MW polymers. It
can be assumed that the 200 process is mainly due to  the
thermal polyvmerization of St. GFC  chromatograms of PBts
obtained at 120°0C (Fig. 1) were bi or multimodal indicating the
presence of more than one active species. The multiplicity of
the modes of chromatograms changes according with the amount of
added water. It can be concluded that not only & thermal
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Figure 1. GPC chromatograms of Figure 2. Polyvmerization of 5t
Fote obtained using Fhein-H0 by PhaZn-HaO0-BueCl &t —-78<0,
systems at various molar raetios (@) 3.7 days in UHeCla, m &
He(/Fhiein in  benzens solution days in PhbMe.

atter X days at 1200,

process s occwring but S5t also polymerizes by species
generated Dy the Fhein-He0 reaction. The third set of
experiments reported in Table 1, the ones using CHaCle as
salvent, oclearly indicate that water has & specific role
particularly when CHaCle is  used. Evidently the polymerization
aeoures by a coordinastive-ionic process  where  the monomer
coardinates +to the active species and propagates by an ionic
pathway, a8 was  suggested for the Fhein-H:D system Lo
polymerize EQ (10), PO (11), and 80 (12).

Table 2 shows the results of St polymerization using the
Fhalin-HO0-BuvCl syvetem at ~-78<C in CHzCle, and in toluene,
Fhfle, for & days &t verious molar ratios of H:0/FPhein and a
molar ratio of BuCl/FhaiZn = 1. For both sets of expériments
the extent of polymerization reaches ite maximum at Ha/Phedn =
0.75  (Fig. 2Y. For experiments in CHeCle there is & sharp
decrease of conversion when the amount of water in  the system
i auwgmented, while in Fhe the conversion gradually diminishes
to less than 1Y% at HeO/Fhein = 1.35. These findings can also be
attributed to an donic character of the polvmerization which is
much enhanced when a polar solvent is used. In all cases the
polymerization results showed poor  reproducibility. Such
aituation was also observed when the Fhain-He0 system was used
to polymerize epoxides (10--12).
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Table 2. Polymerization of styrene initiated by the PhaZn-HaO-Butll
system at various Ha0/Fh=Zn molar ratios.

9.7 ds. at -78<C in CHallo= 6 ds. at -78<C in FhMe®*

H=0

Fhaln ¥ields {91« Mo Yield«= [ni« Mo

mol /mol % dig™—3* Hi0—= % dlLg—? ®10—e
Q.00 13,68 055 1.07 Q.04 nd [S—
0.25 1%.54 0.21 0.0 1.20 rict e
0.50 4,02 Q.35 0.61 4.74 0.049 0.41
0.75 78.08 0,53 1.08 7.28 0.05 0.43
1.00 1.05 rd e 6. 32 0.044 0.3
1.50 ket e e e 0. 64 nd e

a) [Fheinld = 0,05 M, [8t] = 1.&44 M, Bu*CL/FheZn = 1 mol/mol,

St/ FPhein = 32,8 mol /mol.

b)Y [PFheind = 0,028 M, (81 = 0,92 M, Bu*Cl/FheZn = 1 mol/mol,
ST/ Fheain = 32,9 mnal/mol.
o) Hased on initial St.
o) Measuwred in chlioroform at 25<C.
Conversion (°/)
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Figure 3, Firet order plot  Figure 4. GFC chromstograms of

for Bt polymerization in CHeUls
initiated by Fhaein-HaO0-B0sCl at
=780, H:0/FHzIn = 0,74, BusCl/
FhimZn = 1, Phain = 0,048 mall—?

Faolymerizations of St
=790 with HazQ/FHein =
conversion to FBE,

by

Ca T,
were performed at

P8t aobtained using FhaZn-Ha0-
Busl) , Hall/FHain = 0,75, 780
in CHaCla. Various percentages
of conversion.

Fhain-HaU0-ButCl  in CHaOle at
which vielded the highest
various timss  and  the
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first order plot shown in Figwe 3 was obtained.

It is clesar that the polymerization idis first order in
monomer wWwith kg o= 2,45w107% Lmol "teect* obtained by dividing
the slope by the initial Fhain concentration.

Gel permeation chromatograms of FSte obtained at various
conversions are shown in Figuwre 4. The traces indicate the
presence of more than one active species. As the polymerization

proceeds  the abundance of a5t portions, low and higher
mol e welghts, wmove to  the bhigher region centering &t
arouric w10% for larger Conversions.

According to ow  results it can  be concluded that the

system Fhaln-Ha0-Bu*Cl  at ~78°0C induces 5t polymerization, and
converslons are greatly influenced by the molar ratio HaO0/Fheain
arnd the solvent. The present results are in accord with those
obtained  for el e polymerization. In these aystems
propagation involves  a coordinative cationic process when the
mol ar HeUAhedn ratio was leszs tharn one, and amnionic for molar
ratins  egqual  to unity. FRecent experiments  with methyl
methacrylate confirm these findings. No FMMA  was obtained for
the system Phain-Ha0-Bu*Cl at HRO/Phain < 1 (14, More work is
row in progress from which conclusive results are expected.
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