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Summary
Cationic polymerisations of n-butylvinylether,

tetrahydrofuran and a typical bis-epoxide are readily
induced in the presence of AgPF, by thermal and
photochemically active sources of éree radicals.

Introduction

Recently we have presented evidence for the oxida-
tion of electron donor free radicals to corresponding
carbocations (LEDWITH,1978; ABDUL-RASOUL ET AL.,1978).
The overall process may be represented simply as

R =& gt

and, when applied to polymerising systems, has the
effect of converting initiating and early propagating
free radicals into initiating or propagating species
for cationic polymerisations. These transformations
are of obvious importance in the design of photocurable
cationic systems required for surface coatings and
printing plate manufacture. Currently there is signi-
ficant interest in the use of aryl diazonium salts
(ArNtxX~), diaryl iodonium salts (Ar,I*X”), and triaryl
sulphonium salts (Ar s*X~) as photoéhemical initiators
for cationic polymerisations of epoxides, alkylvinyl-
ethers and related monomers (CRIVELLO and LAM, 1977).
All three types of salt yield cationic species on U.V.
irradiation and the simple aryl homologues have absorp-
tion maximum below 300 nm with little or no photo-
activity at wavelengths above the glass cut off point.
We have noted (ABDUL~-RASOUL ET AL,1978) that electron
transfer to these cations results in fragmentation
with formation of aryl radicals and, if the reducing
species is a suitable initiating or propagating free
radical, a chain reaction for formation of cations
will ensue provided that cationically polymerisable
monomers are present, e.g. for polymerisation of alkyl
vinylethers,
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X+ + CH,=CHOR ——> XCHzéHOR ete.

. - + -
AA-CH ,CHOR + Aer+PF6 ——> AneCH,CH=ORPF, + ArI + Are

Are + CH,=CHOR —> ArCHZéHOR etc.

For alkylvinylethers electron donor free radicals are
obtained by radical addition to the monomer, as indi-
cated above, whilst for polymerisation of THF and
other cyclic ethers such as epoxides the important re-
ducing species must be. obtained by hydrogen abstrac-
tion, e.qg.

wr )

0] 0

In principle, it should not matter whether the
initiating free radical (Xe+) is obtained by thermal
or photochemical (or any other) means and both types
of radical source have been shown to be effective.
For many different reasons it is convenient to employ
photochemical sources of free radicals, particularly
those such as benzoinalkylethers and alkoxyacetophe-
nones which find commercial application in U.V. cur-
able coatings (LEDWITH,1976,1977). In these cases
the initial photofragmentation (which may be readily
separated from photodecomposition of the oxidising
salt by use of glass vessels or other appropriate
filters) yields two radicals one of which (e.gq.
ArCH-OR) must be expected to undergo immediate oxida-
tion to the corresponding cation, whilst the other
(e.qg. Arl0) will react with monomer, e.g. for benzoin
methylether;

PhCO?HPh hv o pnéo + Cmph
OMe OMe
hd -e
PhH > PhCH
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Another convenient source of free radicals which
may be used thermally or photochemically is phenylazo-
triphenylmethane which decomposes to give a triphenyl-
methyl radical (readily oxidised to the corresponding
cation (LEDWITH,1978)) and a phenyl radical (reactive
in hydrogen abstraction and addition).

DV __, phe + N, + eCPh

PhN=NCPh3 or A 2 3

-e +
Ph,Ce > PhgC

For successful cationic polymerisations it is
necessary to have essentially anhydrous reagents and
to ultilise a counter-ion of low nucleophilicity to
avoid termination by anion recombination with the pro-
pagating cationic centre. Complex anions such as

F_, SbF_, BF are most stable in this respect. Oxi-
daglon o) organlc radicals by metal salts is a well-
established phenomenon (KOCHI,1973) and therefore it
seemed appropriate to test the use of metal salts in
converting free radicals to propagating carbocations.
0f the common oxidising metal cations, the only rea-
dily available salts matching the criteria for suc-
cessful cationic polymerisation are those of silver(I)
such as AgPF , AgAsF_, AgClO We now report evidence
that AgPF 1n partlcglar is effectlve in promoting
cationic polymerisations from free radical initiator
systems and thus demonstrate further the general value
of electron transfer reactions of organic radicals.

Experimental

The representative monomers used in this study
were n-butylvinylether, tetrahydrofuran and 1,2-expoxy-
ethyl-3, 4-epoxycyclohexane and these were purified by
the conventional drying and distillation procedures.
All polymerisations were performed in vacuum outgassed
systems and, where appropriate, the polymers were
recovered by precipitation into ether methanol or
water containing a little base. The results are not
optimised in any way and conversions to polytetra-
hydrofuran were deliberately kept very low so as to
permit easy handling of the very viscous solutions
obtained.

Aromatic carbonyl compounds generally, and ali-
phatic azo compounds are readily selectively excited
in the presence of the silver salts by the simple ex-
pedient of using glass vessels. Appropriate wavelength
filters may also be used. Photochemically induced
polymerisations were carried out as for the thermal



reactions except that the reaction vessels (lcm dia-
meter glass tubes) were irradiated by means of a 250
watt medium pressure mercury lamp whilst maintained in
a water bath at 25°C,

Results and Discussion

Typical data for the polymerisation of n~butyl-
vinylether initiated by free radical sources is given
in the Table and it is quite clear that AgPF,. functions
as a one electron oxidant for electron donor radicals
in a manner similar to that previously established for
organic cation salts. In all cases the polymerisations
were accompanied by formation of a black precipitate or
colloidal dispersion of silver metal. Presumably the
reactions may be generalised as follows:

ocH, OMe
1
Ph-C- + AgPF6 _ Ph—C+PF; + Ago
|
OCH, OMe
Ph,C* + AgPF, —> Ph.C PF. + Ag°®
3 6 3~ Frg
AA~CH_-CHe + AgPF, —> AwCH,~CH'PF. + Aq®
2l 6 2l 6
OR OR

A typical photochemlcally 1nduced pglymerisa~
tion of bulk THF at 25° with [AgPF,.] = ’
[PhCOC (OCH,) .Ph]= 5 x 10~3M producdd an 11% yield of
polytetrahydr¥ofuran after 55 mins irradiation time. A
control experiment without the acetophenone derivative
failed to produce any precipitable polymer after the
same irradiation time although silver metal was pro-
duced in both experiments.

Even more convincing evidence for the promoting
effect of free radical sources on cationic polymeri-
sation induced by AgPF_. was obtained from the cross-
linking monomer 1,2-epOxyethyl-3,4-epoxycyclohexane.
Bulk polymerisations of the bis-epoxide containing
1072M AgPF_. were carried out. In the absence of a
free radical source control experiments at 60° failed
to produce a gel and photochemical irradiation gave
evidence of some gel formation after 6-~7 hours irra-
diation. In contrast addition of 5 x 10~3M PhN=NCPh
produced complete gelation after heating for 60 mins
at 60° and after irradiation for 120 mins at 259°.
Similarly photolysis in the presence of 5 x 10~°M
PhCOC (OCH )2Ph produced complete gelation after about
30 mins at 2250,



TABLE

Polymerisation of n—butylvinylethera in the presence
of 1072M AgPF

6
Method Radical Source Reaction Time Conversion
(M) (Temp) (%)
Photo none 3 hrs (259 0
Photo PhCOC(OCH,) ,Ph 10 mins (25°) 95
Thermal none 2 hrs (250) 0
Thermal PhN=NCPh, 30 mins (60°) 98
Photo PhN=NCPh 140 mins (25°) 95
Photo ,  PhN=NCPh, 4 hrs (259 90
(366 nm)
a

Bulk monomer containing 10 vol % CH2C12 to facili-
tate dissolution of AgPF6

Interference filter which greatly reduced the
amount of light available at this wavelength

A recent publication (WOODROUSE ET AL,1978) pro-
vides evidence that photolysis of solution of AgPF6
and similar salts in pure THF with light of 254 nm
wavelength initiates cationic polymerisation with con-
comitant formation of silver metal. In the present
work direct photoexcitation of a THF-silver salt com-
plex is precluded by the use of glass vessels which
exclude wavelengths below about 310 nm. However, it
is extremely probable that oxidation of initially-
formed THF-derived radicals is a common feature of both
types of initiation. In our own work we have observed
that whilst AgPF_ dissolved in CH2C1 spontaneously
initiates polymegisation of N-vinylcgrbazole, a highly
reactive, electron donor monomer, comparable polymeri-
sations of the less reactive p-ethoxystyrene occurs
only upon irradiation in glass vessels.



Conclusions

The role of one electron oxidants having non-
nucleophilic anions as promoters for cationic polymeri-
sations initiated by free radical sources is further
confirmed and extended. Results presented may go some-
way to explaining the long debated (ELEY and RICHARDS,
1949; BURTON and PRAILL,1953) polymerisation of alkyl-
vinylethers initiated by silver perchlorate since
ethers generally contain peroxide impurities which
could function as free radical sources. Detailed
studies of these reactions are now in progress together
with a search for suitable metal oxidants other than
silver salts.
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