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SUMMARY

Bulk polymerization of tetrahydrofuran has been studied utllizing diphenyliodonium
hexafluorophosphate In the presence of phenylozotriphenyl methane, benzoyl peroxide
and 2—2'—ozo—bhis. isobutyro nitrile. The effects of the cotionic sait and free radico)
initiotor on the rote of polymerization have been investipated for all inltiation systems.

INTRODUCTION

In recent years, there has been a growth of interest in the dovel-
opment of new Initiators for cationic polymerization®—2. Aryl diazonium
salts® (ArN,*X—), dlaryl iodonium salts* {Ar.l*X~) and trioryl suifonium
soits (ArsS+X~) are especiglly useful as photochemical initiators for
cationic polymerizations of epoxides, alkyl vinyl ethers and other related
monomers. Only aryl diozonium salts are known to decompose thermally®,
although all three types of salt yield cationic species on u.v. irradiation
at appropirate wavelength,

Recently, Ledwith and co—workers™ have presented an evidence
for the oxidation of election donor free radicals to corresponding
carbocations;

R ——R* 1

and experimental results for its application to polymerizing systems.

In continuation of these studies we now report the use of thermally
decomposing free radical sources in cotionic polymerization of
tetrohydrofuron and mechanistic detaiis are presented.
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EXPERIMENTAL
Matarials

Tetrahydrofuran [THF) (Merck) was purifled by the conventional drying ond
distifiation  procedures. Phenylazotriphenyl methana¢ (PAT) ond  diphenyliodonlum,
hexafluorophosphotel! were synthesized occording to estoblished procsdures, Banzoyl
peroxide (Fluko) was recrystallized from chloroform with addition of petroleum sther.
2.2%.qz0-bls-isobutyranitrile {A{BN} (Fluka) was recryatallized from obsolute ethonol os
white crystalls.

Polymaerization procedure

Bulk monomer {THF] was directly distilled to the reaction vessel containing known
omount of initlotor and activator. The reaction vessel was vacuum sealed in the usual
manner ond storad in liquid nitrogen until used, The same procedure wus followed for
oll samples. Initiotlon wos elfected by plocing the vessels in an oil both at 80°C for
10 minutas. Reuction mixtures were then immersed in o thermostated water both ot
40°C for usually B0 minutes during which time o dark colour developed. At the end of
thla time, polymer was obtained by precipitation into water containing littis base.
Conversione were colculated on the bosis of 100% theoretical yield being 8823 gms
polytetrahydrofuran from 1 litre of monomer ot 25°C.

Caleuiation of rotes of Polymarization

The rates were determined gravimetrically from the following expresasion

w 1000 |
Ry=——X X — :
M v t 2
where.
W= Weight of polymer preduced (g}
M= Monomer moleculer weight (g/mol g)

V= Volume of solution in reaction vessel {ml)
t= Polymerization time (sec.)
Calcuiation of octive centre concentration

The active centre concsntrolton, [CG+], can be calculoted from the simpls kinatic
axpraasion

R,=k, [THF] [Active Centres] 3

For our purposes, It seemad appropriate to use the volue of k, (64, 10— M2 sac—’
at 40°C) extropolated from the doto of Croucher and Wettoni? who utllized
p— Chiorophenyldiczonium hexafluorophosphate as Initiator for the bulk polymerization
of THF.
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Molscular Welght Measurements

Number Avarage molsculor weights wera sstimated from measurements of golution
viscosity in benzene at 30°C with the aid of the relationis

) = 131 x 10-M,—00 4

RESULTS AND DISCUSSION

Diphenyliodonium hexafluorophosphate was used os a cationic salt
throughout the work. In the case of triphenylazophenyl methane as aq
radical source, possib.e reactions may be generalised os foliows.

PhNeNCPh, — Piv+ N, +CPhy 3

PhyC: +Ph, I PR ——»PhyC’PFg '+ Phl +Ph. 6

Phee Q ———s PhH+ P;:l'PFG' @ 7

The azo compound may be conviniently decomposed by heating to
give triphenyl metyl radical {readily oxidised to the corresponding cation
which is well known initiator for cationic polymerization**) and a phenyt
radical which is aiso produced from fragmentation of the salt. {reactive
in hydrogen abstraction).

Table 1 and Il illustrate the dependence of the polymerization rate
on the azo compound and iodonium salt respectively.
TABLE 1.
POLYMERIZATIONs OF THF (BULK)

(Ph,I*PF) = § x 10—eM

PhN=NCPh, Conversion R,.10% C+ x 10

{M} (%} (M. sec.—1) (M}
2 X 10— £.35 2.8 280
4% 10—+ 8.01 3.06 397
6 X 10— 1085 3.68 478
8 x 10— 9.67 329 Az
10— 1040 353 450
14 X 102 1196 4.10 527

'Polymerizations were carried out by heating reaction mixtures at 80°C for 10 minutes
and then standing at 40°C for 8¢ minutes. .
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TABLE H.
POLYMERIZATION+ OF THF (BULK)
(FAN=NCPh,) = 5 X 10—M

(Phy14+PF—,} Conversion R, . ¢ G+ 100

M) (%) (M. sec.—1) ™)
2 x 10— 0.1 — -
4 x 10— 498 1.68 239
5 X 10 €14 2.10 27
8 x 10— 1310 445 577
102 1629 564 7.8

»Polymerizations were corried out os described in Taoble 1

Initiation at 80°C was chosen to al.ow production of active chains,
but little growth. Rapid quenching to lower temperatures (40°C) then
cllows growth with simoultanets initiation.

We have observed that the rate of polymerization increased wlth'

(PhN=NCPh,) until certain concentration is reached, and thereafter
levelled off, even decreased at higher concentrations. Converslon to poly
THF was found to increase linearly with iodonium salt concentration,
whereas no increase was detected” ot high concentrations of the salt
when photochemical sources of free radicals employed.

The same behaviour was observed when benzoyl peroxide used os
free radical source. The results are shown in Table #ll and Table IV.

TABLE 1.
POLYMERIZATIONs OF THF (BULK)
(PR, HPF—g) = 5 X 10M

Banzoyl percxide Conversion R, :x 104 C+ .14
(M) (%) (M. sec.—1) (M)
4 % 10— 10,35 a8 am
6x 10— 130 492 a7
8 x 10-* 16.77 595 459
10— 18.41 82 478
1.2 % 10—2 187 745 874
14 X 10— 1817 728 558

sPelymerizations were carried out as indicated previously but in thesa coses propagation
tims wos 70 minutes.

[ p—
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TABLE WV,

POLYMERIZATION® OF THF {BULK)
{Benzoy| peroxide} = 5 x 10—2M
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Ph, I+PF—, Conversion R, X 104 C+ x 10+
{M) (%) (M.sec.—1) (M)
2 x 10— W — —
4 % 10— 3,89 148 113
6 x 10—= 8.23 311 239
102 .88 3.74 2.68
12 x 10— 11.81 448 3.44
1.6 X 10—=2 245 826 7.14

sPolymerizations were carried out as described in Table I,

As it con be seen from Figure | activation _efficiency of benzoyl
peraxide is higher then PhN=NCPh, at constant concentration of the
salt, This means that the consumption of the salt ig higher in latter case
since two different types of radical are formed. On the other hand, when
additional salt is supplied the efficiency of the azo compound increases

(Figure 2). Initial

represented in Table V.

% CONVERSION

2 4 6 8 10

12 % %

10% [ FREE RAD. SOURCE 1M
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TABLE V.

¥ree radical sourcs Radicale formed Propagating cations

BEN-NCPhy © Phy + PRC, Q + Pryo*

"Benzoyl Paroxide Ph. Q
AIBN (CH.). -?. Q
32
CH

The results obtained from moleculer weight determinations are
entirely consistent with the above «assumptions. (Table VI.) Polymers
with high moleculer weight were obtained when benzoyi peroxide and
AIBN utjlized since active centres produced only by hydrogen abstraction
may grow to much longer chain lenghts than those produced from Ph,C.
and Ph. radicals.

TABLE VI
MOLECULAR WEIGHT RANGE OF POLYMERS

Fres Rodlcal Source M, x.1¢—
PhN=NCPh, . 150— 793
Benzoyl Peroxide 200.7—1309.1
AIBN 500.6—1385.5

The most common free radical source, AIBN, produced high
molecular weight polymers with comparatively. low conversiong (4—7 %).

CONCLUSIONS

The method outlined is excellent for cationic polymerization utilizing
thermaliy stable salts in the presence of free radical initlators. These
results cliow selection of free radical initiators to produce peolymers in
the thousands to million molecular weight with desired rate. Detalled
studies are now in progress to deveiop these ideas further using both
thermal and photochemical sources of free radicals.
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