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NOTE 

Preparation and Polymerizability of Substituted 
alj3,j3- Trijluorostyrenes 

The oxidative instability of polystyrene and its copolymers has been the subject of 
many reviews and publications for the past three decades. Alternate molecuIes similar 
in structure but having greater oxidative resistance (e.g., elimination of benzylic hydro- 
gen) have been sought as replacements for polystyrene, and it is the purpose of this note 
to review research work directed toward this goal. 

Although still expensive, poly-a,p,&trifIuorostyrene is one such alternate material 
offering good oxidative stability. The monomer a,p,B-tduorostyrene was first synthe- 
sized by Cohenl in 1949 and was successfully converted to high molecular weight poly- 
mer by Prober,* who described several conversion difficulties encountered. Livingston3 
evaluated copolymerizations of a,p,p-trifluorostyrene with sbyrene and chlorotrifluoro- 
ethylene. 

This note presents data on the preparations, polymerizability, and copolymerizability 
of substituted a,fl,fl-trifluorostyrenes. 

Dixon4 synthesized a,&&trifluorostyrene by reacting phenyl lithium and tetrduoro- 
ethylene, thus discovering a general reaction between organolithiums and fluorinated 
olefins. We used the Dixon method to prepare the fluorostyrenes listed in Table I. 
These monomers were then subjected to variable catalysis and medium experiments to 
determine their polymerizabilities (for both homo- and copolymers). Table I1 is a sum- 
mary of the homopolymerizations attempted. Polymers having an intrinsic viscosity of 
0.5 dl./g. or higher (measured in benzene a t  30°C.) were sought. and those not meeting 
this requirement are listed as low molecular weight materials. 

By heat-induced persulfate decomposition in an emulsions system using 100 g. mono- 
mer, 11.69 dodecylamine hydrochloride, 0.44 g. potassium persulfate, all in 600 ml. of 
distilled water, attempts were made to copolymerize a,/3,@-trifluorostyrene with the fol- 
lowing monomers: 8-chloro-a,@-difluorostyrene, 1-phenylperftuoropropylene, 2-methyl- 
a,@,jMzihorostyrene. In each case, only the homopolymer of a,p,&trifluorostyrene 
was found, regardless of the ratios of comonomers. 

On the other hand, copolymerization of an equimolar mixture of 4-methyl-a,j3,p- 
trifluorostyrene and a,p,fl-trifluorostyrene yielded a random copolymer in 80% conver- 
sion. No attempt was made to determine reactivity ratios for this copolymerization. 

It appears from the results shown that steric hindrance, exerted by groups on or near 
the substituted vinyl side chain, is the primary factor influencing the ring- 
and side-chain-substituted fluorostyrenes. The conversion of substituted per- 
fluoro alkyl styrenes to macromolecules by emulsion polymerization is directly related to 
the size of substituent groups on both the vinyl chain and the ring. For instance, al- 
though styrene and a,&%trifluorostyrene homopolymerize readily by emulsion tech- 
niques, the substitution of even one chloro group for a fluoro group in the @ position ren- 
ders the monomer inactive to free-radical 'polymerization. Only unreacted monomer 
was recovered after attempted emulsion polymerizations using this monomer with the 
larger chloro substituent on the vinyl group. 

Also, attempts to bulk polymerize the above monomers by free-radical initiation again 
showed that the monomers exhibited marked differences in reactivity, a,B,&triiluoro- 
styrene was converted principally (60-70q7,) to its dimer (1,3-diphenylperfluorocyclo- 
butane). Dimerization also occurred during attempts to bulk polymerize 4-methyl- 
cu,&8-trifIuorostyrene or 4-fluoro-a,&j3-trifluorostyrene. In  contrast, attempted bulk 
polymerizntions of 2-methyl-a,~,&trifiuorostyrene, I-phenylpeduoropropylene, or 

711 



T
A

B
L

E
 I

 
T

he
 B

oi
lin

g 
Po

in
ts

 a
nd

 Y
ie

ld
s 

of
 S

ub
st

itu
te

d 
a,

@
,@

-T
ri

ff
uo

ro
st

yr
en

es
 

Pr
ep

ar
ed

 b
y 

th
e 

D
ir

ec
t 

R
ea

ct
io

n 
of 

Su
bs

tit
ut

ed
 

Ph
en

yl
 L

ith
iu

m
 C

om
po

un
ds

 a
nd

 F
lu

or
oe

th
yl

en
e 

M
on

om
er

s4
 

M
on

om
er

 
St

ru
ct

ur
e 

B
.p

., 
"C

. 
yo

 Y
ie

ld
 

1
. 

a,
@

,@
-'

I ri
flu

or
os

ty
re

ne
 

~
C

F
=

C
F

,
 

69
/6

9 
m

m
. 

20
 

2.
 (

9-
C

hl
or

o-
a,

@
-d

ifl
io

ro
st

yr
en

e 
~

C
F

=
C

F
C

I
 

77
-8

01
28

 m
m

. 
78

 

3.
 a

,@
-D

ifl
ir

or
os

ty
re

ne
 

~
C

F
=

C
F

H
 

87
-8

9/
60

 m
m

. 
Pr

ep
ar

ed
 fr

om
 2

 b
y 

de
hy

- 
dr

og
en

at
io

n 
an

d 
de

hy
dr

oh
al

og
en

at
io

n 
/t. 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

@
=
 

CF
-C

F,
 

62
-6

4/
31

 m
m

. 

6
. 2

-M
et

hy
l-a

,@
,@

-tr
ifl

i1
or

os
ty

re
ne

 
O

C
F

=
C

F
, 

60
/2

6.
5 

m
m

. 

6.
 

4-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

~
H

,
~

C
F

=
C

F
~

 
84

86
/6

5 
m

m
. 

-
 

35
 

33
 

17
 

7.
 P

Fl
uo

ro
-a

,B
,B

-t
ri

ff
ri

or
os

ty
re

iie
 

F=
C

F,
 

47
-4

5/
28

 m
m

. 
9 

0
 
9
 

?- I- c 3 F
 

o
\
 

h
 



T
A

B
L

E
 I

1 
T

he
 P

ol
yr

ne
rix

ab
ili

ty
 U

nd
er

 V
ar

io
us

 C
on

di
tio

ns
 o

f 
C

at
al

ys
is

 f
or

 S
ub

st
itu

te
d 

a,
@

,B
-T

rif
lu

or
os

ty
re

ne
s 

In
tr

in
si

c 
vi

sc
os

ity
 

of 
po

ly
m

er
 in

 
Y

ie
ld

 o
f 

be
nz

en
e 

C
at

al
ys

t 
an

d 
re

ac
tio

n 
po

ly
m

er
 

at
 3

0°
C

., 
M

on
om

er
 

co
nd

iti
on

s 
ob

ta
in

ed
, 

%
 

17
1,

 d
l./

g.
 

R
em

ar
k8

 

a,
B

,8
-T

rif
lu

or
os

ty
re

ne
 

10
0 

g.
 m

on
om

er
, 1

1.
6 

g.
 d

od
ec

yl
ar

ni
ne

 
82

 
0.

80
 

0.
44

 g
. p

ot
as

si
um

 p
er

su
lf

at
e,

 6
00

 m
l. 

di
st

ill
ed

 w
at

er
. 

te
m

p.
 =

 5
5 
f
 1

°C
. 

11
 

11
 

1I
 

“
 

I1
 

1‘
 

@
-C

hl
or

o-
a,

@
-d

ifl
uo

ro
st

yr
en

e 
N

on
e 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

N
on

e 
2-
Me
th
yl
-a
,@
,B
-t
ri
fl
uo
ro
st
yr
en
e 

N
on

e 
4-

M
et

hy
l-

a,
~,

@
-t

ri
fl

uo
ro

s~
yr

en
e 

75
 

4-
Fl
uo
ro
-c
u,
~,
@-
tr
if
lu
or
os
ty
re
ne
 

77
 

a,
B

,@
-T

ric
hl

or
os

ty
re

ne
 

N
on

e 
a,

B
,@

-T
rL

flu
or

os
ty

re
ne

 
10

0 
g.

 m
on

om
er

, 1
1.

6 
g.

 d
od

ec
yl

am
in

e 
69

 
hy

dr
oc

hl
or

id
e,

 0
.4

4 
g.

 p
ot

av
si

um
 

pe
rs

ul
fa

te
, 

0.
15

 g
. p

st
as

si
um

 h
yd

ro
- 

su
lfi

te
, 6

00
 rn

l. 
di

st
ill

ed
 w

itt
?r

 
te

m
p.

 =
 2

7 
f
 1

.0
”C

. 
11

 

‘1
 

-
 

5-
C

hl
or

o-
a,

@
-d

ifl
uo

ro
st

yr
en

e 
N

on
e 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

N
on

e 
-
 

(c
on

tin
ue

d)
 

-
 

0.
94

 
1.

03
 

1.
35

 
-
 

M
on

om
er

 r
ec

ov
er

ed
 

11
 

11
 

11
 

‘I
 

1
1

 

-3
 

M
 



TA
B

LE
 I

1 
(c
on
ti
nu
ed
) 

M
on

om
er

 

In
tri

ns
ic

 v
is

co
si

ty
 

Y
ie

ld
 o

f 
of 

po
ly

m
er

 in
 

po
ly

m
er

 
be

nz
en

e 

co
nd

iti
on

s 
%

 
id

, d
1

.k
 

R
em

ar
ks

 
C

at
al

ys
t 

an
d 

re
ac

tio
n 

ob
ta

in
ed

, 
at

 3
0"

C
., 

4-
M

et
hy

l-a
,@

,@
-tr

ifl
uo

ro
st

yr
en

e 
10

0 g
. m

on
om

er
, 

11
.6

 g
. d

od
ec

yl
am

in
e 

78
 

N
ot

 c
ha

ra
ct

er
iz

ed
 

hy
dr

oc
hl

or
id

e,
 0
.4
4 

g.
 p

ot
as

si
u,

 
pe

rs
ul

fa
te

, 0
.1

5 
g.

 p
ot

as
si

um
 h

yd
ro

- 
su

lfi
te

, 6
00

 m
l. 

di
st

ill
ed

 w
at

er
 

te
m

p.
 =

 2
7 
f
 1

.O
"C

.. 
(1

 

(I
 

59
 

N
on

e 
Bu
lk
 p

ol
ym

er
iz

at
io

n 
10

0 g
. m

on
om

er
 

N
on

e 
N

ea
rly

 q
ua

nt
ita

tiv
e 

co
nv

er
- 

0.
07

5 
g.

 b
en

zo
yl

 p
er

ox
id

e 
or
 

0.
07

5 
g.

 a
zo

bi
si

io
bu

ty
ro

ni
tr

ie
 

pe
rtl

uo
ro

cy
cl

ob
u t

an
e 

si
on

 to
 1

,S
di

ph
en

yl
 

(d
im

er
) 

te
m

p.
 =

 6
0 
f
 l.

O
°C

. 

4-
Fl
uo
ro
-a
,@
,@
-t
ri
fl
uo
ro
st
yr
en
e 

a,
@

,@
-T

ric
hl

or
os

ty
re

ne
 

a,
@

,@
-T

rif
lu

or
os

ty
re

ne
 

&
M

et
hy

l-a
,@

,@
-tr

ifl
uo

ro
st

yr
en

e 

G
Fl

uo
ro

-a
,@

,@
-tr

ifl
uo

ro
st

yr
en

e 

8-
C

hl
or

o-
a,

@
-d

ifl
uo

ro
st

yr
en

e 

a,
@

-D
ifl

uo
ro

st
yr

en
e 

II
 

11
 

11
 

I1
 

B
ul

k 
po

ly
m

er
iz

at
io

n:
 1

00
 g.

 m
on

om
er

, 
N

on
e 

0.
07

5 
g.

 b
en

zo
yl

 p
er

ox
id

e 
or
 

0.
07

5 
g.

 a
zo

bi
ai

so
bu

ty
ro

ni
tri

le
 

te
m

p.
 =

 6
0 
f
 1

.O
"C

. 
$

1
 

Id
 

N
ot

 c
ha

ra
ct

er
iz

ed
 

-
 

N
ea

rly
 

qu
an

tit
at

iv
e 

co
nv

er
- 

si
on

 t
o 

1,
3-

di
-4

-m
et

hy
l 

ph
en

yl
 p

er
flu

or
oc

yc
lo

bu
ta

n 
(d

im
er

) 
N

ea
rly

 q
ua

nt
ita

tiv
e 

co
nv

er
- 

si
on

 t
o 

1,
3-

di
-4

-fl
uo

ro
 

ph
en

yl
 

pe
rf

lu
or

oc
yc

lo
- 

bu
ta

ne
 

M
on

om
er

 re
co

ve
re

d 

0
 a (3: r Q

\ 
h

 
P-

 W
 

Q
\ 
0
 

v
 



1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

Z
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

a,
&

B
-T

ri
ch

lo
ro

st
yr

en
e 

a,
@

-D
ifl

uo
ro

st
yr

en
e 

a,
@

,@
-T

ri
flu

or
os

ty
re

ne
 

4-
M

et
hy

l-o
r,

@
,@

-tr
ifl

uo
ro

st
yr

en
e 

4-
Fl

uo
ro

-a
,@

,&
tr

ifl
uo

ro
st

yr
en

e 
@

-C
hl

or
o-

a,
@

di
fI

uo
ro

st
yr

en
e 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

2-
M

et
hy

l-a
,@

,p
-tr

ifl
uo

ro
st

yr
en

e 

a,
@

#-
T

ri
ch

lo
ro

st
yr

en
e 

a,
@

,@
-T

ri
flu

or
os

ty
re

ne
 

I1
 

'
I

 

1
1
 

B
ul

k 
po

ly
m

er
iz

at
io

n:
 1

00
 g

. m
on

om
er

, 

te
m

p.
 =

 2
7 
f
 1

O
C.

 
0.

10
 g

. b
or

on
 tr

ifl
uo

ri
de

 e
th

er
 c

om
pl

ex
 

'I
 

'
I
 

"
 

I'
 

11
 

B
ul

k 
po

ly
m

er
iz

at
io

n 
10

0 
g.

 m
on

om
er

 
0.

07
5 

g.
 b

en
zo

yl
 p

er
ox

id
e 

or
 

0.
07

5 
g.

 a
zo

bi
si

so
bu

ty
ro

ni
tr

ile
 

te
m

p.
 =

 6
0 
f
 1

.0
"C

. 
11

 

A
ni

on
ic

 c
at

al
ys

ts
 so

di
um

 n
ap

ht
he

na
te

 
or

 s
od

iu
m

 0
.1

 g
. i

n 
10

0 
g.

 m
on

om
er

 
te

m
p.

 2
7-

60
 f
 1

.0
"C

. 

'1
 

11
 

I1
 

17
 

N
on

e 
I1

 

11
 

11
 

11
 

N
on

e 

-
 

a. 
09

 

' '1
 

'1
 

Lo
w

 
M

W
 

gu
m

m
y 

po
ly

m
er

 

(c
on

ti
nu

ed
) 



T
A

B
L

E
 I

1 
(c

on
tin

ue
d)

 

In
tr

in
si

c 
vi

sc
os

ity
 

Y
ie

ld
 o

f 
of

 p
ol

ym
er

 i
n 

po
ly

m
er

 
be

nz
en

e 
C

at
al

ys
t a

nd
 R

5z
ct

io
n 

ob
ta

in
2 1

, 
at

 3
0°

C
., 

M
on

om
er

 
co

nd
iti

on
s 

%
 

[7
1,

 
dl

./g
. 

R
em

ar
ks

 
'1

 
11

 

11
 

'
I

 

11
 

11
 

L' 
'1

 

11
 

'1
 

'1
 

11
 

4-
Fl

uo
ro

-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

@
-C

hl
or

o-
a,

@
-d

ifl
uo

ro
st

yr
en

e 
-
 

a,
@

-D
ifl

uo
ro

st
yr

en
e 

-
 

1-
Ph

en
yl

 p
er

flu
or

op
or

py
le

ne
 

-
 

2-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

a,
@

,@
-T

ri
ch

lo
ro

st
yr

ne
 

-
 

a,
@

,@
-T

rif
lu

or
os

ty
re

ne
 

L
ig

ht
 a

t 3
60

0 
A

.;
 t

em
p.

 =
 3

0 
f
 0

.1
O

C.
 

N
on

e 
-
 

4-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

4-
Fl
uo
ro
-a
,@
,@
-t
ri
fl
uo
ro
st
yr
en
e 

-
 

@
-C

hl
or

o-
a,

@
-d

ifl
uo

ro
st

yr
en

e 
-
 

a,
@

-D
ifl

uo
ro

st
yr

en
e 

-
 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

-
 

2-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

a,
@

,@
-T

ric
hl

or
os

ty
re

ne
 

-
 

a,
@

,b
-T

rif
lu

or
os

ty
re

ne
 

N
on

e 
-
 

4-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

4-
Fl
uo
ro
-a
,@
,@
-t
ri
fl
uo
ro
st
yr
en
e 

-
 

p-
C

hl
or

o-
a,

p-
di

flu
or

os
ty

re
ne

 
H

ea
tin

g 
ra

ng
in

g 
be

tw
ee

n 
50

-1
0O

0C
. 

N
on

e 
-
 

1-
Ph

en
yl

 p
er

flu
or

op
ro

py
le

ne
 

-
 

2-
M

et
hy

l-a
,@

,@
-t

ri
flu

or
os

ty
re

ne
 

-
 

a,
@

,@
-T

ric
hl

or
os

ty
re

ne
 

-
 

tif
e 

=
 8

8 
hr

. 
11

 
11

 

11
 

11
 

"
 

11
 

11
 

'1
 

11
 

11
 

'1
 

'1
 

"
 

ii
 

a,
@

-D
ifl

uo
ro

st
yr

en
e 

H
ea

t r
an

gi
ng

 b
et

w
ee

n 
5C

kl
O

O
"C

. 
8 

N
ot

 c
ha

ra
ct

er
ze

d 
St

ic
ky

 s
ol

id
 o

bt
ai

ne
d 

tim
e 

=
 4
8 

hr
. 

bu
t 

<O
. 

05
 

I1
 

11
 

11
 

11
 

'1
 

tim
e 

=
 4

8 
hr

. 
1
1
 

11
 

11
 

11
 

11
 

11
 

2
 

n
 



NOTE 717 

a,@,@-trichlorostyrene yielded only unreacted monomer. Table I1 is a summary of these 
reactions. 

Clearly, a,&@-trifluorostyrene is a monomer which is close to being nonpolymerizable 
because of steric hindrance, having just enough spacial volume to add monomer and form 
a high molecular weight linear polymer in a free-radical emulsion system. The substitu- 
tion of C1, C F ,  and presumably any other bulky group larger than H or F on the vinyl 
group totally inhibits free-radical polymerization in emulsion systems. Such large sub- 
stituents also prevent dimerization in attempted bulk polymerization by free-radical in- 
itiators. The presence of a bulky group on the aromatic ring ortho to the perfluorovinyl 
group also inhibits emulsion free-radical polymerization as well as bulk free-radical di- 
merization. However, the same bulky group, when substituted on the aromatic ring in 
the position para to the perfluorovinyl group, does not interfere with either free-radical 
emulsion polymerization or free-radical bulk dimeriaation. 

The conversion of substituted perfluorovinylbenzenes to high molecular weight poly- 
mers (emulsion system) or dimers (bulk system) is extremely sensitive to steric effects. 
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