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Abstract

The radical telomerization of vinylidene fluoride ( VF,) and of chlorotrifluoroethylene (CTFE) with 2-hydroxyethylmercaptan as the
telogen was investigated. The corresponding homotelomers R—S—( CF,—CFCl),—H (C,)) and R—S—(CH,—CF,),—H (V,) withR=
—CH,CH,OH were synthesized and the 1:1 adducts identified. The VF,/CTFE/thiol reaction gave a mixture of the expected products,
homotelomers and cotelomers. By various methods, mainly by '°F NMR spectroscopy, the chain length and tacticity of these telomers were
determined. For example, after analysis, a fraction of the cotelomers was in good agreement with the general formula HO—CH,—CH,—S—
(CF,—CFC(Cl) ,—(CH,—CF,) ,-—H, with x and y close to 4. Moreover, by comparison with the spectra of homotelomers of VF, and CTFE,

it was shown that these cotelomers exhibit an alternating structure.
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1. Introduction

Previous work from this laboratory [1,2] described the
cotelomerization of fluorinated and vinyl monomers with thi-
ols as telogens. Copolymers of VF, with CTFE have been
well known for a long time and they are mainly prepared to

be used as elastomers. For example, Kel-F (3M), Voltalef

(Elf-Atochem) and SKF 32 (Russian product) are commer-
cially available copolymers [3]. However little work details
the cotelomerization of these two monomers. Barnhart [4]
used thionyl chloride as the telogen to obtain Cl—(VF,—
CTFE),—Cl (n < 10) while Hauptschein and Braid [5] pre-
pared cotelomers with CF,I by thermal initiation (185 °C)
for 110 h. In a second patent, the same authors [6] described
the use of C,CI,F;l (adduct of ICI on CTFE) as the telogen
and obtained C,CLF;—(CTFE),—(VF,),—I where the
m+n mean value was ca. 6.5. Furakawa [7] used Rgl and
IRE'T as the telogens (Ry and Ry’ are perfluorinated chains
of 1-8 carbons), leading to high molecular weight cotelomers
without any functional group.

Recently, Brace [8] gave a complete list of work on the
radical addition of ethane thiols to different kinds of mono-
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mers and Japanese work [9] describes the synthesis of co-
telomers with the composition CH,=C(CH,;)CO,CH,—
[(VF,),—(TFE),—(CTFE),],—H with M, about 1000.
The main product, in this case, is prepared by cotelomeriza-
tion of the fluorinated monomers with methanol as the telo-
gen.

Our present paper describes the reaction of CTFE and VF,
with 2-hydroxyethylmercaptan.

2. Experimental details

VF, cotelomerizations were carried out in a 1 | volume,
high-pressure reactor, Hofer type, made of Inox with the
inside layer of tantalum. Stirring was magnetic. Heating was
controlled and could be programmed while the pressure could
be read directly by a manometer. By double weighing, suit-
able quantities of gases were introduced under pressure.

One example of the reaction was conducted as follows.
The different products were introduced in the order, 410 g
(10 mol) acetonitrile, 7.8 g (0.1 mol) thiol, 3.03 g (1072
mol) Bz,0,, 45 g (0.70mol) VF,and 75 g (0.39 mol) CTFE
(the last two products were donated by the Atochem Com-
pany. The authors thank the Elf-Atochem Company for this
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gift). After 4 h heating at 80 °C with stirring, the reaction
was stopped. After evaporating the solvent and the unreacted
gases, the reaction products were distilled in vacuum and
analyses were made on each fraction and on the residues.
Several experiments have been made in the same conditions,
just changing the Bz,0, quantity and the reaction time. The
yields never reached more than 25%, with the same products
produced each time as shown by analysis.

NMR spectra were recorded on a Bruker CW-80 or AC-
250 spectrometer with TMS as reference for 'H and CFCl,
as reference for '°F. Chemical shifts (8) are downfield from
TMS and upfield (negative in value) for CFCl; and are
reported in ppm. Coupling constants (J) are reported in hertz
(Hz). All spectra were recorded in CDCl; solutions, the data
obtained being reported on Figs. 1, 3, 4 and 5 below.

Molecular weights are compared by GPC with a Waters
Associate Model 5900 chromatograph, equipped with 3 um
Styrogel columns (1000, 500 and 100 A). The detector was
a Water Associates R401 differential refractometer and THF
was used as the eluant. Gas chromatographic analyses have
been obtained on a Delsi F30 apparatus, using OV1 columns
I m in length.

Elementary analyses were performed by the Central Micro-
analysis Service of CNRS, Montpellier Division of ENSCM.

3. Results and discussion

Firstly we prepared the VF, telomers (V,,) and the CTFE
telomers (C,) with 2-hydroxyethylmercaptan as the telogen
as models for identifying the different cotelomerization prod-
ucts. The general formulae of these telomers were R—S—
(CF,—CFCl),—H(C,) and R—S—(CF,—CH,),—
H(V,) with R=—CH,CH,OH.

We have previously described the V,, telomers [1] but of
the C, products only the C, member has been described
[10,11]. We also noted that with VF, similar telomers have
been obtained with C¢F|;C,H,SH as the telogen [12].

The cotelomerization was performed in a high-pressure
reactor with benzoyl peroxide (Bz,0,) as initiator and ace-
tonitrile as the solvent at 80 °C for 4 hours. The following
initial conditions were employed: [CTFE],=[VF,],;
Ry,=[HOC,H,SH],/ ([CTFE]y+ [VF,],) = 107! and
Co=[Bz,0,]o/ ([CTFE]+ {VF,]y) =102

Table 1

The crude product was distilled in order to separate the
first adducts. Different fractions were weighed and analyzed
(Table 1) indicating that products P(x,y) were obtained with
the formula R—S—[ (CTFE) ,—(VF,),]—H in which the
CTFE and VF, units were randomly distributed.

The two first products obtained by distillation were the
monoadducts C, and V, of each monomer with 2-hydroxy-
ethylmercaptan. These adducts may also be designated as
P(1,0) and P(0.1).

The third product isolated {P(1,1)] was characterized by
NMR spectroscopy. Elemental analysis indicated the addition
of the thiol on each of both monomers. Provided such addition
occurs normally, two main possibilities of structures are pos-
sible: R—S—CF,—CFCl—CH,—CF,H (a) and R—S—
CH,—CF,—CF,—CFCIH (b).

The 'H NMR spectrum shows two triplets (J=6.2 Hz) at
6 3.9 and 3.1 ppm characteristic of the methylene group «a
to the oxygen and the sulphur respectively, of the
—SCH,CH,OH group derived from the telogen. But the
mode of addition is clearly demonstrated by the triple (J=4.3
Hz) triplet (J=154.9 Hz) at 6 6.2 ppm. This signal is char-
acteristic of a—CH,—CF,H end-group, and so the structure
of P(1,1) is a depicted above.

The '°F NMR confirms the above assignment. The three
signals at ca. 6§ —86, — 114 and — 120 ppm correspond to
the CF, group of CTFE, the CF, group of VF, and the CFCl
group of CTFE, respectively. The AB system centred at &
-85 ppm (Fig. 1) is not split by hydrogen or fluorine atoms,
so this difluoromethylene group belongs to the CTFE unit as
depicted in structure a. All the NMR characteristics are sum-
marized in Table 2.

This conclusion is in good agreement with the electronic
effects. CTFE and VF, are two monomers with a poor elec-
trophilic character, especially CTFE.

&+ +  §-—
CF,=CFCl (CTFE)
5
HOCH, —CH,S-
thiol
& o+
CH,=CF, (VF,)

So the thiol radical (RS-) is added mainly to a CTFE unit
which is the more nucleophilic. In contrast, with another

Molar and weight compositions of the crude product arising from the cotelomerization of VF, and CTFE with 2-hydroxyethylmercaptan

Product
designation

Molecular formula of product
(R=HOCH,CH,—)

Weight
composition W, (g)

Weight
composition (%)

Molar
composition, N; (%)

P(0,1) R—S—CH,CF,H 1.42
P(1,0) R—S—CF,CFCIH 37

P(L1) R—S—(CTFE)—(VF,)—H 3.55
P(xy) R—S—[(CTFE),—(VF,),]—H 2215

4.6 13.8
12 26.2
11.5 18.6
71.9 4142

2 Calculated using M, =750.
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Fig. 1. "F NMR spectrum of cotelomer P(1.1) (expansion of the AB part

of the CTFE unit).

electrophilic radical (C,F,- ), Balague [ 13] showed that this
radical reacts only with VF, units and not with CTFE during
the telomerizations of these two monomers. From the elec-
tronic effects of the thiol radical and the two monomers, we
can explain the result of the first addition of the thiol on to
CTFE which leads to structure a.

The residue of distillation was carefully analysed. The
titration of OH groups led to an M, value of 750. Using GPC
methods, we have compared the chromatogram of the P(x,y)
(x,y>1) residue to that of the previously identified P(1,1)
product (Fig. 2). The two chromatograms are in good agree-
ment with the expected increase in weight of the residue.
Elemental analysis shows: C, 27.67; H. 1.85: F, 47.93; ClI.
17.46%.

From these values and from the expected structure of

P(x,y), it can be written:

57x+ 38y 04793
78+1165x+64y
and
35.5x
=0.1746

78+ 116.5x + 64y

LD

AL2y=f12,1)=

Solution of these equations gives x=4.2 and y=4.45. So, by
elemental analysis M,, = 840 is obtained, which is close to the
value from the OH titration methods.

Concerning the reactivity parameters of (%, /) relating to
the copolymerization, few examples are quoted in the litera-
ture. Moggi et al. [14] gave the two values r4p, =0.73 and
Perpe=0.75 and in the Encyclopedia of Polymer Science
and Technology [ 15] the values s, =0.17 and Pepee = 0.52
are given.

The monomer reactivity ratios could be used to calculate
the molar fractions of the various monomer diads. Thus:

_ pL1) Xp(2,1) p(2,2) Xp(1,2)

p(1.2) +p(2.1) and f(2,2) p(1,2) +p(2,1)

from which

p(L,2) Xp(2,1)
p(1,2) +p(2,1)

where p(i,j) 1s the probability of addition of the radical i to
the monomer unitj with the p(i,j) values being related to the
ry and r, ratios by the equations:

1
(M, ] [M,]
(M. ] (M, ]

from which p(1,2) =1—p(1,1) and p(2,1) =1—p(2,2).

Using the literature values we obtained the different reac-
tivity ratios noted in Table 3. As expected, it is observed that
the addition is close to alternating when the r* values [15]
are employed because in that case the product r; X r, is small-
est (0.09).

Evidence for such an alternating structure can be confirmed
by 'F NMR spectroscopy.

In Fig. 3, the "F NMR spectrum of the P(x,y) product
exhibits five signals for the different CF, and CFCl groups.
They are impossible to resolve, but when looking at the chem-
ical shifts we noted two very important points regarding the
extent of alternation.

p(l2)=
1 +r-

and p(2,1) =
]+r2’

Table 2
NMR data of the P( 1,1} cotelomer

ba
H H

HO— C—

H
h

I

= T—(1—
e T—O—T
wT—O—T &

H atoms c b a e~d f
'"H NMR various 39 31 2.8-29 6.2
& (ppm)

F atoms 1-2 3 4-5

"F NMR —856 —113.8 -119.3
8 (ppm) /CFCl,
Coupling constants (H;)

J$=02  Jy=Js5==549 Jy=J,=43
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Fig. 2. GPC spectra of the P(1,1) cotelomer and of the P(x,y) residue.
Table3 S 1. Firstly, the NMR spectrum of P(x,y) was compared to
Molar fractions of VF, and CTFE in various diads those of the CTFE/CCl, telomers (Fig. 4). These telomers
Mole fraction, f(/) As obtained using As obtained using have peen synthesized and analyzed in our laboratory [16],
quoted 7 values [ 14] quoted r* values [ 15] and Fig. 4 represents the spectrum of CCl;(CF,—CFCl),—
Cl (T,) with n=5. In the P(x,y) spectrum, the absence of
; EXEF Vé:%;_E 8;;;3 0.063 signals between 8 — 124 and — 130 ppm proves that there is
, ) . 0.372
#(CTFE. CTFE) 0216 0.193 no CFCI group between two CF, groups. The same obser.—
vation can be made between 8 —95 and — 113 ppm, and it
f I ] I | | ] I
75 80 85 90 95 100 105 10 115 120 125 130 135

Fig. 3. "F NMR spectrum of the P(x,y) residue.
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Fig. 5. '"H NMR spectrum of the P(x,v) residue.

can be concluded that no CF, group can be found between
two "CFCl groups. Murasheva et al. [17] gave values of
—127.8 and (- 125 to —131) ppm for the CF, and CFC]
groups of CTFE thermopolymers in good agreement with our
results.

2. Secondly, between —91 and — 92 ppm. Fig. 3 shows a
small signal corresponding to ca. 3% of all the F atoms.

According to Murasheva et al. [17], this signal may be
assigned to a CF, group in a microblock such as —CF,—
CFCl—CH,—CF,—CH,—CF,—, which corresponds to the
location of a vinylidene fluoride unit between a VF, and a
CTFE unit. So this kind of addition (1.e. two successive VF,
units) probably occurs in our cotelomers but in small pro-
portions.
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In conclusion, these two observations suggest that the
P(x,y) cotelomers formed in our reactions are most probably
alternating.

Finally, 'H NMR spectroscopy (Fig. 5) gave us many
interesting results. The first concerns the nature of the chain
end. The triplet for CF,H is observed at 6 6.5 ppm (J =56
Hz is a characteristic value ) and at 7.2 ppm a type of double
quartet (J=48 Hz) (similar to the X part of an ABX system
doubled by a geminal F atom) occurs due to the asymmetrical
carbon of the —CF,—CFCIH end-groups. From integration
it can be calculated that 70% of the cotelomers exhibit CF,H
end-groups, 1.e. derived from VF, units.

Secondly, the spectrum depicted in Fig. 5 also provides
information of the average number of VF, units v. If the peak
heights corresponding to the hydrogen atoms of CF,H,
CFCIH and of all the other groups in the molecules are des-
ignated h,, h- and k. respectively, it can be deduced that:

h+h, 1
hi+h+hy, 2046

We have found y =4.72. This value is in good agreement
with that obtained from elemental analysis.

From all the results discussed above, the most probable
structure of the residue is therefore HO-—CH,—CH,—S—
(CF,—CFCl), ,—(CH,—CF,) , ,—H, with 70% of the VF,
units situated at the end (CF,H) of the molecule. Knowing
this structure, other calculations can be made. Firstly, the
molar and weight yields may be calculated from the formulae:

LW
yw: 90(VF3)+ 150((‘,’]‘FE) + ]6(lh|ul) - ]26/’

YN,
W7 Ta06v + 1aggeme 2P

and, secondly, the DP, of the cotelomerization may be
expressed as:

LN 31%1070
YN, 725%10°?

DP,=

=43.
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