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Anionic Grafting on Poly(viny1 Chloride) 

G. LECHERMEIER, A. REWILLON,* and C. PILLOT 

Laboratoire Associi au CNRS No. 199 
Institut National des Sciences Appliqu6es 
6962 1 Villeurbanne, France 

A B S T R A C T  

The grafting on poly(viny1 chloride) by carbanionic deactivation 
of a living polymer involves two types of reactions: a nucelo- 
philic substitution (SNz) and an elimination (Ez). Under the 
experimental conditions, of our study, we did not observe metal- 
lation of the poly(viny1 chloride) chain. The influence of different 
parameters on the ratio E/S of the two reactions has been studied. 
The substitution is enhanced when the basicity of the carbanion 
is decreased. Higher temperatures favor the elimination, which 
might be due to the relative change in the nature of the different 
ionic species. The appearance of conjugated double bonds, the 
electroattractive character of which makes the hydrogen atom 
in the LY position of the C-Cl bond labile, favors autoacceleration 
of the elimination reaction. The shorter the living chain, higher 
the yield in substituted product. Steric hindrance of the random 
coils of PVC and living polymer also plays an important role. 

*Present address: L. A. 199, CNRS, 79, Boulevard du 11 Novembre 
1918, 69626 Villeurbanne, France. 
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286 LECHERMEIER, REVILLON, AND PILLOT 

INTRODUCTION 

Graft and block copolymers are compounds whose synthesis is 
well known. Yet, few graft and block copolymers of PVC have been 
reported. We have developed a method of grafting on PVC leading 
to well defined copolymers in order to study the effects of the chemi- 
cal structure on the morphology and through that, on the mechanical 
properties of the material. 

The synthesis of graft copolymers by carbanionic deactivation 
was proposed by Rempp and al. [ 11, who allowed the esters or halide 
groups of a macromolecular chain to react with a living polymer: 

This substitution reaction (S) [ Eq. (l)] generally competes with an 
elimination reaction (E) [ Eq. (2)] which evolves hydrochloric acid 
and leads to the appearance of a double bond 

The extent of the two above reactions depends on various factors, 
including basicity of the carbanion, steric effects, mesomeric effects 
of the substituents, nature of the counterion, solvent, and temperature. 

A SN1 monomolecular mechanism in two steps takes place chiefly 
in polar solvents (HzO, HzO plus alcohol . . .) since the first step 
is a heterolytic scission. Other effects may affect these mechanisms, 
such a s  nature of the halogen or nature of the alkyl group.[ 21. 

When the reaction is performed in an aprotic solvent of low polar- 
ity (for instance THF, dielectric constant 11 at -6OOC) and when a 
nucleophflic attack of a chlorine atom on a secondary carbon is in- 
volved (PVC for instance), the bimolecular mechanism is the most 
probable. 

of different bases (phenylisopropylpotassium) on PVC. This second- 
ary elimination reaction takes place as proved by the appearance of 
conjugated double bonds. The relative extent of the two reactions 
depends on the basicity of the carbanion [ 3, 41. The yields of graft 
copolymers are not constant and make necessary removal of the 
homopolymer [ 51. Despite the secondary reactions, this grafting 
process has often been used to modify the PVC: either to increase 
its stability [ 61 or to change its mechanical properties [ 71. 

tants and products occurs, Gould [ 81 notes that the polarity of the 

Roth, Rempp, and Parrod suggest such a mechanism for the action 

In a bimolecular process, where a transition state between reac- 
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ANIONIC GRAFTING ON PVC 287 

solvent is very important. The rate of substitution decreases when 
the dielectric constant increases. This effect is stronger on the rate 
of elimination, owing to the higher dispersion of the charge on the 
activated complex. The E/S ratio decreases when the solvent polarity 
increases. This is also in agreement with references on the action 
of carbanions on a chlorinated polymer [ 41. 

The dieclectric constant of the medium decreases when the tem- 
perature increases, which favors the elimination. Yet, this effect is 
relatively weak and not unique, since for the THF, the dielectric 
constant changes from 11 to 8.2 between -60 and O°C. The equilib- 
rium between the various ionic species is affected by the change of 
temperature, as is the reactivity of the carbanions [ 91. The carbanion, 
in presence of metal ions such as alkali metal ions, may exist under 
different states: free ions, tight or  loose ion pairs, or aggregates [ 91. 
Free ions which a re  generally of higher reactivity may be considered 
to be of a higher basicity than ion pairs. Equilibrium between free 
ions and pairs depends on temperature, nature of the metal counter- 
ion, and concentration [ lo]. 

The E/S ratio increases with the basicity of carbanion [ 81. This 
basicity is higher when the substituent is of low electroattractive 
character or  when it is resonance-stabilized. It has been observed 
[ 11 that for the series phenylisopropyl, methylstyryl, styryl, the 
amount of dehydrochlorination varies with the number of methyl sub- 
stituents (+I effect). In the series of carbanions with two phenyl groups, 
only the substitution reaction has been evidenced (-I effect) as the 
phenyl rings stabilize the carbanion and lower its reactivity [ 31. 

E X P E R I M E N T A L  

S y n t h e s i s  

The general scheme is as follows: synthesis of a monofunctional 
living polymer with initiation by n-butyllithium in THF; addition of the 
living polymer to a solution of PVC in THF; precipitation of the re- 
active mixture in methanol and drying under vacuum 

The methods of preparation of the reactants are those usually used 
in anionic polymerization and have been already described [ 111 . 

For the synthesis of graft copolymers, the general scheme above 
has been used in two different ways. The first one is a multistep 
process A (Fig. 1). The living polymer is prepared at low tempera- 
ture in the first reaction which is sealed to the flask containing the 
PVC solution. After degassing, the living polymer is poured into 
this flask by the means of a breakseal. In the second process B 
(Fig. 2), the reaction is performed on a line allowing the purification 

Torr). 
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Vacuum line 

FIG. 1. 

I I magnetic stirring 

Synthesis of graft copolymers by process A. 

FIG. 2. Synthesis of graft copolymers by process B. 
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ANIONIC GRAFTING ON PVC 289 

of solvent, the preparation of living homopolymer or block polymer, 
the addition of increasing amount of the latter, and the sampling itself. 
Two polymer chains were used as grafts: polystyrene (PS) and poly- 
butadiene (PBd). The living polymer is either a homopolymer of PS 
of PBd or a block copolymer with some units of diphenylethylene, 
butadiene, or ethylene oxide. The code refers to the nature of the 
main compound of the graft (S or B). 

A n a l v t i c a l  M e t h o d s  

The products were analyzed by several techniques: selective 
extraction, osmometry, gel-permeation chromatography (GPC) with 
a single or dual detection. The efficiency of these methods was 
studied statistically [ 12, 131. 

The standard deviations u are  similar, yet the GPC dual detection 
technique has a higher accuracy and is used when possible (presence 
of UV absorbent). The following parameters were determined: over- 
all composition of the reactive mixture (weight percentage of PVC 
and polymer to be grafted present as copolymer as well as homo- 
polymer); true composition of the copolymer (percentage of PVC 
backbone and of grafted B or S type polymer); number-average 
molecular weight of PVC, mn (PVC); number-average molecular 
weight of grafts En(g); average number of grafts per PVC chainf; 
average number of living polymer chains added per chain of PVC, T': 
efficiency of grafting R (fraction of grafted living polymer). 

spectrophotometer. 
Additional W characterization was carried out by use of a Carp 14 

RESULTS A N D  DISCUSSION 

Several carbanions were reacted by process A and,B on a given 
mass process PVC supplied by Rh6ne Poulenc Polymeres Society. 
THF was the only reaction solvent. The conditions are summarized in 
Table 1. Each line represents a series of reactions with the same 
grafting end at different grafting ratios E. 

I n f l u e n c e  of t h e  M o l e c u l a r  Weigh t  of t h e  G r a f t  

The systematic study of this effect was made with polybutadienyl 
grafting anions which appear in the upper part of Table 1 of molezu- 
lar weight varying from 4,200 up to 90,000. By plottingf versus t' 
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FIG. 3. Variation of the grafting efficiency R as a function of the 
molecular weight of the polybutadiene grafts at  -60°C. 

for each series of graft copolymers, the efficiency R is determined 
by means of a linear regression. The decrease of R when Mn(g) 
increases is larger than the experimental e r ror  (Fig. 3). It may be 
thought that this decrease is due to the increasing size of the random 
coil of the graft which reduces the probability of approach of the re- 
actants. Another factor to be considered is the increasing incompati- 
bility of the polymers with increasing molecular weight. 

I n f l u e n c e  of t h e  G r a f t i n g  R a t i o  o n  t h e  G r a f t i n g  
E f f i c i e n c y  

This effect has been observed with low molecular weight polybuta- 
dienes (PB IV) which allow high grafting rat iosf  to be reached. The 
representative curve of f  vergusT' indicates that the efficiency tends 
to decrease at high values of t' (Fig. 4). The slope of the regression 
line has been calculated only with the first values, since the whole 
set  of experimental data leads to a too low value in the Snedecor test. 
The same tendency is observed with polystyrene-diphenylethylenyl 
grafts of PS I1 and PS IV polystyrene experiments: the grafting 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



292 LECHERMEIER, REVILLON, AND PILLOT 

50 100 
FIG. 4. Effective average grafting ratio (f) vs. the number of 

carbanions added (3') per PVC chain for four series of polymers of 
Various molecular weights: ( o 4,200; ( ) 11,000; ( A j 30,000; 
( " )  90,000. 

TABLE 2. Correlation of the Grafting Efficiency R to the Basicity 
of the Anion and the Temperature of Reaction 

Half - wave 
potential Grafting Temperature 

Decreasing basicity (V) efficiency (" C) 
~~ ~ ~~ 

Polybutadienyl 2.59 0.448 0.007 -60 
0.39 f 0.006 

Poly s t yr yl 2.39 0.6' -60 
0.53 f 0.07 +30 

Diphenylethylenyl 2.14 0.6ga -60 
0.55 f 0.03 c30 

Oxanion - 0 +30 

aEfficiency not calculated f romf  @') curve. 
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ANIONIC GRAFTING ON PVC 293 

efficiency varies from 0.78 down to 0.60 as the grafting ratio changes 
from 2.5 up to 31. 

bone inhibits the attack of the carbon linked to the chlorine atom. It 
is well known that in the synthesis of star-shaped polystyrene, it is 
difficult to have more than four branches. The first two chains react 
rapidly, then the accessibility of the other reactive sites is decreased 
by the repulsive effect of identical chains and by the diffusion of 
polymer in polymer-rich re ions [ 141. Autoretardation of this type 
has also been mentioned [ 157 for the reaction of organolithium com- 
pounds on poly(methy1 methacrylate), attributed to steric hindrance 
and the repulsive electrostatic effect of already substituted neighbor- 
ing units of methyl methacrylate MMA for ester sites of MMA. 

It appears that the presence of a high number of grafts on the back- 

I n f l u e n c e  of t h e  C a r b a n i o n  a n d  of t h e  T e m p e r a t u r e  

The results of the two effects are reported in Table 2. The 
higher the basicity of the carbanion is, the lower the efficiency. 
For instance, significant substitution is observed on use of living 
polymers just terminated by few units of 1, 1-diphenylethylene, since 
the corresponding carbanion is highly stabilized by its two phenyl 
rings. 

The lower the temperature is, the higher the grafting efficiency. 
This may receive two explanations: the dielectric constant of the 
solvent increases at low temperature, so that the rate of elimination 
is much decreased than the substitution one. Moreover, as the 
equilibrium between the various ionic species is modified, the in- 
crease in the free ions concentration favors the substitution. 

Oxanion- terminated grafting species a re  apart. The reaction 
is made with an anion the basicity of which is much lower and 
there is no grafting at all. Either living species are so different 
than with carbanion or  the potential of the anion is too low for the 
substitution reaction itself [ 161. 

S t u d y  of t h e  D e h y d r o c h l o r i n a t i o n  R e a c t i o n  

The elimination reaction leads to double bonds on the PVC back- 

The double bond concentration was studied by W absorption 

The spectra of the series of copolymers with grafts of 4200 

bone together with a HC1 elimination. 

spectra obtained with a Cary 14 spectrophotometer. 

molecular weight are shown in Fig. 5. 
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200 300 
L L 

400 
h 
L 

nrn . 

FIG. 5. W spectra of butadiene copolymers (series W, an of 
the graft = 4,200) at different grafting rat iosi  (2) t = 4; (3) t = 13; 
(5) t = 28; (6) t = 42. 

The band indexation is not simple, since we observe partial 
overlap of the individual peaks and increase of bands width with 
substituent, or isomeric effects. We have used the works of 
Daniels [ 171 and Abbas [ 181 for the indexation of the peaks. It 
is noteworth that we obtain effects of living species of different 
reactivities [lg]. 

The calculation of the concentration in polyene is difficult, since 
the diene corresponds to one peak, the triene to three, and the 
higher conjugated products to four peaks. We can, however, use the 
literature values of absorption coefficient to obtain a semiquantitative 
approach to the phenomenon. 

Table 3 gives the value of the absorptim coefficients and the 
corresponding wavelengths of the peaks from literature and from 
our study, These values enable us to calculate the individual con- 
centration of the different polyenes. 
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TABLE 3. Absorption Maxima for Different Lengths of Conjugated 
Double Bond Sequences 

Number of (nm> Absorption 
conjugated coefficient 

This E (Daniels 
work and Rees)b 

double 
bonds Abbasa Daniels and Rees b 

2 

3 

4 

5 

6 

7 

8 

9 

10 

288 

308 

324 

340 

364 

388 

4 12 

434 

235 

240, 248, 257, 268 260-272 - 
267, 278, -, 290 304 305 

279, 290, 303, 317, 334 322 

300, 313, 328, 344, 364 355 

316, 332, 350, 368, 390 360 

332, 349, 367, 386, 410 385 

345, 363, 380, -9 404 430 408 

358, 376, 397, 420, 447 430 

- 
- 
- 
- 

- 

20,000c 

42,700 

78,600 

121,000 

138,000 

177,100 

2 10,000 

242,800 

275,600 

aData of Abbas and Sorvik 181. 
bData of Daniels and Rees t 171. 
CAssumption. 

These individual concentrations, as well as the overall double 

We can now calculate the proportion (Y of conjugated double bonds 

The parent PVC has a molecular weight of 33,000; that means the 

bond concentrations are reported in Table 4. 

over the total double bonds concentration. 

monomer unit is rep_eated 528 times. The numbtr of carbanion added 
per chain of PVC is t'. The number of grafts is t. The general 
formula is then 

R 
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TABLE 4. Concentration of Conjugated Double Bonds (Created by the 
Elimination Reaction) for Each Length n of Conjugated Sequence 

~~ ~ ~~ 

Concn of conjugated double bonds (mole/liter X lo') 

PB IV 3, PB N 5, PB IV 6, PB V, 
t = 13 t = 28 t = 42 t = O  

n = 2  0.4 2.7 . 3 3.25 
n = 3  - 0.98 0.51 1.45 

n = 4  - 0.089 0.11 0.7 
n = 5  - - 0.058 0.43 
n = 6  - - - 0.25 
n = 7  - - - 0.19 
n = 8  - - - 0.124 
n = 9  - - - 0.07 
n = 10 - - - 0.04 

Total 0.4 3.27 3.68 6.5 

and the molecular weight is calculated as 

- 
M = 62.5 (528 - t') c 26 (Tf - t) + 4227T 

as the molecular weight of grafted chains is 4227. 
The concentration in grafted copolymer is c (the ungrafted poly- 

butadiene has been selectively extracted). - The overall concentration 
in double bonds is expressed as c (E( - t )mn ,  and a is obtained as we 
already know the conjugated double bonds concentration. The calcu- 
lations are reported in Table 5. 

With an oxanion chain end, there is only elimination. 
The W spectrum presents numerous absorption bands due to 

n 

numerous polyenes in the PVC backbone, from 2 to 10 conjugated 
double bonds (Fig. 6). In Table 5, we can see that we have 36% of 
conjugated bonds, This is a very high proportion relative to the other 
carbanions, where (Y is between 8 and 16%. 
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TABLE 5. Proportion rr of Conjugated Double Bonds over the Total 
Concentration of Double Bonds 

PB IV 3 PBIV5 PBIV6 PB V 

t 13 28 42 0 
t' 29 63 104 17,3 

- 
- 

32,400 - 
86,554 148,900 205,600 Mn 

c ( d l )  2.9 8.7 8.8 3.4 
Double bonds 5.3 X lo-' 20.4 X lo-' 26.5 X 10'' 17.8 X lo-' 
concn (rnolell.) 

double bonds 
concn (mole/l.) 
rr 0.08 0.16 0.14 0.36 

Conjugated 0.4 x lo-' 3.27 x 1 0 - ~  3.68 x lo-' 8.5 x lo-" 

FIG. 6. W spectrum of an oxanion-terminated polybutadiene- 
graftedpolymer (F = 17.3). 
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Since there is no competition between elimination and substitution, 
the formation of conjugated double bonds (n = 2) must induce (by -I  
effect) the dehydrochlorination of the neighboring unit. The elimina- 
tion reaction is then autoaccelerated, and polyenes of higher conjuga- 
tion are obtained. 
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