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Acid-Catalyzed Methanolysis of Vinyl Acetate 
Polymers and Copolymers. I. Polyvinyl Acetate 

C. PICHOT, J. GUILLOT, and A. GUYOT 

Laboratoife de Cinetique Chimique Macromoleculaire 
Universite "Claude Bernard" 
Villeurbanne, France 

A B S T R A C T  

Acid (HC1) catalyzed methanolysis of polyvinyl acetate and 
of model compounds w a s  carr ied out in solvent mixtures 
with various amounts of methanol and tetrahydrofuran. 
The initial rate was first order  vs methanol concen- 
tration. The acceleration was mainly dependent on the 
extension of the chain and was enhanced by a tighter coiling 
of the macromolecule; it is suggested that coiling favors the 
trapping of the catalyst ions. 

I N T R O D U C T I O N  

The purpose of this se r ies  of papers is to  show the relationship 
between the sequence distribution and the chemical reactivity of a co- 
polymer. Alcoholysis of vinyl acetate copolymers, including chlorinated 
copolymers, was employed and, because of the product studied, it was 
decided to use acid catalysis in the presence of tetrahydrofuran in order  
to obtain a homogeneous reaction. 

Only a few studies have been devoted to the acid-catalyzed alcoholysis 
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1074 PICHOT, GUILLOT, AND GUYOT 

of polyvinyl acetate compared to  the well-known base-catalyzed 
hydrolysis. Minsk, Pr ies t ,  and Kenyon [ 13 have shown the similari ty 
of the behavior of the two processes  (approximately f i rs t  order  vs  
catalyst concentration, autoacceleration) although the mechanisms 
briefly summarized in  Fig. 1 are rather  different [ 21. More recent 
studies have shown that the proton concentration in an  acid medium 
is strongly dependent on the solvent composition [ 3, 41. We have 
therefore decided to c a r r y  out a new study of the acid-catalyzed 
methanolysis of polyvinyl acetate homopolymer and to  compare it 
with that of some model compounds. 

E X P E R I M E N T A L  T E C H N I Q U E S  

M a t e r i a l s  

Polyvinyl acetate was prepared by suspension radical polymeriza- 
tion at 50" C using azobisisobutyronitrile as initiator. Its limiting 

BASE C A T A L Y S I S  

T 7 a O-+CH3COOCH3 

- 
I /OCH3 

CH;C\O- 1 CHJOH 

- 
I 
0 

ACID C A T A L Y S I S  

T +-OCH3 
OH 

~ CH3 OH d H  " OH -"3 

H*11 11 

I C H j -  C-OCH3 
I 

OH 
/c. 

CH3 0 

11 
3+x 

0 

OH 

cH3COOCH3+ HQ-- CH3F-OCH 

FIG. 1. Methanolysis mechanism: acid and base mechanisms. 
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VINYL ACETATE POLYMERS. I 107 5 

viscosity number is 348 (25°C; solvent, acetone) which corresponds to 
an average molecular weight of an = 730,000 [ 51. 

The simple alkyl acetates (ethyl, n-propyl, isopropyl, tert-butyl) 
were commercial  products (Merck, Eastman). Diethyl carbinol 
acetate was prepared from diethyl carbinol and acetic anhydride in 
the presence of zinc chloride [ 61. Triethyl carbinol acetate was ob- 
tained a t  moderate temperatures  from triethyl carbinol and acetyl 
chloride in e ther  in  the presence of dimethylaniline. Diacetopentane 
and triacetopentane were prepared according t o  the literature [ 71. 

M e t h a n o l y s i s  

Dried polymer was dissolved at a low concentration (about 1%) in 
the solvent [ tetrahydrofuran (THF)  o r  THF-methanol mixtures] 24 
h r  pr ior  t o  the reaction and introduced into a glass vessel  thermo- 
stated at  30'C. After thermal equilibrium was reached the catalyst 
(HC1 in methanol) was added and the mixture thoroughly s t i r red.  
Sampling was ca r r i ed  out at chosen t ime intervals for chromatographic 
analysis o r  characterization studies. 

methanolysis [ 41, the solvent were carefully dried before use (water 
content less than 1% o r  l9&,. 

the methyl acetate produced, and compared to  heptane added as an 
internal reference by using a calibration curve. The column was 
packed with carbowax (20%) on chromosorb and the analysis was 
carr ied out at 60 'C. 

esterification of HC1; formic acid and aldehyde from the oxidation of 
methanol; and probably C1( CH, ), OH from the opening of the T H F  ring. 
Their  amounts were always small  if the reaction temperature was 
kept at 30°C. 

Because of the retarding effect of water on acid-catalyzed 

Kinetic data were obtained from gas chromatographic analysis of 

Some secondary products were detected: methyl chloride from the 

H y d r o c h l o r i c  A c i d  C o n c e n t r a t i o n  

It has  been shown that the acidity of HC1 is a function of the solvent 
mixture. A good example is given by the system ethanol-dioxane [ 41. 
No data are available for  the system THF-methanol. A series of 
mixtures has  been studied by potentiometric titration of HC1 ( 4  X N)  
with ammonium n-tetrabutoxide (0.1 N). The concentrations were 
chosen so that there  is practically no-Ehange in volume upon titration. A 
calibration curve was obtained from the potentiometric titration of a 
mixture of ClO, Li (0.1 N)  and variable amounts of C10, H in the 
THF-CH, OH mixture saturated with H, . The measurement electrode 
was platinated platinum and the reference electrode, calibrated from the 
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1076 PICHOT, GUILLOT, AND GUYOT 

FIG. 2. Change of pH of a 0.04 N HCl solution as a function of the 
molar composition of the solvent mTxture of methanol-tetrahydrofuran 
(THF) (-). Extrapolated curve for 0.6 - N, HCl solution (--). 

measurement of the half potential of the system ferricinium-ferrocene, 
was a s i lver  electrode dipped in a solution of 0.1 M C10,Ag and 0.1 N 
C10,Li in the THF-CH,OH mixture. 

The results reported in Fig. 2 show that the acidity decreases at 
low methanol content. The HC1 concentration used for methanolysis is 
much more higher and an extrapolation procedure must be used. 
However, the results are questionable because of the uncertainties, 
not only of the  extrapolation procedure, but also due to the behavior 
of the reference chosen (ferrocene-ferricinium) in the  solvents used. 
Thus the exact correction to be applied is not known and the value of 
the results reported is limited. 

- - 

R E S U L T S  AND D I S C U S S I O N  

The kinetic data for the  methanolysis in various THF-CH,OH 
mixtures are illustrated in Fig. 3. The initial rates, as well as the 
degrees of acceleration, are dependent on the composition of the 
solvent. The reaction scheme illustrated in Fig. 1 shows that the 
initial rate is dependent on the vinyl acetate unit {A} concentration, 
{ H'}, and {CH,OH}. The experiments have been carr ied out with 
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VINYL ACETATE POLYMERS. I 1077 

5 

FIG. 3. Polyvinyl acetate methanolysis yield as a function of t ime 
fo r  various T H F  contents (mole %) of the solvent mixture THF- 
methanol. 

the same  polymer concentration and the same  HC1 concentration. Al- 
though a correction is to  be applied to (H'} at high T H F  content, and 
despite the data of Minsk, Priest, and Kenyon [ 11 and also of Texier  
et al. [ 31 concerning the order  of the reaction versus  {H'}, it s e e m s  
reasonable in a first approximation to  assume a first o rde r  versus  {H*}. 
Therefore 

A plot of log V, vs log {CH,OH} (Fig. 4)  shows a reasonable straight 
line, assuming that the reaction is first o rde r  vs  {CH,OH}. A l a rge r  
deviation is observed for the mixture the r icher  i t  is in  THF, and this 
is certainly caused by the neglect of the unknown correction to  be 
applied to  {H'}. All the resul ts ,  assuming Q = 1, are gathered in  
Table 1. The last  column gives the resul ts  that take into account the 
correction for {H'}, which is probably much too large. 

Concerning the acceleration, which is also observed in  the case of 
base catalysis, i t  has  been proposed by Sakurada [ 81 t o  explain it by 
assuming th ree  different r a t e  constants according to the kind of t r iad 
concerned. 

In these t r iads ,  noted respectively as AAA, OAA, OAO, the central  
A unit may be adjacent t o  0, 1, o r  2 vinyl alcohol units. Assuming k 
< koAA < kOAO and the initial concentration of OAO to  be negligible, 

AAA 
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1078 PICHOT, GUILLOT, AND GUYOT 

FIG. 4. Logarithmic plot of methanolysis rate vs  methanol 
concentration. 

Sakurada et al. [ 9 ]  have given the rate equation 

d {A) - - = k,(A)(OK-) 
dt 

where 

a = k ~ ~ ~ / k ~ ~ ~  

Sakurada et  al. have also observed that the rate constant at time 
t t ,  k , may be expressed by an empirical equation: 

k = k  l + m -  
o (  A".) ( 3 )  
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1 

conversion 

FIG. 5. Methanolysis rate constant as a function of conversion for 
various THF contents (mole %) of the solvent mixture THF-methanol. 

where m is the empirical acceleration degree. The use of Eqs. ( 2 )  and 
(3) gives a relationship between (Y and m. 

In the present case, plots of kt vs A/A, (Fig. 5 ) give reasonably 
straight lines from which the acceleration degree m may be deduced. A 
plot of m vs the THF content of the solvent mixture (Fig. 6, Curve 1) 
also gives a good straight line. 

For base catalysis, Sakurada [ 81 attributed the acceleration to the 
local concentration of the alkali around the polymer chain due to  
attraction by free hydroxyl groups. This statement has been 
challenged by Arranz and Ashraf [ 101, who have shown that m is not 
dependent upon the NaOH/ester ratio. They have also shown that m is 
not temperature dependent but depends on the composition of the solvent 
mixture. They have proposed that the acceleration is due to  the 
formation of an hydrogen bond between a OH group of an hydrolyzed 
unit and the carboxyl group of an adjacent ester unit. The presence of 
hydrogen bonds has been proved by Nagai and Segane [ 111 using IR 
spectroscopy. 

model compounds in acid catalysis as well as in base catalysis for a 
few cases. The results, together with some of those of Sakurada, are 

In order to test  this idea, we have carr ied out a study with different 
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VINYL ACETATE POLYMERS. I 1081 

FIG. 6. Acceleration rat io  m (Curve 1) and limiting viscosity 
number (Curve 2) as functions of the THF contents (mole %) of the 
solvent mixture. 

reported in  Table 2. It may be observed that in base catalysis the r a t e  
constants for  isopropyl acetate, diacetopentane, and triacetopentane 
are rather  close t o  that of the polymer. On the other hand, in acid 
catalysis the rate constant for the polymer is lower. Isopropyl 
acetate is a very bad model for the polymer; diethylcarbinol acetate is 
better, The  high value fo r  triethylcarbinol acetate is caused by the 
fact that the mechanism for  ter t iary alcoxy compounds is different 
from that fo r  the pr imary o r  secondary ones i l lustrated i n  Fig, 1. 

For t e r t i a ry  compounds the mechanism [ 121 is 

OH 

CH,COOCH, + R ~ C - O C H ,  
R’ 

The main difference in the base and acid catalysis is that (CH,OH} 
is rate determining in the latter. The limiting viscosity numbers data 
reported in Table 3 show that CH,OH is a rather  bad solvent for 
polyvinyl acetate, so that accessibility of the ester groups to  CH,OH 
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VINYL ACETATE POLYMERS. I 1083 

TABLE 3. Limiting Viscosity Numbers Data for Polyvinyl Acetate 
and Partially Hydrolyzed Polyvinyl Acetate in Various Solvent Mixtures 

b Solvent 77sp ( g/cms ) ka r 

Polyvinyl acetate 

Hydrolyzed polyvinyl 
acetateC 

C 
C 

d 
d 
d 

Acetone 
Methanol 
MeOH , 

T H F  
(40% MeOH) 
MeOH, 

T H F  
(10% MeOH) 
THF 

Methanol 

Methanol 

348 
188 

345 

374 

402 

232.4 
327.0 
361.0 

235 
318.7 
351.6 

0.542 
0.587 

0.462 

0.609 

0.616 

0.546 
0.462 
0.614 
0.413 
0.554 
0.513 

0.999 
0.999 

0.993 

0.999 

0.999 

0.996 
0.994 
0.999 
0.993 
0.992 
0.999 

aHuggins coefficient. 
h a t i s t i c a l  correlation coefficient. 
CPartially hydrolyzed polyvinyl acetate ( 10%) prepared in pure 

dpartially hydrolyzed polyvinyl acetate ( >15%) prepared in a mixture 
methanol. 

(methanol, THF) with 19% mole MeOH. 

may be limited. If the solvent does contain THF, the chain expansion is 
better,  so  that although the re  is certainly a preferential solvation by 
THF, the accessibility t o  CH,OH may increase at first. Thus the in- 
crease of corrected k, reported in Table 1 for moderate proportions of 
T H F  may be understood although the correction is certainly over- 
estimated for high THF content. 

two o r  three acetate groups show no acceleration in base catalysis and 
low values of m (1.2 and 1.7, respectively) in acid catalysis. Intra- 
molecular hydrogen bonds have been shown in the case of diacetopentane. 
The carbonyl band of pure diacetopentane is at 1735 cm-'; in the case of 
partial  methanolysis this band is present  together with another one at 
1715 cm-'. The rat io  of the intensities of the bands is not changed upon 
a fiftyfold dilution in methanol o r  in  butanol. Thus the 1715 cm'l band 
may be assigned to carbonyl groups with intramolecular hydrogen bonds. 

Concerning acceleration, the kinetic curves  in  Fig. 7 for models with 
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1084 PICHOT, GUILLOT, AND GUYOT 1 rneth;.noly sis 

FIG. 7. Model compounds diacetopentane ( Ac2) (X )  and triacetoheptan 
(Ac3) ( 0 )  methanolysis yield v s  time for  acid catalysis (-) (HC1: 

0.182 N; THF 60 mole %; methanol 40 mole %) and base catalysis ( - - )  
((OH-} = 0.0062 - N in methanol). 

CH3 -CH-CH,-CH-CH, 
I I 

Despite the presence of hydrogen bonds, the methanolysis rate of 
the di- and triacetate model compounds is only a little higher than that 
of diethylcarbinol. Therefore the hydrogen bonds between an acetate 
group and an adjacent OH group are not a sufficient condition to  cause 
large acceleration degrees  such as those observed in  the case  of poly- 
vinyl acetate. It is mo’re interesting to look at Curve 2 of Fig. 6 where 
the r eve r se  correlation between the values of m and the expansion of 
the chain as a function of the composition of the solvent mixtures is 
shown. Acceleration is enhanced by a closer  coiling of the chain. Look- 
ing again at the methanolysis mechanism, it may be observed that in both 
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VINYL ACETATE POLYMERS. I 1085 

the cases of acid and base catalyses,  the las t  s tep of formation of the 
OH group involves the release of the ion that was active for  the first 
s t ep  of the process.  If the chain is expanding, this ion may rapidly 
diffuse in the solvent, but i f  the chain is more tightly coiled, the ion 
may be trapped in the coil and may readily attack an adjacent carbonyl 
group. Thus the acceleration might be visualized as a progressive 
trapping of the catalyst ion by the coiled macromolecules. More 
precisely,  it may be tentatively proposed that in  a coiled macromolecule 
the ion released by the penultimate step of the acid catalysis mechan- 
i sm,  namely CH, -C ' (OH)( OCH, ), directly attacks a n  adjacent 
carbonyl group before releasing methyl acetate and a proton. After an 
initiation step,  the propagation of the methanolysis in  the chain would 
involve the mechanism 

I - r - - l -  7 I ---r--- 
0 - O H  0 OH 0 -  OH 

I ' C-CH, OH I - I - -  
C 

Q 4 '  I Q 4% I 
0 + CH,C-OCH, 0 CH, CH,-C- 0 CH, 

I I 
OH 

7 I 
OH 0 

I 

OCH, I 
CH,-C-OH 

I 
OCH, 

@ C-CH, 
I 
OH 

+ CH,-COOCH, 

Finally, it is to be noted that the hydrodynamic volume of the chain 
progressively changes during methanolysis. At a high degree of con- 
version, precipitation occurs,  probably due to  the association of OH 
groups. This  finally leads to  semicrystall ine polyvinyl alcohol. Before 
that, one may observed ei ther  a little expansion (see Table 3 for pure 
methanol) o r ,  if the solvent does contain THF,  a progressive coiling. 

A C K N O W L E D G M E N T  

The  authors are grateful to Dr. M. Breant for h e r  support in the 
determination of hydrochloric acid concentration in  THF-CH,OH 
mixtures. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



PICHOT, GUILLOT, AND GUYOT 

R E F E R E N C E S  

L. M. Minsk, W. J. Priest, and W. 0. Kenyon, J. Amer. Chem. 
SOC., 63, 2715 (1941). 
J. R. Roberts and M. C. Caserio,  Chimie Organique Moderne, 
Ediscience. Paris, 1968. 

- -  

F. Texier,  J .  G u e k e t ,  and B. Merah, C. R. Acad. Sci., Paris, 
C, 275, 339 (1972). 
E. A. Braude and E. S. Stern,  J. Amer. Chem. S O ~ . ,  70, 1976 
( 1948). 
R. H. Wagner, J. Polym. Sci., 2, 21 (1947) .  
R. H. Baker and F. G. Badwell, Org. Syn. Coll., 1955, 141. 
V. Chytry, B. Obereigner,  and D. Lim, Eur.  Polym. J., - 9, 493 
(1973) .  
I. Sakurada, P u r e  Appl. C h e m . , l 6 ,  263, 1968. 
I. Sakurada, Y. Sakaguchi, and S. Ishiguro, Chem. High Polym., 
- -  Tokyo, 13, 441 (1956);  17, 115 (1960). 
F. Arranz  and M. Ashraf-Tahir,  Rev. Plast. Mod., - 160, 1 
(October 1969). 
E. Nagai and N. Segane, Chem. High Polym., -- Tokyo, 12, 195 
(1955) .  
T. A. Geisman Pr inc ipes  de  Chimie Organique, Dunod, Paris, 
1965, p. 158. 

_ -  

Accepted by editor April 2, 1974 
Received for publication April 10, 1974 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


