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Dehydrochlorination of Poly(viny1 Chloride) 
in Pyridine. II. Characterization of 
De h yd roc h lori na t ed PVC 

A. K. MUKHERJEE and ACHLA GUPTA 

Department of Textile Technology 
Indian Institute of Technology, Delhi 
New Delhi 110016, India 

A B S T R A C T  

The structural changes in PVC during thermal dehydrochlori- 
nation in pyridine have been investigated. From gel permeation 
chromatography analyses, chain scission and cross-linking re- 
actions were observed. Cross-linking increased with an increase 
in reaction time and temperature, whereas the chain scission in- 
creased with dilution of the reaction solution. Infrared spectros- 
copy indicated the presence of conjugated double bond sequences 
in polymeric chains. Polyene sequences were analyzed by ultra- 
violet spectroscopy. The length of the polyene sequences and the 
total number of conjugated double bonds increased with reaction 
time. An increase in dehydrochlorination temperature lowered 
the fraction of long polyene sequences, and thus the discoloration. 
Dilution of the reaction solution decreased the polyene sequence 
lengths as well as the total number of conjugated double bonds. 
Shorter polyenes were maximum and their proportion decreased 
with increase in their length. 
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1162 MUKHERJEE AND GUPTA 

INTRODUCTION 

Dehydrochlorination of poly(viny1 chloride) (PVC) is accompanied 
by discoloration of the product. It has been shown [ 11 that discolora- 
tion is essentially due to the development of conjugated double bonds 
(polyene sequences) formed through a "zipper" mechanism in PVC 
chains. A sequence of about five conjugated double bonds is required 
to obtain the discolored material [ 21. Ultraviolet spectroscopy has 
been successfully applied for the evaluation of polyene sequence 
lengths and their distribution in polymeric chains by several workers 
[ 3-51. Attempts have also been made to follow the molecular weight 
changes by the measurement of intrinsic viscosity, [ 171, but no infor- 
mation on chain scission and molecular enlargement (branching and 
cross-linking) reactions could be obtained [ 1, 61. Introduction of gel 
permeation chromatography (GPC) has facilitated the detailed studies 
of not only the molecular weight changes but also the changes in 
molecular weight distribution (MWD) [ 71. 

in pyridine and the effect of reaction conditions on dehydrochlorina- 
tion. The present investigation deals extensively with the characteri- 
zation of dehydrochlorinated PVC (DHPVC). 

Recently we reported [ 81 the thermal dehydrochlorination of PVC 

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

M a t e r i a l s  

SR-1OA grade PVC supplied by Sri Ram - Institute, New Delhi, India, 
was used. Polymer data are as follows: Mn 43,400; mw 96,500; 

heterogeneity index (H) 2.2; [ 771 (dL/g) 1.06; weight average degree 
of polymerization (m) 1544; ultraviolet spectroscopic analysis num- 
ber, N, of polyenes having conjugated double bonds, n, of 2, 0.89; 3, 
0.30; 4, 0.10; 5, 0.04; 6, 0.03; 7, 0.01; total number of polyenes (T,) 
1.37; total number of double bonds (Dn) 3.53; percentage of double 
bonds (Pn) 0.23. 

until no peroxide could be detected [ 91. It was then distilled under 
nitrogen from metallic sodium, Twice distilled THF was used as the 
solvent for spectroscopic studies. All other reagents and solvents 
were of analytical grade. 

Tetrahydrofuran (THF) was refluxed over sodium borohydride 

D e h y d r o c  h l o r i n a t i o n  K i n e t i c s  

DHPVC was prepared by refluxing PVC in dried and distilled 
pyridine under nitrogen atmosphere. Details of dehydrochlorination 
conditions have been given earlier [ 81. 
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DEHYDROCHLORINATION OF PVC IN PYRIDINE. I1 1163 

V i s c o s i t y  M e a s u r e m e n t  

Intrinsic viscosities were measured at 30" C using an Ubbelohde 
viscometer. DHPVC samples were dissolved in peroxide-free THF 
(0.32%) under nitrogen atmosphere. 

G e l  P e r m e a t i o n  C h r o m a t o g r a p h y  

Waters Associates GPC Model 244 was used for the determination 
of mn, Mw, and MWD. The unit was operated with THF as carrier 
solvent at 25,i 3" C using Styragel columns with pore sizes of l o4 ,  
lo3 and 500 A. A flow rate of 2 mL/min and a chart speed of 0.75 
in./min was maintained in all experiments. The column combination 
was calibrated with polystyrene standards with narrow distributions. 
Polystyrene calibration was transformed to PVC calibration. 
Approximately 0.4% solution of DHPVC in THF was prepared in 
all cases. 

I n f r a r e d  S p e c  t r o s c  o p y 

Spectra were run on PVC and DHPVC films (cast from THF) 
using a Unicam SP- 1200 spectrophotometer. 

U l t r a v i o l e t  S p e c t r o s c o p y  

Absorption spectra of PVC and DHPVC solutions in THF were 
obtained by a Beckman DK-2A spectrophotometer in a 1-cm absorption 
cell. All the solutions (0.75 g/L) were carefully prepared under nitrogen 
atmosphere. 

R E S U L T S  

M o l e c u l a r  W e i g h t  a n d  M o l e c u l a r  W e i g h t  D i s t r i b u t i o n  

The molecular weight of the dehydrochlorinated PVC was evaluated 
by measuring the intrinsic viscosity as well as by GPC. The latter 
analysis also gave the MWD of the dehydrochlorinated product. From 
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1164 MUKHERJEE AND GUPTA 

TABLE 1. Changes in [ 771 and Molecular Weight Averages with time 
of Dehydrochlorination: Thermal Dehydrochlorination of PVC in 
Pyridine (41.7 g/L) at 120°C 

Dehydro- Conver- H (hetero- 

time (min) 
- geneity chlorination sion x [ T I ]  - 

index) (5%) (dL/g) Mn MW 

45 2.13 0.87 38,000 85,900 2.3 
90 3.42 0.63 23,500 66,800 2.8 

135 3.62 0.8 1 37,900 109,300 2.8 
180 4.53 0.82 81,100 192,100 2.4 

10 

0 

E, 
- 6  - 
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t- 
= 4  u 
W 
S 
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c 

ELUTION VOLUME, mi 

FIG. 1. Thermal dehydrochlorination of PVC in pyridine (41.7 g/L) 
at 120°C. Changes in MWD with dehydrochlorination time of (1) 45, 
(2) 90, (3) 135, and (4) 180 min. (-) PVC. 
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DEHYDROCHLORINATION OF PVC IN PYRIDINE. 11 1165 

TABLE 2. Changes in [ 771 and Molecular Weight Averages with Tem- 
perature of Dehydrochlorination: Thermal Dehydrochlorination of 
PVC in Pyridine (41.7 g/L) for 135 min 

Dehydro- 
chlorination Conver- 

120 3.62 0.81 37,900 109,300 2.8 
125 3.82 0.81 59,300 117,500 2.0 
135 4.14 0.81 60,600 130,900 2.2 
150 5.63 0.79 32,400 80,300 2.5 

the MWD curves the molecular weight averages were calculated and a 
comparison of these averages gave a semiquantitative measure of the 
molecular weight changes. 

C h a n g e s  i n  M o l e c u l a r  W e i g h t  a n d  M W D  w i t h  D e h y d r o -  
c h l o r i n a t i o n  T i m e  

Viscosity initially dropped with an increase in reaction time but 
then increased continuously (Table 1). 

From GPC data in Table 1 and Fig. 1 an increase in the low 
molecular weight fraction, and consequently a decrease in high 
molecular weight fraction and a shift of the distribution curve toward 
low molecular weight compared to that of PVC, was observed after 45 
min of the reaction. From these results it is evident that chain scis- 
sion reactions start at the early stages of dehydrochlorination. With 
an increase in reaction time (90 min) the effect became more promi- 
nent. Both mn and Mw decreased, but the relative drop in mn to Mw 
was high and as a result the value of the heterogeneity index increases. 
In 135 min, [v], as well as mn and M+ increased and the MWD curve 
shifted to high molecular weight. The formation of an increasing 
amount of high molecular weight material clearly reflects the onset 
of cross-linking reactions. The effect became predominant wiih a 
further increase in reaction time (180 min). The increase in Mn was 
higher than in Mw, and as a result the value of H decreases. 

V a r i a t i o n s  i n  M o l e c u l a r  W e i g h t  a n d  M W D  w i t h  
D e h yd r oc  h l  o r i n a t i  on  T e m p e  r a t  u r  e 

Initially there was no change in viscosity with an increase in re- 
action temperature, but at 150°C a slight decrease in viscosity was 
observed (Table 2). 
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I- 

L 

0 *L 15 

E L U T I O N  V O L U M E  m l  

FIG. 2. Thermal dehydrochlorination of PVC in pyridine (41.7 g/L) 
for 135 min. Changes in MWD with dehydrochlorination temperature 
of (1) 120, (2) 125, (3) 135, and (4) 150°C. (-) PVC. 

Substantial changes were obtained in Mn, mg and H with an in- 
crease in dehydrochlorination temperature (Table 2 and Fig. 2). 
DHPVC formed at 120°C showed an increase in high molecular weight 
fraction, a decrease in low molecular weight fraction, and a shift of 
the distribution curve toward high molecular weight compared to the 
parent PVC. The effect became more pronounced with an increase 
in the reaction temperature (125°C). Above 125°C the same trend 
continued but was not reflected in GPC data. The reason for this is 
that at higher temperatures, due to excessive cross-linking, much of 
the product separates as an insoluble mass and cannot be included in 
GPC studies. MWD curves for the samples prepared at 135 and 150°C 
showed the effect. 

V a r i a t i o n s  i n  M o l e c u l a r  W e i g h t  a n d  MWD w i t h  C o n -  
c e n t r a t i o n  

The viscosity decreased continuously with dilution of the reaction 
solution (Table 3). 

As can be seen (Table 3 and Fig. 3), a distinct decrease in mn, 
and a continuous shift of the distribution curve toward low molecular 
weight was obtained with dilution of the reaction solution. The formation 
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DEHYDROCHLORINATION OF PVC IN PYRIDINE. II 1167 

TABLE 3. Changes in [ 171 and Molecular Weight Averages with PVC 
Concentration: Thermal Dehydrochlorination of PVC in Pyridine at  
120°C for 135 min 

PVC concen- Conversion [ 171 - - 
H (dJ.J/g) Mn MW 

tration (g/L) x (%) 

41.7 3.62 0.81 37,900 109,300 2.8 
31.3 3.82 0.78 28,700 100,600 3.5 
28.0 4.34 0.76 26,100 83,700 3.2 
25.0 5.10 0.75 18,900 70,100 3.6 

ELUTION VOLUME, m l  

FIG. 3. Thermal dehydrochlorination of PVC in pyridine for 135 
min at 120°C. Changes in MWD with PVC concentration of (1) 41.7, 
(2) 31.3, and (3) 28.0 g/L. (-) PVC. 

of an increasing amount of low molecular weight material is perhaps 
the result of the predominance of chain scission reactions with dilu- 
tion. 

As the drop in an was always higher compared to m~ H shows an 
increase. 

In all the above cases the intrinsic viscosity changes did not follow 
the molecular weight changes closely. The reason may be because the 
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DEHYDROCHLORINATION OF PVC IN PYRIDINE. 11 1169 

TABLE 4. 

Assignments Absorption bands (cm- ') 

C-C1 stretching 615, 690 
CHZ rocking 96 0 

CH bending 1250, 1340 
CHz bending 1430 
C=C stretching 

(due to internal unsaturation) 
16 10 

C=O stretching 1740, 1780 
(arising from some oxidation of PVC 
and traces of added substances such as 
stabilizers) 

Aliphatic C-H stretching 2930 

accompanying chain scission reactions make partly successful the 
increase in molecular weight due to cross-linking by measuring [ 771, 
of the polymer solution, as observed earlier by Bengough and Sharpe 
101. 

C h a r a c t e r i z a t i o n  of P o l y e n e  S e q u e n c e s  

Infrared spectroscopy has been used to ascertain the presence of 
conjugated double bonds in DHPVC. By comparing the spectra of 
DHPVC with that of PVC (Fig. 4) i t  became evident that as  far as the 
major peaks are concerned, they.occur in the same position in DHPVC 
as in virgin PVC. The assignments of the main absorption peaks of 
PVC as well as of DHPVC are given in Table 4. 

The assignments of the absorption bands of PVC and DHPVC have 
also been discussed in the literature [ 111. 

Unlike the original PVC, however, the DHPVC also exhibited a 
band at 1635 cm-' arising from the conjugated polyene sequences. 
The presence of conjugated double bonds in infrared spectra of DHPVC 
has been shown earlier by Shindo et al. [ 111. 

To follow more closely the conjugated double bonds and their se- 
quence distribution, ultraviolet spectroscopy has been used. In the 
absorption spectra of dehydrochlorinated PVC there will be several 
bands for each molecule having n conjugated double bonds. In DHPVC, 
n will have many values. Consequently, the spectrum of dehydro- 
chlorinated PVC will be an integral of the spectra of various polyenes 
present in the dehydrochlorinated product. Therefore, i t  is very 
difficult to determine exactly the distribution of the values of n in 
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FIG. 5. Thermal dehydrochlorination of PVC in pyridine (41.7 
at  120" C. Changes in ultraviolet absorption spectra with dehydro- 
chlorination time of (1) 45, (2) 90, (3) 135, and (4) 180 min. (-) PVC. 

DHPVC. We have used the work of Daniels [ 121, Abbas [ 131, and 
Lechermeier [ 141 for indexing the peaks. Table 5 gives the value of 
the absorption coefficients and the corresponding wavelengths of the 
peaks from the literature and from our study. These values enable 
us to calculate the individual concentrations of the different polyenes. 
The concentration of polyenes having n conjugated double bonds in 
DHPVC was calculated by using Beers law: 

where d is the cell path length in cm, ex is the absorption coefficient 
corresponding to n-th double bond in L/mol cm units, Cn is the 
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2.41 

I I I I I I 
30 60 90 120 19 180 i 

DEHYDROCHLORINATION TIME rnin 

1173 

0 

FIG. 6. Dependence of percentage of double bonds, Pn (%), upon 
the reaction time. Thermal dehydrochlorination of PVC in pyridine 
(41.7 g/L) at 120" C. 

concentration of the n-th double bond in mol/L, and AX is the absorb- 
ance at the wavelength corresponding to n- th double bond absorption, 

Dividing the polyene concentration Cn by the concentration of 
DHPVC (cell concentration in mol/L), we can obtain the number of 
polyenes, N, having n conjugated double bonds in the polymer. From 
the values of N, the total number of polyenes (Tn) and the number 
(Dn) and percentage (P,) of double bonds in the dehydrochlorinated 
product can be calculated [ 151. 

C h a n g e s  i n  P o l y e n e  S e q u e n c e  L e n g t h  D i s t r i b u t i o n  
w i t h  D e h y d r o c h l o r i n a t i o n  T i m e  

Table 6 depicts that both the length of the polyene sequences and 
the total number of double bonds increases continuously (Figs. 5 and 6) 
with an increase in reaction time. 
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1175 

10 

WAVELENGTH, m y  

FIG. 7. Thermal dehydrochlorination of PVC in pyridine (41.7 g/L) 
for 135 min. Changes in ultraviolet absorption spectra with dehydro- 
chlorination temperature of (1) 120, (2) 125, (3) 135, and (4) 150°C. 
(-) PVC. 

C h a n g e s  i n  P o l y e n e  S e q u e n c e  L e n g t h  D i s t r i b u t i o n  
w i t h  D e h y d r o c h l o r i n a t i o n  T e m p e r a t u r e  

From the data in Table 7 an increase in the length of the polyene 
sequences with an increase in dehydrochlorination temperature is 
observed up to 125°C. A further increase in reaction temperature 
lowered the fraction of long polyene sequences, and thus the discolora- 
tion. The ultraviolet spectra of DHPVC prepared at 135 and 150°C 
showed the effect (Fig. 7). Table 7 also shows that with increase in 
the reaction temperature the total number of double bonds increased 
continuously up to 135"C, followed by a rapid decrease at 150°C 
(Fig. 8). 
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1.01 1 I I I 
120 130 140 150 

DEHYDROCHLDRIMTION TEMPERATURE ,'c 
FIG. 8. Dependence of percentage of double bonds, Pn (%), upon 

the reaction temperature. Thermal dehydrochlorination of PVC in 
pyridine (41.7 g/L) for 135 min. 

C h a n g e s  i n  P o l y e n e  S e q u e n c e  L e n g t h  D i s t r i b u t i o n  
w i t h  C o n c e n t r a t i o n  

Table 8 shows that with a decrease in PVC concentration in the 
dehydrochlorination reaction, both the length of the polyene sequences 
and the total number of double bonds decreases continuously (Figs. 9 
and 10). This can be attributed to the increase in chain scission re- 
actions with dilution (Table 3). 

It was observed, in general, that the shorter polyenes were maxi- 
mum and their concentration decreased continuously with an increase 
in their length. 

DISCUSSION 

For the thermal dehydrochlorination of PVC in pyridine, an ionic 
molecular elimination mechanism involving an intermediate complex 
(I) formation, due to solvent-polymer interaction, has been proposed 
in our earlier studies [ 81. 

Our present results show that an increase in dehydrochlorination 
time is followed by an increase in the total number of double bonds 
as well as in the polyene sequence lengths. Cross-linking also 
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WAVELENGTH, m p  

FIG. 9. Thermal dehydrochlorination of PVC in pyridine at  120°C 
for 135 min. Changes in ultraviolet absorption spectra with PVC con- 
centration of (1) 41.7, (2) 31.3, and (3) 28.0 g/L. (-) PVC. 
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.. 
c 
a / 

POLYMER CONCENTRATION, gl-' 

FIG. 10. Dependence of percentage of double bonds, Pn (%I, upon 
PVC concentration. Thermal dehydrochlorination of PVC in pyridine 
at 120°C for 135 min. 

increases continuously. Higher cross-linking with longer polyenes 
can only be explained by the intermolecular interaction of long conju- 
gated double bond sequences. A similar effect was observed by 
Bengough and Sharpe [ 101 who showed that after a sufficiently long 
time of dehydrochlorination even short polyene sequences may undergo 
secondary reactions, although these reactions were favored by longer 
polyenes. An increase in dehydrochlorination temperature results in 
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a less pronounced discoloration (Table 7) and increased cross-linking 
(Table 2). The connection between higher cross-linking and lower 
discoloration at  higher temperatures is explained by the fact that at 
higher reaction temperature a cross-linking reaction competes with 
the polyene propagation. A cross-dehydrochlorination mechanism 
(intermolecular elimination of HCl) as suggested by Druesedow and 
Gibbs [ 61 is in accordance with such a behavior: 

C H = C H - C H = C H - C H - C H2- 
+ HCI I 

~~vv-CH~-CCH-CH~-CH-CH-  C H W  
I 
CL 

I 
CI 

I 
CI 

Extensive cross-linking results in some insolubility [ 81 of the product. 
These results are consistent with those obtained bv Abbas and Sorvik 

in the thermal degradation of PVC in nitrogei atmosphere. 
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