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Ester- Es t er Exchange React ions 
of Aliphatic Polyesters 

I. LUDERWALD 

Institute of Organic Chemistry 
University of Mainz 
Postfach 3980 
D 6500 Mainz, W. Germany 

A B S T R A C T  

The kinetics of ester-ester exchange reactions of poly(ethy1ene 
adipate) and poly(trimethy1ene adipate) a t  312°C and in the 
absence of a solvent and catalysts has been reported previously. 
Independent investigations of the thermal degradation reactions 
of these polyesters under high vacuum have shown that pyrolysis 
already s ta r t s  above 270°C. An ester-ester  exchange niech- 
anism via a reversible thermal degradation reaction is pro- 
posed. 

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

The kinetics of ester-ester exchange reactions of poly(ethy1ene 
adipate) (A), and poly(trimethy1ene adipate) (B), was reported by 
Ramjit and Sedgwick [ 11. These authors heated physical mixtures 
of these polyesters in the absence of catalysts and a solvent a t  
299-312°C and used mass  spectrometry to follow the increase of AB 
units (m/e 359) and the decrease of AA (m/e 345) and BB units 
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(m/e 373) in the polymers. They presumed the thermal stability of 
these polyesters in the range of 300-400°C and calculated the rate 
constants of the ester-ester exchange reaction and the corresponding 
Arrhenius parameters from the mass spectral data. 

R E S U L T S  AND DISCUSSION 

The thermal degradation reactions of poly(ethy1ene adi ate) poly- 
(trimethylene adipate) [ 21, and other aliphatic polyesters$3-5) by 
direct pyrolysis in a mass spectrometer have been previously 
described. In contrast to the assumption of Ram'it and Sedgwick [ 13, 
these polyesters decompose thermally at  280°C ((A),] and 270°C 

[ (B),], and degradation rates  of 0.5-1.0%/min (% loss of polymer/ 
min) have been approximated about the total ion current. The pyroly- 
sis mass spectra of poly(ethy1ene adipate) and poly(trimethy1ene 
adipate) a re  shown in Fig. 1, and the favored thermal degradation 
reaction at these conditions (high vacuum) is the cleavage of the ester 
bond [ Eq. (111. 

The subsequent electron impact- induced fragmentation of the 
pyrolysis products yields mainly carboxonium ions with a thermally 
formed ketene and hydroxyl end group [ Eq. (2)] . 

H 

\ /  
C 

--CO-(CH2)3-CH ') O-(CH2)x--U-CO-(CH2)4-C0 - 
6 1  

270-280°C 

x = 2: 173(0) 345(1) 517(2) 

x = 3: 187(0) 373(1) 559(2) 
m/e 111 m/e(n) 
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Qualitative pyrolysis experiments of poly( ethylene adipate) and 
poly(trimethy1ene adipate) a t  reduced ( - 20 T o r r )  o r  normal pressure 
(under nitrogen) show a decomposition r a t e  which is less than one 
tenth that in high vacuum Torr).  In addition, corresponding 
experiments with polycaprolactone at  220" C indicate that a t  a pressure 
of 80 Torr a decomposition r a t e  of 0.05 %/min and the favored forma- 
tion of monomeric caprolactone is found [ 61, whereas a t  the same 
temperature in high vacuum, pyrolysis proceeds at  a r a t e  of - 1 %/min 
via the cleavage of the ester  bond into ketene and hydroxyl end groups 
[ 31. To explain this difference in behavior, it might be supposed that 
the thermal cleavage of the ester  bond is an equilibrium reaction, 
of which degradation products with the reactive ketene and hydroxyl 
end groups can only be separated in high vacuum [ Eq. (311. 

A 
- - C O - ( C H ~ ) ~ - C O + ( C H ~ ) ~ ~  - ==I= 

R-CO-(-CH2-f3CH=C=0 + HOtCH2-ff;O-R' ( 3 )  

1 high vacuum 1 
Consequently, if the cleavage of the ester  bond during thermal decom- 
position of poly(ethy1ene adipate) and poly(trimethy1ene adipate) in 
high vacuum is even observed at  27O-28O0C, an ester-ester  exchange 
reaction a t  312°C may be imaginable by the cleavage of the poly- 
e s t e r s  (A), and (B)n, corresponding to Eqs. (4) and (6)  and an intra- 
molecular back reaction [ Eq. (511. 

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

The experimental data of the pyrolysis-mass spectrometry of 
poly(ethy1ene adipate) and poly(trimethy1ene adipate) have been re- 
ported elsewhere [ 21. The polyesters were prepared from the 
dimethyl ester of adipic acid and glycol and propanediol [ 71. 
Molecular weights of approximately 12,000 were determined by the 
viscometric method. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ESTER-ESTER EXCHANGE REACTIONS 
h h 

v 
In -Y 

v 

X 
+ 
0 

I1 u 
I1 * 
x m  

i u  + 
4 A- - 

d 
% 
f 0 

74 

4 
+ 
c 

h 

u ED 

I 

X 

0 
II 

+ 

u 
74 

I1 

A- 
E Q  

I 

f 0 
u 

I 

I1 

873 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



874 LUDERWALD 

R E F E R E N C E S  

[ 13 H. G. Ramjit and R. D. Sedgwick, J. Macromol. Sci.-Chem., 
A10, 815 (1976). 

[ 21 m d e r w a l d  and H. Urrutia, Makromol. Chem., 177, 2093 (1976). 
[ 31 I. Luderwald, Makromol. Chem., 178, 2603 (1977). 
[ 41 H. R. Kricheldorf and I. Luderwald,Makromol. Chem., e, 421 

( 1978). 
[ 51 E. Jacobi, I. Luderwald, and R. C. Schulz, Makromol. Chem., 179, 

429 (1978). 
[ 61 S. Iwabuchi, V. Jaacks, and W. Kern, Makromol. Chem., 177, 

2675 (1976). 
[ 71 D. Braun, H. Cherdron, and W. Kern, Praktikum der makro- 

molekularen organischen Chemie, Huthig-Verlag, Heidelberg 
1966, p. 186. 

Accepted by editor December 1, 1978 
Received for publication December 11, 1978 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


