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ABSTRACT: The thermodynamic parameters of the ring-opening polymerization of 
3--hydroxy--1--propane sulfonic acid sultone were studied. 

When quinoline was used as an initiator, the polymerization proceeded through a 
macrozwitterion mechanism, and an equilibrium between monomer and polymer was 
observed. 

On the basis of the concentration of monomer in the equilibrium system, the heat 
and the entropy of polymerization were obtained from the relationship of Dainton and 
Ivin. 

1 [Ml =,l__ flHp _ f1S 0 p 
n •e T R R 

flHp= -5.5 kcal/mo!, f1S0 p= -19.1 cal/deg mol 

KEY WORDS Thermodynamic Parameter / Sultone / Macrozwit--
terion / Equilibrium Monomer Concentration/ Heat of Polymeriza
tion / Entropy of Polymerization / 

The ring-opening polymerization of sultones, 
cyclic sulfonic acid esters, has been reported. 1 

A five-membered sultone, 3--hydroxy--1--propane 
sulfonic acid sultone (PS) (I), could be poly
merized, but a six-membered sultone, 4--hydroxy--
1--butane sulfonic acid sultone (BS), could not 
be polymerized.2 

The ring-opening reaction of PS is known to 
proceed via an SN2 reaction between the 
sulfonate anion of the propagating species and 
the monomer, in conformity with the alkyl
oxygen cleavage. 

Equilibrium between monomer and polymer 
was observed in this polymerization (eq 3). 

The polymerization of PS was assumed to be 
initiated by zwitterion (II), which was formed 
by the addition of PS with tertiary amine as a 
initiator (eq 1); then an anionic living poly
merization through macrozwitterion (Ill) was 
presumed (eq 2).3 

(I) (II) 

(II)+ n(I) ----==---, 
----+ 

R3N±-f--CH2CH2CH2SO2O--f,,CH2CH,iCH2SO2O-
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( 2) 
(III) 

R3N±-f--CH2CH2CH2SO2O--1n=r-CH2CH2CH2SO2O-

+ (I)~ R3N±+CH2CH2CH2SO2O--1;, 
( 3) 

In the present study, the thermodynamic 
parameters of polymerization of PS were 
determined from the measurement of the heat 
of ring-opening polymerization (-LJHp) and the 
entropy change (JS 0 p) from the residual 
monomer conc·entration in the equilibrium 
system. 

RES UL TS AND DISCUSSION 

The bulk polymerization of PS was carried 
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out at several temperatures using quinoline as 
an initiator. The monomer-polymer equilibrium 
in the PS polymerization at various temperatures 
was established within 3 to 48 hr of polymeriza
tion. The results are shown in Table I. 

Table I. Equilibrium monomer concentrations for 
ring-opening polymerization of 3-hydroxy-1-

propane sulfonic acid sultonea 

Temp, Conversion, 
96 

70 59.0 
80 47.5 
90 34.0 
95 26.0 

100 22.0 
110 14.0 

mp, oc 

112-117 
111-113 
108-112 
97-104 

105-110 
97-104 

0.10 
0.08 
0.07 

0.07 

Equilibrium 
monomer 

concentration 
[M]e, mol// 

4.58 
5.82 
7.26 
8.07 
8.53 
9.44 

• Polymerization was carried out with quinoline 
without solvent. PS 1.45 g; Quinoline, 0.075 g. 

b C=0.5 g/100-m/ DMSO at 30°C. 

um are given in Table I., and the conversion 
to polymer at equilibrium vs. temperature are 
plotted in Figure 1. 

A value of the ceiling temperature for in bulk 
polymerization of PS, T0 =110±5°C, was derived 
from the curve in Figure 1. However, a slight 
amount of polymer was obtained at the ceiling 
temperature. 

Figure 2 shows the NMR spectrum of the 
polymer formed with quinoline initiator at 80°C. 
The NMR peak at -r 5.l(a), 6.9(c), and 7.4(b) 
is assigned to the quinoline ion group at the 
end of the polymer chain, which is derived 
from quinoline in the initiation of polymeriza
tion. 

,,,;-"N±...CH2CH2CH2S020+CH2CH2CH2S020--t-
"'- / n <=> a b C 

-CH2CH2CH2S020-

The concentrations of monomer at equilibrium 
were calculated from the difference between the 
original monomer and the obtained polymer. 10 

The monomer concentrations ([M]e) at equilibri-
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Figure 1. Polymer amount in polymerization at 
varying temperature. 
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Figure 2. The NMR spectrum of polymer formed 
at 80°C. (DMSOd-6) 

DMSO 

l 

10 5 0 
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Figure 3. The NMR spectrum of polymer formed 
at l l0°C. (DMSOd-6) 

Figure 3 shows the NMR spectrum of the 
polymer formed by quinoline initiator at 110 °C. 
A striking difference between the polymer formed 
at 1 l0°C and the polymer formed at 80°C is 
the absence of the NMR peak due to quinoline 
protones at the end of polymer chain. The 
NMR peaks of methylene due to PS units in 
polymer chain were broad compared with those 
of Figure 2. Thus, it was difficult to believe 
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that the structure of the polymer formed at 
higher temperature was the same as that of the 
polymer formed at 80°C. It was predicted that 
a polymer having the complicated structure 
would be produced by isomerization to the 
vinyl sulfonic acid derivative of PS during the 
polymerization at higher temperatures. 2 •4 

Dainton and Ivin derived the relationship of 
the equilibrium monomer concentration ([M] 0 ), 

the temperature of polymerization (T), the heat 
of polymerization (-JHp), and the entropy 
change (JS0 p) for [MJ0 equal to l mol/l. 5 

ln [M] 0 = j:P - j~
0 

P ( 4) 

Figure 4 shows that the data of Table I give 
a linear relationship of ln [M] 0 against 1/T, as 
expected from eq 4. 
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Figure 4. Logarithm of the equilibrium monomer 
concentration plotted against reciprocal tempera
ture for 3-hydroxy-1-propane sulfonic acid sultone. 

The heat of polymerization obtained from this 
relationship (-JHp) is 5.5 kcal/mol, and the 
corresponding entropy value (JS 0 p) is -19.1 
cal/deg mol. The values of JHp and JS 0 P for 
the ring-opening polymerization of PS, tetra-
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Table II. Thermodynamic parameters of tetra
hydrofuran, 1, 3-dioxolane and 3-hydroxy-1-

propane sulfonic acid sultone 

t1Hp ,1s0 P Ref 
(Kcal/mo!) (cal/deg mol) 

CH2CH2 

I ' -20.8 6 0 -5.5 
/ 

CH2CH2 
CH2-0 

I ' -18.6±1.2 CH2 -5.1±0.2 7 
/ 

CH2-0 
CH2CH2 

I ' -19.1 0 -5.5 
/ 

CH2S02 

hydrofuran, 6 and 1, 3-dioxolane7 are shown in 
in Table II. 

Each value for PS was comparable to those 
for tetrahydrofuran and 1, 3-dioxolane. Thus 
thermodynamic considerations indicated that the 
polymerization of PS had resembled that of 
cyclic ether. This character for PS can be 
explained on the basis of the following factors. 
The conformation of the PS ring was similar to 
that of tetrahydrofuran, which originated from 
the tetrahedral structure of the sulfone group 
(-S02-) in the sultone ring. Also, the ring
opening reaction of PS occured via alkyl
oxygen cleavage by a nucleophilic attack the 
sulfonate anion on the 0-methylene group 
(eq 5). 

H, /-"'/'O 
- S020- ------ C S -----> 

H/ "'o/'\.o 
-S020CH2CH2CH2S020- ( 5) 

From the above, the driving force of the 
ring-opening polymerization of PS is attributed 
mainly to the strain from the eclipsed con
formation of hydrogen atoms on the monomer 
ring, similar to the case of five-membered cyclic 
ether. 

The ring-opening polymerization of BS, six
membered cyclic sulfonic acid ester, was not 
observed because the strain energy was dis
sipated by the staggered conformation of the 
vicinal carbons similar to the case of six
membered cycloalkane. 
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EXPERIMENTAL 

The monomer PS was a commercial reagent, 
which was dried by sodium sulfate and purified 
by the repeated distillation under nitrogen 
atmosphere. bp 129.5-131.0°Cj8.5-9 mmHg. 
(mp 34-35°C); NMR (CDC13) o 2.65 (m, 2 H, 
-CH2-), 3.23 (t, 2 H, -CH2SO2-), 4.48 (t, 
2 H, -CH2O-). The catalyst, quinoline, was 
purified by distilation over sodium hydroxide 
under dry nitrogen, bp ll9°Cj23 mmHg. 

Polymerization were carried out in a sealed 
tube. PS was placed into a glass tube and was 
dried under high vacuum. Then the glass tube 
was filled up by dry nitrogen gas. To this 
solution quinoline was added with a microsyring 
as the initiator. After the glass tube was sealed, 
the glass tube was left in the thermostat for the 
required time. 

After polymerization, the reaction mixture 
was poured into excess methanol, and the 
precipitated polymer was separated by filtration, 
washed with methanol, and weighed. The 
residual monomer was recovered by the evapora
tion of methanol from the filtrate; the produc
tion of other compounds was negligible. 

The monomer concentration was calculated 
from the density of PS, which was determined 
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at each temperatures with a pycnometer; the 
results are shown in Table III. 

Table III. Density of 3-hydroxy-1-propane 
sulfonic acid sultone 

Temp, °C 60 80 100 120 

1.372 1.355 1.335 1.317 
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