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Potassium acrylate undergoes a reversible phase transformation around 335°K with an activation
energy of 133 kcal/mole. Differential scanning calorimetry and high temperature X-ray powder diffrac-
tion techniques have been used to probe this phenomenon.

Introduction

Gamma radiation induced solid state
polymerization reactions of vinyl mono-
mers have been the subject of several inves-
tigators (/-7). Morawetz and Rubin have
studied similar polymerization reactions
with alkali acrylates and methacrylates (2).

heir results are similar to those of other
workers including the data on activation en-
ergy for the propagation reaction. How-
ever, a closer analysis of their activation
energy plot for potassium acrylate (p. 671)
reveals that the value at 333.3°K departs
significantly from the main plot data curve
(beyond experimental error). In fact the au-
thors themselves have pointed out this
anomaly. It is therefore appropriate to un-
derstand why the polymerization reaction
at this temperature is different from that at
other temperatures. One possible reason
could be that the monomer, potassium ac-
rylate, undergoes a crystal phase transition
close to the temperature of the reaction. In
solid state reactions involving solids which
undergo phase transitions it is very well

known that the reaction rates undergo a
drastic change at the phase transition tem-
perature (8, 9). The crystal structure of po-
tassium acrylate at room temperature is
orthorhombic (/0) with space group P;3,2,.
The objective of the present work is to
check for a possible phase transition in po-
tassium acrylate near 333°K.

Experimental

Freshly distilled acrylic acid was slowly
added to a cooled solution of potassium hy-
droxide in methanol to the phenolphthalein
endpoint. A slight excess of acid was added
and the salt was precipitated by acetone
and filtered. The salt was then purified by
recrystallization from saturated methanolic
solution by acetone vapors in a closed con-
tainer.

Phase transformation studies were car-
ried out using Du Pont 990 differential scan-
ning calorimeter at heating and cooling
rates of 2°C/min. The DSC instrument was
calibrated with standard samples such as
benzoic acid, naphthalene, and indium for
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temperature and enthalpy output. The frac-
tion of material transformed at a particular
temperature was calculated by finding the
ratio of the area of the portion of the DSC
thermogram at that temperature relative to
the total area of the peak.

The peak temperature T, the departure
temperature Ty, and the intersection tem-
perature T; were determined for the phase
transformation as described elsewhere (/1,
14).

Wide angle X-ray diffraction (WAXD)
scans were obtained with a Philips PW
1050/70 vertical goniometer employing a
high temperature attachment.

Results and Discussion

Potassium acrylate undergoes an endo-
thermic change near 337°K during heating
at 2°C/min heating rate (Fig. 1a). This endo-
therm is due to a crystal phase transforma-
tion as (i) the sample does not undergo any
weight loss as shown by Stanton Redcroft
thermogravimetry measurement, (ii) the
sample does not melt as is evident from the
visual observation using hot stage micros-
copy at the temperature of interest. In fact

TEMPERATURE (* K)
323 333 343 353

T T T T T T T

TEMPERATURE (K)
341 336 I 326 32
T T T T

{b)

FiG. 1. DSC traces of potassium acrylate. Heating/
cooling rate: 2°C/min.
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TABLE 1

X-RaY DIFFRACTION DATA ON
POTASSIUM ACRYLATE

Temperature Temperature

298°K 298°K
20 d 26 d
(deg) (A) (deg) (A)
229 3.88 22.1 4.02
25.2 3.53 23.0 3.86
26.1 3.41 23.6 3.77
27.5 3.24 26.1 3.41
28.4 3.14 26.4 3.38
30.0 2.98 27.2 3.28
324 2.76 28.35 3.15
33.9 2.64 31.6 2.83
36.8 2.44 353 2.54
39.6 2.28 36.8 2.44
40.7 2.22 39.0 2.31
42.4 2.13 39.8 2.26
4.3 2.04 42.0 2.15
45.4 2.00 45.4 2.00
46.2 1.97 46.0 1.97
46.8 1.94 49.9 1.83
49.9 1.83

the thermal event at 337°K observed in the
DSC scan of potassium acrylate is revers-
ible. The sample further undergoes an exo-
thermic change during the cooling scan at
the cooling rate of 2°C/min from 363°K (Fig.
1b).

In order to ascertain whether structural
change occurs or not during the transforma-
tion, WAXD scans (CuKa) were recorded
for a potassium acrylate sample at room
temperature (298°K) and at 358°K (Table I).
From the fact that the X-ray diffraction pat-
terns taken at room temperature and at
358°K are different, it is evident from Table
I that potassium acrylate undergoes a phase
transformation.

A closer look at Figs. 1a and b shows that
there is considerable hysteresis during the
phase transformation due to the strain in-
volved in the reversible phase transforma-
tion, as in sulfates and perchlorates, and
similar materials (//-14). This is further ev-
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TABLE II
DSC DATA ON PHASE TRANSFORMATION OF POTASSIUM ACRYLATE

°K kcal/mole
T Tf TS Ty Tr T, AH' AHT E, E,
326 337.25 339.75 338.5 337.25 331 0.54 0.58 133.3 406.2

ident from the hysteresis loop constructed
(11) (Fig. 2) from DSC peaks from the frac-
tion of material transformed at different
temperatures in the forward and reverse di-
rections.

From the DSC curves the peak tempera-
ture T,, the departure temperature Ty, and
the intersection temperature T; were deter-
mined for both the forward (Fig. 1a) and
reverse (Fig. 1b) transformations the values
are summarized in Table II. The energy of
activation, E,, was calculated by the
method of Piloyan (/5) to be 133.0 kcal/
mole (Table II), with an uncertainty of
+15%. The strain energy for the phase
change has been calculated by the method
suggested by Rao and Rao (//) and it was
found to be 406.2 kcal/mole (Table II),
which is in reasonable agreement with that
obtained for salts such as sulfates and per-
chlorates, and the like (//, /4). From the
areas of the endothermic and exothermic
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FiG. 2. Hysteresis loop for potassium acrylate phase
transformation.

peaks, the enthalpy change for the forward
and reverse transformations has been cal-
culated and is presented in Table 11.

Thus, the data of the present investiga-
tion show that potassium acrylate under-
goes a reversible phase transition with an
activation energy of 133 kcal/mole.
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