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Abstract. The phase relationships involving the two known polymorphs of acesulfame have been determined

from experimental data through topological arguments based on the Clapeyron equation. It is found that the

resulting topological P-T diagram, in which the behavior of acesulfame form II becomes monotropic at higher
pressure, resembles that the “paradigmatic* Sg dimorphism.

1 Introduction

The potassium salt of Acesulfame is widely used as a
caloric-free sweatener. Acesulfame (Figure 1) exists in
the solid state in the form of two polymorphic
modifications whose crystal structures and thermal
behavior have been reported [1].
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Fig. 1: Acesulfame chemical formula

2 Experimental
The data reported in ref.[1] are:

Monoclinic P2,/c form I melts at 395 K (AgH(I) = 132.4
J.g"). Triclinic P-1 form II transforms endothermically
into form I at 356 K (Ay,H = +5.4 J.g'l). Specific
volumes vs. T (Figure 2) determined from densities show
that v(I) > v(II).

v(I)/em® g' =0.5981 + (7.0263 x10” x T/K)

v(II) /em® g =0.5545 + (1.0203 x10™ x T/K)
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Fig. 2. Specific volumes of Acesulfame Forms I and II

3 Results

With these data, the slope of the P-T curve for transition
II-I takes the value 4.7 MPa.K™! using Ay, v = 0.0323
em’.g” at 356 K.

Assuming that Aggv ranges within 1.05 to 1.10 times v(I)
at Tg(I), which appears to be a reasonable estimate [2, 3,
4], the slope dP/dT of the P-T curve for equilibrium I-
liquid is found to be within 10.7 and 5.4 MPa.K™, i.e.
greater than dP/dT(II-I). The I-II and I-liquid equilibrium
curves should subsequently converge to triple point I-II-
liquid, thus located at high pressure.
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It is to be kept in mind that the II-liquid equilibrium
curve should pass through this triple point, with which it
shares two common phases. In addition, taking into
account the alternation rule, it should be inferred that the
dP/dT slope of the II-liquid equilibrium curve should be
smaller than that of the I-liquid curve and greater than
that of the I-II equilibrium curve.

Using calculated values for the (vapor) pressure of the
liquid-vapor equilibrium curve [2], and assuming that the
melting point of form I approximates triple point I-liquid-
vapor, the location of the II-liquid—vapor triple point can
be estimated as follows (see Figure 3).

The vaporization enthalpy and the temperature of the
boiling point of the melt are calculated with ACD/Labs
software [2]: A, ,H = 64.6 kJ.mol™, Tb =590 K.

Fig. 3. Relative positions of triple points I-L-V, II-L-V and I-1I-
V (L = liquid, V' = vapor) and equilibrium curves involving the
vapor phase. Filled circles: stable triple points, Half-filled
circle: metastable triple point.

Assuming that Ay,H, AgH(I) and Ag,nH(I) are
independent of T, the vapor pressures of the condensed
phases are calculated with

LnP = -(AH/R.T) + B

Since Py, = Pyl at T(I-L-V), Pyl = Pgll at T(-1I-7),
AsubH(I) = AvapH + AfusH(I) and AsubH(H) = AsubH(I) +
An_H, the sublimation curves for forms I and II can be
calculated. Then by equating Pyl and P, the
temperature of triple point II-L-V, ie. virtually the
melting point of form II, is found to be lower by about 4
degrees than the melting temperature of form 1.

Disregarding the real values for the coordinates of triple
point I-II-L, the topology indicates that the thermal
behavior of form II, which is enantiotropic at “ordinary”
pressure, should become monotropic at higher pressure.

4 Concluding remarks

The present case of dimorphism is shown to be related to
Roozeboom’s case 1 (i.e. the “paradigmatic* diagram of
dimorphic Sg) of P-T diagrams that illustrate the
relationships involving two polymorphs. It may thus be
concluded that the topological method connects thermal
behavior of polymorphs to one of Roozeboom’s four
cases [5], by taking pressure into account.

Nevertheless, experimental studies are indispensable to
verify topological inferences.
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