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The aim of this article is to study and characterise materials with more than one solid phase,
which are called polymorphs. In this article three different substances with dimorphism, three with
trimorphism and one with tetramorphism are presented. The topological (qualitative) pressure-
temperature phase diagram (P-T phase diagram) of the different substances has been drawn using
the experimental data provided by the Group of Characterization of Materials (GCM) at EEBE.
In order to verify and computerise the results of the P-T phase diagrams, a software tool has also
been developed which can quickly and easily be used to solve the dimorphism cases.

I. INTRODUCTION

In materials science, the term polymorphism refers to a
phenomenon in which a material can exist in more than
one solid phase. These solid phases have different ar-
rangements or conformations of the molecules in the crys-
talline lattice under different conditions of temperature
and pressure.

Polymorphism is a very common phenomenon in the
pharmaceutical industry and is important in the develop-
ment of drugs, which can exhibit solid state diversity and
this can influence its solid state properties. The main
factors that are affected are the dissolution properties
and the solubility of the different crystalline forms, both
properties being crucial factors for the final active phar-
maceutical ingredient.

We are mainly interested in polymorphisms appearing
in thermodynamically simple systems, i.e. systems that
can be described by two variables (e.g. pressure and tem-
perature). In order to know the different phases of this
polymorphism and study their stability, the P-T phase
diagram has to be drawn.

Figure 1. Intersection of Gibbs surfaces.

Gibbs free energy has temperature and pressure as nat-
ural variables g(T, p). This relation can be expressed with

the differential equation dg = −sdT + vdp, with s and
v being the entropy and the volume. Equilibrium be-
tween two phases is achieved when g(T,p) of both phases
are equal and all lines in which two phases coexist must
satisfy Clausius-Clapeyron relation, which states:

dp
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=

∆s

∆v
=

∆h
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where h is the enthalpy and ∆ refers to the variation
of the magnitudes at the phase transition between the
involved phases.

The curves of the P-T phase diagram come from the in-
tersections of the Gibbs surfaces. For example, L-v curve
(the curve where liquid and vapour coexist in equilib-
rium), is the projection (in the P-T plane) of the intersec-
tion between the G surfaces of the liquid and the vapour.
Furthermore, the intersection between three Gibbs sur-
faces gives a triple point (see Figure 1).

As a side note, it can be derived from simple combina-
torics that for a pure compound (simple system), which
has n polymorphs (in addition to one liquid and one
vapour phases), the number of triple points (C) is given
by C =

(
n+2

3

)
. This means that for the case of dimor-

phism (n=2) there are 4 triple points, for trimorphism
(n=3) 10 triple points and for tetramorphism (n=4) 20
triple points. This implies that the task of constructing
topological P-T phase diagrams for even relatively small
n can become an exhausting task.

Moreover, for a given system at given constant P and
T, the stable phase is that with the minimum value of
the Gibbs function. Each polymorph has different stabil-
ities and may spontaneously convert from a metastable
form to the stable form. But in some cases, a substance
may stay on a metastable phase for long periods of time,
even when subject to strong perturbations. This is the
main point of studying the metastable transitions and
triple points, since there are situations where we might
be working with substances on those phases.

Furthermore, it has to be noted that, in many situa-
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tions, we are only interested on the qualitative relations
(the relative stability) between the different phases, that
is, the topological diagram, where the evaporation and
sublimation curves are drawn as straight lines instead of
their real shape, which obeys ln(p) = A−B/T . This can
be proven to be able to give an equivalent diagram in
terms of the relative stabilities of the phases. Moreover,
the scale is changed in a way that enables us to better
observe the overall qualitative picture.

It has to be said that in order to compute all the un-
known curves, the transition enthalpies have been con-
sidered constant, as well as the quotient ∆s

∆v = ∆h
T∆v for

the equilibrium curves between two solid phases or be-
tween a solid phase and the liquid one, which means that
these lines have constant slope. Furthermore, the sub-
limation and evaporation curves have been modelled as
ln(p) = A−B/T where A and B are constants. Addition-
ally, if in any situation we do not know the L-v or solid-v
equilibrium curves, we can consider they are all degener-
ated at zero pressure, and will obtain similar results in
most of the cases since all the solid-solid-solid and solid-
solid-liquid triple points are either unreachable (negative
pressure) or occur for pressures much greater than the
equilibrium lines with the vapour phase. This will gener-
ally give a somehow accurate temperature for the triple
points involving the vapour phase. However, in order to
determine the relative stabilities of the evaporation and
sublimation equilibrium lines, we need to consider the
enthalpy changes in the liquid-solid transitions (which is
the procedure used in the 2nd trimorphic substance that
has been analyzed).

II. P-T PHASE DIAGRAMS

A. Dimorphisms

Dimorphism is the simplest case of a simple system in
which two different solid phases (the polymorphs), be-
sides the liquid and the vapour states, can emerge.

Figure 2. Different cases of dimorphism [1].

Depending on the curves of the P-T phase diagram,

there can be four cases concerning the relative stability
of the two solid phases, as it can be seen in Figure 2.

The different topologies result in different cases for the
stability of the solid phases. For example, for case 4,
only one polymorph is stable for the whole pressure and
temperature domain, the second polymorph being always
metastable, a case known as “overall monotropy” [2].
Moreover, the position of triple points is also relevant,
some of them can be stable and some metastable, and
they can be reachable or not (negative pressure or tem-
perature).

We have analysed three different substances that rep-
resent some of the cases of dimorphism. From the data
provided by the GCM we have found the stable and
metastable domains within the P-T phase diagram of
the different phases [3]. For this instance we should
notice that the equilibrium lines are between phases of
the same stability degree, that is to say, from a stable
phase to another stable one, from a metastable to an-
other metastable, etc. Though this may change when
encountering a triple point. In this sense, the equilibrium
lines can be classified according to the stability degree of
the phases between which it marks the transition.

In order to find the stability of the different equilib-
rium lines, which in fact accounts for the stability re-
gions of the different phases, a simple set of rules is ap-
plied. At infinite temperature, the liquid-vapour coex-
istence line is stable; the stability degree of the curves
does not change between triple points; and the segments
originating at a triple point (6 segments) rotationally al-
ternate between two adjacent stability degrees (stable-
metastable, metastable-supermetastable, ...). This last
statement can be deduced in the following way: assum-
ing the contrary, an equilibrium line would appear from
a stable phase to a metastable one, which we have stated
to be impossible.

Dimorphism 1:

Figure 3. P-T phase diagram of the first dimorphism. Corre-
sponds to the 3rd case of Roozemboom [1].
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For this compound we had data of three of the curves
(I-L, I-v and II-L), the volume of the solids depending
on T and the changes in enthalpy ∆HI−L, ∆HII−L and
∆HI−II .

In order to find the I-II equilibrium curve, we first find
the triple point I-II-L as the intersection of the curves I-L
and II-L. To calculate the I-II slope we use the Clausius-
Clapeyron relation.

In the data, ∆HII→I was given and there were also the
expressions for the volume of both solid phases depending
on the temperature. This way the slope is calculated so
we can draw the equilibrium curve I-II passing through
the I-II-L triple point.

For the liquid-vapour equilibrium we assume it can
be described by a curve ln pL−v = A − B

T , where B

can be determined as B = ∆H
R (∆Hl−v is calculated as

∆H(I − v) − ∆H(I − L)). To calculate the parameter
A we impose that the curve must cross the triple point
I-L-v, calculated as the intersection of the curves I-L and
I-v.

Finally, the curve corresponding to the equilibrium II-v
is calculated starting from the triple points II-L-v (inter-
section of II-L and L-v) and I-II-v (intersection of I-v and
I-II).

With the described procedure we obtain all the infor-
mation we need in order to draw the P-T phase diagram
of the first substance (Figure 3). Observing this P-T
phase diagram we can conclude that both solid phases
have their own stability domain, although at normal pres-
sure only phase I displays a stability domain [4].

Using a procedure similar to the previous one we can
also obtain the P-T phase diagram for the two other cases
of dimorphism.

Dimorphism 2 and Dimorphism 3:

Figure 4. P-T phase diagram of the second dimorphism. Cor-
responds to the 4th case of Roozemboom. Only the phase I
is stable, while phase II does not have any stability domain
(overall monotropy) [5].

Figure 5. P-T phase diagram of the third dimorphism. Cor-
responds to the 2nd case of Roozemboom. Phase II is the
stable one in normal conditions.

B. Trimorphisms and tetramorphism

As it was explained before, there are 10 triple points in
the case of trimorphism and 20 in the case of tetramor-
phism. Although these cases can represent a supplemen-
tary difficulty [6], the previously described procedure can
be equally used because stability is a relative feature es-
tablished between two phases, whatever they are.

Trimorphism 1

Trimorphism 2
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Trimorphism 3

Tetramorphism

III. SOFTWARE

In order to ease the construction of a topological phase
diagram, a software tool has been developed. This has
been done exclusively for the case of dimorphism, but
it can be used for cases in which more than two solid
phases are involved, because they can be also analysed
by studying the relative stability between two phases [7].

The user interface (UI) is very user-friendly, which
means that one can reach the main functionalities of the
system (such as calculating the stability regions of our
compound) very intuitively. Once we have introduced
a name for our compound, the UI allows us to easily
enter all the available experimental data, which enables
to proceed with the calculation (Figure 6). In the
example showcase, we have entered information about
Vapor-Solid1, Vapor-Solid2, Liquid-Solid1 and Liquid-
Solid2 , which have been marked in green, and the
program has calculated information about Liquid-Vapor
and Solid1-Solid2, which have been marked in yellow.
”More information” provides details of the calculated
triple points, ”View Graphic” displays all the involved
equilibria. Once all the information is entered in the

system, ”Stable Diagram” button shows the stability
regions of our compound.

Figure 6. User Interface with experimental data introduced.

Figure 7. Stability diagram calculated for our example show-
case. It consists on an enantiotropic dimorphism.

IV. CONCLUSIONS

Polymorphism is a widespread and common phe-
nomenon in the fields of chemistry, biology and materi-
als science and the knowledge of the topology of certain
materials can become crucial: from the solubility of a
drug which alters its effectiveness, to the physical prop-
erties of a construction material used in aerospace appli-
cations. Therefore, the construction and understanding
of P-T phase diagrams is an extremely important tool,
and we have been able to understand and apply the basic
thermodynamics behind them to draw from the basic di-
morphisms, which can be summed up in just four cases,
to the tetramorphisms, which have an incredibly larger
variability.

On this line, the software developed can be very useful
to obtain quickly and easily the P-T phase diagrams of
different dimorphisms.
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