Phase Transition in 3-Alanine Amino Acid Crystals
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Abstract

Single B-alanine crystals are grown by a triple cross-crystallization from the saturated
aqueous solution of chemically pure -Ala powder and then dried in the vacuum thermostat
at 340K. B-Ala single crystals belong to the point group of symmetry mmm at the room
temperature. It is found that the temperature dependences of thermal expansion and the
optical manifest anomalous behaviour at T=204K, thus testifying the existence of phase
transition at this temperature. The temperature hysteresis of the Curie temperature 7, means
that the phase transition in [-Ala crystals is of the first order. The spontaneous
deformations and birefringence increments calculated by us depend linearly on temperature.
It is shown that the phase transition in B-Ala crystals could be ferroelectric or higher-order
ferroic.
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Introduction

The present paper is devoted to studies of phase
transitions in biological crystals. We have repor-
ted in our previous works [1] the results concer-
ning the growth and the optical microscopy stu-
dies of lysozyme protein crystals. However, the-
se crystals have been too small in size and tem-
perature instable, thus hindering us from clarifi-
cation of the phase transition availability. In the
present work we have chosen structurally simp-
ler biological crystalline compound, the amino
acid B-ala crystals [2-6]. Molecule of B-Ala is
extended along the C-C-N skeleton, with COO"
and NH;" terminal groups, and it consists of 13
atoms. The B-Ala crystallizes in the space group
Pbca (D, ), with 8 molecules in the unit cell. At

the room temperature these crystals belong to
the point group of symmetry mmm [11]. As far
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as we know there are none reports about the
structural phase transitions in the [-alanine
crystals

Results and discussion

The single crystals under test were grown using
triple cross-crystallization from the saturated
aqueous solution of chemically pure B-Ala pow-
der. Afterwards, they were dried in a vacuum
thermostat at 340 K. For our experiments, we
used single crystal plates of B-Ala, which were
perpendicular to the cleavage plane (010) and
had the average dimensions of 2x2x1mm’. The
optical birefringence was studied with the
Senarmont method (A=632.8nm), whereas the
thermal expansion with the aid of the automated
dilatometer.

of the
relative thermal expansion AL/L and the thermal

The temperature dependences
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Fig. 1. Temperature dependences of thermal expansion AL/L and optical birefringence for B-Ala
crystals.
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Fig. 2. Temperature dependence of thermal expansion coefficient « for B-Ala crystals (open circuits —

heating, crosses - cooling).

expansion coefficient o are shown in Fig. 1,2.
From the temperature dependencies of thermal
expansion and optical birefringence it is clearly
visible that the -Ala crystals undergo a structu-
ral phase transition at 7=204K at cooling rune.
The small anomalies at 7, observed for the
curves AL/L=F(T) are associated with expansion
and compression of sample due to the absorption
and emission of the phase transition latent heat
in the heating and cooling runs, respectively.
The temperature hysteresis of 7, is also obser-
ved in the thermal expansion. It means that the
phase transition is of the first order, though close
to the second one. The calculated temperature
dependences of the spontaneous deformations
and the increment of optical birefringence are li-
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near (Fig.3), since the order parameter depends
on temperature as 1oc ejocd(An) o (T-T,).
According to a simple group theoretical ana-
lysis, a few types of phase transitions are
possible from the initial point group of
symmetry mmm: a ferroelectric one with the
change of symmetry mmmFmmZ2, a ferroelastic
(mmmF2/m), as well as higher-order ferroic
(mmmF222) and  ferroelectric-ferroelastic
(mmmF1I). In the of  mmmF2/m
and mmmFI, a domain structure should be
visible below 7.. However, we have not
observed the appearance of domains at 7<T7,. It
means that the phase transition in -Ala crystals
has either ferroelectric or higher-order ferroic
character.

case
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Fig. 3. Temperature dependences of spontaneous deformation (a) and optical birefringence (b)

increment for B-Ala crystals.

Conclusions

Single B-alanine crystals were grown by the
triple cross-crystallization from the saturated
aqueous solution of chemically pure [-Ala
powder. Afterwards they were dried in the
vacuum thermostat at 340K. We used the single
crystals of B-Ala with the average dimensions of
2x2x1mm’ for our experiments. At the room
temperature, B-Ala crystals belong to the point
group of symmetry mmm. We measured the
thermal expansion and the optical birefringence.
It was found that all the temperature depen-
dences show the
at T=204K. This

the existence of phase transition at this

anomalous  behaviour

significant fact testifies

temperature. The temperature hysteresis of 7,
implies that the phase transition in [-Ala
crystals is of the first order. The calculated
spontaneous deformations and the birefringence
increment depend linearly on temperature. It is
shown that the phase transition in 3-Ala crystals
could be either ferroelectric or higher-order
ferroic.
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