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LINEAR BIREFRINGENCE CHANGES
IN BETAINE PHOSPHITE CRYSTAL

B. KOSTUREK, J. PRZESLAWSKI AND Z. CZAPLA

Institute of Experimental Physics, University of Wroclaw
Cybulskiego 36, 50-205 Wroctaw, Poland

(Received February 11, 1993; in final form March 30, 1993)

Linear birefringence temperature changes are measured in the betaine
phoshite crystal. The linear birefringence increments induced by antiferrodis-
tortive, structural and ferroelectric phase transitions are analysed. Tempera-
ture derivatives of the linear birefringences are shown for comparison. Critical
exponents are determined for both transitions. The antiferrodistortive phase
transition is close to a tricritical one.

PACS numbers: 64.70.Kb, 78.20.Fm

1. Introduction

Betaine phosphite, (CH3)sN+CH,COO~-H3PO3, abbreviated as BPI, be-
longs to a family of the addition compounds of the a-amino acid betaine and
inorganic acids. Weak intermolecular and intramolecular bonds between betaine
and inorganic groups make the structure of betaine compounds sensitive to the
external forces and temperature which leads to many structural phase transitions
[1]. The BPI crystal is monoclinic at room temperature (the space group: P2,/c),
and has four molecules per unit cell [2]. The BPI molecule consists of the betaine
molecule and an inorganic acid rest of H3POg. These components are bonded by
a hydrogen bond between an oxygen atom of the carboxyl group COO~ and one
of the hydrogen atoms of the phosphoric acid. The structure of the BPI crystal
is formed of the isolated BPI molecules bonded by hydrogen bonds lying approx-
imately parallel to the y-axis. The phosphite groups are bonded by these disor-
dered hydrogen bonds and a quasi-one-dimensional chain structure is built. The
high temperature structural phase transition at Tc, = 355 K is connected with a
change of the space group from P2,/m (Z = 2) to P2;/c (Z = 4) — by an analogy
to the betaine phosphate, BP crystal [3]. The low temperature ferroelectric phase
transition (P2;/c = P2;) at about Tc, = 226 K is of the second order (Ps —
along the b-axis). Third anomaly, probably the phase transition into the proton
glass phase, is found at about 177 K [4]. Linear birefringence studies are regarded
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as a very sensitive tool in invesligatling the ferroic phase transitions [5]. In the
series of papers Kroupa et al. [6-8] described the birefringence behaviour in some
betaine compounds. There is, however, a very limited set of experimental data on
the phase transitions in the BPI crystal.

2. Experimental

The BPI crystals were grown by controlled evaporation at a temperature of
308 K from an aqueous solution containing the betaine and H3POjz in the molar
ratio 1:1. Samples were cut perpendicularly to the directions of the optical indica-
trix axes. An orientation of the optical indicatrix and the cleavage plane relative
to the crystal axes is shown in Fig. 1. The refractive indices were determined at

a { b

Fig. 1. Orientation of the optical indicatrix relative to the crystal axes. Thick lines:
natural faces, cp — cleavage plane {4].

A = 589 nm: n, = 1.478, ng = 1.498, and n, = 1.527 [4], and the crystal can
be regarded as optically positive; an angle V = 40.4°. The linear birefringences
are denoted as: Ang = |ng — n,| = Any, Ang = |ny — na| = An,, Any =
[na — np|, respectively. The linear birefringence changes were measured using the
rotating-analyser modulation method [9]. A 1 mW He/Ne laser served as a light
source (A = 632.8 nm). In our method the light intensity measured has an ampli-
tude proportional to sin ¢ (¢ is the phase shift introduced by the optical retarda-
tion: ¢ = (21/A)Ant, for wavelength A, birefringence An, and thickness t). The
accuracy of this method appears to be better than 10~¢. The cooling and heating
rate used in the phase transition region was 0.05 K/min.

3. Results and conclusions

3.1. The high temperature phase transition

In Fig. 2a we present the temperature dependence of the linear birefringence
changes A|Ang| and §(Ang) for this phase transition in the BPI crystal. The
temperature dependence of A[An,| and §(An,) is shown in Fig. 3a. The linear
birefringence increments §(An;) induced by the phase transition were obtained
by substraction of the high temperature part from the temperature dependence
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Fig. 2. Temperature dependence of A[Ang| and the linear birefringence increment

6(Ang) in the high temperature phase transition region (a); log-log plot of the §(Ang)
versus T — Tc,, Tc, = 355.15 K, 28 = 0.419 £ 0.001 (b); temperature derivative
d(|Ang|)/dT in the phase transition region (c).

Fig. 3. Temperature dependence of A|An,| and the linear birefringence increment
6(Any) in the high temperature phase transition region (a); log-log plot of the §(An.)
versus T' — Tc,,-Tc, = 354.92 K, 28 = 0.430 & 0.002 (b); temperature derivative
d(J]An|)/dT in the phase transition region (c).

of A|An;|. There was not any discontinuity in the A]An;|(T) dependencies ob-
served in the phase transition region. The distinct smearing (3-5 K) of 6(An;)(T)
at about Tc, is probably caused by the order parameter fluctuations [8]. The
critical exponent § was calculated from the slope of In§(An) versus In(T — T¢)
dependencies, Figs. 2b and 3b. The temperature derivatives d(|An(T)|)/dT at the
phase transition region are shown in Figs. 2c and 3c. The high temperature struc-
tural phase transition (P12;/ml => P12;/cl) is accompanied with the doubling
of the unit cell along the c-axis. By analogy to the BP crystal the meaning of
~the order parameter of this phase transition is a rotation of the betaine and/or
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phosphites groups around an axis lying in the mirror ac plane. This rotational
mode with k = c*/2 transforms according to the representation By of P2;/m and
the order—disorder transition can be classified as antiferrodistortive and improper
ferroelastic with characteristic elastic anomalies [10, 11]. According to Dvorak [12]
the free energy can be expanded as

F = (1/2)an®+(1/4)bn* +(1/6)cn® + 7107 use + 7207 tyy +7307 Uz + 740 Ugz,

where u;; are the spontaneous deformations. From this it follows that u;; o< 2.
These u;; components are. not symmetry breaking components but nevertheless
additional parts are induced by the coupling with 5. The critical index determina-
tion is slightly difficult because of the significant blurring of the transition in the
phase transition region. The slope of the log-log plots of §(An) vs. (Tc — T) is
about 0.415-0.430 and assuming §(An) o« 5?4, the order parameter exponent 3 is
about 0.210-0.220. The very similar phase transition in the BP crystal is relatively
close to the tricritical point [13]. The critical ppoperties of the three-dimensional
ANNI model studied by the Monte Carlo analyses based on coarse graining of
single distribution function lead to the critical exponent in the vicinity of the Lif-
shitz point B, = 0.19 £ 0.02 [14]. We noti¢ed that the high temperature phase
transition was easily detected for the 8- and y-cut, but for the a-cut was rather
hardly observable. The linear birefringence changes induced by the low temper-
ature ferroelectric phase transition were more pronounced for the a- and y-cut,
whereas for the #-cut were small and difficult to detect. The comparative plot of
derivatives d(|An;|)/dT is presented in Fig. 4.
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Fig. 4. Comparative plot of derivatives d(|An;|)/dT for both transitions.
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3.2. The low temperature phase transilion

In Fig. 5a, the linear birefringence changes A|An,|(T) and the lincar bire-
fringence increment §(Any )(T') are presented. The linear birefringence increments
6(Ang)(T) and 6(Any)(T) are shown in Figs. 6a and 7a, respectively. The critical
exponent determined from the In(6(An;)) vs. In(Tc—T) plots is very close to 0.50
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Tig. 5. Temperature dependence of A|Angs| and the linear birefringence increment
6(Any) in the ferroelectric phase transition region (a); log-log plot of the §(Any) versus
T — Tc,, Tc, = 226.61 K, 23 = 1.031 £ 0.004 (b); temperature derivative d(|Anqa|)/dT
in the phase transition region (c).

Fig. 6. Temperature dependence of the linear birefringence increment §(Ang) in the
ferroelectric phase transition region (a); log-log plot of the §(Ang) versus T — Tc,,
Te, = 226.26 K, 28 = 0.994 £ 0.002 (b); temperature derivative d(]Ang])/dT in the
phasc transition region (c).
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Fig. 7. Temperature dependence of the linear birefringence increment §(An.) in the
ferroelectric phase transition region (a); log-log plot of the §(Any) versus T — Tc,,
Te, = 225.65 K, 28 = 1.102 £ 0.006 (b).

(Figs. 5b, 6b, and 7b). The linear birelringence derivalives are shown in Figs. 5c
and 6¢. A square of the polarization along the b-axis calculated by integrating the
pyroelectric current is in fact linear in the temperature range of about 9 K below
Tc, [15]. The transition is of the second order and of the order—disorder type. The
ferroelectric phase transition temperature reported differs significantly: 208-226 K,
and is probably correlated with crystal qualily [16]. The low temperature struc-
ture is not fully described because of the strong pseudosymmetry [2]. Deviations
of the hydrogen atoms from their positions on the y-axis lead to a vanishing of
the c-glide-mirror plane. The anomaly observed in the dielectric measurements at
about 177-200 K has not been reproducible during the linear birefringence mea-
surements and will be presented and described in the next paper.
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