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Experimental investigation of the thermal linear expansion !(T') and
temperature dependencies of the interference optical path difference D(T")
were carried out for (CH3)2NH2Al(SO4)2-6H20 crystal, in the range of
120-310 K for three crystal physical directions. Decrease in electrostriction
coefficients g of crystal was observed on approaching the phase transition
point T¢ = 150 K in ferroelectric phase. Relative temperature changes of
the lengthening 6!/1 and refractive index én/(n — 1) are of the same order
of magnitude. Peculiarities of temperature dependence of dilatometric and
optical parameters of (CH;)2NH2Al(SO4)2-6H20 testify for qualitative re-
construction of chemical bonds in the crystal when temperature changes in
the same phase.

PACS numbers: 64.70.Kb, 78.20.Fm

1. Introduction

| Crystal of dimethylammonium aluminium sulphate hexahydrate
| (CH3)3;NH32Al(SO4)2-6H,0 (DMAAS) has been widely studied recently by differ-
! ent experimental methods [1-8]. It undergoes ferroelectric phase transition (PT) of
“ second order 2/m — m at T, = 150 K. The transition is associated with ordering
of DMA cations when instead of four bonds averaged in time only two more strong
N-H...O bonds appear. This leads to the rearrangement of (SO4)%~ tetrahedra,
which come closer to DMA cations. In such a case noncompensated dipoles arise,
which is followed by the appearance of the microscopic polarization [1].

The nature of ferroelectric and ferroelastic phases has been drawn from the
investigations of dielectric [2-4], birefringence [2, 5], dilatometric [6], piroelectric
[7], electro- and piezooptic [8] properties of DMAAS. Temperature dependencies of
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refractive indices of DMAAS in the range of ferroelectric phase transition have not
been investigated till now. One of the aims of the present paper is the study of tem-
perature dependencies of refractive indices of DMAAS in the range of ferroelectric
phase transition using the interference optical method [9]. Such an investigation
gives information on the temperature behaviour of electron subsystem of a crystal
in the range of phase transition. '

2. Experimental .

Temperature dependencies of the optical path difference D = (n—1){ for two
interfering light beams, one of which has passed through a sample studied, and the
other one through air, were measured with the help of the Jamen type inferfero-
meter using a monochromatic light A = 632.8 nm [9]. The error of determination
of relative retardation 6D/D was of &~ 10~° order of magnitude. For determina-
tion of temperature changes of the principal refractive indices n; (i = 1, 2, 3) of
DMAAS crystals the experimental measurements of its thermal linear expansion
were conducted using the known electrical capacitive method with accuracy of
§1/1 & 1073, where [ is the initial length of a sample [10].

3. Results and discussion

Results of dilatometric measurements of DMAAS crystals for three ortho-
gonal principal crystal physical directions X =1=mnp, Y =2=ny, Z2=3 = ng,
showed anomalies characteristic of second order PT (Fig. 1). Positive coefficient of
thermal linear expansion s is characteristic only of Y-direction coinciding with
twofold axes L? of the 2/m point group of symmetry of crystal in paraelectric
(PE) phase. Negative coefficients of thermal linear expansion «y, «s are peculiar
for X- and Z-direction. Taking into account a known relation between coefficients
of volume v and linear « thermal expansion »

Y=o+ o+ as, (1)
one can summarise a negative coefficient of thermal volume expansion v for
DMAAS in the temperature range of 120-310 K (Fig. 2). This reflects a com-
pacting of the crystal structure of DMAAS at the increase in temperature.

The results described agree with the data of [6] by the character of temper-
ature anomalies at 7, ~ 150 K and by the sign of ay coefficient. Our results show
only negative coefficients oy < 0 and as < 0. This does not contradict the results
of the paper [6], in which the coefficients o and a4 for other two mutually perpen-
dicular directions X’ and Z’ in the same plane of crystal’s symmetry X2 = X’ 2’
are chiaracterised by different signs, ax, < 0 and ez > 0 (X’ is the direction of
spontaneous polarization in DMAAS). Negative coefficient v of thermal volume
expansion was detected in [6] for DMAAS, too.

One can see clear shoulder on the temperature dependence of the thermal
linear expansion coefficient «y(T') at T ~ 125 K besides big extrema of a;(T) at
T (Fig. 2). Similar anomaly was observed here on the temperature dependencies
of dielectric loss tangent tan 6(T) [11] and was explained by the formation of some
new domain structure or diminishing space regions of correlated dipoles caused by
“freezing” of H-bonds under an influence of spontaneous polarization.
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Fig. 1. Temperature dependencies of relative changes of linear dimensions of §F/F =
81/1 along three crystal physical directions X' (1), Y (2), Z (3) and volume §F/F =
V[V (4) for DMAAS crystal.
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Fig. 2. Temperature dependencies of principal coefficients of linear thermal expansion
a1 (1), a2 (2), and as (3) and coefficient of volume thermal expansion v (4) for DMAAS

crystal.

On the basis of data presented in Fig. 1 we derived temperature dependencies
of spontaneous increases in relative expansions 6155)/11- (i =1, 2, 3), subtracting the
linearly approximated temperature dependencies of §/;/1; from paraelectric phase
into ferroelectric one from such dependencies measured in ferroelectric phase. The
temperature dependence of 6155)/12 = f(T') (as an example) obtained by such a way
is shown in Fig. 3. Taking into account that the paraelectric phase is characterised
by the center of symmetry, one can state that the spontaneous lengthenings 611(5) /b
are caused by electrostriction effect

819 /1; = ¢; P2, (2)

where P, is spontaneous polarization, and g; are corresponding electrostriction co-
efficients. Presenting a temperature dependence of spontaneous polarization Pg(T")
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Fig. 3. Temperature dependence of spontancous relative change of linear dimension of
815 /1, for DMAAS crystal.

2[;;0 1
T

AN

0.0

| S

L S s S e B st B e B S S S S S S S Mt S s w2 R |

-1.0 -0.5 0.0 0.5 1.0
log(Tc—T)

Fig. 4. Temperature dependence of derivative for spontaneous relative change of linear
dimension of 61%5)/12 in log-log presentation for DMAAS crystal.
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Fig. 5. Temperature dependencies of linear g1 (1), g2 (2), g2 (3) and volume gv (4)
electrostriction coefficients for DMAAS crystal.
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in the form of power dependence [9]:

Py~ (Te =T, (3)
relation (2) can be written in the form

§1%)/1; = g; P2 = a(T. — T)?P. ' (4)

Here 3 is a characteristic index of corresponding power-like temperature depen-
dencies, and « is some temperature independent coefficient. Taking a logarithm of
relation (4), one obtains the relation

log[61/1;] = 28; log(T — T) + log a. (5)
By means of differentiating of this equation we can calculate the double index 24; :
26; = d/d[log(Te — T)|{log[s1*/1;]}. (6) -

The temperature dependence of derivative (6) for i = 2 is presented in Fig. 4.
It is seen from this figure that double index 28; decreases with the increase in the
temperature difference (7. — T"). Similar temperature behaviour of the 23; indices
is characteristic of other two principal crystal directions (¢ = 1, 3). This result
is in good agreement with the data [3] of temperature investigation of sponta-
neous polarization. Thus, power-like temperature dependence of the relative spon-
taneous lengthenings 6l§s') Jli ~ (T — T)*i describes unsatisfactorily correspond-
ing experimental results on DMAAS in the relatively narrow temperature range
(Te = T) < 10 K, which implies in the decreasing double index 23 at increasing
(Tc - T) .

The results obtained can be presented in another viewpoint. Using our pre-
vious data on the temperature dependence Ps(T") of DMAAS [3], and our present
data on 617(:5) JL(T), we calculated the temperature dependencies of coefficients
of linear and volume electrostriction, ¢;(T") and gv(T) = 3 ¢:(T'), respectively
(Fig. 5). The main peculiarity of these dependencies decreases the absolute mag-
nitude of electrostriction coefficients of DMAAS crystal at approaching 7. in fer-
roelectric phase.

Phase transition in DMAAS at T, = 150 K is also clearly implied on the
temperature dependencies of the relative changes of optical path difference §D/D
related to the variable part of refractive index (n — 1) in the form of anomalies,
which are characteristic of second order PTs (Fig. 6). Since the relative changes
of optical path difference D;; = (n; — 1)l; of sample measured can be presented in
the form
Sh= M (7

17 ng — 1 lj
we calculated the temperature dependencies of én;/(n; —1) (Fig. 7) on the basis of
temperature dependencies of §D;;/D;; and 61 /l; measured. Here n; are principal
refractive indices of a sample (i = 1, 2, 3). Taking into account the relation between
refractive index n and electron susceptibility x, n? — 1 = x, one can see that for
n = 1.5 relative temperature changes of §n/(n—1) and §x/x are almost equal one
to another: §x/x = 2nén/(n? — 1) = 1.26n/(n — 1) = én/(n — 1).
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Fig. 6. Temperature dependencies of relative changes of optical path differences
5D21/D21 (1), 5D32/D32 (2), a.nd 5D12/D12 (3) f01‘ DMAAS crysta.l.
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Fig. 7. Temperature dependencies of relative changes of the variable part of refractive
indices 8n3 /(n1 — 1) (1), éna/(n2— 1) (2), and 6ns/(na — 1) (3) and variable part of the
averaged refractive index (4) for DMAAS crystal.

It is seen from Fig. 6 that three temperature dependencies of the relative
changes of optical path differences §D;;/D;; measured are characterised by the
sharp changes of temperature slope at 7. Similar temperature dependencies are
peculiar for the relative changes of variable part of refractive index 6n;/(n; — 1)
along X- and Z-directions of the crystal (i = 1, 3) (Fig. 7). Positive temperature
derivatives of d/dTIn(n; — 1)] = (n; — 1)~1dn;/dT is peculiar for Y-direction in
the whole temperature range studied. The average coefficients of thermal linear
expansion o; = d/dT(Inl;), volume expansion v = Y «;, and temperature changes
of variable part of refractive indices d/d7[In(n; — 1)] and Y d/dT[In(n; — 1)]/3 of
DMAAS are presented in Table.

One can see from Figs. 1, 7 and from Table that the relative temperature
changes of characteristic parameters of electron subsystem and dimensions of crys-
tal’s unit cell of DMAAS in the paraelectric phase are of the same order of mag-
nitude.
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TABLE

Coeflicients of thermal linear expansion «; = d/dT(Inl;), volume expansion v =
Y ai, and temperature changes of variable part of refractive indices d/dT[In(n; —1)]

and " d/dT{In(n; — 1)]/3 of DMAAS averaged in the range of paraelectric phase
249-147 K.

Crystal physical direction 7 of DMAAS Tar dT (K-1] W [K-1]
1=X —-2.3 x 10__ 2.4x 1078
2=Y 1.2 x 10-85 4.1x 10°5
3=2 —~0.8 x 10~ 3.0 x 105

%4 ~1.9 x 103 3.2x 1075

Taking into account the known relation for dispersion of electron part of the
refractive index n(w) [12],

w) -1~ Z IDﬂI\l_Q;nZI\ ) (8)
one can state a ploportlonahty of the refractive index n to the sum of squares
of dipole moments |Dy|? of optical transitions being the parameters of chemical
bonds strength in crystal.

Relation (8) shows that refractive index n is inversely proportional to the
volume V of crystal unit cell. This peculiarity is also a consequence of known
relation for molecular refraction R:

_(n?P-1)M

- (n2+2)p
where M is molecular weight, and p is density of a substance [12]. The latter relation
realises very accurately for gases in wide ranges of variables n and p, even in the
ranges including different aggregate states of corresponding substances. Therefore,
the joint analysis of temperature dependencies of spatial parameters of crystal
(V,1;) and corresponding variable parts of refractive index én;/(n — 1) (as one of
the characteristics of chemical bonds) can be useful for finding the experimental
criteria of structure instability of crystals. From the viewpoint presented above, an
equality of signs of the thermal volume expansion coefficient y = 5~ d/dT(In /;) and
the temperature derivative of variable part of refractive indices d/dT{In(n; — 1)]
for any of the three crystal physical directions ¢ in paraelectric phase can be as
the mark of relative instability of chemical bonds of crystal in the corresponding
direction. In the paraelectric phase of DMAAS negative coefficient v and positive
temperature derivatives d/dT[ln(n; — 1)] for ¢ = 1, 2, 3 take place, which does
not correspond to the proposed mark of instability of chemical bonds. But the
signs of the coefficient as = d/dT(Inly) and the derivative d/d7T(In(ns — 1)] are
equal (see Table). These coincide one to another even in the whole temperature
range studied 120-250 K. It is evident that an equality of the signs of coefficient
of thermal linear expansion d/d7(Inls) and temperature derivative of variable
part of refractive index d/dT[In(ny — 1)] for the crystal physical Y-direction of
DMAAS and opposite signs of these parameters for the X- and Z-directions in PE

~ nV = const, (9)
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phase proves for qualitative reconstruction of chemical bonds in the crystal when
temperature changes in the frame of the same phase.

4. Conclusions

1. Power-like temperature dependence of the relative spontaneous lengthen-
ings 61}35) Jli ~ (Te — T)%%i describes unsatisfactorily corresponding experimental
results on DMAAS in the relatively narrow temperature range (7. — 7') < 10 K,
which implies in the decreasing double index 24 at increasing (T — 7).

2. Electrostriction coefficients g (5/1(75)/1,,: = ¢; P?) of DMAAS crystal decrease
at approaching the phase transition point 7% in ferroelectric phase.

3. The relative temperature changes of characteristic parameters of electron
subsystem of DMAAS are of the same order of magnitude, that are respective
changes for the dimensions of crystal’s unit cell.

4. An equality of the signs of coefficient of thermal linear expansion d/dT(Inls)
and temperature derivative of variable part of refractive index d/dTIn(ns — 1)] for
the crystal physical Y-direction of DMAAS and opposite signs of these parameters
for the X- and Z-directions in PE phase proves for qualitative reconstruction of
chemical bonds in the crystal when temperature changes in the same phase.

This work was supported by the University of Wroctaw under the grant
2016/W/IFD/98.
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