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The influence of uniaxial mechanical stresses applied along the crystal-physical axes on the principal values
of the birefringence, An;, was studied for TGS crystals with 5% L-valine admixture. It wasfound that An; are
quite sensitive to stress and adopt different values and opposite signs, when compared to pure TGS. Thebaric
coefficients 8T/day, for the phase transition (PT) temperature appear to be less than for pure TGS. The
temperatur e dependence of the combined piezooptic constants ﬂiomwas calculated. The values of the jump-
like changes occurring for all the piezooptic constants at the PT are notably lower for the doped crystals than
for pure TGS.

Birefringence/ Uniaxial pressure/ Phase transitions/ Piezooptic constants
Introduction Anomalies of the piezooptic constants near the
phase transition (PT) have been revealed in pur TG
crystals and their isomorphic substituted analodires
the inorganic part of the chemical formuia SO,
SeQ” and Beg”) [11-15].

In this work we study the influence of L-valine

admixtures  (CH),-CH-CHNH,COOH on the
birefringent properties of TGS crystals.

Triglycine sulphate (NKHCH,COOHMH,SO, (TGS)
represents one of the isomorphic ferroelectric
molecular compounds of glycine with inorganic acids
Introduction of organic admixtures into the
TGS crystal promotes fixing of the polarizatioRsor

—Ps and appearance of the biasing fiek [1].
Due to this, the dielectric parameters of the doped
crystals change during the aging process,
a fact that should be properly accounted for when
studying and exploring such crystals. The effect

Experimental

of L- and D-alanine admixtures on different The temperature and spectral dependences of the
physical properties of TGS has been studied birefringence were measured by the interference
earlier[2-5]. technique. Uniaxial mechanical pressure was applied

Differently from pure TGS, in the case of TGS
crystals doped with L-valine (LVTGS) (110) facets
are absent, and the (111) and (100) ones growainly  birefringence caused by a mechanical field is
low dopant concentratiori§]. A temporal change of defined by the relation
the domain structure, taking place during spontaseo  An(oy) = K(om)@A/di(or), (2)
aging, has been observed in doped TGS crystals: the whereAn; is the birefringence along theaxis, k the
number of domains decreases and the domains order of the interference maximuni, the light

with the aid of a special device allowing applioatof
stresses as large as ~200 bar. The change of the

become much larger.

LVTGS is characterized by biasing fields, which
may be used for determining the dopant concentratio
These fields affect the properties of the crysta t
same way as external fields applied to the crystal,

wavelength, andd;, the sample thickness along the
light propagation direction. Under the condition of
simultaneously acting thermal and mechanical fields
the birefringence is determined as follows:

An(T, o) = k(T, o) A/d(T, o) (2

that the sample becomes spontaneously single-domain Changing one of the parametefsaf a,,) and keeping

or a particular geometry of the domain structure is
kept fixed [7,8]. Introduction of L-threonine and

the other one fixed, one can determine the temperat
or baric dependence afn; from the shift of the

L-valine leads to weakening temperature dependence extremum of the interference pattern.

of the refractive indices, birefringence and thdrma
expansion of the crystall8,10].
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The combined difference of the piezooptic
constants is calculated according to the formula
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oy =20 —2ans,, ©)

where An; represents the induced birefringence
change for the light propagation direction along th
i-axis and pressure applied along timeaxis. The
second term takes into account elastic changelsein t
sample dimension along theaxis, wheres, is the
elastic compliance coefficient.

Results and discussion

Fig. 1shows the baric dependence of the birefringence
in TGS crystals doped with 5% L-valine at room
temperature and = 500 nm. As one can see from the
figure, theAn value increases linearly up to a stress
om of (200 bar. Thes, andoy stresses lead to different
values and signs of th&én, changes, namelgAn, =
-7.210° (at o,= 200 bar) and 8M10° (at o, =
200 bar). The corresponding dependenceAmfand
An, are quite similardAn, = —6.210° and 9.810° for
o, and o,= 200bar, anddAn,= 10.110° and
—12.310° for oy andg, = 200 bar. In general, one of
the stresses normal to the propagation direction
always induces an increase of the birefringencélewh
the other one has the opposite effect. Furthermore,
those increments appear to have different modules
(loan,| > |aAny| = |dAn,| for the LTTGS crystals). A
similar situation has earlier been observed for a
number of4,BX, crystals, as well as for KDP crystals
[16,17] It is explained quite well on the basis of the
Sellmeier formula even in the simplest case if the
baric birefringence changes are supposed to be
primarily determined by the density of particlesttie
crystal. A stress,, leading to an increase Af; slows
down the spectral change of the baric incrend@ém,
whereas a stress leading to a decreaseAf
accelerates it.

The temperature changes in the principal values of
the birefringence for LTTGS are depictedHiy. 2 for
mechanically free and stressed samples.
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Fig. 1 Baric birefringence changes in a TGS
crystal doped with 5% L-valine, measured at
room temperature and = 500 nm: 1 —g,,

2 -0y, and 3 0.
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Fig.2 Temperature dependence of the

birefringence in a TGS crystal doped with 5%
L-valine, measured for differently directed
uniaxial stresses arid= 500 nm: 1 g, 2 —g,
and 3 —o, = 200 bar. Full symbols correspond
to a mechanically free crystal.

The general features are as follows: (1) &g
changes are proportional to the temperature, (@) th
derivative 0An/0T changes its value while passing
through the Curie point, (3) the uniaxial stresses
change the absolute value dfn, though the
gualitative temperature dependence /of remains
unchanged, and (4) the PT point is shifted under th
influence of the stress. The PT temperature deeseas
in the case oby andg, stresses 'KCX = 320.5K and
TCY= 320.2 K), while thes, stress increases the PT
point (TCZ = 325.2 K). The relevant temperature shift
coefficients are equal t87/do, = —0.0064,07/do, =
—0.0080 andT./do, = +0.0171 K/bar. The “total” (or
hydrostatic) coefficient for the PT temperaturetshi

3
oT./ _ 00T _
%p_ 21 %Ji =+0.0027K/bar.
=

On the one hand, these results correlate well thigh
data found for pure TGS crysta[48], where the
parameter®7/dox = —7,07J00, = —8.5 and®T/do, =

+20 K/kbar were derived. The coefficients deterrdine
in this work are slightly less, confirming an inase

of the elastic stiffness for the doped TGS crystals

the other hand, analogous results have already been
obtained for LIKSQ, RbNHSO, and (NH).BeF,
crystals, as well as for the Rochelle salt andPKD
[16,17,19] where both increasing and decreasing.of
was observed, depending on the stress directiah, an
the “total” shift coefficients forT, are negative. The
PT shifts were explained by the influence of
temperature and stress on the shifts of structural
elements taking place at the PT’s. Slight discrejean
may be caused by the complex structure of the TGS
crystals and possible irregularities on introducthg
valine admixture into the crystal structure. Whha t
crystal doped with L-valine is growing, the admieu
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enters into the structure by substituting for ofi¢he
glycines. The glycines I-lll are planar in the
paraelectric phase, but glycine | becomes nonplanar
the ferroelectric phase. When an L-valine molecule
substitutes for glycine I, the spontaneous polédna

P becomes fixed and a biasing field appears, alierin
all the dielectric parameters of the crystals drittisg

the PT point. Replacement of glycine by L-valine is
more probable if the crystal is growing in the
ferroelectric phase. Moreover, a notable shift lof t
PT point towards higher temperatures is apparently
caused by the influence of uniaxial stresses on the
ferroelectric domains. In the case of TGS crysthis,
latter form “tubes” of oval, or more frequently &n
like, section, stretched along the direction
perpendicular to the-axis. The lower values of the
baric coefficients for LVTGS, when compared with
those of the pure crystal, are associated withfahe
that the domains in the doped crystals have lamgs s
though irregular shapes and smeared borders, and th
concentration of domains decreases in the course of
spontaneous aging of the samples.

The above results are in good agreement with the
data obtained when studying the influence of uamilaxi
stress on the hysteresis loop parameters in pui® TG
crystals[20]. It was found that the,; ands,, stresses
induce an increase of the spontaneous polarizatidn
the coercive field, while thers; stress induces a
decrease of both parameters. The authors suggest th
TGS crystals are “ferroelastoelectri¢®0] rather than
simple ferroelectrics. Applying simultaneously both
electric and mechanical fields to such crystals e
their polarization,i.e. ascertaining of one particular
oriented state. The; and o,, stresses would then
promote domain motion, whereas the stgsvould
impede it. In our case, a light electromagnetic evav
plays the role of the electric field.

Fig. 3 represents the temperature dependence of
the piezooptic constants;,, for the LVTGS crystals.
Most of the piezooptic constant‘:ﬁom increase swiftly
when approaching the PT point from the ferroelectri
phase, decrease in a jump-like manner when tragsiti
into the paraelectric phase and then become padigtic
temperature independent. The piezooptic consﬂﬁpt
exhibits a somewhat different behaviour: it decesas
in the polar phase when approachifigA comparison
of the results obtained here with those obtained fo
pure TGS crystalg21] reveals the following features.
The parametersi,, 5, and 775 have negative
values. This corresponds to a decrease oltheAn,
and An, birefringences under the influence of the
stressesoy, oy, and o, respectively. Though the
absolute values ofz’, for the doped crystals are, in
general, somewhat larger than for the pure crystal
T< 320 K (11-310** m?/N), the temperature slope of
the piezooptic parameters essentially decreaselg whi
approaching the PT point. The values of the jurkp-li
changes of the piezooptic constants at the PT are
noticeably less for the doped crystals than forepur
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crystals,e.g. ms= 3.410" and 19.810" m?N for
LVTGS and TGS, respectively.

The piezooptic effect in crystals of the TGS group
is determined by a “true” piezooptic contributiomda
secondary electroopticg&n/dP;). The reason for the
electrooptic contribution is that, owing to the
dependence of the spontaneous polarization on the
temperature and the shift of tig(7) function along
the temperature axis under the uniaxial stegssthe
spontaneous polarization will change by the valbg
and this, in turn, will produce an additional
electrooptic change of the birefringence:

7 = 2dAni i dAn, . dAn Dch , @)
dO'm true

do, drP, do,
where @An/do)ye IS the contribution of trle “true”
piezooptic effect to the combined differengg,, and,
since

niom =nfm +2Anisim’

(5)

the above contribution will equally refer g, .

It has been shown that the electrooptic effect
contributes mostly to the piezooptic constamtsand
78; in the vicinity of the PT. The electrooptic
contribution becomes negligiblel{0...15%) far away
from the PT pointj.e. inside the ferroelectric phase.
These data agree well with the difference observed
between the value ofry; (or 775, ) in the ferroelectric
phase and the corresponding value extrapolated from
the paraelectric phase.

A comparison of pure and doped TGS crystals
shows that the jump-like changes of the piezooptic
constants at the PTi.é the discontinuity in the
niDm (T) function) is conspicuously less in the case of
the doped crystals. The reason is in the lowerevalu
the multiplier dP/do,,,, which is proportional t@®Ps,
for the latter crystals, because of smallf/do;,
coefficients and reduced spontaneous polarization.
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Fig.3 Temperature dependence of the

piezooptic constants of TGS crystals doped
with 5% L-valine, measured &= 500 nm:
1= T, 2~ Ty, 3= Mgy, 4~ My, 5= Ty,

and 6 —7rs.
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Conclusions

In this work we have studied the influence of uraéx
mechanical stress applied along the crystal-phlysica
axes on the principal birefringence values of TGS
crystals doped with 5% L-valine. It was found that

is sensitive to the action of uniaxial stress. ©héhe
pressures normal to the light propagation direction
gives always an increase in;, while the other one

leads to a decrease. In addition, the corresponding [9]

increments have different modules, which fulfil the
condition PAn,| > |dAn| = |dAn,|. The baric
coefficientsoT /0o, of the PT shift were determined.
They are slightly lower than those of pure TGS
crystals. This indicates that the stiffness of TGS
crystals should increase when admixtures are
introduced. The “total” (hydrostatic) coefficient

3
a%p:;a%ai of the PT shift under uniaxial
i=

stress was estimated.

It was established that the absolute valueszpf
of the doped crystals are somewhat larger tharethos
of the pure crystals at < 320 K and the temperature
slope ofniﬂm decreases notably near the PT point. The
values of the jump-like changes occurring in altlof
piezooptic constants at the PT are essentially idare
the doped crystals than for the pure ones.
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