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The spectral and baric dependences of the birefringence ∆ni of K2ZnCl4 crystals were studied. It is shown
that the dispersion ∆ni(λ) is normal and sharply increases on approaching the absorption edge. It is established
that the uniaxial pressures do not change the character but only the values of the dispersions d∆ni/dλ and
temperature dependences of d∆ni/dT .
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1. Introduction

K2ZnCl4 crystals (TCZP) belong to the known type of
ferroelectrics with incommensurate phase (ICP). They
undergo successive phase transitions (PTs): a second-
-order one at Ti = 553 K from the paraphase (the space
group Pnam) into the ICP with the wave vector q =

(1−δ)a
∗

3 , a first-order one at 402 K from the ICP into the
ferroelectric commensurate phase (CP) (the space group
Pna12), and a first-order low-temperature one into the
ferroelastic phase (the space group P2111) [1–5].

Optical studies of the TCZP dealing with temperature
and spectral changes in the refractive indices and the
birefringence and temperature dependences of the com-
bined piezooptic coefficients have shown anomalies at the
PTs [6–8].

Despite a great interest to the TCZP crystals, the ef-
fect of uniaxial pressures on their optical characteristics
and behavior of their PT points has not been investi-
gated. Uniaxial pressures generally do not change the
crystal symmetry. Instead they affect selectively some
groups of bonds and the corresponding structural units.
This allows obtaining additional information for analysis
of the PT mechanisms. On the other hand, studies of
the refractive indices and optical birefringence are very
sensitive and thus provide useful information about the
structure and physical properties of crystals.

The purpose of the present work is investigation of in-
fluence of the uniaxial mechanical pressure acting along
the principal directions X, Y and Z and along the bi-
sectors upon spectral and temperature changes in the
birefringences ∆ni of TCZP crystals for the light propa-
gation directions X, Y and Z.
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2. Experimental procedures

K2ZnCl4 crystals were grown by a slow evaporation of
a relevant aqueous solution. The crystals grown were of
good optical quality and had an orthorhombic-like shape.
The spectral dependences of ∆ni were measured using
interference technique.

To determine the birefringence, photographic record-
ing of the interference pattern occurring in the focal plane
of a DFS-8 spectrograph was used. It ensured a spatial
resolution of extrema of various orders, excluded “smear-
ing” patterns, and therefore allowed for their independent
registration. The optical transmittance of the polarizing
system, composed of crossed polarizers, with a sample
in between aligned in a diagonal position, is determined
according to the relation

I = I0 sin
2

(
π (ni − nj) d

λ

)
, (1)

where I0 and I are the intensities of incident and trans-
mitted light beams, respectively, λ is the light wave-
length, ni − nj is the birefringence, and d — the sample
size along the light beam. Spectral positions of the max-
ima are described as follows:

d(ni − nj) = kλ, (2)
with k being the interference order.

Under variation of temperature, due to d(T ) and ni(T )
dependences, the positions of the interference extrema
shift. The birefringence may be determined using the
expression

∆ni (λ, T ) =
kλ

di(T )
. (3)

Upon sample compression or variation of its temperature,
the parameters k, d, ni, nj and λ exhibit some changes,
which are either measured (k and λ) or calculated (d, ni

and nj). Here the changes in the sample thickness upon

(133)
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heating or cooling might be measured following from the
known thermal expansion parameters.

3. Experimental results and discussion

We have found that dispersion of the birefringence ∆ni

is normal in the whole spectral interval under studies
(d∆nx/dλ = −4.86× 10−6 nm−1, d∆ny/dλ = −4.83×
10−6 nm−1, and d∆nz/dλ = −5.11 × 10−6 nm−1), so
that we have the interrelation |dnz/dλ| > |dnx/dλ| >
|dnz/dλ|.

Temperature dependences of the birefringence ∆ni in
the range of PTs paraphase–ICP–CP are shown in Fig. 1.

Fig. 1. Temperature dependence of optical birefrin-
gence for K2ZnCl4 crystals at λ = 500 nm.

It is revealed that the dependences ∆ni(T ) are almost
linear for all the phases. In the paraphase the temper-
ature changes of ∆ni(T ) are significant: d∆nx/dT =
5.1 × 10−6 K−1, d∆ny/dT = 9.0 × 10−6 K−1 and
d∆nz/dT = 8.2 × 10−6 K−1; In the ICP we have
d∆nx/dT = 1.5 × 10−6 K−1, d∆ny/dT = 6.0 ×
10−6 K−1, and d∆nz/dT = 5.1 × 10−6 K−1. At the
PT ICP–CP step-like changes in ∆ni have been ob-
served: δ∆na = −3.9 × 10−5, δ∆nb = 5.2 × 10−5, and
δ∆na = 9.1 × 10−5 [9, 10]. These results refer to the
samples annealed at T ≈ 380 K for 10 h.

For the as-prepared samples, only insignificant increase
of the PT hysteresis is observed (about 4.1 K). The min-
imal annealing time that provides complete reproducibil-
ity of experimental results observed for the TCZP crys-
tals amounts to 10 h.

The as-grown crystals involve a significant number of
defects of “crystallization water” type. Their existence
leads to smearing and displacement of the PT. The hys-
teresis takes place at the ICP–CP PT, which is probably
due to additional fixation of phase solitons at those de-
fects. At the same time, annealing of crystals stabilizes
the defects. The time needed for total reproducibility of
the PT temperatures could be considered as a minimal
one required for stabilizing those defects completely.

The spectral dependences of ∆ni for the TCZP ob-
tained at the room temperature and different directions
of mechanical pressures are shown in Fig. 2. It has been
established that the birefringence is sensitive to uniaxial
stresses along the principal directions and is less sensi-
tive to stresses directed along the bisectors. The changes
in ∆ni are almost linear with the stress variations. At
the room temperature we have δ(∆nx) = +3.5 × 10−4

and −1.8 × 10−4 (for σz and σy = 200 bar, respec-
tively), δ(∆ny) = +4.8× 10−4, −4.3× 10−4 (for σx and
σz = 200 bar), and δ(∆nz) = +1.6× 10−4, −2.1× 10−4

(for σy and σx = 200 bar, respectively).

Fig. 2. Spectral dependences of optical birefringence
for K2ZnCl4 crystals at the room temperature. Open
symbols correspond to unstressed sample, whereas half-
opened and solid ones to mechanically stressed one: 1 —
σx = 200, 2 — σy = 200, 3 — σz = 200 bar.

If the uniaxial stress is directed along the Y axis, then
∆nx decreases and ∆nz increases. They become equal to
each other at σy ≈ 355 bar: ∆nx = ∆nz = 4.58 × 10−3

(∆nx = 4.91×10−3 and ∆nz = 4.32×10−3 for the room
temperature). Since the relation nx > ny > nz for the
refractive indices of TCZP crystals has been revealed,
the equality ∆nx(σy) = ∆nz(σy) would be valid for the
following relation for ni of the stressed TCZP: nx−ny =
ny − nz or nx + nz = 2ny. This means that application
of the uniaxial pressure σy results in averaging of one of
the refractive indices.

According to Fig. 2, we observe the intersection at
λ = 500 nm if the stress σy ≈ 355 bar is applied.
In other words, increasing stress shifts the “pseudo-
-isotropic” point towards shorter wavelengths (the rate
dλ0/dσ = 0.85 nm/bar). The latter rate corresponds
to baric modifications of the isotropic state in LiRbSO4

crystals occurring under the stress [11]. The stress σy

shifts the “isotropic point” towards the long-wave re-
gion with the rate of dλ0/dσ = 0.048 nm/bar, while
the stress σz gives rise to the opposite shift (dλ0/dσ =
−3.4 nm/bar).

In general, although mechanical stresses affect the ∆ni

values, they do not change substantially their dispersion.
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For example, we have d∆nx/dλ = −4.89 × 10−6 and
−4.87× 10−6 nm−1 (at σy, and σz = 200 bar).

It is also found that the uniaxial stresses do not change
the temperature behaviour of ∆ni in essence, i.e. the pro-
files of the curves ∆ni(T ) and the PT patterns are prac-
tically reproducible in every phase. On the contrary, the
∆ni values, the positions of PT points, and the jumps
δ∆ni are revealed to be substantially affected.
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