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LiNH4SO4 crystals of a-modification were grown up, and the spec-
tral dependences of their refractive indices and birefringence are
studied. The intersection of n;(A) curves is found, which testi-
fies to the inversion of birefringence sign (Any = 0) at the light
wavelength Ao ~ 683 nm at room temperature. For higher tem-
peratures, this point shifts toward the short-wave spectral range.
The temperature dependence of the angle between the optical axes
is examined, and the change of the optic axial plane at the transi-
tion into the isotropic state is demonstrated.

1. Introduction

The isotropic point phenomenon or the inversion of bire-
fringence sign is a result of temperature-spectral distor-
tions of the optical indicatrix in crystals. It consists in
that, for every wavelength, a crystal can transform from
the optically uniaxial state into the isotropic one or from
the optically biaxial state into the uniaxial one only at
a certain temperature.

A number of crystals belonging to the A;BXy group
are known, which demonstrate the isotropic point in
a wide temperature and spectral ranges; these are
KQSO47 l%bI(SOzjl7 RbQSO4, LiKSO4, l%bNHZLSOZJL7 and
(NHy4)2BeF4 [1,2]. However, in some of them, this point
is located in the spectral interval, which is inconvenient
for practice. Searching for new crystals of this group,
which would possess the isotropic point, is an interest-
ing task, which aims at expanding the scope of materials
that are practically important for thermometry. Another
task consists in finding how the substitution of structural
elements affects the temperature and spectral intervals,
which are already known for the given crystal and in
which birefringence changes its sign.

With this end in view, we selected lithium ammonium
sulfate (LiNH4SOy4, LAS) crystals to study. LAS crys-
tals have phase transitions at temperatures of 459 and
285 K. At temperatures above 459 K, the LAS crystal
have the structure Go = Pmcn, Z = 4. The phase tran-
sition at the temperature T = 459 K is of the first kind
and with the polarization jump AP, ~ 2 x 10® uC/cm?.
The structure of phase G; = P2y¢n, Z = 4 of LAS crys-
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tals represents one of the possible versions for the order-
ing of tetrahedral (T)-groups with respect to rotations
about the pseudo-hexagonal axis c¢. This phase is ferro-
electric. At a temperature of 285 K, the phase transition
G1 — G4 into the ferroelastic phase (the phase symme-
try is Go = P21 /c11) takes place [3-5]. The indicated se-
quence of phase transitions exists in the S-modifications
of LAS crystals. Typical of them is a pseudo-hexagonal
tridymite-like structure, which consists of SO4 and LiOy4
tetrahedra connected by their vertices and forming six-
link rings oriented perpendicular to the Z-axis. Half of
the tetrahedra are oriented vertex down, the other half
vertex up, where they are connected with the next layer
of tetrahedra. The emerged voids are filled with the
ammonium groups. The a-modification of LAS crys-
tals is also known. It differs from the A-modification
in that SO, and LiO4 tetrahedra can have not only
common vertices in the Z-direction, but also common
edges. Neighbor layers interact with nitrogen atoms in
the ammonium groups by means of hydrogen bonds and
form a layered structure. Therefore, crystals of the a-
modification are grown at room or lower temperature,
whereas those of S-modification at temperatures higher
than 30 °C [4-6]. In this work, LAS crystals of the a-
modification (a-LAS) were fabricated, and their indices
of refraction and birefringence were studied. The crys-
tals were grown using the evaporation method at tem-
peratures of about 20 °C. They looked like elongated
hexagons. The refraction properties of a-LLAS crystals
were analyzed within standard methods [1,2].

2. Research Results and Their Discussion

The dispersion of the refractive index n1(A) of LAS crys-
tal at room temperature was found to be normal, i.e.
On/OX < 0 (see Fig. 1 and Table), and described well by
the two-oscillator Sellmeier formula,
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where g1 and Agg are the positions of the effective cen-
ters of ultra-violet and infra-red, respectively, absorption
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Fig. 1. Dispersion of the refractive indices in LiNH4SOy4 crystals
of the a-modification at room temperature

bands; and B; and By are some quantities connected
with the effective forces of ultra-violet and infra-red os-
cillators.

The refractive indices and their dispersion satisfy the
inequalities |Ong . /0N > |0On,/0A| and n, > ny > n,.
The refractive indices in the X- and Z-directions are
very close to each other and tend to converge in the near
infra-red spectral range. Such a behavior allowed us to
suppose that there is an isotropic point in the crystal
concerned. We used experimental values for the refrac-
tive indices and the Lorentz—Lorenz relation,

n? —1 4
.

to calculate the electron polarizabilities «; and the total
refraction coefficients R; of the crystals under investi-
gation (see Table). The obtained values agree well with
the sum of refraction coefficients for each elements of the
structure [9),

Ruinngso, + Bt + Ryyy + Rgo2- =

=0.2 4+ 11.96 4 14.5 = 26.66 cm?. (3)

This fact testifies that NHJ cations give a considerable
contribution of about 45% to the total refraction in ex-
amined crystals.

A comparison of optical indicatrix parameters for
LiNH4SO4 crystals with those for isomorphic K5SOy,
RboSOy4, (NHy)2SOy4, and RbNH4SO4 crystals revealed
the following modifications as a result of the cation sub-
stitution. The substitution Li* — Rb™ leads to in-
creases of refraction indices on the average by (3 + 5) x
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Fig. 2. Dispersion of a birefringence in LiNH4SO4 crystals of the

a-modification at room temperature

1073, a displacement of Ao, by approximately 7 nm to-
ward the short-wave spectral section, and a displacement
of Aoy by 3 nm toward long-wave one.

In general, we found that the substitutions LiT —
K+ — NHf — Rb" induced reductions of n; on the
average by 0.02-0.03, whereas the corresponding changes
to Ao1, Ag2, B1, and By were minor.

The measurements of birefringence An; for all crys-
talline directions showed that the dispersion of An; is
normal in the X- and Z-directions (0An, /0N = —4.78 x
107% nm~! and dAn,/OX = —7.12 x 107° nm~!) and
abnormal in the Y-one, which testify to the existence
of inversion point for the birefringence sign in this di-
rection (Fig. 2). Really, the temperature researches of
Any (A, T) showed that An, decreases with the temper-
ature growth so that the point An, = 0 shifts toward
the short-wave spectral range.

In order to additionally verify the existence of the
isotropic state in the LAS crystals, we carried out an
independent research of the temperature dependence of
the angle 2V between the optical axes. The crystal was
preliminarily oriented with the help of a polarization
microscope so that the microscopic field should include

T a bl e. Optical indicatrix parameters for LINH4SO4
crystals at room temperature

On;/OX, 1075 nm~1!

A =500 nm X Y A
—5.2 —4.6 —5.4
axis | Ao1, Aoz, B;, B, a;, a;,
nm nm 1076 nm [ 1072 nm~2 | 10724 cm? | cm?
X 105.4 1020.21 104.1 1.46 8.41 26.12
Y 108.7 8413.9 97.5 3.56 8.52 26.23
Z 109.3 3636.57 96.7 2.41 8.48 26.14
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Fig. 3. Temperature dependence of the angle between the optical
axes in a LAS crystal for A = 633 nm

the cut oriented perpendicularly to the bisectrix of the
acute angle between the optical axes (in our case, it was
the Y-cut). The crystal was mounted between crossed
polarizers in the diagonal position, which provided the
maximum enlightenment of the microscopic field. It was
found that, at room temperature, T = 293 K, the angle
2V = 26° for A = 633 nm. As the temperature grew,
the angle concerned decreased and achieved the value
2V = 0° at a temperature of 300 K, which confirmed the
existence of isotropic point in this crystal. If the temper-
ature continued to grow, the optical axes changed from
the plane XOZ into the plane XOY, and the crystal
became optically biaxial again.

Within the experimental accuracy, no temperature
hysteresis was observed for a variation of the angle 2V
between the optical axes.

A comparison of the optical indicatrix parameters
among isomorphic crystals belonging to group AsBX,
can serve for the substantiation of criteria for the search
for crystals with an isotropic point, if one takes into
consideration that KoSOy4, RbKSOy4, RbaSOy, LiKSOy,
RbNH4SOy, and (NHy),BeFy crystals demonstrate it in
wide temperature and spectral ranges. Since the cation
substitution leads to minor changes in the optical in-
dicatrix parameters, one may expect that it will result
in a variation of the spectral or temperature range, in
which the isotropic state exists, depending on the ratios
between mixed substances.

To summarize, in this work, LiNH,SO4 crystals of the
a-modification were fabricated, and the spectral depen-
dences of their refractive indices and birefringence were
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studied in the room temperature interval. The intersec-
tion of curves n,(A) and n.(\) was found, which testi-
fies to the presence of isotropic point (An, = 0) in those
crystals, which is located at the wavelength \g =~ 683 nm
at room temperature. The temperature measurements
of the angle between the optical axes evidence a change
of the optic axial planes at the transition through the
isotropic state. The results obtained enable us to pro-
pose LiNH4SO,4 as a new crystal with the isotropic point
that is located in the accessible spectral region at room
temperatures.
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IIPO HOBU KPUCTAJI LiNH4SO4 3 I3OTPOITHOIO
TOYKOIO

B.H. Cmadnux, M.O. Pomaniox, P.C. Bpessin
PeszowMme

Bupomeno kpucramu LINH4SO4 a-momudikanii Ta gocitimkeHo x
CIIEKTPAaJIbHI 3aJIe2KHOCTI ITOKA3HUKIB 3aJIOMJIEHHS 1 JIBOIPOMEHe-
3aJI0MJIeHHs1. BUSIBIIEHO IepeTuH KPUBHX N; (), IO CBIAYUTH IO
HasdABHICTE 3a KiMHaTHOI TeMIlepaTypu iHBepcil 3HaKa JBOIpOMe-
HesasioMmieHus (Any = 0), K& 3HAXOAUTHCH HA JOBXKUHI CBITJIO-
BOI XBIJl A\g & 683 HM. Y BHIAIKY IiJBUIIEHHS TEMIIEPATYPH I
TOYKa 3MINLyEThCA B KOPOTKOXBHUJIBOBY JIJISHKY clieKTpa. Jlocsi-
J’KEHO TeMIIEPATYPHY 3aJIe’KHICTh KyTa Mi*K ONTHYHHMH OCIMH,
IIOKa3aHO 3MiHy IUIOIIWHHU OINTHYHUX OCed IiJl 4ac Iepexoiy B i30-
TPONHUI CTaH.
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