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TRIGONAL GERMANIUM DIOXIDE: ITS PREPARATION
AND OPTICAL PARAMETERS

T. M. Glushkova, D. F. Kiselev, I. B. Makhina®, M. M. Firsova, and A. P. Shtyrkova

The following physical properties of trigonal germanium dioxide grown by the
hydrothermal method at 185°C were studied: density, the refractive and optical
specific rotatory dispersions in the visible spectral range, and the spectra of op-
tical transmission over the 0.2-10 pm range. The data obtained were compared
with the same parameters for a-quartz, which is a structural analog of trigonal
germanium dioxide.

Germanium dioxide is known to occur in two crystal modifications: the stable rutile structure GeQa,
(tetragonal) and metastable quartz-crystal modification a-GeOg (trigonal). The latter is not encountered in
nature but 15 of mterest as an analog of the widely used a-quartz. and even exceeds it in some properties
{higher temperature of phase transition and greater magnitudes of the plezoeffect, specific optical rotation.
and birefringence), while being inferior in others (e. g.. the solubility in water). The reported data an physical
properties of a-GeQ, are scarce [1. 2]. which may be explained by the diffienltizs encountered when srowing
these crystals both from melt and (even to a greater extent) by the hydrothermal method. These difficulties
stem from the fact that, though the metastable quartz-crystal modification can be stable at the ordinary
conditions due to a high activation energy for the phase transition to GeOa,, at elevated temperatures it
undergoes a gradual transition to the stable rutile modification, the process being accelerated substantially
in the presence of water. Under hydrothermal conditions, a slow transition of a-GeQ9 1o GeQOa: occurs even
at temperatures not exceeding 100°C, and the recrystallization rate of a-GeQq grows with temperature.
The transition of the raw material to the stable phase is also noticeably accelerated at these conditions.
so that after a time, which is also governed by the temperature, the raw material is converted to the
insoluble rutile form. and the recrystallization ceases. Therefore. when crystals are grown in autoclaves
and no solution replenishment with trigonal germanium dioxide is possible, the rine of synthesis 5 sircrly
fimised. because prolongation of the experimental time may lead to a complete dissolution of the grown
layer of trigonal germanium dioxide. The temperature of 183°C was found [3] to be a threshold one for the
hydrothermal growth of @-GeQg, since beginning with this temperature the transition to GeQ2; becomes
extremely fast {3]. Therefore. the low temperatures of the svnthesis and the instability of a-GeQs under
hydrothermal conditions made it impoassible for us to obtain crystals of dimensions and quality sullicient for
carrying out precise experimental investigations.

In the present study use was made of best single--crystal specimens grown by the hydrothermal methed
al temperatures not exceeding 185°C, by epitaxial growth on various cuts of quartz crystals. The grown
crystal lavers were up to 2 mm thick, transparent, colorless. and had satisfactory optical quality. We used
samples in the form of polished plates differing in size and oriented along the crystallographic axes.

These samples were also used in an earlier study [4], in which we measured polarization spectra of
the Raman scattering, conducted an accurate assignment of the Raman lines to the appropriate tvpes of
vibration, and measured their frequencies, widths, and intensities.

The ervstal density was measured by the method of hydrostatic weighing. The measurement error did
not exceed 107% g/em®. The density and other properties of the trigonal germanium dioxide crystals were
determined at room temperature. The obtained value of p = 4.270 g/em?® is in good agreement with the
reported [1] value of 4.28 g/cm®. The somewhat lower value may be due to the fact that we measured density
in grown boules with unremoved quartz seed, since the samples that were prepared for optical measurements
and had the seed ground away were too small to be used for denmsity determinations by the method of

Research Institute for Mineral Raw Materials, Aleksandrov.

(1]
D1



Moscow Univarsity
Physics Bulletin Vol. 47, No. I

hydrostatic weighing.

The spectra of optical transmission in the range of 0.2-10 um recorded with Specord and Perkin-Elmer
spectrometers are presented in Figs. 1 and 2. As is seen in Fig. 1, o-GeQ, shows a considerable absorption
in the range of (.205-0.210 um and this distinguishes it from c-quartz, which is fully {ransparent in this
particular spectral range. The IR spectrum of a-Ge(Q, (Fig. 2) as a whole is similar to the IR spectrum of
a-quartz: the absorption bauds belong to the harmonics and combination frequencies of the fundamental
lattice vibrations, though their frequencies are somewhat lower than those of a-quartz, which was already
noted by us earlier (4] for the frequencies of the Raman lines in these crystals. Also noted should be the
presence of a group of absorption bands at about 3 um which are typical of valence vibrations of the impurity
hydroxide group OH. We see that this group, always present in quartz, is also observed in germaunium dioxide.
In the a-GeO- crystals, however, these bands were shifted toward higher frequencies, which implies weaker
bonding between the OH group and the GeQ» lattice as compared to 5i0s.
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Fig. 1

Transmission spectrum of a-GeQ, In the visible and near UV spectral ranges.
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Fig. 2

IR transmission spectrum of a-GeQa.

Rotation of the polarization plane was measured with a photoelectric polarimeter on the same samples
that were used in the spectral measurements. To determine the refractive index a prism-shaped sample was
prepared and measurements were made with a GS-5 goniometer both by the autocollimation and the mini-
mum deviation angle methods. Unfortunately, owing to the small dimensions of the samples, the accuracy
of the measurements was not high enough, and the error was about several tenths of percent. A He-Ne laser
(A =0.633 gm) and a Hg lamp (A = 0.578, 0.546, and 0.436 um) were used as light sources.

The measured values of specific rotation and refractive indices of germanium dioxide as functions of
the wavelength are shown in Figs. 3 and 4 together with similar data for quartz for comparison. One can see
that the specific rotation and the birefringence of a-GeQ» exceed those of quartz by a factor of 1.5, and 4,
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Fig. 3

Rotatory dispersion of a-Ge(Gs and a-5i0-.
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Fig. 4
Refractory dispersions of n, and n, for a-GeQq and a-5i04 (the triangles indicate the data

from [1]}.

respectively. These data indicate that a-GeQ. crystals have considerable promise for application in opitical
INStIUIMENES.

The data obtained were analyzed within the Chandrasekhar model [3], according to which the rotatory
and refractive dispersions are given by:

ald) =Y AN =257 (1)

nl AN = 1= Bl At(AT = A5 (2)
i

wlhere Ag; are the characteristic wavelengths of absorption, 4; and By, . are constants.

For quartz. both these dependencies are known to be satisfactorily represented by one-term expressions.
in which the values of Ap are the same in both cases and equal to about 0.1 gm.

It was found, however, that the curve of specific rotatcry dispersion for a-GeQ+ was better approximated
by the two-term expression:

a(d) = ANTA% = A3 4+ A3 = A3 (3)

where Aoy = 0.125 pm, Age = 0.208 um, A = 11.45, 4> = 0.4. It was found that the main contribution into
the rotation magnitude is provided by the first term in expression (3} with the short-wavelength absorption
band Agy = 0.125 um. However, one cannot disregard the quite noticeable. though smaller by an order
of magnitude, contribution from the second term with the absorption band Age = 0.208 pm. The latter
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was caleulated and also found experimentally for the a-GeQ; samples studied by us {see Fig. 1). The
difference between these contributions to the specific rotation from the absorption bands Ag; = 0.125 ym
and Age = 0.208 um is indicative of the weak gyrotropicity of the latter.

It should also be noted that the calculated wavelength of the @-GeQa absorption in the far UV region
{Ao1 = 0.125 pm) turned out to be fairly close to the characteristic wavelength of quartz (h¢ = 0.1 pum),
which points to the close positions of the edge of fundamental absorption and the width of the forbidden
band for both crystals (about 8 eV for a-GeO, and about 10 eV for quartz).

Ve failed to approximate the refractory dispersicns of n, and n. for «-GeQ, by two-term expressions
with the same Ag; and Mg as those used for the rotatory dispersion, because the factors B, and B, at the
term with Apgy = 0.125 pm turned out to be close 1o zero. The predominating term in this case iz the one
with Aps = 0.208 um, which probably Is due to the proxinity of this absorption band to the visible spectral
range. So, the refractive dispersion of a-GeOq may be readily approximated by the one-term expression:

n, = 1= B, MM (A7 - a0, (4)

where Ag = 0.208 uym, B, = 164, B, = 1.76.

The origin of the 0.208 pm absorption band, which plays such an important role in dispersion of a-
GeOs but s complecely absent in quartz, is not quite clear. The reported dara show that a similar band
at about 0.210-0.215 ymn was observed {6] in a berlinite crystal isostructural with a-GeQO» aud quartz and
containing an iron impurity. Yet berlinite erystals grown under conditions excluding the presence of this
mmpurity showed no absorprion bands in the 0.2-0.7 pm range {T]. A intense absorption bawd in this specteal
range is known to be due [§] ro charge transfer rom oxyvgen (o impurity lous of transihion tetals, o Fo’=
trivalent ions, in particular. In our samples of a-GeQa, the presence of the iron Impurity i amounts of
the order of 107% — 1077 wt.% cannot he excluded either. so it seets probable that the absorption hand at
0.208 pm, determined experimentally and calculated from the rotatory and refractory dispersions, is due to
this particular factor.

The presence of this absorption may strongly restrict the practical applications of.a-Ge(Qs in optical
instruments instead of quartz, which is valuable precisely for its perfect optical transparence in the UV
spectral range down to 0.1 ym. So, to produce crystals of trigonal germanium dioxide of sufficient dimensions
and a high optical quality by the hydrothermal methed, one must introduce further improvernents into this
method.
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