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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 gern1aniun1 dioxide grown by the 
hydrothermal metl1od at 185°C were studied: density, tl1e refractive and optical 
specific rotatory dispersions in the visible spectral range, a11d the spectra of op­
tical transmission over the 0.2-10 µm range. Tl1e data obtai11e<l we1·e con1pared 
with the same parameters for a-quartz, whicl1 is a structural analog of trigonal 
germanium dioxide. 

Germanium dioxide is known to occur in two crystal modifications: the stable rutile structure Ge02 t 
(tetragonal) and metastable quartz-crystal modification a:-Ge02 {trigonal). The latter is not encoHntcred in 
nature but is of interest as an analog of the \videly used r:r-quartz. and even exct:>eds it in sotnP pr•.'p.=-rri•:>:-> 
(higher temperature of phase transltion and greater inagnitu<les of the piezoeffecL specific optic0,l rotation. 
and birefringence), \vhile being iuferior in others (e.g .. the solubility in \~.rater). 1'he reported data 011 rhysic:1! 
properties of a-Ge0"2 are scarce [l. 2]. \Vhich 1nay be exrlained by the diffic11lri1:s enc,)11ntered \\·!ten ~l'0\\·1:1_:; 

these crystals both from melt and (even to a greater extent) by the hydrothennal ruetho<l. 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 GeO~ t, at elevated ternperatures it 
undergoes a gradual transition to the stable rutile modification, the process being accelerated snbs:tautially 
in the presence of \Vater. Under hydrothermal conditions, a slo\v transition of a-Ge02 to GeO:!t occurs even 
at temperatures not exceeding 100°C 1 and the recrystallization rate of o:-Ge0 2 gro\vs \vith temperature. 
The transition of the ra\v material to the stable phase is also noticeably accelerated at these conditions. 
so that after a time, \Vhich is also governed by the _temperature, the raw· n1aterial is converr.e<l to the 
insoluble rutile form. and the recrystallization ceases. Therefore. \vhen crystals are gro\vn in autoclaves 
and no solution replenishn1ent with trig:onal germanium dioxide is possible. the 1i1ne of synthesi . ..; i:-> ;-;inctly 
limited. because prolongation of the experin1ental time n1ay lead to a cornplete dissolution of the g;ro\vn 
layer of trigonal germanium <lioxide. The temperature of 18.J°C \Vas found [:3] to be a threshold one for the 
hydrothermal gro,vth of a-Ge02, since beginning \vi th this temperature the transition to GeO? t becomes 
extren1ely fast [3]. Therefore. the lo\v ten1peratures of the synthesis and the instabihty of o-C~r02 qnrler 
hydrothermal conditions 1nade it i1npossible for us to obtain crystals of dirr1ensions and quality surllcient for 
carrying out precise experimental investigations. 

In the present study use was made of best single-~rystal specimens grown by the hydrothern1al method 
at temper3.tures not exceeding 185°C, by epita.'(ial gro\vth on various cuts of quartz crystals. The gro\vn 
crystal layers \Vere up to 2 mn1 thick, transparent, colorless. and had satisfactory optical quality. \\'e used 
samples in the form of polished plates differing in size and oriented along the crystallographic axi;s. 

These samples \Vere also used in an earlier study [4], in \Vhich \Ve n1easured polarization spectra of 
the Raman scattering, conducted an accurate assignment of the Raman lines to the appropriate types of 
vibration, and measured their frequencies, \vidths, and intensities. 

The crystal density \Vas n1eas:ured by the n1ethod of hydrostatic \veighing. The 1ne:=i.sure111ent et·ror did 
not exceed io-3 g/cm3 . The density and other properties of the trigonal germanium dioxide crystals \Vere 
determined at room temperature. The obtained value of p = 4.270 g/cm3 is in good agreement v.·ith the 
reported [1] value of 4.28 g/ cm3 . The some\vhat lo,ver value may be due to the fact that \Ve n1easured density 
in gro\vn boules \Vi th unremoved quartz seed, since the samples that \Vere prepared for optical tneasurements 
and had the seed ground a\vay \vere too small to be used for density determinations by the method of 
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The spectra of optical transmission in the range of 0.2-10 µm recorded with Specord and Perkin-Elmer 
spectrometers are presented in Figs. I and 2. As is seen in Fig. I, o:-Ge02 shows a considerable absorption 
in the range of 0.205-0.210 µm and this distinguishes it from a-quartz, which is fully transparent in this 
particular spectral range. The IR spectrum of a-Ge02 (Fig. 2) as a whole is similar to the IR spectrum of 
a-quartz: the absorption bands 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 µm \Vhich are typical of valence vibrations of the itnpurity 
hydroxide group OH. \Ve see that this group, always present in quartz, is also observed in gerrnanium dioxide. 
In the a:-GeO:i crystals, ho,vever, these bands \v~re shifted to,vard higher frequencies, \vhich implies \\'ea.ker 
bonding bet\veen the OH group and the GeO:i lattice as con1pared to Si0 2 . 
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Transmission spectrum of a-Ge02 in the visible and near U\T spectral ranges. 
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Fig. 2 

IR transmission spectrum of a-GeO:i. 

Rotation of the polarization plane \Vas ineasured \vith a photoelectric polarimeter on the sa1ne san1ples 
that \Vere used in the spectral n1easurements. To determine the refractive index a prism-shaped sample \Vas 

prepared and measurements were made \Vith a GS-5 goniometer both by the autocollimation and the mini­
n1um deviation angle methods. Unfortunately, O\ving to the small dimensions of the samples, the accuracy 
of the measurements \Vas not high en.ough, and the error \Vas about several tenths of percent. A He-Ne laser 
(.\ = 0.633 µm) and a Hg lamp (.>, = 0.578, 0.546, an.d 0.436 µm) were used as light sources. 

The measured values of specific rotation and refractive indices of germaniu1n dioxide as functions of 
the \vavelength are sho\vn in Figs. 3 and 4 together \Vith similar data for quartz for comparison. One can see 
that the specific rotation and the birefringence of a:-Ge0 2 exceed those of quartz by a factor of 1.5, and 4, 
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Fig. 3 

Rotatory dispersion of et-Ge02 and et-Si02. 
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Fig. 4 

Refractory dispersions of n. 0 and ne for a-Ge02 and et-Si02 (the triangles indicate the data 
from [l]l. 

respectively. These data indicate that ct-Ge0 2 crystals have considerable promise for n.pplication in oprical 
instruments. 

The data obtained \Vere analyzed \vi.thin the Chandrasekhar 1nodel [.jJ, according to \vhich the rotatory 
and refractive dispersions are given by: 

( 1) 

(2) 

\Vhere Aoi are the characteristic \vavelengt.hs of absorption .. -li and B1tJ.r,Ji are constant.s. 
For quarr.z. both these dependencies are kno,vn to be satisfactorily represented by one-t.ern1 expressions. 

in \vhich the values of Ao are the san1e in both cases and equal to about 0.1 µn1. 
It \Va.s found, ho\vever, that the curve of specific rotatciry dispersion for a-Ge02 Yva.s better approxin1ated 

by the two-term expression: 

(3) 

where .Ao1 = 0.125 µm, Aoz = 0.208 µm, .{1 = 11.45, ,{z = 0.4. It was found that the main contribution into 
the rotation magnitude is provided by the first term in expression (3) \Vith the short-\vavelength absorption 
band ,\01 = 0.125 µm. However, one cannot disregard the quite noticeable. though smaller by an order 
of magnitude, contribution from the second term \Vith the absorption band ,\ 02 = 0.208 µm. The latter 
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was calculated and also found experimentally for the a-Ge02 samples studied by us (see Fig. l). The 
difference between these contributions to the specific rotation from the absorption bands ,\01 = 0.125 µm 
and .\02 = 0.208 µm is indicative of the weak gyrotropicity of the latter. 

It should also be noted that the calculated wavelength of the a-Ge02 absorption in the far UV region 
(,\01 = 0.125 µm) turned out to be fairly close to the characteristic wavelength of quartz (.Ao = 0.1 µm), 
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-Ge02 and about 10 eV for quartz). 

\Ve failed to approxin1ate the refractory dispersions of n0 and n~ for n:-Ge0 2 by t\\'O-ter111 i::xpressions 
\vith the same ,\o1 and >.02 as those used for the rotatory dispersion, because the factors B., 1 an<l Be 1 at the 
term \vith Ao 1 = 0.125 µm turned out to be close to zero. The predotninating tern1 in this case is the on~ 
\Vith ~\02 = 0.208 µm, \Vhich probably is due to the proxin1ity of this absorption band to the visible spectral 
range. So, the refractive dispersion of n:-Ge02 may be readily approximated by the one-term expression: 

2 - 2 2 2 -1 n," - 1 - B,,,>. (.\ - .Ao) , (4) 

where .Ao= 0.208 µm, B, = 1.64, B, = 1.76. 
The origin of the 0.208 µm absorption baud. \Vhich plays such an important role in disp~rsion of a­

Gt-02 but is cotnpletely ctbsent in quartz, is not quite clear. The reported data sho\\" tl1::it n. ~iiL1ilnr bn.nd 
at about 0.:210-0.215 µrn \Vas ob:;.;erved [G] in a berlinite crystal isostructurai wit.h o-(;eo:? ruid qaart.z and 
containlng an iron ii11p11rity. Yet berlinite crystals gro\Vl1 under co11ditions exclnding the presence of this 
i1npurity sho\ved no absorptio11 bands in the 0.:2-0.7 µtn ran:b"e [i]. A.n intense absurpli•JIL h;111d i11 rl1i:0; spt;.·tr;:d 
range is kno,vn to be due [.:Sj tv rlu·irg:e tr~1nsfer !'ront oxygen lv irupurity i•J11:-;; <)I"! ran~111c•rt 111e1 :d~. io F(_,:;...,... 
trivalent ions. in particular. In our santples of u-Ge02 , the presence of the irou i111purity iu ;:nnou!lt5 of 
the order of io- 4 - 10-3 \\'t.% cannot be excludeJ either. so it .see111.s probable t.hat tlte absorpt-io1t h;u1d :\t 

U.208 µm, determined experirnentatly and calculated frorn the rotatory and refractory disp1;rsir)11s, is due ro 
this particular factor. 

The presence of this absorption may strongly restrict the practical applications of.a-Ge02 in optical 
instruments instead of quartz, \vhich is valuable precisely for its perfect optical transparence in the lT\r 
spectral range down to 0.1 µm. So, to produce crystals of trigonal germanium dioxide of sufficient di1nensions 
and a high optical quality by the hydrothermal 1nethod, one n1ust introduce ful'ther in1provernent.s into this 
method. 

REFERENCES 

1. S.S. Batsanov, Structural Refracto1netry (in Russian), .\Iosco\v. 1976. 
2. B. ~- I-Colodiev and I. B. }.fakhina, f\'ristallografiya, vol. 34, no. 3, p. iGl, 1989. 
3. L. ~. Dem'yanets, \ 1 . I. Il'yukhin, ...\ ... P. h'..uz'mina. et al., in: ~- N. Sheftal' and E. I. Givargizov, eels .. 

C'rystal Growth (in Russian). vol. 9. p 25, :\.Iosco\V. 1012. 
4. L. P A vakyants, D. F. l\iselev. I. B. Makhina, and :>I. ol. Firsova. Opt. i Speklrask.. vol. r;G. no. "1. 

p. 924. 1989. 
5. S. Chandrasekhar, Proc. Roy. Soc., vol. 259, p. 531, 1961. 
6. Sh. A .. Vakhidov. Zh. D. Ibragimov. A. D. Yuldashev. et al .. in: Abstracts of ,Vntional C'onf. 011 .-lcluri/ 

Structure and Properties of .4.cenfric c:rystals (in Russian), p. 1913, ~IosCO\V, 1990. 
' .. -\.. 1-.·u. f\:!irnova .• ..\. .. ·\.. S!tternberg. C~. S. :\fironova. et al .. 1\·r1slllilografi_11 1i. vol >::!. ll'~' .. ,. p. J.~1). 1'.}.S-;'. 
S .. ..\. S. :\[arfunin. [11trorl1tct1011 to Phy,5ic.s of .lllntrrt!s (in Ru~sian), J.lvsC<j\\". l!)/.t. 

22 March 1991 Department of General Physics 
for the Physics Faculty 


