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The transmission of V,0; single crystals was measured and the absorption was calculated
in a wavelenght range corresponding to the long wave tail of the absorption edge, at temperatures
between 90 and 670 °K. The results were analysed in terms of Urbach’s rule and the respective
parameters were estimated. It could be stated that Urbach’s rule is reasonably well fulfilled for
temperatures higher than 390 °K. The estimated values of the parameters are in good accordance
with the band gaps and absorption constants calculated from the short wavelenght part of the
absorption edge.

1. Introduction

The character of the absorption edge of V,0; single crystals has been the object
of several investigations [1—7]. According to the results of these analyses, it seems
plausible that the absorption edge is connected with direct forbidden transitions
from the valence band to the conduction band. On the base of this supposition,
the band gap E, was calculated with the formula K*®~(hw—E,), where K is the
absorption constant and %w the photon energy. These results were confirmed by
the values obtained from diffuse reflexion of V,O5 powder [3].

It has to be remarked, however, that contrary to the transitions in single crystals,
investigations on the reflexion spectra of V,0, powders of different particle size seem
to support the supposition of direct allowed transitions [4].

Further information concerning the character of interactions of light with the
crystals studied and the type of transitions can be obtained from the long wave
tail of the absorption edge. At lower photon energies, the shape of the absorption
edge is different from that corresponding to the potence law quoted above. In the
investigations of [1] and [2] it was found that the long wave tail of V,0; single
crystals shows an exponential dependence on the photon energy and on the in-
verse of the absolute temperature, respectively, and obeys Urbach’s rule expressed
by the relation

Ey—ho

K=Ky ' ® 0

o, Ey and K| are constant or weakly temperature dependent; ¢ is a parameter of
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order unity, the dependence of wich on temperature can be expressed by the formula

2ko ho
o= aohTtanh
4

p
2k0° 2

where o, is a constant and Aw, is the phonon energy.

Urbach’s rule was found to hold for several insulators and semiconductors;
however, no satisfactory and generally valid theoretical explanation of the rule
could be given up to now. Therefore it appears justified to collect further experi-
mental material on a broader basis, besides trying to find adequate theoretical
models.

The aim of the present paper is to account on measurements concerning the
validity of Urbach’s rule in a wider temperature range and to estimate the values of
the parameters in Eq. (1).

2. Experimental method

For determining the absorption contants in the wavelength range corresponding
to the long wave tail of the absorption edge, V,O; single crystal plates of different
thicknesses were used. In this spectral range and with the thicknesses employed,
interference could not be observed and we could calculate with the relation
T=(1—R)2e~X¥ where, T is the transmission, R the reflectivity and d the thickness
of the plate, The methods of growing the single crystals and preparing the samples,
as well as the devices used for transmission measurements are described in a previons
paper [8] of one of the authors. The transmission of the crystal plates cut in the (010)
plane was measured with two different conditions of polarization (E|c, and E L ¢
i.e. Ella). The temperature of the crystal was varied from 90 to 670 °K. For producing
low temperatures, a cryostat cooled with liquid nitrogen was used. At temperatures
exceeding 570 °K, the temperature radiation of the samples was taken into account.
Inhomogeneities of the samples were eliminated by taking the average of measurements
made on numerous samples. The accuracy of the measurements of transmission
and of sample thickness exceeds that permitted by the errors caused by inhomogenei-
ties of the samples.

3. Results

Using samples of suitable thickness, it was possible to measure the temperature
dependence in the spectral range corresponding to the long wavelength tail of the
absorption edge. Figs. 1 and 2 show the wavelength dependence of the transmission
at different temperatures @ for two crystal plates of different thickness under the
conditions of polarization mentioned above. The values of K were calculated by
comparing the transmissions of similar pairs of plate thicknesses, according to the
relation given for the connection between transmission and absorption in Section 2.
The curves T! (@) and T+ (@), illustrating the temperature dependence of transmission
for different wavelengths, were calculated from similar pairs of curves (see Figs. 3
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Fig. 1. Dependence on wavelength of the transmission of V,O; single crystals of
140 ¢ thickness at different temperatures, for | and | polarization
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2. Dependence on wavelength of the transmission of V,0; single crystals of
50 u thickness at different temperatures, for || and 1 polarization
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Fig. 3. Dependence on temperature of the transmission at
different wavelengths for | polarization

-and 4). The values of T(@) were determined from the temperature dependence of the

refractive index n (through the relation To=(1—R)?), of the sample thicknes d, and
.of the absorption constant K:

AT 0T, x4 ..0d 9K

Supposing that the contribution of the first and second terms of the equation

1is less important, and the dependence of the absorption coefficient on photon energy
2

.and on the inverse of @ is exponential, a linear dependence of K on —.;—,— . —2% should

result. The validity of this supposition is shown by Figs. 5 and 6, where the linear
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Fig. 4. Dependence on temperature of the transmission
at different wavelengths for 1 polarization
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character of the curves and the slopes increasing with wavelength support our
supposition.

In Fig. 7, curves of InK vs. hv are shown for several temperatures. In the range
of photon energies shown in the figures, the curves are of linear character and their
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slopes decrease with increasing temperature. The curves of ¢!(@) and ¢+(0) cal-
culated from these slopes are presented in Fig. 8. It can be seen that up to about
390 °K, the values of o change with the temperature; at higher temperatures, both
ol and o+ become constant. For deep temperatures, only the values corresponding
to 89°K, marked in the figure, were calculated. Some calculated values of & are
listed in Table 1.

Table I
Values of the Parameters in Urbach’s Rule for || and 1. Polarization
a Ey(eV) Kolem~1) ko, (meV)
8(°K)
Il L [ L ol L I L
89 0.19 | 0.31
313 061 | 0.59
393 078 | 0.64 | 2.49 | 2.54 | 1.3.10% | 2.3-10° 49 47
513 0.64 | 0.58
633 0.60 | 0.49

In Figs. 9 and 10 the values of v and @ pertaining to the same values of the
absorption coefficient are shown. Values of E, and K| estimated from these curves
are also given in Table I. The values of E/ and Ej extrapolated from the straight
portions of the curves pertaining to the same absorption coefficient (2.54 ev and
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Values of hv and @ pertaining to the same values of K-
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2.49 eV, respectively, see Table I) are in good agreement with the band gaps at
room temperature calculated supposing forbidden direct transitions. The calculated
average values of K and K (1.3-10°cm~! and 2.3-10°cm™?, see TableI) are
consistent with those pertaining to regions of higher energy of the absorption edge.
It can be stated that the estimations of the parameters in Urbach’s rule fit well to
results of other optical measurements published in literature.

The values of In K are plotted vs. 1/© in Fig. 11. It can be seen that the plots.
are straight and their slope for the same type of polarization in nearly the same.
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K TIPOBEPKE IIPABUJIA YVEPAXA V KPAS TIOTJIOMIEHUA V,05
H. T. Keanz u . Xegewu

M3MepeHO HpOOyCKaHHE M BBIYHCICHO MOIrJOLIEHME MOHOKpucTaiwia V.05 B obmactu mmH
BOJIH, COOTBETCTBYIOIGEH MJIMHHOBOJIHOBOH CTOPOHE Kpas TOIJIOHICHHS B MHTEPBAJe TeMIepaTyp
oT 90°K 1o 670°K. Pe3ynnrarhl OUM aHAJIM3HPOBAHEL HA OCHOBE ITpaBAia YOpaxa, H ObLIH OncHe-
HbI COOTBETCTBYIOIHE ITapaMeTphl. YCTaHOBIIEHO, YTO MPH TeMmepaTypax Beime 390 °K xopomo
BBIMOJNHACTCA NpaBmiIo YOpaxa. OueHeHHBble 3HAYCHHS HAPAMETPOB HAXOMATCH B XOPOIIEM COT-
JIACMM C NOJNYYSHHLIMA AAHHBIMM DO HM3MEPEHHIO IIMPHHBI 30H H KoddpdmildeHTa MmOTJIOLIEHHS
B KOPOTKOBOJIHOBO¥H YaCTH Kpasi DOTJIOLUCHHS,



