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ABSTRACT

Structural studies of potycrystalline Ha.57 Re<h grown with age of ReO? placed in air for
2 \- years, at normal room temperature conditions, are reported. Ho ,y, Re(h phase was found to be
orthorhombic with space group P m n I ind lattice parameters as follows:

ao = 5.383 ± 0.003 A; 6=12.996 ± 0.002 \

co = 5.884 ± 0 .005 A; a = £ = 1 = 90 .00

v = 450.25 .4 3 :2 = 6

Om = 4.974 ±0.032gm cm"3; Dt - 5.196gm cm"3
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INTRODUCTION

Rhenium trioxide, ReO_, has been thought to be chemically

stable compound in air at normal room temperature conditions

(1). However, with ReO, single crystal left in the aic, a gradual

change in the diffraction pattern has been observed and growth

of an hydrogen rhenium bronze, H^ReOj, has been suggested (2,3).

The hydrogen rhenium bronzes are ternary oxide phases which are

derived from ReO, by the insertion of the atoraJc hydrogen.

For this purpose various techniques like the cathodic reduction

of BeO3 in aqueous X2
SOi (4'' t h e n v t i r o 9 e n spillover methods

(5,6), and boiling of ReOj single crystal in water (2,3) etc.

have been tried. The structure of the resultant phase seems

to be strongly dependent on the amount of hydrogen content pre-

sent in the ReO^ matrix and/or on the method of preparation of

the sample. In terms of crystal structure, Dickens and Weller (6)

have reported three regions of phase growth as" a function of

hydrogen content in the H ReO3 system. With the hydrogen

content increasing, the unit cell symmetry of the resultant

compound increased from orthorhombic through tetragonal to cubic

(6) . Also the amount of the hydrogen intaken by ReO3 varies with

the method of sample preparation (4,5,6). Such samples have

shown contradictory results on other investigations (7,8,9).

To the author's knowledge,there is little or no information avail-

able about the effect of age and phases etc.thus grown,.-of

polycrystalline ReO,. The present investigations are the first of

this kind.

EXPERIMENTAL

Polycrystalline ReO3 was obtained from m/s Alpha Ventron

Corp., USA. It was completely crystalline and was at least 99 at*

ReO, phase. This was examined using the X-ray diffraction method.

The experimental samples were left in air at normal room tempera-

ture {298 K) conditions, in a dust free environment, and their

X-ray diffraction patterns recorded after regular intervals of,

time (approximately 2-3 months). The humidity level in the

room was recorded. It ranoedfrom 40-60 at*. The X-ray diffraction

data were recorded using a computer controlled powder diffracto-

meter model DMAX-IIIA of M/S Rigaku Corporation, Japan. Cu-K

radiation (X=1,54056 8 ) , monochromatized by a graphite crystal

placed in the diffracted beam, was used and intensities were recorded

at 0.02 20 steps using a Nal detector. The number of counts

were large enough to ensure that the statistical error was less

than 1.0 at%. The experimental intensities were corrected fnr

air scattering, polarization of the X-rays, absorption in the speci-

men and preferred orientation etc. according to the procedures

described in Klug and Alexander (10) and Lipson and Steeple (13) .

The powder X-ray data was indexed using the computer programme

ITO (11). The hydrogen content in the samples was determined using

the thermogravimethic analysis (TGA) and their density was measured

by the Archimede's principle.

RESULTS AND DISCUSSION

The X-ray diffraction pattern of polycrystalline ReO3, when

left in air was found to change gradually with age. The diffrac-

tion lines characteristic of cubic ReO-j gradually decreased in

intensity and several new peaks which were sharp and wel'l separated

from those of the mother phase, made their appearance. These

peaks grew stronger with the age of the sample. This clearly suggested

the growth of a new phase/phases at the expense of the original

ReO3 phase. Initially these changes were found to be quite rapid

but became slow with an age of the sample. In a period of two and

half years, the sample was found to contain the ReO, phase to the extent

of about 3.5 atl while the remaining had undergone a phase trans-

formation to some new phase/phases. The position of the above

mentioned new diffraction peaks did not correspond to any of

the compositions in the system hydrogen-ReO-j and/or waster-ReO,

etc., reported in the literature; suggesting the growth of some

new composition. Nevertheless, all these peaks could be indexed

on the unit cell in the orthorhombic system .The merit (11 ,12 ,13)

being 43.5. The X-ray powder data for this new phase/composition



i s s'hown in Table I . The u n i t c e l l parameters computed here are

as fol lows.

sQ = 5.888 *_ 0.003 &

bQ =12.996 ^ 0.002 i?

c = 5.884 + 0.005 S?
0 - o

a - B * T = 90.0

Unit c e l l volume:

V = 450.25 8 3

No. of chemical formula in the u n i t c e l l s

Z =• 6

Measured d e n s i t y :

D = 4.974 t 0.032 gtn-cram —>
-3

X-ray density:

D » 5.196 gm'cm-2

Mo extinction was observed for the reflections. The space

group was determined to be P^j <x~ray data also satisfy the

conditions of the space group No. 18, P, 2 ̂ ) •

On the basis of the above results and the information obtained

from the thermogravimetric analysis (TGA), ve could determine the

new phase as HQ 57ReO3, a composition in the Fî ReOj system. The

formation of an hydrogen rhenium bronze in the present case

under the effect of water vapor in the air over a length of time

is in agreement with the observation of other authors for the single

crystal of ReOj(2,3). After 2 1/2 years; H^^BeO^ was found

to be present in the sample to the extent of about 94 at* .

The powder X-ray diffraction pattern did not reveal any

evidence for the presence of any diffraction line below the diffraction

.angle 20=16°. There were, however, sortie very weak lines present in

the diffraction pattern which could not be indexed on the unit

cell parameters of the composition H- ,,ReO-. Out these reflections

could be indexed on the unit cell constants reported in

Kimlzuka et al. (2) and/or Weller and Dickens (5), for a low hydrogen

content phase (H ReO ; x=0.25 or so: aQ=3.77;b =3.74 and co=3.71)

The concentration of such a phase was small; being around 1.5

at^ or so). Also no evidence for the formation of a superlattice

havinq double the lattice constant of cubic ReO, (a "7.50 A)
J o

was found.

To the author's knowledge as there was no information avail-

able in the li terature on the unit cel l parameters of the compo-

sition under present study, therefore, no comparison could be

made. Nevertheless, the p-type unit cell observed in the present

study for Ho -7ReOj crystal is in agreement for other compo-

sitions in the system H ReO ,̂ having low hydrogen content, reported

in KimLzuka et a l . (2) and Horiuchi et a l . 13).

Also there was no information available on' the density of any

of the composition in the system H ReO,; therefore, no comparison

could be made.
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