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ABSTRACT

The crystal structures of PbV206 and a-VP05 , both

from within the glass-forming region of PbO-V20 5-P205 , have

been determined by X-r~y methods to help provide models for

the local structure of the glass. A temperature dependent

displacive disordering of oxygen atoms is found in a-VP05 .

A specimen has been studied which is still ordered at room

temperature but appears to be vanadium rich.

X-ray scattering intensities, measured for five

compositions of Vl+xPI-XOS glass, are compared with a model

for the local structure of the glass based upon structu~al

features from a-VPOS ' Available data on the physical

properties of the glass, such as density and electrical

conductivity, are discussed in relation to the proposed

structural model.

Methodological problems of X-ray scattering from

glass, involved wIth Compton scattering and multiple

scattering, are discussed.
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CHAPTER 1

INTRODUCTION

When Frit~sche (1972) reviewed the electrical

properties of amorphous semiconductors, one of the categories

he used was that of "SemIconducting oxide glasses". Of the

glasses listpd under that category, half were formed from

mixtures of V2 05 wit~other oxides. One of the more studied

of the V2 0 5 based glass- systems is that ~ormed from V
2

0
5

and

P205' Since the work of Denton et al. (1954) and Baynton
.

et al (1957) ,

semiconductors. Between then and 1965 when Mackenzie

rpviewed the work to date on amorphous semiconducting oxides

several investigations h~d been made and it had been

ascertained that conduction was by electron hopping from

Vclnadium to vanadium. The vanadium was present in both the

V5 + and V4+ oxidation states and the electron hopped from a

V4
+ Slt~ to a formerly V5+ site. The transfer of the electron

was seen to be thermally activated with an activation energy

of about .4pV. As the most studied of th,e semiconduct.ing

oxide glasses the vanadium phosphate glasses co,uld be

regarded as a prototype of the category or at least the sub-
\,

category of vanadium pentoxide ba~d glasses.
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Aside from being prototypic, the vanadium phosphate

glasses have been found to have some interesting character

---istics of their own. Munataka (1960) found in Y20S-P20S-BaO

glasses that the conductiyity reached a maximum for a

ratio Df v4+ jytotal of about .2 which is ;ather problematic

because the probability of having both electrons to hop and

empty neighboring sites to hop to peaks at a charge carrier

to site ratio of one half. Kitiagorodskii et al. (1960)

measured the Seebeck coefficient for various values of y4+ j

vtotal while holding the phosphate content constant. They

found th~ Seebeck coefficient to vary l'ine:rlY wi th y 4 +jytotal

but the line does not cross the axis (indicating a change

4+from electron to hole conduction ) at 50% Y as one would
\

expect, but at a considerably lower value. Kennedy' and

Mackenzie ( 1967 ) measured the Seebeck coefficient for a

{few compositions and found an extrapolation through 50% y4+

~'"
~ but a study of Many more compositions by Linsley et al. (1970)

indicated that the Seebeck coefficient fell on a family of

curves, one curve per phosphate content and only those
.

compositions in which the total vanadate content was near to

•

2

the phosphate content gave curves which extrapolated across
4+ .

the a~is at SO% y . In this same study Linsley et al. (1970)

investigated the conductivity maximum found by Munataka (1960),

and they found that the D.C. conductivity, A.C. conductivity,

an,d the thermal activation energy for the conduction process

all went through extrema at approximately the same value of
••



V4+/vtotal however the valu(> of this ratio yielding the

extrem~ shIfted as the phosphate to vanadate ratIo was

changed. Linsley et al. (1970), Adler (1971), and Sayre and

MansIngh (1972) have discussed the behavIour of the

conductIvIty maximum as a function of phosphate content on

the assumption that the behaviour IS a functIon of the

structural nature of the glass.

If a structural model was needed to explain the

changes in the electrical behavior with composItion, the

structural clues available at the time were problematic.

Janaklrama-Rao (1966) observed a line in the infrared spectrum

of vanadium phosphate glass which was also In V
2

0
S

from which

he concluded a similar coordination for the vanadIum In the

glass to that found in V
2

0
S

crystals. To explain the decrease

in conductIvity with increased phosphate content, he proposed

that the corrogated sheets from which the structure of V2 0 S

IS built are progressively attacked by phosphates and reduced

to rIbhnn~or chains. To explain ~heir nuclear magnetic

resonance data, Lanasberger and Bray (1970) built upon the
fJ

argument of Janakirama-Rao and proposed that the phosphate

ions come in perpendicular to the V20 S - like sheet and replace

a terminal oxygen protruding from the sheet with an oxygen

from the phosphate. Both this argument and its antecedent

assume quite drastic variation of the local environment of

the vanadium as the content of phosphate in the glass .l.S
• J ~

varlcd. Dcnsity data from several studies WhICh wlll be shown
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in a later chapter indicat('~ that the density of the glass

varies less in going from one P/V ratio to another than even

the mass ratios. The very slight variation in the density

is difficult to reconcile with the major restructuring implied

by the model of Landsberger and Bray (1970).

The activation epergy for conduction is mildly

temperature dependent, changing smoothly from about .3eV to

.4 eV at room temperature to about .05 eV to .1 eV near

liquid nitrogen temperature. Schmid (1968) applied the

theory of the small polaron to the conduction in vanadium

phosphate glass to explain the temperature dependence of the

activation energy. This theory which has had some success

in describing conduction in some transition metal oxide

crystals (see Austin and Matt, 1969, for review) required

some modification for application to the disordered state.

Following Schmid's (1968, 1969) application of the small

polaron theory to conduction in vanadium phosphate glass,

several theoretical and experimental investigations have used

vanadium phosphate glasses as a testing ground for ideas re

garding small polaron behavior. A number of these studies will

be cited in later chapters. One parameter of the small

polaron theory that can be extracted from conductivity data-is

cal10d a polaron radius, and for reasons to be discussed, it

could be assumed to be quite sensitive to major structural re

ordpring. Sayre and Mansingh (1972) have found the polaron

radius to be constant within E'xflerimpntal prror as the






















































































































































































































































































































































































































































































































































































































