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ABSTRACT
FThermoslsctric porer measurenents far
Lisputh—~phosphate glasses prepared From
purs oxides are parrisd out in the
temperaturs range from 330° K up to 580 < K.
The curves of  therposlectric power (8§
versus tepperature 9o through -— ve and + ve

This supgests that. the charge
carriers are electrons and holes.

Thermoelectrin ponsr and activation encrgy
data are found to be sepsitive to the glass
copposition. Results iIndicate a structural
change in the 9lass petwork around 25 Bip Os

wole Z.

valuss of §&.

”
»INTRODUCTION

The thermoelectric powver phénomenon in the material under
test has been investigated by many  workers [1-8]. They " have

reported. that the thermoelectric power (Seebeck coefficient)

could be used to elucidate the nature of the transport mechanisms

in materials.It is well Known that, for an n-type

crystalline semiconductor [6], Seebeck coefficient S, is given by

Ecz - E=
+ A ) (1)

k
S = — |
: e "KT

wvhere K is Boltzmann's constant, e is the electronic'charge, Ec
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“and Ee are t-e energies of the conduction band and the fern

' level, -respectively énd_ A is a constant (where A.K.T is the

average energy of the transported electrons measured wit}

respect to Ef). The value of A depends cn the nature of the

scattering process. Mott and Davis [9] <claimed that A is

" normally a constant ranging between 2 and 4. If the current

is carried by holes the sign of § is reversed and ( Ec - Ea

is - replaced by ( E= - B+ ).

In amorphous semiconductors [9] A is expected to be equal

to unity when current is carried in extended states; and Es or

Evrefers to -the appropriate mobility edges. For current

carried in localized states at the band edges, A will again be

small and Ecz and E. aré to be replaced by Ea and En ’

respectively ( see Fig. 1 ). The sign of S5 1is therefore a

reliable indicator of whether the material is n - type or P
~ type. A plot of 8 agaiqst 1/T has a slope that yields E(0),
as does a plot of lngragainst 1/T, and the intercept on the S

at 1/T =..0. yields the temperature coefficient of the

axis
activation energy for conduction. Alternatively a plot of the

Peltier coefficient™] = ST versus T yields ¥ from its slope.

In this work, thermoelectric power measurements of Biz02-P20s

glass series as a function of composition and temperature

(in the range from 330 °K to 580 °K) are performed.

EXPERIMENTAL PROCEDURE - .
l-Preparation of glasses :

Biz 0s - Pz 0s glasses wvexe prepared by melting the

2
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appropriate mixture of Analar phosphorous pentoxide and Analar

bismuth oxide in alumina crucibles. The mixture wvas placed in

an electric furnace, held at 400°Cc for one ‘hour. .. This allows

the P20s to decompose and react with BizOa» before it reaches its

melting point. After this treatment the mixture was transferred

to the second furnace which was already - at a temperature

[}

setween 950° C and 1100 C, for 30 minutes (the highest

temperature being applicable to the mixture with highest

sercentage of B%.% ). The glass melts were shaken occasionally

and casted 1into two mild - steel moulds to form glass rods 1 cm

long by 1.6 cm diameter. Details of the preparation technique

ind chemical analysis of these glasses are presented elsewhere

(111,

!~ Thermoelectric power measurements

The glass sample was - placed between two platinum

‘lectrodes. The source of heat consisted of an electric

ieater provided at the remote end of one bar and keeping the

emote end of another bar cold. The whole system was introduced

n a temperature regulated oven.Two thin sheets of mica were

nserted between the platinum electrodes and the Upperx and

ower bars , - 1in order to achieve good electrical insulation of

he samples. The system used is illustrated elsewhere [12]. The
emperature difference between both surfaces of tha sample was

gsasured by copper - constantan thermocouples. The voltage

enerated 4 V due to the temperature difference A T  between the

wo . surfaces of the sample was measured using Auto Digital

gltimeter (Type kiethly 175).
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RESULTS AND DISCUSSION
The temperature dependence of the thermoelectric power § for

five qlass saﬁples of different compositions, see table 1, are

shown in Fig. (2), in the temperature range from 330°K  to 586 K.
S

The results show that in general the absolute valuasz of

decrease - with increasing the B% 0 contents from 7.50 mole % up
3

to 40.25 mole %. This is probably due to carrier scattering with

lattice defgcts created by the presence of B%‘% which exists as

impurity centers particularly at higher temperatures. It may be

also due to the £flux of phonons proceeding from the hot to cold
end which drags a larger number .of electrons [15]. Moreover it is

that the thermoelectric power produced from metal

“known
semiconductor thermocouple is larger than the one produced from
metal - metal thermocouple 1i.e. if the sample becomes more

metallic) s will decrease.‘This is in agreement with the results

of sample B5, - where the metal oxide occupies 40.25% of the glass

matrix, giving very small values of S.

Table (1) shows the contents of BiZ 0. for each sample

=4

along with the carrier mobilities at different temperatures.

The carrier concentration n for the wvarious samples at

different temperatures are given in table [2], it shows that n is

nearly constant for each sample over the whole temperature range.

The results of the £f£irst sample Bl which has the smallest

metal content (Biz % = 7.50 mole;%) suggest that donor centers

are created§giving n-type semiconductor with a large value of S,

the -ve values of § indicate that the charge carriers are
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electrons. The temperature dependence of S for

absolute .value decreases with temperature in most

shows that its
-]
= 460

of the temperature range, except for a small region from T

K to T = 520°K, where we observe an anomalous increase of §. The

decrease of the absoclute value of S8 may be due to the increase

of the mobility

Sample B2 with higher BiZ % content than Bl gives 1lowver

absolute wvalue of S , with still -ve charge carriers. The

temperature dependence of S <for sample BZ is very simillar to
that of sample Bl. For sample B3 with still higher Bi2 Q5 content

the absolute value of 8§ is smaller than those for samples Bl and

B2Z. But it is important to point out that 8 has +ve and -ve

values in different temperature ranges, which indicates that the

carriers are electrons and holes, but each type dominates in

different temperature range.This result suggests a begining of a

structural change in the glass network at about 20 B%_(% mole %.

For sample B4 with higher Bi © content the absolute value of S
2 3

is still smaller and approaches zero at higher temperature. This

sample also contains electrons and holes as charge carriers.

Pinally for -sample BS with the ﬁighest content of B% -0 ,{tshows
: 3

for this

the smaliest value of § . The dramatic decrease of 8

sanple may be due to the large value of carrier mobility and the

samall value of carrier concentration. The results of

thermoelectric power S and the activation energy E obtained in

to be strongly dependant on the
3 and 4).

this work are found

contents in the present glass éystem (see Figs.

The variations of S with 312 Cé contents show minimum

this sample

Bi o]
2 3

e N
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values around 25 mole % ?ﬂdibating that structural changes - occur

in the present glass system around 25 Bi ‘03 mole%.
2

CONCLUSION
Thermoelectric power and activation energy data are found to

be sensitive to the glass composition. The results indicate a

structural change in the glass network in the range between 20-25

812 03 mole%.
1t is clear from the curves of S wversus T and § versus Bizo
3

contents that S changes sign between -ve and +ve values. This

carriers

suggests the presence of electrons and holes as charge

and each type dominates in certain temperature range, that is to

say -samples go through P-type to N-type chénges at particular
temperatures, those temperatures are compositional dependant.
These results are in agreement with similar results obtained for

the temperature and compositionél dependence of the thermal

conductivity obtained before [12 and 14].
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Table (1): The mobility U for the various samples at
different temperatures.
serpis B9V 12340 & T=440 K T=520 K T=580 K
male fe :

N 1< 1,3zlf”*2 1.Dxlom6 4x10_7 3x10“6
- 16 ~12 - -
E. (6.9 1.0x107°0  1.2x107%2 3310”11 3x1073
-1 “ -14 — ~11 -

B, 19,67 3.0x207°° 8.3x107%%  si1x1071t 7. 2x20710
L 20! 7.1x207° 5x107°

S A-l1
Bq 35,33 9.3x10 2,
4

2 .7x10”

N

B}," 46,25 w-~ 1.4x107

9.3x10™"

Table (2):

The carrier concentration n for the various
samples at different temperatures.

Sample T=340 K T=440 K . T=520 K T=580 ¥
B, 1.0x10%%  2.1210%0 1. 8x10°9 2.1x10°°
B, 1.3x10%2  1.0x10%% - 1.5x10°° 3,9x10%%
33 1.8x10° 5.2x1022  5.1x10%%  3.1x10%2
By 6.7x101%  2.0x101%  5.1x10%6 1.2x1017
B, — 8.0x101%  1.3x10%5 4.1x10%3
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Fig. (1): Proposed band structure model for semicon-
ductors, the density of states N(E) against

energy E. (after Mott "10").
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Fig. (3): The dependence of thermoelectric: power S on

the persentage of the presence of Bi,

03. in

the samples (compositional dependence%

a¢ different temperatures.
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Fig. (%): The depéndence of activation energy on the
- persentage of the presence of 81203 in the

samples.



