IOP SClence jopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

The electronic properties of liquid Agl_XSeX

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1994 J. Phys.: Condens. Matter 6 5335
(http://iopscience.iop.org/0953-8984/6/28/010)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 171.66.16.147
The article was downloaded on 12/05/2010 at 18:51

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/6/28
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

J. Phys.: Condens. Matter 6 (1994) 5335-5350. Printed in the UK
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Abstract. Measurements of the electrical conductivity &, thermoelectric power 5 and magnetic
susceptibility of liquid Ag;-.Se; alloys have been measured as a function of composition and
temperatire,  The unuseal maximum in o, along with the negative do/dT observed around
stoichiometry for Ag—8 ailoys is also observed in this system. The thermopower shows a p—n
transition at x = 0.36 with a magnitude indicating that this is a liquid semiconductor with an
essentially zero energy pap. It is demonstrated that the results cannot be explained using the
Kubo-Greenwood expressions for o and 5 if rigid band behaviour is assumed. The origins of this
unusual behaviour are discessed in terms of an enhanced carrier mobility rear the stoichiometric
composition.

1. Iniroduction

Understanding the electronic properties of disordered electronic conductors remains a topic
of intense theoretical interest despite many advances made during recent years. Of crucial
importance is the effect of topological disorder in producing localized electron states and
the consequences of this for the electronic transport properties. Most of the work has
concentrated on the study of amorphous (quenched) solids, but due to the difficulties
in producing uniform and homogeneous samples, there are often serious problems when
interpreting experimental data. Liquid semiconductors by contrast are in true thermodynamic
equilibriom and consequently their properties are not governed by preparation conditions
(e.g. substrate temperatures, quenching rates etc). They can also in general be studied over
a wide concentration range provided phase separation does not occur. In this paper we
describe a material, liquid Ag-Se, which shows particularly unusual electronic properties,
which cannot be explained in terms of the simple rigid band pictures used to date.

The electronic properties of a disordered conductor, within the independent particle
approximation, can be described in terms of the Chester-Thellung-Kubo-Greenwood
formulation based on the kinetic transport coefficients. The conductivity and thermopower
are then given as

*® af (E)
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respectively, where f(E) is the Fermi function
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and pu is the chemical potential. In these expressions the systemn dependent features are
contained in the energy dependent conductivity o (£). These formulae omit the contribution
from electron—electron and electron—phonon interactions, although it is possible to include
effective approximations to them. It is the importance of these contributions that has been
the subject of considerable theoretical debate. It should be realized that the majority
of the expressions commonly used to interpret the behaviour of liquid and amorphous
semiconductors and metals are in fact derived from these expressions in the degenerate
{metallic} and non-degenerate (AE > kT) limits using simple theories (such as the random
phase approximation (RPA)) to describe the form of o (E). For example, the often quoted
expressions for the conductivity ¢, in the metallic and semiconducting limits are:

o = AIN(Ep)P @)
o = opexp i’i';_;—‘-"-’ )

respectively. However, care should be taken when using these expressions. For example,
equation (3) is not universal and assnmes a specific form for ¢ (E) near the mobility edges.

Expressions for varfous models of ¢ (E) in the degenerate and non-degenerate limits
and in the intermediate regime have been fully discussed elsewhere (Enderby and Barnes
1990a, b). It was shown that by studying o and S, the majority of liquid semiconductors
close to stoichiometry can be well understood using simple models of o(E) and a rigid
band type behaviour for the electronic density of states. However, both liquid AgsS and
Ag,Se are anomalous in the fact that they both show a negative do/dT despite values
of ¢ and § suggesting they are materials with a conductivity gap AE =~ 0. Recently, a
detailed study of liquid Ag)—,S, (Ohno et a! 1990) revealed even more striking properties,
notably a rise in & as the stoichiometric composition Ag,S is approached from both the
silver and sulphur rich compositions. Due to phase separation problems, this material can
only be studied for a narrow range of compositions near stoichiometry, and a p-n transition
could not be observed. In this paper we present detailed results for liquid Ag;_,Se, for
which a broader composition range could be studied. Additionally, measurements of the
magnetic susceptibility x have also been carried out. With the results presented, we give
a consideration of how the behaviour of x can be interpreted within the framework of the
independent particle model, particularly with reference to the limits of the rigid band picture.

2. Experimental details

The electrical conductivity and thermopower of liquid Ag_,Se, were measured
sirnultaneously in a quartz cell using a four probe method described previously (Barnes 1986,
Ohno et al 1990). Contact to the samples was made directly using small graphite electrodes
inserted through a tapered hole in the quartz tube. These were secured in place using
thin molybdenum bands to which molybdenum wires were attached. The temperature was
measured using chromel-alumel thermocouples fastened immediately over each electrode
using a nickel band. The cell was calibrated using high purity mercury at room temperature.
To prevent evaporation of selenium from the sample, and bubbling, the apparatus was filled
with argon gas which also prevented sample oxidation. Any bubbles that formed in the
sample were removed by agitating it with a silica rod.

The thermopower measurements were made using a AT method. Accurate control
of the electrode temperatures was obtained using a twin zone furnace with independent
temperature control of the upper and lower cell thermocouples. The thermoelectric voltages
were measured relative to molybdenum and chromel using a high accuracy (10 nV), high
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impedance digital voltmeter. The absolute thermopower was determined using tabulated
values of the thermopower of molybdenum given by Cusack and Kendall (1958).

The magnetic susceptibility was measured using the standard Faraday method with
a torsion balance under feedback control. The field strength of the electromagnet was
approximately 1 Tesla with a 50mm gap between the pole pieces. The constant value of
BdB/dx was 9.1£0.3 T> m™!. A standard sample of Mohr’s salt (x = 0.158 mol™)
at room temperature was used to calibrate the apparatus. Samples of mass approximately
1.2g, sealed in an evacuated quartz capsule with an internal diameter of Smm were used for
the experiments.

For all the measurements, a master alloy of Ag;Se was prepared from pure (99.99%)
Ag and Se. The composition of each sample was determined by accurately measuring the
mass of each component before mixing.

3. Experimental results

The electrical conductivity and thermopower of liquid Ag;.,Se, were measured at fifteen
different compositions (0 € x € 0.44). A simplified phase diagram of this system
derived from the values of o is shown in figure 1. In all cases the sample was heated
to approximately 150 °C above the liquidus and agitated by a guartz rod to ensure complete
mixing. The point of phase separation was observed as an abrupt change in o.
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Figures 2, 3 and 4 show o as a function of T and x. For x £ 0.3153, the behaviour
appears to be typical of many liquid alloys with a negative do/dT in the metallic regime
which becomes progressively more positive as ¢ decreases. In the regime 0.315 € x < 0.35
highly unusual behaviour becomes apparent, notably o increases as the stoichiometric
composition is approached from either side. The temperature coefficient 1/o(do/dT)



5338

7600

4300

2600

Blectriesd condodivityar 1! omh)

0

400

S Ohno et al
!
1004 % Se o
1 ] I ] 1 )
I T T T T T
| ' 1 1 [ ' ]
| I i ! * I !
¢ =
20021%5e ]
] I ) 1 | !
[ T l T ] 1
e
B0 2% S5e f 7
* -W
| somuss ¥ ]
| J | L 1 1

800 1000 oo (e Figure 2. The conductivity of liquid Ag;_,Se,
Temperature {°C} for x < 0.28.
560 T T ¥ ] T T T
Ligid Ag - Se aloys
‘.i —o—~  J0at%5a
L -~ HSa%Se 4
= J2531%5e
——  333ai%Se
I . —,—  AmSe -
] ”
!
= B i
w |- < i -
g i
1 ] ] | f ] 1
B 90 1000 1100 1200

Temperalure (°C)
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becomes large and negative and reaches its minimum value at precisely x = 1/3. For
035 € x £ 045, 1/o(do/dT) again becomes positive, and is more typical of that
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observed in other liquids of comparable conductivity. The composition dependence of
o and (1/¢)(do/dT) are shown in figures 5 and 6.

The results for the thermopower § as a function of temperature are shown in figures 7
and 8. For the concentration range 0 < x < 0.2 the thermopower is small (< 25 uV K™7)
and negative with essentially no temperature dependence. This is consistent with the position
of the chemical potential lying within the conduction band, and the observed conductivities.
For the range 0.2 < x < 0.3, the behaviour is more unusval as it shows a significant
temperature dependence for approximately 150°C above the liquidus and then levels out to
more metallic like magnitudes with dS/dT =~ 0. For 0.3 € x < 0.35, § remains negative
with a strong temperature dependence such that d|$|/dT is negative. A p-n transition
is observed to take place between 0.35 € x < 0.37 at which point § becomes positive.
For 0.4 < x < 0.44, § is positive with d|$[/dT strongly negative. § as a function of
composition is shown in figure 9. It should be noted that the results for the composition
AgsSe obtained here are in close agreement with those obtained by Endo et af (1980), and
Glazov et al (1986).

Figure 10 shows the molar magnetic susceptibility (x) as a function of temperature for
liquid Ag)—.Se, in the range 0 < x £ 0.333. There is generally a small increase in ¥
as T increases. A minimum of ¥ = —375.0 x 1075 mol~' occurs at the stoichiometric
composition along with a relatively large temperature dependence. x as a function of T for
0.333 < x < 0.444 is shown in figure 11, again showing a small increase with temperature.
A plot of x versus x is shown in figure 12. There is a very small apparent shift in the
minimum of ¥ to 0.336 at higher temperatures.
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4. Discussion

The results presented for liquid Ag;_.Se, and those obtained previously for Ag_.S;
are unique among liquid semiconductors. Typically for a compound forming system (for
example TI-Te, Cu-As, K-Pb etc) the general behaviour is that o remains metallic over
the majority of the composition range but decreases rapidly to a deep minimum at the
stoichiometric composition. Similarly, the total magnetic susceptibility, which includes
the Pauli susceptibility term also shows a2 minimum reflecting the minimum in the electron
density of states at the position of the chemical potential at stoichiometry. The thermopower
shows a characteristic rise in magnifude as stoichiometry is approached with a sudden p-n
transition as the stoichiometric composition is crossed. For the typical systems referred to
above the underlying structure at stoichiometry is considered to be similar to that of a molten
salt except that the energy gap is now of the order kT so that excitation of electrons from
one band to the other can take place. For example, the physical and electronic structure
of liquid Tl;Te can be understood assuming it consists of essentially TI* and Te®~ ions.
The valence and conduction bands then originate from the Te p and Tl s states, and the Ti
p states respectively. The conductivity gap is then determined by the separation of these
bands and the degree of electron localization taking place. It might be expected that Ag-S
and Ag-Se would show similar behaviour to Tl-Te, as the monovalent TI* and Ag* ions
often show chemical similarity. Indeed, liquid Ag-Te (Dancy 1965) does show very similar
properties to TI-Te.

The unusual properties of Ag—S and Ag—Se cannot be explained using this generalized



The electronic properties of liguid Ag,_.Se, 3341

o] T T | B T T T T T
L Liquid Ag-Se sllsps
5 X
10 -
'Tg i |
-
-
g5
Ae [ 1
¢ '] f
5 |- a
4
a0 - N
A5 a
ok ~ 4
- Agesﬂ P
25 1 1] 1 1 f L 1 1 t
0 10 “ ® @ %  Figure 6. 1/o(do/dT) for Agl-.Se, as a
fa Alomiz percant selerium function of composition.

ionic picture, and they therefore raise interesting questions concerning the theoretical
description of electronic processes in liquid systems.

The transport propetrties of poor liquid metals and semiconductors are usually interpreted
in terms of Chester-Thellung—Kubo-Greenwood kinetic coefficients (equations (1) and (2))
or approximations to them in the appropriate limits (equations (4) and (5)). In these relations
the important parameter is the energy dependent conductivity o (E), which in principle can
be calcubated theoreticatly for specific systems, or parametvized to some simple generic form
(Enderby and Barnes 1990). For the metallic region, and using the simple approach based
on the RPA (which is still 2 commonly used approximation when interpreting experimental
data), ¢ (E) is given by:

0 (E) = AIN(E)Y )]
where N(E) is the density of states at encrgy E, and A is a constant given by
1 ne?a’T?
A== 7
6 Rz @

where I is the bandwidth, a the nearest neighbour separation and z the coordination number
of the atoms in the system (Cutler (1977), Hindley (1970)). In practice, when considering
liquid semiconductors near stoichiometry, the rigid band model (where N(E) is assumed to
remain unchanged for small variations in composition), i used to discuss their behaviour.
As stoichiometry is approached p moves towards the minimum (or zero) in N(E) and the
effects of strong disorder on the electron system become more important. The relationship
between o (E) as N(E) approaches zero is still the subject of considerable theeretical debate.
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In the presence of sufficient disorder (Anderson (1958), Mott and Davis {1979)), some
of the electron states may become localized and essentially non-conducting so that o (E) =~ 0
and a conductivity gap forms. The energies at which the electron states change from the
localized to the delocalized state are the valence (E,) and conduction band (E.) mobility
edges so that AE = E, — E,. Enderby and Barnes (1990) showed how AE could be
determined from the magnitude of the p—n transition in the thermopower when passing
through stoichiometry and gave the condition AE 2 0 as the narrow definition of a liquid
semiconductor. Following this procedure, the thermopower results show that Ag,Se is a
semiconductor with AE =~ 0.

However, if rigid band behaviour around stoichiometry is assumed, then in order to
reproduce the observed peak in ¢ at stoichiometry a similar peak in o (E) with a width mach
greater than kg T is required. This leads to a ‘double S* type structure in the thermopower
(Enderby and Barnes (1990)). This is not observed in the experimental data. It is also
difficult to envisage, using any simple bonding scheme for Ag and Se, why o (E) would have
this form and why the observed conductivity peaks precisely at stoichiometry. Consequently
we conclude that the experimental data cannot be explained using a rigid band model for
a(E).

Moving away from the rigid band picture of o(E), there are several other possible
explanations for the behaviour of Ag-S and Ag—Se,

(i) Por this, and possibly many other liquids, the kinetic coefficients for the transport
behaviour are inadequate and more general theories including the effects of interactions
are needed. It is beyond the scope of this paper to discuss the necessity of using a more
sophisticated framework for discussing this, and other liquid semiconductors, although it is
still hard to envisage, using any reasonable model, how such a peak in o against x could
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be predicted.

(ii) Rigid band behaviour of o(E) does not occur because the underlying physical
structure, and consequently the electronic structure are changing rapidly as a function of
concentration near stoichiometry. This hypothesis is more difficult to reject as there is very
limited experimental data relating to direct measurements of the electronic and physical
structure. For liquids at these temperatures the principle solid state spectroscopic techniques
for measuring the density of states such as XPs, BIS and UPS cannot be readily applied.
However, neutron data at the total structure factor level have been obtained for Ag;_.Se,
for x = 0.3033, 0.3333 and 0.3633 (Saboungi et al (1992)). Although these are only total
structure factor measurements, no major changes in the structure could be observed over
this concentration range (the first peak in S(Q) remains constant at Q¢ = 2.5 A-' and a
shoulder at Q = 1.8 A~! remains present in all samples). Also the results show broad
agreement with the molecular dynamics simulations of Rino er a/ (1988 ) which are based
on essentially ionic potentials, leading us to believe that a quasi-ionic origin of the density
of states for Ag;_.Se, is reasonable.

(iii) Rigid band behaviour occurs in terms of N(E), but the conductivity gap A reduces
as stoichiometry is approached due to a decrease in the degree of localization in the system
at stoichiometry. Although this seems plausible at first sight, detailed consideration of the
changes in § corresponding to the decrease in A E show that this is entirely inconsistent with
the observed thermopower data. That is, as AE decreases and ¢ increases, a corresponding
decrease in |§| Is predicted to occur.

(iv) The density of states can be approximated by rigid band behaviour but the
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carrier mobility (reflected in the slope of o (E) near the mobility edge) increases as the
stoichiometric composition is reached.
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It is this fourth possibility that will be considered in the rest of this paper. It should
be noted that o (E) does not map directly to the density of states in the system, and could
in fact change quite significantly with changes in the underlying disorder (which may not
significantly change the density of states). As a consequence of the changes in disorder,



5346 S Ohna et ol

E. and E, could move positions within the band, thus changing AE, or a change in the
slope of o (E) near the robility edges could occur due to changes in the carrier mobilities.
In order to probe more carefully the effects of localization and the interrelation between
N(E) and o(E), a more direct measure of N(E) in this system is needed. The magnetic
susceptibility of a material after subtraction of the atomic diamagnetism and paramagnetism,
is such a measure.

The total susceptibility of the sample ( in the absence of paramagnetism) is 2 combination
of the Pauli susceptibility from the conduction electrons and the atomic diamagnetism of
the ion cores such that

Xiotal = XPauli + Xdiam: 1ty

For liquids, Xgiam will depend on the atomic concentration of each component and
their chemical environment. There is no unambiguous way of experimentally separating
the atomic diamagnetism from the Pauli term, so this technique only gives gualjtative
measurements of N(E). For quasi-ionic liquid semiconduetors, it is often assumed that the
diamagnetic contribution to the susceptibility can be written as the average susceptibility of
the ion cores in the material, with the excess ‘free’ electrons contributing to the Pauli term.
Therefore we can write

Xdiam = (1 = X) Xdiam(AZT) + X Xdiam (S€¥7). ()

This term is shown along with susceptibility data for Ag;_,Se, in figure 12. The values of
Xaiam for Ag* and Se?~ are those given by Mendolsohn and Biggs (1970) and Angus (1932)
respectively. Theoretically the Pauli susceptibility can be expressed (again in the absence
of significant electron-electron interactions) as (Faber (1972), Ashcroft and Mermin (1976))

X f (N4(E) — N_(E)) f(E}dE (10)

where N, (E} and N_(E) are the density of states for spin up and spin down levels
respectively and are given by

Ny(E) = N(E — upB) (11)
and

N_(E)= N(E + upB) (12)
where N (E) is the zero field density of states. Alternatively this may be written as

x o [(7®) ~ 1 EpNE aE a3
where

1
Su(E) = (14)

exp((E & upB —p)/kaT) + 1’
In the degenerate (metallic) regime these expressions reduce to the well known expression
X = i N(w) (15)

where o is a constant of order 1, which is introduced to approximate electron-electron
effects. It also shows that x should be essentially independent of temperature for liquid
metals. Assuming the absence of electron localization and combining this with equation (4)
the relationship between y and o is

aulo'?

TV

(16)
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Plotting x against ./o for many poor liquid metals and semiconductors has shown good
agreement with this expression and this is often quoted as evidence in support of the RPA
theory when discussing their behaviour, at least to the first approximation. A plot of this
for Ag;_»Se, is shown in figure 13. Again no particularly unusual deviation from the usual
behaviour is observed, except for compositions close to stoichiometry corresponding to the
anomaly in . Equation (15) is valid provided i, the chemical potential, is greater than
o~ 2kpT away from the band edge. As p moves towards the band edge (as stoichiometry
is approached) and into the gap in N(E) then equation (13) must be numericaily integrated
to obtain x. However it will show a steady decrease as 1 moves towards the edge.
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Figure 13. The graph of /(o) against x for Agi_,Se,.

In the non-degenerate (Boltzmann) limit, and assuming pugB < kgT <« u, then for
N(FE) with parabolic band edges given by

N(E) = a(E — E)'/? an

the relationship between x and o for unipolar conduction becomes

N S
x =apgo. | T (18)

This expression shows that y is now essentially proportional to o but also has a weak 1/+/T
temperature dependence.

At the stoichiometric composition Ag,Se, and given that AE =~ 0, the conduction will
be bipolar with a contribution from both electrons and holes. It is not possible to give
analytical results for the relationship between x and ¢ in this region and so a full numerical
integration of equations (1) and (13) must be carried out. In principle this requires a full
knowledge of N(E) as a function of composition and the relationship between N(E) and
o(E). At the current time this is not theoretically tractable. However the general behaviour
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of ¢, § and x can be investigated using the simple model density of states and o (E) for
a charge transfer liquid semiconductor given by Barnes (1993). This is based on a simple
two band picture of complete charge transfer, with the valence band formed from the anion
states and the conduction band by the cation states. The shape of N(E) near the band
edges is fixed as parabolic (as in equation (17)) with o(E) given by equation (6). Thus
o (E) will have the generic form discussed extensively by Enderby and Barnes (1990). The
only other parameters included are the widths of the valence and conduction bands which
effectively determine the constant a in (17), and A. Using this model, &, o, § and x have
been calculated as a function of compaosition and temperature from the density of states
and equations (1) and (2). The parameters and the method used are to similar to those
used by Barnes (1993) for modelling the properties of liquid Tl,Te. Figure 14 shows the
calculated curves of x against ./o for AE = 0 at various compositions near stoichiometry
using this model. Although the parameters chosen are rather arbitrary, the features observed
are typical of the kind of behaviour expected for a system showing rigid band behaviour.
1t should be noted that the susceptibility shown here is only the Pauli contribution. In the
metallic regime (x < 0.32, x > 0.35) the relationship between x and /o is broadly linear
over the temperature range considered (300-1500 K) but does not pass through the origin as
predicted by equation (16). The reason is that although equation (16) is essentially correct, it
does not account for the variation of & with temperature. A better approximation (in which
the temperature dependence of p is included by approximating it through the Sommerfeld
expansion) gives

1 (mhyTAN?
X=M§a\/§(l_ﬁ(ﬂ 2 A)) (19)

where the term in brackets is the correction to equation (16). This term can amount to a
few percent for typical values of A at temperatures typical of liquid metals.

100 T T T 4

Figure 14. The behaviour of +/(g) against y for

a typical 2:1 liguid semiconductor A;_ B, with

A(E) ~ 0. The solid line is for 0320 £ x €

) ) . 0.333 and the broken line 0.333 € » £ 0.350.

0 1 20 ) ) 5o The arrows indicate the direction of increasing
Jo o2om 2y temperatura.

Approaching the semiconducting limit the behaviour predicted is unusual and shows a
characteristic bending of the curves as the temperature changes. This has not been noted
before and few studies of x have been carried cut on liquid semiconductors in this regime
to test the prediction. The shape depends on the precise relationship between N(E) and
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o (E), but arises from the pronounced temperature dependence of u when it is close to, or
in, the energy gap (precisely the situation we expect for Ag;Se near stoichiometry). The
turn in the graph is a characteristic of the change from semiconducting behaviour at low T
{AE > kgT) to metallic behaviour at high T (AE <« kgT). For a large gap semiconductor
(ie. with AE » kg7 and u mid-gap), x exhibits a behaviour more characteristic of
equation (18). Note however, that in reality this only occurs at the precise stoichiometric
composition—minor deviations from it quickly push p towards the band edges.

Although the curves in figure 14 broadly resemble the experimental data, the temperature
dependence is incorrect. At the point where the conductivity begins to rise again, X
continues to decrease but very quickly starts to increase again along with &. Experimentally
it is found that as the temperature increases and ¢ decreases ( for 0.3 € x € 0.333), x
continues to increase. This effect cannot be reproduced for any model density of states
using a rigid band picture. It is possible, within this model, to include the effects of
electron localization by defining the mobility edges at some finite value of N(E} (rather
than N(E) = (). However this does not change the conclusions for AE ~ 0 above. It
therefore appears that the increase in o with decreasing x (corresponding to a decrease in
N(E)) can only be explained by a rapidly increasing carrier mobility.

Glazov et al (1986) conducted a series of measurements of the conductivity and Hall
effect of liquid AgaS, AgsSe and AgyTe, in both the solid and liquid phase. They derived
the Hall mobility of the catriers from the measured ¢ and Ry for each system. The
results obtained were py = 1.5,3.5 and 0.21 m? V! 57! respectively, if the conventional
relationships between o, R and py are assumed. The fact that Ag,Te has a carrier mobility
an order of magnitude lower than Ag,S and Ag,Se is in agreement with the conclusion
above, i.e. the carrier mobility is unusually high. Furthermore, from the experimental data
it can be inferred that the corresponding mobilities at T = 1400 K for the three systems are
approximately 0.2, 0.4 and 0.2 m* V! 571 respectively. Thus at temperatures greater than a
few hundred degrees above the liquidus the mobility has dropped by an order of magnitude
in AgsS and Ag,Se whereas for Ag,Te it has remained essentially the constant. In their study
of AgySe Endo et al (1980) found that at approximately 1500 K the temperature coefficient
for the conductivity becomes positive. Extrapolation of our data to these temperatures
indicates that the peak in ¢ against x will disappear at about this temperature. It therefore
appears that these materials become, in some sense ‘conventional’ for temperatures in excess
of 1500 K.

In summary, an explanation for the behaviour of this system which is consistent with
the observed conductivity and susceptibility data is that there is a considerably enhanced
carrier mobility around the stoichiometric composition in AgsSe and Ag,S. The reasons for
its absence in Ag;Te and its structural origin are unclear (see also Price et af 1993).

It would be interesting to carry out similar, careful studies of the relationship between
o and x for a wider range of liquid semiconductors (those with AE > () to observe
if they show agreement with the predictions of the numerical calculations, or whether
large variations in carrier mobilities are common in these materials near stoichiometric
compositions.

5. Conclusions

Experimental measurements of the conductivity, thermopower and magnetic susceptibility
of liquid Ag;_,Se; have been carried out as a function of temperature and composition.
The results not only confirm the previously observed negative temperature coefficient of the
conductivity for the stoichiometric composition Ag,Se but also show that this corresponds
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to a local maximum in the conductivity versus composition graph ( the only other case to our
knowledge being Ag,_,S,). Attempts have been made to explain this property using a model
density of states and o (E) for the systern. It is shown that these data cannot be understood
using standard fransport theory using a rigid band picture for o (). We have demonstrated
by consideration of the conductivity and magnetic susceptibility data, that the observed
properties are consistent with an enhanced carrier mobility around the stoichiometric
composition, in agreement with the conductivity and Hall effect measurements by Glazov et
al (1986) on the stoichiomefric alloys. Similar measurements should now be carried out to
confirm the rapid reduction in mobility away from stoichiometric compositions. At higher
temperatures (above 1500 K) we conclude that Ag-Se shows properties more typical of
other liquid semiconductors. At present, we do not have an explanation for the origin of
this enhanced carrier mobility at stoichiometry—behaviour which is atypical of the majority
of liquid semiconductors so far studied.
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