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Abstract 

The cuprous selenide was investigated in the wide range 

of ·concentrations from cu2Se to cu
1•77se. It is shown that

the continuous change of concentration cause the transition 

from one characteristic type of behaviour of superionic con­

ductor "to another. The unusual behaviour of the most quanti­

ties is established implying the critical interactions bet­

ween the anion and the cation subsystems and within the ca­

tion s·ubsyst-em itself. 

l. ·1ntroductl'On

Phase transitions to superionic state in various 

crystals have ,been intensively investigated in the last 

f'eW years. A ·wid·e variety of effects found in experiments 

have .suggested a clear classification of these transition·s. 

The 'mOSt zecent one ·was g1.'Ven by Lam and Bunde1> {LBl.

According to them, the bnnperature dependence ·of the ioni·c 

·conductivity of ·a superionic conductor may be cla.ssifie.d

into three:! cat.egorie_in .1 . ... . 1·t does not . show ph-ase t·ransiti­

ohs at all ., 2 .. - i:t shows one phase transition Ust or 2nd 

order). and 3 . .. it shows two phase transitions. In the ea•

ses 2. and 3 .. the change of st-rueture of the anion sublatti­

ce may occur at the same temperature at which the conducti­

'71ty becomes critical ...

?? 



In contrast to many simple superionic conductors, 
cuprous selenide shows intricate properties which prevent 
to classify it into the LB categories without very careful 
examination. Its wide range of stoichiometric deviation 
distinguishes it from all other superionic conductors, in 
a sense that some microscopic parameters can be changed 
continuously. Thus, we feel that ou� detailed investigati­
on of cuprous selenide in the concentration range between 
cu

2
Se and cu1•77

se may contribute both to better understan­
ding of its superionic properties and to a determination 
of the position of Cu-Se in the LB classification. 

2. Equilibrium diagram

There are several publications2-7> concerning the
equilibrium diagram of Cu-Se system in the vicinity of cu

2 

Se. In spite of these efforts, the phase diagram cannot be 
considered as completely solved. The common idea, that the 
equilibrium diagram may be described in a simple way, resul­
ted in substantial discrepancies517> . 

Our new equilibrium diagram (Fig.l) is deduced from 
the measurements of the electrical conductivity, the magne­
tic susceptibility, the lattice parameter, the thermal di­
latation, th e  differential thermal analysis (OTA) and the 
nuclear magnetic resonance (NMR). There are seve;al lines 
in this diagram which did not appear in any published one. 
First of all, there is a vertical line at the con�etration 
cu1,954±0,002

se which represents the line of first order
phase transitions. 
This line itself defines the region in the equilibrium 
diagram-called region I-which covers the concetration ran­
ge from abo�tcu

2
se to cu1,954se. The samples from the region

I, when heated, undergo the first order phase transition 
to the superionic state at the range of critical temperatu­
res T

0
• At these temperatures most of x-Ray studies2 • 3 1 5>

show the change of structure from probably tetragonal (low 
temperature) to fee (superionic) phase. 
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Fig.l. Equilibrium phase diagram of cuprous selenide. 

Full lines represent the first order phase transitions, 

while dashed lines include electronic transitions only. 

According to Takahashi et a17> the temperature dependent

ionic conductivity undergoes the second order phase tran­

sition at Tc. Therefore, in terms of LB classification,

cuprous selenide in this concentration range, behaves as 

if it belonged to category 2. ' 

It must be pointed out that the stoichiometric com­

pound cu2se is not included in this description because

it shows substantial differences in comparison with sam­

ples from the region I. The reason for these qualitative 

differences is probably in the existance of another ver­

tical line close to cu2se.

The evidences which support the existance of the 

vertical line at the concentration su1 954+0 002se are
81 - ' shown in Figs,2. and 3 •• Sorokin et al investigated the

concentration dependence of density, lattice parameter and 

Hall constant at room temperature. These measurements 
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are shown in Fig.2. and, as can be seen, the lattice 

parameter as well as the electronic carrier density 

suddenly increase between cu
1,95se and cu

1,96
se. Our

Fig.2.The density (d), the lattice parameter (a), the 

density of electronic carriers (n=l/RH.e.c) and the mag­

netic susceptibility (X.) as a function of concentrati�n 

at the room temperature. The vertical lines represent tran­

sitions; full line - structural transitions, dashed line -

electronic transitions. 

lattice parameter data confirm the existance of discontinu­

ity of 1% arround cu
1,955 Se.•As the electronic conductivi­

ty e�ibits the linear temperature dependence at temperatu­

res well below Tc for the concentration range between cu2se
and cu

1,930
se, the temperature coefficient of the conducti­

vity and the �esidual conductivity are evaluated. Both, the 

temperature coefficient_of the conductivity and the residu­

al conductivity show the sudden decrease of about 50 percents 

as shown in the Fig.3 •• 

Such t�e expansion of l�ttice par�meter can not .expla-
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in the increase of the electronic carrier density of the 

order of magnitude. Thus, the strong increase (a factor of 

·11 
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Fig.3. The temperature coefficient of the electron�c con­

ductivity (d O" /dT) and the residual conductivity ( o'0 ) as 

a function of concentration. 

three) in the number of electronic carriers per cell must be 

emphasized. On the contrary, the residual conductivity de­

crease which means that the dominant change (ofthe order of 

magnitude) is caused by the decreasing of a relaxation time. 

All these changes could be taken as being due to a stru­

ctural transition. Anyhow these are the indirect evidences 

and for a direct proof X-ray measurements are nedeed. 

In the phase diagram we found �nether vertical line 
at cu1,930se. This.line represents higher order phase tran­

sitions, because as seen from Fig.2., all quantities change 

continously at this concentration. From the electronic point 

of view this line could be treated as a line of transition 

from metal-like (right side) to semiconductor-like (left si­

de) behaviour. 
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The concentration range between cu1•930se and cu1,770se

called re_gion III seems to be another homoge03ous phase area. 

The samples from this region, in the low temperature phase, 

retain most features of the superionic phase. When heated, 

system undergoes a transition to the pure superionic phase, 

which seems to be of the second order in respect of electri­

cal conductivity and magnetic susceptibility. 

Lattice parameter is steeply linearly temperature de­

pendent below Tc. At around Tc it shows a small continuous 

contraction while above Tc the normal linear increasing is 

observed. As there is no change in the ionic conductivity
5> 

the continous transition is ascribed to the anion lattice 

contraction. 

The last region (the region II) is most complicated 

one and seems to be the transition region between regions 

I and III. Upon heating the samples from this region undergo 

two succesive transitions. The first one is of 1st order 

like in the region I followed by a higher order transition 

like in region III. Such a behaV!ouris unexpected within 
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Fig.4. Logarithm of conductivity as a function of inverse 

temperature arround critical range of concentrations. 

The relative positions of the different concentrations are 

arbitrary. 
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:.:.he L!.3 cla£-sification. One can take the system to be a mix­

ture of two surrounding phases with a strong mutual inter­

action. From Fig.4. can be clearly seen the continuous tran­

sition from one type behaviour to another. The sample cu1,960
Se shows the typical temperature dependence of electronic 

conductivity in the region I below Tc' while the sample

cu1,918se is the exemplar of the region III.

It is shown that cuprous sel�nide is a superionic con­

ductor with an unusual behaviour in the whole concetration 

range of investigation. Concerning the LB classification, 

cuprous selenide is a uniqe example of superionic conductor 

that change the category varying only its stoichiometry. 

'!'he authors are grateful to E. Babic and V. Bleci6 for 

the help in the experiments. Also we would like to thank to 

prof. s. Bari�16 and I. zoric for numerous discussions. 
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