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The compound T12C~(S04)2, belonging to the dehydrated copper Tutton salts [Cat2Cu(S04)2, where Cat 
stands for cation], and especially its glassy y-modification was investigated. The results of X-ray 
diffraction analysis, electron paramagnetic resonance, differential thermal analysis, electrical conduc- 
tivity, and thermostimulated depolarization measurements are presented and discussed. An evident 
correlation among the results of various experimental techniques was found. Q 1987 Academic press, inc. 

1. Introduction 

Since the discovery of switching phe- 
nomena (I), amorphous semiconductors 
have received much attention due to their 
great potential in xerography, solar cells, 
memory and switching devices, amor- 
phous/crystalline heterojunctions, etc. (2). 

It also seems reasonable to study some 
coordination compounds from the point of 
view of their utilization in materials sci- 
ence. Depending on the conditions of prep- 
aration, coordination compounds can be 
prepared in single crystal, polycrystalline, 
or amorphous form. From the dehydrated 
copper Tutton salts (general formula Cat2 
Cu(SO&, where Cat stands for cation) the 
compound Tl&u(SO& and especially its 
amorphous y-modification was investi- 
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gated. Since the above-mentioned com- 
pound exhibits semiconductor properties 
we have in fact dealt with an amorphous 
semiconductor. 

Here, we present the results of X-ray dif- 
fraction analysis, electron paramagnetic 
resonance (EPR), differential thermal anal- 
ysis (DTA), preliminary both electrical con- 
ductivity, and thermostimulated depolar- 
ization (TSD) measurements performed on 
amorphous y-Tl$u(SO&. 

2. Experimental 

The a-, p-, and y-Tl&u(SO& were pre- 
pared under controlled conditions from the 
dehydrated melt of Tl~Cu(SO.&. Slow cool- 
ing (-10°C min-l) led to a blue-green flaky 
crystalline modification (a-), rapid cooling 
of the melt to -100°C and slow gradual 
cooling to room temperature led to the p- 



PROPERTIES OF r-Tl,Cu(SO& 145 

form and the product of a rapid cooling to 
room temperature was the glassy’ y-modifi- 
cation. The structural differences among 
the (Y-, B-, and ~-T12Cu(S0& have already 
been investigated using spectral methods 
and powder diffraction (3). 

The structure of glassy -y-T12Cu(S0& 
sample was tested by both X-ray diffraction 
analysis and DTA. All the samples under 
investigation were glassy, no crystalline re- 
gions occurred except at the surface re- 
gions of samples contaminated by atmo- 
spheric humidity. 

DTA of the powdered samples was car- 
ried out on a DuPont Thermal Analyzer 
900, provided with a high temperature cell, 
up to 400°C. A small amount (30 mg) of 
glass was placed in a corundum pan, using 
recrystallized a-Al203 powder as a refer- 
ence material, and the measurements per- 
formed at a heating rate of 10°C mini un- 
der low argon over-pressure. 

X-Ray analysis was performed using 
TUR-M-62 apparatus. The X-ray intensities 
were collected in the transmission geome- 
try by a flat graphite monochromator in the 
diffracted beam. All experimental data 
were obtained by MoK radiation within a 
scattering angle range of 5” < 8 < 70”, i.e., 
for 15.4 5 K % 166 nm-i (K = (4rlh) sin 13, 
where A is the X-ray wavelength). The 
range of scattering angles was covered us- 
ing a step length of 0.1” for 6 5 20”, 0.2” for 
20” 5 8 5 40”, and 0.4” for 40” < 0 5 70”. 
The intensities were subsequently cor- 
rected for background, polarization, ab- 
sorption, and Compton scattering. The re- 
sidual fluorescent radiation of the samples 
could be eliminated from the measured in- 
tensity by an appropriate choice of lower 
treshold voltage for the measuring channel. 
The intensities were normalized to electron 
units using an analytical radial distribution 
function (RDF) method (4). The total inter- 

I Glassy material means an amorphous one which 
exhibits glass transition. 

ference functions were calculated using the 
relation 

z(K) = &3(K) - cf-3 + Lo2 
cf? (1) 

where Z,(K) is the scattering intensity per 
atom, (fz) = Zi CiJ;:(K)fT(K), (f)2 = xi Ej 

cicjJ(K)fjr(K), and ci, J;(K) are, respec- 
tively, the concentration and scattering fac- 
tor of element i. Radial distribution func- 
tions RDF(r) were calculated using 

RDF(r) = 47rr2p0 + -rr o 2r I”“” K[Z(K) 

- 11 exp(-BK2) * sin(Kr)dK (2) 

where p. is the mean atomic number den- 
sity, B is a damping factor which reduces 
ghost ripples due to the termination of Z(K) 
and is usually chosen so that exp(-BK&) 
= 0.1. We used the value B = 9 X 10vs nm*. 
The intensity data observed at K values 
smaller than Kmin were smoothly extrapo- 
lated to the value K = 0 nm-i. 

The EPR spectra were recorded using a 
Varian E-4 spectrometer operating in the 
X-band at 100 kHz field modulation. The 
glassy samples were either crushed or pow- 
dered and several chunks (or powder) put 
into an EPR sample tube. The EPR spectra 
of copper(H) complexes may be measured 
in two ways: as polycrystalline powders or 
as single crystals (5). The former technique 
is the most rapid experimentally but only 
yields approximate g-values (6), and the 
results may be subject to misinterpretation. 
The factors which determine the type of 
EPR spectrum observed are: 

(a) the nature of the electronic ground 
state; 

(b) the symmetry of the effective ligand- 
field about the copper(D) ion; 

(c) the mutual orientations of the local 
molecular axes of the separate copper(I1) 
chromophores in the unit cell. 
The measurement of EPR spectra gives the 
most precise information on the electronic 
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ground state-a distinction between a 
dxzYz and a dz2 ground state. The latter is 
indicated by a low g-value (g < 2.04), the 
former by an axial (or approximately axial, 
gi = g2 = gJ spectrum with G = (gt - 2/g, 
- 2) (8) approximately equal to 4.0. If G > 
4.0, then local tetragonal axes are aligned 
parallel or only slightly misaligned, if G < 
4.0 significant exchange coupling is present 
(7). Consequently the value of G is a useful 
indication of the extent of exchange cou- 
pling in tetragonal systems. If all tetragonal 
axes are aligned parallel then the crystal g- 
values accurately reflect the local copper 
(II) ion environment g-values, and these 
may be measured using either single crystal 
techniques or (slightly less accurately) by 
measurements upon polycrystalline sam- 
ples. If the tetragonal axes in the unit cell 
are not aligned parallel, then the observed 
crystal g-values are not simply related to g- 
values of the local copper(H) ion environ- 
ment (8). If the complexes are of known 
crystal structure then the observed g-val- 
ues may be related to the local g-values (9). 
It is not possible to specify precisely the 
local g-values if the crystal structure is un- 
known. 

The electrical conductivity measure- 
ments were made using evaporated Au con- 
tacts. Prior to the evaporation of metal 
contacts surfaces of samples were mechani- 
cally treated with caution to avoid local 
heating. We assume the validity of the con- 
duction expression (10) 

u = C exp - k~ (“3 

where C = u. exp(y/k). Hence, y stands for 
the temperature coefficient of the band gap. 
If the electrical conduction is due to the 
electrons excited beyond the mobility 
shoulder EC into the extended states, AE is 
equal to half band gap extrapolated to zero 
temperatures AE = EC - EFo (Er-Fermi 
level). AE can be determined from the plot 
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FIG. 1. The interference function of ~-T~QI(SO~)~. 

of In o versus 1/T which should be a straight 
line. 

In 1970 Kolomiets et al. (II, 12) pro- 
posed to investigate the localized states in 
the mobility gap of amorphous semiconduc- 
tors by means of the so-called thermally 
stimulated depolarization. Two experimen- 
tal arrangements were used-contacts fit- 
ted without metal evaporation, i.e., sam- 
ples placed between carefully polished 
metal electrodes (Pt) in order to avoid injec- 
tion and space-charge effects which would 
be responsible for enormous high-tempera- 
ture TSD peaks, and for comparison, a set 
of experiments were performed with evapo- 
rated Au contacts. 

3. Results 

3.1. X-Ray Diffraction Analysis 

The interference function of glassy y- 
Tl#u(SO& is shown in Fig. 1. Contrary to 
the interference functions of metallic 
glasses this function exhibits a pronounced 
structure at high values of K and the posi- 
tion of the first maximum is at a relatively 
low value of K - 20 nm-i. Radial distribu- 
tion functions of -y-Tl&u(SO& are shown 
in Fig. 2: the reduced function G(r) = 
4m[p(r) - PO(r)] and the atomic function 
RDF(r) = 4vr2po - rG(r), where p(r) is the 
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FIG. 2. Radial distribution functions of yTlzCu(SO&. 

so-called overall radial distribution func- 
tion. These functions, in comparison with 
the radial distribution functions of metallic 
glasses, are more pronouncedly modulated: 
this is the demonstration of the high degree 
of short range order. The main maximum of 
the first coordination sphere is located at a 
relatively large distance of Y = 0.4 nm. The 
sphere-to-sphere distances are surprisingly 
large. Due to the expected complicated 
structure of the short range order we shall 
confine our discussion to the main maxi- 
mum of both RDF(r) and G(r). Table I 
shows both the submaximum positions in 
the first coordination sphere and the coordi- 
nation numbers calculated according to 

3.2. EPR and DTA Measurements 

At room temperature, a deformed asym- 
metric signal was found, centered at g = 
2.172 with a linewidth AH (peak-to-peak of 
the first derivative of the absorption line) of 
520 G. EPR measurements in the tempera- 
ture range 298 to 77 K (Fig. 3) show no 
substantial difference between g-values, 
linewidths, and lineshapes of the signal at 
room temperature and those at 77 K. How- 
ever, the increase of temperature changes 
the shape of the measured spectrum and at 

-80°C a deformed axial spectrum was ob- 
served, characterized by g, = 2.08 and g11= 
2.41 (Fig. 3). The axial features of the mea- 
sured spectrum are preserved for tempera- 
tures up to ~140°C. Above this tempera- 
ture the line gradually becomes isotropic 
and nearly Gaussian: a further increase in 
temperature results in its decreasing inten- 
sity. At -175°C a narrowing of the line is 
observable, and its intensity increases, 
reaching a maximum at =2OO”C. Above this 
temperature, the EPR line again broadens 
and decreases in intensity. 

In order to compare the EPR signals of 
various modifications Figs. 4 and 5 show 
the development, with temperature, of the 
EPR spectra of o+T12Cu(S0& (the sta- 
blest crystalline modification) and @-Tl*Cu 

TABLE I 

SUMMARYOFRESULTSOFTHE RDF ANALYSIS 

[Zi = I:-, RDF(r)dr, Z = g, Zi) 

Submaximum (i) 1 2 3 4 5 6 

Positions of maxima 
W) [nml 0.21 0.26 0.32 0.40 0.48 0.53 

r tnml 0.2 0.23 0.28 0.34 0.45 0.51 
r hl 0.23 0.28 0.34 0.45 0.51 0.56 

Coordination 
number 2; 0.54 1.99 4.27 13.42 11.6 6.56 

Total coord. number z = 44.4 
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FIG. 3. EPR spectra of y-T12Cu(S04)2 in the 

(SO&, respectively. At room temperature 
the o-modification produces an asymmetric 
line characterized by g = 2.18 and line- 
width AH of 385 G. The decrease of tem- 
perature to 77 K does not lead to the quali- 
tative changes in the parameters of the 
spectra. However, at =8O”C the asymmet- 
ric EPR line changes to an axial spectrum 
with gr = 2.40 and g, = 2.08. The axial 
character of the spectrum is preserved up 
to 160°C when an isotropic, nearly Lorent- 
zian line appears. A further increase in tem- 
perature results in the broadening and de- 
creasing intensity of the line. Above 
=2OO”C the line gradually fades out. 

FIG. 4. EPR spectra of a-T&Cu(SO& in the temper- 
ature range from - 1% to 200°C. 

With respect to the /?-modification, the 
development with temperature of the EPR 
spectrum is shown in Fig. 5. At room tem- 
perature an isotropic Lorentzian line with g 
= 2.18 and a linewidth AH of 345 G is ob- 
served. There is no significant difference 
between the EPR spectrum at room tem- 
perature and that at 77 K. With increasing 
temperature a deformed spectrum, in which 
axial features can be anticipated, is pre- 
served up to = 160°C. Further increase of 
temperature yields an isotropic, again 
Lorentzian, line that gradually broadens 
out. 

The typical DTA curve of the glassy y- 

FIG. 5. EPR spectra of @TlzCu(SO& in the temper- 
ature range from - 1% to 200°C. 
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FIG. 6. DTA curve of y-T12Cu(S04)2. 

T12Cu(SO& is shown in Fig. 6. Although 
the exo-peak at 215°C (T,) corresponding to 
the transition from glassy to crystalline 
state dominates the DTA record there are 
also two minor endo-peaks at 75 and 185°C. 
The melting temperature of y-TlzCu(SO& 
is 334°C. 

3.3. Electrical Conductivity Measurements 

The measurements were performed using 
a relatively simple apparatus. Evaporated 

FIG. 7. Electrical conductivity of %rgin” y-T12 
Cu(SO& as a function of temperature. 
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FIG. 8. Electrical conductivity of annealed y- 
T12Cu(S04), as a function of temperature. 

gold contacts in a guarded configuration 
were used because of the high room tem- 
perature electrical resistivity of the sam- 
ples. 

The results of conductivity measure- 
ments on (a) “virgin” samples of glassy y- 
T12Cu(S0&, and (b) a sample of y-Tl;?Cu 
(SO& previously annealed above its Ts in 
the temperature range from room tempera- 
ture to 280°C are shown in Figs. 7 and 8 (the 
plots of ln(l/R) versus l/T), respectively. 

The isothermal measurements on y- 
Tl$Zu(SO& at 50, 110, and 215°C give the 
results shown in Fig. 9. 

3.4. TSD Measurements 

The TSD currents were measured in a 
cryostat of our own construction (Fig. 10). 
The experimental procedure is based on the 
measurement of the discharging current 
from an Au-y-TlzCu(SO&-Au structure, 
previously polarized for a time interval t, in 
darkness at a temperature Tp, with subse- 
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FIG. 9. Isothermal measurements of electrical con- 
ductivity of y-T12Cu(SOJ2. 

quent cooling of the system with applied 
voltage UP to -80 K. At this temperature 
the voltage is removed and the system is 
short-circuited by an electrometer. During 
heating at a linear rate, p, thermostimulated 
currents were recorded (i-T thermograms). 
A typical i-T thermogram is shown in Fig. 
Ila. It should be noted that no difference 
was observed between the results of TSD 
measurements in either experimental ar- 
rangement (see Experimental). 

The dependence of the total charge re- 
leased during TSD measurements on polar- 
izing voltage is shown in Fig. 11 b. 

4. Discussion 

The interpretation of the RDF(r) of 
glassy y-Tl&Ju(SO& is complicated be- 
cause of the great number of constituent 

FIG. 10. A schematic picture of the experimental 
arrangement used. 

FIG. 11. (a) Typical i-T thermogram for y- 
T&Cu(SO.&. (b) Total charge released during TSD 
measurements as a function of the polarizing voltage. 

atoms. It is reasonable to expect that in the 
first coordination sphere not only the inter- 
actions of the heavy elements (Tl-Cu, Tl- 
S, Cu-S), but also the interactions inside 
the SO4 group (S-O, O-O) as well as those 
of oxygen with other elements will manifest 
themselves. On the other hand, the fact that 
the SO4 groups are relatively independent 
structural units can facilitate the interpreta- 
tion. It is also clear that the direct Cu*+- 
Cu*+, Tl+-Tl+, and SOi--SO:- interac- 
tions should be excluded. On the basis of 
the above-mentioned facts we propose the 
structural model shown in Fig. 12 which, to 
a first approximation, can be derived from 
an octahedral unit with a central Cu*+ ion. 

f 

; ‘& 
il 

FIG. 12. Structural model of y-Tl.&u(SO&. 
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The starting point of our model was the 
structure of the hexaaquacopper(I1) in 
Tl&u(SO& * 6H20 (13). It is reasonable to 
expect that the glassy y-phase prepared by 
thermal decomposition of the hexa- 
aquacopper(I1) consists of the structural 
units preserving the basic octahedral ste- 
reochemistry, although it is probable that 
the dehydration has led to a change in the 
Cu-0 distance. This assumption is con- 
firmed by the ligand-field spectrum of this 
compound (3) and by the fact that g-values 
characterizing the axial spectrum of y- 
Tl&Ju(SO& (gl = 2.08, 811 = 2.41) do not 
differ appreciably from those of the single 
crystal Tutton salt TlzCu(SO& * 6H20 (gx = 
2.0704, g, = 2.1161, g, = 2.4180) (14). It 
means that there is probably a minor 
change only in the symmetry of the effec- 
tive ligand field about the copper(I1) ions in 
the above-mentioned compounds. 

On the basis of our model (Fig. 12) we 
interpret the first submaximum (Table I) as 
Cu-0 and O-O interactions and the second 
submaximum as Cu-S interactions. Ele- 
ments with a great number of electrons (Tl, 
Cu, S) have the most pronounced effect on 
the distribution functions, therefore in the 
first coordination sphere the Tl-TI and Tl- 
Cu interactions probably play the dominant 
role. It is for this reason that main submax- 
imum of the RDF(r) at r = 0.4 nm was as- 
cribed to these interactions. Along the ver- 
tical directions the SO4 groups enter the 
bond with the central Cu*+ ion through an 
oxygen atom and probably bridge the neigh- 
boring arrays of T12Cu(S0&. As the Cu2+- 
SO4 distances along the vertical and hori- 
zontal directions are different we can also 
expect a dispersion in the values of the Cu- 
S distances. Taking into account the defor- 
mation of the real structure we interpret the 
third submaximum as the result of the Tl-S 
interaction. 

It should be noted that the above-men- 
tioned interpretation of the measured sub- 
maxima is not the only possible one. 

The study of structural changes after an- 
nealing at various temperatures from 50 to 
210°C reveals that the crystallization of y- 
T12Cu(S04)2 is a very complicated process 
and on the basis of our X-ray diffraction 
measurements it is impossible to unani- 
mously state that the transformation from 
glassy to crystalline state starts with the 
precipitation of the a-phase only, and that 
the product of crystallization is the pure (Y- 
fl2c@o4)2* 

The reason for observing a deformed iso- 
tropic EPR spectrum up to =8O”C is proba- 
bly the extensive exchange coupling be- 
tween the grossly misaligned tetragonal 
axes of copper(I1) ions and the structural 
disorder in y-Tl2Cu(SO&. The midign- 

ment is the result of the freezing of copper 
(II) coordination polyhedric axes in ran- 
dom but defined positions during the 
preparation of samples. The increasing 
temperature intensifies the thermal motion 
and at ~80°C tetragonal axes becomes 
aligned parallel or only slightly misaligned 
(see also the endo-peak at -75°C in the 
DTA record). The result is an axial spec- 
trum with G > 4.0 (the exact value of G for 
~-Tl2Cu(SO4)2 is GY = 5.125), which indi- 
cates the dx2-y2 electronic ground state of 
the copper@) ions. The further develop- 
ment of the line with increasing tempera- 
ture up to -175°C is in accordance to pre- 
dictions. Due to the increasing intensity of 
thermal motion tetragonal axes become 
grossly misaligned and at -140°C the spec- 
trum changes its shape from axial to iso- 
tropic. The intensity of both the axial and 
isotropic lines decreases with increasing 
temperature. 

Rather unexpected is the further devel- 
opment of the line. We suppose that both 
the narrowing of the line and its increasing 
intensity with increasing temperature is 
caused by the exchange interaction be- 
tween similar copper(I1) ions which ap- 
pears at ~175°C due to a certain structural 
reorganization in the still glassy y- 
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Tl$u(SO& (see also the endo-peak at 
= 185°C in the DTA record). 

Our interpretation is based on Van 
Vleck’s theory (15). He found that there is 
no contribution to the second moment from 
isotropic exchange between similar ions, 
but that there is a contribution to the fourth 
moment. This suggests that central part of 
the line will be narrowed and the excess 
area distributed in the wings. That is, the 
line will be peaked and becomes Lorent- 
zian. This phenomenon is known as “ex- 
change narrowing.” There are, however, 
other circumstances under which isotropic 
exchange does not cause narrowing. Using 
the more complex theory of Pryce and 
Stevens (16), we can conclude that the ex- 
change does make a contribution to the sec- 
ond moment. It is therefore necessary to 
decide under what conditions the reso- 
nance line will broaden, or narrow. 

TSD and dc electrical conductivity mea- 
surements were performed in the hope of 
getting insight into the mechanism of elec- 
trical transport in the investigated glassy y- 
Tl&u(SO&. The electrical conductivity 
measurements have shown (Fig. 8) that 
glassy Y-Tl&u(SO& up to =175”C is a 
semiconductor with electrical activation 
energy AE = 0.76 eV and room temperature 
specific resistivity pm- = 4.10 R cm. In the 
temperature range from 175 to 210°C a 
change in activation energy is observed, AE 
= 0.5 eV. Around Tg, at 210°C hE again 
acquires its previous value of 0.76 eV. This 
means that the resulting polycrystalline 
samples have the same activation energy as 
glassy ones have up to -175°C. This con- 
clusion also follows from the temperature 
dependence of electrical conductivity of a 
previously glassy sample annealed at 210°C 
(1 h) (Fig. 8) which gives an activation en- 
ergy of 0.75 eV. This value is, within the 
experimental error, practically the AE for 
“virgin” glassy y-TlzCu(SO&. Above 
210°C the conductivity decreases and 
reaches minimum at =23O”C. Further in- 

crease of the temperature yields increasing 
conductivity and the slope of the (T = a(T) 
dependence, i.e., the activation energy ap- 
proaches its initial value of 0.76 eV. 

Isothermal measurements at 50 and 
110°C (Fig. 9) have shown that the electri- 
cal conductivity remains unchanged, i.e., 
the glassy y-Tl+Zu(SO& is an electronically 
conducting glass without an appreciable 
contribution of ionic conduction to the 
transport of charge. 

The results of our X-ray analysis, EPR, 
DTA, as well as electrical resistivity mea- 
surements on glassy y-Tl$u(SO& can be 
explained on the basis of the assumption 
that at about 175 -+ 10°C this modification 
undergoes a structural reorganization 
which precedes the transition from glassy 
to polycrystalline state. We ascribe the dis- 
persion in the temperatures at which the 
reorganization occurs to the different heat- 
ing rates of samples during the correspond- 
ing measurements. 

Parameters of deep electron traps in 
glassy Y-T~~CU(SO& are completely un- 
available. Therefore we assume that the 
analysis of TSD curves will yield valuable 
information, Figure 1 la shows that the TSD 
curve is composed of two maxima posi- 
tioned at T,I = 252.4 K and T,,,z = 256.3 K, 
respectively, where T, is the temperature 
at the corresponding maximum of a TSD 
current. 

The analysis will be made assuming both 
TSD peaks to be fairly discrete and assum- 
ing first order kinetics with the possibility 
of independent analysis. Using the initial 
rise method (27) and the very approximate 
relation of Schade and Herrick (18) the 
TSD activation energies can be obtained. 
The above methods give, for the T,I peak, 
the following activation energies: AErsn = 
0.518 eV and AErsn = 0.522 eV, respec- 
tively. Because of the uncertainty in the de- 
composition process the TSD activation en- 
ergy corresponding to T,z peak can not be 
determined reliably by the initial rise 
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method. The relation of Schade and Her- 
rick yields for Tti peak the value of &SD 
= 0.530 eV. The interpretation of TSD 
measurements in terms of localized levels 
in the gap gives two discrete traps, 0.52 and 
0.53 eV, in the forbidden band. It should be 
noted that instead of two discrete energy 
levels we have probably a narrow band of 
energies in the gap. 

The area under a TSD peak represents 
the charge Q which flows in the external 
circuit. The released charge versus polariz- 
ing voltage dependence gives valuable in- 
formation on the mechanism of electrical 
conduction in the system under investiga- 
tion. It can be shown that this dependence 
is linear if ionic conduction dominates the 
charge transport and quadratic if the sam- 
ples under investigation are electronically 
conducting (19). As it is evident from Fig. 
1 lb the best fit of the Q = Q(U,> depen- 
dence can be obtained with Q - Ur. This 
means that the electrical transport in glassy 
y-Tl,Cu(SO& is essentially by means of 
electrons. 

5. Conclusions 

The applied methods for studying the 
compound y-TlzCu(SO& have shown: 

(i) the presence of the d,2_,,2 electronic 
ground state of the copper(U) ions; 

(ii) the axial symmetry of the effective 
ligand-field about the copper(I1) ions; 

(iii) an exchange narrowing of the EPR 
line and its increasing intensity with in- 
creasing temperature; 

(iv) that y-Tl&u(SO& is essentially an 
electronically conducting amorphous semi- 
conductor with electrical activation energy 
AE = 0.76 eV and with a narrow band of 
energies (deep levels) in the gap (0.52-0.53 
eV); 

(v) that at 175 2 10°C ~-T12Cu(S04)2 un- 
dergoes a structural reorganization which 
precedes the transition from glassy to poly- 
crystalline state. 

On the basis of X-ray diffraction analysis 
a structural model of y-Tl2Cu(SO& has 
been proposed. 
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