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Cuprous ion conductiue glasses in the system (20-r) CuI-r CuBr-{) CuzO-40 PzOs as well as (!0-y) CuI-
y ('uElr-S0 CuzO-30 PzOs uere prepared. The glass formation uas obserued in the all range of substitution
<;l CuI by CuBr. AII the prepared glasses show similar infrared spectra typical for metaphosphate glasses
containing mainly chains of the (Pq-) anions. The conductiaity of glasses at room temperature, o25,
increases with an increase of total concent of cuprous halides. The significant positiae deui,ation of the
conductiuity from the additiaity, by substí,tution of Br_ Jor I_ an?,ons (mixed an,ion effect), has not been
obserued in the glasses under study.

INTRODUCTION

Cuprous ion conductive materials are promising for
utilization in high energy density batteries, electro-
chemical sensors, etc. In recent years increasing inte-
rest was devoted to the study of Cu+ glassy soiid elec-
trolytes. Glasses have many advantages over the crys-
talline electrolytes because of their physical isotropy,
lack of grain boundaries, possibility of continual vari-
ation in composition and good workability [1, 2].

The glass-formation of many systems containing
Cu* conductive ions was recently investigated. Those
glasses were mainly prepared in systems containing
either PzOs [3-6] or MoO3 [7*9] as "g]ass-forming ox-
ides". If cation-conducting glasses contain two kinds
of different anions, the positive deviation of conduc-
tivity from additivity rule (mixed anion effect) in
often observed. This effect was described in glasses
with mixed glass-forming oxides [10, 11] as weli as

in glasses with nrixed halides [9, 12]. Minami et al.

[9] illustrate this effect in t]re Cu+ conductive pseu-

doternary system CuI - CuBr - Cu2MoO+ by mixing
of two kinds of anion species, I- and Br-. In this sys-
tem the conductivity goes through maximum value
near to the ratio Br/(Br*I) - 0.tS.

The mixed anion effect is in striking contrast to the
mixed cation effect which is characterized by negative
deviation of the conductivity from additivity. Mix-
ing of two anion species in cationic conductors could
be very promising way for obtaining high conductive
glassy electrolytes.

In this paper the effect of the substitution of
CuBr for CuI in glasses of composition (20-x) CUI-

x CuBr-4O CuzO-40 PzOs (group A) and (40-y) CuI-
y CuBr-30 CuzO-3O PzOs (group B), has been inves-
tigated. The influence of halide substitution on the
IR spectra and ion-conducting properties are mainly
discussed

EXPERIMENTAL

Glasses were preparecl from comlnercial reagents
Cu2O and PzOs (Lachema); cuprous halides CuI
and CuBr were prepared according to previously de-

scribed procedures [13]. A starting mixture 15 g in
weight was homogenized and melted in a silica am-
poule in a dry argon atmosphere to avoid the ox-
idation of Cu* ions during melting. Batches were
heated for 90 min. at 700oC. Further details of the
sample preparation are described elsewhere l1a]. To
confirrrr reproducibility of results, all the glasses were
prepared twice. Starting compositions of glasses are
given in Table I.

All sampies of the prepared glasses were analyzed
by X-ray powder diffraction measurements (Dron 2)
using CuKo radiation to confirm non-crystallinity.
The fracture surfaces of the glasses were investigated
by a scanning electron microscope (Tesla BS-300) to
detect phase separation (rnagnification 10n).

The densities of glasses were determined by the py-
cnometric method using glass fragments with a dia-
rneter of - 3mm. Measurements were carried out at
20oC, ethanol was used as the displacement liquid.
The error of measurements was within 0.02 gcm-3.

Infrared spectra were recorded on a Philips Analyt-
ical PU 9800 FTIR spectrometer in the range 4000-
400 crn-l. The rneasurements were made on glass
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Starting cuprous
40

halide contents
CuzO-40 PzOs

Table I
(mol%) and the Br/(Br{I)
(group A) and (a0-y) CuI-

ratios oí glasses in the systems (20-x) CuI-x CuBr-
yCuBr-30 CuzO-30 PzOs (group B).

Glass CuI CuBr Br/(Br+I)

A1
A2
A3
A4
A5
A6
A7
A8
A9

20.0
77.5
15.0
72.5
10.0
í.o
5.0
2.5
0.0

0.0

2.5

5.0
í.c

10.0
12.5
15.0
17.5
20.0

0.000
0.L25
0.250
0.375
0.500
0.626
0.750
0.875
1.000

B1
B2
B;t
B4
B5
B6
B7
B8
B9

40.0
,i,tl.0

3{).0

2i-t.0

20.0
15.0
10.0
5.0
0.0

0.0
5.0

10.0
15.0

20.0
25.0
30.0
35.0
40.0

0.000
0.1 25

0.250
0.375
0.500
0.625
0.750
0.875
1.000

powders dispersed
t ra were measured
resolution.

KBr pellets (1 wt%). All spec-
room temperature with 4cm*1

(.llass discs with diameter of 20 rnrn ancl thickness
of about 1.5 mm were used for electrical conductivity
nleasurements. A guard ring electrode configuration
(sputtered gold blocking electrodes) was used in order
to eliminate the surface leakage and to measure the
true bulk resistance of samples. The electrical conduc-
tivity measurements were camied out from room tem-
perature up to 1000C, in a dry argon atmosphere. The
signal applied across the sample was b0 mV (RLCG
meter Tesla BM 595). The comlex impedance mea-
sured in the frequency range 100 Hz - 20 kEz allowed
us to obtain the bulk d.c. conductivities of glassy sam-
pies by means of the usual impedance analysis [see for
example 15, 16]. All samples were measured,twice,
and obtained results had a good reproducibility.

RESULTS AND DISCUSSION

Good glass-formation was observed in the systems
(20-x) CuI-x CuBr-40 Cu2O-40 PzOs (group A) and
(a0-v) CuI-y CuBr-3O CuzO-80 PzOs (group B), re-
spectively, for the all range of substitution of CuI by
CuBr. All samples were analyzed by X-ray diffrac-
tion, the presence of crystalline phases was not de-
tected. An examination of fracture surfaces bv SEM

.....fuBr+fuI=20%*fu&*ful=4096

36 L-
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Brl(Br+l)

Fig. 1. Density oJ glasses in the system, CluI - CuBr -
Cu2O - PzOs as a function oJ the molar ratio Br/(Br+l).

confirmed the absence of the metastable phase sep-
aration and, thus, investigated glasses were homoge-
neous.

In Fig. 1 is plotted density of glasses as a func-
tion of the Br/(Br*I) ratio. It is obvious that density
gradually decreases by replacement of CuI by CuBr.
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l)errsit,ir:s of glasses containing 40 mol% cuprous
halides are higlier than those of glasses containing
20 mol% cuprous halides for each Br/(Br+I) ratio.

The dependerrce of the molar volume vs. the
Br/(Br+I) ratio is presented in Fig. 2. The molar
volume in group A decreases only slightly with in-
creasing content of CuBr, but in group B we can ob-
serve distinct gradual decrease in the molar volume
with increasing content of CuBr. Ťr'is is due to higher
content of cuprous halides in glasses of group B than
in glasses of group A.

Structural elements of glasses were studied by IR
spectroscopy. F'igs. 3 and 4 show the IR spectra of
some glasses (20-x) CuI-x CuBr-4O CuzO-40 PzOs
(grou1, A) ancl (+0-V) CuI-y CuBr-30 CuzO-3O PzOs
(grorrp l)), respectively, in the range 1500-400 cm-1.
ln tlrt. additional range of IR measurements (4000-
1500 crn-1) there were no characteristic absorption
banrls.

All the preparecl glasses show quite similar spectra.
l'ive major absorptic,n bands (with maxima at about
|Ž7O,1090, 890, 760 and 520 cm-l) were.observed in
t'ach glassy sarrrple an they are marked out in Figs.
ll and 4. The assignment of each significant absorp-
tion band in the lR spectra was rnade by using refer-
errce data for phoslilrzrte glasses lL7-221. The bands at
alrrrrrt 1270,, 1090 anrl 520 crn-1 are assigned to the
z^. (I,02), z"(Po2) arrtl á(Po2) modes, respectively,
clÍ.(l,()3- ),-, chain groups. .Ihe broad barrcls with max-
irrra rr,'ar 890 nad 760 cm- I consist of bancls belonging
to r2,,. (f'OP) and z, (POP) mocles, respectively, of
(l'O3- ),, clrain groups and, in part, by corner-shared
chairrs of (l'O:r- ),, in two- or three-dimensional net-
work. Other l;aucls or shoulders with lower intensi-
ties near 1020 ancl 1170 cnr-l can be assigned to the

...-fuBr*Cul=20%* fuBr*Cul= /.0%

v.(POe) and r..(POs) modes, respectively, of POe
"end groups" of various condensed phosphates [17].
It seems that there are no other significant absorp-
tion bands in any glasses and there are no changes in
the band structures of these IR spectra with a substi-
tution as well as with total content of halide anions.

These results suggest that all the prepared glasses
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Fig. 3. Infrared spectra in
system (20-r)CuI - xCuBr
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Fig. 4. Infrared, spectra in
system (10-y)CuI - yCuBr
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..nsrst rrainly' ,rf crrprous ions c"*, halide anions
X- (X=1, Br) ancl condensed phosphate macroanions,
zrs expected frorrr their chemical compositionltl,22),
and they do rrot contain monomeric pOa3- anions.

The relationships log o vs. llT were obtained by
evaluation oí tlre irnpedance spectra recorded at va-
rious temperatures. values of the total conductivity
at 25oC, azs, the activation energy, .8., and the loga-
rithm of the pre-exponential term, log as, for each
glass, were calculated using the least square fitting
analysis of relationshiprs log a vs. I/7. The clata fit
well t lt,' ..\rrlr,'lrirrs .r;rration,

o = (rrr t'x1r( * 1.,',rl It'l')

rvlt.'r,' ír11 irtltI li,, irrr. .|.'Íirrecl in previous text. 1l is
llrt' g;ls constant arrrl 7' is tlre temperature.

'l'lrt' compositio.al rl,'1r,'rrdence of a25 of tllr. glasses
irr the system Cul-('rr lJr-( luzO-pzOs for grorrgr r\ and
B, respectively, is;rl,,ncrl in Fig. b. It can lro sc,en
that the total conclrrcrii'ity of glasses contairrirrg 40
molTo cuprous halitl.'s is always higher irl cí'ltll)ar-
ison with the conductivit,y of glasses corrt;rirrirrg 20
molTo cuprous halidt's. So we can conclutlt, I lrar the
c.nductivity of glasses substantially incera.,'. rvith
ittcrt.asing total content of cuprous halicles íi,r ,,ar.lt
lIr,,í J|r*I) ratio.

lr'"rrr liig.5. is obvious that, changes in corrrl.(.lr\'-
ttr ,lrrr' f n ,'lrarrges in Br/(Br+l) ratio are negligiSle
ltI r'rr!l||l;trlsí)lI 11'illt lltrlst. rIttt. trl cltattges itt trlt;rl crltt-
It'nt , rl' r rl'r'r rus lr;rlr,l,'s lrr gl;rss(,s. ('ontlrtctil'itics of....lt.I gl;t.ss.'s. lll Al'(rtl1l r\ (.\l. AÍ)) arrt| lj (l]l' I]9),
rt'spt:ctively, are alrrrost the sarrre. Moreover l,here are
tro observable systematic trends of increase in concluc-
tivity due to mixing of two anion species, [- and Br- .

The moderate increase of conductivity we can observe
only for the Br/(Br*I) ratio - 0.7b0 (group B).

The activation energy, Eo, of glasses containing 20
mol7o cuprous halides is practically independent on
the Br/(Br*l) ratio (FiS. 6). For glasses of group B
we can similarly observe that the activation energy
of "end glasses" (Bi and Bg) is aimost the same,
but the others have lower activation energy. A sig-
nificant decrease in the activation energy is observed
for glasses with the Br/(Br+l) ratio 0.625 and 0.7b0,
respccl ivr'1y,.

The clependence of the log o6 vs. the Br/(Br+I)
ratio (FiS. 7) is generally very similar to that of the(l)
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Ě
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Fig. 6. Actiuation energA,

- CuBr - CuzO - PzOs
Br/(Br+I).
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Fig. 5. Total rootn ternperuture conductiuity, a2b t
glasses in the systern Cul - CuBr - CuzO - pzOs
a function of the molar ratio Br/(Br+l).
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Í,,g. 7. Logarithm of pre-e'xport,ent,ial term, Iogog, oJ
glasses in the system Cul * CuIJr - CuzO - pzOs as
a Junction oJ the nrolar ratio Br/(Br+l).
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activation energy. The log a6 does not change signi-
ficantly with the change in the Br/(Br+l) ratio for
glasses of group A. On the other hand, for glasses
of group B, we can observe the singificant minimunr
in the dependence of the log os for the Br/(Br*I)
ratios 0.625 and 0.750, which corresponds with mini-
mum observed in the clependence of the activation en-
ergy (Fig. 6). Hr:wpver. t,he nrain st,ructural eletrrettts

of the gla"*ses Bfi and B7 are, probably, consistent
with those supposed in the other glasses of group B
(see Fig. 4). According to the equation (1), the acti-
vation energy, .8., and the pre-exponential term, 46,
have a controversial influence on conductivity. Prom
Fig. 5 is obvious, however, that the total conductivity
changes with the Br/(Br+I) ratio only slightly, so we

can conclude that neither the activation energy nor
the pre-exponential terrn has an outweighing effect on
conductivity. The decrease in the activation energy is
compensated by the decrease in the pre-exponential
term, which results only in slight changes in the con-
ductivity at 25oC.

i C0NCLUSIONS

a) Good glass.Ítlnrrration of investigatecl sanr;l|r's is

otrserved. Substitution of CluBr fcr CuI dot's rtol itt-

fluence the glass-fr:rrning ;rbriity in the systenr (20-x)
(lul-x CuBr-4O CuzO-40 l'1O1, (group A) and (a0-v)
Oul-y OuBr-30 CuzO-30 l'2Os, (group B), respec-
tively.

b) The net,work of all prepared glasses itr the systenr
CuI-CuBr-('rr.2O- l':Or consists mainly of condensed
phosphat,e lna('rr)arri(,ns. sttclt as chains of (P03-)"
and, in part, c(,nrpr-shar('r{ clrains of (PO:r-)" in
two- or thrr-'e-tlitrtensional ttel,work. lR s1r.'ctra intli-
cate that, cllprous halides are ttot ittct,rlrorat,etl itrto
the glass network and clo not affect the phosphato
structural units.

c) The total conductivity of glasses in the system
Cul-CuBr-Cu2O-PzOs is strongly depenclent on total
content of cuprous halides. The roorn ternperature
conductivity of glasses containing 40 rnol% ctrprous
halides is higher nearly by 2 orders of magnitucle t,han

the total conductivity of glasses containing20 molTo
cuprous halides. The dependence of the room temper-
ature conductivity on the Br/(Br*I) ratio indicates
that no pronounced positive deviation of the conduc-
tivity from additivity ruie was observed. It seerns that
the mixing of two halide anion species in the systetn
CuI-CuBr-CuzO-PzOs is not an effect,ive way for en-

hancernent of the electrical conductivity.
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Cu+ FoSFoREČNÉ sKLÁ oBsAHUJÚce znnlrŠnrvÉ
HALOGENIDY

PBrpn ZnrÁŠrx'. N|tRosr.AV JAMNIcxÝ2 n
PprBn ČmŠxo1

t Katedra kerarniky, .ckla a cementu,2 Krt"dru
anorganóckej ckérnie, Slooenskó technická uniuerzita,
Radlinského 9, 812 37 Bratislaua, Slouenskó republika

V oblasti výskumtr sklených eiektrolytov dominuje sna-
ha o prípravu vysokovodivých skiel vhodných pre pouŽitie
v batériách a iných elektrochemickýctr zariadeniach. V li-
teratúre je popísané [9_12]' že miešanírrr dvoch aniónov
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v katiónovo vodivom skle možno dosiahnuť zvýšenie vo-
divosti skiel (tzv. jav zmiešaných aniónov).

Cu+ iónovo vodivé sklá tloli pripavené v systéme CuI.
CuBr-Cuzo-PzCIs. Skúmal sa vplyv zánreny traiogenidov
tnedi v sklách z|aženia (20-x) CuI _ x CuBr - 40 Cuzo -
40 FzOs (skupina A) a (aO-y) Cui * y Cutsr - 30 CuzO
- 30 Fz05 (skupina B) na Štruktúru a elektickú vodivosť
(zloženie skiel 

"ie 
uvedené v Tab' I).

Sklá vykazovali dobrú sklotvornosť v celom rozsahu ná-
hrady CuBr za CuI. 7 inůračetvených spektier sa zistilo,
Že základný skelet skiel je tvorený z rovnakých štruktúr-
nych jednotiek s dominantným obsahorn reťazcov rneta-
fosforeČnanových aniónov (Pos-)'. Halogenidy medi nie
sú súčasťou základného skeletu a neovplyvňujú {osforeč-
nanové štruktúrne jednotky. Vodivosť skiel sa určila rnetó-
dou merania komplexnej impedancie. Vyhodnotenírn tep-
iotných závislostí vodivostí sa určili hodnoty celkovej špe-
cifickej vodivosti pri laboratórnej tep}ote, ozs, aktivačnej
energie, Eo, á predexponenciálneho faktora, oo, Z obr. 5

je zrejrné, Že vodivosť skiel s celkovýrn obsahorn haloge-
nidov rnedi 40 mol% je takmer o 2 poriadky vyšŠia ako
u skiel s obsahom halogerridov 20 rnol%, pre vŠetky pome-
ry Br/(Br*l). To znamená, že celkový obsah halogenidov
v sklách nrá význarnný vplyv na ich vodivosť. Naproti to-

mu Sa nepozorovali podstatné zmeny vodivosti pri zrnene
pomelu Br/(Br*I), tak v skupirre skiel A ako i B. Na zá-
klade uvedených sku.točností moŽno konštatovať, že mie-
šanie dvoc}r halogenidov sa nejaví ako eťektívny spÓsob
zvýšenia vodivosti skiel v študovanom systéme.

obr. 1. Í{ustottl skiel u systéme CuI-CwBr.Cuzo-Pzos
ako Junkcia mólauého porneru Br/(Br+I),

obr, 2. MóIouý objern skiel u systéme CuI-CwBr.Cuzo.
Pzos ako Junkcia mólouého porneru Br/(Br+I).

obr. 3. Infračeraené spektrá skiel u systéme (Z)-r)CuI-
xCuBr-l7Cuzo.40Pzos (merané metód,ou KBr tab-
tiet).

obr. !. Infračeruené spektrá skiel u systéme (/0-y)CuI-
yCuBr-S}Cuzo.S}Pzas (merané metódou I{Br tab.
liet).

Obr. 5. Celkoaá špecifická uodiaosť pri laboratórne,j tep-
lote, ozs, skiel u systéme CuI-CuBr-Cuzo.Pzos ako

lunkcia móIouého porneru Br/ (Br+ I).
obr. 6, Aktiuačná energia, Eu, skiel u systéme CuI.CuBr-

Cuzo-Fzos ako funkcia mólouého po|neru Br/(Br+I),
obr. 7. Logaritmus prederponenciálneho faktora, Iog ag,

skiel u systéme CuI.CuBr-Cuzo-Pzos ako Junkci'a
mólouého pom,eru Br/ (Br+ I),

Ceranics - Silikáty č. 3-4, 1994


