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STRUCTURE AND Nat* TRANSPORT
IN BOROSILICATE GLASSES WITH A HIGH CONTENT
OF Na,O (= 10 mol%) — STUDIED BY *Na TRACER
DIFFUSION AND CONDUCTIVITY MEASUREMENTS

KAPS CH.,” KAHNT H.," Jena

The energies £, ,, and E, , increase with decreasing Na,O content in the glasses,
E,p2 E, .. The energy E, , corresponds to the movement of the individual ions
(¥Na), influenced by the structure of the glass network. The energy rises with
increasing connectivity CN, but shows a distinct sensitivity to structural units with
NBO. No comparable effects are observable for E, . The value of E,  is a biunique
function of CN. The conductivity is relatively insensitive to structure due to a
dominant influence of a cation—cation interaction, depending on the Na* density
T

L. INTRODUCTION

Oxide glasses with high content of alkali oxide are important materials for
solid-state electrolyte systems and for ion-exchange techniques generating struc-
tures with a modified refractive index for the integrated optics. In glassy solids
of the system Na,0—B,0,—SiO, the network modifier oxide Na,O simul-
taneously causes changes in the Na™* density (concentration cy,) and in the
network structure also. The charge of the Na* ions can be compensated either
by nonbridging oxygen (NBO) from structural units like SiO;,0~ and BO,,0~
or by the charge distributed in larger groups without NBO such like BO;,. The
aim of the present investigation consists in an attempt to separate the specific
influence of the network structure and of Na* density on the ionic transport.
Fig. | indicates the chemical composition of the glasses. All substitution rows
start in the distlicate glass NO (Na,O x 25i0,) with a layer-like structure (con-
nectivity CN = 2). The value of CN can be estimated approximately by
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CN = 3 — cypofcnr for these compositions with a low B,O, content (cygo is
deduced from [l], ¢y represents the concentration of former cations of the
network; Si, B).

Fig. 1.

IL. EXPERIMENTAL

The Na* transport was characterized by (1) ?Na tracer diffusion studies (D*
self-diffusion, y residual activity technique, 50 < 4 < 100 kBq) and by (2) con-
ductivity measurements (o, from impedance spectroscopy, 1073 < £ < 10° Hz).
The ARRHENIUS parameters (E, ,, D, and E, , 6,) were calculated from the
experimental data corresponding to eq. (1a, b).

D* = Dyexp(—E, »/RT) (1a)
o= oyexp(—E, ,/RT) (1b)

A comparison of these values D* and o is possible in the concept of the
HAVEN ratio H, {2] (eq.2).

Hy = D*|D, @)
with
bQ = O.QﬁN..\h.ZuQNV.

III. RESULTS AND DISCUSSION

The ARRHENIUS plot (IgD* or Igo vs 1/T) of the measured data gives
straight lines for all glasses indicating defined activation energies according to
eq. (1a) and (1b), resp. (see also [3]). The energies E, , and E, . increase with
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decreasing Na,O content in the glasses. However, for every glass we find
E,p»2 E, .. The HAVEN ratio is in the range of 0.20 < H, < 0.45 (300—
450°C). H, increases with temperature.
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Fig. 2.

Fig. 2 represents the dependence of E, ;, and E, , on the connectivity CN of
the glass networks. From the tracer diffusion experiments (Fig. 2a) the energy
E, p is obtained corresponding to the movement of the individual ions (*Na),
influenced by the structure of the glass network. E, , rises with increasing
connectivity CN, but shows a distinct sensitivity to structural units with NBO.
In this way, at the lines with constant Na* densities cy, (...) E, , drops for the
transition from Si0,,0~ to BO,, groups. This result demonstrates the enlarged
interaction of Na* with NBO. No comparable effects are observable in Fig. 2b.
The value of E, ,is a biunique function of CN. In conductivity measurements,
the collective displacement of untagged ions (Na*) is determined. The conductiv-
ity is relatively insensitive to structure, because there is a dominant influence of
a cation—cation interaction, depending on the Na* density cy, in these solid
electrolyte systems with ¢y, = 0.5 x 102 Na*/cm>. The present interpretation is
in accordance with the recent results of the HAVEN ratio obtained ?oﬂ.:
diffusion studies in an electric field (CHEMLA-experiment) with a new experi-
mental arrangement [4].
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CTPYKTYPA MU Na* TPAHCIIOPT B BOPOCHJIMKATHBIX CTEKJIAX
C BBICOKUM COJAEPXXAHUEM Na,O (2 10 mol%) — MCCJIEAOBAHUE
IPY MOMOMM ¥Na HHIAUKATOPHON JUOPY3IUN
U U3MEPEHMI NIPOBOJAUMOCTH

Ouepruu E, , u E, , BO3pACTAIOT C yMEHbIIEHHEM cofepxanns Na,O B crexnax, E 402 Eqn
Oneprua E, , COOTBETCTBYET ABUKEHUIO HHAMBHAYANLHBIX HOHOB (**Na), 06YCIOBIEHHBIM CTPYK-
TYPOH CTeKa. JHEPrHa yBEIMYHBACTCA C HAPACTAHHEM CBA3HOCTH CN, HO NMOKA3LIBACT PA3IUYHYIO
YYBCTBHTENBLHOCTh K CTPYKTYpaibHbIM efuauuaM ¢ NBO. Hukakux cpasuuMbix 3¢dekToB He
Habmojaerca ans E, ,. 3uavenue E, , ABASETCH OnHO3HAuHOM dynkumeit CN. MpoBoanMocTh
ABJIAETCA OTHOCHTEILHO HEYYBCTBHTENBHOM N0 OTHOWIEHHIO K CTPYKTYpe Gnarofapst JOMHHAHT-
HOMY BIIHSHHIO KaTHOH——KATHOHHOTO B3aWMOJEHCTBHS, 3aBuCsero oT Na* mnoTwHocTH cy,.
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