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Glasses as electrolytes 

Lithium conductive glasses have reached conductivities up to 10e4 
(a cm))’ at room temperature [l - 51. The transport number of the alkali 
is unity and they present large Red/Ox windows. Some of them have been 
successfully used as solid electrolytes in electrochemical cells. The less 
conductive (oxide glasses) are deposited as thin films (- 1 pm) for micro- 
generators [7,8], the most conductive (sulfide glasses) are shaped in layers 
of about 1 mm by isostatic pressure to form button cells [ 6,9]. 

As a guideline to new compositions, a general approach to the ionic 
conductivity was proposed ten years ago [lo]: simply extending to glasses 
the electrolytic dissociation theory for liquid ionic solutions proposed one 
century ago by Arrhenius. 

In the case of glasses, the solvent is the glass forming oxide or sulfide 
(e.g., Bz03, P& . ..) and the solute is the alkali salt (Li20, Lil . ..) which 
introduces the mobile alkali cations. When several salts are dissolved in the 
glass former, the dissociation of one salt is largely predominant. This is, 
for instance, the case with lithium iodide as compared with lithium oxide. 
In this instance, assuming constant mobility and activity coefficients for 
the mobile cation uersus composition, the ionic conductivity of a glass, 
(TM+, is proportional, to the square root of the thermodynamic activity of 
the more dissociated alkali salt MY (aMY). 

(1) 

In eqn. (1) u is the mobility and K,, the salt dissociation constant. 
Equation, (1) has been experimentally verified employing conductivity 
and thermodynamic measurements. 

For many ionic conductive glasses, conductivity improvement may 
be explained by optimisation of the dissociation constant, K. For this 
reason, halogenated salts with the largest anions (Br-, I-) dissolved in a glass 
network of high dielectric constant such as sulfides are the most conductive. 
Another possibility could be the thermodynamic activity enhancement 
of the dissociating salt due to the metastability of the glassy state in phase 
separation domains. 
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Glasses as electrode materials 

Oxide glasses have been tested as mixed conductive electrodes for 
electrochromic displays [ 111 and primary [7,12] or secondary [ 131 lithium 
batteries. The electronic conduction mechanism is a small polaron hopping 
between d-orbitals of a transition metal (Fe, Cu, V . . .). 

The more extensively studied oxide glasses have high V,O, contents 
due to their relatively good electronic conductivity, ease of synthesis in 
air, and the high oxidizing power of the V4+/V5+ couple compared with 
the Li/Li+ couple. Moreover, this oxidizing power is enhanced in glassy 
materials when compared with the crystalline oxidising power [12]. Dis- 
charge curves and, thus, theoretical energy density, are higher. Values for 
the Li/0.95VZ05-0.05P205 glass cell is 802 W h kg-‘, higher than for the 
Li/Ti& cell (496 W h kg-‘) or the Li/V,O 13 cell (666 W h kg-‘). Combined 
with a liquid organic electrolyte, glassy V,O,--P,Os cathodes exhibit excel- 
lent reversibility while cycling at 0.5 mA cmp2 [ 131. Due to low expansion 
during insertion [14] their use in thin-film-solid-state batteries has also 
been reported [ 7, S] . 

Sulfide “amorphous” materials, such as MoS2, Moss [15], MoSe,S 
[16] and V2S, [17], have been prepared by thermal decomposition [15, 
161 or precipitation from aqueous solutions [15,16]. In many aspects 
they may be defined as glasses. Taking into account the fact that the best 
lithium solid state electrolytes are sulfide glasses, we may imagine a mono- 
lithic cell with a common network former between electrolyte and electrode 
material providing a minimal interfacial polarization. 
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