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problems are discussed below and some investigations carried than forming AICl~) and at t he same time, the AgCI2 ion is
out at E(’CM are reviewed, destabilized.

Tech,i,c ,/ I), /1 11(11/ !:.sp er inie iIal

General: In previ~ is wor ks, it ~~ found that lithium is The .omplex soluhilities of AgCl, AgBr, and Agi were
hot  genera lly stable in aprotic solvents hut does react with such determined potentiometricall y by titrating a halide solution
so lvents as PCt~’~ and 1)MF.**5~ It has also been found that with standard AgC104. A silver wire was used as the indicator
t he tra ce wat er present in these organic solvents can lead to electro de arid the refereiui.e electrode was Ag ‘A g~ separated
both film formation and decreasing limiting ctirrents.T~l Thus, by a salt bridge. Tetra propy l ,ummoniuni salts were used to
the stability of t h e  lithium in aprotic organic solvents has maintain a ,onstant ionic strengt h, usuall y 0.1000 M, through-
turned uiut to he a complex problem and a considerable amount out the titration. All salts were purified by the methods de-
of hasi~ wor k remains to be done before practicality is achieved. ~ ribecl by Mann ’1’ and the sok-ents were purified by fract ional
It does appear , however , t hat the presence of SO,, stabilizes disti llation. The titration vessels were fitted with ground glass

• the Li-anode in must aprotic snlvc- nts .’~ 
loints and were assembled and sealed in a dry box. The cmf
ineasurcnlents were recorded at 25±0 .1 C . The stability con-

= p r p ~tei,e t’arboiiare stants and solubility constants were calculate d by an iterative
diriuct hvl formamide 

- — 
uiiethod.ao 21 The solvent systems studie d were mixtures of
prop ionitrile with SO., (PN ‘SO.), propy lene car bonate withIn aduition to t h eSe and other problems associated with - — 

-
- - . . tetrahydrothiophene, (PC TI-IT) and acetone with waterlithium anodes , .u secondar y aitiode has proved to be a major -

problem. A number of metal halides ,’~ ’4 sulfldes,’5”6 and (AC’H20). Tlu results are gus-en in Table I along with some
data from other investigations.qcuinones are some of the cathodes that have been proposed.

Secondary lithium batteries utilizing metal halide cathodes are
very attr ac tive; the energy densit ies are high the materials are TABLE I

readily available , and they appear to he highly reversible. The VALUES OF K8, ANDS2 IN SEVERAL SOLVENTS
major problem associated with metal halides is their high AT 25 C

solubihity. The present work ‘s-as initiated in the hope that the 
~~~~ 

- 
-~~soluhi lity problem could he understood and, eventually, pre- 5i~ EN~ 5. 

— . , 
-
-

vented. Although the present work deals with silver halides - 
~~ 2 2~~ .- ‘.~ : o

svhic h arc-, energetically, borderline as cat hode materials, they r~~~
- iQ Og 2 . t  1 2 5  :s . ’ L ’t :i - -

are representative of the class of metal halides known as soft .
~
. 

~~ ~~ io.o i:- .s 
- 

~~~ -

aci ds; i.e., Ag5 is a ‘ soft-aci d” in the Pearson sense ’8 and is I H :~~ 1. ’
representative of the typ ical soft-acids such as Cu~, Hg~. ., . .

TI (ci + TI1 etc The disalent -st ions of Fe Co Ni and
Cu are , behaviorall y, borderline between hard and soft)8 Con- 

- ‘ 2 ~ 11.5 i 13~~ -~ -
~~~-

- AC 2 1.2 21 ‘3 1 1 7 -sider the cell - - ‘ -

Li/organic electrol yte /A gCl, Ag (Ia) AC .k 2fl 10.55 ‘1 - 19.9 2’ . f 22.0 1.2

for whk h the overall cell reaction is ~~~~ 
13.SSi 15.2 ~~~ 19. ’- -‘ .~ -~~2

Li +~ c~= Li +C 1 +A g (Ib) 2 ’ ( 9 36 ’) :3~ 15. 0 1 . ’ -~~~ 
- .~ -~~~

~‘clf disc hargc’ of the anode can occur if the cathode is soluble, i c  1 . i U.S i. 1.1 1.2

— 
, the t~ o major mecli.inisms of self discharge being - A .~ 1 2 5  ; c ’  ~~~ ~ .‘ -

L i± Ag~~=Li~~+ A g (2) - - -

and •. cs ~,, 
~~~ts~sr, 22.

Li + AgCI; = Li’ + Ag + 2Cl (3) ‘ 
~~ ~~~ 

A .. ~~~~ ~-.i ’o r~ is ‘~~u~~.’’ -

The major equilibria involving soluhilization of the cathode 
-

are, therefore , 1)i cu.rj ion
AgCl Ag + C1 (K!,,) (4) The effect of solvent composition on the various equilibria

.und is quite large. To determine the specific effect on each ion, one
Ag Cl + (.1- = Ag Cl~ (K~2) (5) can examine the individual ionic free energies of transfe r,

The inability to develop a well behaved secondary lithium / L~G~ (ion), from water to the specific solvent s. The extra-
meta l halide battery is attributable to the large va lues of K!2. thermodynamic assumption~ used to evaluate ~~~ (A g )  is
Attem pts Ii usc been made to suppress reaction (5) by the ~~AG~(Ag ’ ) = (~~G~ (A g ,  AgCl~) +
addition of a “h ard-acid” , such as AICI11, which very effectively ~~G~(A g’, AgBr~) ) ‘2 (6)
removes free halide in solution by forming AlCl~. This ap- where
proach can lead to serious limitations such as deposition of Al /~G~( Ag’. AgX~) = 2.3RT (log (K 2,w

~~ at the anode, and inabi lity to recharge the cathode. In the K,,,.w K,~,s K~ ,s) ) (7)
present iuppr(iach, this problem is studied in terms of ion sal- and
cent interactions . By using mixed aprot ic solvents , it is hoped LsG~(A g .  X )  = 2 .3RT log (K,,,,w/ K,0.s) (8)
t hat the (I - ion may he weakl y sta bilized in solution (rather In Equations (7) and (8) , X = Cl or Br. The results for the

~~~~~ rx-~ : 
—_i



individual L\G?(ion ) values are given in Table II. It is noted coordination to SO2 Or by ~-hondirig. The dipolar coordination
of Cl to PC and TI-fl’ appears to be similar, resulting in

T 
iitt lc hange in K,- . This plienonienon is being ins-estigated

ABLE 11 furt her to establish the site of (21 oordination and its nature
SINGLE ION FREE ENERGIES OF TRANSFER FROM ( i  e ionic- dipolai’, cova lent). The effect of H.,O additions to

WATER AT 25°C AC, P( .,~ and DMSO~°-~
7 is much less than that of the cot -

— -  
responding sulfides. Thus, trace amounts of water in organic

- 
A~   so lvents should have a minimal effect on a metal-halide

- 
- - - - ~~~ cat hode hut , as discussed above, its effects on the anode are

2.2 1. 7 - 2.2 3 ,0 1.8 quite important.
10 .0 I 7.2 2.1 -15
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