
,; 

I 

804 J. V. DoDSON, R. I! FIRMAN and H. R. TlIIRSl.: 

described in a preceding sec tion, were made to ensure the presl! l1cc of bromide was 
kept to the absolute minimum. 

The sc~ond and perhaps the mOle probable reason, but not the most easily under
stood, is that rclyingon the obscrvcJ difference in solubili ties ofc:t1omd ill.thcsoiulions. 
Covington. Dobson and Wynnc-Joncs lO were the first to rcc0gniSt! the possibility 
and significance of differences in cell potentials from comparisons made with their 
experimental resu lts of measured cells at dilferent concentrations and different 
I : 1 electrolytes. In their paper reference was made to the work of Richards ;lOd 
Fran~ont. on solubility of calomel at 25°C in solutions of dirrer~nt concentrations and 
type of electrolyte. It is found that c.alomcl is more soluble in C~CI than KCI or Hel 
and the least soluble in HCI and low concentrations. For c'\ample, at 2SoC the 
amounts of mercuric chloride fouml ll in 2 N solutions of electrolyte saturated with 
calomel were 0-015, 0-28 and 0-70 gil for IICI, KCI and CsC! re,pecIIl'ely_ In seclion 
(b) also it is demonst rated that the ~olubility can be quite high. In the celts under 
dlscussion there will be at times very considerable amounts of mercurous and mercuric 
ion species. These ions are known to undergo complex formation. The net result 
would be an alteration in the concentration of chloride and cation in various Pdrts 
of the cell, principally in the calomel electrode compartment. Since this electrode 
compartment is separated from the rest of the cell by a very fine and long Teflon 
sinter, a concentration gradient would be set up. Thus, because of the perhaps 
very considerable dissimil:u concentrations e:dsting. liquid-junction pds could be 
established and contribute to the over-all cell potential. These appar!!nt liquid june. 
lions can be maintained for lengthy periods and under varying conditions, as the 
reproducibility of the experimental resul ts demonstrates. 

Referring back to the solubility values quoted above. it may be seen that they 
are equivalent to only a ca 0·003 lI.1 solut ion of J Igel:. Since the highest concentration 
of alkaline sail solution is 4·5 M, the contribution of the charge carried by the mercuric 
species would be \'ery much less than (hilt by the ions from. say. CsCI. Liquid
junction potentials would, therefore. be signi licant only at concentrations approachmg 
0·003 M esCI. However, lhe value or 0·003 M HgCI .. is the concentration of this 
species alone, and the total concclltr..ltion of mercuri~ sPccic'i in the form of complexes 
prescnt may well be very much higher. Because no solubilily data is available other 
than the work of Richilrds and Frantan at 25"C, a semi ·qu::lOtitathe estimation of 
the tota l dissoh'cd calomel was carried out not only at 25?C but at some higher 
temperatures by a series of simple solubi lity measurements. In these measurements 
varyingqunntitiesofsolid calomel wer\! scaled in glass tubcscontaining si milar amounts 
of 4·5 M KCI solutions; Teflon-covered magnets were also contained in the tubes to 
facilitate stirring. T he tubes wcre heatcd in an oil bath by a combined heater ami 
magnetic stirrer. Temperatures were noted when the last trace of solid disappeared 
in each of Ihe tu bes. Observations were noted. but only with dilliculty. on cooling 
the tubes of the first reappearance of solid crystals. A temperature range between 
2S and I3S·C only was possible willt litis simple arr.ngorncnl, bUI an idea of lhe 
temperature dependence or solubility ca n he inferred from the data produced. 

A plot orsolubilily of calomel in 4·S 1 esCI solu tion as a function of temperature 
is givcn in Fig. 7. It is seen Ihat at 25°C the amount of calomel is equivalent to O·OJ M 
whereas at 13S~C thc value has risen to O·S r-,'1. It is a lso to be noted that the curve 
of the solubility ri ses very rapidly whcn the tempcrature exceeds 60"C or so; therefore 
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FlO. 7. SolUbility or calomel in 4·5 r-"t esCI solution as:l ruoction of tem~f1ltu re. 
0 , solubility oC Hg,Cl t : ., SOlubility of Hg~Clt in 4 ·5 M KCI; (l , SOlubility of A~ 

in 4·5 M e sCI. 
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at 200"C the solubili ty could be at least ten times this amount. The graph also shows, 
hy singh: points, first. the much lower value for the same concentration of Kel, and 
second , the evcn lower value for the solubility of siit't'r chloride in 4·5 M esCI. 

The precise fo rmula of the comple~ species prescnt cannot be ascertained. If 
we take the empirical formula of the calion complexes. from the chcmical analYSIS 9f 
Richards and Fran,on. CsHS,CI,_ CsHgCI,. CsHgCI,. Cs,lIgCI" Cs,HgCI,, as a 
working basis, o r consider the complex ions such as C~II£CI,- and CsHgCl:;z- from 
the conductance studies of Foole and Martin,l' we see that in any of these comple'\es 
the proportion of CI iOIl to cation or mercuric species is hi,gh. ThiS means that the 
elrcet on Ihe tot:,1 change of the dilfercnce between the chlorille-ion 3cti\lty in the 
calomel e1cctrode compartment and that in the main bulk of solution in the cell 1l13Y 
be many times lha[ of the calomel solubi lity. It could be cquivtllent at 1"(JJt. at 130 ~C, 

10 a dilfc:rence of I M CI-. At these Ic:ve ls or concentration dilf..:rencc: the possibility 
o f liquid-junction pd now b\!comes more likely .. To suhstantiate thl! possihilit)' of 
liquid junction pds and to demonstrate their magnitude. a plot of these values 
as ~\ function of temperature is shown in Fig, 8. The ordinate was obtained by 
subtracting the calculated value of the cell emf from the values of observed at 
various tem peratures at 50 haL Tht: thermodynamic data for Ag. AgCI. and Hg. 
Hg:,!CI: useli fo r these calc:ulalions arc taken from the values publi:;;hcd by Kelly" 
and ;HC generally based on thermochemical evidence. 

The values gi\'en in I-ig. ~ nrc for 4·5 M esCI. thiS being the electrolyte and con
ccntration that would be expected to "how the grcalc!tt elTcc!. Values forO· J M I lei an: 
also gi,'en, to show the (cast l'ffctl. Cdl emfs from the work. of Lietzkc and V3ugh~n· 
were treated in a similar manner and arc also shown on the graph. It is !lcen that the 
points generally lie in almost Mraight lines and as would be c'\ PCC(cJ C!>O sho\\s a 
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