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Pressure-balanced external Ag/AgCl electrode has been 

extensively used for both Pressurized Water Reactor and 
Boili ng Water Reactor environment. Pure water is often 
employed as the electrode fill ing solution in order to 
prolong the lifetime. Characterization of the potential of 
the water-filled Ag/AgCl electrode was performed by 
estimating thermal li quid junction potential (TLJP) 
originating from thermal diffusion of ionic species in the 
fill ing solution.  

The potential of thermoelectrochemical cell , 
 Ag/AgCl/Cl-(To),Cl-(T)/SHE(T)    

was analyzed and expressed as, 
Ag/AgCl vs SHE(T) =[∆φAg/AgCl/Cl- vs SHE(To) ] -

TLJP+ [SHE(To) vs SHE(T)] 
The first term and the third term in above equation, can be 
calculated by utili zing thermodynamic data available. 

TLJP can be calculated by utilizing following 
equation.1 
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In above equation, Q*
k means heat of transport of species 

k and the other symbols have their usual meanings. 
This equation was analyzed and applied to water-fill ed 
Ag/AgCl electrode.  
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The heat of transport of species k was calculated based 
on the Agar et al’s hydrodynamic theory 2 and after some 
calculations, can be summarized as, 
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where, εr, η is relative dielectric constant and viscosity of 
water. The values of limiting equivalent ionic 
conductance, λo

k were adopted from Quist et al’s paper.3 

Concentration profile of H+, OH- was determined from 
the dissociation equilibrium at the very temperature where 
they exist, whereas that of Ag+, Cl- was calculated from 
the following equation. 
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As a boundary condition, solubili ty equilibrium of AgCl 
at room temperature was used. 

The behavior of activity coefficient with temperature 
was calculated based on the Debye-Huckel theory.4 
In the end, estimated TLJP was included in the calculation 
of the potential of Ag/AgCl electrode and the results are 
shown in Figure 2 with experimental results of our 
laboratory. As shown in the Figure 2, theoretical 
calculation quite well predicts the experimental data. 
Polynomial fitting results in following equation. 
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Therefore we conclude that our TLJP analysis for Soret 
steady state is valid, which is the first calculation of TLJP 
of water-fill ed Ag/AgCl electrode at steady state for high 
temperature application. 

 
References 
 
1. Rolf Hasse, Thermodynamics of irreversible process, 
Addison-Wesley publishing company, (1969) 
2. J.N. Agar, C.Y. Mou, Jeoung-long Lin, J.Phys. Chem., 
93, 2079, (1989) 
3. A.S. Quist, W.L. Marshall , J. Phys., 69, 2984, (1965) 
4.G.W. Castellan, Physical Chemistry, 3rd ed, University 
of Maryland, (1982) 
5. S.N. Lvov, D.D. Macdonald, J. Electro. Chem., 403, 25, 
(1996) 
 
 

 
 
Fig.1. Concentration profiles formed by thermal diffusion 
of ionic species and Soret coefficient of AgCl with 
temperature 
 
 

 
 
Fig. 2. Comparison of theoretically calculated potential of 
Ag/AgCl electrode with experimental data 


