
indicator 
electrode 
indicator 
electrode 

Ex - Est 
2.3026 RT/F 

pHx --___- + pHst 

solution of reference 
unknown acidity (X) I sbarl;Tdge 1 electrode 
standard solution at the same reference 
temperature and in the same 1 E&e 1 electrode 
solvent (St) 

or : 
2.3026 RT pHx F(Ex - Est) + 2.3026 RT pHst (1b) 
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Provided the electrolyte compositions of the solutions X and St do not 
differ too widely the pH so defined has a certain amount of physical signi- 
finance. In this case, namely, the liquid-junction potentials between the 
salt bridge on the one hand and the solutions X and St on the other are 
nearly equal, so that: 

F(Ex - Est) = 2.3026 RT Oog aa,st-log a H . d  = ApH.st--X (2) 

where A pH,St-X is the change in chemical potential on transferring a 
proton from solution X to solution St. From (Ib) and (2) it follows that: 

2.3026 RTpHs w A pH,st-x + 2.3026 RTpHst (3) 

The logical consequence of (3) for establishing a universal pH-scale is 
that 2.3026 RTpHst, for standard solutions at any temperature and in any 
solvent, equals the change in chemical potential on transferring a proton 
from solution St to a single primary standard solution St", for which the 
hypothetical solution of unit proton activity (on the molality scale) at 25" 
in water can be chosen. In this case the following equation holds: 

2.3026 RTpHx % A pH,st-x + A pH,st0-st = A pH,Sto-x (4) 

that is, 2.3026 RTpHx equals the change in chemical potential on trans- 
ferring a proton from solution X to the primary standard solution St". 

So we have the condition: 
* 2.3026 RTpHst = A pn.sto-st = p"r,st" - pH.St (5 )  

/lH.Sto = p'H.298.2 (6) 

(7) 

in which: 

and : 
/rrr.st = f4'Ii.T f 2.3026 RT log mHy*H Y'H 

where ,uo = standard chemical potential (solvent independent) 
2.3026 RTlog y* = salt effect (accounting for the transfer from 

the ideal to the real solution) 

The corresponding equation of Aleksandrov and Lehed' reads: 
- A ~ T H +  

2.3026 R 298 
pAT = 

or, in our symbols: 

A pn.sto -st 

2.3026 R 298 
pHst = 

This would yield, however, instead of (4): 
T 

298 
2.3026 RTPHx w A ,UH.St-X + - A ,UH,Sto-St 

which does not lead to a simple or easily applicable physical significance of pHx. 
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2.3026 RTlog y o  = medium effect (accounting for the transfer from 

._ ~~ ~ ~ -~ -~ _. . 

water to the solvent under consideration) 

so that: 

(8) 
PoH, 298.2 -POH.T + pH*st - log Y'H - - .- 

2.3026 RT 

where pH*st is the pH of the standard solution on the solvent and temp- 
erature dependent pH-scale. 

pH*st-values have been tabulated for buffer solutions in water at a range 
of temperatures 3 and for buffer solutions in methanol-water mixtures and 
methanol and in ethanol-water mixtures and ethanol at 25°.4* 

Values of -log Y'H have been tabulated for methanol-water mixtures 
a t  25O.1 

Values O f  ,u0H,298.2 - ,U'H,T have been tabulated from 0 to 100°.2 From 
these values, the correction term (,U'H.Z~S.Z - pO~,~) /2 .3026 RT which 
must be added to the pH*st values of the standard solutions on the solvent 
and temperature dependent pH-scales to obtain the pHst-values on the 
universal pH-scale, can be calculated to be : 

temperature ("C) 

0 
10 
25 
40 
60 
80 

100 

Table I 

WH, 298.2 - $H,T) 12.3026 RT 

+ 0.43 + 0.25 
0 

- 0.24 
- 0.55 
- 0.85 
- 1.13 
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