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From e.m.r. measurements with cell (C-3) 

H 1(Pt) j NaHOx, Na,Ox, a:% dioxane, Ag,Ox j Ag (C-J) 
m1 m1 (lOU-a:)% water, 

where, z=O, 10, 20 and 30, E 0 of Ag/Ag,Ox, o~·- h•s been measured at 288.15, 
298 15, 30!1.15 and 318.15 K. Over the temperature range E 0 values in alisolute volt 
are given by 
0.481!1- 8.!1833 x to-• (t -25)-9 x to-• (t-25)' -9.167 x J0- 7 (t- 25)" for a:=O, 
0.4793-3.l'lfi6x 10- 4 (t-25)-37xtO-• (t-2"i)'-25.113'x 0- 7 (t-25)" ror a:=lO, 
0.4610-f,<f267X JQ-I (t-25)+55,)( IQ-O {t-2"i)1 -183JXJ0- 7 (t-25 I ror al=20, 
o.43SJ- J.a:oo x to-• (t- 25)+7.5 x to-• (t-25}" -1 5 x w-' (t 25)• for :~:=30. 
where t Is tbe temperature (•c). The values of the thermodynamic quantities !:!,. G0 , 

!:!,.II" and !:!,.8° ror the reaction Ag,Ox(s)+2e=2Ag s)+Ox•- have been detummed 
for each of these solutions at the above temperatures. 

THE values of E0 of Ag/Ag90x, Ox9- electrode in 
aqueous solution were first determined by Ferrel 
et al. 1 at 298.15, 303.15 and 308.15 K from e.m.f. 

values of cell (C-1). 
H 9(Pt) I H 90x(m), Ag.ox I Ag (C-1) 

Later on Sir car and Prasad 9 determined the E0 

value of the same electrode at 308.15 K only from 
cell (C-2), 
Hg 1 Hg1CI 9(s), NaCll Sat KCl J Na 90x, Ag10xf A~ 

(C-2) 

assuming complete elimination of liquid junction 
potential. The two e.m.f. values given by the two 
sets of workers at 308.15 K differed by more than 
3 mV. The E0 values of Agf AgOx, ox•- electrode at 
a number oftemperaturesin water-dioxane medium 
are not known. Hence cell (C-3) was set up to 
determine the E 0 values of AgfAg1 0x, Ox9- elec­
trode at 288.15, 298 15, 308.15 and 318.15 Kin both 
aqueous and dioxane- water media. 

H9(Pt) I NaHOx, Na90x, X "'o dioxane, Ag ox] Ag 
I m1 m1 (100-x)~ water, 9 

(C-3) 
where, x=-0, 10,20 and 30. 

Experimental 

All tl'e chemicals were either of A.R. or G.R. 
grade. Water used was dcuble-distllled. Dioxane 
was punfied8 and invanat-Iy freshly dist!lled 
dioxane was used for preparing the solutions. 
NaHOx was prepared in situ from carbonate-free 
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NaOH and H 90x. The experimental solutions 
were deoxygenated by bubbling pure and presatura­
ted N 9 slowly for I 0- 12 h and were allowed to 
enter the cell under pressure of N 9 Ag I Ag 90x, 
Ox•- electrodes were prepared by first generating 
a velvety coat of silver on a clean Pt helix of 3-4 
turns sealed in corning glass tubing by allowing a 
paste of thrice-crystallised Ag90x to decompose 
on its surface in graded stage~> from 373 to 773 K 
in a muffie furnace. Loss of Ag by sputtering was 
prevented by surrounding the corning glass tube 
holding the sealed-in Pt helix by coaxial corning 
glass tube ( -1 em dia.). Three or four helpmgs 
of a moderately thick paste of Ag 9 0x followed by 
heating in graded stages from 373 to 773 K gave a 
good velvety coat of Ag on Pt spiral. This was 
then evenly coated with a moderately thick paste 
of Ag1 0x. The Ag I Ag90x electrode thus prepared 
was sealed in the cup of a B-24 interchangeable 
joint of corning glass. The potential of these 
electrodes slowly increased and only after a fortnight 
it gave a constant and steady value. It was further 
observed that the electrodes when used continuously 
for 6- 8 h developed bias potential of several m V 
which disappeared when short-circuited for 24 h 
in a solution of 0.1 N Na 90x. The electrodes when 
used in rotation, allowing at least 48 h of rest and 
eqUJhbriation in H 90x solution, worked satisfac­
torily and had bias potential of less than 0.02 mV. 
So duplicate all-glass H-shaped cells, one limb 
containing AF./Ag 90x electrode and the other 
contaming h)'drogen electrode, wtre used. The 
h} drogen purification assembly, thermostat, poten­
tiometer and galvanometer as~embly were as descri-
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bed earlier•. All weights were corrected for 
buoyancy. The concentration of dioxane was in 
weight percent and that of electrolytes in mol kg-1 
correct to a micromol kg-1• The cells gave steady 
c.m.f. values for at least 1.5 h• after attaining the 
requisite temperature and agreed with duplicate 
within 0.02 mV. The reported e.m.f. values are all 
corrected for barometric pressure, vapour ,pressure 
and bubbler depth and are the mean of the e.m.f. 
values of the duplicate cells. 

Results and Discussion 

Ignoring charges for the sake of neatness 
e.m.f. of cell (C-3) is given by equation (1), 

B Eo 2.3026 RT I , , = - 2F og mH.mOa·"H·'Yo,. 

the 

(1) 

Modified Davies equation for activity coefficient 
of electrolytes has been found to be valid both in 
aqueous• as well as dioxane-water mtxed solvent 
of at least upto 30% {w/w) dioxane content• upto 
an iontc strength of ca. 0. t mol kg-1• So on 
rearranging equation (1) we get equation (2), 

E+! .log m• m _JkA Jii ==Eo-~p.. (2) 
2 H • Oa 1+ ../II 2 ,.. 

where, k=-2.3026 RT/F, tJ==2fJH+fJo,., E 0 = 
El~riAK•Ox, ox•- and A is De bye- HUckel constant 
for the respective solvents in mol-111 kg 111, whose 
values were obtained from literature'. 

The ionic equilibria in solutions of cell (C-3) 
may be represented in Scheme 1, giving the ionic 
strength (II) of the cell solution by equation (3), 

11=m1 +3m1 +2m1 oe. {3) 

NaHOx--+Na+ +HOx-
m1 m1 m1(1-ot) 

1~ 
H+ + Ox1 -

m1< m1ot 
Na10x,__ __ ,...,.2Na+Ox I-

m1 m1 

Scheme 1 

The second step dissociation constant K1 of oxalic 
acid is given by equation (4), 

log K.=log mH.mo,._ 4A J~+fJall (4) 
mHo.. 1+ J11 

The values of K 1 and /11 had been reported from 
this laboratory earlier 8 •9, Starting with p~m1 + 
3m1 , using known values of K., (J1 anrl using 
equations (3) and ( 4), by a process of iteration we 
get constant values of oe., mH, mo, and mHo. at 
different temperatures for different solvent composi­
tions. Table 1 shows these values for 30% dioxane 
solution at 298.15 K. For brevity, the values for 
other temperatures and other solvent compositions 
have not been shown. 

The values of left-hand-side of equation {2) 
denoted as Y for each of the solutions at each of 
the temperatures were plotted against II· These 
plots (some of which are shown in Fig. 1) were 
all linear. The divergence of the points from the 
straight lines was mostly within 0.1 mV·•but in a 
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Fig. 1. Plots Y ot equation (II) VI p for SO% (w/w) dloxa.111o 

few case was within 0.2 mV. The intercepts of the 
plots at P=O gave the values of E 0 (=E~) and the 
slopes the values of {J. The linearity of the plots 
shows that the values of fJ remain reasonably cons­
tant over the range of ionic strength for each of 
the solutions at each of the temperatures considered. 
Values of fJ so obtained are shown in Table 2. 

TABI.JS 1-E,M.F., IONIC BTRKNG'tH AND MO:t.AI.I'tY 01' IONIC SPKCIJCS IN So:t.UT!ONS OP 0JCI.I. (~9)* 

Dioxane- Water ... BO% (w/w). Temp.-1198.115 K 

m 1 - mo• 1i1 mB "'ox I' I""• 
NaHOs Na.ox abs. V 

0.0011980 
0.004 647 
0.0071148 
0.008 6611 
0.010 807 
0.011866 
0.014 0111 

0.0011979 
0.004 646 
0.00711411 
0.008 661 
0 010 805 
0.011864. 
o.ou 010 

0.818 10 
0,8061111 
0.799 715 
0.'19710 
0.79\l !l8 
0.79116\l 
0.79() 07 

*All concentrations and lonio stEengths ln mol :q-•. 

o.oooou s 
0.000 016 9 
0.000 Oi!O 6 
0.000 021115 
0.000 Ol!l5 
0.000 0116 9 
O.OJO 0118 7 

0.0011 998 
0.004 668 
0.0071168 
0.009 689 
0.010 8119 
0.011890 
0.014 039 

**Y=-E+~ log m~.mox-skA,J,J~' 
II 1+ p 

0.011946 
O.ol8 619 
0.0119 010 
0.014 690 
0.0411171 
0.041 511 
O.Oli6 099 

0.485 047 
D.!l84 819 
0.4841109 
0441\l !l71l 
0.484 260 
0.48\l 880 
O.!lS!l 006 
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T.t.BLJC !1-VA:r,u:cs oP B't.t.NDARD E:r.:sc-rxoDJC Po't:SN'tiAI. 
OP BILVJCB.-BILVJtll OXAI,A'tB ELBCTROtllC IN M:o:r,AI, 

lliiOI,-:VllACTIONAI, AND liiiOI,All BCALBS* 

Dlo1:ane Temp. fJ JiJO / s- (abs. V) 
w•.% K kg mot-• A11 A11.ox, o,. 

EO E~ JiJO 
m c 

!188.16 5.81!1 0.490 7 0.!191 !I 0.490 7 

0 298.15 7.47!1 0,481 8 0.!175 4 0.4.816 
S09.15 7.8!17 0.4711 0.116'18 0.470 8 
818.15 8.458 MISS 1 O.!IS!I9 o.4.5!l 5 

!lBR.15 1.785 0.482 0 0.286 'l 0.48!16 

10 !198.115 1.996 0479 s 0.!17'1 2 0.4'79 6 
808.15 2.45S 0469 !I 0.260 a 0.4.69 8 
S18.15 !1.186 0.486 !I 0.!1!10 II 0.486 !I 

!188.15 7.981 0.476 0 0.!!851 0.476 9 

20 298.15 5.671 0.4610 0.!169 6 0.461 7 
808.111 4.1180 0.4471 0.24.8 0 0.447 6 
8!8.15 8.8011 0.4SS !I 0.211211 0,488 4 

!188.115 1.084 0.44.94 0.!169 II 04110 8 

30 298.1'.) 0.740 o.4SII a 0.!14!19 0.486 4 
808.111 0.5!18 0.4!1!1 7 M2S9 0.4!18 II 
S18.11S 0.444 0.410 7 0.20114 0.4.118 

*Ma:dmum stamlard error In fJ Ia o.ooa (only at 288.111 K for 
10% diOJ:ane It la 0.007) and that In .111~ ... 0.0002. 

From the experimental E~ values, the values of 
E: (standard electrode potential on molarity scale) 
and E;l (standard electrode potential on mol-frac­
tional scale) have been calculated using equations 
(5) and (6), respectively. 

~=E:.+2k log (d0 /gm em-•) (S) 
E~=E~ -2k log (kg mol-1 /M,.,) (6) 

where, d0 is density of solvent at the particular 
temperature and M.1 the mean molar mass defined 
by equation (7), 

100 =...£+ (100-x) (7) 
Mxr M. Mr 

where, x is the weight percent of dioxane of molar 
mass M., and M., the molar mass of water. 

The values of E~. E~ and EN so found are given 
in Table 2. 

The values of E~ for each of the solutions are 
given accurately by an equation of the form, 

E~=E~ 1 +a(t-2S)+b(t- 2S) 1 +c(t-25) 8 (8) 
where, t is temperature ("C) and values of a, b, c are 
as shown in Table 3. 

TA.BI,:S 8-VA.I,U:SS OJI a, bAND C IN EQUA'tiON (8) 

z -a b -c 
wt. % X 10""4 V des""1 X 10""1 V deg-• X lO""'V deg-1 

0 8.888 8 - 9.0 9.167 
10 8.816 6 -S7.0 !111.8SS 
20 14.!166 7 15.11 1.88S 
so 18.200 0 7.5 1.500 

The plots of E;J and£:. against 1/D (D=dielectric 
constant of the medium) (Born plot), E: against 
log 1/1., (r/J., =volume fraction of water in the medium), 
E~ against log N., (N.,==mol fraction of water in 
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the medium) (Feakins and French ploP 0 ), and 
E~-k log N., against 1/D are all similar and curvi· 
linear. They are however not shown here. 

For the reaction taking place at the Ag/Ag10x, 
Ox•- electrode shown by equation (9), the vanous 
thermodynamic quantities 6,.G0 , 6,.H0 and {').S0 

for each of the solutions considered have been 
obtained using equation (8) and the well-known 
thermodynamic relations. 

, Ag1C1 0 6 (s)+2e=Ag(s)+Cso:- (9) 

These values are shown in Table 4. It is seen from 
Table 4 that b.G0 value slowly increases both with 
increase in temperature and increase in the content 
of dtoxane in the solvent. However AG0 values 
remain negative all along. This means that the 
cell reaction as shown in equation (9) is facilitated 
all along more so at lower temperature and lower 
concentration of dioxane. 

TABI,JC 4-TBRlllloiODYNAIIUC FUNCTIONS :VOll TBR 
RJCACTIOl'l, Agso.o.(s)+ 2ea !IAg(s) + o.o:-

Dioxane Temp. -t:.G• -AS" - b.B" 
w•.% K kJ mot-• JK-• moJ-• kJmoi-• 

!188.16 94.69±0.04 189.8±0.1 14M±0.11 

0 !198.15 92.95±0.01 171.4±0.1 144.1±0.11 
aos.us 90.91±0.04 !169.!1±0.1 170.8±011 
S18.16 87.44.±0.04 298.8±0.!1 182.11±0.11 

288.15 98.01±0.00 8D.4±0.01 116.!1±0.1)4, 

10 !198 liS 9!1.1.9±0.00 78 7±0.01 114.5±0.1)4, 
308.16 90 114±001 S66.0±0 1 !108.8±0.1 
81816 84..18±006 967.5±0.8 888.8±0.6 

288.15 91.86±0 09 807.11±0.4 180.4±M 

!10 !198.16 88.96±0.00 275.8±0 06 171.0±0.06 
308.16 86.28±0.00 !164.7±0.04 167.8±0.05 
318.16 88.60±0.00 276.8±0.04 171.!1 ± 0.06 

!188.16 86.7!1±0.06 292.4±0.!1 171.0±0.8 

so 298.111 84.00±0.04. !164.7±0.11 160.0±0.!1 
308.15 81.57±0.0!1 !184,11±009 1118.8±0.1 
818.111 79.!111±0.02 !!S1.6±0.09 162.9±0.1 

In aqueous solution, the [:}.S0 value first increases 
with the increase in temperature indicating probably 
a predominant kinetic effect. Around 303 K this 
trend is reversed and 6.SO value continues to 
decrease with the increase in temperature. A 
change in the structure of water around 303 K bas 
been reported11• The decrease in AS0 values 
above this temperature is a consequence probably 
~f more water molecules being immobilised by the 
Ions, i.e. an expansion of region·A and a shrinkage 
of region·B of Frank and Wen model11• Addition 
of a small amount of dioxane (10%) in the solvent 
is seen to have no effect on this trend. Dioxane 
is known to break the three-dimensional structure 
of wateru,u. Probably the availability of larger 
number of free molecules of water in the presence 
of larger amount of dioxane facilitates both the 
coordination of water molecules with dioxane and 
immobilisation of water molecules by ions. Witb 
sustained increase in the dioxane content this 
trend seems to be arrested around 20% content of 
dioxane. A similar behaviour regarding the change 
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of b.H0 values for the entire range of solvent 
mixture (0- 30%) has been noted. It is however 
difficult to comment more precisely on the variation 
pattern of b..S0 or b..H0 in the absence of more 
detailed information on solvent" structure. 
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