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Standard potentials of Ag-AgCl and Ag-AgBr electrodes in various compositions of 1,2-ethanediol-2,2’-
oxydiethanol (ethylene glycol-diethylene glycol) mixtures at 25 °G are reported. The free energies of transfer

of the hydrogen halides from ethylene glycol to the mixtures were evaluated on mole fraction scale.

The transfer

free energies of H* and the halide ions were determined employing the ferrocene reference method. The results
suggest that the basicity of the mixtures increases with the addition of diethylene glycol and that it is more

basic than ethylene glycol.

Studies in isodielectric solvent mixtures have provided
valuable information!?) on solute-solvent interactions
in mixed solvents in recent years. In particular, such
investigations enable one to study the influence of the
chemical effect of the solvents on the thermodynamics
of transfer between different solvents, for the electro-
static effects arising out of the difference in the dielectric
constants of the solvent components are expected to be
small in these media. Although a few emf studies in
isodielectric media have been made,?% no measure-
ments have been reported in the binary mixtures of
glycols. Since the dielectric constants of ethylene glycol
(EG) and diethylene glycol (DEG) at 25 °C are 41.20
and 31.20 respectively and those of their mixtures are
expected to be between these limits, all these solvents
should serve approximately as isodielectric media. In
continuation of our earlier work on the thermodynamic
behaviour of electrolytes and ions in glycolic sol-
vents,?%7 the present work therefore deals with the
determination of standard potentials of the silver—silver
chloride and silver—silver bromide electrodes in 20 to 80
wt % EG-DEG mixtures at 25 °C. The cell (1) was
used for the determination of the standard potential of
the Ag—AgCl electrodes.

Pt, H,(g, 1 atm)/HCIl(m) solvent/AgCl, Ag (1)
and the buffered cell (2)
Pt, Hy(g, 1 atm)/HOAc(ml), NaOAc(m2),
KX(m3) solvent/AgX, Ag (2)

containing acetic acid (HOAc), sodium acetate (Na-
OAc) and potassium bromide (KBr) with X=Br was
used for determining the standard potentials of Ag—AgBr
electrode. The dissociation constant of acetic acid re-
quired in the evaluation of the standard potentials of
Ag-AgBr electrode in these solvents was determined as
described later.

Experimental

EG (LR, BDH) and DEG (LR, BDH) were purified by
the methods described earlier.®>® The preparation of the
stock acid solutions was as described elsewhere.®

Ag-AgCl and Ag-AgBr electrodes were of the thermal
electrolytic type and were prepared according to the method
of Janz and Ives.® The preparation of the hydrogen electrode
and the experimental set up employed in EMF measurements
are similar to those described in detail in earlier work.®
The cells were thermostated with an accuracy of +0.05 °G
during equilibration. The cells normally attained equilibrium

5—6 h after the start of hydrogen bubbling in all the mix-
tures and constancy of emf values to 2=0.1 mV over a period
of half an hour was considered as an adequate criterion of
equilibrium. The vapour pressures of the solvents being
very small, no vapour pressure correction was applied to the
emf data. The transfer free energy of proton in these mix-
tures was determined by employing the ferrocene reference
method according to the procedure described earlier.1

Results and Discussion

The standard molal potentials (E°_, of the cell (1)
in different solvent mixtures were obtained by extra-
polation of the function

E” = E + 2% log m — 2kA'mY2/(1+aB'm"/?)

— 2k log (1++0.002 mM,y)

= SEOm — 2kbm (3)
to zero molality. In the above equation,
& = 2.303 RTJF, (4)

m is the molality of HCI, 4" and B’ are the Debye-
Hiickel constants on the molality scale, a is the ion size
parameter, b is the coefficient occurring in the activity
coefficient expression as a function of molality and
M, is the mean molar mass of the mixed solvent as
defined earlier. In determining ,E°,, a=5A was
used as this was found to give good linear plots with
the least slope. The standard potentials of the Ag-AgCl
clectrode on molar (,E°,) and mole fraction scales
(s£°g) were calculated from ((E°,) with the help of
usual relationships given earlier.” All these values at
25 °C are given in Table 1.

The standard potentials ((£°,,) of the Ag-AgBr elec-
trode at 25 °Ci in different solvent mixtures were obtained
from a plot of the function E°" defined by

RT
B = E—2303 % pKoney + 230305
F F
o m HOAC m Br—
& T mOAC-

RT yHOAC yBr-
= (%, — 2.303 0|
s 2.303=—loe — 5Ac-

:sEom + f(ﬂ) (5)

against u, the ionic strength, by extrapolating to #=0.
E°" values were computed by using the values of pK 04¢)
and the measured EMF values of cell (2) with X=Br
for various buffer compositions. pKoae values
required in Eq. 5 were obtained from measurements
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TaBLE 1. STANDARD POTENTIALS OF THE Ag-AgCl AnD
Ag-AgBr eELECTRODES (V) IN ETHYLENE GLYCOL-
DIETHYLENE GLYCOL MIXTURES AT 25°C

Ag-AgCl electrode Ag-AgBr electrode

DEG
o/ T
Wt E°q E°, E°y E°n E°, E°y
0 0.02400 0.0294 -—0.1188 —0.0991» —0.0938 -—0.2419
20 0.0242 0.0298 -—0.1142 -0.0932 —-0.0876 -—0.2316
40 0.0190 0.0246 —0.1145 —0.0987 —0.0931 —0.2322
60 —0.0034 0.0022 -—-0.1247 —0.1091 —0.1035 -—0.2372
80 -—-0.0191 —-0.0135 -—0.1412 —0.1257 -—0.1200 —0.2478
1009 —0.0308 —0.0251 —0.1461 -—0.1451 -—0.1395 —0.2604

a) J. Chem. Soc., Faraday Trans. 1, 73, 284 (1977).
Data, 15, 209 (1970). ¢) Our unpublished work,

b) J. Chem. Eng.

on cell 2 with X=Cl and utilizing the (E°, values of
Ag-AgCl electrode in these solvents obtained with cell
(I). In calculating E*, it was assumed that KBr and
NaOAc are completely dissociated in all the solvents,
and that the dissociation of HOAc is so small that it
does not affect the effective concentration of HOAc
and OAc~. The  E° values on different scales are
also presented in Table 1.

The transfer free energy of proton, AG°;+ in these
mixtures was determined as described earlier from the
relation

AG%con = F‘(SEON — reE%) = AG°ric+en — AG°g+,  (6)
where (E°y and 4 E°| represent the standard potentials
of the cell

Pt, H,(g, 1 atm) FiCG+, FOC 1 : 1 in the solvent
H* in the solvent | Pt

7
in the solvent and EG respectively on the mole fraction
scale.

AG°g;6* (o) which represents the electrostatic transfer
free energy of the ferricinium ion from EG to the solvent
was determined from the Born equation using the
dielectric constants of the solvent mixtures (our un-
published results) determined by us.

The standard free energy change, AG®,, for the trans-
fer of one mole of HX from the standard state in one
reference solvent to the standard state in another can
be calculated from the standard potential data of the
Ag-AgX electrodes in different solvents. Considering
EG as the reference solvent, AG® () for HCl and HBr
were computed by

AG®y = F(gaE°x— E°), ®
where [, E°¢ and (E°y are the standard potentials in
EG and the solvent mixtures respectively. They are
recorded in Table 2 and are accurate to =90 J. The
free energies of transfer of Ht, and the halide ions are
also given in Table 2. The AG®, values for both acids
are found to have small negative values initially, pass
through a minimum at about 20 wt %, DEG and then
increase (become positive) with the further addition
of DEG. Thus while the transfer of HCl and HBr
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TABLE 2. STANDARD FREE ENERGIES OF TRANSFER OF
HCIL, HBr, Ht* AND HALIDE IONS FROM ETHYLENE
GLYCOL TO ETHYLENE GLYCOL-DIETHYLENE GLYCOL
MIXTURES (mole fraction scale) at 25°C (J mol-?)

DEG

wt % AG°meny  AGiusn AG vy AG°ucy AG°u@r)
o o 0 0 0 0
20 —444 —994 25 -~ 469 —1019
40 —415 —936 —39 —376 —897
60 569 —454 —268 837 —186
80 2162 569 —922 3084 1491
100 2635 1785 — 1267 3902 3052

from EG to the mixed solvents is thermodynamically
favourable upto about 40 wt %, DEG, the transfer pro-
cess is not favoured at higher compositions of DEG.
For any solvent the values for HBr are more negative
than for HCI indicating that the transfer is relatively
easier for HBr than for HCl. The nature of the varia-
tion of AG°, with solvent composition suggests that two
opposing factors must operate so as to give the observed
minimum in the EG rich region. The transfer free
energies of the proton together with the data for the
halide ions (Table 2) in these solvent mixtures lend
support to the above conclusion because AG° 4 and
AG® (¢ clearly vary in opposite  directions. However,
it is seen that the changes in AG® (x-) predominate over
that of AG®,4+) and thus govern the overall variation of
AG®,(zx) with the solvent composition.

In general, the basicity of the solvent mixtures in-
creases with increasing proportion of DEG and also
DEG is more basic than EG. These results are in
agreement!® with the conclusions arrived on the basis
of proton medium effects determined by the ferrocene
reference method in DEG-water and EG-water mix-
tures earlier.
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