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values are compared with the measured resuilts in Tables V and
VI. Agreement may be considered good.
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Glossary

a, extended UNIQUAC binary interaction parameter
related to 7,

F objective function

P total pressure

P2 vapor pressure of pure component /

q molecular geometric area parameter of pure com-
ponent i

q° correction factor of interaction of pure component
i

r molecular volume parameter of pure component /

R gas constant

T absolute temperature

vt molar liquid volume of pure component i

X; liquid-phase mole fraction of component /

Y vapor-phase mole fraction of component /

V4 lattice coordination number, here equal to 10

Greek Letters

¥, activity coefficient of component /
8, area fraction of component /
op, oy  standard deviations in pressure and temperature

Oy, 0 standard devlations in liquid and vapor mole fractions

Ty extended UNIQUAC binary parameter defined as
exp(-a,/T)

@b, fugacity coefficient of component /

o0 fugacity coefficlent of pure component / at its satu-
ration pressure and system temperature

d, segment fraction of component /

Reglstry No. Acetonitrile, 75-05-8; cyclohexane, 110-82-7; acetone,
67-64-1; benzene, 71-43-2.
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Standard Potential of the Ag/AgCl Electrode in 50 wt %
2-Methoxyethanol-Water Solvent from 5 to 45 °C

Carmen A. Vega* and Sara Delgado

Chemistry Department, University of Puerto Rico, Mayaguez, Puerto Rico 00708

Electromotive force measurements of cells of the type
Pt,H,JHCI(m) in 2-methoxyethanol + water|AgCl,Ag at
nine temperatures ranging from 5 to 45 °C were used to
derive the standard emf of the cells In 50 wt %
2-methoxyethanol (CH;0-CH,CH,OH, methy! cellosolve).
The molality of the acld used In the cell ranged from 0.01
to 0.10 mol kg~'. The extended terms of the
Debye-Hiickel equation were used to obtain the standard
emf. The standard emf of the cell varied with
temperature (7, K) according to the equation E,.° =
0.02328 + (2.076 X 10°%)T - (5.167 X 107°)T2 with a
standard deviation to the fit of the polynomial s = 0.26
mV.

Introduction

The standard potential of the Ag/AgCl electrode has been
studied in a variety of alcohol/water media (7-177).

Very little has been done with 2-methoxyethanol-water
solvents. In 1970 Thun, Staples, and Bates ( 78) studied an 80
wt % mixture over a temperature range from 10 to 50 °C. In
1971 Sadek, Tadros, and El-Harakany ( 77) published their re-
sults with nine mixtures ranging from 0 to 80 wt % at tem-
peratures from 25 to 45 °C. Sadek’s calculated £° for the 80
wt % composition differ from Thun's results by more than 13
mV at 25 °C. Such discrepancies were the basis for our de-
cision to study this solvent at a 50 wt % composltion and
extend the range of temperatures from 5 to 45 °C, using the
cell

Pt,Hy(g,1 atm)|HCI(m)
in 50 wt % methoxyethanol-water|AgCl,Ag

where m represents the molality (moles of HCI per 1 kg of
water plus 2-methoxyethanol).

Experimental Procedures
Spectral grade 2-methoxyethanol was obtained from Aldrich

0021-9568/86/1731-0074$01.50/0 © 1986 American Chemical Society
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Table 1. Electromotive Force of Cell Pt,H,(g,1 atm)}{HCl(m ) in 50 wt % 2-Methoxyethanol-Water|AgCl,Ag*

E V

muc 5°C 10 °C 15 °C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C
0.01901 0.4016 0.4011 0.4003 0.3995 0.3986 0.3974 0.3958 0.3940
0.03012 0.3794 0.3783 0.3771 0.3753 0.3740 0.3721 0.3697 0.3675
0.031 46 0.3793 0.3784 0.3773 0.3760 0.3746 0.3729 0.3711 0.3691 0.3668
0.03642 0.3730 0.3720 0.3707 0.3693 0.3677 0.3662 0.3642 0.3621 0.3597
0.04708 0.3614 0.3587 0.3572 0.3535
0.04934 0.3587 0.3572 0.3540 0.3518 0.3494 0.3444
0.05662 0.3532 0.3519 0.3534 0.3447
0.05704 0.3534 0.3521 0.3506 0.3489 0.3471 0.3451 0.3429 0.3405 0.3379
0.06505 0.3476 0.3462 0.3446 0.3429 0.3409 0.3389 0.3366 0.3341 0.3313
0.067 74 0.3447 0.3430 0.3412 0.3393 0.3348 0.3321 0.3294
0.07022 0.3376 0.3332 0.3305 0.3275
0.076 49 0.3401 0.3385 0.3369 0.3350 0.3330
0.07801 0.3395 0.3380 0.3265 0.3239 0.3213
0.084 21 0.3357 0.3341 0.3303 0.3283 0.3260
0.08607 0.3348 0.3331 0.3314 0.3272 0.3250 0.3225 0.3197 0.3170
0.088 48 0.3339 0.3323 0.3305 0.3285 0.3264 0.3234
0.094 99 0.3309 0.3292 0.3273 0.3253 0.3231 0.3207
0.097 04 0.3214 0.3197 0.3171 0.3145 0.3117

3 Values corrected to 1 atm of hydrogen partial pressure.
Table II. Properties of the Solvent, Debye-Hiickel Results

Constants A and B, and Values for the Vapor Pressures of
the 50 wt % 2-Methoxyethanol-Water Solvent

vap
press.,

t, °C € d, g cm™ A B torr
5 57.42 1.0206 091339 0.40199 6.20
10 55.97 1.0166 092274 0.40276 8.52
15 54.52 1.0130 0.93286 0.40384 11.95
20 53.07 1.0106 0.94548 0.40533 16.43
25 51.61 1.0058 0.95889  0.406 59 21.88
30 50.16 1.0036 097504  0.408 56 29.34
35 48.71 0.9991 0.99192 0.41027 37.57
40 47.26 0.9946 1.01093 0.41227 51.25
45 45.81 0.9927 1.03339  0.41502 68.28

Chemical Co. and purified by two fractional distillations. Doubly
distilled hydrochloric acid was used to make stock solutions of
the desired concentrations. The cell solutions were prepared
by diluting the stock solutions with doubly distilled water and
adding the necessary calculated amounts of 2-methoxyethanol
by weight. The cells were of all-glass construction of a design
described earlier (78). The preparation of the hydrogen elec-
frodes and the silver-silver chloride electrodes followed the
instructions given by Bates (79). Hydrogen gas was purified by
passage through a De-Oxo catalytic purifier. The Ag/AgCl
electrodes were intercompared in a dilute solution of HCI and
only those whose blas potentials were within' 0.1 mV of the
average of the set were used. Temperature measurements
were made with a calibrated thermometer. Measurements of
emf were made with the aid of a Fluke potentiometer, Model
8800A. The accuracy of the Fluke 8800A was checked on a
regular basis by using a Weston standard cell from Eppley
Laboratory, Inc., Newport, RI (€ = 1.01932 V). Other ex-
perimental details were essentially the same as described
earlier (20-21).

Initial measurements of the emf were made at 25 °C, after
which the temperature of the water bath was lowered to 5 °C
and raised gradually to 45 °C, waiting until equilibrium was
attained at each of the selected temperatures. After the
reading at 45 °C was taken, at the conclusion of the run, the
celis were brought back to 25 °C to test their stability. On the
average, the initial and the final values at 25 °C differed by 0.1
mV.

The recorded values of the emf were corrected to a hydro-
gen partial pressure of 1 atm (101.325 kPa) in the usual way.
The correction (AE) to be added is given by

RT 760

AE=—n
2F © py,

(M

were py,, the partial pressure of hydrogen, is the barometric
pressure in torr less the vapor pressure of the solvent, R =
8.31433 J K- mol™'!, F = 96 487.0 C mol™', and T is the tem-
perature in K. Solvent vapor pressures at the various tem-
peratures were calculated from extrapolation of the values for
pure water (23), 80 wt % 2-methoxyethanol-water (76), and
pure 2-methoxyethanol (24) (see Table I1I). The corrected emf
data are listed in Table I.

Apparent values, £E°', of the standard emf, E°, were cal-
culated by the equation

am1/2

E® = E° -2kBm=E+ 2klogm - 2k—— (2)
1+ Ba°m"?
in which the extended Debye-Hiickel expression has been
substituted for the mean activity coefficient of HCI, and k is
written for (RT In 10)/F. The “true” value of E° is the limit of
E®°’ at m = 0. The Debye-Hiickel constants A and B for the
solvent mixture were calculated by the equations given else-
where (79, p 248) with the aid of the solvent densities and
dielectric constants for the nine temperatures studied. The
ion-size parameter a ° was chosen as 4.3 A, the value char-
acteristic of HCI in water at 25 °C (27) and in several mixed
solvent media as well.

Using these parameters, £°' was found to be essentially a
linear function of the molality m, and the intercept £° was
obtained by linear regression methods. The dielectric constants
(¢), densities (d) of the solvent, the Debye~Hiickel constants A
and B, and the calculated vapor pressures are given in Table
II. Densities of the solvent mixture were measured with a
calibrated 25-mL pycnometer. The dielectric constants were
measured and furnished by Dr. S. D. Klein (22). The values of
E° (molality scale) together with the standard deviation of the
intercept, s, are given in Table V.

Primary measurements, e.g., the immediately measured emf
values together with the barometric pressure readings, are re-
ported in Table II1. These values should allow one to re-
calculate the results using any correction procedure.
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Table IV. Standard Potential of Ag/AgCl Electrode at
Several Solvent Compositions

temp, °C
wt % 10 25 45
0 0.23148 0.222 40 0.208 41
50 0.196 9 0.1831 0.1606
80° 0.128 21 0.103251 0.06761

¢ Values for E°ag 4.0 in pure water obtained in our laboratory.
bValues obtained by Thun, Staples, and Bates (16).

Table V. Standard Emf for the Ag/AgCl Electrode in 50 wt
% 2-Methoxyethanol-Water Solvent from 5 to 45 °C

t,°C E°,V s(E°)*mV t°C E°V s(E°)*mV
5 0.2011 0.20 30 0.1778 0.26
10 0.1969 0.24 35 0.1724 0.24
15 0.1922 0.21 40 0.1669 0.23
20 0.1877 0.23 45 0.1606 0.27
25 0.1831 0.24

?s = standard deviation of the intercept.
Discussion

The values of E,.° (molality scale) as a function of temper-
ature (T, K) are given by the quadratic equation

E.° = 0.02328 + (2.076 X 10T - (5.167 X 10-%72 (3)

with s = 0.26 mV, where s is the standard deviation of the fit
to the polynomial. The standard potentials for the Ag/AgCi
electrode in pure water (0 wt %) and 50 and 80 wt % 2-
methoxyethanol-water solvent for 10, 25, and 45 °C are given
in Table IV. With these data anyone can calculate the
standard thermodynamic quantities for the transfer process of
HCI from pure water to 50 wt % 2-methoxyethanol-water
mixture.
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