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Determination of 7T;5.—A column of adsorbent 75 = 2
mm. long was prepared in a chromatographic tube 9 X
130 (outside dia. 11 mm.) then solvent (about 2.5 ml.) was
introduced and the tinie required for it to reach a point 50
mm, from the top of the column was measured with a stop.
watch. This value was recorded as 7Ty This measure.
ment can usually be made in the same determination as .S.

Summary
Several silicic acid samples and mixtures con-
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taining varying proportions of silicic acid and
Celite have been evaluated as chromatographic
adsorbents using the terms: .S, measuring column
packing, V. and T, measuring rate of solvent flow,
and R, measuring adsorption affinity. A linear
relation was found between the composition of the
mixtures and some function of each of the terms.
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The Derivation of Water Activities from Electromotive Force Data

By R. H.

Introduction
The partial molar free energies of solvent and
solute are connected by the Gibbs-Duhem equa-
tion

mdfl —nzdfg

which becomes, for aqueous solutions, using the
molality scale

55.51 d In aw (1)

g representing the activity of the solute and aw
the water activity. In terms of the osmotic co.
efficient, ¢ = —(55.51/vm)ln aw, and the stoi-
chiometrical activity coefficient, v, this leads to
the equation of Randall and White!

—lny=h+ 2ﬁ”’(h/¢ﬁ> dvi (@)

where 7 = 1 — ¢, by means of which water ac-
tivity data are readily made to yield activity co-
efficients. The corresponding equation for con-
verting activity coefficients into osmotic co-
efficients is

—-mdln g,

k

= (1/m) j; " dln y @)
This form is by no means as useful for computa-
tional purposes as (2), since the integral forms the
whole of the required quantity instead of only a
part as in (2). Consequently the graphical inte-
gration of m with respect to In v must be carried
out with great accuracy and is a very time-
consuming process. Furthermore, it frequently
demands v values at closer intervals than those
experimentally available so that recourse must be
had to interpolation formulas. A third disad-
vantage of equation (3) is that in certain cases
where v is derived from e. m. f. measurements on
cells with hydrogen electrodes, the cell reaction
involves water. In 'such cases v cannot be
evaluated without prior knowledge of the water
activities and a series of approximations for y and
aw is necessary until values consistent with (2)
and (3) are obtained.

Accordingly the general method now presented,
by which water activities may be derived directly

(1) M. Randall and A. M. White, TrIs JoURNAL, 48, 2514 (1926).
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from e. m. f. measurements on cells without trans-
ference, should be of interest.

Development of Equations

In a complete concentration cell without trans-
ference, of the type

Electrode A | Electrolyte solution
ret,

Electrode B | Electrolyte solution | Electrode A

|Electrode B—

m

the cell reaction may be represented by: 1 mole-
cule electrolyte at concentration # -+ » molecules
of water in solution of concentrationn myes — 1
molecule electrolyte at concentration #er + 7
molecules water in solution of concentration m,
per # electrons transferred. Here # is the valency
of the ion of highest valency present and 7 is an
integer depending on the specific cell ysed, usually
zero, except in certain cells involving hydrogen
or metal oxide electrodes.

The free energy change in such a cell is given by

—nEF = Fy = Fppat. — 1(Fw — Fueet.) 4)
Differentiating, since #.et. is constant
~nFdE = dF, — r dfw
which by equation (1) becomes
(nF/RT) dE = (55.51/m)dIna + rdln aw
"(F/RT) dE = (55.51 +rm)/nm d In aw
Hence

i3
In Cw/Gwret. = (F/RT) j; 'nm/(55.51 + rm) dE
Defining m’ = nm/(55.51 + rm), we have finally
log aw/awt. = F/(2.303 RT) fm”f'd m dE (3

which gives an explicit expression for aw in terms
of the molalities and the electromotive forces.
Equation 5 is a generalized form of that used
by Akerlof and Kegeles? for the evaluation of
water transfer potentials for the cell

H, N'aOH.Nang - Na;Hg\NaOH H,
m | Miret.

(2) G. Akerlsf and G. Kegeles, ibid., 68, 620 (1940).
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In every case so far examined it has been found
that a simple deviation function, x = E + f(m’),
can be defined, in such a way that x varies by only
a few millivolts over a concentration range where
E varies by several hundred millivolts. The
form of f(m’) is decided by trial: a logarithmic
form, x = E + log m’, is usually applicable below
1M, while at higher concentrations the forms
x=E 4+ ba/m or x = E + cm’ may be more
suitable. We then have

fm’dE = fm’dx - ff(m’).{df(m’)/dm’}dm.’ (6)

The second term on the right is a simple analyti-
cal integral; the first term may be obtained by
tabular or graphical integration. Since the first
term contributes only a few per cent. to the total value

of fm’dE, it is readily evaluated with all the

accuracy inherent in the e. m. f. determinations.
This accuracy is not obtained if the direct integra-
tion of m’ with respect to E or of m to log 7 is
attempted.
Examples

(1) Potassium Chloride.—By the. method
outlined above water activities in solutions of
potassium chloride have been evaluated at 25°
using the e. m. f. measurements of Harned and
Cook? on cells of the type

Ag-AgCl|KCI xK,Hg—K,Hg ‘ KCl {AgCl‘Ag

Mret, m

In such cells the reaction is simply the transfer
of one molecule of salt from concentration m to
concentration mi, for the passage of one elec
tron. Hencen = 1,7 = 0 and 5 becomes for 25°

log aw/awset. = 0.3046 f ™ mdE
Mref,

It is immaterial whether we use the actual e. m. f,’s
observed, or add or subtract a constant amount.
Therefore equation 5 is applicable either to com-
plete concentration cells or to the half cells which
are often in practice measured. The sign of E
must be consistent with equation (4) and to
achieve this it may be necessary to treat the pub.
lished E values as negative.

In this case we used the logarithmic deviation
functions

%y = E — 0.1066 log m, up to 1M
x2 = E — 0.1145 log m, from 1M to 4M

The water activity at 0.1M was obtained from
the value given by Hornibrook, Janz and Gordon.*
The details of the calculations are presented in
Table I, in order to illustrate the very small varia-
tion in x and the consequent small contributions
of the first term in (5) to the total integral.

(2) Sulfuric Acid.—The measurements of
Hamer® on the cell

(Pt) H:|H,SO.| PbSO,| PbO: | (Pt)
(3) H. S. Harned and M. A, Cook, TH1s JoumNaL, 869, 1290 (1937).
(4) W. J. Hornibrook, G. J. Janz and A. R. Gordon, ibid., 64, 513

(1942).
(6) W. J. Hamer, ibid., 87, 9 (1935).
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provide a more interesting example. The re.
action in this cell is: H; + H,SOs + PbQ; —
PbSO; + 2H;0. Hence in the complete concen-
tration cell the reaction is

H,SO, 4+ 2H,0 —> H,S0, 4 2H,0

m in soln. of Mret. in soln. of
concn. concn.
Mret. m

per two electrons transferred, so that in our nota-
tionn = 2,7 = 2,m’ = 2m/(55.51 + 2m). The
integration is made in several steps, using the
deviation functions

0.0005 to 0.01M %y = E — 0.07445 log m’
001to 1M x; = E — 0.06207 log m’
1to7M %3 = E — 0.75076 m’

The value of aw at 0.0005M may be put equal to
the mole fraction of water without introducing
any error in the fifth decimal place; conse-
quently the water activities are in effect evalu-
ated absolutely. It isin cases of this kind, where
both solute and solvent are involved in the cell
reaction, that the present method is most ad-
vantageous. By transforming equation (4) into
an equation in a, only, instead of aw only, a similar
integral formula for the activity coefficient may
be obtained.
TABLE I
CALCULATION OF gy IN POTASSIUM CHLORIDE SOLUTIONS
AT 25° FROM THE DaTa oF HaRNED anD CoOK

m
m E X1 0.3046];.05mdx1 —log aw
0.05 0 0.13869  ........ 0.000733
1 .03263 .13923 +0.000012 .001450
.2 .06478 . 13929 + .000015 .002863
.3 08332 . 13906 - 000002 . 004256
5 .10677 .13886 - .000027 .007051
.7 .12220 .13871 — .000054 009844
1.0 .13866 . 13866 - . 000067 .014061
x2 0.3046ﬁmmdzz
1.0 . 13866 .13866 ........ .01406
1.5 .15768 .13752 — .00043 .02120
2.0 .17165 .13719 - . 00061 .02860
2.5 .18274 .13718 - . 00062 .03617
3.0 .19203 .13740 — .00043 .04393
3.5 .20030 .13800 + .00016 .05210
4.0 .20759 .13865 + .00090 .06042

x = E — 0.1066 log m from 0.05to 1 M
%3 = E — 0.1145 log m from 1 to4 M

m

0.05m dx; 4+ 0.01410 (m —
0.05)

—log aw/awqa = 0.3046 j;'"m dxs + 0.01516(m — 1)

—log llw/aw(0‘05u) = (0.3046

E. m. f. measurements also have been reported®
on the cell, H;|H,SO,| Hg.SO,~Hg, in which the
cell reaction does not involve water. The devia-
tion functions used in this case were

0.05 to 1M, x, = E 4 0.0022 log m
) 1to 17.5M, x; = E + 0.064 /7
(6) H. S. Harned and W. J. Bamer, ibid., 87, 27 (1935).
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TaBLE 11
AcTIVITIES AND PARTIAL MoLAL HEAT CONTENTS OF WATER IN SULFURIC ACID SOLTITIONS AT 25°
aw L
Harned Shankman Calori- -
m Cell I Cell I and Hamer and Gordon Cell I Cell 11 metric
0.01 0.99951  ..... 0.99960 ... ... L.
.02 .99912 ... e e
.05 99801 0.99791 99819 0.57 (0.57) 0.7
.1 . 99628 .99616 9964 1.2 1.2 1.2
.2 99278 99239 ... 1.8 1.8 1.8
.5 . 98205 98198 9821 2.4 2.4 2.1
1 .96217 (.96217) 9620 6.1 6.0 4.9
1.5 .9391 . 9392 11.0 10.8 10.3
b .9136 9139 . 9136 0.9129 19.2 19.0 19.4
3 .8506 .8508 8506 8514 7.2 57.0 52.4
4 77T 76 . 7795 111,7 111.3 113.8
5 .6981 6985 6980 .7030 181.7 181.9 188.8
6 .6197 .6201 cee 6252 255.7 255.2 272.3
7 . 5453 . 5458 5453 . 5497 340.4 339.6 368.7
9 A175 oo L .4165 Ce 521 546
11 8171 L 3110 714 756
13 .2378 .2304 906 958
15 .1763 . 1698 1149 1150
17 J2ge o0 .1252 1393 1338

Cell T : H, | HySO. | PbSO, | PbO; | Pt

Cell 11: H, | H,S04 | Hg:S0, | Hg

The values have been calculated relative to 1M,
the value of aw at 1M being taken from the cal-
culations on the lead peroxide cell, The aw
values listed by Harned and Hamer, obtained in
part by integrating the activity coefficients in a
series of approximations, and in part by com-
bining the measurements on the two types of cell,
also agree well with those calculated by the pres-
ent method. It is most unfortunate that this
entirely self-consistent set of aw values is in very
poor agreement with those obtained from direct
vapor pressure measurements.” These aw values
are compared in Table II.

Partial Molal Heat Content of the Solvent.—
When e. m, f. measurements are made over a
range of temperature, it is usual to express the
e. m. f. as a quadratic in the temperature

E=Er,+a(l = To)+hTl ~-T)* (7
the constants E7, a and & being obtained by
least-squaring the observations with respect to
the temperature. Since we are now dealing with
variations in both temperature and molality, we
shall write (5) in the form

In aw/avwse, = (F/RT) f " m' (QE/om") dm’
m'ret,

From (7)
E/om’ = OEr om’ + (I' — 19)da/Om’ +

(T = T4)20b/0om'
Hence

n aw/awiet. = (F/RT)[f":  m'dkir, +
morof.

! m’
(@ =10 [ mda + (7 - ror [ mas |
m ref. m rel.
(7) S.Shankmanand A, R. Gordon, THa1s JoUurnaAL, 61, 2370 (1939).

Since the quantities under the integral signs are
now independent of temperature, we may differ-
entiate with respect to 7, obtaining an expression

for T, the partial molal heat content of the solvent
ﬁl - Flref, = - RT20 (ln aW/aWref.)/aT =

’

m’ "
—F[f, m'dEz, — Tof m'da +
mref, m’ret.

(13 - TZ)f"’ m'db]
m ref.

The evaluation of fm’dETo has already been

considered; the other two integrals are readily
obtained by graphical or tabular integration.

As an example the derivation of L, at 25° from the
two types of sulfuric acid cell is of interest. For
the lead peroxide cell, measurements at 'high
dilutions (0.0005M) are available at which the
heat content of the solvent is very nearly equal to
that of pure water, so that for practical purposes
we may take the quantity H, — I, (0.005M) as
equal to L,.  The values in the sixth column, of
Table II have been computed in this way. The
value at 0.05M may then be used as a basis for
calculations from the mercurous sulfate cell, giv.
ing the seventh column of Table II, the last
column of which contains data interpolated from
the values (based on calorimetric measurements)
quoted by Craig and Vinal.® The agreement
between the e. m. f. results from the two types of
cell is extraordinarily good whilst the calorimetric
data are in fair agreement.

(8) D. N. Craig and G. W. Vinal, J. Research Bur. Standards, 24,
475 (1940).
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The author wishes to thank Dr. R. A. Robinson
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paper.
Summary
A method is described by which the activities
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and the partial molal heat contents of the solvent
may be computed directly from the electromotive
forces of cells without transference. The method
is applied to data for potassium chloride and
sulfuric acid and values at 25° are tabulated.
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Isopiestic Vapor Pressure Measurements on Concentrated Solutions of Sodium
Hydroxide at 25°

By R. H, STokES

Our knowledge of the vapor pressures of sodium
hydroxide solutions at 25° is surprisingly in-
complete, as has recently been remarked by Wil-
liamson.! Thus the dynamic vapor pressure
measurements of Hayward and Perman® were
made between 30 and 80, whilst the electromotive
force measurements of Akerlsf and Kegeles® be-
tween 0.1 and 17M yielded results from which
the water activity, aw, can be interpolated at
25° The saturated solution, however, is ap-
proximately 28M at this temperature. The
electromotive forces of the cell

H, ‘ NaOH ‘ HgO-Hg
m

which were measured by Shibata and Murata at
25° should give the water activities, since the cell
reaction is presumably H; + HgO — H,O + Hg.
Williamson,! however, has pointed out serious
discrepancies between these values and existing
direct determinations.

The present paper gives the results of isopiestic
vapor pressure measurements on sodium hydrox-
ide solutions from 2 to 29M at 25°, from which
water activities and activity coefficients are de-
rived.

Experimental

Sodium Hydroxide.—A saturated lye was prepared from
“Baker’s Analyzed” c. P. pellets, and, after settling, was
filtered through a sintered-glass funnel into a nickel
crucible inside a desiccator. This was connected to a
hydrogen supply, and samples were drawn off when re.
quired by inserting a delivery tube through the lid of the
desiccator into the crucible, against a stream of hydrogen.
The solution was then forced out by hydrogen pressure.
The delivery tube was removed when not in use, in order
to minimize contamination of the solution. Analysis of
the stork solution showed the presence of carbonate
equivalent to 0.149% of the total alkali, which is consistent
with the results reported by Han and Chao.®

Sulfuric acid was prepared from Baker's Analyzed”
c. P. material, in the form of a 709, solution which was
stored in a special vessel from which it could be run out with

(1) A.T. Williamson, Trans. Faraday Soc., 40, 421 (1944).

(2) A. M. Hayward and E. P. Perman, Trans. Faraday Soc.. 27,
59 (1931).

3) G, Aker1sf and G. Kegeles, Tars JourNAL, 63, 620 (1940).

(4) E. Shibata and F. Murata, J. Chem. Soc. Japan, 52, 393 (1931).

(3) J. E. S. Han and I'. ¥. Chao. I'nd. Fng. Chem., Anal. Ed., 4,
229 (1932).

the minimum exposure to the air., The solution was
analyzed by weight.titration agaiast 5. to 10.g. portions of
pure sodium carbonate; the end.point was slightly ex-
ceeded, and the carbon dioxide boiled out, after which a
small back-titration to the brom thymol blue end-point
was made with 0.2 N sodium hydroxide. The analyses
were reproducible to 0.05%,. Other solutions were pre-
pared by weight.dilution of the main stock, with check
analyses. The apparatus used for equilibration of the
solutions was of the usual form,* with platinum containers
for the sulfuric acid solutions and silver for the sodium
hydroxide. The sulfuric acid solutions were weighed out
in the usual way, but the sodium hydroxide was run direct
from the storage vessel into the tared dishes, which were
then immediately set in position on the copper block and
the desiccator closed and evacuated. In this way the ex.
posure of the sodium hydroxide solutions to the air was
reduced to a matter of 30 seconds. An analysis of a
sample which was put through this process in a blank run
showed the presence of 0.29, of the total alkali as carbon-
ate. After the establishment of equilibrium, all four dishes
were weighed, the initial and final weights of the sulfuric
acid dishes giving their equilibrium composition. The
sodium hydroxide dishes had not been weighed initially be-
cause of the risk of carbon dioxide contamination during
weighing; therefore the equilibrium composition was de-
termined by analysis as follows: the dish and its contents
were transferred bodily to a beaker, diluted and titrated
just past the end.point with sulfuric acid from a weight
buret. After boiling out carbon dioxide a small back
titration was made; thus the analysis gave the total alkali
present. It was known, however, that the equilibrium
solution contained approximately 0.2% of carbonate, the
effect of which on the isopiestic ratio required considera.
tion. A small amount of sodium carbonate was added to
ouie of a pair of dishes containing sodium hydroxide solu.
tions, and the normal course of equilibration and analysis
was followed. It was found that the addition of 1.65%,
carbonate reduced the apparent isopiestic ratio calculated
in the form mg,g0,/Mnwom by 0.0041 at 5M. The presence
of 0.29, carbonate is therefore not likely to affect the
ratios by more than 0.0005, which is of the order of the
experimental error. The sulfuric acid used in analyzing
the sodium hydroxide solutions was prepared from the
same stock solution as was used in the sulfuric acid dishes,
so that a slight error in the original analysis of the main
stock would have practically no effect on the isopiestic
ratios. Agreement between the duplicate dishes was
usually better than 0.19% and often better than 0.03%.
All molalities and analyses were based on vacuum cor:
rected weighings. The experimental results are reported
in Table I. '

Calculation of Results.—Since the curve of
the isopiestic ratio is very smooth and varies

(6) R. A. Rohinson and D. ‘A. Sinclair, TRIs JournaL, 86, 1830
(1934).



