6044

previously described. At 28° there was uo indication of

active hydrogen. .

Anal. Caled. for Cu3HuN: C, 88.34: H, 7.40; mole of
active H, 1.00. Found: C, 88.26; H, 7.45; moles of ac-
tive H, 1.05. '
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For studies of conductance, activities and rates of
reaction in solution it is desirable to have available
solvent mixtures which may be made up to any
specified dielectric constant within a wide range of
dielectric constant values. To know to what ex-
tent the effects measured are functions of the dielec-
tric constant only, and not of the specific solvent
mixture used, it is necessary to use different mix-
tures to cover the same range of dielectric constant.
Dioxane-water, methanol-water and other mix-
tures have been used for such studies. The system
tetrahydrofuran—water is proposed as an alternate
solvent system for these studies. The dielectric
constant of tetrahydrofuran is relatively low and it
is miscible with water in all proportions. Tetra-
hydrofuran of high purity is now available com-
mercially. For the tetrahydrofuran—water system
we report here the dielectric constants and refrac-
tive indices from 20 to 35° and the densities at 25°.

Experimental

Materials.—The water used in these measurements was
prepared as described previously.* The fraction retained
had a specific conductance of 1 X 10~¢ ohm™! cm.™!. The
tetrahydrofuran, from the Electrochemicals Department of
E. I. du Pont de Nemours and Co., contained hydro-
quinone as an inhibitor. The tetrahydrofuran was sepa-
rated by distillation after being mixed with an equal volume
of heavy mineral oil to prevent an accumulation of concen-
trated peroxides in the still. For the product thus ob-
tained, time-temperature cooling curves were determined
using an N.B.S. calibrated platinum resistance thermometer
and a Leeds and Northrup Co. Mueller Bridge. The freez-
ing point was found to be —109.238° and the purity, as de-
termined from the shape of the curves by the method of
Rossini,® was found to be not less than 99.87%. This
purity was adequate for the present purpose and so no fur-
ther purification was attempted.

Method.—The measurements of dielectric constant were
made with the apparatus previously described* except that
a larger inner glectrode was used in the cell. The cell was
calibrated at each temperature used, since the cell capaci-
tance was relatively large and small changes in the dimen-

(1) Presented before the Divisian of Physical and Inorganic Chemis-
try, 124th National Meeting of the American Chemical Society. Clii-
cago, Ill., September 6~11, 18953,

(2) The data upon which this report is based are included in the
Ph.D. Dissertation of Frank E. Critchfield, West Virginia University,
1953.

13) Please address communications to James 1., Hall,

(4) F. E. Critchfield, J. A. Gibson, Jr., and J. .. Halt, THts JoUr-
NaL, T8, 1991 (1933).

(51 B. J. Mair, A, R. Glasgow and ¥
Bur. Standards, 26, 501 (149411,

D). Rossini, J. Research Nail.
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sions of the cell with temperature variations caused slight
variations in cell capacitance. For calibration of the cell,
the dielettric constant of water at the various temperatures
was assumed to be as reported by Wyman® and Albright.’

Table I lists for the various temperatures the capacitance
of the cell containing water, the dielectric constant of water
with the corresponding literature reference, the calculated
cell capacitance, de/dc, and the lead capacitance.

TaBLE I
CALIBRATION DATa FoR Non-INpUCTIVE TypE CELL
Cell Dielectric
Temp., capacitance constant Cell Leg:d
°C. with water of water capacitance capacitance
20 390.13 80.38 4.836 1.41
25 381.66 78.48 4.846 1.35
30 372.76 76.75 4.839 1.37
35 363 .05 74.95 4.825 1.42

In order to check this calibration, the dielectric constants
of methanol and acetone were determined at 25°. The
value, 20.74, which was obtained for acetone agrees exactly
with the value given by Albright,” and the value, 32.66,
which was obtained for methanol is in exact agreement with
the value of Albright and Gosting.?

A Bausch and Lomb Abbé refractometer was used for the
refractive index measurements. The density determinations
were made by the usual method using a 50-ml. Leach specific
gravity bottle, fitted with a thermometer by means of a
ground glass joint. This pycnometer was filled and the
liquid level was adjusted in a constant temperature-bath
which was controlled within 0.01°. All density calculations
were based upon the density of water at 25°.

Results

The dielectric constants for the system tetrahy-
drofuran-water from 20 to 35° are shown in Table
II. These data are believed to be accurate to
about one part in 1000 in the low range of dielectric
constant and one part in 2000 at the higher range.

TaBLE 11
DieLECTRIC CONSTANT FOR THE TETRAHVDROFURAN~WATER
SYSTEM
PR —— Temperature, °C.———-—
THF. wt, &, 20 25 30 35
0.00 80.37 78.48 76.75 74.95
10.00 73.73 71.76 70.15 68.68
20.00 66 .46 64.60 63.02 61.64
30.00 38.42 56.59 55.24 53.88
40.00 49.77 48.22 46.91 45.65
50.00 41.21 39.96 38.77 37.75
60.00 33.04 31.97 31.04 30.24
70.00 25,45 24 .62 24.08 23.39
80.00 18.75 18.25 17.77 17.38
90 .00 12.90 12.59 12.36 12.05
95.00 10.24 9.97 9.74 9.58
100.00 7.58 7.39 7.25 7.16

Table I11I shows the refractive indices for the sys-
tem tetrahydrofuran—-water over the temperature
range 20 to 35°.

The absolute densities of the tetrahydrofuran-
water system were determined at 25°. The density
of water was taken as 0.9970 and the density of the
tetrahydrofuran was measured to be 0.8811 at this
temperature. The intermediate densities may be
calculated by the equation

d = 0.9970 ~ 2.582 X 10™P — 1.074 X 10-%P2
4 1.73 X 10-8Ps
(8) J. Wyman, Jr., Phys. Res,, 85, 623 (1930).

(7Y P. 8. Albright, Turs Journag, B9, 2098 (1937).
f8) P. S, Atbright and L. J. Gosting, 1bid., 68, 1061 (1946).
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TasLE III
REFRACTIVE INDEX FOR THE TETRAHYDROFURAN—WATER
SYSTEM
‘Temperature, °C.
THF, wt. % 20 25 30 35

0.00 1.3330 1.3324 1.3320 1.3314
10.00 1.3433 1.8427 1.3419 1.3412
20.00 1.3537 1.3527 1.3519 1.3510
30.00 1.3637 1.3622 1.3611 1.3600
40.00 1.3724 1.3711 1.3695 1.3683
50.00 1.3801 1.3788 1.3769 1.3753
60.00 1.3872 1.3854 1.3837 1.3819
70.00 1.3934 1.3915 1.3896 1.3878
80.00 1.3987 1.3967 1.3949 1.3938
90.00 1.4033 1.4011 1.3989 1.3967
95.00 1.4050 1.4028 1.4008 1.3986
100.00 1.4068 1.4045 1.4022 1.4000

where d is the density and P is the weight 9, of tet-
rahydrofuran, Densities calculated using this
equation agree with the experimental values within
2 parts in 10,000.
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The Heats of Neutralization of Acid Clays and
Cation-exchange Resins!
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A note of considerable interest to soil scientists
and others concermed with the chemical reactions
of clays and other ion-exchange materials was
recently published.? The author reported the
heats evolved when acid bentonites prepared by
electrodialysis and by passage through a column
of H-sulfonic acid exchange resin were neutralized
with NaOH. Also presented were potentiometric
titration curves of clays prepared by the two pro-
cedures. Up to about 809, base saturation the
freshly-columned clay gave a titration curve of
strong acid character, similar to that of H-sulfonic
acid exchange resins. At this point a sharp in-
flection was followed by a short region of buffering
in the pH range 6-7, and then a second inflection.
The heat of neutralization in the first portion of the
titration curve was about —13.5 kcal. per mole,
again indicating strong acid character.

In the case of electrodialyzed clay the initial
strong acid portion of the potentiometric titration
curve extended to only about 309, base saturation,
while the region of buffering between pH 6 and 7
was pronounced. The heat of neutralization in the

(1) Journal Series $467, North Carolina Agricultaral Experiment

Station.
(2) W. H. Slabaugh, THIs JOURNAL, T4, 4462 (1952).
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strong-acid portion of the curve was again about
—13.5 kecal. per mole. This fell to around —35
keal. in the pH range 6-7. Slabaugh has explained
the heats and the course of the titration curves on
the basis that two H-ion energy levels exist.

The present authors have made similar observa-
tions on a variety of clay and exchange resin systems,
and have come to somewhat different conclusions.
Clays of the montmorillonite type, of which
Slabaugh’s Wyoming bentonite is typical, are
alumino silicates. It is well established that in
slightly acid media such clay minerals decompose
with the liberation of ionic aluminum.?® Such ionic
aluminum appears to be strongly adsorbed by the
clay, with the result that acid clays prepared by
electrodialysis, by dilute acid leaching, or by natural
depletion of such cations as Ca and Mg in nature,
contain both H and Al as exchangeable cations with
the latter usually predominating.’-*

It is possible, however, as Slabaugh? has pointed
out, to prepare acid clays which differ greatly from
those obtained by more conventional means.
Columning with H-exchange resin is one method
by which this may be done. Rapid leaching with
1 NV HCI also results in a clay with the electro-
chemical and thermochemical properties of col-
umned clay. For the reasons outlined below, the
present authors believe columned clay and 1 N
HCl-leached clay to be H-clays, while electro-
dialyzed and dilute acid leached clays are H-Al-
clays.

Figure 1 shows potentiometric titration curves of
H- and Al-Amberlite IR-120, acid bentonite pre-
pared by leaching with 0.1 N HCI], and acid ben-
tonite prepared by leaching with 1 N HCl. Figure
2 compares the curve for acid bentonite prepared
by leaching with 1 NV HCI with those for bentonite
leached first with 1 N HCI and then with AIClI;,
and bentonite leached with 1 N HCI and treated
with an amount of AICl; equivalent to one-half
the exchange capacity. In all cases free electrolyte
was removed by washing with water before the
titrations were performed. The similarity be-
tween the curves for Al-resin, dilute acid-leached
clay, and AlCl;-leached clay is striking. Also very
similar are the curves for H-resin and 1 N HCI-
leached clay. The 1 N HCl-leached clay treated
with 1/, symmetry concentration of AICl; shows
the features of both H- and Al-exchangers,. with the
H being neutralized first.

Heats of neutralization of several clay and ex-
change resin systems are presented in Table I.
They were measured with an apparatus which has
been described previously.® The heats reported in
Table I are integral rather than the summation of
differential heats as measured by Slabaugh,? and
refer in all cases to the amount of NaOH consumed
in the reaction. Heats of neutralization of H-
exchange resins and of columned or 1 N- HCI-
leached bentonite were about —13.5 kcal., which is
close to the heat of formation of water from the
ions. Heats of neutralization of the Al-resin and

(3) I. N. Mukherjee, ¢t al., J. Colloid Sci., 8, 437 (1948).

(lg(gl)H. Paver and C. E, Marshall, Chemistry and Industry, 12, 750

(5) R. K. 8chofield, Soils and Fert., 9, 265 (1946).
(6) N. T. Coleman, Soil Sci., 44, 115 (1952).



