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likewise remaining full up to this point (liquid
shown by oblique lines in the diagram), or, alterna-
tively, the meniscus is even more stably placed at
a very slightly greater height inside the bell jar
than outside, both the capillary and most of the
bell jar thus being empty (this position is drawn
in solid black).

~

a,

Fig. 1.

The interstices in a gel may be extremely ir-
regular in every respect, since they are built up
from the juxtaposition of myriads of ultramicrons.
These irregular channels will have an equally
irregular cross section but the same principles
will apply as with the circular cross sections
shown in Figs. laand 1b. A few of the pores may
resemble Fig. la in that they are of uniform cross
section and therefore will fill or empty at a definite
relative humidity according as the pressure is
increased or decreased. Others may be more like
Fig. 1b in which the openings to the vapor phase
are of different dimensions and initial and com-
pleted filling correspond to different relative hu-
midities.

In general, however, pores may be represented
diagrammatically as in Fig. 2, where the essential
feature is that larger cavities are accessible only
through smaller channels or orifices.

In pores of the type of Fig. 2, as the relative
humidity of a vapor is gradually increased, con-
densation of liquid will begin at the narrowest
cross section and will extend to wider cross sec-
tions only as the relative humidity is increased,
until when the vapor is sufficiently nearly satu-
rated the pore will be completely filled. Upon
subsequent diminution of the relative humidity,
however, in general no evaporation will occur from
this particular pore until the relative humidity has
fallen to the value corresponding to the largest
orifice or passage leading to the larger enclosed
cavities. Since chance determines the size of this
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largest orifice leading to any particular cavity and
since this principle holds for every enlargement in
each of the numerous pores, the curve representing
the amount of liquid retained during dehydration
will lie above that for progressive hydration and
this hysteresis will be due to the mecha- ‘
nism here pictured.*

It might be thought that in the lecture
experiment, Fig. 1b, the liquid in the stop-
pered bell jar should break and fall away.
However, it is well known that a great
reduction in pressure is required to initiate
the formation of a bubble in a mass of
liquid. Hence the liquid under slight
hydrostatic tension is forever stable. If
through chance a very minute bubble be-
gan to form in any particular spot, where
in accordance with Maxwell’s distribution law of
thermal vibrations a group of adjacent molecules
simultaneously acquired a sufficiently high kinetic
energy, the ultramicroscopic or even microscopic
bubble would be immediately crushed and elimi-
nated by the surface tension of the liquid.

The considerations here discussed might well
simulate a ‘“‘Jamin effect” in the penetration of
soil or sand.

Fig. 2.

(4) Compare the alternative presented by H. Engelhard and W.
Stiller in their Fig. 8 [Z. Elekirochem., 40, 835 (1934)].

StanrForp UN1v., CaLIr. RECEIVED JANUARY 14, 1935

The Heat and Free Energy of Formation of
Arsenic Trifluoride

By Don M. Yost AND JoHN E. SHERBORNE

The heat of formation of liquid arsenic tri-
fluoride was obtained indirectly by determining
the heats of solution of the trifluoride, and of a
mixture of arsenious oxide and sodium fluoride in
about 1 liter of 1 NV sodium hydroxide solution.
The reactions involved are
2AsF;3(l) 4 6NaOH(1 N) = 6NaF (in 1 N NaOH) +

As;0; (in 1 N NaOH) + 3H,0() (1)
6NaF(s) + As;O3(s) = 6NaF (in 1 N NaOH) 4
As;O3 (in 1 N NaOH) (2)

The arsenic trifluoride was purified by frac-
tional distillation and then condensed into thin-
walled evacuated bulbs. The bulbs, containing
a known weight of the material, were broken under
the sodium hydroxide solution in an adiabatic
calorimeter. The same procedure was followed
with the arsenious oxide-sodium fluoride mix-
tures. All thermal experiments with the arsenic
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trifluoride were made as soon after filling the bulbs
as possible since it slowly attacks glass with the
formation of silicon tetrafluoride. The other
substances used were of the best grades obtain-
able.

A number of determinations were made on both
reactions and five values for each were finally se-
lected as being the best. The average of these
for reaction (1) is AH, = —64,500 cal. with a
mean error of 760 cal,, and for reaction (2) AH,
= —10,700 cal. with a mean error of 800 cal.

The following heats of formation! were used in
the calculations. NaOH(1 N), 112,210 «cal.;
H,O(l), 68,387 cal.; As,Os(s), 156,000 «cal.;?
NaF(s), 137,600 cal. When these thermal data
are combined with those determined for reactions
(1) and (2), the following thermochemical equa-
tion may be written

As(s) + 3/2Fy(g) = AsFs(l) 3)
AH = —198,300 cal.

Although no experimentally determined value
for the heat of vaporization of arsenic trifluoride
(b. p. 63°) is available, a fairly reliable value of
—7000 cal. results if Trouton’s constant is taken
as 21 cal./deg. This, combined with equation

(1) ”International Critical Tables,” Vol. V, pp. 161, 177, 180, 200.
(2) C.T. Anderson, Trrs JourNaL, 52, 2296 (1930).
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(3), yields 191,300 cal. as the heat of formation
of AsFy(g).

It is now possible to calculate a provisional
value for the standard free energy of formation of
gaseous arsenic trifluoride at 25°. The standard
virtual entropies of As(s),? Fo(g)® and AsFi(g)* at
25° are 8.4 cal./deg., 48.0 cal./deg. and 69.2 cal./
deg., respectively. The free energy equation is
then

As(s) 4 3/2Fy(g) = AsFy(g) @
AH = —191,300 cal. AF5s = —188,000 cal.

Rough measurements on the vapor pressure of
AsF;(1) showed it to be about 150 mm. at 23.5°
and therefore the free energy of vaporization is
about 1000 cal. When combined with equation
(4) there results the rough value — 189,000 cal.
for the free energy of formation of AsFs(1). In-
asmuch as arsenic trifluoride is of considerable
importance in reactions used for the preparation
of other fluorides, these free energy values may
find application in determining beforehand
whether a proposed reaction is possible.

(3) Yost and Hatcher, J, Chem. Educ., 10, 350 (1933).
(4) Yost and Anderson, J, Chem. Phys., 2, 624 (1934); Vost and
Sherborne, #bid., 2, 125 (1934).
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A General Method for Determining the Concentration of Enzyme Preparations!

By W. R. JoHNSTON AND S. Jozsa

It is generally recognized that the ‘‘enzyme
unit” method as introduced by Willstdtter and
Kuhn? is the most satisfactory way we have of
measuring enzyme quantity.

In applying the method, however, a number of
authors have defined their enzyme units in terms
of the monomolecular “‘constants” for the reac-
tions being studied. This application is not
strictly correct since it has been established by
numerous workers that in general the unimolecu-
lar law does not apply to enzyme reactions and
the ‘‘constants” cannot be used as an accurate
measure of enzyme quantity. This is true in the
case of invertase, urease, alpha-amylase and many
other enzymes.

(1) Presented before the Division of Biological Chemistry at the
86th meeting of the American Chemical Society, Chicago, Ill., Sep-
tember 10~15, 1933.

(2) Willstdtter and Kuhn, Ber., 56, 509 (1923).

Other investigators have defined units in terms
of time values required for a definite percentage
hydrolysis of the substrate by a given amount of
enzyme. These units lead to sufficiently accurate
measures of enzyme quantity but are not very
satisfactory because of the relatively long time
required for measurement and calculation.

In attempting to measure the concentration of
a-amylase in various malt preparations we de-
veloped an enzyme unit method which is of gen-
eral applicability and which permits rapid,
accurate measurements of enzyme quantity.
The method is based upon the fact that in the case
of several enzymes the initial rate of action on a
given substrate is directly proportional to the
amount of enzyme acting. We have found this
to be true in the case of «- and B-amylase and
yeast invertase and other workers have demon-



