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In the water-rock system, the orienting influence of active centers on the surface
of rock particles on the translational motion of the water molecules closest to
them distorts the structure of water (1). A certain ordering of the structure of
the nearest layers of water occurs relative to the active centers on the surface
of rock particles, and heat of wetting is released. The orienting action is trans-
mitted by an “relay” mechanism () to subsequent layers of water, attenuating
with increasing distance from the surface of the solid rock particles.

Distortion of the structure of water is a kinetic obstacle that makes it difficult
for molecules to group into the structure of ice (*). Therefore, at the freezing
temperature of a rock, only that quantity of water crystallizes whose molecules
are least oriented by the influence of the surface.

With further lowering of temperature, the influence of the intermolecular orien-
tational effect between neighboring water molecules increases in the unfrozen
water; ever new quantities of molecules are grouped into the structure of ice.
Some amount of water with molecules most strongly oriented by the surface
of the rock particles does not crystallize at all. It is possible that the signifi-
cant orienting influence of the active centers of the rock on the nearest water
molecules leads to bending of the hydrogen bonds or even to some deformation
of the molecules themselves.

As an example, data for a heavy loam are presented. Some physical properties
are given below. From the adsorption of water vapor (%), the specific surface
area was determined to be 133 m?/g; the weight amount of water was then
recalculated into an averaged number of molecular layers of water. Investiga-
tion of the mineralogical composition showed that in the fraction < 0.005 mm,
montmorillonite predominates with an admixture of hydromica.
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Fraction

diam-

eter, 0.5- 0.25- 0.1- 0.05- 0.01-

mm 1-0.5 0.25 1.0 0.05 0.01 0.005 < 0.005

Granulometrio.6 2.3 2.5 12.5 42.4 12.8 26.9
com-
posi-
tion,

%

The results of calorimetric determinations of the amount of unfrozen water
(Wings %) as a function of temperature (¢°) and total moisture content (W,
%), as well as the recalculation of the weight moisture content into the averaged
number of molecular layers (n), are given in Table 1.

The increase in the content of unfrozen water in the sample with a moisture
content of 62% compared with the second sample is due to the presence of thin
layers of unfrozen water on the surface of the numerous ice crystals formed (°).
Therefore, in the second sample the main phase transitions of water into ice
practically end in the temperature interval from —3.2 to —6.4°, whereas in the
first sample they end at about —20.6°, evidently owing to thin interlayers of
unfrozen water on the ice crystals.

Calorimetric studies have practically not established phase transitions of water
into ice upon further lowering of the temperature (small changes in the amount
of unfrozen water may be attributed to the accuracy of the experiment).

The data in Table 1 show that, after the main phase transitions of water into ice,
about two molecular layers of water remain in the noncrystallized state. There-
fore, unfrozen water in finely dispersed rocks may be divided into a thermoactive
part, which can crystallize, and a nonthermoactive part, whose molecules cannot
group into the structure of ice. At low temperatures such water is apparently
in a glassy state.

Table 1
W, = W, =
62%; ny = 13.5%; ny =
16.9 3.7
t° W, % n t° W ., % n
—0.5 14.9 4.1 —0.6 12.9 3.2
—1.2 13.4 3.7 —1.2 104 2.8
—3.2 11.6 3.2 —3.2 8.6 2.3
—6.5 9.5 2.6 —6.4 7.4 2.0
—10.8 8.3 2.3 —11.2 6.8 1.9
—20.6 7.8 2.1 —21.4 6.7 1.8
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62%; n, = 13.5%; ny =

16.9 3.7
—44.0 6.8 1.9 —43.0 7.0 1.9
—60.0 6.4 1.7 —60.0 6.2 1.7

The presence of noncrystallized water in a glassy state on porous glass, at a
degree of filling of 1.6 molecular layers of water, was established by Litvan (°);
similar results were also obtained by Antonio (7).

What are the other physical properties of the first layers of water near the
surface of particles of finely dispersed rocks? It is known that in clays water
is completely removed at temperatures above 200°. Most investigators consider
the density of water at the surface of clay particles to be significantly greater
than unity (®). According to Kemper (?), the limiting values of viscosity in the
clay-water system, obtained for the first molecular layers, exceeded the viscosity
of bulk water by several times.

The question arises: to what category should such water be assigned? Its high
boiling temperature, high density, increased viscosity, and absence of phase
transitions into ice make it possible to regard it as an analogue of “anomalous”
water, which, according to B. V. Deryagin and coauthors (19), was first isolated

by them in capillaries in this country, and later confirmed by Lippincott et
al. (11).
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