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the disaccharide, relative to D-glucose, on
paper chromatography in solvent systems (a)
and (b) was 0.53, and was indistinguishable
from the disaccharide isolated from the S.
newington LPS.
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n a study of the grinding of aragonite,

CaCO;(o-rh), and calcite, CaCOj(hex),
Schrader and Hoffmann! discovered the
enantiotropic phase transition

CaCOy4(0-rh) 22CaCO;(hex) (I)

Normally, the transition between these
allotropes of calcium carbonate is mono-

tropic:
CaCO;(0-rh)-»CaCO,(hex);
4G(25°C)= —7.42 x 10° J kmol™? (II)
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According to Schrader and Hoffmann,
“the established phase equilibrium between
calcite and aragonite ... does not, of course,
correspond to thermodynamical equilib-
rium’’. These authors proposed the con-
cept of ‘““mechanochemical equilibrium”.

Moreover, Schrader and Hoffmann found
that the distribution of calcium carbonate
between the two phases was determined by
the type of mill used in the experiment.

The purpose of the present paper is to
show that no further equilibrium concept
need be introduced in order to account
for the phase equilibrium (I).

The dependence of chemical potential on
particle size. Textbooks of physical chem-
istry usually define the chemical activity
of a pure solid as unity, irrespective of the
state of the solid surface. However, due to
surface tension, the activity of any con-
densed body depends on the curvature of
the surface of the body.

Suppose that the chemical potential
of a condensed phase with a flat surface
(3.e. a surface of infinite radius of curvature)
and the equilibrium vapour pressure out-
side it are G4 and P, respectively. The
chemical potential for any other value, r,
of the radius of curvature is then

G(r)=Gy+RT In [P(r)/Py] (1)

where R is the molar Boltzmann constant,*
T is temperature, P(r) is the actual vapour
pressure, and activity factors have been
neglected.

An energetical consideration of a
spherical droplet in phase equilibrium with
its vapour (see, e.g., Wannier ?) yields, for
constant 7',

In [P(r)[P,]=2yV|RTr (2)

y being the surface tension of the interface
between the condensed phase and its
vapour, ¥ the molar volume of the vapour
species in the condensed phase, and r
being positive for a convex and negative
for a concave surface. Putting (2) into (1)
yields

G(r)=Gx+ (2yV]r) (3)

The condition for phase equilibrium. Since
G depends on the size of the condensed-
phase particles, the enantiotropic phase
transition (I) may be treated like any
other phase equilibrium, the equilibrium
criterion being that G be equal in the two
phases. The concept of mechanochemical

* Since R, the ‘““molar gas constant’’, is not
specifically related to gases, the author would
prefer the name ‘“molar Boltzmann constant”.
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equilibrium then becomes unnecessary
and confusing.

Two solid phases, A and B, ground to
particles of radius r, and rp, respectively,
may coexist in phase equilibrium if

Gaw+(274V/[ra) =Gpeo + (278V/rg) (4)

provided that (2) is valid.

If experimentally determined equilib-
rium values of 1/ry are plotted against the
corresponding values of 1/r,, a straight
line should come out. Extrapolation of the
plot to 1/ry=0 (or 1/rg=0), ((pe, — Gpe)
and V being known from other experi-
ments, should yield values for y, and yg.

A numerical estimate. To estimate the
magnitude of the contribution 2yV/r to
the chemical potential, one must know
the surface tension y. For solid sodium
chloride and solid magnesium oxide one
calculates, from the experimental results
of Nicolson,? y=0.4 N m™ and y=2-4 N
m™, respectively, in agreement with
measurements of the surface enthalpy of
these substances (for a discussion see
Tosi *). Aragonite and calcite being some-
what harder than sodium chloride but not
as hard as magnesium oxide (hardness ®
of aragonite 3.5-—4, calcite 3, halite 2.5,
periclase 5.5 on the Mohs scale), it seems
reasonable to put y=1 N m™ for the
former solids.

Assuming the vapour phase to consist
of carbon dioxide, one calculates for
aragonite (density ® 2950 kg m™, molar
mass 84.1 kg kmol™) V=2.85x10"2 m?
kmol™, and thus

Glr)— Gy = 0.06 J k:'nol‘l m

Inserting r=10"7 m (0.1 um) one finds
G(r)—Gp=6x10° J kmol™, i.e. of the
same order of magnitude as 4G of reaction
(IT). Thus, for aragonite and calcite ground
to fine particles, the phase equilibrium (I)
may come out as a case of energetical
equilibrium.
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The reactions of benzoyldurene with
methylmagnesium and ¢-butylmagne-
sium halides have been studied by Fuson
et al.'™® (see review *) and by the present
authors.® Previous uncertainty '™ regard-
ing the nature of the primary reaction
products has now been clarified by the
observation that the Grignard-benzo-
phenone adducts on protonation produce
rather labile enols (I and 1V, dur=2,3,5,6-
tetramethylphenyl) (¢f. Experimental).
Prototropic rearrangements, and other
reactions of the latter, give rise to the
secondary products which were partly
identified by Fuson et al.'”® NMR data
(¢f. Experimental) support the structures
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