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Table 1. DIRECT TITRIMECRIC DETERMINATION OF MAGNESIUM IN
SYNTHETIC SOLUTIONS
Mgm. present Ton added Mgm. found* Difference
v Y k4 b4
5 — 5 1]
3 — 6 1
10 — 10 0
10 —_ 9 1
25 — 23 2
25 — 23 2
50 -— 49 1
30 — 50 0
i 100 — 99 1
| 100 — 100 0
30 Cu-25 56+ 6
50 Cu-25 50% 0
50 Cu-50 50, 0
30 Cu-50 50 0
100 Fe-50 100 0
100 Fe-100 98} 2
100 Fe-100 98§ 2

* Procedure includes 10 ml. Clark and Lub’s buffer pH 90, plus
15 ml. absolute methanol, plus 10 ml. magon (0-10 mgm./ml. MeOH).
The solution is adjusted, if necessary, to pH 10-5 and then titrated
with 0-005 N ethylenediamine tetraacetate.

+ End-point fades, no cyanide pregent. .

$ 1-3 mgm. potassium cyanide added prior to addition of magon.

§ 1-3 mgm. ascorbic acid added prior to potassium cyanide,

solution should be made since large amounts slightly
decrease the sensitivity of the colour-change. A
buffer system, ammonium hydroxide—ammonium
chloride, was unsatisfactory because of decreased
sensitivity of the end point. Borate and tetraborate
appear to increase a sharp colour change. Magon,
essentially insoluble in water, is soluble in ethanol
and methanol. Therefore the compound is dissolved
in methanol and more methanol is added to the
solution to be titrated. The concentration of alcohol
in the solution to be titrated should range between
30 and 80 per cent. The indicator should be made
fresh daily. Methanol is preferred since some de-
creased end-point sensitivity is encountered when
using 95 per cent ethanol.

For this titration a pH-range of 9-0-11-0 is neces-
sary. Clearest colour-changes are from pH 10-0 to
10-5. In the standardization of ethylenediamine
tetraacetate with magnesium, the pH should be
adjusted accurately to a selected pH within 10:0-10-5
and this same pH maintained for all titrations with
the standardized titrant.

Under the above conditions the titration can be
used for determining the combined amounts of
caleium and magnesium, since calcium is titrated
before magnesium. Calcium may be separated from
magnesium as the precipitated calcium tungstate’.
Preliminary results in this laboratory show magon
‘to be very sensitive for the determination of total
hardness of waters.

The possible usefulness of this new, sensitive
indicator, or its magnesium complex, in the titration
of micro-amounts of other metals should not be
overlooked®.

I wish to acknowledge the technical assistance of
Neil Scott McNutt.

RoserT H. MAIER
Department of Agricultural Chemistry and Soils,
University of Arizona,
Tucson.
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Validity of Clapeyron’s Equation for
Phase Equilibria involving Clathrates

CLATHRATES are solid solutions of a volatile solute
in a host lattice’. The quinol clathrates studied by
Powell? and the so-called gas hydrates?® belong to this
class of substances. Their host lattices, when empty,
are thermodynamically unstable. In this respect
they are different from the zeolites (Barrert) in which
the occluded component is sorbed in a stable host
lattice. This has as a consequence that univariant
phase equilibria involving a clathrate, in general, have
no counterpart in the case of sorption in zeolites.

Consider, for example, a binary system water
plus gas in which a clathrate (hydrate) occurs. The
three-phase equilibria :

Vot. 183

ice — clathrate — gas (1)

and aqueous solution — clathrate — gas (2)

then are univariant ones in which the composition of
the clathrate varies along the three-phase lines. The
heat AH of decomposition of the clathrate into ice
and gas (1), or into solution and gas (2), can be found
from the slope of the three-phase line and the change
in volume AV, according to Clapeyron’s equation :

dP _ AH
ar = TAV ()

The values of AH per mole of solute thus obtained
by earlier investigators and quoted by von Stackel-
berg® and Barrer and Stuart® are not invalidated by
the fact that hydrates are solid solutions instead of
stoicheiometric compounds. Equation (3) is a direct
consequence of the second law of thermodynamics,
and as such exact for all univariant equilibria, irre-
spective of the number of components.

Quite separate from Clapeyron’s equation, one has a
relation which determines the change in composition
of the clathrate solution necessary to maintain
equilibrium with ice in (1), or with an aqueous liquid
in (2), when temperature or pressure are varied
(compare, for example, equation (3.12) of ref. la and
equation (15) of ref. 5). The latter relation is com-
pletely analogous to the well-known formula for the
depression of the freezing point of ideal liquid
solutions.

Clearly, equilibrium (1) is not analogous to the
sorption equilibrium of a gas in a zeolite. The latter
is a bivariant equilibrium to which Clapeyron’s
equation is not applicable, and for which the heat of
desorption is proportional to the derivative (dP/9T)
at constant sorbed excess number of moles (cf. ref.
6, pp. 201-205, for an elegant treatment of this
problem).
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