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Aqueous Nonelectrolyte Solutions.
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Water Stabilization by

Nonelectrolytes

By D. N. GLEw,* H. D. MAK, and N. S. Ratn
(Exploratory Research Laborvatory, Dow Chemical of Canada, Limited, Sarnia, Ontario, Canada)

RECENTLY it has been noted! that small additions
of the weakly interacting solute ethylene oxide to
water at lower temperatures lead to unexpected
solvent water stabilization and enhancement of
water-water hydrogen-bonding (H-bonding). We
have now measured H n.m.r. chemical shifts at
60 MHz and 0° for dilute aqueous solutions of the
weakly interacting solutes 1,4-dioxan, propylene

oxide, acetone, tetrahydrofuran, and t-butyl
alcohol. The Figure shows the solvent water
chemical shifts relative to pure water plotted
against the mole percentage for the five solutes.
Positive chemical-shift values indicate solution
water signals at lower magnetic field than that of
pure water. The ordinate origins of the curves
are separated by 5 Hz for clarity. Straight
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reference lines drawn through the 0 and 209,
points indicate the deviations from linearity of the
water chemical-shift curves. The reference line
for propylene oxide is arbitrary since its immisci-
bility precludes measurement above 12%.

The negative slopes of the reference lines and of
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FIGURE. Water proton wmagnetic resonance chemical
shift composition dependence in aqueous 1,4-dioxan (DI),
propylene oxide (PO), acetone (AC), tetrahydrofuran
(THF), and t-butyl alcohol (TBA) solutions at 0°,
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all curves at higher solute percentages shows the
well known water chemical-shift movement from
low to high magnetic field on dilution by dioxan,
acetone, tetrahydrofuran, and t-butyl alcohol?
which movement arises from the formation of
weak water-solute H-bonds with the loss of
stronger water—water H-bonds. The anomalous
positive deviations exhibited by all chemical-
shift curves above their linear reference lines,
shown for the first time, indicate enhanced solvent
water-water H-bonding, similar to that first
observed in dilute aqueous ethylene oxide solu-
tions.! In the dilute acetone, tetrahydrofuran and
t-butyl alcohol solutions at 0° the solvent water
chemical shift goes to lower magnetic field than in
pure water, evidence for more and/or stronger
water—water H-bonds in solution than in pure
water.

These 'H n.m.r. chemical shifts provide a
striking confirmation for the strengthening of
water—water H-bonding through water-shell forma-
tion around weakly interacting interstitial non-
electrolytes®? The maximum for this water
structural effect certainly obtains within the
region 3—69, solute, in which solutions there is
sufficient water to form completely H-bonded
water shells around all solute molecules. Further,
this correlates with the known Structure II clath-
rate gas hydrates formed by propylene oxide,
acetone, and tetrahydrofuran in which 28—17
water molecules are associated with each solute
molecule (3-5—35-59, solute). This oriented water-
shell interstitial-solute model,® provides a proper
explanation for many of the reported* anomalies
of dilute aqueous nonelectrolyte solutions.
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