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Summary

The kinetics of hydrogen exchange between tritiated water
and -FeOOH crystals have been found to be dependent on pH
in the alkaline region but independent in the acid region. The
exchange formally obeyed a diffusion controlled law, and yield-
ed the same activation energy 97 joules mole™ (23 kcal mole™?)
in both the alkaline and acid regions. The difference in kinetic
behaviour on increasing pH in the alkaline region was attribut-
ed to a decrease in D,, the pre-exponential factor in the self-
diffusion coefficient.

Pore size and surface area have been investigated in the
characteristic cigarshaped crystals of 5-FeOOH by means of
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nitrogen isotherms. The pore size distribution calculated from
the multilayer region of the isotherm was found to be very
narrow and gave a mean pore diameter of 28.4 A with a
standard deviation of 7.0 A. This agrees with the value of 30 A
found by WATsON et al.! using electron microscopy. Infra red
data indicate weak hydrogen bonds of length 2.86 A.

The implication of the weak hydrogen bonds, the orthogonal
array of the large parallel channels, and the small structural
tunnels, are considered in relation to possible mechanisms for
hydrogen exchange.

! J.H.L.WarsoN, R.R.CARDELL and W.HELLER, J. Physic. Chem.
66 (1962) 1757.
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Each of these steps is a transfer of a proton or triton
from an OH~ to an 02~ ion and requires 96 joules mole~!
(23 kcal mole™!). This mechanism depends on OH~ ions
rotating almost freely and thus there is no need to postu-
late defect water molecules as in a-FeOOH, because there
are no strong hydrogen bonds, nor as in y-FeOOH be-
cause oxide and hydroxide ion sites are interchangeable.

The second possible mechanism arises from the parallel
bundle of tubes whose large (30 A) pores make the whole
of the interior of the solid accessible to the liquid phase
when immersed in tritiated water. One would not, on the
whole, expect water molecules to be very mobile in such
pores, partly because these pores are very small and
partly because the walls of the pores consist of ions some
of which are triply charged (Fe3*) and doubly charged
(0%-). Such high charges will promote an ice-like struc-
ture in the pores and may prevent the water acquiring a
fully liquid condition even at the exchange temperatures.
The degree of ice character will diminish with distance
from the wall to the centre of the pore where it will be
least. The number of concentric water layers in the pores
will be approximately eight. Nevertheless we would
expect the exchange to be similar both in mechanism
and in the magnitude of the kinetic parameters with
that in ice. The self-diffusion coefficient of deuterium in
ice has been found by KunN and THURKAUF? to be
equal in magnitude to that of 180 in ice from which they
concluded that exchange takes place by the diffusion of
H,0 molecules and not by hydrogen atoms moving
independently. Unfortunately activation energies and
other kinetic parameters were not determined and so it
is not possible to compare them.

Neither possibility excludes the other but if the second
operates the first is needed to explain exchange between
water in the pores and in the interior of the pore walls.
The first mechanism, however, does not require the sec-
ond even as a preliminary step, as triton could diffuse

21 W.KuBN and M.THURKAUF, Helv. Chim. Acta 41 (1958) 938.
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along the interior of the walls from the outer surface,
but the inclusion of the second mechanism as the inital
stage is favoured by the remarkable influence of pH on
the kinetics of exchange. For a non-porous solid pH
could have no influence on the exchange unless surface
processes, sensitive to pH, were rate determining. In a
diffusion mechanism surface processes can only be rate-
determining for some initial period when the diffusion
rate is high. None of the runs indicated that the influence
of pH ceased after an initial period and so such an
explanation appears unsatisfactory. If, however, ex-
change took place via water in the pores instead of
diffusion through the strictly solid phase then pH is
likely to have an influence for the whole of the reaction.
We have no knowledge what effect pH might have on
the mechanism of proton exchange, as no measurement
of tritium diffusion through water or ice at different pH
values, have been made. Thus the mechanism for hydro-
gen exchange is at present unresolved and further studies
are required.

It would appear that successive studies on §-FeOOH
continue to reveal properties markedly different from
classical crystalline solids. One might expect yet more
unique features especially as the result of the application
of other techniques. The use of neutron diffraction is
particularly likely to reveal new facts about this unique
substance, especially about the position of the hydrogens
both in 8-FeOOH itself and in the product after replac-
ing CI~ by H,0 molecules. The structure of 3-FeOOH is
so clearly related to and dependent on the conditions of
the starting materials that a detailed study of its forma-
tion in solution may have much to reveal about that
relatively unexplored area, the process of precipitation of
transitional metal oxides and hydroxides from solution.

Our thanks are due to Professor RHODES, formerly of this
college, for the use of X-ray diffraction facilities and to Dr.
STEDMAN for helpful discussions, One of us (D.N.P.) thanks the
Thomas and Elizabeth Williams Fund for a studentship.





