SHORT COMMUNICATIONS

of any isobestic points rule out the pos-
sibility of & chemical equilibrium between
two forms which shift with solvent com-
position. ¢#s[Coeny(SCN),](SCN) behaves
gimilarly in water-methanol mixtures.
Evidence for a true solvent effect is also
found in the fact that light absorption in
the various solvents does mot show any
time effect.

That a crystal field band of a saturated
complex ion only to a slight degree is
dependent on the solvent can be predicted
from the theoretical expression for Amax

l/lma_x = const. plr’

(see e. g. Ballhausen ®) where u is the point
dipole moment and r the distance of the
ligand from the central atom. Denoting
the quantities in the first and second sphe-
res by u’, u”, and r’, r*, respectively, the
relative contribution of the second sphere
to the wavelength is given by

Ahmax __ p* (L’)‘
Amax ,u' : r”
Now introducing u'2>p" and 7 = 2¢/,

we get
}»max ~ 6_4

According to this estimation the dis-
placement of a crystal field band of a satu-
rated complex should always be smaller
than 2 9%, in agreement with what is found
experimentally. The greater variability
of the electron transfer band found in some
cases is quite natural considering that the
orbitals of the solvent molecules are closer
to the orbitals of the ligands than to the
electron systems of the central atom.

1. Barbieri, G. A. Atti. acad. naz. Linces.
Mem. Classe Sci. fis. mat. e nat. Sez. I,
20 (1934) 273.

. Blau, F. Monatsh. 19 (1898) 669.

. Nordenskjold, O. Z. anorg. Chem. 1 (1892)

126.

Basolo, F., Ballhausen, C. J. and Bjerrum,

J. Acta Chem. Scand. 9 (1955) 810.

. Ballhausen, C. J. Kgl. Danske Videnskab.
Selskab, Mat.-fys. Medd. 29 (1954) No. 4.

qu o e

Received January 4, 1956,

Acta Chem. Scand. 10 (1956) No. 2

331

On the Proton Conductivity
in Water
JAN KROGH-MOE

Department of Physics, University of Missouri,
Columbia, Missouri, U.S.A.

t is commonly agreed that the large

mobilities of the H;O+ and OH" ions in
water must be explained by a proton
transfer over hydrogen bridges. By assum-
ing this proton transfer mechanism, Gierer
and Wirtz 1»? derived the following equa-
tion to explain the mobility as a function
of temperature:

u= g fDexp(—) @

Here « is the mobility of the H;O+ or OH"
ion in excess of the value expected for ions
of thatsize. Cisa factor which incorporates
some constants of the system, is the
absolute temperature and g is the activation
energy of the rate determining process. f(7")
is a function of temperature (and also pres-
sure), which describes the influence of the
liquid structure upon the mobility.

If this equation is to be useful, the
structural influence f(7') should be known.
Gierer and Wirtz used Eucken’s structure
model of water?® for their treatment.
Eucken assumed that the water structure
consisted of a few definite types of mole-
cular species. There is very little evidence
to support this assumption, however. An
alternative derivation of f(7) from the
model of water proposed by Grjotheim and
Krogh-Moe ¢ shall therefore be suggested.

If the proton transfer across a hydrogen
bridge is the rate determining process, one
might expect f(7') to be proportional to
the total number of hydrogen bonds pre-
sent in water. Contrary to this assumption
the extra mobility increases with tempera-
ture in a certain temperature interval,
though the number of hydrogen bonds de-
creases monotonously. By assuming that
f(T) is proportional to the number of
water molecules with only one hydrogen
bond established, consistent results may
be derived. This is reasonable if the break-
ing of the hydrogen bond is the rate de-
termining process. When a proton trans-
fer over a hydrogen bridge has occurred, a
reorientation of the water molecule is ne-
cessary if the molecule is to participate in
further proton transfers. A water molecule
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with only one hydrogen bond reorientates
readily when the bond breaks.

The description of excess mobility pre-
sented here implies a number of assump-
tions, of which the following are the most
important:

1) The model of water applied 2 is assu-
med adequate for the purpose, though it
is only & rough idealization of the real
conditions. Hence z, the ratio of the num-
ber of established hydrogen bonds to the
number of possible bonds, is known.

2) It is assumed that the H,O+ ions and
the OH" ions in dilute solutions have the
same structural environment as the water
molecules.

3) A random distribution of the hydro-
gen bonds between the molecules will be
assumed. The ratio w of one-bonded mole-
cules to the total number of molecules is
then given by the following equation:

w = do(1—2) 2)

Any coupling between the breaking of the
bonds is disregarded in deducing this
equation.

4) The assumption that the factor f(T')
in equation (1) is proportional to the num-
ber of molecules with one hydrogen bond
is only valid within a limited temperature
interval. For instance differences in mean
chain lengths for transfers taking place
over chains of hydrogen bridges are not
taken into account. Coupling between the
breaking of bonds is again disregarded.

5) Eqn. (1) is not quite exact, but assu-
med to be adequate.

In view of these assumptions and approx-
imations the results obtained should be
regarded as of only a semiquantitative
nature. However, by plotting log % + log
T — log z(1—=x)* against 1/7, using the
values of u given for the H,Ot ion by
Gierer and Wirtz! or by Bjerrum 5 and
the values of x given by Grjotheim and
" Krogh-Moe 4, a straight line is obtained for
temperatures up to 200° C. The slope of
the line corresponds to an activation energy
of 1.7 kcal/mole. This value compares
favourably with the values 1.3—2.6 kcal/
mole obtained by Grjotheim and Krogh-
Moe for the breaking of a bond in water.
It should be noted that this value for the
hydrogen bond includes only the part of
the total interaction responsible for the
tetrahedral configuration of the water
molecules.

The activation energy for the OH" ion
conductivity is shown to be 0.6 kecal/mole
higher than that for the H;O+ ion . This
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means that an OH" ion cannot have quite
the same surroundings on average as the
H 0+ ion. The energy of the hydrogen
bond appears to be slightly different in
these two cases. Rather than a single
energy, however, we have in these systems
an energy distribution. A single hydrogen
bond energy seems to be a fairly good
approximation, however.

The previous considerations enable us to
understand why the extra mobility in-
creases with pressure in a certain tempera-
ture range. In this temperature range the
breaking of a hydrogen bond results in a
decrease in volume ¢. Therefore increased
pressure means a smaller number of bonds
in the liquid. This leads to a larger number
of water molecules with only one bond,
as may be seen by introducing into eqn.
(2) the appropriate values of x. Conse-
quently an increase in extra mobility with
pressure is expected. If the factor f(7')
of structural influence in eqn. (1) were
proportional to the number of established
hydrogen bonds, the pressure dependence
of extra mobility could not be explained.
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In a previous paper! the results of an
investigation concerning the content of
some B-vitamins in pollen from different
plants were given. The samples examined
were obtained from Zea mays, Alnus gluti-
nosa, A. incana and Pinus montana. The
following vitamins were determined: ribo-
flavin, nicotinic acid, pantothenic acid,
pyridoxine, biotin and inositol. The deter-
minations were carried out during October
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