NOTIZEN

In Tab.1 sind die experimentell bestimmten und die
theoretisch berechneten Werte fiir K, Rb und Cs auf-
gefiihrt.

Man bemerkt, dall bei Beriicksichtigung der hier er-
reichten MeBgenauigkeit von 15% das rPodukt der Quo-
tienten (N/N,) - ()/m/m*) = A fiir K und Rb als gleich 1
angesehen werden kann, was soviel bedeutet, dafl bei
diesen beiden Metallen die Leitungselektronen als frei
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In recent publications! Eicen and pe Maever have
examined the experimental data on anomalous proton
mobility in relation to the various theories of proton
conductance. Whilst we are in general agreement with
the conclusions of these authors concerning the mechan-
ism of proton conductance in aqueous solutions, several
points have been raised ! which require clarification, as
below.

1. The rate-determining step and rotation
of H,O molecules

By estimating the relative rates of H,0 dipole rotation
between successive proton transfer events and of proton
tunneling, we have sought to deduce the rate-determin-
ing step in proton mobility in aqueous acid solutions 2.
In this calculation, the dipole reorientation rate used
was estimated from that found for relaxation in ice
(c+10% sec™1). The choice of this figure has been ques-
tioned ! and it has been suggested that a more appro-
priate rate might be that (viz. 10! sec™!) for relaxation
in liquid water. However, in order to evaluate the rate-
determining step in proton mobility, we require to know
for a given proton flux, the probability that a given
water molecule in a chain of hydrogen-bonded water
molecules in water will be thermally reoriented into a
configuration favourable for rapid proton transfer by
tunneling, between the moment of passage of one proton
along this chain and that of the next in the same direc-
tion. In ice, the heat of activation for dipole rotation
is about?® 13.3 kcal mole ™!, vet for water it is only
about? 3.9 kcal mole~! at 0 °C. This difference is un-

1 M. Eicex and L. pe Maeyer. Proc. Roy. Soc., Lond. A 274,
505 [1958]; The Structure of Electrolyte Solutions, p. 64,
Wiley, New York 1959.

2 B. E. Cosway, J. O’M. Bockris and H. Lixtox,
Phys. 24, 835 [1956].

3 C.P. Suyrn, Dielectric Behaviour and Structure, McGraw
Hill, New York 1955.
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anzusehen sind, in Ubereinstimmung mit anderen Me8-
ergebnissen 3. Auffallend ist jedoch die starke Abwei-
chung bei Cs, was zum Schlul} zwingt, daf} bei diesem
Metall die Leitungselektronen schon stark vom Ver-
halten eines freien Elektronengases abweichen.

3 E. Kravrz, Z. Naturforschg. 5a, 13 [1950].

likely to be due to any appreciable dissociation of hydro-
gen bonds in water compared with that in ice since the
heat of fusion of ice is only about one tenth the heat
of sublimation of ice and even at the boiling point, the
proportion of hydrogen bonds broken can only be small.
Owing to the much higher proton concentration in water
than in ice® it is more reasonable to interpret the di-
electric relaxation behaviour in pure ice as being govern-
ed by “libration” — “free rotation” transitions in the ab-
sence of proton fields, whilst in the case of water, as
being determined mainly by rotations of water mole-
cules induced by the fields of H;O" ions which have ar-
rived as neighbours to these water molecules by succes-
sive proton transfer events. Field-induced rotations would
tend to be more numerous in water than in ice on ac-
count of the higher proton concentration in water and
aqueous acid solutions than in ice. The heat of activation
for relaxation in water and acid solutions can then be
lower because the strong fields of the migrating protons
assist the rotation of water dipoles by the mechanism
discussed previously 2. The relaxation rate of 10! sec™!
in water is therefore rather to be associated with these
rotations induced by the fields of hydroxonium ions than
with thermally induced rotations probably at non-ionic
defect sites ® which appear to occur in ice. It is, however,
the rate of the thermally induced rotations, i. e., those which
occur between proton transfer events which is required
for the purpose of evaluation of the rate-determining
step in proton mobility in aqueous acid solutions. Al-
though we have used the relaxation frequency for rota-
tion of dipoles in ice, this does not imply that we re-
gard the overall relaxation rate in water as the same as
that in ice; experimentally, these rates differ in fact by
a factor of about 10°.

The self-consistency of the proposed change of me-
chanism has been checked # by calculating the relative
probabilities of relaxation by the field-induced mecha-
nism, (I), and thermal reorientation mechanism, (II).
Processes I and II can be shown?* to have comparable
rates at proton concentrations of the order of magnitude
of 1075 g ion 171, i.e., similar to that for which the
change of mechanism for proton mobility is indicated % 7.

4 B. E. Coxway, Can. J. Chem. 37, 613 [1959].

5 L.pe Maever and M. Eiwen, Z. Elektrochem. 60, 1037

[1956].
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2. The Potential Energy Barrier

The validity of the potential barrier used in our cal-
culations ? has also been questioned! on the grounds
that for the proton jump distance taken (0.35 A, cor-
responding to an O—0O distance of 2.45 A), the con-
siderations of Huccins ® would indicate, in fact, no po-
tential barrier for proton transfer between adjacent oxy-
gen atoms. This conclusions seems to be unjustified
since it appears that Huccins’ treatment applies only to
proton transfer between two oxygen atoms in the hypo-
thetical case of OH...O and not, as we have consider-
ed 2, to proton transfer from an Hy0" ion to an adjacent
water molecule. The potential barrier for the latter pro-
cess is different from that for the case examined by
Huccins since the interaction energies and the force
constants relevant to the two cases are different, the
bond energy between H" and H,0 in H30" being
180 kcal mole ! and that in OH being 100 kcal mole™1.
The relevance of the work of Huccins is also rendered
doubtful for the following reasons: in KH,PO, the

8 M. L. Hucaiss. J. Phys. Chem. 40, 723 [1936].
9 A.F. WerLs, Structural Inorganic Chem. 2nd Edition, p.
190 (Oxford).
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Vor kurzem! veriffentlichten wir gut realisierbare
Fille von stigmatisch abbildenden Massenspektrogra-
phen mit Doppelfokussierung 2. Ordnung an einer Stelle
der geraden Bildkurve, bei welchen Toroidkondensato-
ren und homogene Magnetfelder verwendet werden. Bei
diesen Apparaten verlaufen Ionen gleicher Energie zwi-
schen beiden Feldern radial parallel. Inzwischen haben
wir auch Fille solcher stigmatisch abbildender Apparate
berechnet, die ein radiales Zwischenbild der Richtungs-
fokussierung zwischen den Feldern haben und haupt-
sichlich als Massenspektrometer Verwendung finden
konnen. Von Hintensercer und Konic 2 wurden entspre-
chende Apparate mit ebener Abbildung mittels Zylinder-
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0 — O distance is 2.55 A, i. e. below the critical distance
of 2.65 A for which the calculations of Huccins indicate
no potential barrier for H transfer; however, the re-
sidual entropy of KH,PO, indicates? that the H atom
is asymmetric in the bond, as in ice, so that there must
be two potential energy minima for H in the hydrogen
bond and not one. The potential barrier used in our cal-
culations is hence not invalidated by Huccins’ calcula-
tions.

3. The Probability of Proton Tunneling

Following our initial calculations® using a classical
energy distribution of states for the OH bond, we have
examined the effect of making a quantum sumation 1°
as discussed by Eicex and pe Maever 1. The proton tun-
neling probability is found to be even greater than that
calculated semi-classically so that our conclusions? re-
garding the rate-determining step in proton mobility in
aqueous acids are unchanged.

10 B. E. Coxway, Preprint No. 7. Symposium on Charge Trans-
fer Processes, Chem. Inst. Canada, August 1958; see also
Can. J. Chem. 37, 178 [1959].

kondensatoren und homogenen Magnetfeldern in grofler
Zahl berechnet.

Zu den im Falle ebener Abbildung zu erfiillenden
fiinf Bedingungsgleichungen > kommen im Fall stigma-
tischer Abbildung nach zwei hinzu, ndmlich die axiale
Abbildungsgleichung ® und die Bedingung fiir das Ver-
schwinden des radialen Bildfeklers axialer Herkunft

Sta L33+ Siy Te3 T3 S2, P2=0. (1)
Wegen der Bedeutung des Faktors P sieche Anm.* Er
lautet allgemein

P:Qr<a,.

am

d ,

P lous. @
m

(Wegen Q4 und Py siche Anm. %) Gl. (1) ist unabhin-

gig von den anderen Bedingungsgleichungen erfiillbar
durch zylindrische Kriimmung einer der Stirnflachen
des Toroidkondensators (Kriimmungsradius ¢ bzw.
)86
q .

Als weitere Bedingung wurde noch gleiche Neigung
der Richtungs- und Energiefokussierungskurven am
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a | 8035 1,255 | 1 075 | 106 570 | L20 | 445 123 ‘—;31@03173 : 0,929

b 00° | L5l4 8455 | 2155 0 580 1491 1,664 1478 | —0,601 0,601 1,132
Tab. 1.
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