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NOTES 

Hydrogen-Deuterium Exchange with Anthracene- 

potassium and Anthracene-sodium Complexes 

Heterogeneous catalysis by electron- 
donor-acceptor (EDA) complexes has been 
extensively studie3 since Kondow et al. 
(1) found that the hydrogen-deuterium 
equilibration reaction was catalyzed by a 
tetracyano-pyrene-cesium complex. The 
exchange reaction between deuterium in 
the gas phase and the hydrogen of the 
EDA complex has also been studied (2). 

Klier et nl. (S) have shown that for the cx- 
change of oxygen isotopes between gaseous 
oxygen and a solid ox’de, three poesi- 
ble re:kctionq can be distinguished kineti- 
cally. It would be expected that in the sys- 
tem gaseous hydrogen and EDA complex, 
the same three reaction types would be dis- 
cernible. These three mechanisms mav be 
described by the following scheme where 
the symbols for reaction rates R’, R”, and 
R have analogous meanings to those ap- 
plying in Ref. (3) for the corresponding 
oxidation exchange reactions: 

IL(g) + H(s) s HI>(g) + D(s) 
HI)(g) + H(s) 2 H?(g) + Ilk) 1 R’, 

b(g) + 2H(s) pi Hdg) + 2D(s) 
HD(g) + 2H(s) s H*(g) + D(s) + H(s) R”, 
HD(g) + 2D(s) *D,(g) + l)(s) + H(s) I 

I)dg) + Hz(g) ~12HlXg) R. 

[H(s) or D(s) means hydrogen of the cata- 
lysts ; index (g) relates to the gas phase]. 

The molecule either exchanges one (R’) 
or two (R”) of its hydrogen atoms per re- 
active collision with the EDA complex or 
exchanges between gaseous molecules take 
place without detectable participation of 
hydrogen atoms of the EDA-complex (R). 
In order to measure the value of R” for an 
actual system where all three reactions 

might simultaneously take place, it is usc- 
ful to study the exchange between a pre- 
equilibrated gas mixture of HZ, D,, and 
HD and an EDA complex which, initially, 
contains exclusively the H isotope. If we 
call (HD)‘/(H,) (D2) = 4, it can easily be 
shown that for such a system &/dt = 0 if 
only the R and the R’ reactions operate, 
but 

with z = number of H, molecules, if also 
the R” reaction takes place. The initial de- 
viation of # from &, is, therefore, a reliable 
experimental criterion for t’he occurrence of 
the R” react’ion with a nonnegligible rate. 
Other methods have been suggested by the 
authors of the theory (3). 

In our experiments the reaction wa3 fol- 
lowed using a mercury-free closed system 
with a U-shaped glass t,ube reactor carrying 
an appendix in which purified anthraccnc 
(ca. 0.6 g) or alkali me&l (ca. 0.3 g) was 
contained. The anthraccnc was first sub- 
lrmed onto t’he glass vessel and was then 
exposed to alkali metal vapor to form the 
EDA complex. Highly colored complexes, 
bluish violet for authraccne-potassim~i and 
greenish vio!ct for anthraccne-sodium, were 
respectively formed and were heated at 
160°C with evacuation for a day after the 
alkali metal reservoir had been sealed off. 
The number of EDA-complex molecules 
formed was not determined. The isotopic 
mixture of “hvdrogen” (H,, HD, and D,) 
was analyzed by a mass spectrometer con- 
nected to the reaction system via a liquid 
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FIG. 1. (HD)2/(Hs)(L&)vs time: (0) anthracenesodium, at, 147”C, totalpressure, 0.22OTorr;:( 0) anthm- 
cene-potassium, at 156”C, total pressure 0.200 Torr; (horizontjal line) equilibrium value. 

nitrogen trap which was used to condense 
any “hydrogen”-containing organic vapors, 
(anthracene, EDA-complex) which might 
contribute to the mass spectrometer signals. 

Figure 1 shows typical results for the 
hydrogen-deuterium exchange reaction on 
anthracene-potassium and -sodium EDA 
complexes, equilibrated mixture being used 
as the initial gas phase. The (HD)2/(H,) 
(D2) decreases from the initial equilibrium 
value and passes through a minimum be- 
fore returning, finally, to the equilibrium 
value again. When applying Eq. (1) to the 

initial slope of the curve in Fig. 1, it is im- 
mediately clear that the contribution of 
R” in the total exchange is important, i.e., 
in many reactive collisions both atoms of 
one hydrogen molecule are exchanged with 
two hydrogen atoms of the EDA complex. 

In order to obtain numerical values for 
R, R’, and R”, the number of exchangeable 
hydrogen atoms VL is needed [for the def- 
inition of symbols ?ce Ref. (3)]. This was 
calculated from the material balance: VL = 
2a(c/w, - l), where 20, was estimated 1)~ 
extrapolation and best fit as described in 

Catalyst Anthracene-potassium Brlthracelle-sodillm 

Reaction temp (“C) 
m(molecules) 

Rate* (molec/min) IZ 
RI 
R” 

Equilibration rat,e const. P(min-I) 
k for: D*(g) + EDA 
Rate” (molec/min) 

156 
1 .15 x 10’9 

-0 
3.5 x 10’6 
1.2 x 10’6 

1.0 x 10-Z 
1.0 x 10-Z 
4.6 X 10’” 

147 147” 
1.56 X lOI 

=o 
1 .4 x 10’” 
0.2 x 10’6 

4.0 x lo-:1 6.2 X 1O-3” 
4.0 x 10-J 6.1 X lO-3” 
1 .5 X 10’6 

0 The rate constant at 80°C was reported by Ichikawa at nl. (4). 
b Total pressure of hydrogen 0.200 Torr. 
c Derived from In ([(HD),=, - (HD)J/[(HD)t=, - (HI)),,,]} = (-k/a)t, where (HI)) means mole 

fraction of HI>. 
d Est,imated from the rate constant and the activation energy reported by Ichikawa et ul. (4). 
e Calculated from k and number of gaseous molecules in the system. 
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(3). The values for the rates R’, R”, and R 
found in this manner are shown in Table 1. 
They confirm the significant contribu- 
tion of R” and show that the homomolec- 
ular R-mechanism is negligible. The value 
of R” calculated by Eq. (1) is significantly 
higher (by one order of magnitude) than 
the values resulting from the best fit 
method. The difference is much higher than 
could be explained by isotopic effects only. 
Evidently a small number of hydrogen 
atoms is exchanged at a higher rate than 
the majority of the exchangeable atoms ; 
consequently the initial slope used in Eq. 
(1) is steeper than the average slope of the 
integrated rate curve. 

The first order rate constants for the 
hydrogen-deuterium equilibration reaction 
and for the exchange reaction between deu- 
terium gas and the hydrogen of the EDA 
complexes were also measured (see Table 
1). At 156°C for anthracene-potassium 
and at 147°C for anthracene-sodium the 
rate constants of both the equilibration and 
exchange reactions are equal, It supports 
the conclusion that no R-mechanism is in- 
volved, i.e., the equilibration proceeds via 
a hcterophasc exchange mechanism. 
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Surface Diffusion and Reaction at Widely Separated Sites 

A recent note by Moffat, *Johnson, and 
Clark (I), calling attention to the failure 
of the classical analysis of diffusion and 
reaction when the sit.es of reaction are 
widely separated on a surface and trans- 
port to the surface is limited by the mass 
transfer resistance, has suggested that the 
following considerations on surface dif- 
fusion and reaction may be worth adum- 
brating. We shall consider the effective re- 
action rate at an isolated reaction site 
which “draws” reactant from the surround- 
ing surface by surface diffusion, the surface 
itself being replenished by mass transfer 
or adeorpt’ion from the reactant above it. 

In the corresponding problem in three di- 
mensions there is of course no replenishment 
from without, since this would involve a 
fourth dimension, but a steady-state solu- 
tion can be found in which the concent.ra- 
tion of reactant far from the site of re- 
action is constant and the reaction site is 
fed by diffusion in the space. This has been 
discussed by Bak and Fisher (2). In two 
dimensions, however, there is no steady- 
state solution for which the concentration 
remains constant far from the reaction site 
unless the surface is replenished by ad- 
sorption. 

The problem to be solved is as follows. 


