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H2-D2 EQUILIBRATION BY THE Ag-K-02 SYSTEM 

R.A. van Santen, J. Moolhuysen, 
E. Drent, W.M.H. Sachtler 

Koninklijke/Shell-Laboratorium, Amsterdam 
(Shell Research B.V.) 

Abstract: The rate of e~uilibration of an H2/D2 mixture over Ag 
films in the absence of oxygen decreases with increasing coverage 
of the surface with potassium. Addition of oxygen (in an amount in 
the order of a monolayer ),prior to the addition of potassium 
results in a large enhancement of the rate constant. This increase 
in activity is due to the promotion of the catalytic activity of 
potassium by oxygen, as was demonstrated by experiments do~e in the 
absence of Ag. 

INTRODUCTION 

Ichikawa et. al. 111 found that metallic 
potassium markedly enhances the catalytic 
activity· of Ag for the H2/D2 e~uilibration 
reaction. This finding - which seemed to 
open up an· avenue to.: an entirely new class 
of alloy catalysts - togethBr with our ba
sic interest. in-catalysis ·by alloys 12/, 
prompted us to make a more detailed study 
of the catalytic activity of the Ag-K sys
tem. Since this system is expected to be 
very sensitive to impurities,we used a UHV 
apparatus with a background pressure of 
10-8 Pa. 

EXPERIMENTAL 

Once-distilled, high-purity grade potassium 
(Alfa Europe Products, purity ~ 99.9 %) was 
contacted with Ag - evaporated from a tan
talUm filament onto the Pyrex glass wall of 
the UHV apparatus (wall surface area is 
300 cm2 ) - by breaking a seal in the con
nection between reaction cell and potassium 
ampulla. Both ampulla and reaction cell 
were heated in an oil bath. The amount of 
potassium distilled into the reaction cell 
was controlled by varying the heating time. 

At room temperature a mixture of e~ual.,. 
volumes of H2 and D2 (total ~ressure 13 Pal 
was.contacted with the film deposited on 
the glass wall of the reaction cell. The 
reaction mixture was analysed in a mass 
speotroineter (Micromass 6 of Vacuum Gene
rators) and from the kinetic data we cal
culated the rate constant K of e~uilib
ration. Particular care was taken to pre
vent artefacts due to the presence of the 
filaments in the reaction cell. 

RESULTS 

Table I gives the k values derived from 
two experiments performed in the absence 
of oxygen. Potassium had. been distilled 
onto the silver for only 5 minutes, after 
which the surface coverage was about 0.7. 
This figure was obtained by comparing the 
amounts of H2 desorbed below 300 K from 
the Ag film presintered at 380 K before 
and after deposition of the potassium. In 
either case the adsorption of hydrogen was 
carried out by atomizing H2 gas of 13 Pa 
at 77 K using a tungsten filament. The hy
drogen thus adsorbed was des orbed from the 
silver film at 200 K, but from potass~um 
no desorption took place below 300 K. 
Table I shows that the e~uilibration rate 
had decreased after potassium admission. 

TABLE I 

EQUILIBRIUM RATE CONSTANTS* 

Film k, 10-8 Pa-1.s-1 

Ag~ 6.1 + 0.6 -
Ag+K 3.7+1.5 

* mean value of two runs. 

Table II s.hows the effect of preadsorption 
of oxygen onto Ag films different from the 
ones referred to in Table I. 
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TABLE II 

EQUILIBRATION RATE CONSTANTS* 

k' , 10-8 Pa- 1.s-1 

blank 6.5 

blank + 02 5.6 

Ag 3.5 ±0.3 

Ag +02 2.0 ± 0.3 

Ag+02+ K 16.5 ± 5 

After 16 h 67.5 +2 

* mean value of two runs. 

The presence of oxygen on the silver '(in 
an amount in the order of a monolayer) de
creased the equilibration rate, but subse
quent admission of potassium induced a 
great enhancement, which increased with 
time. 

As.suming that the potassium had reduced 
the silver and that the enhancement could 
thus have been due to promotion of the po
tassium by oxygen, we also decided to 
investigate the effects of oxygen on the 
equilibration activity of a pure potassium 
film. The results of this investigation 
are summarized in Table III, where Qt re
presents the total amount of 02 added (mol) 
per mol K present in the reaction cell. 
Very large enhancemen",3, increasing with 
time, were formed. At Qt=2x10-3 the ap
pearance of the potassium film changed 
from metallic to dark blue and the film 
started to absorb hydrogen. Ultimately, a 
quantity of hydrogen was taken up which 
was approximately equal to the molar quan
tity of oxygen originally added to the po
tassrnum. The phenomenon that alkali metals 
become darkly coloured when contacted with. 
a substoichiometric quantity of oxygen is : 
not uncommon: e.g. sodium forms sodium 
black /3/, which is a combination of solid 
solutions of sodium metal and sodium oxide, 
and a permanganate-coloured suboxide of 
CS702 is known /4/. At Qt = 0.1 the blue 
of potassium "suboxide'" vanished and the 
film became inactive. 

TABLE III 

EFFECT OF OXYGEN 
ON EQUILIBRATION ACTIVITY OF POTASSIUM 

k, 10-8 Pa-1.s-1 

Blank 3.5 
K 5.3 

+ 02 (Qt = 4 x 10-5) 6.1 
+ 02 (Qt = 10-4 ) 1'1.4 

after 27 h 30 
+ 02 (Qt = 6 x 10-4 ) 51 
+ 02 (Qt = 2 x 1 0-3 ) 353 
+ O2 (Qt = 3 x 10-2 ) 338 
+ 02 (Qt = 10-1) 1.4 

In a different series of experiments we 
studied the effect of hydrogen atomization 
on the equilibration activity of a potas
sium film. The results are given in 
Table IV. 

TABDE IV 

EFFECT OF ATOMIC HYDROGEN 
ON EQUILIBRATION ACTIVITY 

OF POTASSIUM* 

(Hydrogen (6.6 Pal was a
tomized at 20 °C, 100 Pa.l 

was adsorbed) 

k, 10-8 Pa-1.s-1 

Blank 1.1±0.2 

K 9 ±5 

K + H' 70 ::20 

* mean value of two runs. 

The strong positive effect of preadsorbed 
hydrogen on this metal suggests that equi
libration'takes place by a Rideal mecha
nism via intermediates such as: ... H\ 

DISCUSSION AND CONCLUSION 

H H 
I : 
K K 

Our experimental results clearly s'how that 
in the absence of oxygen potassium metal 
has no promoting effect on the H2-D2 equi
libration activity of silver; this finding 
contrasts with the report by Ichikawa et. 
al. /1/" who, however, did not work under 
UHV conditions. An experiment performed in 
the absence of Ag showed that oxygen pro
motes potassium. In an experiment in which 
prior to potassium deposition, oxygen was 
adsorbed onto the Ag, a substantial in~ 
crease in activity was observed upon addi
tion of potassium. The results of this 
experiment is in agreement with the find~· 
ing that oxygen promotes potassiu.-rn in the 
absence of Ag, if one assumes that potas
sium reacts wit.h the 02 preadsorbed on Ag, 
as has.indeed been observed by bthers, /5,6/. 
Marbrow and Lambert /7/ likewise reported 
an increase in activity of NO upon incor
poration of subsurface oxygen into a sub
surface layer of sodium on the Ag (110) 
face. 

Alkali oxides readily react with H2 to 
fo~m hydroxides and hydrides /8/: 

K20 + H2 ~ KOH + KH 
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We therefore propose the following mecha
nism to explain the promoting effect of 
oxygen on the activity of potassium: 

(1) The formation of an oxide-or sub
oxide catalyses the formation of KH. 

(2) The KH species at a surface catalyse 
H2-D2 equilibration by a Rideal-type 
mechanism, probably via a surface complex 
in which at least two potassium atoms 
participate. Therefore, when too many po
tassium atoms become coordinated with 
oxygen the equilibration reaction will no 
longer be catalysed. 
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