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and —150°C are shown in the upper curves
in Fig. 1. The transmission of the bare sam-
ple at the same temperature, measured just
before the gas admission, is shown in the
respective lower curves.

The peak of the band is at 2202 em™, as
Eischens reported, but this was true with
the samples for which the evacuation sub-
sequent to the reduction was made at
370°C for 30 min. When it was made at
370°C for 2 hr, the peak appeared at 2220
em and the band was smaller than shown
in Fig. 1. These facts are in harmony with
another datum of Hardeveld, by which he
suggested that the adsorbed nitrogen is a
special unstable species. It is clear that the
hydrogen was more thoroughly removed by
the latter evacuation conditions (the vac-
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uum attained finally was higher though of
the same order of 10 mm Hg in either
case), but it is also conceivable that the
longer evacuation time might mean greater
possibility of contamination of the surface.
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Oxidation of Potassium lodide by Silica-Alumina Catalysts

The oxidizing properties of activated
silica-alumina catalysts have been demon-
strated In various ways in recent years.
Thus the application of the ESR technique
has revealed that adsorption of several
aromatic compounds involves electron
transfer to active sites in the surfaces of
such oxides (I-4) and several estimates of
the population of these sites have been
made (5, 6, 7). This property of silica-
alumina was soon shown to be largely due
to the presence of active oxygen atoms
which are either chemisorbed on the surface
or are part of its structure. Fogo (8) found
that water was produced on treating silica-
alumina at 500°C with hydrogen and some
90% of activity for cation-radical forma-
tion from polynuclear aromatic hydrocar-
bons was eliminated. This result was
quickly confirmed by other workers (6, 7).
Hirschler and Hudson (9) have also pro-
vided evidence that during adsorption of
triphenylmethane oxygen atoms abstract
hydrogen and that triphenylmethanol may
be desorbed from the surface. Oxygen-
containing products are also found when
1,1-diphenylethylene is allowed to adsorb

and react on activated silica-alumina (10)
and unpublished work from this laboratory
indicates that oxygen atoms in the surface
are also involved in hydrogen abstraction
during formation of lavender-colored poly-
meric complexes from n-butenes (3). In
the latter case involatile unsaturated ke-
tones are detected among the desorbed
products.

While the oxidizing aection - of sﬂwa-
alumina is therefore clearly proven, so far
the sites responsible have only been investi-
gated using organic agents which are either
adsorbed from the vapor phasebr- from
nonaqueous solvents. It seemed to us that
it might be worthwhile studying the inter-
action of silica-alumina and inorganie
redox systems in aqueous solution. We now
wish to report that when activated catalyst
is added to fairly concentrated aqueous
solutions of potassium iodide:at room tem-
perature iodine is liberated. This reaction
may be used as a basis for a simple titra-
tion method of estimating the surface
density and strength of ox1d1z1ng centers
in such catalysts.

Samples of catalyst (~1g) were heated
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in oxygen at 500°C for 1 hr, cooled to room
temperature in a desiccator, weighed in
stoppered tubes, and then added to 25 ml
portions of N/10 KI solution in stoppered
titrating flasks, The flasks were stored in
the dark and after suitable intervals the
liberated iodine was titrated with N/10*
sodium thiosulfate, using starch as indica-
tor. Results are reported in Table 1 for a

TABLE 1
EsTiMATION OF OXxIDIzING CENTERS IN SILICA-
Avumina Cararyst (109) Using Iopine
TrrraTioN METHOD

Titer/g
Time (ml of N/1#
(min) thiosulfate) Sites/em? X 10-8
10 10.0 2.4
100 12.7 3.1
1075 14.7 3.5
1115 15.9 3.8
1330 16.0 3.8
2640 21.0 5.0
4080 26.6 6.4
4400 21.5 5.1
5840 25.4 6.1
8330 30.0 7.2
10080 38.3 9.2
10080« 10.0 2.4

@ 259, catalyst.

serles of titrations using a catalyst (I.C.L,
Billingham) which contained 10% alumina
and had a surface area of 250 m?/g. In all
cases immediate liberation of iodine upon
addition of catalyst took place, followed by
a slow increase in iodine concentration over
prolonged periods, Control experiments,
carried out simultaneously, showed that the
reaction did not occur when the catalyst
was absent. A catalyst containing 25%
alumina was also tested but did not liberate
iodine immediately, although a very slow
reaction was observed over a period of
1 week.

The 10% catalyst samples which had
been in KI solution over periods up to 1
day were filtered off, washed with distilled
water, dried, and reactivated. When these
samples were again added to N/10 KI solu-
tion iodine was not formed immediately,
and after 1 week the titers were less than
those obtained previously by 10-15 ml of
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thiosulfate solution. This result shows that
those sites in the fresh eatalyst which had
oxidized 1lodide ions had been quantita-
tively eliminated.

When catalyst was added to N/10 KCI
solution for 5 min before adding N/10 KI
solution there was no immediate appear-
ance of iodine, but addition of a second
sample to a mixed solution gave the same
titer after 10 min as that obtained pre-
viously when chloride ions were absent.

An attempt was made in the following
way to estimate the amount of iodine ions
adsorbed by catalyst from solution. Two
samples of catalyst were allowed to equili-
brate with 25-ml portions of N/100 KI
solution. After 3 hr, 10-ml portions of these
solutions were pipetted into excess con-
centrated hydrochloric acid solution and
titrated with 0.0027 M potassium iodate
using the violet color of frec iodine in a
few milliliters of earbon tetrachloride as
indicator. The number of iodide ions ad-
sorbed under these conditions was 4.5 +- 0.2
X 102 /em?.

The number of oxidizing centers per
square centimeter which react immediately
with iodide ions agrees very well with the
maximum surface concentration of anthra-
cene (5) or perylene (11) cations which
can be obtained with the same catalyst.
Moreover the absence of rapid reaction
initially with the 25% catalyst shows that
the method is selective for those sites of
high oxidizing power above a certain criti-
cal strength. This observation that 10%
catalyst has sites of higher acid strength
than 25% catalyst has also been made by
Hirschler (12) using the method of titrat-
ing with n-butylamine in the presence of
various indicators of different pK values.
Although Hirschler (12) concluded that
these sites were of the Bronsted type it
seems unlikely that protons play any role
in assisting the oxidation of iodide ions. It
may be possible that the sites are not sim-
ply either Bronsted or Lewis but exhibit
both protonic activity and oxidizing prop-
erties, depending on the adsorbate.

The results provide conclusive c¢vidence
that salts interact strongly and directly
with the oxidizing centers in these cata-
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lysts, the anion competing successfully with
water for adsorption. The following reac-
tion scheme is proposed:

K- + K+ K+ +1
o = (") o-
Al Al W
1IN A RN A RN

The second stage in this scheme is not
readily reversed since used catalyst sam-
ples, when reactivated, had lost their abil-
ity to liberate iodine immediately. Flock-
hart and Pink (71) have also found that
treating silica-alumina with salts reduces
their activity for forming cation-radicals
from perylene. It is interesting to note,
however, that only a small portion of all
the iodine ions taken up by the catalyst are
oxidized, even after immersion in solutions
for 1 week, and thus most of the adsorption
is reversible.
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