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Adsorption and desorption of hydrazine and its decomposition products (Hz, N,
NH:) on an iridium alumina catalyst have been studied by temperature programmed
desorption and ir spectroscopy In order to determine the mechanism of the deecom-
position and the nature of the active centers.

Hydrogen is chemisorbed on two types of adsorption sites. Activation energies of
desorption have been caleulated for these sites and they are 10.5 and 25 keal mole™.
Sites of lower energy are attributed to the existence of an Ir-alumina complex and
these of higher encrgy to bulk iridium. Nitrogen is not adsorbed from the gaseous
phase between 25 and 700°C. Ammonia is adsorbed on metal and alumina at room
temperature, its decomposition begins at 200°C.

Desorption spectra, recorded after adsorbing and decomposing hydrazine, show a
new desorption peak, which is attributed to nitrogen remaining adsorbed on iridium.
It corresponds to a desorption activation energy of 14 kcal mole™, and it confirms
that the first step of decomposition is the formation of a bond between the nitrogen
atoms of the hydrazine molecule and the unfilled d orbitals of the metal. Apparently,
at 300°K, the decomposition is carried out according to the reaction 3N.H;—
4NH; + N..

The 1r spectra of ammonia and hydrazine adsorbed on the catalyst exhibit a band
at 1220 cm™, besides the adsorption bands characteristic of ammonia adsorbed on

alumina; this band could be attributable to ammonia chemisorbed on irtdium.

INTRODUCTION

The catalytic decomposition of hydrazine
is an interesting problem because of its
many practical applications: gas genera-
torg, fuel cells, and mierorockets for artifi-
cial satellites are but a few examples. The
search for a good catalyst has led us to
undertake cxperiments using a supported
iridium catalyst.

The decomposition of hydrazine has al-
ready been investigated both in the gas
phase and the liquid phase (1-5). Two
major hypotheses have been put forward
on the decomposition mechanism:

I. The superposition of reactions (1) and

(2):
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(1) NgH.; hnd Nz + 2Hz,
(2) 3N2H1 - Ng + 4NH3.

II. The existence of a hydrogenolysis reac-
tion in which the hydrogen produced by
reaction (1) is consumed by (3):

(1) N2H4 d Ng + 2H2‘

In this study, we use the temperature
programmed desorption (TPD) technique
and ir spectroscopy to examine the adsorp-
tion and desorption of hydrazine and its
decomposition products (H;, N., NH;) on
an iridium catalyst supported one vy-alu-
mina, in order to determine the mechanism
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of the reaction and the nature of the active
centers.

EXPERIMENTAL METHODS

Apparatus and Procedure

1. Temperature Programmed Desorption

The temperature programmed desorption
technique, which was developed by Amen-
omiya and Cvetanovie (6), has made it
possible to study irreversible adsorption
(7, 8). The desorption spectrum is obtained
by recording the rate of desorption in
relation to temperature, and analysis
of the speetrum provides the following
informations:

—number of phases adsorbed,

—number of adsorption sites,

—order of reaction,

—activation energy and desorption rate
constant.

The experimental apparatus is essentially
the same as that desceribed by Amenomiya
and Cvetanovie (6). The carrier gas, argon,
is dehydrated as it passes over a two-meter
column packed with 5 & molecular sieves.
Stability of flow is maintained by an initial
capillary loss. Regulation of the pressure
on the upstream side makes it possible to
sary the flow. The desorbed gases may be
analyzed by gas chromatography. The fol-
lowing procedure was used for the tempera-
ture programmed desorption experiments:

{a) Cleaning the surface of the catalyst
by heating it in hydrogen at 500°C,
followed by desorption in argon at
the same temperature. Cooling of
the sample in argon.

(b) Adsorption.

(¢) Desorption in argon for different
heating rates. Simultaneous chroma-
tographic analysis of the desorbed
products.

The heating rates between 4 and
35°C min™.

Hydrogen and Ammonia adsorption were
carried out by the dynamic method which

ary
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consists in consecutive injections of a
known volume of gas. Hydrazine was fed
into the carrier gas by means of a Hamil-
ton syringe through a septum and vaporized
at 120°C. The injected volume was 30 ul,
for cach experiment. Desorption spectra
were recorded following the removal of all
reversibly adsorbed species.

2. Infrared Spectroscopy

The ir cell was an all-glass system into
which the windows (CaF,) were not waxed
but sealed with Viton O rings. The reason
for this is that despite their low vapor pres-
sure, many of the adhesives used to attach
the windows to the ir cell body may con-
taminate the sample. Preliminary experi-
ments performed over a one-week period
confirmed that there was no contamination
of the samples by vacuum grease (Apie-
zon). The spectrophotometer was the Per-
kin Elmer 521 and the spectra were re-
corded at room temperature (9).

Materials
1. Catalysts Studied

The catalysts studied were prepared by
the cogelation of boehmite and chloroiridie
acid on the one hand and, on the other, by
the impregnation of a porous support with
a solution of chloroiridic acid. The samples
contained hetween 20 and 40% iridium by
weight.

The speeific surface area of the samples
was between 100 and 150 m*/g while the
metal surface arca measured by hydrogen
chemisorption wax between 40 and 90
m3/g (21).

An electron microscope study of these
catalysts revealed the existence of two pop-
ulations of iridium particles. The first was
a population of small particles correspond-
ing to an agglomeration of a few elemen-
tary celles smaller than 30 A. The second,
an irregular population, takes the form to
particles up to several microns in size.
These particles correspond either to micro-
crystals or to aggregates of crystallites.

The chemical analysis of these catalysts
shows that the alumina surface reacts with
the chloroiridie acid during the preparation
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of the catalyst, the quantity of fixed chlo-
rine varying between 1 and 49 by weight.

2. Samples Used in Infrared Spectroscopy

The support, Degussa ¢ alumina, was
impregnated with a solution of hexachlo-
roiridie acid in order to titrate 10% iridium
by weight. The mixture was next placed in
the drying oven where it was dried at
150°C. It was then ground, sifted to 80 n
and finally compressed at 5 t/cm?® The
pellet obtained was treated at a pressure of
45 Torr of oxygen at 400°C and then de-
gassed at the same temperature. Reduction
followed, by heating the sample at 350°C
at a pressure of 300 Torr of hydrogen, and
finally desorption took place at 400°C and
10-* Torr. Each of these treatments lasted
2 hr. The speecific surface area of the
samples was 97 m?/g while the metal sur-
face area measured by hydrogen chemisorp-
tion was 37 m?/g of catalyst.

Treatment in oxygen proved indispens-
able in order to eliminate the impurities
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adsorbed on the support (9). Without this
treatment, the formation of an adsorption
band around 2,030 cm? was observed,
which indicates the presence of adsorbed
carbon monoxide (10). This earbon mon-
oxide must be due to the catalytic oxida-
tion of hydrocarbons adsorbed on the sup-
port through contact with the metal.

REsuLTs

1. Hydrogen Adsorption

1.1. Temperature programmed desorp-
tion. Cleaning the surface of the catalyst
with hydrogen proved indispensable for
eliminating the oxygen which is adsorbed
by the catalyst when kept in contact with
air.

In fact, if the only cleaning of the cata-
lyst in the reactor is by heating it in argon
at 500°C, and if it then undergoes an initial
adsorption—desorption cycle, the recorded
spectrum corresponds to curve (1) in Fig.
1. A chromatographic analysis of the de-
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Fig. 1. Desorption spectra of hydrogen: (1) 367, iridium catalyst—first adsorption desorption cycle; (2)
369, iridium ecatalyst—second adsorption desorption eycle; (3) 369 iridium catalyst—third adsorption
desorption cycle; (4) Catalyst used in spectroscopy; (5) Metallic iridium.
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sorbed products for the intermediate peak
reveals the presenee of water and traces of
hydrogen.

During a second adsorption—desorption
cycle on the sample, the intermediate peak
is smaller (curve 2, Fig. 1). It is even
smaller in the following eycle, then levels
out, but never disappears completely (curve
3, Fig. 1). At the same time, there is an
increase in the intensity of the desorption
peak corresponding to the hydrogen ad-
sorbed on the wcaker energy sites, since
hydrogen is no longer being used for the
reduction of surface oxide. If the catalyst
s pretreated in hydrogen, however, spec-
trum (3) of Fig. 1 is observed immediately.

The adsorption of hydrogen, thus, has
the effeet of redueing the surface-oxidized
iridium. The water produced is adsorbed
by the alumina; its desorption between 150
and 400°C corresponds to the intermediate
peak observed in the spectra.

The hydrogen desorption spectrum re-
vealed by the chromatographic analysis
has two peaks, the first appearing between
100 and 200°C and the second between 500
and 650°C (Fig. 1). These peaks are sym-
metrical in shape, which shows that de-
sorption has a second-order reaction.

Hydrogen is, therefore, adsorbed in an
atomic form on both types of sites. If the
adsorption tempcrature exceeds 200°C, only
the second desorption peak is recorded.

Neither adsorption nor desorption of hy-
drogen is observed on y-alumina, In the
case of unsupported bulk iridium, the first
peak disappears whereas the desorption
speetrum recorded for the samples used in
Ir spectroscopy have just one peak between
160 and 200°C. Such results reveal the
existence of two types of irreversible-ad-
sorption sites, the first corresponding to a
weakly bound hydrogen atom (site I) the
second to a more strongly bound atom
(site II).

The activation energies and preexponen-
tial factor of the desorption rate constant
were calculated for the sites I and 11, based
on the formulae established earlier.

Ed (I) = 10.5 £ 0.5 kecal mole™?,
Ed (II) = 25 & 3 keal mole™,
A; = 104 sec™™.
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1.2. Infrared spectroscopy of the adsorbed
hydrogen. In the case of platinum catalysts
supported on alumina or silica, Pliskin and
Eischens were the first to study the adsorp-
tion of hydrogen by ir spectroscopy (10);
they revealed two types of adsorption on
platinum. Eley, Moran, and Rochester (171)
took up this study and provide a different
interpretation of the bonding of hydrogen,
by introducing alumina hydroxyl groups at
the surface.

The fundamental vibration frequency of
a diatomic molecule of hydride X-H may
be calculated using the formula helow:

5 = (1/2mc) Vk/u,

where 7 s the wave number of the vibra-
tion in em™, ¢ is the speed of light, k the
constant of the bond strength (in dynes
em™'}, and p the reduces mass of the mole-
cule. The constant k is established using
the proportionality relationship which links
it to the square of the ionization potential
of the X element (24).

In the case of the Ir-H system, the ap-
plication of these two equations gives a
wave humber of 2138 em™ and the fre-
quency observed in the organic complexes
of iridium ix not very different from this
theoretical value: between 2250 and 2010
em™ aceording to the compounds (25).

After the sample has been treated at
200°C at a hydrogen pressure of 400 Torr
for 1 hr, the ir spectrum recorded with the
gas phase shows two types of adsorption
hands:

—Bands due to water adsorbed physically
(deformation band near 1620 em™) and to
hound hydroxyls (wide wvalency band
around 3500 em™!).

—Two bands at 2120 and 2050 cm™
which may be attributed to the hvdrogen
adsorbed on the iridium.

The influence of the hydrogen pressure
on these two bands is different (Fig. 2).
When the pressure is lowered in successive
steps of 400 to 10~* Torr, the band at 2120
em™ is the first to disappear, as soon as
102 Torr is reached. The band at 2050 cm™
is only eliminated after a 15-min treatment
at 10~ Torr. At the same time, we see a
diminution of the deformation band of the
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Fic. 2. Influenceof pressure on irspectra of chemi-
sorbed hydrogen.

physically adsorbed water. These two bands
have, therefore, been attributed, respee-
tively, to hydrogen weakly and strongly
adsorbed on the iridium. Identical results
were obtained after hydrogen adsorption
at 25°C and 400 Torr. Particularly notice-
able here is the appearance of physically
adsorbed water, a phenomenon which is not
seen on alumina below 400°C. The forma-
tion of water is due either to the reduction
of surface oxydized iridium or to the re-
action of surface alumina hydroxyls with
the hydrogen that is activated in contact
with the metal.

The chemisorption of deuterium at
200°C in the same conditions on a sample
reduced by deuterium, allows us to ob-
serve the formation of D,O and the deu-
teration of the alumina hydroxyl groups at
the surface, on the one hand, and on the
other, the appearance of a wide band with
two indistinet extremes at 1520 and 1490
em-!. These two bands are due to the
deuterium weakly and strongly adsorbed
by the iridium and correspond to a deuter-
ation ratio of 1:39, the theoretical ratio
(#Ir-H) /(5Ir-D) being 1:41.

From these results we can conclude that
hydrogen is adsorbed in two distinct forms
having different bond strengths with respect
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to the surface. In such conditions, the more
weakly adsorbed portion (band at 2120
em™) could be identified with the moelcular
ion H,* If this assumption were checked,
deuterium hydride adsorption should cause
quantities of HD* to form, and conse-
quently, an adsorption band to appear
around 1730 em™. In the course of our ex-
periments at 200°C with hydrogen—dcu-
terium, however, we saw no bands in this
range. It seems, therefore, that the two
kinds of bands observed are eaused by dis-
sociative adsorption.

2. Nitrogen Adsorption

Iridium is generally classed as a metal
whieh does not chemisorb nitrogen. In fact,
in our experiments with the iridium cata-
lyst, no nitrogen chemisorption was de-
teeted by the dynamie method from room
temperature to 700°C, and it was therefore
impossible to record desorption spectra in
this temperature range.

3. Ammonia Adsorption

Ammonia adsorption has often been used
for cvaluating solid surface acidity and
was, thus, the method we used to compare
the acidity of y-alumina with that of the
catalyst. Temperature programmed de-
sorption and ir spectroscopy also provide
information about the nature of adsorption
sites and about the adsorption bond between
ammonia and either alumina or iridium.

3.1. Adsorption and temperature pro-
grammed desorption. Adsorption isobars
obtained by the dynamic method for alu-
mina and the catalyst have shown that the
amount of ammonia adsorbed decreases
when the temperature is increased (Fig. 3).
From 400°C for alumina and 250°C for
the ecatalyst, gas-phase chromatography
shows that ammonia is decomposed into
hydrogen and nitrogen.

3.1.1. Activation energies of desorption.
The desorption spectrum obtained for
y-alumina consists of only one peak at
about 100°C. This would indicate kinetics
of a first order desorption and a corre-
sponding activation energy of desorption of
7.1 keal mole™'. The pre-exponential factor
is 1.44 x 10° mn'. These results are in
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Fia. 3. Adsorption isobars for ammonia.

agreement with  the findings of Ameno-
miya and Cvetanovic (6).

In the case of the iridium catalyst, two
distinet desorption peaks are recorded, one
at about 100°C, the other at 250°C. The
first one corresponds to the desorption of
ammonia from the support, and we have
supposed that the second one could be at-
tributed to the ammonia adsorbed hy the
iridium, the activation energy of desorp-
tion is 10.7 keal mole!, Analysis by gas
chromatography reveals the presence of
ammonia with a small amount of nitrogen
and hydrogen, proving that ammonia is
partially decomposed into nitrogen and
hydrogen, during desorption (Fig. 4).

We undertook two kinds of experiments
with bulk iridium and catalyst in order
to determine the nature of ammonia adsorp-
tion sites and obtained the following
results:

(a) With bulk iridium powder, no am-
monia adsorption has been detected from
room temperature to 200°C and it was,
therefore, impossible to record a desorption
spectrum.
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(b) When hydrogen is adsorbed on cata-
lyst after ammonia preadsorption, the ad-
sorption spectrum has a much lower de-
sorption peak for hydrogen chemisorbed on
sites I, but the peak attributed to the sites
1L appears ax normal.

From these two experiments, we were led
to believe that ammonia and hydrogen are
competitively adsorbed on sites 1.

3.1.2. Variation of activation energies
with surface coverage. This phenomenon
was studied for both y-alumina and the
iridium catalyst. Figure 4 shows the vari-
ation of the spectra with initial surface
coverage for alumina. The temperature
corresponding to the maximum rate of de-
sorption inereases when the rate of coverage
deereases; ammonia is, thus, removed from
sites that have higher and higher energles
of adsorption. It was noted that the de-
sorption spectrum recorded following sur-
face saturation is given by the superposi-
tion of all speetra obtained for different
coverages,

The desorption spectra of ammonia ad-
sorbed by the eatalyvst also depend on sur-
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face coverage. The first peak varies as in
the cace of alumina; the second one, how-
ever, 1s independent of coverage.

The energy distribution curves are given
in Fig. 5 and corroborate results obtained
by others (6, 12, 13).

3.2. Infrared spectroscopy of adsorbed
ammonia. Many research projects have
shown interest in the use of ir spectroscopy
for studying the mode of adsorption of am-
monia on silica, alumina, and silica-alu-
ming catalysts among others (13, 14, 15).

Four vibratory modes may be observed.
The different vibration frequencies of am-
monia molecules are given in Table 1. In
a previous paper, we noted that the surface
of alumina reacted with hydrochloric acid
during preparation of the catalyst. This led
us to investigate ammonia adsorption not
only on an iridium catalyst and on Degussa
¢ alumina, but also on chlorinated alumina
{(a reaction of hydrochloric acid or carbon
tetrachloride).

3.2.1. Infrared spectra of adsorbed am-
monia, Since catalyst samples have very
poor transmission for frequencics over
2000 em™, we chose to observe v, and v,
bending vibrations of ammonia.

Figure 6 gives the spectra of adsorbed
ammonia. The first spectrum, recorded be-
fore evacuating the cell, shows three ab-
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Fic. 5. Variation of activation energy of de-
sorption with surface coverage: (1)—catalyst;
(2)—~-alumina.

sorption bands at 1615, 1460, and 1250 cin™.
These frequencies correspond to v, (NH;
and NH,*) and v, (NHj;) bending vibrations,

After desorption of ammonia at room
temperature for 1 hr, a shoulder appears

TABLE 1

VisrarioN FREQUENCIES OF AMMONIA AND AMmONIUM [on

Adsorbed on

Vibratory Adsorbed on Adosrbed on Adsorbed on silica—alumina
Species mode Gas alumina® alumina? aluminac catalyste
NH; v3 34439 3350 3415 3400 3350
3443 .6
” 3337.2 3265 3370 3355 3280
3336.2 '
vy 1627.4 1615 1625 1620 1615
1626.1
v 968.3 1270 1260
932.5
NH4+ 173 3100 328()
3322
vy 1390 1445
1484

e After P. Pichat ef al. (14).
b After H. Dunken et al. (15).
¢ After J. B. Peri (13).
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Fia. 6. Infrared spectra of ammonia adosrbed on
catalyst: (1) 60 Torr NH;; (2) 1 hr 107% Torr—room
temperature; (3) 1 hr 108 Torr—180°C; (4) 1 hr
107® Torr—250°C; (5) 1 hr 105 Torr—350°C; (6)
2 hr 1075 Torr—450°C.

between 1260 and 1270 em™ and the main
band shifts to 1220 cm™. If the temperature
of desorption is increased to 180°C, the
absorption band at 1460 em-! disappears.
At 250°C the other bands are weakened
and the shoulder disappears, but at 350°C
all that remains is a very weak band at
1215 em™.

The spectra of ammonia adsorbed on
alumina or on chlorinated alumina (illus-
trated in Fig. 7) are somewhat different,
for they show no splitting of the band cor-
responding to vibration v,. This band is re-
corded at 1250 cm! for alumina and at
1260 em™ for chlorinated alumina. The ir
spectra vary with the temperature of de-
sorption as observed in the case of the
catalyst.

3.2.2. Identification of 1615, 1460, 1265,
and 1220 cm bands. The 1615 em™* band
is attributed to the ammonia either physi-
sorbed or chemisorbed on Lewis acid sites.
It disappears at 350°C when all the am-
monia is desorbed. The absorption maxi-
mum at 1460 c¢cm™ indicates the formation
of ammonium ions. This band is stronger
in the case of the catalyst, than for alu-
mina, because samples cannot be dehy-
drated over 400°C; it disappears at 180°C.

For alumina and chlorinated alumina,
the 1260 cm™ band indicates that ammonia
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Fia. 7. Infrared spectra of ammonia adsorbed on
alumina and catalyst: (1) back ground of alumina;
(2) NH; on alumina after 1 hr at room temperature
under 10~% Torr; (3)—a—chlorinated alumina same
conditions as (2), b—chlorinated alumina, after 1 hr
at 180°C under 10=% Torr; (4) NH; catalyst same
conditions as 2.

is strongly adsorbed by coordination bonds
on acid sites. For the catalyst, this band is
composed of two bands: the first one at
1260 cm™ is attributed to ammonia co-
ordinated with aluminum on Lewis acid
sites, the second one at 1220 em™ to am-
monia coordinated with iridium on sites 1.

4. Hydrazine Adsorption

4.1. Temperature programmed desorp-
tion. A chromatographic analysis of prod-
ucts eluted after hydrazine has been intro-
duced reveals only nitrogen, ammonia,
water, and a small amount of hydrogen.
This shows that the hydrazine is entirely
decomposed in contact with the iridium
catalyst.

Following the climination of all rever-
sibly adsorbed entities, the desorption spec-
trum 1s recorded in the same conditions as
for ammonia with alumina and iridium
catalysts.

No hydrazine desorption is detected after
adsorption on alumina. Once the ammonia
and water have been removed from the
surface, the adsorbed hydrazine is decom-
posed between 250 and 300°C. The presence
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Fia. 8. Desorption spectrum recorded after hy-
drazine adsorption on catalyst and simultaneous
chromatographic analysis.

of hydrogen, nitrogen, and ammonia may
also be detected by gas-phase chromatog-
raphy analysis (Fig. 8).

For catalysts, the desorption of water
and ammonia i5 the same as described
above. On the other hand, the hydrogen de-
sorption spectrum differs from that previ-
ously observed: The desorption peak cor-
responding to the hydrogen chemisorbed on
type 1 sites disappears, but a new hydrogen
peak is recorded at 320°C, caused by de-
composition cither of the ammonia adsorbed
on the iridium or the hydrazine adsorbed
on the alumina. The peak corresponding
to the strongest adsorption of hydrogen on
iriddium on sites II normally occurs around
600°C (TFig. 9).

Finally, this experiment allows us to ob-
serve nitrogen desorption, since the nitro-
gen atoms remains chemisorbed on the
metal after decomposition of the hydrazine
molecule. The spectrum has only one sym-
metrical peak between 200 and 250°C,
showing that desorption occurs with a
second-order kineties and that nitrogen is
adsorbed in an atomic form.

4.2, Infrared spectroscopy of adsorbed
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Fie. 9. Desorption spectrum?recorded after hy-
drazine adsorption on alumina‘!and simultaneous
chromatographic analysis.

hydrazine. Several papers have been pub-
lished on the ir spectroscopy of hydrazine
in the vapor phase (16, 17). Maximum ab-
sorption frequencies corresponding to the
different vibratory modes of hydrazine
molecules have been listed by Guigere and
Liu (17). In our study of adsorbed hydra-
zine, we concentrated particularly on the
ir spectra between 2000 and 1000 em™.

When hydrazine is adsorbed under a pres-
sure of 10 Torr at room temperature, four
absorption bands are observed at 1665,
1620, 1460, and 1270 em™'. The intensity
of each band decreases after the cell is
evacuated at the same temperature. The
speetrum recorded after desorption at
180°C for 1 hr is the same as that obtained
for ammonia in earlier experiments
(Fig. 10).

The 1665 cm™* band is attributed to the
vio vibration of hydrazine adsorbed on
alumina. The adsorption maximum at
1460 cm™ is due to ammonium ions which
are produced by the reaction of ammonia
(produced when the hydrazine is decom-
posed) with water (3% in hydrazine). The
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Fig. 10. Infrared spectra of hydrazine adsorbed
on catalyst: (1) 10 Torr NoH, at room temperature;
(2) after 1 hr under 10~% Torr; (3) after 1 hr under
10~ Torr at 180°C.

1270 em™ band is attributed to the super-
position of the spectra corresponding to
vibrations of ammonia and of
hydrazine.

Vo Vi1

Discussion or RestLrs

The study of hydrogen adsorbed by the
catalyst reveals the existence of two types
of adsorption sites (I and II). An investi-
gation into the different desorption spectra
let us assume that the existence of sites I is
linked to an eleetronic interaction between
iridium and alumina. Such complexes have
already been proposed by different authors
for the case of supported platinum catalysts
(18, 19). Tt also appears that hydrogen
chemisorbed on sites 11 is removed only at
high temperature and that iridium corre-
sponding to these sites is bulk iridium.

The bands at 2120 and 2050 em™ ob-
served by ir spectroscopy cannot be at-
tributed to hydrogen adsorbed on the sites
I and II, since the band at 2120 em™ dis-
appears as soon as hydrogen pressure
reaches 102 Torr, this band would corre-
spond to hydrogen reversibly adsorbed

O O, CCl

2N /N :
Al Al Al Al
VAN ANV NN
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which is not possible to study in our ex-
periments of temperature programmed de-
sorption. However, hydrogen adsorbed on
sites T may be identified as the entity cor-
responding to the band at 2050 em™.

For the catalyst samples used in ir spec-
troscopy the number of sites IT is so low
that an absorption band or a desorption
peak corresponding to hydrogen atoms ad-
sorbed on these sites cannot be recorded.

The simultaneous desorption of ammonia
and itz decomposition products implies that
ammonia Ix partially decomposed into hy-
drogen and nitrogen during desorption but
that the hydrogen thus produced is not ad-
sorbed on iridium. The ammonia adsorption
sites are sites I which might be due to the
existence of an Ir-alumina complex. Be-
sides, ir spectroscopy gives us to believe
that ammonia is strongly adsorbed on irid-
ium by a coordination bond. Similar results
have been obtained by Griffiths et al. for
silica supported platinum catalysts (20).

Assuming that 809% ammonia is adsorbed
on alumina and 20% on iridium, the sur-
face concentration of Lewis acid sites may
be caleulated from the cnergy distribution
curves: for y-alumina there are 4.6 X 10
sites per em?, and for the catalyst alumina,
6.2 X 10" sites per em?®.

The catalyst alumina surface adsorbs
more ammonia than pure y-alumina. This
increase in acidity is probably caused by
the surface chiorination of alumina during
preparation of the catalyst. Goble and
Lawrence have shown that this reaction,
which gives a more acidie alumina, is
caused by a stabilization of Lewis acid
sites by chlorine (21).

Basset et al. have suggested the existence
of bicoordinated aluminum atoms which
form very strong Lewis acid centers (22).

Cl

- |

Cl
® | Q

Al Al Al Al
SN NS N N
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After adsorption and decomposition of
hydrazine at 300°K, temperature pro-
grammed desorption reveals that nitrogen
is adsorbed in an atomic form on iridium
and, with ir spectroscopy shows that hy-
drogen is chemisorbed only on sites II,
which correspond to strong irreversible ad-
sorption. From these results, we can assume
that the first step in catalytic decomposi-
tion is the formation of a coordination bond
between the nitrogen atoms of hydrazine
molecule and the iridium atoms of the
sites 1.

The absence of a desorption peak for
hydrogen adsorbed on sites I is in good
agreement with the results of Sayer (22)
and Ken-Ichi Aika et al. (5) who have
found that the products of the hydrazine
decomposition over iridium are essentially
nitrogen and ammonia. Ken-Icht Alka et
al. (5) think that a reaction takes place in
the form of a hydrogenolysis of hydrazine
whieh consumes the hydrogen produced by
direct. decomposition.

NoHy — Ny 4+ 2H,,
2N2H4 + ?.Hz hand 4NH3

Similar conclusions have been obtained
by Volter and Lietz using chromium, man-
ganese, iron, tungsten, rhenium, and osmium
catalysts (4).

The schemes of the reaction mechanisms
would be as follows:

(1) Adsorption
(2) Direct decomposition

(3) Hydrogenolysts
(4) Desorption

The hydrogen which is produced by cata-
lytic decomposition is adsorbed on sites I
and IT, but only the hydrogen chemisorbed
on site I is active in the hydrogenolysis of
hydrazine.
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