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The addition of molecular hydrogen at 140°C to Pt(NH$ complexes exchanged on Wyoming 
montmorillonites, at varying metal weight to support weight ratios, results in metal reduction 
according to the reaction Pt(NH&+ + H2 + Pt + 2NH: + 2NH3. In a parallel reaction the 
concurrent reduction of structural iron(III) occurs, producing an increase in the layer charge of the 
mineral. Charge balance is maintained by the additional formation of ammonium cations by am- 
mine protonation. Metal reduction is accompanied by the collective migration of atoms and/or 
crystallites from the internal surface of the mineral to sites of low negative charge on the external 
surface and edges. At high metal concentrations, large clusters of 100 A are easily visible by 
transmission electron microscopy. Also apparent is a high proportion of the metal crystallites 
formed in diameters of 50 w or less. As the metal concentration decreases, mean metal diameters 
decrease and the particle size distributions become narrower. 0 1988 Academic press, IX 

INTRODUCTION 

A number of studies have documented 
the influence of the interlamellar surface on 
the formation of organometallic species on 
clay minerals and adsorbed transition 
metal-metal complexes (Z-7). Pinnavaia 
and Welty (7) demonstrated that rhodium 
complexes supported on hectorite had a 
higher activity toward hex-1-ene hydroge- 
nation in solution phase than the same com- 
plexes supported on a Dowex 50 resin or a 
Rh:+ homogeneous solution. They con- 
cluded that the interlamellar surface en- 
hanced the reactivity of Rhi+ toward metal 
hydride formation. 

To evaluate the utility of smectite miner- 
als for supported noble metal catalysts, a 
study was undertaken to determine the suit- 
ability of a Wyoming montmorillonite min- 
eral as a support for various loadings of 
platinum. A description of the ion exchange 
of the platinum tetrammine cation and its 
subsequent reduction is given. In addition, 
the location and electronic environment of 

’ Present address: Texaco Inc., P.O. 509, Beacon, 
NY 12508. 

the metal center before and after reduction 
are discussed. 

METHODS 

Wyoming montmorillonite was obtained 
from the Clay Minerals Repository, Uni- 
versity of Missouri, Columbia, Missouri. 
The clay was washed with 1 N NaOAc (pH 
5.0) at 80°C to remove carbonates and 
treated with Na citrate dithionite to remove 
free iron oxides. The mineral was further 
washed five times with NH&I, followed by 
repeated washings with deionized Hz0 until 
chloride was undetectable with AgN03. 
The <2-pm fraction was separated by cen- 
trifugation. The approximate unit cell for- 
mula of the anhydrous product is 

(NH~)o,90(Al~.o7Fe~~~Fe~.~~Mgo.~~) 

based upon published analysis (8). 
A fully loaded platinum catalyst was pre- 

pared by washing the <2-pm fraction five 
times with a 0.1 M solution of tetrammine 
nitrate salt (from Alfa Chemicals). The ex- 
cess salt was removed by washing the 
metal-clay suspension with deionized wa- 
ter a minimum of six times. A sample was 

126 
0021-9517188 $3.00 
Copyright 0 I988 by Academic Press, Inc. 
All nghts of reproductwn m any form reserved. 



PLATINUM SUPPORTED ON MONTMORILLONITIC CLAY 127 

analyzed by atomic adsorption to deter- 
mine the amount of platinum exchanged on 
the clay. All other loadings of Pt were pre- 
pared by addition of an appropriate volume 
of tetrammine salt and equilibration for 24 
h, followed by washing until salt free. 

All gas reagents were obtained from 
Linde Corp. in the highest grade available 
and were used without further purification, 
with the exception of hydrogen which was 
passed through a zeolite-liquid Nz trap. 

Air-dried samples were reduced by 
slowly heating to 140°C under vacuum (1 x 
lo-’ Tori-, 1 Torr = 133.3 N mp2) and held 
there for a minimum of 6 h. Dry hydrogen 
was added to the system (100 Torr) and al- 
lowed to contact the sample for 6 h at 
140°C. The entire system was completely 
evacuated and an additional 100 Torr H2 
was added and remained for 3 h. At this 
point, the sample was evacuated to less 
than 1O-5 Torr for 4 h and was ready for 
further treatment. 

For infrared analysis, self-supporting 
films were made by drying a dilute suspen- 
sion of the metal-exchanged clay on Mylar 
film. By this method, the clay dried with a 
high proportion of the basal planes of the 
silicate layers aligned parallel to the plane 
of the Mylar film. A stainless-steel evacu- 
able cell fitted with KRS-5 windows permit- 
ted the recording of IR spectra in the pres- 
ence of different gases. Spectra were 
recorded on a Perkin-Elmer 567 IR spec- 
trophotometer. 

X-ray analyses were obtained on a Diano 
XRD-700 X-ray diffractometer using Ni- 
filtered CuKa radiation. Basal spacings, 
d(lOO), were determined on oriented 
samples by using at least four orders of re- 
flection. The presence of metal crystallites 
was always checked by scanning over the 
angles expected for the (11 l), (200), (220), 
and (3 11) reflections of the metal. Diffrac- 
tograms of evacuated samples were ob- 
tained by transferring the sample from the 
vacuum rack to a He-filled glove bag at- 
tached to the X-ray sample mount. 

Transmission electron micrographs were 

taken at magnifications ranging from 50 to 
100 K with a JOEL 1OOC electron micro- 
scope operated at 40 kV. Samples were de- 
posited on Formvar-coated copper grids 
and examined without further treatment. 
Average platinum particle diameters for 
each loading were calculated by using the 
formula (9) 

d 
Cn * d; 

a% =Cn5 

where di is the diameter of particle i mea- 
sured from the electron micrograph and IZ is 
the number of crystallites in the range d and 
d + 10 A. 

The stoichiometry of reduction was de- 
termined by adding H2 to a fully exchanged 
Pt(NH$ montmorillonite (8.6% Pt, w/w) 
heated to 140°C and trapping the liberated 
NH3 at 77°K. Four hours later, flowing He 
was passed through the trap, as it was 
warmed to room temperature. The helium 
flow was then passed through a water trap 
containing a known amount of acid. The 
remaining acid was titrated with a standard- 
ized base to determine the amount of NH3 
liberated during reduction. 

RESULTS 

Infrared Analysis 

Infrared band positions and their corre- 
sponding assignments for the unreduced 
and reduced platinum-loaded montmoril- 
lonite are given in Table 1. The montmoril- 
lonite host is characterized by a band at 
3625 cm-‘, ascribed to the stretching vibra- 
tion of the structural hydroxyls situated in 
the octahedral layer of the smectite (Fig. 1). 
Four distinct clay deformation modes were 
observed at 920, 885, 850, and 800 cm-’ 
which resulted from bridging hydroxyls as- 
sociated with different combinations of 
cations filling the octahedral holes of the 
mineral. The band assignments (after 
Farmer (10)) for the first two combinations 
are given in Table 1. 

When the mineral was fully exchanged 
(8.6% Pt) by the Pt(NH$ cation, the IR 
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TABLE 1 

IR Band Frequencies for Pt Supported on Wy. Montmorillonite (cm-‘) 

Catalyst Treatment” @H) 4NW WNH) 8(AlrOH) G(FeAlOH) 

0.6% Pt ’ Wy. 
montmorillonite 

1.0% Pt . wy. 
montmorillonite 

3.0% Pt . wy. 
montmorillonite 

8.6% Pt . Wy. 
montmorillonite 

NH: . Wy. 
montmorillonite 

Untreated (RTP) 
evacuated 

Reduced 
Untreated (RTP) 

evacuated 
Reduced 
Untreated (RTP) 

evacuated 
Reduced 

RTP 
Untreated (RTP) 

evacuated 
Reduced 

RTP 
Evacuated 

3625 

3625 

3625 

3625 

3625 

3620 
3625 

3625 

3600 
3625 
3625 

3260 

3260 

3260,322O 

3260 

3300,3260,3220 

3260 

3290,322O 
3330,3300,3220 

3260 

3260 

1425,137O 
1425,1345 

1425 
1425,137O 
1425,1345 

1425 
1425,137O 
1425,134O 

1425 

1370 
1335 

1425 

1425 

920 885 

920 885 

920 885 

920 885 

920 885 

915 890 
920 885 

920 885 

915 absent 
920 885 
920 885 

a Untreated refers to the cationic Pt(NH$ form. RTP represents room temperature and pressure condi- 
tions 

band positions associated with the mineral 
remained unchanged. The ammine ligands 
contributed a doublet to the IR spectrum of 
the unevacuated sample located at 3290 and 
3220 cm-‘. These have been previously as- 
signed to the asymmetric and symmetric 
N-H stretching vibrations, respectively 
(II, 12). A corresponding deformation 
mode was found at 1370 cm-‘. Upon evacu- 
ation, the ammine stretching vibrations ap- 
peared as a triplet, located at 3330, 3300, 
and 3220 cm-‘, and the deformation band 
shifted from 1370 to 1335 cm-‘. Unfor- 
tunately the Pt-N stretching fundamentals 
were obscured by low-frequency vibrations 
of the aluminosilicate framework. 

At lower metal loadings (3.0, 1.0, and 
0.6% Pt), there were no significant changes 
in the IR spectrum relative to the air-dried 
unreduced 8.6% Pt montmorillonite, albeit 
the N-H stretching vibration of the residual 
ammonium cation largely obscured the am- 
mine fundamentals in the samples contain- 
ing 3.0% or less metal. However, the posi- 
tion of the ligand ammine stretching 
vibration was elucidated by substituting 
Na+ for NH: as the residual inter-layer 

cation. The only changes in the IR spec- 
trum of these metal-loaded samples with 
evacuation was the removal of the Hz0 de- 

FIG. 1. The structure of a smectite mineral illustrat- 
ing the two tetrahedral silica sheets linked to the cen- 
tral octahedral sheet through oxygen apices. Shaded 
circles in the octahedral sheet represent hydroxyl 
groups bridge-bonded to adjacent structural cations. 
Hydrated cations are seen positioned between stacked 
smectite layers. 
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formation mode, a narrowing of the am- 
mine v,(NH~) and v,(NH~) fundamentals, 
and a shift of the ammine G,(HNH) from 
1370 to 1345 cm-’ (Table 1). 

Moderate reducing conditions (14o”C, 
100 Torr Hz) produced pronounced changes 
in the IR spectrum at all metal loadings (Ta- 
ble 1). Although the four catalysts exam- 
ined differed widely in platinum concentra- 
tion, the IR spectrum of the fully loaded 
8.6% Pt montmorillonite reflected the ma- 
jority of changes in the lower loadings when 
reduced. The most notable feature was the 
appearance of a single broad band centered 
at 3260 cm-’ and a sharp band at 1425 cm-‘. 
Missing from the spectrum were the bands 
associated with stretching and bending fun- 
damentals of the ammine ligands. In addi- 
tion, there were pronounced changes in the 
IR bands attributed to the mineral vibra- 
tions. An apparent downward shift in the 
v(OH) occurred with a corresponding up- 
ward shift (or disappearance) of the defor- 
mation mode belonging to the G(FeAlOH) 
combination. An NH: montmorillonite 
subjected to identical treatment conditions 
showed no change in its IR spectrum. Ex- 
posure of the reduced 8.6% Pt montmoril- 
lonite to the atmosphere for 24 h restored 
the hydroxyl bands to their original posi- 
tions. 

Reduction of 0.6, 1 .O, and 3 .O% Pt mont- 
morillonites showed similar shifts in the 
FeAlOH deformation band although this 
band did not completely disappear. Rather, 
the band was broadened and decreased in 
intensity. As with the 8.6% Pt montmoril- 
lonite, exposure to the atmosphere at room 
temperature restored the G(FeAlOH) hy- 
droxyl band to its original position and in- 
tensity. 

Stoichiometry of Reduction 

Three separate quantitative titrations of 
the ammonia released upon reduction of 
1.000 g, 8.6% Pt montmorillonite yielded an 
average of 0.292 +- 0.02 mmole NH3. Using 
a previously determined cation exchange 
capacity of 0.85 meq/g, this represented 
only 17% of the total ammine ligand. The 

remaining 83% was assumed to be con- 
verted to the ammonium cation during 
the reduction process. 

X-Ray Diffraction Analysis 

A fully saturated 8.6% Pt(NH&’ mont- 
morillonite heated at 80°C in uacuo exhib- 
ited a well-ordered basal spacing of 12.1 A 
(Table 2). Since the ideal thickness of a 
smectite sheet is 9.6 A, the basal expansion 
of 2.5 A is attributed strictly to the presence 
of the metal ammine cation in the inter- 
layer. 

Lower loadings of tetraammine cation 
produced diffractograms indicative of a less 
well-ordered structure. In most cases the 
higher order reflections were broad, often 
exceeding several degrees of 20 in width. 
This was particularly true when the sam- 
ples were evacuated at moderate temper- 
atures (1 lo”C, 1 x 10m5 Torr). In general, 
the basal spacing of the evacuated sample 
decreased with decreasing platinum con- 
tent. As Table 2 demonstrates, the (001) re- 
flection of 0.6% Pt montmorillonite ap- 
proached the basal spacing of an NH: 
montmorillonite (10.7 A). 

The addition of 100 Torr H2 at 140°C de- 
creased the basal spacing of the sample 
from 12.1 to 10.6 A in the absence of water 
vapor (Table 2). A similar value was found 
for an NH4f montmorillonite treated under 
the same conditions. However, the fourth- 
order reflection in this diffractogram was 
absent. 

The reduced 8.6% Pt catalyst showed 
only limited swelling properties when rehy- 
drated for 24 h at 97% RH and 25°C. The 
basal spacing increased to only 12.3 A un- 
der these conditions whereas an identically 
treated NH: montmorillonite increased to 
13.8 A. 

The formation of metal crystallites >50 A 
was indicated for the 8.6% Pt catalyst by 
the appearance of a weak diffuse peak at 
39.8 20 representing the (11 I) reflection of 
well-crystallized platinum. No other re- 
flections attributable to the metal were ob- 
served at higher angles. High noise levels at 
more sensitive instrument settings made 
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TABLE 2 

X-Ray Diffraction Analysis of Pt-Loaded Wy. Montmorillonites 

Catalyst Treatment’ Basal spacings (A) 

1st 2nd 3rd 4th 
order order order order 

0.6% Pt . Wy. Untreated (RTP) 12.62 6.12 4.20 3.20 
montmorillonite evacuated 10.68 5.31 - 2.62 

Reduced (97% RH) 13.85 6.87 - 3.52 
evacuated 10.62 5.33 3.17 - 

1.0% Pt . wy. Untreated (RTP) 12.62 6.10 4.15 3.11 
montmorillonite evacuated 10.77 5.32 - 2.67 

Reduced (97% RH) 13.25 6.66 - 3.35 
evacuated 10.60 5.27 3.19 - 

3.0% Pt . wy. Untreated (RTP) 12.71 6.43 4.31 3.32 
montmorillonite evacuated 11.51 - - 2.85 

Reduced (97% RH) 12.66 6.33 - 3.16 
evacuated 10.58 5.32 3.20 - 

8.6% Pt . wy. Untreated (RTP) 12.62 6.30 4.23 3.14 
montmorillonite evacuated 12.05 6.00 - 3.04 

Reduced (RTP) 11.10 5.52 3.67 - 
evacuated 10.64 5.21 3.14 - 
(97% RH) 12.27 6/10 - 3.08 

a Untreated refers to the cationic Pt(NH$ form. RTP represents room 
temperature and pressure conditions. The 97% RH refers to the relative pres- 
sure of water at 25°C. 

line broadening measurements prohibitive. 
The catalysts loaded at lower Pt contents 
exhibited a pronounced narrowing of the 
clay (001) basal reflection upon metal re- 
duction. When thoroughly evacuated all re- 
duced catalysts exhibited basal spacings of 
10.6 A, identical to the value observed for 
the 8.6% Pt montmorillonite after reduction 
and evacuation. Diffraction lines associated 
with bulk Pt formation were never ob- 
served for the 0.6, 1 .O, and 3.0% Pt cata- 
lysts. 

Transmission Elecrtron Microscopy 
(TEW 

Crystallite size distributions, deduced 
from electron micrographs (Fig. 2) are 
shown for each catalyst loading in Fig. 3. A 
narrow distribution was obtained for the 
0.6% Pt montmorillonite with 95% of the 
particles having diameters less than 30 A. 
The average crystallite size (d) at this load- 
ing was 22.9 A. A small increase in plati- 

num concentration to 1 .O% Pt considerably 
broadened the distribution and resulted in 
an overall increase in crystallite dimension. 
The average diameter at this loading was 
42.7 A with only 54% of the particles having 
a diameter less than 30 A. At the 3.0% Pt 
level, 58% of the particles examined were 
less than 35 A, yet the average particle di- 
ameter was 97.9 A. This is a consequence 
of the appearance of a small number of 
clusters larger than 80 A which are heavily 
weighted when calculating the average par- 
ticle sizes. If only crystallites less than 80 A 
were counted the average diameter at the 
3.0% level would be 42.8 A. A similar effect 
was observed in the 8.6% Pt montmorillon- 
ite; the appearance of large clusters was not 
infrequent. In fact, aggregates as large as 
300 and 400 A were not uncommon. They 
appeared as bands and films rather than 
well-defined metal particles and were 
thought to have coalesced after the initial 
reduction of the metal. 



FIG. 2. Transmission electron micrographs of fol 
Pt, (b) 1.0% Pt, (c) 3.0% Pt, (d) 8.6% Pt. 
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0.0% Pt WY. montmorlllonlts 1 
1.0% Pt WY. montmorlllonlte 

1 , , , , 
3.0% Pt WY. montmorlllonlte 

rl 

8.8% Pt wy. montmorit,on,t* 

20 40 so so 100 120 140 

CRYSTALLITE DIAMETER (i, 

FIG. 3. Particle size distributions for four loadings of 
platinum supported on Wy. montmorillonite. Metal 
crystallites larger than 160 w were counted in the last 
column. 

DISCUSSION 

From collected infrared and Raman data 
the Pt(NH&’ cation has been shown to be 
a square planar complex belonging to the 
Ddh point group (11, 22). When discussing 
the ammine ligands it is convenient to de- 
scribe them in terms of a 1 : 1 model (metal : 
ligand) with local symmetry CJ” (13). Of 
particular interest in this study are the dou- 
bly degenerate E antisymmetric stretching 
vibration, the A, symmetric stretching 
mode, and the symmetric A1 deformation 
mode predicted for CjU symmetry. These 
appeared in the IR spectrum of the air-dried 
8.6% Pt montmorillonite as a doublet at 
3290 and 3220 cm-’ and a single band at 
1370 cm-‘, respectively (Table 1). There- 
fore, under air-dried conditions the ammine 
ligands of the Pt(NH&’ cation retained 
their Cju symmetry within the montmoril- 
lonite interlayer. Since all four ligands are 

symmetry equivalent, it is believed that un- 
der air-dried conditions, the Dab symmetry 
of the cation is preserved. 

Thorough evacuation of the catalyst at 
80°C effected a splitting of the degenerate 
antisymmetric fundamental with bands ap- 
pearing at 3330, 3300, and 3220 cm-‘. The 
lifting of the degeneracy by the removal of 
interlayer water reflects a reduction in li- 
gand symmetry as the metal-ammine com- 
plex was sandwiched between the inter- 
lamellar surfaces. This can be explained in 
part by restricted rotation of the complex 
and ligands as the mineral is dehydrated. 

The symmetric deformation fundamental 
was particularly sensitive to the hydration 
status of the mineral. Not unexpectedly, 
dehydration of 80°C in UUCUCJ shifted the 
bending mode to lower frequency (from 
1370 to 1335 cm-‘) indicative of decreased 
hydrogen bonding with Hz0 molecules. 

At lower platinum loadings (0.6, 1 .O, and 
3.0% Pt) these effects were not nearly as 
distinct due to an overlap of the stretching 
vibration of the residual ammonium cation 
and a decrease in the intensity of the ligand 
vibrations. When the interlayer ammonium 
cation was replaced by the sodium ion, the 
IR spectrum showed ammine stretching vi- 
brations at frequencies similar to those 
found in the air-dried 8.6% Pt(NH$ 
montmorillonite IR spectrum. As a signifi- 
cant splitting of the v,(NH~) vibration was 
not observed with evacuation, it appears 
that the residual interlayer cation (NH: or 
Na+) prevented the complete collapse of 
the interlayer upon dehydration at 80°C. 
This was also reflected in the decreased 
shift of the G,(HNH) with evacuation com- 
pared to the shift observed for the 8.6% Pt 
sample. It is concluded that interlayer wa- 
ter associated with the residual cations 
must remain partially hydrogen bonded to 
the ammine ligands under these conditions. 

As shown in Table 2, the addition of H2 at 
140°C produced significant changes in the 
IR spectrum of the 8.6% Pt montmorillon- 
ite. Foremost, the appearance of IR bands 
at 3260 and 1425 cm-’ coupled with the dis- 
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appearance of the bands associated with 
the ammine ligand vibrations indicated the 
formation of the ammonium cation. An in- 
dependent titration of ammonia released 
during deduction confirmed the formation 
of the ammonium cation. However, it was 
noted from these results that nearly 83% of 
the ammine ligands were protonated and 
retained by the mineral as ammonium, 
thereby suggesting a net increase in layer 
charge. Rozenson and Heller-Kallai (8, 14) 
demonstrated the reduction of octahedral 
iron in a natural montmorillonite by aque- 
ous solutions of hydrazine, sodium dithi- 
onite, and sodium sulfide at 70°C. They 
found that the Fe3+A10H bending mode at 
880 cm-’ disappeared with treatment by all 
of the reducing agents investigated. In each 
case the results indicated that reduction 
was accomplished by protonation of an ad- 
jacent OH group which was reversible upon 
oxidation with HZ. The 885cm-’ band dis- 
appeared in the spectra when H2 was added 
to the 8.6% Pt montmorillonite at 14o”C, 
but in this case it appears that the increase 
in layer charge is satisfied by the formation 
of the ammonium cations rather than pro- 
tonation of hydroxyl groups. 

Calculation of the amount of ammonium 
formed when all of the octahedral iron (0.54 
mmole Fe3’/g clay) is reduced together 
with the quantity of ammonium formed 
upon reduction of the platinum (0.882 
mmole NHi/g clay) yields a value agreeing 
well with the amount predicted from the ti- 
tration results, 1.472 mmole/g clay). The 
decrease in the hydroxyl stretching fre- 
quency observed with the concurrent high- 
frequency shift or disappearance of the 
FeAlOH mode has been attributed to the 
reduction of structural Fe3+ (15). The pres- 
ence of the metal-ammine complex in the 
interlayer region apparently facilitated the 
reduction of the octahedral iron, in part, by 
propping the interlayer apart, because an 
NH: montmorillonite, treated under the 
same reducing conditions as the 8.6% Pt 
catalyst, showed no change in its IR spec- 
trum indicative of structural iron reduction. 

The changes in the IR spectra of the 0.6, 
1.0, and 3.0% Pt montmorillonite upon re- 
duction are quite similar to those of the 
8.6% Pt sample although the FeAlOH de- 
formation band never completely disap- 
peared in the spectra of the lower loading 
rates. Rather, the decrease in intensity of 
the band was proportional to the metal con- 
tent of the catalyst. As the results given 
above establish the involvement of the in- 
terlayer metal in the reduction of structural 
iron, this observation is not unexpected. 

Several studies have established that 
Cu(I1) square planar complexes adsorbed 
on montmorillonite orient with the metal- 
ligand bonds parallel to the silicate sheets 
and the vacant dZ2 metal orbital perpendicu- 
lar to the interlamellar surface (16, 17). The 
2.5-A interlayer separation observed for 
the 8.6% Pt(NH3):’ montmorillonite would 
seemingly substantiate this orientation. By 
analogy, lower contents of Pt(NH&’ 
would also be expected to attain this con- 
figuration although X-ray data for these 
samples cannot confirm their orientations 
due to the uncertainty in the basal spacings. 

It is evident that reduction of all catalysts 
produced a decrease in the interlayer spac- 
ing which under vacuum approached a 
value nearly identical to an evacuated NH: 
montmorillonite. In light of the TEM re- 
sults, the reduction of the metal is envis- 
aged as diffusion of metal atoms and crys- 
tallites out of the interlayer through the 
edge openings, followed by distribution of 
individual crystallites to areas on the exter- 
nal clay surface and edge sites of lower 
electron density. Therefore, the narrowing 
of the (001) reflections with reduction of 
0.6, 1.0, and 3.0% Pt catalysts resulted 
from an increase in the overall ordering or 
regularity of the interlayer dimension pro- 
duced by the collective migration of the 
metal out of this region. This fact, coupled 
with the collapse of all catalyst basal spac- 
ings to identical values, rules out the possi- 
bility that a high proportion of the metal 
remained in the mineral interlayer as indi- 
vidual atoms or crystallites. Indeed, a pri- 
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ori, the high charge density found within 
the interlamellar regions would be expected 
to destabilize the metal and favor its redis- 
tribution to external surfaces. 

TEM results clearly show that a large 
pot-portion of the reduced metal accumu- 
lates at the edges of the mineral after diffu- 
sion out of the interlayer. This apparently 
imparts limited swelling properties to the 
mineral upon rehydration. Although the 
montmorillonites are ammonium saturated, 
equilibration with water vapor did not re- 
store the basal spacing to the value ob- 
served for a similarly treated NH: mont- 
morillonite. 

CONCLUSION 

The results of this study have shown that 
interlayer Pt(NH&’ was readily reduced 
with hydrogen at 140°C according to the 
equation Pt(NH&’ + Hz + Pt + 2NH: + 
2NH3. The reaction was accompanied by 
the concurrent reduction of structural iron 
thereby increasing the layer charge of the 
mineral. Charge balance was maintained by 
the additional formation of ammonium 
cations produced by protonation of the am- 
mine ligands . 

During metal reduction, platinum atoms 
or crystallites migrated out of the inter- 
lamellar region and were distributed on the 
external surface and edge sites, presumably 
of lower negative charge. At low metal 
loadings of 0.6 and 1.0% Pt, high disper- 
sions were obtained with minimal pretreat- 
ment. Reduction at higher metal loadings, 
however, resulted in poor metal disper- 
sion and in many instances clustering of 
smaller crystallites into films of undeter- 
mined thickness. Nonetheless, approxi- 
mately 50% of the crystallites examined 
were less than 30 A. 

Finally, X-ray diffraction analysis dem- 
onstrated that the interlayer swelling capac- 
ity of the montmorillonite mineral is not 
completely impaired, thus permitting the 
suspension of the catalyst in solution and 
suggesting that this support might be partic- 
ularly well suited to condensed phase hy- 
drogenation reactions. 
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