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Abstract 

Pt carbonyls were created via reaction of Pt tetraamine complexes in KX and NaX zeolites with CO. The anionic 
[Pt,(CO),]~- Chini complexes formed inside the zeolites were thermally decomposed in vacuum and the residual carbon 
was combusted under low oxygen pressure followed by hydrogen reduction. Transmission electron micrographs pointed to 
the formation of Pt” clusters of about 2 nm in size. Carbon deposits, if not removed by oxidation, limited the NO reduction 
by CO. The decomposition products of anionic carbonyl complexes were compared with those of cationic Pt tetraamine 
complexes, and the shift of the temperature of ammonia evolution was shown to be one of the proofs of carbonyl formation. 
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1. Introduction 

The preparation of anionic Chini complexes 
[Me&CO),]:- in zeolitic cavities has been re- 
ported in last ten years (Me: Pt, Pd, Rh, Ir 
[l- 101, while their synthesis in homogeneous 
phase and on basic oxide carriers was successful 
much earlier [ 1 l-171. The zeolite matrix is very 
suitable for the formation of short oligomers 
due to the volume restrictions. Complexes with 
n I 3 can be easily embedded in large cavities 
of faujasites and complexes with higher nuclear- 
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ity can grow through the zeolite channels, so 
that even y1= 5 was found [2-4,101. A more 
basic zeolitic matrix leads to the formation of 
shorter oligomers [ 1,2,4,10], and thus X zeolites 
containing heavier alkali cations are more con- 
venient for the preparation of carbonyl com- 
plexes of low nuclearity. 

If the same nuclearity of metals was retained 
after decarbonylation of Chini complexes, clus- 
ters containing 3-5 atoms would be obtained. 
However, destruction of the metal frame occurs 
very readily [ 181. Direct measurements of the 
size of metallic clusters after decarbonylation of 
Chini complexes both supported or synthesized 
in zeolites have been scarce: Pt-Pt distances in 
decomposed Pt Chini complex supported by 
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MgO examined using EXAFS confirmed the 
trigonal prismatic structure containing 15 Pt 
atoms 1191, which corresponds with subnano- 
metric dimensions of the Pt particles. High reso- 
lution electron microscopy of decarbonylated 
Rh carbonyls on alumina pointed to the clusters 
consisting of 6 and 12 (also 18) Rh atoms [20]. 
TEM and STEM analysis of Pt clusters sup- 
ported by alumina gave a diameter of 2 nm in 
agreement with hydrogen chemisorption after 
reduction at mild conditions (i.e. clusters con- 
taining ca. 200 atoms); a higher temperature of 
decarbonylation (500°C) resulted in formation 
of particles of 3-10 nm in size [21], i.e. ca. 
600-lo4 atoms. In most cases, only indirect 
information supporting the presence of highly 
dispersed metals follows from the shifts of ad- 
sorbed CO (e.g. [3,4]) and from the hydrogen 
and CO adsorption. A high Pt” dispersion in 
NaY after decarbonylation using mild oxidation 
at 350°C and subsequent reduction at 300°C was 
reported in [5]; this was based on sorption mea- 
surements. IR shifts in adsorbed CO (supported 
by TEM) pointed to the formation of small Pt 
clusters in faujasites after decarbonylation at 
150°C in lo5 Pa of CO, while the decomposi- 
tion in oxygen at ambient temperature lead to 
the appearance of large Pt crystallites outside 
the zeolite host [3]. Catalytic activity in struc- 
ture sensitive reactions also was employed for 
the estimation of the size of metal particles (e.g. 
Lm. 

The not well defined conditions of the de- 
composition of carbonyls leading to the forma- 
tion of small clusters were the reason of the 
present study concerning the decomposition of 
Pt Chini complexes in NaX and KX zeolites. 
The decomposition was checked by mass spec- 
trometric detection of the gases evolved; TPR, 
adsorption of hydrogen and TEM were em- 
ployed to characterize the cluster size, and the 
reactivity of Pt clusters was examined in NO 
reduction by CO. The same procedures (vacuum 
decomposition, TPR etc.) were performed with 
]Pt(NH,),]*+ in the same zeolites (this cationic 
complex was the parent compound used for the 

synthesis of Chini complexes). Pt clusters ob- 
tained by vacuum decomposition of the Pt te- 
traamine cation in zeolites are known to be 
heterogeneous in size with diameters between 2 
and 4 nm [22-271. 

2. Experimental 

Preparation and treatment of catalysts. Pt 
tetraamine complexes were ion exchanged into 
KX and NaX zeolites (9 and 3 wt% of Pt per 
undried zeolite, respectively, for details see 
[28,29]; in only some cases, explicitly specified 
in text, 3 wt% of Pt in KX was also used). The 
amine complexes were either directly decom- 
posed in vacuum (similarly as carbonyls, see 
below), or transformed into Chini complexes in 
the following way: The samples (20 mg of 
undried zeolite) were partially dehydrated by 
evacuation at room temperature for 1 h and 
allowed to interact with 200 mbar of CO in a 
250 ml reservoir at 90°C for 75 h (in some cases 
only for 24 h). Then the carbonylated sample 
(further designated PtMeX(Y)/CO) was sealed 
off from the reservoir and via a breakable con- 
nection joined to the apparatus equipped with a 
Balzers QMG 400 quadrupole mass spectrome- 
ter (MS). It was possible to heat the sample in 
vacuum or in oxygen at low pressures, and also 
in a stream of oxygen or hydrogen dried by 
passing through the molecular sieve KA at 
-78°C. The decomposition of the carbonyls or 
amines in vacuum was checked using a direct 
connection to the MS; only an auxiliary pump- 
ing system was employed. The samples were 
first decomposed in vacuum (the highest pres- 
sure near the sample was 0.5 Pa) with a heating 
rate of 2”C/min to 150°C kept at this tempera- 
ture for 20 min, and then heated to 400°C 
(heating rate of S”C/min). As carbon deposits 
remained after vacuum decomposition in sam- 
ples originally containing carbonyls, combus- 
tion of these remainders was carried out under 
170 Pa of oxygen for several minutes followed 
by reduction in an hydrogen stream. 
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13C0 exchange for CO in carbonyls and IR brown after complete carbonylation). The time 
+ DR UV/ VIS spectra of carbonyls. The same plot of the 13C0 exchange (gas) for CO in 
amount of 13C0 as CO in the carbonyl expected carbonyls (PtKX/CO) at 90°C is given in Fig. 
after formation of Chini complex (CO/Pt = 2) 1. As the amount of the parent labelled CO was 
was allowed to interact with PtKX/CO (3 wt%) equal to the amount of CO assumed in Pt 
at 90°C. The composition of the gaseous phase carbonyl (CO/Pt ratio = 2), the l/ 1 ratio of 
was checked using the MS. Diffuse reflectance labelled and unlabelled CO reached in equilib- 
(DR) UV/VIS spectra were recorded in situ rium supports the formation of the Chini com- 
using a Cat-y 4 spectrometer equipped with a plex. Similar dependencies were found for all 
Harrick reaction chamber (for details see Ref. carbonyls studied. Further supports of the pres- 
[3]). FTIR spectra of thin zeolite plates (7 mg ence of Chini complexes follow from time re- 
cm-* in thickness) were also measured in situ solved UV-VIS and IR measurements [lo], 
using a Nicolet MX-1E spectrometer. Details where the progress of carbonyl formation is 
of these measurements are given in [lo]. clearly visible. 

TPR and TEM examination. The decomposed 
and reoxidized samples (calcined in oxygen 
stream at 400°C 1 h) were reduced by tempera- 
ture programmed reduction (TPR, for details see 
Ref. [26,27]). The consumption of hydrogen 
after the TPR during rapid cooling allowed to 
compare the Pt surfaces exposed. Transmission 
electron micrographs [24] were employed for 
the characterization of the Pt dispersion. 

The FTIR and DR UV/VIS spectra of 
PtKX/CO and PtNaX/CO are shown in Fig. 2. 
The bands of d + r * transitions found in the 
UV/VIS spectra at 440, 550 and 350, 690 and 
400 nm are typical for [Pt,(CO),]~- complexes 
containing Pt,, Pt, and Pt,, clusters, respec- 
tively. Formation of the Pt Chini complexes is 
also confirmed by the bands of stretching vibrd- 

The CO + NO reaction was examined in a 
static arrangement, in a ‘batch’ reactor (volume 
of 400 ml) with a 1: 1 mixture of reactants of 
200 Pa (total pressure) at 180°C. A negligible 
amount of the gas mixture was led into the MS 
using a needle valve. The decrease of pressure 
during the measurements was due to the reac- 
tion stoichiometry (predominant reaction: 2C0 
+ 2N0 = 2C0, + N2). Each reaction was fol- 
lowed by temperature programmed desorption 
(TPD, lO”C/min, 180-400°C) of surface de- 
posits, the gases released were led directly into 
the MS. 

3. Results 

Formation of carbonyls. The formation of 
carbonyls after the above experimental condi- 
tions follows qualitatively from the change in 
colour (in NaX brick-orange, in KX with 3 wt% 
also brick-orange and in KX with 9 wt% brick- 
orange after incomplete carbonylation, green- 

i * I I I 

50 100 

time, min. 

Fig. 1. “CO exchange for CO in PtKX/CO at 90°C. 
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Fig. 2. FITR (A) and DR UV/VIS (B) spectra of PtKX/CO (1) (3 wt%) and PtNaX/CO (2) carbonylation at 9O”C, CO pressure 50 kPa, 
24 h (1) and 95 h (2). 

tions of CO ligands to Pt atoms in on-top (2042, 
2052 cm-‘) and bridged bonding (near 1780 
cm-‘). The shape of the on-top bonds and the 
maxima frequencies again point to the presence 
of Pt, (2042 cm-‘) and Pt, (2052 cm-‘) car- 
bonyls. 

Decomposition in vacuum. The comparison 
of vacuum decomposition of the anionic Pt 
carbonyl and cationic Pt tetraammine complex 
in PtNaX is shown in Fig. 3a and b, respec- 
tively. The decomposition up to 150°C (2°C per 
min, see Section 2) is displayed in the left-hand 
side of the figure, that with the more rapid 
heating rate (5°C per min) between 150-400°C 
is given in the right-hand side. The fractions of 
the individual compounds were not calculated 
from these ions due to low accuracy of such 
calculations in this case, but roughly - consider- 
ing the ion cross sections of the respective 
molecules, their fragmentation and properties of 
our MS - it is possible to relate the bold printed 
ions (m/z = X) to the following compounds: 
18+ to water, ion 16+ to ammonia (ion inten- 
sity should be multiplied by factor 2), 28+ to 

- - 16+x2 

-.- 18+x0.5 

.= ( I 

50 100 150- 150 250 350 
20 min 

T, ‘C 
Fig. 3. Vacuum decomposition of PtNaX/CO (a) and Pt(NH,), 
NaX (b). 



J. Novcikovri et al./Joumal of Molecular Catalysis A: Chemical 111 (1996) 123-133 127 

CO and nitrogen, 44+ to CO, and 30+ to NO. 
It follows from Fig. 3 that ammonia is released 
together with CO below 150°C from the car- 
bony1 complex (a, left), while almost only water 
is released in this region from the Pt tetraamine 
complex (b, left). Above 150°C CO ( + N2) and 
CO, are the only products evolved from the 
original Chini complex; ammonia is released 
from the amine complex, being accompanied by 
CO + N, in lower fraction than from the car- 
bonyls (for details of the vacuum decomposition 
of Pt tetraamine ions in faujasites see Refs. 
L&271). 

The same dependencies for the vacuum de- 
composition of carbonyls and [Pt(NH,),12’ in 
PtKX are shown in Fig. 4: (a) represents the 

-- 10+x2 

-.- 18+ x 0.5 

- 28+ xl 

2’ l?!L??L 18 
.* 4f+l6+ 

._,CL__ ,c__--. __ -.-.- - - 
50 100 15020 mln 150 250 350 

C 

T, ‘C T, ‘C 
Fig. 4. Vacuum decomposition of Pt(NH,),KX (a), of incom- 
pletely carbonylated PtKX/CO (b) and of completely carbony- 
lated P&X/CO (cl. 

Fig. 5. Separation of CO and N, in the ion 28+ for vacuum 
decomposition of Pt(NH,),KX (a) and completely carbonylated 
PtKx/co (cl. 

tetraamine complex, (b) the partially carbony- 
lated sample (24 h carbonylation), (c) the com- 
pletely carbonylated sample. A substantially 
higher fraction of CO below 150°C appears with 
the completely carbonylated sample and is ac- 
companied by the evolution of ammonia. In (b), 
the majority of NH, is released above 150°C 
which corresponds to the prevailing presence of 
the amine complex. The maxima of CO evolved 
from the completely carbonylated Pt (c) appear 
at lower temperature than for the partially car- 
bonylated sample (b), the first (highest) peak 
seems to be characteristic for the complete car- 
bonylation. Colours of both (b) and (c) are 
completely different: (b) is brick-red, similarly 
as the completely carbonylated less Pt enriched 
PtNaX, while the completely carbonylated PtKX 

Y 

- 12’ 
. . . . . 14+ a 

_. .“. .“.I. ..I... 

4 
50 100 150 - 150 250 350 

20min 



128 J. Nourikovh et al. /Journal of Molecular Catalysis A: Chemical 1 I1 (1996) 123-133 

A 

5 60 

0” 1 
+J 
P 

401 

i 
201 

100 200 300 400 0 100 200 300 400 
T, ‘C 

Fig. 6. TPR curves of reoxidized samples. (A) PtKX, (B) PtNaX. (a, b) After the decomposition of tetraamine ions in vacuum, (c, d) 
the decarbonylation of Chini complexes in vacuum, - - - (- 18)-25°C - 25-400°C. 

after 

is brown-greenish. The fragment ions 12+ and prevails in the decomposition of the Pt te- 
14+ can be in some cases employed to separate traamine ion, only in the highest temperature 
CO from N,, as is shown in Fig. 5 (data related region CO appears in almost the same amount 
to sections a and c of Fig. 4); in our MS the as N, (ion 12+ must be multiplied by factor 3 to 
fragment ion m/z = 12+ forms 2% of the compare the abundance of CO and nitrogen). 
molecular peak of CO 28+, while the fragment The Chini complex releases predominantly CO 
ion m/z = 14+ forms 6% of the molecular below 150°C (again, the ion 12+ should be 
peak of N,. It follows from Fig. 5 that nitrogen multiplied by factor 3), while above this tem- 

Table 1 
Adsorption of hydrogen after TPR (H/Pt ratio) and initial CO + NO conversion 

Sample Pt (wt%> a 

PtKX (from amine) 9 

PtKX (from incomplete carbonylation) 9 

PtKX (complete carbonylation) 9 

PtNaX (from carbonyl) 3 

Pretreatment H/Pt CO,/Pt b 

vat. dec. 0.25 n.d. 
comb. 0.25 6.6 
vat. dec. 0.35 3.9 
comb. 0.35 7.6 
vat. dec. 0.35 1.9 
comb. 0.35 4.1 
vat. dec. 0.33 2.4 
comb. 0.33 8.7 

’ Per undried sample. 
b % conversion to CO, after 10 min, divided by amount of Pt in p,mol. 
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perature both CO and N, are present in a com- 
parable ratio. Some CO, is released during the 
vacuum decomposition of both Chini and Pt 
tetraamine complexes (Fig. 3 and Fig. 4). 

TPR and TEM examination. TPR curves of 
reoxidized (sequence: vacuum decomposition of 
Pt complexes, reduction, reoxidation) PtKX (A) 
and PtNaX (B) are depicted in Fig. 6: after the 
decomposition of Pt tetraamine ions (Fig. 6a 
and b) and after the decomposition of carbonyls 
(Fig. 6c and d). Full curves depict the TPR 
between room temperature and 4OO”C, dashed 
curves show the reduction from - 18°C to room 
temperature. The H/Pt ratios, calculated from 
hydrogen adsorption during rapid cooling after 
the TPR, are listed in Table 1. The decomposi- 
tion of the tetraamine complex [Pt(NH,),]‘+ in 
vacuum leads to a little lower adsorption than 
that for decomposed carbonyls. Shadowed areas 
in the TPR curves correspond to the desorption 
of hydrogen from metallic Pt created during the 
reduction. The consumption of hydrogen in TPR 
and adsorption measurements for NaX is lower 
than for KX due to 3 X lower Pt load in the 
former case. 

TEM micrographs (Fig. 7) show a higher and 
more homogeneous dispersion of Pt in vacuum 
decomposed carbonyls (a) than in amine com- 
plexes (b). The TEM micrographs were taken 
from PtKX with 3 wt% of Pt which behaves in 
the same manner as PtNaX (3 wt% of Pt), as 
concerns the dispersion of Pt. 

CO + NO reaction. The time course of NO 
reduction by CO at 180°C over PtKX is shown 
in Fig. 8 for completely carbonylated sample 
decomposed in vacuum (a), after TPD following 
this reaction and combustion of surface deposits 
(b), over decomposed PtKX amine complex in 
vacuum (c) and after following reduction (d). 
Ion intensities are recalculated directly to the 
fractions of reactants and products. The reactant 
CO and the products N,, CO, and N,O were 
separated using 13C0 (ions 29+, 28+, 45+ and 
44+, respectively, instead of the same 
mass/charge ratio 28 for CO and N,, and 44 
for CO, and N,O without labelling). It can be 

Fig. 7. TEM micrographs ol* PtKX with 3 wt% of Pt, (a) after the 
decomposition of Chini complexes in vacuum, (b) after the de- 
composition of tetraamine ions in vacuum. 
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Fig. 8. CO+NO reaction at 180°C over PtKX (decomposed 
PtKX/CO, after complete carbonylation), and over decomposed 
pt(NH,),KX. (a) After vacuum decomposition, (b) after TPD and 
combustion of surface deposit, both originally carbonyls; (c) after 
vacuum decomposition and combustion, (d) after following reduc- 
tion - (c) and (d) originally Pt tetraamine ions curves: lC0, 2N0, 
3C0, 4N,, 5N,O. 

seen that: (i) the reaction proceeds more rapidly 
over decomposed tetraamine complex than over 
decomposed carbonyl (c versus b), and no sub- 
stantial effect of reduction following vacuum 
decomposition of amine appears (d versus c; 
similar effect was found for carbonyls), (ii) the 
combustion of surface species after vacuum de- 
composition of the carbonyl enhances the reac- 
tion (b versus a), and (iii) the fraction of N,O in 
the gas phase is low, especially in more rapid 
reactions over decomposed Pt tetraamine com- 
plex (curves 5). The other decomposed car- 
bonyls and amines exhibit very similar features. 
The initial conversion to CO, (after 10 min), 
related to the amount of Pt (in mm01 of Pt in the 

sample weight) is listed in Table 1 for various 
decomposed carbonyls and amines. It follows, 
in agreement with Fig. 8, that the combustion of 
surface species increases the rate at least twice. 
The decomposed amines exhibit higher activity 
than decomposed carbonyls, especially if the 
carbonylation was complete. This difference 
would be even higher, if the Pt cluster size and 
conversion per Pt surface exposed were consid- 
ered (cf. TEM, Fig. 7 - lower dispersion of Pt 
in decomposed amines than in decomposed car- 
bonyls, and also Pt/H ratios, slightly higher for 
decomposed carbonyls). The activity of the de- 
composed PtNaX/CO, related to the amount of 
Pt, is similar to that of the decarbonylated 
PtKx/CO. 

TPD of su$ace species formed during the 
CO -I- NO reaction over KX before and after 
combustion of carbon deposit on KX with de- 

b 

Fig. 9. TPD of surface species after CO+NO reaction (left-hand 
side), and combustion of remaining surface species after TPD 
(right hand side). (a) TPD after CO+NO reaction over vacuum 
decarbonylated F’tKX/CO, (b) following combustion at 4OO”C, (c) 
TPD after reaction following procedure (b), (d) combustion at 
400°C following (c). 
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composed carbonyl; combustion of the deposit. 
Temperature programmed desorption (TPD) of 
CO and CO, after the CO + NO reaction is 
displayed in the left-hand side of Fig. 9 (a) from 
decarbonylated Pt in RX; the decarbonylation 
was not followed by the combustion of surface 
deposit. The right-hand side (b) displays the 
combustion of carbon deposits after (a). Section 
(c) shows TPD again after CO + NO reaction, 
but with the sample after procedure (b), i.e. 
after combustion of C deposits. Section (d) dis- 
plays the combustion following TPD (c). It can 
be seen that the surface deposit is formed pre- 
dominantly during the decarbonylation, and only 
from much minor extent during the CO + NO 
reaction (cf. (a) versus (c), and (b) versus (d)). 

4. Discussion 

Formation of carbonyls in NaX and KX. The 
transformation of Pt tetraamine cations into Pt 
carbonyl anions in our zeolites follows from (i) 
both DR UV/VIS and FTIR spectra of CO 
vibrations (Fig. 2), (ii) the marked temperature 
shift of the release of ammonia to lower temper- 
ature in the decomposition of carbonyls com- 
pared to amines (Fig. 3 and Fig. 4) (iii) the 
release of CO from carbonyls (Figs. 3-5), (iv) 
the CO/Pt ratio = 2 in the 13C0 exchange for 
12C0 of carbonyls (Fig. l), and (v) the colour of 
the samples. 

Decomposition of anionic and cationic Pt 
complexes. The decomposition of these two dif- 
ferent Pt species proceeds in a different way, as 
mentioned in the above paragraph. Ammonia is 
released from carbonyls during their decomposi- 
tion at temperatures corresponding to the deam- 
moniation of NH,X zeolites (during the car- 
bonylation Pt amine cations are replaced by 
NH:), while the amine complexes evolve am- 
monia at substantially higher temperature. The 
temperature of the ammonia release can serve as 
a proof of complete carbonylation: in Fig. 4, 
section (b), the NH, evolution proceeds in both 
the ‘low’ and ‘high’-temperature region, which 

points to the incomplete carbonylation. In con- 
trast, no ammonia release is present at higher 
temperature from completely carbonylated Pt 
(section (c), Fig. 4). 

The decarbonylation temperature of anionic 
CO complexes in our NaX and KX zeolites 
agrees with that reported in the literature [5]. 
The main CO removal proceeds within 80- 
120°C (Fig. 3 and Fig. 4); if the carbonylation is 
not complete, it occurs near the higher value 
(Fig. 4~). These two figures also show that a 
second, though less intensive, release of CO 
takes place within 150-350°C. This CO ( + N2) 
release is also observed during the decomposi- 
tion of the relevant Pt tetraamine complexes. 
The evolution of CO from the amine complexes 
is lower than that from the anionic carbonyl 
complexes and in both cases can be related to 
the decomposition of surface carbonates, as also 
CO, is removed. The formation of CO, during 
the carbonylation corresponds with the assumed 
stoichiometry of this reaction [lo], so that its 
release during decarbonylation is not surprising. 
In [5], the WGS reaction was assumed to result 
in CO, formation. Although it was possible to 
remove carbon oxides by evacuation at 400°C 
some carbon remained in the samples after de- 
carbonylation (in [28] presumably due to CO 
disproportionation); it was possible to remove it 
by combustion with oxygen. Even mild oxida- 
tion at 250°C removed the carbonaceous species 
which were also found in [5], and removed in a 
similar way. 

Nitrogen is also released during vacuum de- 
composition as follows from Fig. 5; its evolu- 
tion in the decomposition of amine complexes 
characterizes the Pt autoreduction [22-271. The 
amount of N, is considerably lower during the 
decomposition of Chini complexes than during 
the decomposition of amines (cf. sections (a) 
and (c) of Fig. 5), which again points to the 
transformation of amine to carbonyl complex. 

Pt” clusters. It follows from the hydrogen 
adsorption as well from the TEM micrographs 
that the Pt nuclearity of carbonyls was not 
retained in the metallic particles in our samples. 
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Clusters containing 6 and 9 (maximum 15) Pt 
atoms should be formed in our samples (as at in 
Pt Chini complexes was 2-3, with NaX also 5 
[lo]), but the average size observed by TEM is 
N 1.8 nm, i.e. ca. 140 Pt atoms [29]. The cluster 
size was almost the same, if the decomposition 
was performed in the oxygen atmosphere (op- 
posite to Ref. [3], which reports on a substantial 
enlargement of Pt clusters after such treatments), 
or in CO atmosphere. The size of Pt clusters 
after the carbonyl decomposition was similar to 
that observed with decomposed Pt carbonyls 
prepared on alumina surfaces [21]. Our unsuc- 
cessful attempt to prepare fine Pt metallic clus- 
ters by decomposition of carbonyls agrees with 
Ref. [ 181 where a very easy destruction of the 
original metallic frame is reported. It seems that 
the metal nuclearity corresponding to that in 
carbonyls can be retained only after mild decar- 
bonylation at low temperature, when the 
metal-support bonding is strong enough, so that 
metal atoms are not mobile and cannot agglom- 
erate in larger particles. Higher temperature and 
oxidation of carbon deposits weaken this bond, 
which leads to the formation of metal particles 
larger than 1 nm. Detailed description of the 
decomposition of carbonyls leading to the re- 
tainment of the Pt nuclearity without deposits 
containing carbon, is, unfortunately, still miss- 
ing. 

The decomposition of Pt tetraamine ions in 
vacuum results in a heterogeneous particle size 
distribution between l-4 nm in size, which well 
agrees with the literature data [22-271. This 
dispersion is only a little lower than that ob- 
tained by the decomposition of Pt carbonyls. 

CO + NO reaction. This reaction has been 
extensively studied over Pt unsupported as well 
as supported by oxides (e.g. Ref. [30]). Our 
preceding papers [26,27] concern the reduction 
of NO by CO over Pt in X and Y zeolites with 
various alkali cations, in which Pt” was obtained 
by the decomposition of Pt tetraamine ions in 
vacuum. The reaction was accelerated by the 
increasing positivity, diameter and number of 
alkali cations. 

The a little higher and more homogeneous 
Pt” dispersion formed in the decomposition of 
carbonyls results in a lower initial conversion 
compared to the conversion over vacuum de- 
composed Pt amines (Fig. 6). Even lesser initial 
activity was found for finely dispersed Pt after 
calcination and reduction of Pt amine ions (un- 
published results). The effect of metal disper- 
sion on the catalytic activity in structure sensi- 
tive reactions is well known and may be the 
reason of the inverse dependency of the initial 
activities in NO + CO reaction on the Pt size, as 
the ability to dissociate NO was found to in- 
crease with the increasing Pt particle size [31]. 

Carbon deposits found after the decomposi- 
tion of carbonyls substantially retard the reac- 
tion, as follows from Fig. 5 and Table 1. This is 
clearly due to the partial occupation of active 
sites. 

5. Conclusions 

It has been found that, under the experimen- 
tal conditions used, the decomposed Pt Chini 
complexes in X zeolites do not retain the nucle- 
arity of the preceding carbonyls and Pt atoms 
agglomerate into 1.8 nm clusters in average. 

The decomposition of carbonyls proceeds in 
vacuum within 80-150°C with simultaneous 
evolution of ammonia from NH,’ ions created 
during the carbonylation. Am.monia from Pt te- 
traamine complexes is released at substantially 
higher temperature, and thus this difference in 
the temperatures of deammoniation can serve as 
a support for formation (and extent) of carbony- 
lation. 

The decomposition of Pt carbonyls in vac- 
uum leaves carbon deposits on the surface which 
considerably decrease the CO + NO conversion. 

Pt” clusters after the decomposition of car- 
bonyls are a little less active in the CO + NO 
reaction than the samples obtained by vacuum 
decomposition of Pt tetraamine ions in the same 
zeolites, which is assigned to higher Pt disper- 
sion in the former samples. 
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