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IR spectroscopy, ESCA and PAD studies indicate that in contrast to im- 
pregnation catalysts, platinum and lead in the anchored, reduced 
(Pb + Pt)/SiO 2 catalysts interact, thus decreasing the electron density on Pt. 

MeTo/IaMM HKC, ! ~ 3 C  H PPA no~ca3aHo, qTO CoC'ro~HHe nnaTmtsi  H CBHHLIa B 3aKpe- 
nnyHHMX BOCCTaHoBneHIlblX KaTanH3aTopax (Pb + Pt)lSiO2 s OTnmme OT nponHToqm~x 
HMeeTcg B3aHMO~CTBHe M e ~  Pb e Pt, n p m s o ~ e e  K CHHXeHHIO 9JIeKTDOHHO~ 
ILrloTHOCTH Ha nnazmle.  

In platinum catalysts prepared via decomposition of metal complexes anchored 

to the surface of SiO 2, ulttadisperse Pt particles do not agglomerate up to 600 ~ 

in the presence of low-valent ions Re, W, Mo and Sn bonded to the support /1/ .  

According to electron microscopy data, similar stabilization of disperse metal 

particles is also observed for Pt-Pb catalysts prepared via supporting platinum on 

silica, modified by lead ions. The aim of the present study was to obtain data on 

the electronic state of Pt and Pb in (Pb + Pt)/SiO 2 catalysts prepared by various 

methods. 
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RESULTS AND DISCUSSION 

Catalysts were prepared via t reatment  of SiO 2 by Pb(CH3COO)4 vapor in 

vacuum at 180 ~ and subsequent removal of organic ligands from surface lead 

compounds by heating in 82 at 600 ~ and supporting Pt(C4HT) 2 on the lead- 

containing support. For comparison, a sample was prepared via impregnation of 

SiO 2 by an aqueous solution of Pb(NO3) 2 and H2PtC16. 

Curves of radial atomic distribution (PAD) were calculated from the curves 

of intensity recorded on an X-ray diffractometer DRON-2 in molybdenum radia- 

tion. lit and ESCA spectra were recorded on UR-20 and ESCA-8 spectrometers. 

Provision was made to eliminate any contact with air. 

IR Spectrosco~ Data. Treatment of SiO 2 with Pb(CH3COO) 4 vapors at 

150 ~ significantly decreases the absorption band of surface OH groups in SiO 2 

at 3740 cm "1 in the I1t spectrum of silica dehydrated at 600 ~ After reduction 

of the lead-containing support by hydrogen at 600 ~ the initial concentration 

of hydroxy groups is not regenerated. The results indicate that Pb(CH3CO0)4 

is bonded to SiO 2 due to its interaction with OH groups of the suppo~ probably 

according to the scheme 

+Pb (CH3COO) 4 ~ Pb(CHaCOO) 2 + 2CHaCOOH 

-OH -0/ 

After supporting Pt(C4H7) 2 on the reduced lead-containing support and 

subsequent treatment by H 2 at 600 ~ the OH groups of SiO 2 reacted with 

Pb(CHsCOO)4 are liberated only partly. Hence, upon reduction, oniy part of 

the Si -O-Pb bonds is dissociated, otherwise the regeneration of the initial con- 

centration of - S i - O H  groups would occur, as is the case for the reduction of surface 

complexes of other m e t a l s / 1 / .  
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Fig. 1. PAD curves of a (Pb + Pt)/SiO 2 catalyst reduced by hydrogen at 600 ~ 
prepared via interacting Pb(CH3COO) 4 and Pt(C4HT) 2 with SiO 2 surface 
(dotted line) and SiCX 2 (solid line). Vertical lines illustrate coord~ation 
peaks of platinum ( m )  and lead ( - - - )  

RAD Data. The RAD curve of the (Pb + Pt)/SiO 2 catalyst reduced at 600 ~ 

(Fig. 1) demonstrates an increased (compared with the support) electron density 

at interatomic distances of the face-centered cubicstructure (FCC) of platinum 

(r = 9 . 7 8 ,  3.92 and 4.82 ~)  and at distances which can be attributed to the Pb-Pt '  

bonds in the FCC structure of metallic lead or in the structure of Pb-O (r = 3.50 

and 4. 96 ~) .  In addition, the peak intemity corresponding to the first coordina- 

tion sphere of platinum, contributes an interatomic distance of r = 2.9 ~ ,  which 

can be attributed to the Pt-Pb bond in the Pt3Pb particles. A comparison between 

experime.ntal and theoretical areas under the coordination peaks indicates that 

the size of metal particles is about 10 ~ and the content of particles of metall ic 

or lead oxide forms is no more than 80% of its total content in the catalyst. 

XPS Data. The electronic state of plarinum or lead is determined by the 

method of (Pb + Pt)/SiO 2 preparation. In the catalyst reduced at 600 ~ and prepared 

via SiO 2 impregnation by an aqueous solution of H2PtCI 6 and Pb(N%)2, the bond 

energy (Eb) of Pt 4f7/2 is 71.2 eV (Fig. 2), which is close to the value obtained for 

metallic platinum /2 / .  The E b of Pb 4f7/2 slightly changes upon reduction, hence 
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Fig. 2. Binding energies of Pb 4f7/2 (A) and Pt 4f7/2 (B) after various treatments of 
the catalysts, A: 1 - sample prepared through Pb(OOCCH3) 4 and Pt(C4H7)2, 
9. - through Pb(NO3) 2 and H2PtCI6, 3 - through Pb(OOCCH3)4, 
13:. 1 - sample prepared through Pb(OOCCH3)4 and Pt(C4HT)2, 2 - through 
Pb(NO3) 2 and H2PtCI 6. Treatments of the catalysts: 1 - unreduced samples, 
2-3 - samples heated in H 2 at 300 and 600 ~ respectively 

the lead in the impregnation catalyst (Pb + Pt)/SiO 2 treated with hydrogen at 

600 ~ is in an oxidized state, and probably does not interact with the supported 

platinum, in contrast to the platinum-lead catalyst prepared via decomposition 

of SiO 2 - supported platinum and lead complexes (Fig. 2). Hydrogen treatment of 

this catalyst decreases the E b of Pb 4f7/2 to the value typical for metallic lead 

(137 e V / 3 / ) ,  and its platinum is in an elect~0n-deficlent state (E b Pt 4f7/2 = 

= 72.0 eV). It should be noted that without platinum (Pb/SiO 2 prepared via 

interaction between Pb(CH3COO) 4 and SiO 2 surface) E b Pb 4 f / 2  changes slightly 

after reduction, 

In discussing the possible mechanism for the action of lead in the catalysts 

prepared via decomposition of supported Pt and Pb complexes, one should take 

into account the following experimental results: 

1. The presence of ultradispetse metal particles in the reduced catalyst (accord- 

ing to electron microscopic data, their predominant size is 6-9 ~. 

236 



BOGDANOV et al.: ANCHORED COMPLEXES 

2. Preservation of the chemical bond between part of the bonded lead ions and 

the SiO 2 surface after catalyst reduction (IR spectroscopy). 

3. Variations in the electronic state of  Pt and Pb in the reduced (Pb + Pt)/SiO 2 

catalyst, as compared with Pt/SiO 2 and Pb/SiO 2 (XPS data). 

4. The presence of interatomic distances typical for Pt-Pt, Pb-Pt and Pb-Pb in 

the RA D curve. 

The data obtained can be interpreted in terms of a model involving stabilization 

o f  Pt and Pb atoms on Pb(II) ions bonded to the SiO 2 surface, with the formation of 

ultradisperse PL Pb and Pt-Pb particles, 

A chemical bond in these surface formations between metal  atoms and lead ions 

bonded to the support is a possible reason for the stability increase of the supported 

metal against sintering. 

The state of Pt and Pb in reduced (Pb + Pt)/SiO 2 catalysts prepared via bonding 

of metal  complexes significantly differs from their state in impregnation catalysts. 

Cataly sis of a similar composition prepared via SiO 2 impregnation by aqueous solu- 

tlons of inorganic metal  compounds, may contain particles of metallic platinum and 

lead oxide (XPS data) and coarse particles of Pt-Pb a l loys /4 / .  

As a result of interaction with lead, the adsorptive andcatalytlc properties of 

platinum change. Thus the amount of hydrogen desorbed in the temperature range 

of 30 to 600 ~ decreases from 0.7 H/Pt to 0.15 H/Pt, upon going from Pt/SiO 2 to 

(Pb + Pt)/SIO2, though the latter has the highest disperslty. The nature of change in 

the catalytic properties of Pt in platinum-lead systems prepared by bonding metal  

complexes, is in many ways similar to that observed for Pt-Sn systems, wherein 

platinum is stabilized by interaction with tin surface i ons /5 / ,  In the presence of 

lead, the sensitivity of platinum to the poisoning effect of the reaction medium and 

the hydrogenolysis of C-C bonds in hydrocarbons decreases. 
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