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Molecular orbital calculations of charge distributions for the n-allyl complex
with transition metal ions in molybdates show that the activated = -allyl
species is formed by transfer of charge density to the metal ion, The relative
charge distributions on the three carbon atoms of the adsorbed allyl species
govern the course of oxidation reaction,

Pacuetst MO pacnperienieHAs 3apsina A m-/UTAIIBHOYr0 KOMIUIEKCa C HOHAMH NepeXOIHbIX
MeTajlnos B MOIMOaTaX MOKA3aNy, YT0 aKTHBHPOBAHHKEIE w-aJl/IHIILHbIC YacTHlibl 06pasy-
10Tcg ITyTeM HepeHoca INIOTHOCTH 3apAna Ha MeTanuyecKuit HoH. OTHOCHTENEHOE pacipe-
ZleJIeHHe 3apsANa Ha TPeX aToMax yIiepopa afcopGupoBaHHbIX aTUTWIRHEIX JaCTHI PYKOBOLGME
XOIOM peaKHHH OKHCTICHHUA. :

The partial oxidation of propylene on molybdate catalysts is usually considered

to proceed by charge transfer to the catalyst /1/. The allyl species thus formed

undergoes transformations through a surface complex to yield partial/complete oxida=

tion products. The mechanistic pathway of the surface reaction leading to partial

oxidation, complete combustion or dimerization can be rationalized on the basis of

the extent of activation of the olefin, i.e. on the basis of the net positive charge con-

centrated on each of the three carbon atoms., Calculations by the SCCC-MO (Self-

Consistent in Charge and Configuration Molecular Orbital) method of the allyl com-

plexes of Co, Ni, Fe, and Mg by Haber et al. /2/ show that when the positive charge
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is concentrated on the terminal carbon atoms of the allyl|group, then the system is
capable of promoting the oxidation of propylene. However, they have not attempted
to rationalize, on the basis of charge distribution at the respective centers, the pre-
ference for partial or complete oxidation. Therefore, in the present investigation an
attempt is made to distinguish between the possibilities of occurrence of complete/
partial oxidation on the basis of charge distribution at the reaction centers obtained
through SCCC-MO computations of m-allyl complexes of divalent ions of Ma, Co,
Ni as well as of ferric ion in typical molybdates in two configurations, namely (1)
for the n-allyl group bonded to the metal ion in a symmetric fashion, and (2) for a
slided geometry wherein the allyl group is bonded to the metal ion through one of its
double bonds, by SCCC-MO method, The procedure described in the literature /3/
for calculating the charge distribution and electronic configuration has been adopted
with Mulliken's population analysis with the resonance integrals being approximated
according to the Wolfsberg~-Helmholz formula with F = 1.75, The results of these
calculations are summarized in Table 1,

Since low -spin complexes had lower orbital energies in all cases studied, it is
assumed that the formation of these species is' more probable on the surface and, there-
fore, data relevant to this configuration alone are considered for discussion, In all the
cases, the average number of n-electrons in the allyl group is always less than 2, in-
dicating that an appreciable charge density is shifted towards the metal ions, result-
ing in the positively charged allyl group appearing as the sixth ligand of the octahedral
complex considered, This transfer of charge density provides the necessary bonding of
the allyl group to the surface as well as the required activation,

The extent of charge transfer and the resultant charge distribution appear to
coptrol the course of oxidation. The values given in Table 1 show that in the slided
confiéuration the terminal carbon atom possesses a greater positive charge, which
will facilitate nucleophilic attack of the lattice oxide fons (oxide ion linked to the

nearest cation) and yield an oxygenated surface complex, which may ultimately
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desorb as acrolein. This is true only when the fractional positive charge on other carbon
atoms is small in magnitude, When the terminal carbon atoms in the slided configura-
tion possess almost the same amount of positive charge and the charge on the middile
carbon atom is also high (> 0.2), then no preferential nucleophilic attack of oxide

ions takes place and complete oxidation results,

Table 2

Rate constants at 330 °C (mol min~1 m~2) for the oxidation of propylene

on molydbates

MnMoO 4 CoMoO4 NiMoO4 Fe 2(M004)3
For total reaction 16, 25 221.8 214,0 818, 5
For acrolein formation 11,11 48,5 55,6 120.5
For carbon dioxide formation 5.4 170.7 165.4 690. 1
Selectivity to acrolein 68,3 21. 9 26,0 14.5

It can, therefore, be concluded that the average number of m-electrons on the
allyl group seems to be the critical parameter controlling the partial, total or no
oxidation activity. Further computations with all possible relaxed configurations of
the =-allyl group on the surface may be useful for developing a unified framework to
predict the oxidation activity of 2 given system.

The kinetic parameters ( Table 2), the observed selectivity order namely
Ml‘lMOO4 > NiMoO4 > CoMoO4 and the predominant complete oxidation activity of
ferric molybdate generally conform to the expectations based on these computations.
However, quantitative correlations are not possible at this stage because of the idealized

conditions assumed for theoretical calculations.
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