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Molecular orbital  calculat ions of charge distributions for the z~-aliyl complex 

with transition meta l  ions in molyMates  show that the act ivated ~ - a l l y l  
species is formed by transfer of charge density to the meta l  ion. The re la t ive  
charge distributions on the three carbon atoms of the adsorbed a11yl species 
govern the course of oxidation reaction, 

Pacqexs~ M O  pacupe~ene I -w~  3 a p a ~ a  g,rta ~r-amam-mHoro Ko~,gmeKca c MOHalVlM Ilepexo,HJ-IbIX 
MeTaJIJ'IOB B MOJII:I6~aTaX noKa3am~,  qTo aKTI, IBHpOBaltNt,Ie ~r-a.rtrlHJIbltble tlaCTHttbl o 6 p a 3 y -  

mTCn n3rTeM nepeHoca rtaoraocra 3ap~tlla Ha Merarmrg~ecK~t noa. OrHoCHTen~oe pacnpe- 
/leneHae 3ap~a Ha apex aTOMaX yrnepo~a a~cop6.poBarmHx arutr.n~.~x qac'rau pyKoBo~T 
XO~OM peaKmar~ oK.cneHna. 

The par t ia l  oxidation of propylene on molybdate  catalysts is usually considered 

to proceed by charge transfer to the c a t a l y s t / 1 / .  The a l ly l  species thus formed 

undergoes transformations through a surface complex to yield pa r t i a l / comple t e  oxida~- 

tion products. The mechanist ic  pathway of the surface reaction leading to par t ia l  

oxidation, comple te  combustion or d imer iza t ion  can be rat ional ized on the basis of 

the extent  of ac t iva t ion  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 (Se l f -  

Consistent in Charge and Configuration Molecular  Orbital) method of the a l ly l  c o m -  

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 allyllgroup, 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 ~r-allyl complexes of divalent ions of Mn, Co, 

Ni as well as of ferric ion in typical molybdates in two configurations, namely (1) 

for the z~-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 l i t e ra tu re /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 =-electrons in the a11yl group is al,~ays tess than 2, in- 

dicating that an appreciable charge density is shifted towards the metal ions, result- 

ing in the positively charged ally1 group appearing as the sixth ligand of the octah~dral 

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 

c0~ro l  the course of oxidation. The values given in Table 1 show that in the slided 

configuration the terminal carbon atom possesses a greater positive charge, which 

will facilitate nucleophilic attack of the lattice oxide tons (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 middle 

carbon atom is also high ( >  0.2), then no preferential  nucleophil ic a t tack of oxide 

ions takes place and complete  oxidation results. 

Table 2 

Rate constants at 330 ~ (tool m i n - I  m -2) for the oxidation of propylene 

on molydbates 

For total reaction 

For acrolein formation 

For carbon dioxide formation 

Selectivity to acrolein 

MnMoO 4 

16.25 

11. 11 

5 ,4  

68,3 

CoMoO 4 

221.8 

48. 5 

170, 7 

21, 9 

NiMoO 
4 

214.0 

55.6 

165,4 

26. 0 

Fe2(Mo04) 3 

818.5 

120.5 

690, 1 

14. 5 

It can, therefore, be concluded that the average number of n-electrons  on the 

a l ly l  group seems to be the cr i t ica l  parameter  controlling the partial,  total  or no 

oxidation activity.  Further computations with al l  possible relaxed configurations of 

the n - a l l y l  group on the surface may be useful for developing a unified framework to 

predict  the oxidation act iv i ty  of a given system. 

The kinetic parameters (Table  2), the observed select ivi ty  order namely 

MnMoO 4 > NiMoO 4 > CoMoO 4 and the predominant complete  oxidation act ivi ty  of 

ferric molybdate  general ly conform to the expectations based on these computations. 

However, quanti tat ive correlations are not possible at this stage because of the ideal ized 

conditions assumed for theoret ical  calculations. 
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