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Extended Httckel calculatiom have been performed on a number of % H  6 

complexes with a linear O--Cu--O fragment. The influence of the mutual 

orientation of C 8 H 8 and the Cu 20  fragment in hypothetic surface complexes 

upon the energy of the system and electron density distribution has been de- 

termined. The role of these complexes in catalysis is discussed. 

PacmapeHHblMMeTOnOM XIOKKe;Iit HpOBeLteH p a c q e T  psjaa  
r n n o T e T H ~ e c x H x  KOMHneKCOB C s H  6 c nHHei%HblM @#paI'MeH-- 
TOM cTpyKTypbI  3 a x n c n  MeJaH O - - C u - O .  HaflneHo BnaSHHe 
B3aliMHOI~ oplieHTaUI4H C3H 6 ~ 4ppaPMeHTa Cu 2 ~ B PHnO-- 
TeTH~eCKHX noBepXHOCTHbIX KoMnneKcax  Ha s H e p r n ~ c n c T e M b *  
n p a c n p e n e n e H n e  SneKTpOHHOI~ nnOTHOCTn B Heft. O 6 c y ~ a a -  
eTCS pollb 9THX KOMHIIeKCOB B KaTaaH3e. 

The oxidation of propylene to acrolein over oxide catalysts is known to occur 

via hydrogen atom abstraction from the methyl group and the formation of an allylic 

type intermediate surface compound oxidizable to the final p roduc t /1 -3 j .  The 

first step in this process is likely to be the formation of a surface complex Involvlng 

the reagents and the catalyst /4,  5/. One may assume that a C3H 6 molecule in a 

given complex has already undergone those changes which are necessary for allyl 

oxidation, i .e .  decrease of the C=C and C -  H (in the CH 8 group) bond strengths 
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and increase of the C - C  bond strength. Literature data partly support this view/6, 7/ 

but give no satisfactory information on the nature of these complexes. 

The purpose of this work was to determine the energy of formation of surface 

complexes of propylene with a linear O--Cu--O fragment for different orientations 

of adsorbent and adsorbate and to find the electron density distribution in the system 

under study by the extended Hlickel method/8/ ,  using the same program as in Ref. 

/9/. 

When choosing a Cu20 crystal model/10/,  we have taken into account that 

the linear O--Cu--O fragment lies in the (110) plane, which has the higher reticular 

density and apparently emerges to the surface. The geometry of the C3H 6 molecule 

was taken from Ref. / ! 1 / .  

We have calculated two types of hypothetic surface complexes corresponding 

to arrangements (a) and (b) of propylene, fox both the parallel and perpendicular 

a) I Z  b) I Z  

Hs C ~ CH--CHs H~ C ~ C H - -  CHa 
I I ] _ v 

/O--Cu--O? --- y / o :  ol  --.- 

i x /  / / x /  / 

orientation of the G3H 6 plane relative to the surface fragment. Each arrangement 

was considered at angles 0, 45, 90 and 135 ~ formed by the G:C bond and the Y 

axis; the double bond was always perpendicular to the Z axis. The Cu--C distance 

was chosen to be equal to the sum of the covalent radius of carbon in a single bond, 

�9 r c _  C = 0.77 ~ and the radius of copper in the Gu20 structure estimated according 
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Fig. 1, Population of the C=C (1), C--C (2) and C--H (3) bonds and the total energy 

of the system (4) for adsorption form (a), for various positions of CsH 6 in the 

plane perpendicular to the surface 

to Per. /12/,  rCu+ = 1.05 A. The ionization potentials of the 4s, 4p and 3d orbitals 

for the configuratiora of the Cu atom in the ground state were calculated according 

to Ref. /13/, using spectral da ta /14 /and  found robe  --7 .72,--3 .73 and --10.44 eV, 

respectively. The ionization potentials used for the oxygen, carbon and hydrogen 

atoms were: I(O2s) = -28 .46 ,  I(O2p) = --13.61, I(C2s) = --16.59, I(C2p) = --11.26, 

I(Hls) = -13 .60  eV, as in Ref./14/.  The resonance integrals were determined from 

the Wolfsbetg-Helrnholz equation (15), with a K value of I .  75. The Slater exponen~ 

were obtained according to the rules fccmulated in l~f. /16/.  

The calculated energies of the isolated C3H 6 and the fragment are: 

EC3H6 = --282.89 and ECuO2 = --350.89 eV, the population of n bonds in C 3 H 6 

were found to be nc= C = i .  276, n c _  C = 0.777 and n c _  H = 0. 795. 

Figure I shows the change in the energy of the system ( A E) relative to the 

total energy of the isolated components and the variation of the C=C, C--C and 

C--H (in % group) bond populations agaimt the angle between the C=C and 
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Fig. 2. Same as in Fig. 1, for a paralle.l ocientatlon of the planes 

O--Cu--O bonds, for a perpendicular arrangement of the C=C-C plane and that of 

the surface fragment, and for arrangement (a) of the olefin. 

At angles 45, 90 and 135 ~ between the C=C and O--Cu--O bonds, the energy 

of the system decreases, i .e .  the complexes formed are energetically favourable 

both fox the decomposition and formation of acrolein. An analogous picture is ob- 

served in the case of arrangement (b). We assume that such complexes are catalyti- 

cally inactive. 

Upon the rotation of the C3H 6 molecule in the plane parallel to the surface, 

a different situation is observed. Fc~ arrangement (a) of C3H 6 (Fig.2), the maximum 

decrease in the energy of the system is reached when the angle between the C=C 

and O-Cu- -O bonds is 135 ~ For arrangement (I)) (Fig. 3), the orientation of the 

C=C bond with respect to the O--Cu--O fragment is energetleally the most favour- 

able at 90 and 135 ~ In contrast, if the double bond is at an angle of 45 ~ both 

forms are energetically unfavourable (the energy of the system increases). In this 
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Fig. 3. Same as in Fig. 1, for form (b) and a parallel orientation of the planes 

case, a decrease in the population of the C - C  bond and an increase in those of the 

C--C and C--H bonds are characteristic of all orientations. Except for complexes 

with angles of 45 ~ between the C - C  and O- -Cu-O bonds, in which the population 

of the C--H bond drops sharply, the positive charge on the hydrogen atom tncremes 

(~lq = 0.30) and a new H - O  bond with a population o f n  = 0.30 is formed. Thus, 

if  the planes of the C=C--C bond and the surface fragment are parallel to each other, 

the energetically favourable complexes are characterized by a decreased C=C bond 

strength and by increased C - C  and C--H bonds strengths, while the energetically 

unfavourable complexes by decreased C:C and C - H  bond strengths and an increased 

C - C  bond suength. The former seem to be inactive in the format.lon of acroleln. 

The oxidation of propylene to this product may, in our opinion, occur via energeti- 

cally unfavourable complexes in which the C:C bond is oriented to O- -Cu-O at the 

optimum angle, i .e .  45 ~ in our calculations. It is in these complexes, both in forms 
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(a) and (b), that the populations of the bonds under consideration change in the direc- 

tion favourable for hydrogen abstraction and the formation of an intermediate allyl 

compound. The focmation of such complexes requires some additional energy which 

may be supplied, fcx instance, by heating the reaction mixture. We believe that 

propylene is adsorbed to give the optimum angle between the C.=C and O--Cu--O 

bonds. The same result in energetlcally favourable but cataly~ically inactive 

complexes may be obtained by rotating the C3H 6 molecule into a position favour- 

able f~x acroleln fcrmation. 

The cases discussed do not include all the theoretically possible C3H 6 com- 

plexes involving a surface fragment. However, the data obtained point to an ~m- 

purtant influence of the mutual cxientation of an olefin molecule and a catalyst 

fragment on the energy of the system and the electron demity distribution. 
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