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To account for the long AF (A=O, S or N) and 
short A 0  or SS bonds in O,F,, S,F,, and FNO, 
qualitative valence bond,l molecular orbitalJ2-6 
and non-pairing spatial orbitals descriptions have 
been proposed. In this note we report some results 
of VESCF molecular orbital calculationst for O,F, 
and O,H,. These studies have been made to test 
the hypothesis that the differences in A 0  and AY 
(Y=F or H) bond properties arise from varying 
degrees of interaction of oxygen 2p  +-electrons with 
the AY o-bond of the classical valency structures 

Y-A-A-Y or Y-N-0-. Such interactions 
will lengthen the AY bond and shorten the A 0  
bond.' This hypothesis may be contrasted with 
the recent molecular orbital model of Spratley 

.. .. .. .. 
.. .. .. .. 

and Pimentel.6 Their model requires significant 
donation of charge from fluorine to the antibonding 
Fr:o orbital ( T : ~  in their notation) of 0, (or 
"iz0 in NO), otherwise no AF bond will be formed. 
However, the a,-orbital must interact with both 
Froo and ifto since these orbitals belong to the same 
irreducible representation of a YAO-type system.'~8 
Our results@ indicate that, for O,F,, such interac- 
tions occur to a considerable extent in the principal 
OF  bonding molecular orbitals. The molecular 
orbitals of 02H2 that are OH bonding are pre- 
dominantly localised OH bond orbitals. When 
interaction of sH with 5zo occurs, the 00 anti- 
bonding character of the occupied molecular 
orbitals is small. 
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a LOOY = 90"; dihedral angle = 90" except for (4) LOOH = 90"; dihedral angle = 120"; and (5) L.OOP = 120O; 
C Total 00 bond order. d Total OY bond order. e A. L. Redington, W. B. 

1 Ref. 4. 
dihedral angle = 90". b Y = F or H. 
Olson, and P. C. Cross, J .  Chem. Phys., 1962,36, 1311. 

.t The method of calculation is basically that of ref. 7 with modifications (e.g., J. J. Kaufman, J .  Chem. Phys., 1965, 
It 

K. Ohno's procedure (Theoret. Chim. Acta, 1964, 2, 219) for 
The notation it denotes an atomic (2p) or bond orbital of local n-type symmetry lying 

Poay, P t y  and Pzy  are Coulson bond orders involving AY atomic orbitals with local a-, n-, or 

43, S152), to the FCLv matrix elements, t o  allow for the presence of more than one orbital per atomic centre. 
includes all valence electrons except 2s-lone pairs. 
calculating p,":" has been used. 
in the Y O 0  plane.' 
+symmetry. 
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As criteria of delocalisation of oxygen 2fiii-elec- 
trons and of bond length, we have calculated 
charges (Pz) and bond orders. Our results (see 
Table) suggest that extensive delocalisation of 
oxygen 2fiii-electrons accounts for the long weak 
O F  and short strong 00 bonds in 02F2. Such 
delocalisation is small for 02H2. Delocalisation is 
favoured in 02F2 for the following reasons: (a) 
fluorine is more electronegative than hydrogen, (b) 
an O F  single bond (e.g., 1.42 A in F2010) is longer 
than an OH single bond (0.95 A) and therefore the 
O F  0-bond overlap integral is smaller. Conse- 
quently the sop- and oE,-orbitals lie closer in 
energy to the ?i,-orbital than do the aoH- and OzH- 

orbitals. These factors assist greater interaction of 
oxygen 2fiif-electrons with the OY bond of O,F, 
than of 02H2. 

The degree of delocalisation was investigated for 
different molecular geometries (see Table). Our 
conclusions are qualitatively insensitive to the 
variation in O F  length and OOY angles. The 
00 bond order for 02F2 is greater than for 0,H2 
for each 00 distance, and the 00 bond orders4 
demanded by the experimental geometries (2 for 
02F2, 1 for 02H2) are only reasonably reproduced 
by the calculations [(3), (a), (5) and (6) in Table] 
for the experimental bond distances. 
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