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It is ~ommou for text-boon of chemists to contain a section in which the 
phenomenon of molecular structure is discussed and “explained”, Two such “ex- 
planations” are encountered. The more common is based on valence b&d theory 
and uses a hybrid orbital approach’. So, according to this theory, the tetr~edral 
stature of rn~~a~e is a ~n~qu~n~e of sp3 hyb~d~atio~ of the central carbon 
atom, the energy required to promote an s elector into the empty p orbital in the 
isolated carbon atom being more than com~~sated for by the increased exo- 
thermicity of the subsequent step in w~ch the carbon atom combines with a 
number of hydr n atoms. In addition, it is usualIy noted that sp3 hybrid orbit&, 
being directed, a better overkq~ with the hydrogen orbit&s. ~~fo~u~ate~y, 
in Td symmet~, s and p orbitaab cannot mix, so that sp3 hyb~di~tion is impo~ibl~. 
If s-p mixiag were essen~al to moiec~e fo~at~o~, methane would be of C1 
symmetry. 

The second approach to molecular stereo~hemis~~ is to say that moIec~~ 
~eornet~ is governed by steric forces. A detailed review of this explanation has 
been given by ~yho~ et who showed that it gave a consistent account 
of small departures of from idea&y. However, not aU ~0~~~~~ obey 
their “‘rules”. So, it is not apparent why the C(CN),“” ion should be planar, or 
the m,AI-F-AIR,]” ion and the Liz0 molecule linear. n-Bonding does not 
provide an entireiy convincin 

It seemed wo~hw~~e to remove the s~et~ based objections to the valeace 
bond theory and to see whether rnol~u~~ orbital theory alone, with the neglect 
of steric interaction, was able to give a q~~~~t~ve account of rno~~~~ ~eorn~~~, 
and this is the subject of the present pa&per. As far as possible we make the same 
approxima~o as the VB approach (e.s. neglect of n-bonding) but consider oniy 
d orbit& on the metal i.e. neglect s and p. It is well outside the scope of theory at 
present to predict bond angles of large rnol~~~ at all a~~ately so the procedure 
that will be adopted is to calculate the relative stabilize of a variety of possible 
structures for a molecule within an i~de~~dent electron appro~matio~ and to 
compare the results with the structure observed. 



10 

Consider the equation 

H,,--E; 
k&z 

2.4. F. A. 

Its solutions are 

If this interaction is to co~t~bute to e molecular stability then oniy the 
orbital corres~ondiag to the fewer of these roots is occupied. If the square root is 
ex~aud~d then it is easy to show that the stabili~tioa relative to the occupation 
of the more stable of the i~t~ra~i 

If in (1) the o~diagoaal matrix elements are approximated by kS, ~--E&Z then it 
may be showa that an ~pr~ssion jd~~~ic~~ to (3) is ob~ined for ~~~~~, ~~t~ou~h 
the B’s do not have the values given in (2). 

We shall consider t~~sition metal ~amplex ions MI& -+ ML,, It Is con- 
venient to consider first the case of de compiexes with neglect of ~~bo~diug* We 
shall subseque~tIy extend the t~tmeat to d” ~~~gu~tioas and discuss the e 
of ~-boad~ag~ Only the interae~o~ ~tw~a the n li ad orbits and the d orbi~ls 
of the central atom will be considered. In all eases will be ~#~ible to endure the 
problem to a set of 2 x 2 d~t~rmi~~at~ lotions, as in fl), as ia uone of the 
~eomet~ie~ to be ~o~s~dered do two d orbits ~raasfo~ i~d~~~d~atiy as the same 
i~~~cible ~~~e~~~~tio~ under the o~era~oas of the ap~rQ~ia~~ point group, 
Quite oftenI however, t d orbits ~rn~~~atioas so ~a~sform~ but by ta~ag 
a maximum overlap cam on the problem can sways be reduced to a 2 x 2 
one_ We reelect metal s orbitals, As Iiga~d overlap with this orbital can show no 
dire~~o~al p ace this ~e~~e~t is txot too The eEeet on om ~l~~a~o~~ 
is that we sh over-estimate the steric si ce of any orbi~l waft traas- 
forms under ttte tutaiIy symmetric ~e~~se~~~~~~ (if it lis j~C~~d~)* The neglect of 
metal p orbitals is probably not too drastic either. They are eaerg~ti~~y well 
separated from the &and 6 orbits and so unlikely to d~t~rrni~e ster~o~~~~stri~s, 

The method is sirn~le- We sum the A for ah of the o~u~ied orbit~s~ 
This means eva~ua~~g the group overlay in s St2, whkztz appear ia ~q~at~o~ 
(3), the p’s being identical for each occupied orbital. Now, the term 
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is ind~~ndent of the geomet~ of the complex3*4 (and equal to 2nfi for a ML, 
~mplex ion)*, so that the f&t term of sterie si~~can~ is that of order St24 
Consider the case of the metbane molecule which we assume to have D,, sym- 
metry. The group overlap integrals ares: 

S(A,) = 2S,(ls, 2s) 

SW,) = 2 cos 9S,(ls, 2p) 
S(E) - & sin SS,(ls, 219, 

where 9 is the angle a C-H bond makes with the L)a axis, so that 2 c 
2C4 60s’ W-2.2 sin2 @&*., zpS,2(ls, 2p)-+S&,, ;laSG2(l~, 2s) = gU&,, zPSe2(ls, 2p)-i- 
c&,, $3: (Is, 2sj-j which, as noted above, is inde~ndent of 9. It is evident that 
the A, contribution is independent of 9, so we neglect it in the folfowing 

The term 2 C &X4 = 2[16 cos4 9-FZ.4 sin” ~~~S4(ls~ Zp).. Since this term 
is a d~~b~i~~g one the favoured geometry will be that for which tbe factor in 
square brackets is a minimum. It is easily shown that this occurs at tan 9 = 45 i.e. 
JJICH = 109”28’. 

In Tables I-5 we give up overlap inte s in units of S, (5, d) for ML, 
complexes n =1 4 + 8, where L is a t&dentate @and. In each table we also in- 
dicate the relative steric f~vo~ab~~ty of the various g~metries by listing the 
number and distance of the important &and-ligand contacts, the metal-ligand 
bond Iengih being taken as unityy, Overlap integrals were calculated using the 
general expressions we have given e~sewhere~. 

1300 - 
- 
- 1.155 
- 1.155 

1.732 1.155 
10.0 5.3 

1.414 1,633 
4 6 

d” c~~~~~rut~u~. d electrons on the central metaf atom will first be accom- 
modated in orbit& not involved in meal-iigand bonding (if any). When these 
orbit& are Bled the next occupied will be the lowest antibonding orbit& which 
will ~~espond to those orbitals shown with the smallest overlap integrals in the 
tab@. ~~upatio~ of these antibo~ding orbitals means that we can no longer 

* E&X orbital is occupied by two electrons. 
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P 1.658 1.414 1.352 % 1.414 6 - 

&--y= 1*061 1.732 I.680 1.732 3 

XY I.&s - - C,,W” 1.414 8 

YZ - 0.000 0.419 Ci,(bIb 1.393 4 
- 0.000 4419 t.532 4 

::a 10.1 13.0 11.4 - 

’ C&,(a>: The metal atom is coplanar with the plane of four I&ends. 
’ C,,(b): The angle lines joining the met~i and one of the eq~i~~~t fi ds and the 

metal and the uniqu is loo”. 
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TABLE s 

Symmerry 

D&g D&P 4&O= 0, 4t 

Id 1A4t o*ooo 0.316 - t-871 
x3--vs - 1.155 1.283 - f.SOO 
XY f A08 1.155 1.283 1.633 1-S 
P 1.472 1.633 WI7 L633 - 
si? 19.2 1 A72 17.8 I.633 16.0 1.517 2.1.3 1.633 22.4 - 

~ymrn~~ry ~~gu~~-~~gan~ askance ~~~~ ~~~~~~a~r~ 

x ,220 18 
1.155 8 
1.313 8 

D,JW” 1.215 16 
% l.fSS 12 
Da& I. 6 

1.414 12 

dodge ich the umxixn 
t 

ds at the corna of a face of a cube rotated by 45” about the fou~foid a%is 

e term ~~~~~er S2 in (3). this term is probably an order of m 

, negIect the Iatter. In this way TabIe 6 in which we list those geometries 
~r~f~~~d for d” co rations n =5 0 --* 9, was ~rn~il~_ 



14 S. I’. A. IUTlTLE 

In all cases where choicemay exist we have considers the how-spin arr~ng~~me~~ 
of d electrons. 

~-~~~~j~~. The production of ~-b#~d~g would i~v~date some of the steps 
in our ~~rnen~, be use of 2 x 2 dete~e~ta~ e 
one would have to system individually. however, 

bat the inclusion of ~-bo~d~~ wotid not &et the data in 
ia treat ~-bo~d~g in 

us to (I) then reZation s sirn~~a~ to (3) would result. 
~-bo~~mg is of kss e~erge~c si@ nce than a, thea 

ation the term C S,z would be of f mpo~~ce than 
that which we have considered, xLTC2, and s~~~Iy c Ss4 etc. ~~o~~h 

ment is not strictly ad~ss~ble it does indicate that Table 6 shouid ce~~nly 
be,coRe~t unless ext~~s~v~ ~-bo~d~~g is revolved. 

e most obvious taco abort Table 6 is at it does not wmally c~~e~~~y 
e s~~t~r~ which are obse~~d. So, for example, all MI+ ~orn~~exes are 
~.(ne~e~~~g Jab-Te~er d~sto~o~s)~ The s~u~tures which seem to be 

d, on the other hand, are those commo~y ob~e~ed. The infereoc~ 
geomet~ of ~ans~~o~ metal com~Iex ions is sagely deter~ned 

by sterio i~tera~~ons between the Egaad rn~~ec~~. 


