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A b s t r a c t  
m o m  t h e  we1 I fami I i a r  " i o n i c "  mode: 
I n d u c t i o n .  
example o f  t h e  l a t t e r  i s  (CH3Li)4. 

" M e t a l l i c "  atoms combine t o  fo rm molecules by two mechanisms, 
Over lap D ispe rs ion  and Over lap 

An example o f  t h e  former i s  Ni(C0)4 o r  f e r rocene  and an 

Hydrogen molecu le  (H2) has two valence e l e c t r o n s  i n  a bonding lo M O .  Sodium 
dimer has a l s o  two va lence e l e c t r o n s  i n  a bonding 2u Nonetheless? t h e  two MO's 
which have i d e n t i c a l  symmetry+desri be two e n t i  r e l y  d y f f e r e n t  bonding mechanisms+as 
evidenced by t h e  f a c t  t h a t  H has 
a s t ronger  bond than Na 
o r b i t a l  symmetry imp1 i c a t i o n s  f o r  chemical bonding (Hucke l ' s  Rule,  Woodward-Hoffmann 
r u l e s )  we now r e a l i z e  t h a t  t h e r e  i s  more t o  chemis t ry  than o r b i t a l  symmetry c o n t r o l :  
Under i d e n t i c a l  symmetry c o n s t r a i n t s ,  two spec ies  can e x h i b i t  comple te ly  d i f f e r e n t  
chemical  behav io r .  We h o l d  t h i s  t o  be t h e  key t h e o r e t i c a l  problem o f  t h e  n e x t  
genera t i on  o f  a p p l i e d  quantum chemists and here  we o f f e r  our own i n t e r p r e t a t i o n  o f  
t h e  phenomenon by us ing  t h e  q u a l i t a t i v e  t h e o r e t i c a l  t o o l  which has been developed i n  
t h e  l a s t  t e n  yea rs :  Mo lecu la r  O r b i t a l  Valence Bond Theory ( r e f .  2 , 3 , 4 ) .  We w i l l  
argue t h a t  t h e  chemical  and phys i ca l  p r o p e r t i e s  o f  a system depend j o i n t l y  upon 
symmetry and a p r o p e r t y  c a l l e d  " c o l o r " ,  t h a t  t h e  mechanism o f  e l e c t r o n  d e l o c a l i z a t i o n  
i s  color-dependent, and t h a t  t h i s  aspect o f  chemical bonding can be made t ranspardn t  
o n l y  by a C o n f i g u r a t i o n  I n t e r a c t i o n  ( C I )  t y p e  fo rma l i sm such as t h e  one employed i n  
MOVE t h e o r y .  I n  t h i s  note,  we argue t h a t  t h e r e  e x i s t  f o u r  t ypes  o f  chemical  b i n d i n g  
mechanisms: The f a m i l i a r  ove r lap  ( "cova len t " )  and c l a s s i c a l  Coulomb ( " i on i c " )  
mechanisms and two more: 
two a r e  respons ib le  f o r  t h e  b i n d i n g  o f  t h e  vas t  m a j o r i t y  o f  chemical compounds o t h e r  
than  those  made up o f  f i r s t  row "nonmeta l l i c "  atoms. 

MO. 

r a d i c a l  c a t i o n  has a weaker bond than  H2 b u t  Nag 
( re? .  1). A f t e r  nea r l y  h a l f  a cen tu ry  o f  p reoccupat ion  w i t h  2 

Over lap D ispe rs ion  and I o n i c  Over lap I n d u c t i o n .  The l a t t e r  

I. THEORETICAL BACKGROUND 

The r e c i p e  f o r  f o r m a l l y  implement ing MOVE theo ry  i s  as  f o l l o w s :  

(a) A mo lecu le  i n  a g i v e n  geometry i s  d i s s e c t e d  i n t o  two fragments.  
v e n i e n t  d i s s e c t i o n  c h o i c e  i s  t h e  one f o r  which t h e  l oca l  symmetry o f  t h e  f ragments i s  
h i g h e s t .  
f i r s t  p r i n c i p l e s  o r  computed by u s i n g  an e f f e c t i v e  o n e e l e c t r o n  Hami l t on ian  o f  t h e  
Extended HMO (EHMO) v a r i e t y .  (c) The e l e c t r o n s  a r e  d i s t r i b u t e d  so as t o  genera te  
t h e  MOVE C o n f i g u r a t i o n  Wavefunct ions (CW's) , O i l s .  
i n t o  se ts ,  Tm's, and each s e t  i s  d iagona l i zed  separa te l y  t o  genera te  t h e  d i a b a t i c  
s t a t e s ,  Bmi. 
a d i a b a t i c  s t a t e s ,  9 ; .  

The p a r t i t i o n i n g  o f  CW's i n t o  s e t s  i s  c a r r i e d  o u t  i n  such a manner so t h a t  each Bml, 
t h e  ground s t a t e  r e s u l t i n g  f rom d iagona l  i z i n g  t h e  @ . I s  o f  T , rep resen ts  j u s t  one way 
o f  making i n t e r f r a g m e n t a l  bonds o r  an t ibonds .  W i t h ' t h i s  coFvent ion,  t h e  approximate 
fo rm o f  t h e  ground t o t a l  wavefunc t ion  becomes: 

The most con- 

(b) The symmetry-adapted fragment o r b i t a l s  (MO's o r  A0 s) a r e  w r i t t e n  f rom 

(d) The MOVB CW's a r e  p a r t i t i o n e d  

(e) The d i a b a t i c  s t a t e s  are ,  f i n a l l y ,  d iagona l i zed  t o  produce t h e  f i n a l  

O1 = E Am Rml 

Tha t  i s  t o  say, h ighe r  d i a b a t i c  s t a t e s  o f  a p p r o p r i a t e  symmetry (e.g., Bmi's w i t h  i > 
1) a r e  deemed t o  be r e l a t i v e l y  un impor tan t .  

We now g i v e  an i l l u s t r a t i o n  o f  our approach by showing t h e  bond diagrammatic 
r e p r e s e n t a t i o n  o f  A=B. Accord ing  t o  t h e  "d rawing  convent ion"  o f  MOVB theory ,  dashed 
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l i n e s  connect ing  o r b i t a l s  be long ing  t o  t h e  same i r r e d u c i b l e  r e p r e s e n t a t i o n  denote t h e  
s e t  o f  c o n f i g u r a t i o n s  which can be generated by s h i f t i n g  e l e c t r o n s  a long  them 
s t a r t i n g  f rom t h e  p a r e n t  c o n f i g u r a t i o n  np ro jec tedn  by t h e  diagram i t s e l f .  
approximate t o t a l  wavefunc t ion  i s  s imp ly  a l i n e a r  combina t ion  o f  these t h r e e  "onding 
schemes", i . e . ,  these t h r e e  bond diagrams. 

The 

B = Alel + x2e2 + x3e3 
I n  f a c t ,  f o r  ground s t a t e  A=B 

B : B1 

T h i s  i s  so because B and 8 be ing  ant ibonds, l i e  much h ighe r  i n  energy than two 
bonds. 
s u f f i c i e n t  f o r  most q u a l i t a t i v e  analyses we s h a l l  a t tempt .  

Two impor tan t  r e s u l t s  o f  M O W  t heo ry  a re :  

t h e i r  c a p a c i t y  t o  genera te  s t r o n g  o v e r l a p  i n t e r a c t i o n  (bonding o r  an t ibond ing)  
th rough t h e i r  AO's. 
atoms w i t h  t h e  c h a r a c t e r i s t i c  p roper t y  t h a t  t h e i r  valence A0 s extend e q u a l l y  i n  
space and a r e  e q u a l l y  a v a i l a b l e  f o r  o v e r l a p  w i t h  t h e  o r b i t a l s  o f  some o t h e r  atom. 
Green atoms d i f f e r  t o  t h e  e x t e n t  t h a t  t h e i r  valence o r b i t a l s  do n o t  ex tend e q u a l l y  i n  
space, e .g . ,  t h e  3s i s  con t rac ted  r e l a t i v e  t o  t h e  3p A0 i n  S i ,  e t c .  The same t h i n g  
i s  t r u e  o f  a l l  r e d  atoms, b u t ,  i n  a d d i t i o n ,  those tend t o  be much more e l e c t r o -  
p o s i t i v e .  As a r e s u l t ,  green and r e d  atoms can o n l y  genera te  weak bonds th rough 
%pi n-pa i r i ngn [DET bonds] because t h e  over  l ap  o f  one s e t  o f  valence AO' s i s  
cons t ra ined  t o  be smal l  i f  t h e  ove r lap  o f  t h e  o t h e r  s e t  o f  valence AO's i s  op t im ized  
and a l s o  because t h e  more 
by o v e r l a p .  

I n  genera l ,  g i t h e r  $be "bes tn  o r  t h e  two lead ing  bond diagrams w i l l  be 

(a) The P e r i o d i c  Tab le  can be viewed as c l a s s i f i c a t i o n  o f  atoms accord ing  t o  

H, B, C, N, 0, and F a r e  black We c a l  I t h i s  p r o p e r t y  " c o l o r n .  

e l e c t r o p o s i t i v e  an atom i s  t h e  weaker t h e  bond generated 

(b) The a tomic  c o n s t i t u t i o n  o f  two fragments which combine t o  fo rm a molecu le  
un ique ly  de termines  t h e  t y p e  o f  e l e c t r o n  d e l o c a l i z a t i o n ,  SET o r  CET. S p e c i f i c a l l y ,  
SET (= S i n g l e  E l e c t r o n  T rans fe r )  i s  expected t o  be t h e  p r i n c i p a l  mechanism when two 
fragments a r e  connected by s t r o n g  DET bonds w i t h  CET (= Cor re la ted  E l e c t r o n  T rans fe r )  
r e p l a c i n g  it as t h e  d e l o c a l i z a t i o n  mechanism o f  cho ice  when t h e  two fragments a r e  
connected by modest DET bonds. CET d e l o c a l i z a t i o n  i s  tantamount t o  a new mechanism 
of chemical  b i n d i n g :  Over lap D ispe rs ion .  

II. WHAT IS OVERLAP DISPERSION? 

The way i n  which ove r lap  d i s p e r s i o n  s t a b i l i z e s  a system can be i l l u s t r a t e d  by 
re fe rence  t o  our p r o t o t y p i c a l  A=B system i n  which two fragments, A and B, each hav ing  
two o r b i t a l s  o f  d i f f e r e n t  s p a t i a l  symmetry and two e l e c t r o n s ,  combine t o  fo rm t h e  
composi te system. The C o n f i g u r a t i o n  I n t e r a c t i o n  ( C I )  t h a t  generates Over lap  
D i s p e r s i o n  i s  shown below. 

"* + + b* a *- - b* "*+ + b* 



Overlap dispersion and overlap induction 

The f o l l o w i n g  aspec ts  o f  t h e  C I  a r e  no tewor thy :  

I n  0 , each fragment i s  an open s h e l l  spec ies  i n  which t h e  two e l e c t r o n s  (a) 
have h a l f  o f  t h 8  t i m e  p a r a l l e l  s p i n s  and b e n e f i t  f rom exchange c o r r e l a t i o n .  
open she1 I spec ies  combine t o  fo rm two in te r f ragmen ta l  DET bonds. By c o n t r a s t ,  i n  
0 t h e  two e l e c t r o n s  o f  each fragment have always a n t i - p a r a l l e l  sp in ,  something 
w6;ch genera tes  severe  i n t e r e l e c t r o n i c  r e p u l s i o n .  Furthermore, t h e  two open she1 I 
spec ies  combine t o  fo rm two in te r f ragmen ta l  DET ant ibonds .  

The two 

(b) Each c o n f i g u r a t i o n  d i f f e r s  f rom t h e  one w i t h  which i t  i n t e r a c t s  by two 
occupied s p i n  o r b i t a l s  and each i n t e r a c t i o n  m a t r i x  element rep resen ts  a two-e lec t ron  
hop. Now, each m a t r i x  element i s  t h e  d i f f e r e n c e  of two terms which have oppos i te  
s i g n s :  One te rm i s  an o v e r l a p  term, W, and it rep resen ts  fo rma t ion  o f  two CET bonds 
and t h e  o t h e r  te rm i s  a b i e l e c t r o n i c  r e p u l s i o n  i n t e g r a l ,  2, which rep resen ts  t h e  
i n t e r a c t i o n  o f  two t r a n s i t i o n  d i p o l e s .  As a r e s u l t ,  each m a t r i x  element leads t o  
s t r o n g  c o n f i g u r a t i o n  i n t e r a c t i o n  by combining in-* Over lap  and D ispe rs ion .  
Hence, t h e  name o f  t h e  bond i ng t y p e  i s  Over I a p a i  spers  i on. 

i n d i c a t e  t h e  motygn o f  e l%rons w i t h i n  8 
(c) The H (and H ) m a t r i x  element can be represented  by u s i n g  arrows t o  

(and 8 J  t h a t  generates t h e  a d d i t i v e  
o v e r l a p  and d i s p e r s i o n  te rms.  Y 

159 

OVERLAP 

ccw DISPERSION 

U n l i k e  o t h e r  r e p r e s e n t a t i o n s  w i t h  which t h e  reader may be f a m i l i a r ,  we now need two 
pairs o f  a r rows which i n d i c a t e  t h e  two d i f f e r e n t  pa ths  by which a p a i r  o f  e l e c t r o n s  
can be r e l o c a t e d  from one t o  another p a i r  o f  o r b i t a l s .  
embodies t h e  concept  o f  Over lap D ispe rs ion .  

The p i c t u r e  shown above 

We a r e  now prepared t o  p rov ide  a very  e x p l i c i t  d e s c r i p t i o n  o f  t h e  way a 
metal  b inds  o rgan ic  mo lecu les  t o  fo rm a c o o r d i n a t i o n  compound, e .g . ,  f e r rocene  
( r e f .  5 ) .  We proceed as f o l l o w s :  (a) We view fe r rocene  as " i r o n  metal  p l u s  
cyc lopentad iene dimer",  i . e . ,  as "Fe p l u s  Cp " .  (b) We w r i t e  t h e  symmetry 
o r b i t a l s  o f  Fe and Cp2 and we a l l o c a t e  t h e  e?ec t rons  so t h a t ,  w i t h  minimal 
e x c i t a t i o n  o f  t h e  two fragments,  we accompl ish t h e  f o l l o w i n g :  (1) We make t h e  
maximum number of DET bonds by c o u p l i n g  t h e  odd e l e c t r o n s  o f  t h e  two f ragments .  
(2) We match t h e  maximum number o f  e l e c t r o n  p a i r s  o f  one fragment w i t h  h i g h  
energy ho les  o f  t h e  second fragment.  (3) We min imize  t h e  number o f  f ou r -e lec t ron  
an t i bonds .  T h i s  i s  t h e  r e c i p e  f o r  genera t i ng  t h e  dominant c o n f i g u r a t i o n ,  @ , 
which w i  I I be t h e  p a r e n t  o f  t h e  p r i n c i p a l  bond diagram. 
diagram, Q1, i s  produced by connect ing  t h e  o r b i t a l s  o f  t h e  same symmetry w i t h  
dashed l i n e s .  T h i s  i s  now a r e p r e s e n t a t i o n  o f  t h e  op t ima l  l i n e a r  combina t ion  o f  
a l l  c o n f i g u r a t i o n s  t h a t  can be generated by moving e l e c t r o n s  a long t h e  dashed 
I i nes .  

(c) The pr inc ipa l 'bond 

The p r i n c i p a l  bond diagram o f  f e r rocene  i s  shown i n  F igu re  1. I n  t h e  p a r e n t  
c o n f i g u r a t i o n  "p ro jec ted "  by t h e  bond diagram as w r i t t e n ,  each Cp r i n g  i s  i n  i t s  
ground s t a t e  e l e c t r o n i c  con igurat ion while Fe i s  excited to t h e  e x t e n t  t h a t  i t  
has been f o r c e d  t o  have a d Now, t h e  
Impor tan t  t h i n g  i s  t h a t  t h e  bonding o f  f e r rocene  i s  due t o  t h e  f a c t  t h a t  two DET 
bonds connect t h e  two fragments bu t ,  equal l y  impor tan t ,  t h e r e  i s  Over lap 
D i s p e r s i o n  produced by t h e  s imultaneous d e l o c a l i z a t i o n  o f  one e l e c t r o n  f rom Fe t o  
cp  and one f rom Cp t o  Fe. d e l o c a l i z a t i o n  does make a c o n t r i b u t i o n  t o  t h e  
exgent  t h a t  we can Pave CET d s E c a l  i z a t i o n  s t a r t i n g  w i t h  a pa ren t  c o n f i g u r a t i o n  
t h a t  d i f f e r s  f rom 0 
T h i s  new p a r e n t  conP igu ra t i on  i s  con ta ined w i t h i n  t h e  o r i g i n a l  bond diagram. 

8 
c o n f i g u r a t i o n  w i t h  a l l  e l e c t r o n s  p a i r e d .  

o f  F i g u r e  1 by a s i n g l e  metal  -> I i gand  e l e c t r o n  t r a n s f e r .  
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I f  L i  i s  thought o f  as an H analogue, i . e . ,  i f  L i  i s  thought o f  as having only  a 2s 
AD and no 2p AO's and t h a t  t h i s  pseudo-Li binds by an overlap mechanism, then t h e  
s t a b l e  geometry o f  (RLi)2 should be two RLi molecules separated by i n f i n i t e  d is tance.  
The reason i s  t h a t  t he  two symmetry MO's o f  Rp and the  two symmetry MO's o f  pseudo 
L i p  match only i n  a l i nea r  bu t  no t  a bridged geometry and i f  (RLi)2 i s  conceived as 
the  product o f  t he  union o f  t r i p l e t  L i  then union should occur a t  
i n f i n i t e  L i 4 i  d is tance a t  which t r i p ? e t  pseudo L i  %s i t s  minimum. So, d e l e t i o n  
o f  t h e  2p AO's of L i  and enforcement of overlap b i d i n g  p r e d i c t s  t h a t  RLi should be a 
monomer much l i k e  RH. 

The next  choice i s  t o  de lete t h e  2p A D ' S  o f  L i  bu t  replace overlap by i o n i c  

and t r i p l e t  R 

b ind ing  i n  which case we p r e d i c t  a c y c l i c  s t ruc tu re ,  A, i n  which t h e  charges 

- 
R :  

+ L i  L i  + 

R :  - 

R . 
I 

+I L i  L i  +I 

R - 

a l t e r n a t e  and t h i s  i s  cons is tent  w i t h  the  f a c t  t h a t  (RLi)2 i s  computed t o  have a 
br idged geometry ( r e f .  6 ) .  Now, what we w i l l  argue i s  t h a t  t he  mechanism o f  b ind ing 
o f  (RLi) c l u s t e r s  i s  ne i the r  over lap nor i on i c  bu t  one t h a t  we w i  I I ca l  I Ionic 
Over!ap fnduct ion,  an analogue o f  Overlap Dispers ion.  
c r i t i c a l  l y  depends on the presence o f  t he  L i  2p A D ' S  and i t  leads t o  a Lewis 
d e s c r i p t i o n  o f  t he  bridged (RLi)2 species as ind icated by formula B .  
molecule, t he  R2 u n i t  has accepted one e lec t ron  from the  L i 2  u n i t  w i t h  the  f o l l o w i n g  
r e s u l t s :  

(a) 

This  bonding mechanism 

I n  t h i s  - 

L i2+  i s  bound by induct ion.  

One R rad i ca l  makes an overlap bond w i t h  the L i2+  u n i t .  

Th i s  means t h a t  one e lec t ron  "glues" 
e l e c t r o s t a t i c a l l y  two L i  ca t i ons .  This e lec t ron  i s  c a l l e d  an i n t e r s t i t i a l  e lec t ron .  

R- anion i s  attached t o  RLi2 

rad i ca l  c a t i o n  cova?ently bound. 
formed which i s  d i rec ted  from an atom (C o f  R * )  t o  the  midpoint o f  t he  l i n e  
connecting two other much more e l e c t r o p o s i t i v e  atoms. We c a l l  such bonds 
i n t e r s t i t i a l  bonds and t h i s  mechanism o f  b ind ing I o n i c  Overlap Induct ion.  

geometry, w i t h  HT = NS = L i  and CT = R2 ( r e f .  7 ) .  Note t h e  fo l?owing:  

each one having one mu l t i cen te r  bond connecting host  HT w i t h  guest GT fragment. 

(b) 

(c) The (RLi) dimer i s  r e a l l y  a composite of R2 rad i ca l  anion and L i  + 

The remaining 
by i on i c  bonding. 

- 
The important t h i n g  i s  t h a t  a covalent  b o d  i s  

I n  F igure 2a, we show t h e  p r i n c i p a l  bond diagrams f o r  (RLi) i n  a Dph (bridged) 

The (RLi)2 dimer i s  represented by two p r i n c i p a l  bond diagrams, B1 and B2, 

I n  each o f  B1 and E2, one e lec t ron  has been t rans fe r red  from t h e  host  t o  

2 

(a) 

(b) 
t he  guest fragment and t h i s  i s  why N o r  S has one e lec t ron  and GT has th ree  
e lec t rons .  

Recall  now t h e  f a c t  t h a t  organic chemists represent a molecule e i t h e r  by drawing 
resonance s t ruc tu res  or by drawing the corresponding resonance hybr id .  
For example: 

+ + 
C H 2 = C H - C H 2 < - ) C ~ 2 - ~ ~ = ~ ~ 2  

i s  equ iva len t l y  represented by 

I n  a completely analogous fashion, t he  resonance bond diagram 8 (formerly c a l l e d  the  
" d e t a i l e d  bond diagram"), shown i n  F igure 2b i s  equiva lent  t o  t \ e  two ind i v idua l  bond 
diagrams o f  F igure 2a p l u s  the  " e x t r i n s i c  conf igurat ions"  not  contained i n  B1 and B2 
( r e f .  2,3,4) 



162 N. D. EPlOTlS 

I 
I 0 0 9 2 -  

I 

0 0 91 +\, 0 , I 

N GT 

FIGURE 2 

S 
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O t i -  

C 
- 

R4 

FIGURE 3 

(c) The resonance diagram, o f  F igu re  2b t e l l s  us t h a t  t h e r e  i s  one HT 
e l e c t r o n  which may occupy e i t h e r  :;'of N o r  k o f  S .  T h i s  i s  t h e  i n t e r s t i t i a l  
e l e c t r o n  and t h e  i n te r f ragmen ta l  mu1 t i c e n t e r  bond I i n k i n g  N and S t o  GT i s  t h e  
; n t e r s t i t i a I  bond. 
We now show t h a t  t h e  t y p e  o f  bonding descr ibed by ER i s  I o n i c  Over lap I n d u c t i o n ,  t h e  
monoe lec t ron ic  analogue o f  Over lap D ispe rs ion  ( r e f .  8 ) .  

The p r i n c i p a l  c o n t r i b u t o r  t o  El i s  c o n f i g u r a t i o n  d and t h e  p r i n c i p a l  con- 
t r i b u t o r  t o  E2 i s  c o n f i g u r a t i o n  X, each p r o j e c t e d  by t h e  cor respond ing  e . .  
w r i t e  an ar row r e p r e s e n t a t i o n  o f  t h e  i n t e r a c t i o n  m a t r i x  element ( O l H l X  $, much as  we 

1 d i d  f o r  t h e  case o f  Over lap D ispe rs ion ,  as shown below. 
ends up i n  kl by two d i f f e r e n t  mechanisms ("routes")  which opera te  "in-phase". 
two-sol id-arrow pa th  rep resen ts  RET (= Relay E l e c t r o n  Trans fer )and t h e  s i n g l e  do t ted-  
a r row pa th  rep resen ts  i n d u c t i o n .  

We can 

Note how an e l e c t r o n  f rom q 
The 

- k  

k: /?- I 

I 
\ 

RET - -  
_I_) I N D U C T I O N  
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I n  summary, we read the  resonance bond diagram ER as implying t h a t  t he re  i s  one 
e l e c t r o n  permanently t rans fe r red  from HT t o  GT so t h a t  it generates an e l e c t r i c  f i e l d  
responsib le  f o r  overlap induct ion which manifests i t s e l f  by one i n t e r s t i t i a l  e lec t ron  
and one i n t e r s t i t i a l  bond. Induction-assisted RET bonding i nvo l v ing  q1 an k i s  
equiva lent  t o  D t l  bonding now invo lv ing  an i n t e r s t i t i a l  o r b i t a l ,  p, locate: a& t h e  
midpoint  o f  the l i n e  connecting the  two L i  centers .  

IV .  

(a) 

IMPLICATIONS OF IONIC OVERLAP INDUCTION 

I f  te t rahedra l  (RLi)4 i s  viewed as (Li4)+1X)- where X- = R 
- 

( s t r u c t  r e  4 
i n  Scheme 1) ( r e f .  9), then F igure 3 shows that -  R4 i s  isosynaptic 40 ground 'C-! 
That i s  t o  say, both ground 4R4- and ground C have th ree  s i n g l y  fccupied MO's 
which p rec i se l y  match t h e  th ree  s i n g l y  occupied t MO's o f  the  L i  te t rahedron i n  
d e f i n i n g  th ree  i n t e r s t i t i a l  bonds. Hence, we- re8 i  t t h a t  t e t rahedra l  CLi4 i s  
ne i the r  covalent ( l i k e  CH ) nor i on i c  (e .g.  C I n  o ther  words, t he  c o r r e c t  
e l e c t r o n i c  s t r u c t u r e  o f  t f fe nsimplen molecule CLi4 i s  not t h e  one impl ied by c o y  
vent ional  Lewis s t ruc tu res .  
c l u s t e r  w i th  th ree  i n t e r s t i t i a l  e lect rons shared by the  fou r  faces o f  t h e  tetrahedron 
(t i n t e r s t i t i a l  electrons) which a re  being used to-form th ree  i n t e r s t i t i a l  botds 
wigh t h e  s i n g l y  occupied carbon 2p AO's o f  ground C . 
does from " ins ide "  what R4 does from t h e  "outside". Th i s  ana lys i s  has d i r e c t  and 
immediate bearing on the e l e c t r o n i c  s t ruc tu res  o f  inorganic guest-host complexes, t he  
e l e c t r o n i c  bas is  o f  i n t e r c a l a t i o n  and t h e  nature o f  b r i dg ing  i n  organometal l ic 
complexes. 

6Li - The presence o f  t h e  former i s  
t h e  r e s u l t  o f  t he  i n t e r s t i t i a l  over?a %ond whi l e  the  fbsence o f  t he  l a t t e r  i s  t he  
r e s u l t  o f  induct ion (non-over lading of  L i  and L i  . Second, the  p r i n c i p a l  
con f i gu ra t i on  o f  the resonance bond diagram o f  (RLi)2, i . e . ,  t he  "p i c tu ren  oktained 
by removing the  dashed l i nes  from €IR i n  F igure 2b, has a vacant q2 MO i n  L i  and a 
half-occupied r1 MO i n  R2 . Hence, sequential de l i ve ry  o f  two e lec t rons  w i ? l  place 
t h e  f i r s t  i n  t h e  vacant q2 (which i s  delocal ized over the  two L i ' s )  and t h e  second i n  
t h e  s i n g l y  occupied r thus c rea t i ng  an odd unpaired e l e c t r g  i n  q . Had the  bonding 
o f  (RLi)2 been complekely i on i c ,  t h e  s i n g l e  cp f i  u ra t i on  R qL i+2 bepresenting t h e  
system would have two equiva lent  holes i n  L i  '. 'Hence, (RLi)2 should d i sp lay  two 
d i f f e r e n t  reduct ion p o t e n t i a l s  i f  i t  i s  baud by I o n i c  Overlap Induc t i on  b u t  on ly  one 
(or ,  b e t t e r ,  two having the  same value) reduct ion po ten t i a l  i f  i t  i s  bound by 
" c l a s s i f ? l n  coulomb forces ( i o n i c  bonding l i m i t ) .  
( C U O R ) ~  
I nduc t i on  and other times cons is ten t  w i t h  i on i c  bonding ( r e f .  12). 

Li").  

Rather, CLi4 must be regarded as a te t rahedra l  L i 4  

So, w i t h  respect t o  L i  , C- 

( 9 )  NMR experiments have revealed t h a t  there i s  13C - 'Li b u t  t he re  i s  no t  
L i  spin-spin coupl ing i n  (CH L i )  ( r e f .  10,lV. 

Indeed, the  analogous system 
has been found t o  e x h i b i t  behavior sometimes cons is ten t  w i th  I o n i c  Overlap 

( c )  

1. Ethylene i s  adsorbed on one P t  atom v i a  Overlap Dispersion and t h i s  
complex i s  e l e c t r o n i c a l l y  very s i m i l a r  t o  t he  Pt-Ethylene gas phase complex. 

2 .  
rad i ca l  anion, E-, i s  coordinated t o  a P t  
t o  t he  case o f  (RLi) 
6s e lect rons,  p lays %e r o l e  o f  L i p .  

Addi t ion o f  H2 t o  ethylene over P t  ( r e f .  13) may p l a u s i b l y  invo lve the  
f o l l o w i n g  steps. 

One P t  atom t rans fe rs  one e l e c t r o t  t o  ethylene (E) and t h e  r e s u l t i n g  
u n i t  i n  a manner completely analogous 

i . e . ,  t h e  E p lays ?.he r o l e  o f  R2 and P t2 ,  w i t h  two a c t i v e  

(-1) : 5 
H2 

+1/3 +1/3 

P t  
+1/3 

3 .  

i n Scheme 1. 
analogous t o  L i  because bosh have an ns odd e l e c t r o n  i n  t h e i r  grouni  con?igurations. 
We propose t h a t  K i s  t he  c o r r e c t  e l e c t r o n i c  s t r u c t u r e  o f  t he  observed e thy l i dyne  

intermediate observed i n  the  heterogeneous reac t i on  o f  ethylene and hydrogen over P t  
metal which chemists represent by conventional Lewis s t ruc tu res .  

G rearranges t o  K which i s  now completely analogous t o  (RLi)3, i . e . ,  2 

R3 w i t h i n  R -Li3+ i s  isosynaptic t o  CH3-C- w i t h i n  CH C-Pt + .  

- - - - 
P t  i s  

- 
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(d) We can represent L i  by one VB s t r u c t u r e  which immediately t e l l s  us t h a t  
L i  i s  a b u i l d i n g  block w i t 8  one i n t e r s t i t i a l  e lec t ron  r e s i d i n g  i n  an I n t e r s t i t i a l  
O r g i t a l  (10) placed between the two atomic n u c l e i .  
minimal I0 bas is  set ,  we can represent doublet  Li2- i n  a s i m i l a r  fash ion as 
i l l u s t r a t e d  below, each c i r c l e  representing an 10. 

Now, by us ing a conceptual 

( r e f .  14) 

L i  0 L i  + 
(Doub I e t )  - 

(Doub I a t )  

A warning o f  utmost importance: A l l  analyses should be made using the  symmetry 
adapted y .  MO's and then t rans la ted  i n t o  I 0  (ti) language. 
unwarranted s i m p l i f i c a t i o n  (e.g., assigning one spherical I0 per L i  atom i n  an L i n  
c l u s t e r )  i s  bound t o  lead t o  erroneous conclusions regarding molecular e l e c t r o n i c  
s t r u c t u r e .  

F a i l u r e  t o  do so and 

The f o l l o w i n g  discussion respects these r e s t r i c t i o n s .  

Consider t r i p l e t  methylene and s i n g l e t  L i p  p u t  together t o  make d i l i t h i o -  
methanegby t h e  MOVE procedure: 
L i  t o  CH so t h a t  coupl ing o f  t he  two r e s u l t i n g  rad i ca l  ions w i l l  y i e l d  a molecule 
which can 8e represented by the  formula shown below. The predic ted shape i s  a 
h i g h l y  d i s t o r t e d  tetrahedron w i t h  a large LiCLi angle o r  a planar s t r u c t u r e  w i th  a 
much smaller LiCLi angle. I n  the  te t rahedra l  geometry, t he  two rad i ca l  ion 
fragments are j o ined  by a b2 i n t e r s t i t i a l  bond. 
i n t e r s t i t i a l  bond has a symmetry. The no ta t i on  tl -> a means Itl upon symmetry 
adaption y i e l d s  an al M a " .  

We argue t h a t  one e lec t ron  w i l l  be t rans fe r red  from 

2 

I n  the  planar geometry, t he  

1 

t2 

0 
Li 

tl 

5' a1 

0 t3 

n Li 
0 t 3  

Li 

+ al 

t2 + bl 
t '  4 al 

What w i l l  be the  s t r u c t u r e  o f  t h e  lowest energy t r i p l e t  s ta te? To make the  
ground s i n g l e t  s t a t e  we obeyed $he wishes o f  t he  e l e c t r o p o s i t i v e  L i p  t o  be 
transformed t o  i n t e r s t i t i a l  L i  
mately i n t e r s t i t i a l  bond formagion j o i n i n g  the  r e s u l t i n g  rad i ca l  ions produces the  
most s t a b l e  species. 
t r a n s f e r  i s  simply reversed: 
generate t h e  s tab le  i n t e r s t i t ' a l  L i  
promoted t o  5he i n t e r s f i i t i g l  'Li; hzving the  con f igu ra t i on  20 lr  . . 
Coup1 ing  o f  CH2* and L i p  by one i n t e r s t i t i a  I bond r e s u l t s  i 4  t h e u f o r m k i o n  o f  a 
molecule which can be represented by the  formula shown below. The predic ted shape 
i s  e i t h e r  a d i s t o r t e d  tetrahedron o r  a d i s t o r t e d  planar system w i t h  the  remarkable 
proper ty  t h a t  t he  L i p  u n i t  i s  negat ive ly  charged against  a l l  i n t u i t i v e  ideas based 
upon t h e  no t i on  o f  ion ic  bonding. I n  both geometries, t he re  i s  one al i n t e r s t i t i a l  
bond. 

by donating one e lec t ron  t o  CH2 so t h a t  u l t i -  

To make t h e  ground t r i p l e t  s t a t e  the  d i r e c j i o n  o f  charge 
CH2 t o  L ip  t o  

20 

We qow t r a n s f e r  one e lec t ron  from 
which needs comparatively smail en7rgy t o  be 
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We say t h a t  s i n g l e t  as wel l  t r i p l e t  CH L i  
induct ion " i n t e r s t i t i a l  izes" the  elect%ong o f  t h e  ion metal I i c  fragment and these 
a re  then used t o  form covalent i n t e r s t i t i a l  bonds w i th  the  second nonmeta l l ic  o r  
semimeta l l ic  fragment. 
L a i d i g  and Schaefer concerning the  e l e c t r o n i c  s t r u c t u r e  of CH2Li2 ( r e f .  15). 

A f i n a l  word o f  caut ion:  MOVB theory i s  t a i l o r e d  f o r  t he  human mind. 
Generalized VB (GVB) theory ( re f .  16) i s  t a i l o r e d  f o r  the computer. The former 
makes t ransparent  how symmetry orchest rates bonding whi le  the  l a t t e r  cannot do so 
(though it does conta in  symmetry c o n t r o l ) .  Hence, CVB theory cannot serve as a 
bas is  f o r  a conceptual approach t o  chemist ry .  Recently, t he  Coddard group has 
performed ca l cu la t i ons  o f  c l u s t e r s  depar t ing from an I 0  bas is  ( r e f .  17). The f a c t  
t h a t  t h e  se lec t i on  o f  t h e  10 ' s  has been i n t u i t i v e  and w i t h  d isregard t o  ope ra t i ve  
symmetry cons t ra in t s  and t h e  "pe r fec t  p a i r i n g  approximation", which leads t o  a 
q u a l i t a t i v e l y  i nco r rec t  perception o f  bonding i n  m e t a l l i c  systems, leads us t o  
suspect t h a t  many o f  t h e  r e s u l t s  obtained i n  t h i s  way w i l l  t u r n  ou t  t o  be erroneous 

i s  bound by Overlap Induct ion,  i . e . ,  

These ideas a re  cons is ten t  w i t h  the  computational r e s u l t s  o f  

when 

1. 

2. 
3. 
4. 

5. 

6. 
7. 

8. 

9. 

10. 

11. 
12. 

13. 
14. 

15. 
16. 

17. 

compared to -  f u l  I-scale computations 
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