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I n  a r ecen t  pape r  Pe te r s  & Milberg (1964) have  shown 
t h a t  t he  o r t h o r h o m b i c  modi f i ca t ion  of me t abo r i c  ac id  
is a t r i m e r  of fo rmula  BaOa(OH) a, and  t h a t  t he  B - O  
b o n d  leng ths  in t he  cen t ra l  r ing  (Fig. 1) appea r  to  be 
r a t h e r  g r ea t e r  t h a n  those  w h i c h  pro jec t  r ad ia l ly  f rom 
t h e  r ing.  T h e y  suggest  t h a t  th is  d i f ference  m a y  be 
genuine ,  a n d  due  to a d i f ference  in bond  order .  I t  is 
possible to  show t h a t  the i r  con jec tu re  is correct ,  a n d  
t h a t  a d i f ference  of t he  obse rved  order  of m a g n i t u d e  
( I - 3 7 3 - 1 . 3 5 5 = 0 - 0 1 8  .~) is of the  size to be e x p e c t e d  on 
theore t i ca l  grotmds.  
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Fig. 1. 

Since t he  molecu le  is p l ana r  we m a y  suppose,  in a first  
a p p r o x i m a t i o n ,  t h a t  t he  e lec t rons  are  loca ted  in a- a n d  
u -molecu la r  orbi tals .  Since t h e  a-orbi ta ls  will  fo rm local- 
ized bonds ,  a n y  differences  in bond  order  will  be due  to 
t he  u-elect rons .  These  u -bond  orders  m a y  be ca l cu la t ed  
b y  s t a n d a r d  H i i cke l - t ype  ana lys i s  (see e.g. Coulson,  
1961). W e  begin  b y  suppos ing  t h a t  all t he  B - O  resonance  
in tegra ls  fl are  equal ,  a n d  t h a t  t he re  is a d i f ference  
b e t w e e n  the  Coulomb t e r m s  aB a n d  ao of t he  boron  
a n d  oxygen  a toms .  W e  thus  t r e a t  all oxygen  a t o m s  as 
equ iva l en t ,  a n d  wr i t e  a -- aB -- sO. N u m e r i c a l l y  a > 0, a n d  
is c o n v e n i e n t l y  expressed  as 

= - k # ,  ( k > o )  

w h e r e  k m a y  be expec ted  to  be in t he  n e i g h b o u r h o o d  
of 1 or 2. L a t e r  we  shall  re lax  some of these  res t r ic t ions .  

The  ca lcu la t ion  of t h e  molecu la r  orbi tMs is s t ra ight -  
fo rward ,  a n d  the  u -bond  orders  are  o b t a i n e d  a f te r  

a l lo t t ing  t he  to ta l  of twe lve  .~-electrons to  t h e  six lowest  
ene rgy  orbitals .  Table  1 shows the  resu l t s  ob t a ined  for  
k = 0 ,  1, 2. I t  is c lear  f rom th is  t h a t  t he  ex t e rna l  bonds  
do indeed  have  g rea t e r  bond  order  t h a n  the  r ing  (i.e. 
in te rna l )  bonds .  

U n f o r t u n a t e l y  we do no t  k n o w  the  shape  of t h e  
o r d e r - l e n g t h  cu rve  for B - O  bonds .  B u t  if we assume  
t h a t  it  is s imilar  to  t h a t  for C-C bonds ,  t he  di f ferences  
in B - O  leng th  in t h e  t h r ee  cases ca l cu la t ed  wou ld  be 
A / = 0 . 0 1 6 ,  0.014 a n d  0-010 .~ respec t ive ly .  These  are  
of t he  r igh t  o rder  of m a g n i t u d e .  

The re  are  two re f inemen t s ,  b o t h  of w h i c h  w o u l d  lead  
to an  increase in t h e  b o n d  l eng th  di f ference  A1. F i r s t ,  
i ns tead  of p u t t i n g  all  f ire equal ,  we shou ld  increase  lfl[ 
for shor t  bonds  a n d  decrease  it  for long ones.  This  effect ,  
w h i c h  is well  k n o w n  for C-C bonds ,  a lways  has  t h e  
resul t  of sho r t en ing  shor t  bonds  a n d  l e n g t h e n i n g  long 
ones. I t  wou ld  the re fo re  increase  A1, pe rhaps  b y  as m u c h  
as 0.005 A. 

The  second r e f i n e m e n t  al lows for  va r i a t i ons  in  ao due  
to t h e  fac t  t h a t  t h e  h y d r o x y l  o x y g e n  a t o m s  c a r r y  a 
d i f fe ren t  fo rmal  charge  f rom t h e  r ing  oxygen  a toms .  
A rough  ca lcu la t ion  shows t h a t  t h e r e  is a l a rger  n u m b e r  
of e lec t rons  on t h e  h y d r o x y l  oxygen  a t o m s  t h a n  on 
the  r ing  ones. (The ne t  charges  are  in t h e  ra t io  of a b o u t  
3 : 2.) Thus  [ao[ wou ld  be smal le r  for t h e  ex te rna l  oxygen  
a toms .  This  m e a n s  t h a t  t he i r  effect ive  e l e c t r o n e g a t i v i t y  
w o u l d  be closer to  t h a t  of t h e  boron  a toms ,  a n d  hence  
t he  u -bond ing  w o u l d  be more  effect ive  for t h e  ex te rna l  
B - O  bonds  t h a n  for t he  in t e rna l  ones. This  is because ,  
for f ixed fl, t he  bond  order  of a d i a tomic  molecu le  is 
g rea te s t  if t h e  Coulomb t e rms  of t h e  two  b o n d e d  a t o m s  
are  equa l ;  a n d  it  decreases  as the i r  d i f ference increases.  
Thus  this  charge  effect  (as i t  m a y  be called) will  also 
increase Al. H o w e v e r ,  th is  is on ly  a second-order  effect ,  
a n d  m a y  pe rhaps  increase  t h e  b o n d  l eng th  d i f ference  
b y  the  order  of 0.005 /k. 

Our  conclus ion  is t h a t  t he  d i f ference  in b o n d  orders  
b e t w e e n  t h e  in t e rna l  a n d  ex t e rna l  B - O  bonds  is qu i t e  
real,  a n d  t h a t  i t  leads  to  a b o n d  l eng th  di f ference  of 
t he  o rder  of 0.010 to  0.020 A. I n  th is  w a y  we p rov ide  
some conf i rma t ion  of t h e  e x p e r i m e n t a l  d i f ference  0 .018/~.  
I n  v i ew of t he  r a t h e r  large e x p e r i m e n t a l  u n c e r t a i n t y  in A1, 
th is  is a b o u t  as far  as it  is w o r t h  push ing  these  calcula-  
t ions.  

Tab le  1. u-Bond orders for gnternal and external 
B - O  bonds 

k =  0 1 2 
Pinternal 0"534 0'514 0.466 
Pexternal 0"620 0"590 0.520 
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