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Theory of 31P Chemical Shifts 

U. Fleischer', M. Schindler and W. Kutzelnigg 

Lehrstuhl  f u r  Theoretische Chemie, Ruhr-Universi tat ,  

D-4630 Boc hum 

The IGLO ( i n d i v i d u a l  - gauge f o r  - l o c a l i z e d  o r b i t a l s )  method', has been a p p l i e d  

success fu l l y  t o  organic molecules.2 The a p p l i c a t i o n  t o  phosphorous compounds 

i s  more labor ious ,  mainly s ince  l a r g e r  basis se ts  a re  requ i red .  By the  IGLO 

method one obtains the  chemical s h i e l d i n g  

l i z e d  o r b i t a l s .  For 31P the  dominant c o n t r i b u t i o n s  come from the  K-shel l  (we l l  

t r ans fe rab le ) ,  t h e  L-she l l  (depending somewhat on the  bonding s i t u a t i o n ) ,  the  

bonds at tached t o  P ( l a rge  d i f f e rences  between s i n g l e  and m u l t i p l e  bonds), and 

the  lone p a i r  on P ( l a r g e  v a r i a t i o n s ) ,  the  c o n t r i b u t i o n s  o f  d i s t a n t  bonds and 

lone p a i r s  being small, bu t  o f t e n  n o t  n e g l i g i b l e .  We f i n d  good agreement w i t h  

experiments f o r  those molecules f o r  which experimental data are a v a i l a b l e  (e.g. 

PH3, P2H4, P4, CH3PH2, OPF3) and we can make p red ic t i ons  f o r  o thers  (e.g. P2, 

P2H2, HSiP). The i n t e r p r e t a t i o n  o f  t h e  v a r i a t i o n  o f  i s  more compl icated than 

i n  the  case o f  hydrocarbons, s ince bond con t r i bu t i ons  a r e  u s u a l l y  n o t  t r a n s f e r -  

able between d i f f e r e n t  molecules,and i t  i s  hard t o  j u s t i f y  an increment system. 

An i n t e r e s t i n g  example i s  the dependence o f  the  31P-sh i f t  i n  R C r P  on R. 

as a sum o f  c o n t r i b u t i o n s  o f  loca-  

The IGLO c a l c u l a t i o n s  f u r n i s h  d i r e c t l y  a l l  tensor  components o f G .  So f a r  

we have more in fo rmat ion  on an iso t rop ies  from theory  than from experiment. 

1 M. Sch ind le r  and W. Kutzelnigg, J .  Chem. Phys. - 76, 1979 (1982) 
2 M. Schindler and W. Kutzelnigg, J .  Am. Chem. SOC. 105, 1360 (19831, 

Mol . Phys. - 48, 781 (1983) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


