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QUANTUM CHEMICAL CALCULATIONS OF P-N AND P-P 
COUPLING CONSTANTS OF CYCLOTRIPHOSPHAZENES 

HEH'I'HOLI) 'I'HOMASa ) B l R G l ' I '  SCHkAbb ) , GlbBbRT GROSS- 
MA"" ) 

a )  Mining  Arariemv, F'rei berg,  Germany 
b ,  Uresden U n l v e r s i t v  of l r c h n o  Logy, D r e s d e n .  G e r m a i i y  

Abst  r n c t  S e m i e m p i r i c a l  quantum c h e m i c a l  calcula- 
t i o n s  iisi rig t h e  SOX approxi m a t  i o n  h a v e  b e e n  car- 
r i e d  o u t  i n  order  t o  f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  
of t,he P-N a n d  P-P c o i i p l i n q  c o n s t a n t s  of a series 
0 4  5 N  label l e d  h e x a s u b s t i t u t ~ e d  cvc l o t  r i p h o s p h a x e n e s  
( l S N P X 2  ) 3 .  A c-hanqe o f  s i g n  w i t h i n  t h e  ser ies  was 
conf  I rmed . 

ke h a v e  D r e v i o i i s l v l  s t u d i e d  R ser i e s  of  1 5 N  l a b e l l e d  he-  

x a s u h s t  I t u t e d  cycl o t  r i p h o s p h a 7 e n e s  ( NPXz 1 3  , w h e r e  

Y = F. c1 1 O R ( 1  ) l  Ski( l ) ,  V R ( 2 ) z  1 CH3 

H ( 1 )  = M e ,  E l ,  Ph a n d  H ( 2 )  i-f, Me, E t .  

We w e r e  i n t e r e s t e d  i n  t h e  i n t  luence ot' t h e  s u h s t i t u e n t s  

o n  t h e  P-N r i n g  s y s t e m  a n d  on t2he nurlear s p i n - s p i n  coup- 

l i n g  c o n s t a n t s  ' , J P N  a n d  L J ~ ~  i n  t h e s e  compounds .  

b e c a u s e  i t  w a s  i m p o s s i b J e  t o  o b t a i n  t h e  s i g n s  of  t h e  P-V 

a n d  P-P coupl i n g  c o n s t a n t s  experi menta 11 y ,  t.hey were sup- 

p o s e d  bv u s  giving H L i n e a r  c o i . r e l a t i o n  to t h e  e l e c t r o n e -  

q ' a t i v i t v  o f  t h e  s i i b s t i t u e n t s .  

I n  o r d e r  t o  c a l c u  1 a t e  t h e  n u c l e a r  s p i n - s p i n  coup1 i n g  c o n -  

s t a n t s  w e  h a v e  u s e d  a s i m p l e  a p p r o x i m a t i o n  i n t r o d u c e d  by 

P o p l e  a n d  S a n t r y  o n  t h e  L C A O  M O  l e v e l  ( t h e  so called s u m -  

over-s ta tes  t r e a t m e n t  I SOS] ) 2 ,  c o n s i d e r i n g  a l l  c o n t r i b i i -  

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

[269]/91 
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l'he wave f u n c t i o n s  a n d  o r b i t a l  e n e r g i e s  r e q u i r e d  f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  c o u p l i n g  c o n s t a n t s  were o b t a i n e d  

from CNDO, I N D O ,  o r  NDDO c a l c u l a t i o n s .  'I'he t r i p l e t ,  e x c i -  

tation e n e r g y  for t h e  Permi c o n t a c t  t e r m  w a s  c a l c u l a t e d  

a c c o r d i n g  t o  

''Ei-ci = 61 - 67 - J i  J 

w h e r e  J I  1 is t h e  Coulomh i n t ' e g r a l  b e t w e e n  t h e  o c c u p i e d  

M O I  a n d  t h e  unoc.cupied MU1 , a n d  61, € 1  are  t h e  r e s p e r t , i v e  

o r b i t a  L e n e r g i e s .  The c a l c u l a t i o n  of t h e  s p i n  d i p o l e  c o n -  

t r i b u t i o n  w a s  c a r r i ed  out, i n  an a n a l o e o u s  m a n n e r .  I n  cal-  

c u l a t i n q  t h e  o r b i t n l  t e r m  H v a l u e  t o r  t h e  s i n g l e t  e x c i t a -  

t i o n  e n e r g y  i s  a l s o  n e e d e d ;  t h u s  i n  t h i s  case apart  f r o m  

t h e  Coulomb i n t e g r a l  i t  i s  n e c e s s a r y  t o  t a k e  i n t o  a c c o u n t  

e x c h a n g e  i n t . e g r a l  s .  

I'wo b a s i s  s e t s  were u s e d ,  t h e  f irs1 i n c l u d i n g  v a c a n t  d 

o r b i t a l s  o n  a t o m s  of t h e  t h i r d  p e r i o d  ( s p d - b a s i s ) ,  t h e  

s e r o n d  n e g l e c t i n g  t h e s e  tsp-basis). 

The c a l c u l a t i o n s  o f  l J p r  and 2 J ~ ~  were c a r r i e d  o u t  f o r  

t h e  to1  lowing  six romDounds: ( N P C z  1 7 ,  ( N P ( O H 1 2  )I (as A 

modal compound f o r  e s t e r s ) ,  (IUI-"(NHz 12 1 3  (as a model  com- 

pound f o r  a m i d e s ) ,  ( N P l C H s  1 2  ) ? ,  ( N I J C 1 2  ) 3 ,  a n d  ( N P ( S H ) z  ) 3  

(as a model compound t o r  t h i o e s t e r s ) .  

* l P N  

I'he r e s u l t s  o t  t h e  c a l c u l a t i o n s  o f  ~ J P N  are summar ized  i n  

i'able 1 .  In t h e  c-ases w h e r e  v a r i o u s  i n d i v i d u a l  compounds 

w e r e  i n v e s t i g a t , e d  ( e s t e r s ,  t h i o e s t e r s ,  a n d  amides) expe- 
r1ment.a I c o u p l i n g  c o n s t a n t s  are mean v a l u e s .  

I t  i s  p o s s i b l e  t o  g i v e  c o r r e c t .  t r e n d  p r e d i c t i o n s  i n  a l l  

c;asps. T h p  r o r r e l a t i o n  b e t w e e n  e x p e r i m e n t a l  a n d  c a l c u l a -  

t e d  v a l u e s  of ~ , J P N  I S  g o o d ,  t h e  b e s t  v a l u e  b e i n g  o b t a i n e d  

when w e  r e s t r i c t  o u r s e l v e s  t o  m o l e c u l e s  w h i c h  d o  n o t  c o n -  

t a i n  s r t b s t i t u e n t  atoms of t h e  t h i r d  per iod (such as c h l o -  

r i n e  o r  s u l f u r ) .  The c h a n g e  of  s i g n  w i t h i n  t h e  series w a s  

a l s o  c o n f i r m e d ,  a t  l e a s t  t o r  l N D O  c a l c u l a t i o n s :  h o w e v e r ,  

t h e  d i r e c t i o n  of t h e  s i g n  c h a n g e  i s  a p p a r e n t l y  o p p o s i t e  
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COUPLING CONSTANTS OF CYCLOTRIPHOSPHAZENES [271]/93 

TABLE I Calculated and experimental values of’ ~ J P N  of cyclo- 
triphosphazenes (in H z )  and correlation coefficients r 

(NPXz 13 sp-Basis spd-bas i s experi- 
mental 

w i thou t with without values 
integrals integrals integrals 

X CNDO INDO NDDO CNDO INDO INDO NDDO 

F -24.9 -25.2 -33.6 -19.8 -17.9 -16.1 -26.5 -24.9 
C l  -11.3 -6.2 -15.6 - 2 . 4  9.6 -1.4 -15.4 t 3 1 . 7  
OH -17.1 -13.8 -23.7 -9.7 -1.3 -8.8 -22.8 -7.0 
S H  -5.9 2.2 - 8 . 3  3.9 21.2 5.8 -12.2 t 5 2 . 0  
N H z  -10.1 -3.1 -12.7 -0 .8 14.3 -1.2 -17.1 t 7 . 0  
CH3 -5.9 5.3 -5.4 3.3 24 .6  6.8 -9.2 t 2 6 . l  

. . . . . .  ...... __ _ _ _ . _ _  

r ( a l 1 )  0.887 0.851 0.855 0.8Y2 0.855 0 .900  0.800 
r ( 2nd 
period) 0.989 0.994 0.992 0.978 0.990 0.Y34 0.988 

TABLE 11 Calculated and experimental values of 2 t J e ~  of cyclo- 
triphosphazenes (in H z )  and correlation coefficients r 

._ - - _ _  - - - _  _ _  - _ _  - - ..- 

( N P X z  ) 3  sp-basis spd-basis 

without with without, 
integrals in t.eqra 1s i ntegra 1 s 

X CNDO INUO NDDO CNDO INDO INDO NDDO 
... ......................................... . 

F 11.9 20.0 13.7 13.5 35.3 50.9 11.8 
(:I 6 .3  H.4 5 . 2  5.3 11.3 19.7 2 . 1  
OH 7.2 10.8 8.6 15.0 21.8 30.0 6.9 
SH 4.6 4.4 3.4 Y.7 6.9 8.3 1.1 
NH 4 . 1  4 . 0  4 . 0  7 .2  5.5 6.6 2.0 
CH 1.5 0.7 1.7 2.7 1.1 2.6 0.7 
-. _ _  ..... _. ...... . . .  .__ .... ..... . - . ._ 

experi- 
mental 
values 

t 1 6 0  
t 4 5  

t 100 
-20 
t 4 5  

-5 
- __ -____I 

r(al1) 0 .901  0.92Y 0.959 0.704 0.938 0.938 0.956 
r ( 2”d 
period) 0.994 0.987 0.993 0.8Y6 0.984 0 .983  0.982 
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t o  o u r  e a r l i e r  p r o p o s a l ' .  Thus  ~ J P N  i s  n e g a t i v e  i n  t h e  

case of  t h e  f l u o r i d e  a n d  p o s i t i v e  i n  t 'he case of  the 
t h i o e s t e r s ;  t h  

s t a n t s  i n  'Table  

We c a n  however  

d o m i n a n t  i n  t h e  

p e r i m e n t a l  c o u p  

term, w h e r e a s  

s i g n s  o f  t h e  e x p e r i m e n t a l  c o u p l i n g  c o n -  

1 are a s s i g n e d  o n  t h i s  b a s i s .  

s t a t e  t h a t  t h e  c o n t a c t  term seems t o  b e  

s e n s e  t h a t  t r e n d s  of c h a n g e s  i n  t h e  ex- 

i n g  c o n s t a n t s  are  r e p r o d u c e d  w e l l  by t h i s  

t h e  o r b i t a l  c o n t r i b u t i o n s  e x t e n d  across 

o n l y  a small r a n g e .  S i g n i f i c a n t  c h a n g e s  o f  t h e  t h r o e  i n -  
t e r a c t i o n  c o n t r j  b u t i . o n s  by enhancement  of' t,he b a s i s  s e t  

were n o t  o b s e r v e d .  

2 . J P P  

'Table  C l  c o n t a i n s  t h e  r e s i i l t , ~  f o r  c o u p l i n g  c o n s t a n t s  

~ J P P  . W h i l e  t h e  c a l c u l a t e d  a b s o l u t , e  v a l u e s  are n o t  i n  

good a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  c o u p l i n g  c o n s t a n t s ,  

an a c c e p t . a b l e  l i n e a r  c o r r e l a t i o n  w a s  f o u n d ,  The correct, 

s i g n  c a n n o t  a lways  b e  o b t a i n e d  f rom s u c h  c a l c u l a t i o n s ,  a 

n e g a t i v e  s i g n  w a s  f o u n d  o n l y  i n  t h e  case o f  t h e  f i c t i -  

t , ious  h e x a h p d r i d o  compound I Z . J p p  ( "DO, s p - b a s i . s .  w i t h  

i n t , e g r n . l s )  = - 3  Hz). h e v e r t h e l e s s  t h e  good c o r r e l a t i o n  

c o e f f j c i r n t s  r c o n f i r m  t h e  c h a n g e  o f  t h e  s i g n  ot' t h e  e x -  

p e r i m e n t a l  v a l u e s  as a s s u m e d  by u s .  The d i r e c t i o n  o f  t h e  

c h a n q e  i s  o p p o s i t e  t o  t h a t ,  of * J P N ,  ~ J P P  i n c r e a s i n g  w i t h  

i nc re as i n g su b s t  i t uen  t e J. ec t r o n e  ga t i v i t, g , 
The i n c l u s i o n  of  d o r b i t a l s  i n  t h e  I N 1 ) O  c a l c u I a t , i o n s  

y i e l d  i n c r e a s i n g  a h s o 1 u t . e  va l i i e s  of ~ J P P ,  b u t  do not .  i n -  

f l u e n c e  t h e  t r e n d  p r e d i c t i o n s .  C a l c u l a t i o n  of t .he Fermi 

c o n t a c t  t e r m  i s  s u f f i c i e n t ,  s p i n  d i p o l a r  term a n d  o r b i -  

t a l  term b e i n g  n e g l e g i h l e  i n  t h e  case of g e m i n a l  c:oup- 

l i n g s  i n  c ~ c l o t r i p h o s p h a z e n e s .  

1. l3. Thomas a n d  G .  G r o s s m a n n ,  JJSp. Khirn,, 55, 1 1 2 4  

2 .  J .  A .  Pople a n d  U. P .  S a n t r y ,  Mol. Ph-y-s., 8 ,  1 (1963) 
( i g a t i )  
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