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THREEFOLD PHOSPHORUS-NITROGEN REORIENTATION 
BARRIER IN TRICHLOROPHOSPHAZOCOMPOUNDS FROM 3 5 ~ 1  NQ,R DATA 

I. A. Kjunzel, V. A,Yokeeva *and G. B. Soif e r  
Perm State  University,Perm,U.S.S.R. 

I n s t i t u t e  of Organic Chemistry 
E. S . Ko zlov 

Kiev,U. S.S.R. 
Academy of Sciences of t h e  Ukraine, 

In the  present paper w e  describe the 3 5 C l  NQR investi-  

gation of PC13-reorientations i n  the  molecules of three tri- 

chloropbosphazocompounds, C 1 3 h N C C l  (CCl3l2 (I), 

C13hNP(0) (CC13)2 (11) , C13ENCOCF3 (111). In order t o  eluci- 

date t h e  quantitative parameters of the  reorientational moti- 

on we have used (unlike') the  temperature dependence of  the  

quodrupole spindlat t ice  relaxation time T1 which is very 

sensi t ive t o  a molecular ~ m m i c s ~ * ~ .  

In the  temperature range 77 4 180°K an exponential de- 

crease of !Pl, an equalization o f  i t s  values for  the different  

chlorine nuclei of the  PC13 group and fading out of t h e  35Cl 

NQ,R signals of this group a r e  observed. Typical experimental 

data for 111 a r e  shown i n  t h e  Figure. They confFnn the  par t i -  

cipation o f  the  chlorine a t m e  f r om ehe P a 3  group i n  a re- 

orientational motion between equilibrium posit ion about t h e i r  

symmetry axis. The evidence i n  favour o f  autonomous reorien- 

ta t ions of t h e  PCl3 group ( in  contrast t o  reorientations of 
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FIG. 1 

The temperature dependence of the resonance frequencies (a) 
and of the  q u a y 3 l e  spin-latt ice relaxation t h e  (b) of 

the  C1 nuclei in C13PrNCOCF3 

the  ent i re  molecule) was obtained by studying temperature de- 

pendences of the 35Cl NQ,R parameters for the  C-Cl and CC13 

groups in *he compound6 I and 11, and those of the  *’P NMB 
parameters for  the CF3 group i n  111. 

As seen from the  Figure the equalization of the exponen- 

t i a l l y  decreasing time Tl for a l l  three chlorine nuclei of 

114 

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



PC13-REORIENTATION BARRIER 

t h e  PC13 group proceeds without an  influence on t h e  s p l i t t -  

ings i n  the  resonance spectrum, It is connected with t h e  f a c t  

that t h e  r eo r i en ta t ion  r a t e  which causes t h e  s igna l  fading 

out  remains much lower than the  NQ,R frequencies. 

The re laxa t ion  process is determined by two re laxa t ion  

mechanism8 t h a t  combine addi t ively.  5 e  former one represents  

l i b r a t i o n s  and dominates a t  t h e  low temperatures and t h e  

l a t t e r  one is produced by reor ien ta t ions  which a r e  e f f ec t ive  

at  the  high temperatures. Temperature dependence of t h e  re- 

l axa t ion  r a t e s  may therefore  by described by a combined 

equation2 9 : 
- ( T - 5  +(T-’) -a?+bexp(- VO ) 

(T;l)observ- 1 l i b r  1 reor- 

Here Vo is reor ien ta t iona l  po ten t i a l  b a r r i e r  which may be 

determined by a mathematical f i t t i n g  of t 4 e  experimental data  

together  with a,b,and n parameters (Table 1,2). 4 

TABIX I 

The Parameters of Eq. fo r  C13ENCOCF3 

3 5 ~ 1  NQR i : -log a : l o g  b :Vo,kcal/mol 
: : : 1 ine  

lower 2,2420. I1 3,0820.22 11.1620.40 6.0720.28 

middle 2.3720. I 3  3.4720.26 1 1 . 3 9 9  39 6.23+O. 27 

UPP- 2.1020.04 2.9 120.08 II.23+0.43 6,1120.30 

f i t t i n g  of 
all t h e  
l i n e s  i n  
common - - 11.3020.22 6.1620.15 
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TPABLE 2 

The 35Cl NQ,R Frequencies and the  Reorientation 
Barr iers  of t h e  PC13 Group i n  Trichlorophosphasocompounds 

t :m.p. ,o~:mz:F;+oK : I I Tf ,°KrVo,kcal/mol I Subs t anc e 
t I : I 

I80 6,820.2 C13%NCC1 (CCl3I2  326 29 . 442 
29 . 481 
29 0 764 

29.718 I45 5.I+O.I 
395 30.070 

30.320 

C13ENP (0) (CCl,) 

C 1  3F-NCOCF3 29 . 600 I75 6.220.2 
245 30.085 

30.762 

The r e s u l t s  o f  t h e  present paper together  w i t h  t h e  data 

of1 show t h a t  t h e  poten t ia l  b a r r i e r  f o r  t h e  El3 group re- 

or ien ta t ion  about t h e  h N  bond i n  several  trichlorophosphazo- 

compounds does not exceed 5 4 7 kcal/mol. Since i n  a c rys t a l  

t h e  hindering poten t ia l  is caused by in t r a -  and intermolecu- 

lar fac tors  on may conclude that t h e  threefold reor ien ta t io-  

nal b a r r i e r  about E N  bond have an  even smaller value(cf. ). 

Thus,electronic d i s t r ibu t ion  along t h e  E N  bond does not pro- 

duce an essent ia l  hindrance f o r  t h e  reor ien ta t iona l  motion 

about this bond. 

5 
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