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I t  was r e c e n t l y  shorn (1) by Chr i s t e  t h a t  PCF 6 can o x i d a t i v e l y  f l u o r i n a t e  

FC102 to  form the  novel  C102F2 + c a t i o n  acco rd ing  toz 

2FC102 + 2PCF 6 25° ~ C102+PtF6 - + C102F2+PCF6 - 

The i n f r a r e d  spectrum of the s o l i d  r e a c t i o n  p roduc t  e x h i b i t e d ,  in  a d d i t i o n  

to  the bands c h a r a c t e r i s t i c  of  the  C102F2 +, C102 +, and PCF 6 -  ions ,  a new 

band of  medium i n t e n s i t y  a t  890 em -1 .  This band could no t  be a s s igned  to  

any known s p e c i e s .  The y i e l d  of C102F2 + ob ta ined  from the ~ F  6 f l u o r i n a t i o n  

r e a c t i o n  a t  250 was r e l a t i v e l y  low, o ~ n g  to  the  fol lo~ring competing 

reaction." 

2FC102 + 2Ft, F 6 ~£C102+Ft, F6 - + F 2 

In  o rder  to  suppress  t h i s  competing r e a c t i o n ,  we have s tud i ed  the FCl02-1~F 6 

system a t  -78 ° . When PtF 6 was exposed f o r  48 hours to  an excess of 1~102 

a t  -78 ° ,  the f o l l o w i n g  unexpected  r e a c t i o n  occur red :  

6FC102 + 6Pt, F 6 -78°  ~ 5C102+PCF6 - + C1F6+PCF6 - + 02 

The observed FC102-PCF 6 combining r a t i o ,  weight  ga in ,  and 02 e v o l u t i o n  

d e v i a t e d  by l e s s  than 3~ from those  c a l c u l a t e d  f o r  the  above equa t ion .  The 

i n f r a r e d  spectrum of the s o l i d  r e a c t i o n  p roduc t  showed C102+PCF 6 -  as the 
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main p r o d u c t ,  a t r a c e  o f  CI02F2 +, and a s t r o n g  890 em -I a b s o r p t i o n .  The 

i d e n t i t y  o f  t h e  nove l ,  s t a b l e  s p e c i e s  h a v i n g  an 890 cm -1  i n f r a r e d  a b s o r p t i o n  

as  ClF6 + was unambiguous ly  e s t a b l i s h e d  by 19F nmr and v i b r a t i o n a l  s p e c t r o s c o p y ,  

and i t s  r e a c t i o n  c h e m i s t r y .  The 19F nmr s p e c t r u m  of  t h e  p r o d u c t  d i s s o l v e d  

i n H F  c o n t a i n s  two s e t s  of  q u a d r u p l e t s  a t  -391 ppm r e l a t i v e  to  CFC13 

( e x t e r n a l  s t a n d a r d ) .  The o b s e r v e d  s p l i t t i n g  i s  due t o  c h l o r i n e - f l u o r i n e  

s p i n  s p i n  c o u p l i n g  and t h e  two n a t u r a l l y  o c c u r r i n g  C1 i s o t o p e s .  The c o u p l i n g  

c o n s t a n t s  a r e  J 35C1F = 337 and J 37C1F = 281 cps and a r e  t he  f i r s t  r e p o r t e d  

examples  o f  w e l l  r e s o l v e d  c h l o r i n e - f l u o r i n e  s p i n  s p i n  c o u p l i n g .  The 

p ronounced  d o w n - f i e l d  s h i f t  and t h e  i n e f f e c t i v e n e s s  o f  c h l o r i n e  q u a d r u p o l e  

r e l a x a t i o n  a r e  c o n v i n c i n g  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  an o c t a h e d r a l  C1F6 + 

c a t i o n .  

The v i b r a t i o n a l  s p e c t r u m  of  C1F 6 i s  g i v e n  i n  Tab l e  I and i s  compared to  

t h a t  o f  i s o e l e c t r o n i c  SF 6 (2,3). 

IR 

TABLE I 

÷ 
V i b r a t i o n a l  Spec t rum of  C1F 6 and i t s  A s s i g n m e n t  

F r e q u e n c y  ( em-1 ) ,  i n t e n s i t y  

C,1F6 + SF 6 

BA IR BA 

A s s i g n m e n t  f o r  

P o i n t  Group O h 

890 v s  

582 m 

679 v s  

580 m 

513 m 

948 v s  

615 m 

769 v s  

640 m 

522 m 

h (Alg) 

(Flu) 
(Flu) 
(r2g) 
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As can be seen,  the observed spectrum c l o s e l y  resembles  t h a t  of SF 6 and 

conf i rms the  oc t ahed ra l  s t r u c t u r e  of CLF6+. The 890 cm -1 i n f r a r e d  band 

shows a 35C1-37C1 i s o t o p i c  s p l i t t i n g .  The observed va lue  of about  13 cm -1 

-1 i s  i n  e x c e l l e n t  agreement  wi th  the  va lue  of 12.5 cm computed f o r  o c t a h e d r a l  

CIF6+~ assuming 100% c h a r a c t e r i s t i c  =odes.  

A d i sp l acemen t  r e a c t i o n  between CIF6+~F6 - and FN0 was c a r r i e d  out  under  

c o n d i t i o n s  s i m i l a r  to  those which had s u c c e s s f u l l y  been used f o r  the s y n t h e s i s  

of C1F302 from C102F2+PtF6 - and FN0 (4) .  Since CIF6 + can be cons ide red  as 

a Lewis ac id  adduct  of C1F7~ the p roduc t s  from the FN0 d i sp lacement  r e a c t i o n  

should a l l ow  some c o n c l u s i o n s  conce rn ing  the s t a b i l i t y  of the h y p o t h e t i c a l  

compound C1F 7. The f o l l o w i n g  r e s u l t s  were o b t a i n e d  f o r  the  d i sp lacement  

r e a c t i o n :  

C1F6+PtF 6-  + FN0 -780 ~-N0+PtF6 - + C1F 5 + F 2 

This indicates that CIF 7 under the given reaction conditions is unstable 

at temperatures as low as -78 ° towards decomposition into CIF 5 and F 2. 

Both cations, CI02F2 + (i) and CIF6 ÷, are now well characterized. This 

suggested the possible synthesis of the intermediate CIF40+ cation from 

CIF30 and PtF 6. At 25 ° , the main reaction was: 

2C1F30 + 2PtF 6 250 ~ 2C1F20+PtF6 - + F 2 

In  a d d i t i o n ,  smal l  amounts of FC102 and C1F 5 were observed among the 

v o l a t i l e  r e a c t i o n  p roduc t s .  When the r e a c t i o n  tempera ture  was lowered to 

-45 ° ,  the main p roduc t s  were aga in  C1F20+PtF6 - and F 2. However~ smal l  

amounts of C102F2 + and CIF6+PtF6 - had a l so  formed. No evidence  fo r  the 

presence  of any CLF40+ could be o b t a i n e d .  This sugges ts  t h a t  t e t r a h e d r a l  
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C1F202 + and oc t ahed ra l  C1F6 + 

t r i g o n a l  b ipyramida l  ClF40+. 

are more f avo rab l e  products  than the pseudo 

+ 
In  the low-tempera ture  r e a c t i o n  between FC102 and PtF6,  the y i e l d  of CIF 6 

can be a t  b e s t  1/6 based on PtF 6. Since Roberto had p r e v i o u s l y  ob ta ined  

(5) fo r  the CIF5-P%F 6 system a s o l i d  showing a s t rong  890 em -1 i n f r a r e d  

a b s o r p t i o n ,  we have a l so  s t u d i e d  t h i s  system i n  order  to i n c r e a s e  the p o s s i b l e  

y i e l d  of C1F6 + to  50~ and to v e r i f y  t h a t  the products  from both  systems 

conCain the same s p e c i e s ,  C1F6 +. Two r e a c t i o n s  wore c a r r i e d  out  a t  25 ° wi th  

uv i r r a d i a t i o n .  When u n f i l t e r e d  uv i r r a d i a t i o n  was used,  the r e a c t i o n  was 

complete i n  s eve ra l  hours :  

2C1F 5 + 2PtF 6 unfiltereduv ~C1F2+YtF6 - + C1F6+P~6 - + F2 

Using a Pyrex-water  f i l t e r ,  a r e a c t i o n  t ime of two weeks was r e q u i r e d  wi th  

the p roduc t s  b e i n g :  

2C1F 5 + 2p~F 6 Pyrex f i l t e r  ~ C1F4+PtF6- + C1F6+PtF6- 
uv 

Since u n f i l t e r e d  uv l i g h t  can decompose C1F 5 i n t o  C1F 3 + F 2 (6) and s ince  

C1F2 + s a l t s  are more s t a b l e  than  C1F4 + s a l t s  (7)9 the observed d i sp lacemen t  

+ 
of C1F 4 by C1F 3 i s  no t  s u r p r i s i n g .  The r e s u l t s  from our v i b r a t i o n a l  

spec t ro scop ic  s tudy conf i rm t h a t  the products  ob t a ined  from the r e a c t i o n s  

of P?~6 wi th  e i t h e r  FC102, C1F30 , or C1F 5 c o n t a i n  indeed the i d e n t i c a l  new 

s p e c i e s ,  C1F6 +. 
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