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Charge t rans fe r  assoc ia t ions  a r e  a  we1 1-establ  ished phenomena 

and a r a t h e r  e x t e n s i v e l y  i n v e s t i g a t e d  one also.' Since the acceptor  

component of  such complexes normal ly  does n o t  e x i s t  as a l i q u i d  

under s tandard condit ions,' we wish t o  r e p o r t  on two organic 1  i q u i d s  

which f u n c t i o n  as acceptor  components.with s u i t a b l e  complimentary 

molecules. 

As i n d i c a t e d  i n  F igure  1  ( t h e  presence o f  an extended shoulder 

i n  t he  spec t ra  of t he  mix ture) ,  pentaf luorobenzoni tril e  (PFBN) corn- 

pl  exes w i t h  Pi ,I4 ,N' ,N'-tetramethyl-p-phenylenediamine - (Th!PD), w i t h  

N,N-dimethylani l ine (DNA), and w i t h  phenoth iaz ine i n  cyclohexane. 

In add i t i on ,  c r y s t a l l i n e  complexes o f  TMPfI-PFBN and D?IA-PFB:J a r e  

ob ta ined when the  pure m a t e r i a l s  a re  mixed. 

These two organ ic  bases a l s o  form s o l i d  complexes w i t h  hexa- 

f l ~ o r o b e n z e r ~ e  (HFB) \ h e n  the  m a t e r i a l s  a r e  mixed i n  the pure s t a t e  

i n  a r a t i o  o r  1 :l. Ilo!.rcvcr, I W W  dbsorp t ian  bands a rc  n o t  clctcctcd 

i n  t he  spec t ra  ( i n  cyclohexane so lu t i ons )  o f  m i x h r e s  o f  T?lPD o r  D!,14 

w i t h  HFB. Idhen HFB i s  used as a so l ven t  f o r  TYPO o r  DrlA, the solu- 

t i o n s  a r e  v i s i b l y  yelloilr. However, w i t h  tirne a reaction occurs as 

e v i d e n t  by t h e  fo rmat ion  of a b lack  p r e c i p i t a t e .  



The sol id co~nplex fornled betwccn TMP9-PFRY, which i s  oritnw , 
was analyzed by a conlbination extraction and snectrosco?ic ! ~ t h o d  

and by vapor phase chromatography and found to contain a r a t i o  o f  

the two components of 1 :1 which agrees with an elemental analysis 

of th i s  complex. 

Analysis of DMA-PFBN or  Di4A-HFB coniplexes were compl icated by 

the presence of excesses of thc liquid components on the c rys ta l l ine  

complexes, \{hen attempts are  made to  dry the c rys ta l s ,  the c rys ta l s  

dissociate as the. excesses evaporate until the crystals  and the V;IO 

,components to t a l ly  disappcdr. The TNPD-HFO complex was n o t  analyzed. 

The complex between phenothiazine and PFBN was not isolated as a 

crystal  1 ine material. 

The association constants fo r  the TWD-PFBfl and DMA-PFSM complexes 

were determined according t o  the method of ~ i ldebrand  and Denesi. 3 

The data obtained fo r  these complexes, plotted according to  the 

ilildebrand-Benesi equation, a re  shown in Figure 2 ,  The association 

constants and extinction coefficients are  given in Table I .  

Although the MMR spectrum o f  the TMPD-PFBN complex suggested 

tha t  f ree  radicals were present in th i s  complex (evidenced by l ine  

broadening compared to  TMPD' in, C C 1 4 ) ,  no radical species . could be 

detected by EPR in any of the complexes reported here; e i the r  in 

i d  illumination kli t h  u l t ra-  

1e level of paranlaqnetic 

solution or  in the sol i d  complexes, Nor d 

violet  or  vis ible  l i g h t  producc a de.tectab 

species, 
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The c e l l  path l eng th  was 1 cm i n  a l l  t h e s e  experiments.  

. . 
* .  .. ' 

TMPD-PFBN and DMA-PFBN' cornpl exes  
. . 

Concent ra t ions  

PFBN TISPD DMA 

. 0.08 t o  0.73 M 5.0 x M - - 0 

I1  I1  I I  I1  I1  0 

I t  18 I1  I1  I1  
I/ 0 

r ' - - " - - . . . . - . . - - - - - - - . .  

K 

(mu) (moles / l )  (1 /mo1 e cm) 

380 4.0 800 

400 4.1 700 

420 -4 .3  600 . . 
- - - . - a " " - - - - - - - - - - .  



Figure Catjtinns 

Fiqure 1 ,  Optical spec t ra  i n  cyclohcxane i n  one cm ce l l s .  ( a )  

1. 0.74 - M PFDb!, 2. l . 3  x M phenothiazine, 3 .  - 
rnixturc of 1 .3  x 11 phenothiazine and 0 .11  " Pc9:'. - - 
(b )  1. 0.74 - 1.1 PFBll, 2. 5 x l o 3  t 4 . 4 ,  3. ~ i x -  - 

, turi of 4.5 x lom3 :I DNA and 0.66..!1 PFBN. ( c )  1. - - 
0.74 - b1 PFUEI, 2. 5.0 x - M TIIPD, 3 .  mixture of 

5.0 x 1.1 THPD and 0;74 M PFRN. - - 

. . 
F i  qure 2. , Hi 1 debrand-Benesi p lots  of charge t r ans f e r  absorption, 

( a )  TMPD-PFBN complex a t  380 mp (closed t r i a n g l e s ) ,  

, 400 mp (closed c i r c l e s )  , and 420 mp (crosses) .  

(b)  Di9A-PFBY complex a t  340 rnp (closed squares) ,  

350 mp (closed c i r c l e s )  and ,360 mp (c rosses ) ,  

1 
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Fig. 1 
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Fig. 2 
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A .  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
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o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any  i n f o r m a t i o n ,  appa-  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  above ,  "pe r son  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee  o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee  o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  such  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commiss ion ,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  


