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1,5-Bis(2,5-Difluorophenyl)-3-Mercaptoformazan. 
A New T e t r a f l u o r i n a t e d  D i  t h i z o n e  Analogue 

A. M.  Kiwan, H .  F. Aly,  and G.  Wanas 
Department o f  Chemis t ry ,  U n i v e r s i t y  o f  Kuwait ,  Kuwait 

1,5-Bis(2,5-difluorophenyl)-3-mercaptoformazan (2,2', 5 . 5 ' -  
t e t r a f l u o r o d i t h i z o n e ,  F4H2Dz) h a s  been s y n t h e s i z e d ;  i t s  e l e c t r o n i c  
s p e c t r a  w a s  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of 
d i t h i z o n e .  
c h l o r i d e  (7 .4 )  are  lower  t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  (70.6 and 
8 .8 ,  r e s p e c t i v e l y )  f o r  d i t h i z o n e .  The p a r t i t i o n  c o e f f i c i e n t  of 
t h e  r e a g e n t  i s  remarkably d e c r e a s e d  i n  ch lo ro fo rm (270) and in 
ca rbon  t e t r a c h l o r i d e  (160) due  t o  t h e  p r e s e n c e  of f l u o r i n e  a toms ,  
compared t o  t h e  c o r r e s p o n d i n g  v a l u e s  ( 1 0 4 . 8 9  and iO4.18, r e s p e c t i v e l y )  
f o r  d i t h i z o n e .  The e x t r a c t i o n  c o n s t a n t 4  of i t s  complexes w i t h  
C d ( I I ) ,  C u ( I I ) ,  P b ( I I ) ,  C o ( I I ) ,  H g ( I I ) ,  and Zn(I1)  were found t o  b e  
h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  v a l u e s  o f  d i t h i z o n e  complexes,  t h u s  
e n a b l i n g  t h e i r  e x t r a c t i o n  from more a c i d i c  s o l u t i o n s .  The new 
r e a g e n t  seems also t o  b e  s l i g h t l y  more s e n s i t i v e  f o r  B i ( I I I ) ,  
C d ( I I ) ,  C o ( I I ) ,  C u ( I I ) ,  and H g ( I 1 ) .  

Its pH1/2 i n  c h l o r o f o r m  ( 8 . 4 )  and i n  ca rbon  t e t r a -  

INTRODUCTION 

D i t h i z o n e  (1,5-dipheny1-3-mercaptoformazan, H2Dz) i s  a w i d e l y  

used e x t r a c t a n t  i n  t r a c e  a n a l y s i s  of m e t a l s  and o rganometa l s  ( 1 ) .  

Although i t  i s  a v e r y  s e n s i t i v e  r e a g e n t  towards metal i o n s ,  

d i t h i z o n e  i s  n o t  a v e r y  s e l e c t i v e  one .  Two methods a r e  g e n e r a l l y  

used  t o  enhance i t s  s e l e c t i v i t y .  One i s  by c o n t r o l l i n g  t h e  m e t a l  

e x t r a c t i o n  e q u i l i b r i a  t h rough  pH a d j u s t m e n t  a n d / o r  t h e  i n t r o d u c t i o n  

of masking a g e n t s ,  whereas  t h e  o t h e r  i n v o l v e s  modifying i ts  

s t r u c t u r e  by i n t r o d u c i n g  s u b s t i t u e n t s  i n t o  i t s  pheny l  n u c l e i .  The 
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1 0 2 6  KIWAN, ALY, AND WANAS 

l ' i t t e r  approach  h a s  r e s u l t e d  i n  ttic p r e p a r a t i o n  o t  nunit-rous 

anc i logucs  ( 2 ) ,  b u t  o n l y  a few have  been  t h o r o u g h l y  i n v e s t i g a t e d .  

I n  an c , i r l i e r  p a p e r  ( 3 ) ,  w e  r e p o r t e d  t h e  p r e p a r a t i o n  o f  2 , 2 ' -  

d ~ i l u o r o d ~ t h i 7 o n e  and  t h e  r e s u l t s  o f  s t u d i e s  o f  t h e  e f f e c t  of 

t h e  two f l u o r i n e  atoms on i t s  s p e c t r a ,  a c i d i t y ,  and  i t s  e x t r a c t i o n  

propertie.;. I n  t h i s  p a p e r ,  w e  r e p o r t  o u r  r e s u l t s  on t h e  s y n t h e s i s  

'iiid p r o p c r t i  e s  o f  a new t e t r a f l u o r o - d i  t h i z o n e  a n a l o g u e ,  1 , 5 - b i s  

( 2 , 5 - d i f l u o r o p h e n y l ) -  ~ -mercap toTormazan ,  and  d e s c r i b e  i t s  e x t r a c t i o n  

1, c hav 10 r . 

EWERINENTAL _____ 

Mat c~ r i a  15 

1 ,5 -h i s (L ,5 -d i f luo rop l i eny l ) -3 -mcrcap to fo rmaza1 i  was s y n t h e s i z e d  

by  t h e  n i t roEormazy1  method ( 4 ) .  The n i t r o f o r m a z a n  w a s  c o n v e r t e d  

t o  t h e  d i t h i z o n e  a n a l o g u e  by t h e  no rma l  p r o c e d u r e  and  was f i n a l l y  

p u r i f i e d  bv d i s s o l u t i o n  i n  c h l o r f o r m ,  e x t r a c t i o n  w i t h  d i l u t e  

I s o p i e s t i c  <unmonia and  [ i n a l l y  p r e c i p i t a t e d  w i t h  d i l u t e  i s o p i e s t i c  

h v d r o c h l o r i c  a c i d .  The s o l i d  w a s  washed f r e e  o i  a c i d ,  and d r i e d  

i n  vacuo .  m.p .  167°C.  Found: C ,  4 7 . 5 6 % ;  H ,  2 . 5 4 % ;  F ,  23.32%; 

N ,  16.93":; t h e  fo rmula  C H F N S r e q u i r e s :  C ,  4 7 . 5 6 % ;  H ,  2 . 4 6 % ;  

r ,  2 3 . 1 5 1 ;  N, 1 7 . 0 7 % .  I n f r a - r e d  s p e c t r a  i n d i c a t e d  t h e  f o l l o w i n g :  

NH s t r e t c h ,  3100 t o  29.'0 cm 

CIII i n  a R B r  d i s c .  

1 3 8 4 4  

-1 : NH bend ,  1500 cm-l; and  NCS, 1 2 0 5  
-1 

Reagent -grade  c h e m i c a l s  were used  and  t h e  u s u a l  p r e c a u t i o n s  

wc ' rc  taken as w i t h  d i t h i z o n c  ( 1 , 2 ) .  

P r o c e d u r e  

The molar  a b s o r p t  i v i t i e s  o f  2,2 I ,  5 , 5  ' - t e t r a f l u o r o d i t h i z o n e  

arid i t s  m e t d  complexes ,  t h e i r  c o m p o s i t i o n s ,  and t h e  e f f e c t  o f  pH on 

t h e i r  e x t r a c t a b i l i t i e s  w e r e  d e t e r m i n e d  i n  t h e  u s u a l  way a s  h a s  

a l r e a d y  been  d e s c r i b e d  f o r  d i t h i z o n e  (I). The p a r t i t i o n  

c o e f f i c i e n t s  o f  2 , 2 ' , 5 , 5 ' F  H Dz i n  ch lo ro fo rm-wa te r  and  c a r b o n  4 2  
t r t r a c h l o r i d e - w a t e r  two p h a s e  s y s t e m s  and v a l u e s  of  pH of half 

n r u t r a l i 7 a t i o n  (pH ) were d e t e r m i n e d  by  methods  wh ich  had been  

dcascribed p r e v i o u s l y  (5,6). 
1 / 2  
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TETRAFLUORINATED D I T H I Z O N E  ANALOGUE 102  7 

The e x t r a c t i o n  c o n s t a n t s  f o r  C d ( I I ) ,  C u ( I I ) ,  C o ( I I ) ,  N i ( l I ) ,  

P b ( I 1 )  and Zn( I1 )  complexes were de te rmined  by c a r r y i n g  o u t  

e x t r a c t i o n  e x p e r i m e n t s  f rom p e r c h l o r a t e ,  a c e t a t e ,  p h o s p h a t e ,  and 

b o r a t e  s o l u t i o n s  a t  known pH v a l u e s .  The e q u i l i b r i u m  c o n c e n t r a t i o n s  
n+ + of  t h e  complex, 21 --2,2', 5,5'-F H Dz and H were c a l c u l a t e d .  The 4 2  

c o n c e n t r a t i o n s  o f  t h e  e x t r a c t a n t  and i t s  metal complexes were 

d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y ,  whereas  t h e  c o n c e n t r a t i o n s  o f  

M"+ w e r e  o b t a i n e d  from t h e  d e g r e e  o f  e x t r a c t i o n  and t h e  H 

c o n c e n t r a t i o n s  from measurements  o f  t h e  pH o f  t h e  aqueous  p h a s e .  

+ 

The e x t r a c t i o n  c o n s t a n t  o f  Hg(F HDz) w a s  d e t e r m i n e d  by f o l l o w i n g  4 2  
a p r o c e d u r e  o r i g i n a l l y  s u g g e s t e d  by T a k e i  and Kato ( 7 )  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 r r e s p o n d i n g  v a l u e s  of mercury complexes 

o f  some d i t h i z o n e  a n a l o g u e s .  

The v i s i b l e  s p e c t r a  o f  t h e  t e t r a f l u o r o d i t h i z o n e  a n a l o g u e  and 

i t s  complexes w e r e  r e c o r d e d  on  a Cary 1 7  s p e c t r o p h o t o m e t e r ,  and 

t h e  i n f r a r e d  s p e c t r a  on  a Unicam 800  s p e c t r o p h o t o m e t e r ;  a Radiometer  

pH-meter w a s  used f o r  pH measuremen t s .  

RESULTS AND DISCUSSION 

V i s i b l e  S p e c t r a  o f  2,2',5,5'-tetrafluorodithizone 

2,2',5,5'-F H Dz i s  a v i o l e t - b l a c k  c r y s t a l l i n e  powder which 4 2  
r e s e m b l e s  d i t h i z o n e  i n  i t s  a p p e a r a n c e .  I t  i s  v e r y  s p a r i n g l y  s o l u b l e  

i n  water,  b u t  d i s s o l v e s  i n  o r g a n i c  s o l v e n t s ,  s u c h  a s  c h l o r o f o r m ,  

t o  g i v e  g r e e n  s o l u t i o n s  w i t h  two d i s t i n c t  a b s o r p t i o n  b a n d s ,  and i n  

a l k a l i  t o  g i v e  o r a n g e  s o l u t i o n  ( see  F i g .  1). The c h a r a c t e r i s t i c  

a b s o r p t i o n  s p e c t r a  o f  2,2',5,5'-F H Dz i n  some s o l v e n t s  a re  summarized 4 2  
i n  T a b l e  1 t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  d a t a  o f  Z , Z ' - d i f l u o r o -  

d i t h i z o n e  and d i t h i z o n e .  

The i n t r o d u c t i o n  of  f o u r  f l u o r i n e  atoms i n t o  t h e  p h e n y l  

n u c l e i  o f  d i t h i z o n e  h a s  s h i f t e d  b o t h  i t s  a b s o r p t i o n  bands towards  

l o n g e r  wave leng th  X and lowered  t h e i r  mo la r  a b s o r p t i v i t i e s  E 

r emarkab ly  (Tab le  1). Q u a l i t a t i v e l y  s i m i l a r  e f f e c t s  were obse rved  

on  i n t r o d u c t i o n  o f  two f l u o r i n e  ( 3 ) ,  c h l o r i n e  ( 8 )  o r  bromine ( 7 )  

a toms i n t o  t h e  pheny l  r i n g s  of  d i t h i z o n e .  
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20 *I r 

1 I 1 I I t I I 1 
3 00 400 500  600 700 

Xnm 

Fig 1 Absorption spectra of 2,2' ,5,5'-F4H2Dz in (1) CHC13. 

( 2 )  CC14, (3) C6H12 and ( 4 )  aqueous NH40H . 

The peak r a t i o  R ( i . e . ,  t h e  v a l u e  of E a t  t h e  longer  A 

max 4 2  

max 
d iv ided  by E a t  t h e  s h o r t e r  A ) of 2,2',5,5'-F H Dz is also 

decreased s i g n i f i c a n t l y  compared t o  t h a t  of d i t h i z o n e  o r  

2,2'-F2H2Dz (Table  1). 

compared wi th  t h e  corresponding v a l u e  of  1 .13  f o r  d i t h i z o n e ,  i s  

t h e  lowest  v a l u e  t h u s  f a r  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  a d i t h i z o n e  

analogue.  

I n  f a c t ,  t h e  v a l u e  of  0.26 i n  cyclohexane,  

The e x i s t e n c e  of t h e  two wel l - separa ted  a b s o r p t i o n  bands i n  

t h e  v i s i b l e  s p e c t r a  o f  2,2',5,5'-F4H2Dz, and t h e  manner i n  which 
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t h c v  are  a f f e c t e d  by € l u o r i n e  a toms ,  s u g g e s t s  t h a t  t h e y  o r i g i n a t e  

f rom the t h i o l  (1) and t h i o n e  ( 2 )  t a u t o m e r s :  

F- - -H  SH 

F 

F 

F / 
N 
I I  
N 

The n o t i o n  o f  t h i o l - t h i o n e  t au tomer i sm was o r i g i n a l l y  

p o s t u l a t e d  t o  a c c o u n t  f o r  t h e  two a b s o r p t i o n  bands o f  d i t h i z o n e  

(9,101. S i n c e  t h e  formazans (3) o f  t h e  g e n e r a l  fo rmula  

> cx A r - N = N  

A r  - HN - N 

(wheri. X = C 1  o r  a l k y l )  have  a p r i n c i p a l  a b s o r p t i o n  band n e a r  

4 2 0  nm, i t  i s  r e a s o n a b l e  t o  assume t h a t  t h e  s h o r t e r  wave leng th  

band c o r r e s p o n d s  t o  t h e  t h i o l  form. The d i s a p p e a r a n c e  of  t h e  l o n g e r  

r .mvelength band on meta l  complexa t ion  (Cormation o f  S-M and M-N 
b o n d s ) ,  and t h e  ba thochromic  s h i f t  o f  t h e  s h o r t e r  wave leng th  band t o  

t h e  r e g i o n  o f  4 6 0  t o  540 nm, i s  c o n s i s t e n t  w i t h  t h i s  h y p o t h e s i s .  

Thc i n t r o d u c t i o n  of  f o u r  f l u o r i n e  atoms i n t o  t h e  p h e n y l  n u c l e i  o f  

d i t l i i eonc  t h u s  seems t o  s h i f t  t h e  t a u t o m e r i c  e q u i l i S r i a  t owards  

t h e  t h i o l  form. S u b s t i t u t i o n  o f  hydrogen atoms f o r  two f l u o r i n e  

(3) o r  two c h l o r i n e  ( 8 )  atoms w e r e  r e p o r t e d  t o  y i e l d  a somewhat 

s i m i l a r  e f f e c t .  On t h e  o t h e r  hand ,  t h e  i n t r o d u c t i o n  of  e l e c t r o n -  

d o n a t i n g  s u b s t i t u e n t s ,  s u c h  a s  m e t h y l  group (l), r e v e r s e s  t h e  

t n u t o m e r i c  e q u i l i b r i a  t owards  t h e  t h i o n e  form. 
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TETRAFLUORINATED D I T H I Z O N E  ANALOGUE 1031 

- V i s i b l e  S p e c t r a  o f  Metal Complexes 

The s p e c t r a l  d a t a  f o r  meta l  complexes o f  2,2',5,5'-F H Dz 

are summarized i n  Table 2 t o g e t h e r  w i t h  t h e  corresponding d a t a  f o r  

2,2'-F2H2Dz and H2Dz. 

fo l lowing  t r e n d s :  (1) t h e  i n t r o d u c t i o n  of f o u r  f l u o r i n e  atoms i n t o  

t h e  phenyl  n u c l e i  of d i t h i z o n e  have bathochromical ly  s h i f t e d  t h e  

Amax of i t s  metal complexes, except  f o r  t h e  Hg(I1) complex; ( 2 )  t h e  

e x t e n t  of  t h e  bathochromic s h i f t  f o r  Z n ( I I ) ,  C d ( I I ) ,  and Hg(I1) 

complexes runs  o p p o s i t e  t o  t h e  corresponding v a l u e s  of  t h e i r  

e x t r z c t i o n  c o n s t a n t s  (Table  3); (3) t h e  r e l a t i v e  s e n s i t i v i t y  of  

r e a g e n t  i s  i n c r e a s e d  towards some m e t a l s ,  such as B i ( I I I ) ,  C d ( l I ) ,  

Co(II), C u ( I I ) ,  and Hg(II), a s  i n d i c a t e d  by t h e i r  r e l a t i v e l y  h igher  

4 2  

I n s p e c t i o n  of t h e s e  d a t a  r e v e a l s  t h e  

TABLE 2 

Absorpt ion Data of  Metal Complexes w i t h  2,2',5,5'-F4H2Dz, 

3 2,2'F H Dz and H2Dz i n  C H C l  2 2  

Metal i o n  2,2 ' ,5,5 '-F41I2Dz 2,2'-F2H2Dz H2Dz 

'max 10-3 E~~~ Amax 'max 'max Emax 

T 

AgL 466 29 462 29.5 465 33.1 

506 90.2 494 97.4 490 87.5 B i  

CdII  520 90 5 08 71.7 520 85.6 

I11 

54 2 59 540 65.9 540 57.9 co 

541 44.3 540 65.9 534 41.2 CU 

Hg I1 476 73.8 480 69.1 480 69.8 

PbZ1 520 62.3 520 70.7 518 63.6 

11 

I1 

518 33.1 512 35.9 505 33.6 

680 15.3  672 38.8 665 19.3 

550 23.6 544 46.7 555 24.7 

490 23.0 476 45.6 480 26.9 

533 53.3 528 95.6 530 88 

I1 
N i  

I1 Zn 
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TABLE 3 

Metal E x t r a c t i o n  E q u i l i b r i a  

+ 
I +  

2+ 

L+ 

2+ 

2+ 

2+ 

A% 

Cd 

C U  

P 11 

Zn 

C O  

[Ig 

b 8.57 (6.0) 

8.25 (0.53) -0.13 (0.75)b 

9.68 (6.5) -0.84 (3.75) 

7.52 (-0.89) 0.24 (4.05) 

6.66 (0.90) 0.67 (3.80) 

3.90 (-1.1) 2.05 (4.55) 

27.7 (26.8) 

a C a l c u l a t e d  from K w i t h  t h e  a s sumpt ion  t h a t  1 . 0  x M 

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

ext 
F H , D z  i n  CHCl i s  used as e x t r a c t a n t .  4 2  3 

mola r  a b s o r p t i v i t i e s  compared t o  t h e  c o r r e s p o n d i n g  v a l u e s  o f  

d i t h i z o n e  complexes.  

Metal - E > x t r a c t i o n  E q u i l i b r i a  

The t e t r a f l u o r o d i t h i z o n e  w a s  found t o  react w i t h  metal  i o n s  

i n  n s t o i c h i o m e t r i c a l l y  i d e n t i c a l  manner t o  d i t h i z o n e ,  t h u s  w e  

can d c s c r i h e  the e q u i l i b r i a  t h r o u g h  t h e  e q u a t i o n  

+ $'+(a) + nF4H2Dz(o) = M(F4HDz)ll(o) + nH ( a ) ,  

n+ 
where M d e n o t e s  metal  i o n  and 5 and 2 r e p r e s e n t  aqueous  and 

o r g a n i c  p h a s e ,  r e s p e c t i v e l y .  The e x t r a c t i o n  c o n s t a n t  K i s  t h e n  

d e f i n e d  by 
ex t  
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Values  of K f o r  v a r i o u s  m e t a l  complexes o f  t h e  tetra- 

f l u o r o d i t h i z o n e  a r e  p r e s e n t e d  i n  Tab le  3 a l o n g  w i t h  c o r r e s p o n d i n g  

v a l u e s  o f  t h e  d i t h i z o n e  complexes.  

o f  h a l f  e x t r a c t i o n .  

e x t  

Also l i s t e d  are v a l u e s  of pH 

Examinat ion o f  t h e  d a t a  p r e s e n t e d  in T a b l e  3 i n d i c a t e s  t h a t  

t h e  i n t r o d u c t i o n  o f  f o u r  f l u o r i n e  atoms i n t o  t h e  pheny l  n u c l e i  

of d i t h i z o n e  s i g n i i i c a n t l y  d e c r e a s e s  t h e  pH of h a l f  e x t r a c t i o n  of 

1 / 2  
i t s  m e t a l  complexes.  T h i s  may be p a r t l y  due t o  t h e  lower  pH 

v a l u e s  f o r  t h e  t e t r a f l u o r o d i t h i z o n e  (7 .4  i n  C C 1 4  and 8 . 4  i n  C H C l  ) 

as coinpared w i t h  the c o r r e s p o n d i n g  v a l u e s  (8.8 i n  C C 1  and 1 0 . 6  

i n  CHC13) f o r  d i t h i z o n e  ( 1 ) .  

t e t r a f l u o r o d i t h i z o n e  m e t a l  complexes a r e  h i g h e r  t h a n  t h e  

c o r r e s p o n d i n g  v a l u e s  of t h e  d i t h i z o n e  complexes,  d e s p i t e  t h e  l i k e l i -  

hood t h a t  t h e  p a r t i t i o n  c o n s t a n t s  may i n  f a c t  b e  lower .  T h i s  l a t t e r  

p o s s i b i l i t y  a r i s e s  f rom t h e  o b s e r v a t i o n  t h a t  t h e  p a r t i t i o n  c o e f f i c i e n t s  

o f  2,2’,5,5’-F4H2Dz i t s e l f  (270 f o r  C H C l  

much lower t h a n  t h o s e  of d i t h i z o n e  (104*29  f o r  CHC13 and 10 

f o r  CC14)  i n  t h e  same s o l v e n t s  (1). 

3 

4 
The e x t r a c t i o n  c o n s t a n t s  o f  t h e  

and 160  f o r  CC14) a r e  
4.18 
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