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III.  EXAMINATION OF THE ANALYTICAL PROPERTIES 

OF 4-  (p -TOLYL)- I ,2 -DITHIOLIUM HYDROGEN SULFATE* 

E .  A. L u k s h a ,  T .  V .  L a p i n a ,  
M.  G.  V o r o n k o v ,  a n d  Y u .  A.  B a n k o v s k i i  

4 - ( p - T o l y l ) - l , 2 - d i t h i o l i u m  hydrogen sulfate (I) is not a specif ic  analyt ical  reagent  for  the 
ma jo r i t y  of anions, and it is not ve ry  se lect ive ,  only in a few c a s e s  attaining pD = 5 (MoOt 2-, 
[Hg(CNS)4] 2. and [PtC16]2-). All s t rongly  co lored  anions give colored sa l t s  with I; Among 
the weakly co lored  anions, the [Fe(CN)6] 4- anion i s  worthy of specia l  note, s ince it f o r m s  a 
deeply  co lored  salt  with I. This  anion can be detec ted  with I in the p r e s e n c e  of CI-, Br", I - ,  
CNS", C104- , IO4- ~ and ReO4- , which f o r m  fa i r ly  readi ly  soluble sa l t s  with I. Compound I 
is  a lso  a f a i r ly  se lec t ive  reagent  for  Pd 2+ in acid solution (pD= 5). 

It  has been shown prev ious ly  [1] that the 1 ,2-di thiol ium cat ion f o r m s  c rys ta l l ine ,  br ight ly  c o l o r e d  
sa l t s  with the anions of many  inorganic,  he t e ro -o rgan ic ,  and organic  acids .  These  sa l t s  a re  read i ly  ob- 
tained by me ta the s i s  f r o m  the readi ly  w a t e r - s o l u b l e  1 ,2-di thiol ium hydrogen sul fa tes  [2,3] with aqueous 
solut ions of sa l t s  of the appropr ia t e  acids .  It i s  a lso known [4] that 4 - a r y l - l , 2 - d i t h i o l e - 3 - t h i o n e s  can be 
used  as analyt ical  r eagen ts  for  copper ,  m e r c u r y ,  platinum, and pal ladium.  

It was  the re fo re  of i n t e re s t  to examine the analyt ical  p r o p e r t i e s  of 1 ,2-di thiol ium sal ts ,  in pa r t i cu -  
l a r  the read i ly  acces s ib l e  4 - (p - t o l y l ) - l , 2 -d i t h io l i um hydrogen sulfate  (I). 

p-CH CsH4--C--C 
HC + S 

At pH> 2 (on t r e a m e n t  with alkali  and sa l t s  of weak acids) [1], I i s  conver ted  into b i s - 3 - [ 4 - ( p - t o l y l ) - 1 , 2 -  
dithiolium] oxide (see also [5]). 

With sa l t s  of s t rong acids,  I g ives  the cor responding  sal ts ,  We have de te rmined  the l imit ing con- 
cen t ra t ions  of anions at which it i s  poss ib le  to detect  them with I in aqueous solution. The r e su l t s  obtained, 
and the co lo r s  of the resul t ing  4 - (p - to ly l ) - l , 2 -d i t h io l i um sal ts ,  a re  given in Table 1. We see that I i s  not 
a specif ic  reagent  for  the m a j o r i t y  of anions, and does not p o s s e s s  high select ivi ty .  Only in MOO42- , 
[Hg(CNS)4] 2-, and [PtCI~] 2~ was pD = 5. All s t rongly  colored anions gave colored sa l t s  with I.  Among weak-  
ly colored anions, [Fe(CN)6] 4- is  noteworthy,  since it f o r m s  with i a da rk -b rown  sal t  (at low concentra t ions ,  
d a r k - b r o w n  rhombic  c rys t a l s ) .  This  occu r s  also in the p r e sence  of CI-,  B r - ,  I - ,  CNS-, C104- , IO4- , and 
ReO4,  which f o r m  compara t i ve ly  read i ly  soluble sa l t s  with I. The re fo re ,  I can be r e c o m m e n d e d  as a 
reagent  fo r  the detect ion of the [Fe(CN)6] 4- anion. 

At pH -< 2, I r e a c t s  with the Pd 2+ ion to f o r m  a r edd i sh -b rown  compound which is soluble in ch lo ro -  
f o rm .  

* F o r  par t  II, see [1]. 
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T A B L E  1. 

S u l f a t e  

Anion 

C1- 

Br- 

I -  

CNS- 

CIO4- 

IO4- 

ReOc 

VOs- 

C6H2 (NO2) 30- 

S 2 O a ~  - 

S2Od- 

Cr~Oz 2- 

MoO42- 

R e s u l t s  of  t h e  E x a m i n a t i o n  of  t h e  A n a l y t i c a l  P r o p e r t i e s  of 4 - ( p - T o l y l ) - l , 2 - d i t h i o l i u m  H y d r o g e n  

Limiting 
concentra- Color of 
tion, g-ion/ precipitate 

liter 

1 �9 10-: Light yellow 

1 �9 10 -~ Light yellow 

I �9 10 -a Orange 

5.10 -3 Bright yellow 

1 �9 10 -2 Light yellow 

5.10 _8 Light yellow 

2.10 -8 Light yellow 

l - 10 -3 Yellow 

l �9 lO -4 Bright yellow 

5- 10 -4 Orange 

5.10 -4 Light yellow 

1 �9 10 -4 Orange 

i �9 10 -3 Yellow 

Time to the 
initial appear- 
ance ot a pre- 
cipitate at the 
limiting con- 
centration, sec 

0 

,~,10 

,-,10 

Anion 

~5 

2--3 

,-,60 

0 

0 

~30 

0 

20--30 

0 

15--20 

Limiting 
concentra- Color of 
tion, g- ion/  precipitate 

liter 

[BeF4] 2- 

[~Hg(CNS) 412- 

[ZrF6] 2- 

[SnC16] 2- 

[Fe(ON)sNO] 2- 

[RuOHCls]~- 

[IrCld 2- 

[PtCI6] 2- 

[MoC16p- 

[Fe(CN)6] s- 

[OsBr6P- 

[Fe(EN)6]4- * 

1 �9 10 -a 

1 . 1 0  . 5  

2,5.1 0 -2 

1 �9 1 0  - 4  

1.10 a 

2.10 -4 

5.10 -s 

1 �9 1 0  - s  

1 �9 1 0  - 8  

1 . 10 -4 

I.I0 4 

5.10 4 

Light yellow 

Light yellow 

Light yellow 

Light yellow 

Light brown 

Reddish-brown 

Brown 

Light yellow 

Light brown 

Yellow 

Dark brown 

Dark brown 

Time to the 
initial appear- 
ance ot a pre- 
cipitate at the 
limiting con- 

/ centranon, sec 

5--10 

0 

10 

5--t0 

3--5 

0 

0 

0 

10 

10--15 

0 

~60 

* M a y  b e  o b s e r v e d  i n  t h e  p r e s e n c e  of a n i o n s  w h i c h  g i v e  w e a k l y  c o l o r e d  p r e c i p i t a t e s .  

T h e  l i m i t i n g  c o n c e n t r a t i o n  f o r  t h e  d e t e c t i o n  of  t h e  P d  2+ i o n  i s  1 �9 10 -5.  T h u s ,  I c a n  b e  r e c o m m e n d e d  

a s  a r e a g e n t  f o r  t h e  p a l l a d i u m  ion .  

D e t e r m i n a t i o n  of  t h e  L i m i t i n g  C o n c e n t r a t i o n  of  a n i o n s  f o r  D e t e c t i o n  b y  I .  A s a t u r a t e d  a q u e o u s  s o -  

l u t i o n  of  I [ 1 -3 ]  w a s  u s e d , a n d  d i l u t e  a q u e o u s  s o l u t i o n s  of  t h e  s a l t s  c o n t a i n i n g  t h e  c o r r e s p o n d i n g  a n i o n s .  

T h e s e  w e r e  m i x e d  i n  a 1 : 1 r a t i o  b y  v o l u m e .  In  o r d e r  to  o b t a i n  a n  0 . 0 0 1  M s o l u t i o n  of  t h e  g i v e n  s a l t  (0 .001 

g - i o n / l i t e r )  i n  t h e  f i n a l  v o l u m e  of  2 m l ,  1 m l  o f  i t s  s o l u t i o n  i n  a c o n c e n t r a t i o n  of  0 . 0 0 2  g - i o n / l i t e r  w a s  

a d d e d  t o  1 m l  of  t h e  s a t u r a t e d  a q u e o u s  s o l u t i o n  of  I .  In  o r d e r  to  o b t a i n  a f i n a l  c o n c e n t r a t i o n  of  0 . 0 0 0 1  g -  

i o n / l i t e r  , s o l u t i o n s  c o n t a i n i n g  0 . 0 0 0 2  g - i o n / l i t e r  of  t h e  s a l t s  w e r e  p r e p a r e d .  

Determination of the Limiting Concentration of Pd 2+. A 0.001 M solution of PdCI 2 with a pH ~ 1 was 

used. It was diluted as described above. The reagent was a saturated aqueous solution of I. One ml of 

each solution was mixed, and the mixture was extracted with 2 ml of chloroform during a period of 3 rain. 
After separation, the color of the chloroform layer was noted. The limiting concentration was 1.10 -6 g- 

ion/liter of Pd 2+ , and this gave the extract an orange-yellow color. 
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