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The coloured compounds obtained when solutions of platinum metals in HC1 are 
mixed with SnC12 were first considered to be colloidal forms of the metals 1. A series of 
papers by AYRES et al.  2 deals with their application in spectrophotometry. The nature 
of the compounds was also studied and fo r  the platinum compound the formula 
(Pt°Sn4C14) 4+ is suggested on the basis of the analysis of its salt with phenylarsonic 
acid. 

Similar compounds were also observed when platirmm metals were mixed with 
Sn(II) in HBr3, ~. One of us s recently studied the paper electrophoresis of these 
compounds and noted that  they migrate as anions in HC1 (in an electric field) and 
that  they are adsorbed on paper. It  was also noted that Rh(III) when mixed with 
Sn(II) in HC1 gives a red compound which may be converted to a yellow form by 
addition of HC1, by extraction with butanol or by removing the Sn(II) during 
electromigration. The yellow form is not identical with any of the ionic forms of 
Rh(III). 

In this paper a detailed study of the adsorption of the Sn(II)-platinum metal 
compounds on cellulose is described. 

EXPERIMENTAL 

Whatman No. 3MM paper and ascending development on narrow strips of paper 
(3 cm wide) on which the solution was applied as a thin band, were employed through- 
out. No reagents are necessary as the colours of the compounds are very intense. 

Preliminary experiments showed that it is essential to include Sn(II) in the 
solvent. The Pt and the Pd compound spots disappear during development with 
6 N HC1 and the red rhodium compound is separated into a yellow comet (RF: 0.49 to 
0.79 ) and a Sn(II) spot (RF: 0.83). 
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(I) The compounds with stannous chloride in HCl 

The following compounds  of the  p l a t i n u m  meta l s  were employed :  a solut ion of 

H~PtC1 s in d i lu te  HC1, commercia l  PdCI~, commercia l  RhC13, OsOa, commerc ia l  

RuC13 and  K2IrC1 v Solut ions of abou t  I m g  of  these  compounds  in abou t  I ml  of 

wa te r  were mixed  wi th  equal  volumes  of M SnC12 in HC1. Fig. I shows the  RF values  
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Fig. I. (a) The variation of the RF values of Pt and Pd with the concentration of HC1 in the solvent. 
The concentration of SnClz is maintained at i M. (b) The variation of the RF values of Pd and Pt 
with the concentration of SnClz in the solvent. The concentration of HC1 is maintained at 6 M. 
(c) The variation of the Rs values of Pd and Pt with the concentration of hydrogen ions. All 
solutions contain I M SnCI~ and the ratio of LiCI: HC1 is varied while the total concentration of 

LiC1 + HC1 is maintained at 6 M. 

of the  P d  and  the  P t  compounds  when the  concent ra t ion  of HC1, of SnCI 2 or of H + 

(by replac ing  b y  Li+) is va r i ed  in the  developing  solution. P t  and  P d  a lways  yie ld  

well defined spo ts  and  give a b e t t e r  separa t ion  than  can be ob ta ined  b y  pa r t i t i on  

c h r o m a t o g r a p h y  of the  chloro-complexes.  R h o d i u m  forms an e longated  spot  wi th  

a red  coloured front  and  a yel low rear.  Fig. 2 shows the  ex ten t  of the  rhod ium zone and  

i t s  va r i a t i on  wi th  the  concent ra t ion  of SnC12 and  HC1. The movemen t  of all the  p la t i -  

num meta l s  in M SNC12-6 N HCI is given in Table  I. Solut ions t h a t  have  been hea ted  

on the  w a t e r - b a t h  do in some ins tances  change the i r  colours. E x c e p t  for Pd,  which 

a f te r  hea t ing  forms a t ra i l  (colloidal Pd?) ,  there  is l i t t le  difference in the  chromato-  

graphic  behaviour .  

TABLE I 

Re V A L U E S  O F  T H E  S T A N N O U S  C H L O R I D E  C O M P O U N D S  O F  P L A T I N U M  MI~TALS I N  6 N HC1 
Paper: Whatman No. 3 MM. Solvent: I M SnC12 in 6 N HC1. 

Platinum metal 

Soltaion of the metal ion 
mixed with SnCls in 6 N HCl 

Solution of the metal ion 
mixed witk SnC12 in 6 N HCI 

and heated a few minutes on the water-bah 

R F value Spot colour R F valve Spot colour 

Pt (H2PtCle) o.2I orange o.21 orange 
Pd (PdC12 commercial) 0..70 blue 0--0.70 dark 
Rh (RhC13 commercial) o.13-o.56 yellow to red o.13-o.56 yellow to red 
Os (OsO4) o.69 pale brown o.51 yellow 
Ru (RuCI 3 commercial) o.77 pink 0.46 (elongated) yellow 

{o.18 yellow-brown { o.I3 comet to yellow 
Ir (K2IrCls), two spots 0 - 7 8  yellow-brown 0.87 yellow 
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Fig. 2. (a) The  va r ia t ion  of t h e  he i gh t  of t he  r h o d i u m  come t  wi th  t he  concen t r a t i on  of HC1. The  
SnCI 2 concen t r a t ion  is a lways  I M.  (b) The  va r i a t ion  of t he  he igh t  of t he  r h o d i u m  c o m e t  wi th  

t he  concen t r a t i on  of SnC12. The  concen t r a t ion  of HCI is a lways  6 M.  

(2) The compounds with stannous bromide in HBr 

We prepared a solution of SnBr 2 in HBr  by  dissolving 3o g of Sn in 25o ml conc. 
HBr  and diluting this to 500 ml. An M/2 Sn(II) solution in 3 N HBr  is so obtained, 
which is identical to the solvent used by  PANTANI AND PICCARDI 4 for spectropho- 
metric studies. The RF values and the colours of the compounds are shown in Table II .  
Separations of mixtures of Ru-Pd,  Os-Ru, P t -Pd ,  P t - R h - P d  were carried out 

successfully. 
T A B L E  II  

.R  F V A L U E S  O F  T H E  S T A N N O U S  B R O M I D E  C O M P O U N D S  O F  P L A T I N U M  M E T A L S  I N  3 X H B r  

Paper :  ~,Vhatman No. 3 MM. Solvent :  M/2  Sn(II)  in 3 N H B r  (3 ° g of Sn d issolved in 250 ml  
cone. H B r  and  d i lu ted  to 50o ml).  

R F value of the solution 
of the metal ion mixed 

Platinum metal with an equal volume of 
the solvent 

R F value Spot colour 

P t  (H2PtC16) 0.24 red 
P d  (PdC12 commercia l )  0.6 da rk  
R h  (RhC13 commercia l )  0.37 yellow 
Os (OsO4) 0.76 yellow 
R u  (RuC1 s commercia l )  o.81 green 
Ir  (K~IrCls e i ther  dissolved in wa te r  

or boiled wi th  HBr)  { o.19 red 
th ree  spots  t 0.32 yellow 

o.87 yel low 
Ir, a f te r  h e a t i n g  the  m i x t u r e  of t he  

Ir(IV) sa l t  wi th  S n B r 2 - H B r  for 2 
or more  m i n u t e s  on t he  w a t e r - b a t h  

four  spo t s  

o.23 red 
o.37 yellow 
o.65 yellow 
o.88 yellow 

The multi-spots obtained with iridium require further study. The same chromato- 
gram was obtained irrespective of whether the chloroiridate was directly mixed 

with the Sn( I I ) -HBr  solution or was first boiled with HBr. Heating was carried out 
for exactly two minutes, as recommended for colorimetry z, and for longer periods. 

Invar iably four spots were separated from heated solutions. The intensity of the spots, 
however, varies somewhat with the time of heating. 
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DISCUSSION 

In this and in previous work 5 we were also concerned with the nature of the compounds 
formed between Sn(II) and platinum metals. The assumption that the platinum 
metal is zerovalent seems to be doubtful, at least for ruthenium. Partition chromato- 
graphy of Ru(II), Ru(III)Clfl- and the Sn(II)-Ru compound with butanol-3 N 
HC1 showed clearly that a Ru-Sn(II) compound is formed which differs in behaviour 
from either Ru(II) or Ru(III). Since the potential of Ru(II)/Ru(III) is o.ogV 
it seems unlikely that the Ru(III) was reduced by SnC12 (Eo: o.14 V) and rather 
suggests that the Ru-Sn(II) compound would have Ru(III) as the central atom. 
The findings that the Pt, Pd and Rh compounds are anions would also suggest a 
structure similar to heteropolyacids, in which the platinum metal is the central 
atom and is surrounded by four (or perhaps more) SnC13- (or HSnCI,) groups. The 
similarity with other heteropolyacids is again shown in their stability in acid solutions 
and the ready dissociation of the Sn(II) from the Rh in the case of the red rhodium 
compound. 

SUMMARY 

Some o5 the compounds of Sn(II) with platinum metals may be separated by ad- 
sorption chromatography on paper. Their behaviour in SnCI2-HC1 and SnBrs-HBr 
was noted. 
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