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H2P t (CN) AND DERIVATIVE H+ SOLVATES AND DEFECT STRUCTURES 

KLAUS KROGMANN, ALFRED KEIM,  RALPH STAHL, and HANS P.  PFLEGER 
I n s  t i t u t  f i i r  Anorganische Chemie, Uni Kar l s ruhe ,  W.Germany 

A b s t r a c t  T e t r a c y a n o p l a t i n a t e s  w i t h  p ro tona ted  a l c o h o l ,  amine, 
and g l y c i n e  molecules as c a t i o n s  were prepared .  The s t r u c t u r e s  
were s t u d i e d  wi th  r e s p e c t  t o  format ion  of i s o s t r u c t u r a l ,  
p a r t i a l l y  oxidized phases .  Unsolvated H2Pt(CN) w a s  prepared 
and c h a r a c t e r i z e d .  4 

INTRODUCTION 

Charges and s i z e s  of c a t i o n s  are of s p e c i a l  importance f o r  columnar 

s t r u c t u r e s  of t e t r a c y a n o p l a t i n a t e s  ( t c p )  , s i n c e  columnar s t a c k i n g  

impl ies  r e s t r i c t i o n s  f o r  t h e  arrangements of n e g a t i v e  charges  

(mainly on cyanide N atoms); t h a t  is  a l l  t h e  more t r u e  f o r  

p a r t i a l l y  oxid ized  (PO) phases  w i t h  Pt-Pt  d i s t a n c e s  less than  3.0 8 
and is  the main reason why PO phases  a r e  n o t  simply c a t i o n  d e f e c t  

o r  an ion  doped v e r s i o n s  of unoxidized phases .  Thei r  much smaller 

columnar r e p e a t  d i s t a n c e  r e q u i r e s  a d i f f e r e n t  s t r u c t u r e  i n  o r d e r  t o  

provide  t h e  c a t i o n  wi th  a proper  c o o r d i n a t i o n  sphere .  

The smallest c a t i o n  H’, however, behaves o t h e r w i s e ,  because 

i t  can b e  s o l v a t e d  by molecules of d i f f e r e n t  shapes and s i z e s ,  and 

i t s  c o o r d i n a t i o n  number is two, normally. I f  t h e  s o l v a t e d  c a t i o n  

c o n t a i n s  more than  one H ,  p o s i t i v e  charge  could be d e l o c a l i z e d .  

Rela ted  i s o s t r u c t u r a l  PO s t r u c t u r e s  might  be  o b t a i n e d  by producing 

pro ton  d e f e c t s .  Only an ion  doped PO phases of t c p  have been  

descr ibed  so f a r :  ammonium‘ and guanidinium’ t e t r a c y a n o p l a t i n a t e .  

ROH SOLVATES AND H Pt(CN)4 

Evapora t ion  of aqueous s o l u t i o n s  of H Pt(CN)4, e a s i l y  made by i o n  

2- 

2 
40 I 
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402 K. KROGMANN et al. 

exchange of s a l t  so lu t ions  leads  to unseparable mixtures of d i f -  

f e r en t ly  colored phases. By d isso lv ing  these mixtures in a lcohols ,  

a s e r i e s  of c r y s t a l l i z a b l e  so lva tes  were prepared. With CH30H, no 

so lva te  could be i so l a t ed ;  so lva te  phases with o ther  a lcohols  a r e  

described i n  Table 1 .  A s ing le  c r y s t a l  s t r u c t u r e  determination of 

(C H OH ) cp showed H br idging  of ca t ions  between tcp  cha ins .  n- 

(C3H70H2)fcp i s  i s o s t r u c t u r a l  with g rea t e r  c value due t o  the l a rge  

a lky l  group. Columnar so lva te  s t r u c t u r e s  were a l s o  obtained with 

b i func t iona l  molecules l i k e  HOCZH40H and H NC H OH. A l l  observed 

s t ruc tu res ,  (2) t o  (5) i n  Table I ,  appear to  be unfavorable f o r  the 

formation of r e l a t ed  i s o s t r u c t u r a l  PO phases. 

3 
2 5  2 1  

2 2 4  

Desolvating (ROH2)2tcp y i e lds  unsolvated H tcp as a yellow 2 
po lyc rys t a l l i ne  compound, ( I )  i n  Table 1 ,  which r e a c t s  with moist 

a i r  t o  an unrelated PO phase (H 0) 3 
3 1.8tCP' 

GLYCINE SOLVATES 

The protonated form of aminoacetic ac id  (glycine,  g ly)  e x i s t s  i n  

strongly ac id ic  so lu t ions .  This ca t ion  glyH+ is component of some 

tcp s a l t s .  Their composition and s ing le  c r y s t a l  da t a  a r e  given i n  

Table 1 ,  (6) (7).  Under less ac id  conditions and i n  the presence of 

W4+, s a l t s  with glyH and NH4 ca t ions  a re  formed, ( 9 ) ( l O ) .  Almost 

neu t r a l  reac t ion  mixtures lead to  (gly) (NH ) t cp ,  ( 1  1 ) .  

Crys ta l  s t r u c t u r e s  have been determined f o r  (6) and (7 ) .  The 
4 2  

lat ter i s  a columnar s t ruc tu re ,  which can be oxidized t o  a r e l a t ed  

i s o s t r u c t u r a l  PO phase (8), which is  being s tudied .  The P t  d i s tance  

shrinks from 3.17 8 i n  (7) t o  2.95 i n  (81, while a and b constants 

s l i g h t l y  increase.  

ETHYLENEDIAMMONILIM TETRACYANOPLATINATE 

With ethylenediamine (en) and aqueous H2tcp, yellow (enH2) tcp(H 0) 2 
was prepared. A c r y s t a l  s t ruc tu re  determination ( 1 2 ) 4  found RNH3 

protons alone taking p a r t  i n  H bridges between chains.  Opt ica l  
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H,Pt(CN), AND DERIVATIVE H+ SOLVATES AND DEFECT STRUCTURES 403 

TABLE 1 C r y s t a l  d a t a  of H2Pt(CN)' and s o l v a t e s  s t u d i e d  

a I' P t  d i s t a n c e ;  remarks a l p h a  b e t a  gamma formula 

( 1 )  H2tcp 8.75 8.75 7.58 n o t  columnar; yel low 

t e t ragona 1 

( 2 )  (C2H50H2)2tcp 14.28 14.28 6.49 3.25; red  

t e t r a g o n a l  

(3) (C3H70H2)2tcp 14.21 14.21 7.30 3.65; c o l o r l e s s  

te  t r a g o n a l  

(4) (H20C2H40H2)tcp 14.44 14.44 13.36 3.34; orange 

te t ragona 1 

(5) ( H ~ N C ~ H ~ O H ~ )  tcp  9.67 9.73 I 4 .oa 3.52; c o l o r l e s s  

t r i c l i n i c  93.1 94.2 90.8 

( 6 )  (glyH)2tcp 8.15 16.43 5.04 not  columnar; c o l o r l .  

monoclinic 90 90 97.67 

(7) (glyH)(H30)tcp 13.47 13.47 19.04 3.17; dark  red 

t e t r a g o n a l  

(8) (glyH)x(H30)ytcp 13.76 13.76 5.90 2.95; dark  brown 

te  tr agonal 

(9) (glyH) (NH4) tcp  13.63 13.63 10.65 3.55; greenish  

t e t r a g o n a l  

(10) (glyH)3(NH4) ( t c p ) 2  9.60 22.93 20.40 3.24; orange 

mo noc 1 i n i c  90 109.2 90 

( 1 1 )  (NH4)2(giy)tcp 12.84 12.84 10.21 3.40; yel low 

monoc l i n i c  90 90.8 90 

( 1 2 )  (enH2) tcp(H20)0.5 13.08 16.24 9.51 1.27; yel low 

o r  thorhonhic 

t c p  = Pt(CN) g l y  = glyc ine  e n  = ethylenediamine 
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404 K. KROGMANN et al. 

p r o p e r t i e s  have a l r e a d y  been repor ted .  

dimensions except  the c h a i n  d i r e c t i o n  a ,  which decreases  g i v i n g  

Pt-Pt 2.95 x. Closer  examinat ion ( s t i l l  under way) revea led  a very 

complicated 3D s u p e r s t r u c t u r e  and no s imple p r o t o n  d e f e c t  s t r u c t u r e  

s i n c e  the  composition is (enH2)0 .84(H30)o. 4 t c p  (H20)o  .5. 

5 

Anodic o x i d a t i o n  leads  t o  a PO phase w i t h  similar S u b l a t t i c e  
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