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Synthesis, Structure, and Properties of 
One-Dimensional Partially Oxidized 
Tetracyanoplatinate Complexes 

Arthur  J .  S c h u l t z ,  J a c k  M. Williams and Richard K. Brown 
Chemistry D i v i s i o n  

Argonne N a t i o n a l  Laboratory 
9700 South Cass Avenue 
Argonne, I l l i n o i s  60439 

ABSTRACT 

The c r y s t a l  s t r u c t u r e  of a n i o n - d e f i c i e n t  p a r t i a l l y  oxid ized  
t e t r a c y a n o p l a t i n a t e  complexes g e n e r a l l y  can be c l a s s i f i e d  i n t o  
one of  two c a t e g o r i e s .  The e lectr ical  p r o p e r t i e s  of  compounds 
i n  t h e  two c a t e g o r i e s  are a l s o  observed t o  be d i f f e r e n t .  We 
have prepared a new complex which does n o t  f a l l  i n t o  e i t h e r  of  
t h e  prev ious  c a t e g o r i e s .  I ts  s y n t h e s i s ,  s t r u c t u r e  and proper-  
t ies a r e  descr ibed .  

A s  r e c e n t l y  as 1968, Krogmann [l] r e p o r t e d  t h e  p r e p a r a t i o n ,  

x-ray c r y s t a l  s t r u c t u r e  and chemical  bonding a n a l y s i s  of  t h e  

unusual  an ion-def ic ien t  complex K [Pt(CN) ]Br 

Although p a r t i a l l y  oxid ized  t e t r a c y a n o p l a t i n a t e  (POTCP) com- 

p lexes  had been r e p o r t e d  over  100 y e a r s  ago [ 2 ] ,  t h e  " red is -  

covery" of t h e s e  m e t a l l i c  appear ing  materials by Krogmann came 

a t  a t i m e  when i n t e r e s t  i n  one-dimensional (1-D) c o n d u c t i v i t y  

w a s  r a p i d l y  i n c r e a s i n g .  This  w a s  due ,  i n  p a r t ,  t o  a theory  of  

1-D high-temperature  s u p e r c o n d u c t i v i t y  proposed by L i t t l e  [ 3 ]  

. 3 H 2 0 ,  KCP(Br). 2 4 0.3  

*Work performed under t h e  a u s p i c e s  of  t h e  O f f i c e  of Basic Energy 
Sc iences  of t h e  U .  S .  Department of Energy 
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314 SCHULTZ, WILLIAMS, AND BROWN 

i n  1964. I n  t h e  i n t e r v e n i n g  y e a r s ,  an expanding number of  POTCP 

complexes have been synthes ized  and s t u d i e d  [ 4 ] .  I n  t h i s  a r t i c l e ,  

we d e s c r i b e  some r e c e n t  f i n d i n g s  and new conclus ions  concerning 

1-D m e t a l l i c  p r o p e r t i e s  i n  Pt-chain forming complexes. 

A common p r o p e r t y  of  a l l  POTCP materials s t u d i e d  t o  d a t e  i s  

t h a t  they c o n t a i n  l i n e a r ,  o r  n e a r l y  l i n e a r ,  Pt-atom c h a i n s ,  as 

d e p i c t e d  s c h e m a t i c a l l y  i n  F i g u r e  1. Typica l  i n t r a c h a i n  Pt-Pt 

s e p a r a t i o n s  are i n  t h e  range o f  2.80-2.95 A,  which may be com- 

pared w i t h  2.78 A i n  P t  m e t a l ,  w i t h  i n t e r c h a i n  s e p a r a t i o n s  of  

0 

0 

0 

A .  The removal of a f r a c t i o n a l  p o r t i o n  of t h e  e l e c t r o n s  from 

t h e  1-D band formed by t h e  over lapping  P t  d o r b i t a l s  i s  

r e s p o n s i b l e  f o r  t h e  unusual  1-D metal l ic  or semiconduct ing prop- 

erties e x h i b i t e d  by t h e s e  compounds. The p a r t i a l  o x i d a t i o n  i s  

s t a b i l i z e d  i n  t h e  s o l i d  state by anion d e f i c i e n c y ,  as i n  KCP(Br), 

o r  by c a t i o n  d e f i c i e n c y ,  as i n  K [Pt(CN)4]-1.5H20, K(def)TCP. 1 .75 

An impor tan t  f i n d i n g  r e l e v a n t  t o  t h e  s t r u c t u r e - p r o p e r t y  

phenomena i n  t h e s e  s a l t s  is t h a t  t h e  c r y s t a l  s t r u c t u r e s  of  t h e  

an ion  d e f i c i e n t  materials g e n e r a l l y  can now be  c l a s s i f i e d  i n t o  

FIG. 1. Schematic diagram of over lapping  P t  d 2 o r b i t a l s  which form 
t h e  m e t  a1 l i c  "chain". 
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PARTIALLY OXIDIZED TETRACYANOPLATINATE COMPLEXES 315 

one of two categories. The hydrated compounds crystallize in the 
noncentrosymmetric primitive tetragonal space group w, which 
contains cations between the Pt(CN) 

the unit cell while the water molecules reside in the ''lower-half", 
as depicted in Figure 2 for KCP(Br)[5-71. Thus the Pt-Pt intra- 
chain distance can be alternatively compressed or expanded in a 
pairwise fashion due to the asymmetric packing of cations and 
water molecules in the unit cell. This is clearly evident in 
Rb2[Pt(CN)4]C10.3.3H20 [Pt-Pt = 2.924(8) and 2.877(8) A] [8] and 

(NH4)2[Pt(CN)4]C10.3*H20 [Pt-Pt = 2.910(5) and 2.930(5) A] 191. 

groups in the "upper-half" of 4 

0 

0 

The second class of anion deficient POTCP complexes are 
usually anhydrous and crystallize in the centrosymmetric body- 

centered tetragonal space group 14/mcm. With the exception o f  

CS~[P~(CN)~]C~ [lo] and the azide salt CS~[P~(CN~](N~)~.~~' 

0.5H 0 [ll], these materials contain the linear (assumed) triatomic 
bifluoride anion (FHF)- [12]. 
type for Rb21Pt (CN41 (FHF)o.40 [13] is given in Figure 3 .  

0.3 

2 
An illustration of this structure 

The 

L a  

FIG. 2. A b-axis half-cell projection of the structure of K2[Pt- 

(CN) lBro. 3' 3H20. 
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316 SCHULTZ, WILLIAMS, AND BROWN 

FIG. 3. P e r s p e c t i v e  view of  the u n i t  c e l l  of RbZ[Pt(CN)4](FHF)0a40. 

The Pt-Pt spac ing  i s  t h e  s h o r t e s t  of any known POTCP s a l t .  

c a t i o n s  r e s i d e  i n  t h e  p lane  of t h e  Pt(CN) 

t i e  t h e  Pt(CN) 

a c t i o n s ,  r a t h e r  t h a n  between p lanes  ( s e e  F ig .  2 ) .  In a d d i t i o n ,  a l l  

Pt-Pt d i s t a n c e s  are r e q u i r e d  t o  be  c r y s t a l l o g r a p h i c a l l y  e q u i v a l e n t .  

groups,  which s e r v e s  t o  
+ 4 

groups t o g e t h e r  d i r e c t l y  through CN-M -NC i n t e r -  
4 

An important  and common p r o p e r t y  d i s p l a y e d  by a l l  POTCP com- 

p lexes  i s  t h e  e x i s t e n c e  of modulated l a t t i c e  d i s t o r t i o n s  a r i s i n g  

from electron-phonon coupl ing.  

of t h e  l a t t i c e  i n s t a b i l i t i e s  occurs  ( a t  T ) and l e a d s  t o  an 

e l e c t r i c a l l y  i n s u l a t i n g  s ta te  ( P e i e r l s  i n s u l a t o r )  [ 4 ] .  D e t a i l e d  

a n a l y s i s  by Wood and U n d e r h i l l  [14]  of  t h e  c o n d u c t i v i t y  d a t a  shown 

in Figure  4 r e v e a l s  t h a t  T 

?.73OK f o r  C S C P ( F H F ) ~ * ~ .  

l a t i o n s  t o  t h e  hydrated POTCP compounds, t h e  anhydrous complexes 

g e n e r a l l y  have h i g h e r  degrees  of p a r t i a l  o x i d a t i o n  (DPO), smaller 

Pt-Pt r e p e a t  d i s t a n c e s ,  h i g h e r  c o n d u c t i v i t i e s  a t  a l l  tempera tures ,  

and lower 3-D o r d e r i n g  tempera tures .  The l a s t  p r o p e r t y  may be 

due t o  t h e  absence of i n t e r c h a i n  hydrogen bonding i n t e r a c t i o n s  i n  
t h e  anhydrous c r y s t a l s ,  which r e s u l t s  i n  less i n t e r c h a i n  coupl ing  

and h igher  an iso t ropy .  

A t  low t empera ture ,  a 3-D o r d e r i n g  

3D 

occurs  a t  ?.lOO°K f o r  KCP(Br). and 

Thus, w e  a r e  a b l e  t o  conclude t h a t  i n  re- 
3D 

F i n a l l y ,  w e  have r e c e n t l y  prepared a new POTCP s a l t  Rb [P t -  
3 

(CNI4] ( 0 3 S O ~ H ~ O S 0 3 ) o ~ 4 9 ~ H z 0 ,  RbCP(DSH) , which is h i g h l y  unusual  
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PARTIALLY O X I D I Z E D  TETRACYANOPLATINATE COMPLEXES 317 

FIG. 4 .  The tempera ture  dependence of r a t i o  of t h e  c o n d u c t i v i t y  t o  

t h e  room temperature  c o n d u c t i v i t y .  

f o r  many reasons .  It  c o n t a i n s  a l a r g e  polyatomic t r i a n i o n  and a 

r a t i o  of  t h r e e  a l k a l i  metal i o n s  p e r  P t  atom, i n s t e a d  of  t h e  u s u a l  

two. 

d i s t a n c e  ( 2 . 8 2 6 ( 1 )  A), and a r e l a t i v e l y  h i g h  room tempera ture  con- 

d u c t i v i t y  p a r a l l e l  t o  t h e  Pt-atom c h a i n  (2000 ohm-' cm-'). 

c o n d u c t i v i t y  is approximately t r i p l e  t h a t  of  K C P ( B r ) .  Although 

t h e  material  i s  hydra ted ,  t h e  water  molecules  do n o t  couple  t h e  

che ins  of Pt(CN) s t a c k s ,  b u t  hydrogen bond t o  t h e  d i s u l f a t o h y -  

drogen a n i o n s ,  l i n k i n g  them t o g e t h e r  p a r a l l e l  t o  t h e  P t  c h a i n  

d i r e c t i o n  ( s e e  Fig.  5 ) .  The p h y s i c a l  p r o p e r t i e s  of t h i s  new 

material are p r e s e n t l y  under s tudy .  

The c r y s t a l s  are t r i c l i n i c  (a), have a s h o r t  Pt-Pt r e p e a t  
0 

This  

4 

The DPO f o r  P t ,  der ived  from t h e  l e a s t - s q u a r e s  ref inement  of 

t h e  s u l f a t e  i o n  occupancy i n  t h e  x-ray s t r u c t u r e ,  i s  +0.49. From 

t h e  s t o i c h i o m e t r y  d e r i v e d  from e lementa l  a n a l y s e s ,  t h e  DPO i s  W.47. 
A more reasonable  v a l u e  of  W . 4 0 ,  roughly p r e d i c t a b l e  from t h e  
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318 SCHULTZ, WILLIAMS, AND BROWN 

FIG. 5 .  P e r s p e c t i v e  view of t h e  u n i t  c e l l  of Rb 3 [Pt(CN)4](03S0.H. 

Hydrogen bonding i n t e r a c t i o n s  are indica-  OS03)o.49.H20. 

t e d  by unshaded bonds and t h e  0-H-0 s e p a r a t i o n  i n  t h e  

d isu l fa tohydrogen  i o n  i s  2 . 5 2 ( 2 )  A. 

shown without  any bonds drawn t o  them. 

0 

The Rb i o n s  are 

+ Pt-Pt d i s t a n c e ,  may be accommodated by the a d d i t i o n  of  % O . l  H 
- + 

i o n s  per  P t  t o  form HSO o r  H 0 i o n s .  Because of t h e  h i g h l y  

a c i d i c  medium used i n  t h e  p r e p a r a t i o n ,  t h i s  i s  n o t  e n t i r e l y  un- 

expected. 

4 3 

EXPERIMENTAL 

EZectrocher&aL [151 Synthes is  of RbCP(DSH): A 0.8 

s o l u t i o n  of Rb2S04 is  prepared by adding 1 . 3 4  g of Rb2S04 t o  6 m l  

of water. The s o l u t i o n  i s  then  s a t u r a t e d  w i t h  1.08 g of Rb [Pt-  

(CN) ]'1.5H20) and a c i d i f i e d  t o  a pH of less than 1 w i t h  0 . 2 5  r n l  

of 9 

polyethylene beaker  w i t h  P t  e l e c t r o d e s  and e l e c t r o l y z e d  a t  0.8 

v o l t s  f o r  72 hours .  The reddish-bronze c r y s t a l s  were i s o l a t e d  by 

f i l t r a t i o n  and washed w i t h  c o l d  w a t e r .  

2 

4 
H2S04. The clear s o l u t i o n  i s  t r a n s f e r r e d  t o  a 50  m l  

CrystaZ S truc ture  Analysis of RbCP(DSH): The compound crys-  

t a l l i z e s  i n  t h e  t r i c l i n i c  space  group a 
a = 5 .652(1 )  A ,  b = 9 . 3 7 2 ( 2 )  A ,  c = 13 .762(2 )  A ,  CL = 71 .19(1 ) ' ,  

8 = 81 .94(2 ) ' ,  y = 73.44(1)O, Vc = 660 .40  A 

w i t h  c e l l  c o n s t a n t s  of  

O3 

0 0 0 

and z = 2 .  The 
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PARTIALLY O X I D I Z E D  TETRACYANOPLATINATE COMPLEXES 319 

s t r u c t u r e  was solved w i t h  x-ray d i f f r a c t i o n  d a t a  obta ined  on a 

syntex  P21 d i f f r a c t o m e t e r  u s i n g  MoKa r a d i a t i o n .  
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