
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 12:33
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Pb0.27K1.73 [Pt(CN)4]
Cl0.5[mddot]3H2O - A
New Partially Oxidised
Tetracyanoplatinate Containing
Both Divalent and Monovalent
Cations
A. E. Underhill a & G. S. V. Coles a
a School of Physical and Molecular Sciences,
University College of North Wales Bangor, Gwynedd,
Wales
Version of record first published: 14 Oct 2011.

To cite this article: A. E. Underhill & G. S. V. Coles (1982): Pb0.27K1.73 [Pt(CN)4]
Cl0.5[mddot]3H2O - A New Partially Oxidised Tetracyanoplatinate Containing Both
Divalent and Monovalent Cations, Molecular Crystals and Liquid Crystals, 81:1,
183-188

To link to this article:  http://dx.doi.org/10.1080/00268948208072564

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208072564
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
33

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Crysr. Liq. Cryst., 1982, Vol. 81, pp. 183-188 

Q 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

(Proceedings of the International Conference on Low-Dimensional Conductors, Boulder, 
Colorado, August 1981) 
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E lec t ro lys i s  of an aqueous solut ion of potassium 
tetracyanoplatinate( XI 1 and lead( I1 1 acetate containing 
a small quant i ty  of chlor ide ions y i e l d s  copper 
coloured c r y s t a l s  of Pb0.27K1,73 [Pt (CNf4]ClO. 5*3H20 i n  

low yield.  The Pb : K mole-ratio appears t o  be f ixed 
i r respectfve of the mole-ratio of the Pb : K i n  the 
e l ec t ro ly t e .  
has  similar un i t  cel l  dimensions t o  K2 [Pt(CN)4]Clo.3*3H20. 

E lac t r f ca l  conductl’an stud2es uhow that t h e  canpound 
is a 1 - D  metal a t  room temperature with a s p e c i f i c  con- 
duc t iv i ty  i n  the platinum atom chain d i r ec t ion  of 

Q 70 Sl-l cm . 

X-ray s t u d l e s  indfcate  t h a t  t h e  compound 

-1 

P a r t i a l l y  oxidised te t racyanoplat inate  (POTCP ) complexes 
have been the subject of a great dea l  of intensive research 
i n  recent years . l r2  These compounds f a l l  i n t o  two main 
classes, the cat ion de f i c i en t  compounds (e.g. 

[Pt ( CN 14] -1.5I$O 1 and the anfon deWcfent cerapounds K1.75 
(e.g. K2 [Pt(CN)4]Br0.3-3H20). 
oxidised bis(oxa1ato)platinate complexes recent s t u d i e s  on 
t h e  POTCP cmplexes have been r e s t r i c t e d  t o  salts  of mono- 
valent cat ions and u n t i l  t h e  present work, at tempts t o  pre- 

“Weould l i k e  to  thank t h e  SRC f o r  support and Johnson 

Unlike the p a r t i a l l y  

Matthey 8 Co Ltd f o r  t h e  loan of platinum salts. 
(AEU) wishes t o  acknowledge the support of NATO G r a n t  no 
016.81 1. 

One of us 
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pare POTCP salts of divalent  ca t ions  have no t  been success- 
f u l ,  
of lead,  whose propert ies  suggested t h a t  they could be 
POTCP sal ts ,  were reported i n  the  middle of the last 
~ e n t u r y . ~  
shown t o  be a platinum(I1) complex.4 
study of t he  preparation and propert ies  of a POTCP con- 
ta ining Pb(I1) cations.  

oxidised product 
by the act ion of oxidising agents on PbfPt(CN),+]*H20 were 

unsuccessful. The o r i g i n a l  method i n  which equimolar 
quan t i t i e s  of lead(I1)  acetate o r  n i t r a t e  and 
K2 [Pt(CN)4]  *3H20 were t r ea t ed  with n i t r i c  ac id  was repeated. 

This gave very small copper-coloured c r y s t a l s  which con- 
ta ined both potassium and lead. 
(0.8 V 
and K2tPt(CN)4]2*3H20 i n  10% aqueous n i t r i c  acid produced 

mal l  quan t i t i e s  of good qua l i ty  s ing le  c r y s t a l s  of a 
p a r t i a l l y  oxidised material which a l s o  contained potassium 
and lead but i n  d i f f e r e n t  proportions t o  t h a t  obtained by 
chemical oxidation. 
chemical oxidation is discussed below. 

However $ te t racyanoplat inate  sa l t s  of magnesim and 

The magnesium compound has subsequently been 
We now report  a 

All attempts t o  produce a p a r t i a l 1  

3 

Electrochemical oxidation 
72 h r )  of an equimolar solut ion of l ead ( I1 )  ace t a t e  

This product obtained by e l ec t ro -  

RESULTS AND DISCUSSION 

Elemental analysis  es tabl ished t h e  empirical  formula of t he  
product as Pb0.27K1,73 [Pt(CN),+]C10.5*3H20 (K/Pb-CP) 

Preparations were ca r r i ed  out varying the concentration of 
lead t o  potassium i n  the e l e c t r o l y t e  from a mole-ratio of 
2 : l  t o  1 :2  but i n  each case the percentages of lead and 
p o t a s s i m  i n  the product were unchanged within experimental 
error. 
unexpected and presumably arises from contamination of t he  
K2 [Pt(CN 14] *3H20 with KC1. The very low concentration of 

chloride ions i n  the  e l e c t r o l y t e  accounts f o r  the very poor 
y i e ld  of material. 

determined by three independent methods 

The presence of chlor ide ions  i n  the  product was 

The degree of p a r t i a l  oxidation of K/Pb-CP has been 

( a )  

(b) f r o m  t h e  r a t i o  of P t (1V)  to P t ( I 1 )  i n  a solut ion 

f r o m  t he  r a t i o  of cat ions t o  platinum obtained by 
elemental analysis ;  

of K/Pb-CP as determined from idiometr ic  t i t r a t i o n ;  
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( c )  

The r e l a t ionsh ip  between DPO and kF is 

from the value of k as determined i n  diffuse x- 
g F  ray sca t t e r ing  experiments. 

DPO 

where 2k is the  wave vector  of the Peierls d i s t o r t i o n  F 
is the  intra-chain platinum atan separation. and dPt-Pt 

A l l  these th ree  independent methods indicate  an 
oxidation state of 2.23 for the platinum. 

X-ray Studies 

The u n i t  cell  dimensions fo r  K/Pb-CP have been de te r -  
mined and are given i n  the Table together with those f o r  
K2[Pt(CN)4]C10.3*3H20 (KCP(C1))6 for comparison. The 
s t r i k i n g  s i m i l a r i t y  i n  the two sets of data suggests t h a t  
the two compounds are i sos t ruc tu ra l .  
of KCP(C1) has been determi ed frm x-ray s tud ie s  and con- 
sists of chains of [Pt(CN)>- groups.6 The chlor ide ion 

sites a t  the centre  of the u n i t  c e l l  have an occupancy of 
only 60% i n  KCP(C1). If K/Pb-CP is isostzuctural with 
KCP(C1) then the unusual s t o i c h i a e t r y  and the  DPO can 
r ead i ly  be understood. In K/Pb-CP presumably a l l  the 
hal ide si tes a t  t h e  centre  of the  u n i t  cel l  are occupied 

The crystal s t r u c t u r e  

and Pb(I1) ions occupy 13% of the  sites. The similar 
s i z e s  of Pb2+ (1.178) and K' (1.33 is presumably a very 
important f a c t o r  i n  the formation of t h i s  mixed ca t ion  
compound. 

Diffuse x-ray sca t t e r ing  experiments a t  room temperature 
reveal  t he  existence of d i f fuse  l i nes  around t h e  s t rong Bragg 
r e f l ec t ion  l aye r  l i n e s  of non-zero order. 
ca t ive  of a Peierls i n s t a b i l i t y  i n  t h i s  compound and the  

This is ind i -  

TABLE Unit C e l l  Dimensions (gl  

K/Pb -CP KCP(C1 I6 
C 5.78 5.748 

a = b  9.88 9,883 

dpt -Pt  2.90 2.874 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
33

 2
1 

Fe
br

ua
ry

 2
01

3 



186/[904] 

7 d i f fuse  l i n e s  correspond t o  a Femi wave vector  of 1.77. 
Diffuse streaks were also observed about the strong Bragg 
r e f l ec t ion  l a y e r  l i n e s ,  including the zero l e v e l  l i n e ,  
corresponding t o  a weak te t ramerisat ion of t he  u n i t  c e l l .  
This may be due $0 ordering of t he  l ead  ca t ions  within the 
crystal lattice. 

A. E. UNDERHILL and G. S. V. COLES 

Electrical Conductivity Studies 

Seven c r y s t a l s  of K/Pb-CP have been studied by a 4-probe dc 
technique. 
platinum atom cha'n d i r ec t ion ,  u,,, w a s  found t o  l i e  i n  the  
range 10 - 220 fi-' an-' with an average value of 67 fl-' can-l. 
This is similar t o  the values observed f o r  KCP(C1) which has  
a similar intra-chain platinum atom separat ion,  * 
shown i n  Figure 1. 
almost temperature independent with decreasing temperature 
down t o  about 2 0 0  K. 

The room temperature conductivity i n  the  

The va r i a t ion  of Oh with decreasing temperature is 
It can be seen t h a t  the conductivity is 

Below 150 K the conductivity fa l l s  

. . 
0 
0 . 

0 . 
0 . . 
0 

0 . 
0 . 
0 . . 
0 . 

FIGURE 1 
the temperature range 300 t o  50 K. 

Variation of Ln(U,,/U,,(RT)) with temperature Over 
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c . ,  . 
0 1 8  Ail!' 24 ' 28 ' 

T 

FIGURE 2 
temperature. 

Variation of Ln(u,,/u,,(RT)) with inverse 

rapidly with decreasing temperature. Figure 2 shows the  
va r i a t ion  of conductivity with inverse temperature. The 
general  shape of the curve is similar t o  tha  
K2 [Pt( CN I,+] Cl0.  3-3H20 and r e l a t e d  compounds .' The acti- 
vat ion energy f o r  K/Pb-CP below 60 K (27 m e V )  is much lower 
than t h a t  observed f o r  KCP(C1)  (70 m e V )  indicat ing a much 
smaller band gap. It has been shown previously t h a t  it is 
possible t o  obtain T3D, the  three-dimensional ordering 
temperatuf8, from the va r i a t ion  of conductivity with tem- 
perature.  
is s l i g h t l y  lower than t h a t  found f o r  KCP(Cl). '  

Further work is i n  progress on t h i s  compound and on the 
preparation of o the r  POTCP salts  containing divalent  ca t ions  
subs t i t u t ed  i n t o  a monovalent cat ion host  lattice. 

observed f o r  

For K/Pb-CP t h i s  is found t o  be 5 85 K which 
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