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The prepara t ion  and p r o p e r t i e s  of a series of compounds 
of formulae M 0 75 [Pt(S2C4Nf)2]*~H20 (where M i s  L i t  o r  
N H q t )  o r  Mg 

S tud ie s  of t h e  r e f l ec t ance  s p e c t r a  of powdered samples 
and electrical  conduction measurements on compressed 
p e l l e t s  of t hese  compounds i n d i c a t e s  t h a t  t he  e x t e n t  of 
t he  i n t e r a c t i o n  between t h e  [Pt(S2C4N2 l2ln- anions  

t 2 t  
f a l l s  i n  t h e  order  L i  > Mg > NH4 . Sing le  c r y s t a l s  

of L i  

duct ion proptrtles around room temperature with a maxi- 
mum value  of about 200 
pe ra tu re  dependence of the  conduct iv i ty  is similar t o  
t h a t  of t he  p a r t i a l l y  oxid ised  platinum atom chain 
compounds. 

[Pt(S2C4N2l2 *yH20 are descr ibed .  0.4 

[Pt(S2C4N2)2] *1.5H20 e x h i b i t  metall ic con- 0.75 

cm’l a t  250 K. The tem- 

I t  is very  important  t o  the  understanding and t h e  poss ib l e  
app l i ca t ion  of one-dimensional metals t h a t  t he  range of 
ma te r i a l s  a v a i l a b l e  f o r  d e t a i l e d  s tudy  should be extended. 
Within t h e  class of 1-D metals based on p a r t i a l l y  oxid ised  
cha ins  of meta l  atoms most of t he  work has concent ra ted  on 
t h e  te t racyanopla t ina t t j ,  b is(oxa1ato ) p l a t i n a t e ,  and i r id ium 
carbonyl  h a l i d e  salts. 
an ionic  t r a n s i t i o n  metal complexes of 1,2-dicyanoethylene- 
1 ,2 -d i th io l  (mnt) have been known t o  Possess  a wide range of 
conduction p r o p e r t i e s  f o r  many years .  -5 However, u n t i l  

h e  wish t o  thank t h e  SRC f o r  suppor t  and Johnson Matthey 

A group of compounds based on 

and Co Ltd f o r  t h e  loan of platinum salts. One o f  US (AEU) 
wishes t o  acknowledge the  suppor t  o f  NATO Grant No 016.81). 
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224/[942] A. E. UNDERHILL and M. M. AHMAD 

very recently, none of these canpounds had been shown t o  
possess metall ic propegties based on conduction through the 
anionic metal canplex. 
these canplex anions had only been prepare 

Previously 1-D metals containing 
i n  which con- 

duction occurs through the organic cation. 4 

Square coplanar complexes of mnt possess many of the 
properties requimd f o r  the fonnation of a 1-D metal. 
anions can occur i n  a var ie ty  of oxidation states and the 
terminal cyanide groups can a id  the delocalisation of 
charge within the canplex thus reducing potent ia l  coulanbic 
repulsion. 
with divalent t ransi t ion metal ions an these are often found 
t o  form stacks i n  the c rys ta l  lattice.g H O m V e r ,  d i rec t  
overlap of metal o rb i t a l s  on adjacent anions has not been 
observed and a l l  axamples t o  date have a s taggere9,pange-  
ment of anions. D i m e r  fonnation is a lso  cannon. 

Most of the previous s tudies  have been made on the salts 
of bulky cations which might be expected t o  prevent the close 
approach of anions i n  the lattice. The work described here 
is concerned with the salts of the [Pt(S2C4N2)In- anion with 

small catsons, nhfch f t  was considered would mwimise the 
likelihood of 1-D metallic properties. This work was, i n  
part ,  stimulated by the observation of high conductivity f o r  
compressed discs  of Na[M(S2C4N2)2’J=1.5H20 (where M = N i  or 
Pd).5 
Lio,75 [Pt(S2C4N2)2] *1.5H20 has been reported. 

The 

Both uni- and di-anion complexes are formed 

A preliminary account of the work on 

FXPERIMEN TAL 

The compounds were repared by assing an acetone/water 
solution of (Et4N)2fPt(S2C4N2 123 through an ion exchange 

column containing Dowex 50W X8 i n  acid form. 
solution of H2 [Pt(S2C4N2 12] was mixed with an aqueous 

solution containing the mole equivalent of L i C 1 ,  MgC12, or 
NH C1. 
s o h t i o n  over a period of 10 weeks deposited the products. 
The lithium salt was obtained as black shiny needle-shaped 

The result ing 

Slow aerial oxidation and evaporation of t h i s  
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NEW 1-D METALS [943]/225 

c r y s t a l s  ( typ ica l  size 2.6 x 0.13 x 0.10 mm) whereas the 
magnesium and ammonium compounds were obtained as micro- 
c r y s t a l l h e  precipi ta tes .  

RESULTS AND DISCUSSION 

Elemental analysis  of t h e  product8 ind ica tes  t h a t  t h e  can- 
pounds do not  have a s h p l e  cat ion t o  anion s toichianetry.  
For a l l  three compounds there  is a deficiency of cat ions 
and t h e  empirical  fonnula is M0,75 [Pt(S2C4N2I2] *xH20 

(where M is L i  + or NH4 + 1 o r  Mg [Pt(S2C4N2)2]*yH20. 0.4 
The reflectance spectra  of powdered samples were deter-  

A l l  th ree  compounds ex- -1 mined from 25000 t o  4000 cm-l. 
hibi ted very broad intense absorption bands below 20000 an 
but whereas the  in tens i ty  of the absorption f o r  the  
ammonium complex had decreased t o  r e l a t i v e l y  low i n t e n s i t y  
by 4000 cm-1 t h a t  of the l i thium complex showed no decrease 
i n  in tens i ty .  
behaviour. 
are indicat ive of cooperative phenanena i n  the  s o l i d  state 
and suggest t h a t  the extent  of the  in te rac t ions  be ween the 

The magnesium sal t  exhibited intermediate 
These broad, intense,  low energy absorptions 

[Pt(S2C4N2)2]n- anions fa l l s  i n  the  order  L i t  > Mg I+  > NH: , 

Electrical Conduction Studies 

Unfortunately only the L i  sa l t  could be obtained as large 
enough s ingle  crystals f o r  4-probe measurements and measure- 
ments on t h e  ammonium and magnesium sal ts  had t o  be restric- 
ted t o  measurements on canpressed p e l l e t s .  The r e s u l t s  for 
a l l  three  canpounds a re  shown i n  t h e  Table. It can be seen 
t h a t  the  l i thium salt is somewhat more conducting than t h e  
magnesium sal t  and both are much m o r e  conducting than the  
ammonium salt .  This is the  same order a s  t h a t  observed 
f r o m  the r e f l e c t i v i t y  studies.  

-1 cm-l) Table Room Temperature Conductivity ( a  

Compressed p e l l e t  Single c r y s t a l  
2 -probe 4-probe 

L i O e T 5  [Pt(S2C4N2)2] 01. 5H20 ~200 (max) 
NH40.8 [Pt(S2C4N2)2]*xH20 1 - 

- MgO. 4 [Pt ( S2C4N2 12] *yH20 3 
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22649441 A. E. UNDERHILL and M. M. AHMAD 

The electrical conduction propert ies  of the  s ing le  
c rys ta l s  of Lio.75[Pt(S2C4N2)2]*1.5 H20 have been studied 

i n  d e t a i l  by 4-probe dc technique. 
the needle shaped crystals measurements could only be made 
along the needle ax is ,  The conductivity along t h e  needle 
ax is  a t  room temperature was found t o  va c r y s t a l  t o  
crystal and gie i n  t h e  range 30 - 212 fl 
f a c t o r  of 10 
pressed pellets. 
cropped crystals t h a t  had been allowed t o  dry under ambient 
humidity f o r  approximately 2 hours p r i o r  t o  measurement. 
Crystals s tored for weeks under conditions of ambient 
humidity exhibited loner values and for crystals dr ied  over 
sili a ge 
1 fl-' crn-I. 
fore  very sens i t ive  t o  the  degree of hydration of t h e  
crystal .  
f o r  1-D metals such as K [Pt(CN)~Bro.3*3H20g and 

Cperylene12 [Pt(S C N 1 1 
t h e  range 292 t o  30 K. For f r e s h l y  cropped crystals t h e  
conductivity slowly fncreases with decreasing temperature 
and a,, passes through a maximum a t  W50 K. 
t i v i t y  slowly fa l l s  below 250 K and reaches the  room tem- 
perature value a t  about 200 K. Below t h i s  temperature the  
conductivity falls  very rapidly.  Crystals s tored f o r  same 
time at  a r e l a t i v e  humidrty of 76% showed a less pronounced 
maximum whilst  those s tored for weeks a t  ambient humidity 
exhibited a temperature independent conductivity without a 
maximum from roc111 temperature down to  240 K. 

t i v e  t o  the rocin temperature conductivity, with inverse 
temperature over t h e  whole temperature range studied. It 
can be seen t h a t  the  general  shape of the curve is similar 
t o  t h a t  observed f o r  KCP(Br) and re la ted  canpounds.1° A t  
low temperatures, below 100 K ,  the  c r y s t a l  behaves as a 
semiconductor with an act ivat ion energy of W4 meV. 

conduction propert ies  are very dependent on the degree of 
hydration of the c rys ta l .  
the  temperature dependence of c r y s t a l s  dehydrated under 
vacuum a t  100°C. 
metallic region but exhibited decreasing conductivity with 
decreasing temperature over t h e  whole temperature range. 

Because of t h e  size of 

t o  lo4 h i  her  than those determined on com- 
The i l g h e s t  values were found f o r  f resh ly  

the  conductivity had fa l len  t o  less than 
Thus the  value of the  conductivity is there- 

The maximum value of d is similar t o  t h a t  found 

i n  the stacking ax is  direct ion.  

The temperature dependence of a,, has been s tudied over 

27 
2 4 2 2  

The conduc- 

The F i g u r e  shows t h e  var ia t ion  of a,,, nomal i sed  rala- 

The r e s u l t s  described above suggest t h a t  the  electrical  

This was confirmed by studying 

These c r y s t a l s  did not display any D
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NEW 1-D METALS [9453/227 

L”8nl 
-lt 

-15 

- z t  

a 
a 

F I G U R E  Variation of h(U,  /U## (RT)) 
for Lie. 75 [Pt (S2C4N2 12’] *1, 5H20 A ; 

0 ;  (perylene)2[Ft(S2C4N2)2]7 0 ; 

cyanine d3 o . 

with inverse temperature 
K2 [Pt (CN I,+] Bra. *3H209 
and Ni(phthalo- 

GENERAL DISCUSS ION 

The s t o i c h i m e t r y  of these compounds suggests t h a t  they are 
p a r t i a l l y  oxidised [Pt(S2C4N2)2]n- salts  and t h a t  they are 
analogues of t h e  well hown cat ion d e f i c i e n t  tetracyano- 
p l a t i n a t e s  and bis(oxa1ato l p l a t i n a t e s  , This is supported 
by the  metallic conduction p rope r t i e s  of t he  l i thium salt 
j u s t  below mom temperature and t h e  high conductivity and 
intense low energy absorption bands found for powdered 
samples of both the  l i thium and magnesium salts. 

t h a t  the repeat d h t a n c e  along the  conducting a x i s  of t h e  
c r y s t a l  is 3.60 8. 
and is very much longer than t h a t  found for K (BrI1! and 
o the r  1-D metallic cmplexes (2.80 - 2.95 8) .  f’ 
determined s t ruc tu res  of [M(S2C4N2)2]n- cmplexes do not  

Preliminary x-ray s tud ie s  on the  l i thium sa l t  ind ica t e  

This is presumably the Pt-Pt se a ra t ion  

Previously 
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228/[9461 A. E. UNDERHILL and M. M. AHMAD 

con tah  a columnar stacked structure as i n  KCP(Br) but i n -  
stead t h e  anions are arranged so t ha t  they only pa r t i a l ly  
overlap one another?r8 
anion distance even though the Pt-F't separation is large. 
The type of overlap observed for the  anions i n  
(peryleneI2 [Pt(S2C4N2l2] is i l l u s t r a t ed  below but for t h i s  

compound the  Pt-Pt se aratlon is 4.19 R.7 
arrangement in L.€o.,5%t(S2C4N2 12] -1.5H20 would lead t o  an 
inter-anion separation of u . 2  S. 

This can r e s u l t  i n  a short  anion- 

A similar 

It is c lear  t h a t  in  these new materials the conduction 
pathway cannot be res t r ic ted  t o  the platinum 5dz2 orb i t a l s  
as in  the Krogmann salts and that the ligand o rb i t a l s  them- 
selves must play a very important role .  
cyanine)I, 
as a resu l t  t h i s  campound exhibi ts  a radical  ion ESR 
~ i g n a 1 . l ~  
salt  down t o  78 K. The temperature dependence of the con- 
ductivity is also much mom similar t o  that  of KCP(Br) than 
Ni(Pc)I (see Figure). 
mechanism i n  these new materials must await fur ther  invest i -  
gation but it does appear t ha t  they hold an important place 
intezmediate between canpounds whose conduction pathway is 
almost solely based on metal o rb i t a l  overlap and those al-  
most solely based on ligand o r b i t a l  overlap. 

In Ni(phtha1o- 
(Ni(Pc)I)  the ligands play a dominant ro l e  and 

No such signal could be detected for the  lithium 

An understanding of the conduction 
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