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PREPARATION AND PROPERTIES OF ONE-DIMENSIONAL BIS- 
(OXALATO IPLATINATES * 

A. E. UNDERHILL, M. MIZUNO and D. M. WATKINS 
School of Physical & Molecular Sciences 
University College of North Wales 
Bangor, Wales. 

Received f o r  p u b l i c a t i o n  September 1, 1981 

The preparation of the new 1-D conductors 
(NH,+)1.69[Pt(C204)2] *H20 (Am-OP) and 

(DMA-OP) is described. 
" 

The average i n t  a-chain P t -P t  separation is 2.82 x i n  

i n  the platinum atom chain d i r ec t ion  is %SO 52-l cm'l 
and %20 Cl-l cm'l f o r  Am-OP and DMA-OP respectively.  
The vaniation of s p e c i f i c  conductivity with tempera- 
ture i n  the platinum atom chain d i r ec t ion  is compared 
with t h a t  of o the r  1-D metallic complexes. 

Am-OP and 2.80 fi i n  DMA-OP. The s p e c i f i c  conductivity 

INTRODUCTION 

Studies on the p a r t i a l l y  oxidised te t racyanoplat inate  salts 
have shown t h a t  t h e  presence of a 
crosslinking the conducting chains 
an important effect on the s o l i d  
compounds.l In p a r t i c u l a r  it was noted t h a t  the replace- 
ment of a metal cat ion by NH + dramatically increased T 
the three-dimensional order& temperature, presumably aid 
t o  t he  add i t iona l  hydrogen bonds formed by the ammonium 
cat ion compared with a metal cation.2 
out a r e l a t ed  study of p a r t i a l l y  oxidised amnonium and 
subs t i t u t ed  ammonium bis(oxa1ato)platinates.  The prope r t i e s  

We are now carrying 

*Wewould like to thank the SRC and NATO (Grant No 016.81) 
f o r  support and Johnson Hatthey & Co Ltd f o r  the loan of 
platinum salts. 
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21849361 A. E. UNDERHILL. M. MIZUNO and D. M. WATKINS 

of the  ammonium and dimethylammonium salts are described 
below, 

RESULTS AND DISCUSSION 

This sal t  was prepared by the e l e c t r o l y t i c  oxidation of a 
saturated aqueous solut ion of (NH412 [Pt(C204)2] *xH20 con- 

taining (NH4 I2C2O4. 

( i )  X-ray Studies 

The u n i t  cell  dimensions are given i n  the Tab le .  
platinum atom chain lies along the c-axis of the u n i t  ce l l  
which contains four platinum atoms. 
chain Pt-Pt separation (%t-pt 1 is 2.82 8 and tgis is the  
sane as t h a t  observed i n  1.62 LPt (C2O4I2] *2H20. 

t u r e  show the presence of d i f fuse  l i n e s  around the  Bragg 
re f lec t ion  layer  l i n e s  of non-zero order  indicat ing the 
existence of the  P e i e r l s  i n s t a b i l i t y  i n  t h i s  compound a t  
room temperature. 
the Fenni wavevector is 1.69. 
with the  degree of p a r t i a l  oxidation calculated from the 
chemical analysis  of Am-OP. In  addition t o  the d i f fuse  
l i n e s  due t o  the  P e i e r l s  i n s t a b i l i t y  weak spots  are also 
observed both on t h e  d i f fuse  l i n e s  and mid-way between the 
d i f fuse  lines and t h e  Bragg reflection layer  l ines .  
Additional spots of t h i s  type have been shown t o  be indica- 
t i v e  of a Non-Peierls (NP) superstructure i n  re la ted  can- 

The presence of spots on t h e  diffuse l i nes  in- 
d ica tes  t h a t  the P e i e r l s  and Non-Peierls superstructures  

The - 
The average intra-  

Diffuse x-ray sca t te r ing  experiments a t  roam tempera- 

From the  posi t ion of the  d i f fuse  l i n e s  
This is i n  good agreement 

Table Unit C e l l  Dimensions (R) 
Am-OP DMA-OP 

a 11.16 f 0.01 21.34 f 0.03 
b 16.77 f 0.03 9.79 f 0.05 
c *  11.27 f 0.03 5.60 f 0.02 

dPt-Pt 2.82 2.80 

*platinum atom chain direct ion 
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ONE-DIMENSIONAL BIS(OXAIAT0)PIATINATES [9373/219 

1- 

2- 

a- '"& 

are commensurate and the presence of spots midway between 
the d i f fuse  l i n e  and the  Bragg r e f l e c t i o n  l aye r  l i n e s  shows 
t h a t  2kF 2qNp. 

(ii) Electrical Conduction Studies 

The electrical conduction p rope r t i e s  of Am-OP were de te r -  
mined by a 4-probe dc technique. 
were typ ica l ly  of dimensions 3 x 0.1 x 0.1 mm3 and measure- 
ments w e r e  confined t o  the needle axis d i rec t ion  which is 
the platinum atan chain direct ion.  A n  examination of ten 
high qua l i ty  c r y s t a l s  gave values i n  the  platinum atom 
chain direct ion (a,) of between 9 and 50 Q-l an''. These 
values are very similar t o  those found f o r  o the r  p a r t i a l l y  
oxidised bis(oxa1ato )plat inate8 of monovalent ca t ions  and 

The crystals measured 

2 -1 -1 3 with incommensurate P e i e r l s  d i s t o r t i o n s  (e .g . 
K1,62 [Pt(C204'2'1 b2H20s dpt-pt = 2.82 (d; U,,(RT) = 10 n cm 1. 
The va r i a t ion  of 6,( with temperature is shown i n  Figure 1. 
It  can be seen that below room temperature the conductivity 
is almost temperature independent down t o  260 K. Below 

a 

a 

a 

a 

a 

a 
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200 K the conductivity falls  sharply with decreasing tem- 
perature and Am-OP behaves as a semiconductor. In  between 
these two regions the  var ia t ion of conductivity is canplex 
and the  reproducible anomaly around 240 K may indicate  t h a t  
a phase change is taking place. 

(b) (DMA-OP) 

This salt is t h e  f f r s t  anhydrous p a r t i a l l y  oxidised b is -  
(oxa1ato)platinate sal t  t o  be prepared. 
shin 
of <CH3)2NH2]2 [Pt(C204)2] e i t h e r  i n  anhydrous dimethyl- 

formamide or i n  aqueous solution. 

(i) X-ray Studies 

I t  is obtained as 
copper coloured needles by e l e c t r o l y s i s  of a solut ion 

The u n i t  cel l  dimensions are given i n  the T a b l e .  
are two 
is 2.80 !i which is the shor tes t  value reported f o r  a 
p a r t i a l l y  oxidised bis (oxa1ato)platinata sal t  t o  date.  

tu re  reveal the existence of a Peierls d is tor t ion  with a 
F e n i  wavevector of 1.61 i n  agreement with the value deter-  
mined by chemical analysis  (1.63). No evidence of super- 
s t ruc ture  spots could be detected e i t h e r  on or between the  
diffuse l ines .  The absence of superstructure  spots  i n  a 
p a r t i a l l y  oxidised bis(oxa1ato)platinate s a l t  is unusual. 

There 
latinum atoms per u n i t  cel l  and the average $t-Pt 

Diffuse x-ray sca t te r ing  experiments a t  room tempera- 

(ii 1 Electrical Conduction Studies 

The electrical conductivity i n  t h e  platinum atan chain 
direct ion (a,,) w a s  measured for 9 good qual i ty  crystals of 
typ ica l  s i z e  3 x 0.07 x 0.06 mm . 
room temperature were i n  the range 0.6 - 20 n-l cm-l. 

The var ia t ion  of conductivity with inverse temperature,  
is shown i n  Figure 2. Unlike the  behaviour of h - O P  
there  are no abrupt changes i n  conductivity. 
duct ivi ty  decreases with decreasing temperature throughout 
the  temperature range s tudied (293 - 60 K) but the  r a t e  of 
decrease around room temperature is less than t h a t  a t  lower 
temperatures suggesting t h a t  a temperature independent region 
may e x i s t  at  sane higher temperature. 

3 The values for U,, a t  

The con- 
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ONE-DIMENSIONAL BIS(OXALAT0)PLATINATES [939]/221 

FIGURE 2 Variation of In(.a/U 1 with inverse temperature 
f o r  [ ( c H ~  ) 2 ~ ~ 2 ] l , a  [Pt< ~ ~ 0 ~ ) ~  J RT 

GENERAL DISCUSSION 

Previous s tud ie s  on p a r t i a l l y  oxidised bis(oxa1ato)- 
p l a t i n a t e  salts of monovalent cat ions have shown them t o  
possess structures with large u n i t  cel l  dimensions i n  the 
platinum atom chain d i r ec t ion  with seve ra l  d i f f e r e n t  i n t r a -  
chain P t -P t  separations.  The chains themselves o f t en  have 
transverse as w e l l  as longi tudinal  modulation. It  seems 
l i k e l y  t h a t  the hydrated sa l t  Am-OP possesses a similar 
type of s t r u c t u r e  and t h i s  is supported by the  observation 
of NP-superstructure spo t s  and t h e  s i m i l a r i t y  of t h e  t e m -  
perature dependence of3the conductivity with t h a t  of 
K1. 62 [Pt(C20,+12J -2H20. 

The anhydrous s a l t  DMA-OP, however, does not  f i t  i n t o  
t h i s  previously observed pa t t e rn  of behaviour. 
u n i t  cel l  dimension i n  the platinum atan chain d i r ec t ion  and 
the absence of NP-superstructure spo t s  is not  t y p i c a l  of the 
p a r t i a l l y  oxidised b i s  (oxalato )p l a t ina t e  salts. 
perature dependence of the conductivity is also d i f f e r e n t  t o  

The s h o r t  

The tem- 
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22249401 A. E. UNDERHILL, M. MIZUNO and D. M. WATKINS 

t h a t  of previously studied monovalent cat ion salts  and i n  
sane respects  it is s i m i l a r  t o  t h a t  of 
K2 [kt(CN)4]Br0.3*3H20.6 
the latt ice may be responsible f o r  the differences between 
Am-OP and DMA-OP but f u r t h e r  s t r u c t u r a l  s tud ies  a r e  required 
before these differences can be understood. 

bis(oxa1ato)platinate salts  of other  subs t i tu ted  ammonium 
cations. 

The absence of water molecules i n  

Work is i n  progress on the  study of p a r t i a l l y  oxidised 
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