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Linear-Chain Dithiocarboxylato Complexes of the 
Nickel Triad: An Overview 

CARL0 BELLITTO 
lstituto di Teoria e Strutiura Elettronica e Comportamento 
Spettrochimico dei Composii di Coordinarione dei C.  N.  R ,  

Area deila Ricerca di Roma, 
Via Salaria Km 29.5, 

00016 Monierotondo Star, Roma, 
Italy 

Recent extensive rescarch into the synthesis of transition metal dithiocarboxylates 
has led to thc preparation and characterization of several linear-chain dithiocar- 
boxylato complexes of the nickel triad in both single and mixed-valence state. The 
chemical, structural and physical properties of these compounds are presented and 
discussed. 

Key Words: one dimensional, metal dithiocarboxylates, crystal structure, mixed 
tialenre. optical, electrical properties 

INTRODUCTION 

In the last decade substantial chemical effort has been devoted to 
the synthesis and characterization of one-dimensional (1D) tran- 
sition metal complexes, especially the electrically conducting ones. 
as described recently by several authors.' 

The interest lies in novel chemical and physical properties shown 
by these compounds. Several of these properties have been under- 
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stood and some of them used for technological applications,' while 
others are still the subject of further studies.' In this context we 
decided a few years ago to focus our attention on new 1D materials 
containing transition metal ions, especially from the synthetic point 
of view. In particular, we have synthesized and studied several 
linear-chain derivatives of the nickel triad metals with I .1 dithio- 
carboxylic acids having formula R-CS,H,' where R is an alyphatic 
group. 

This class of transition metal complexes is interesting because 
they contain chains of metal ions. It is important to mention that 
the nature of the substituent R in the dithioacid plays a crucial 
role in the formation of linear-chain systems. In fact, when R is 
an aryl group, the compound does not have a linear chain structure, 
but i t  crystallizes as oligomeric aggregates.' As found in more 
famous examples of 1D compounds.6 two major chemical factors 
have been identified as important in relating structure and physical 
properties. The first is the presence or absence of a bridging group 
and the second is the problem of single or mixed oxidation state. 
With this in mind, we first will deal with single-valence compound4 
and then with mixed-valence compounds. 

This survey emphasizes chemical aspects: it reviews the prepa- 
ration and the structural and electronic properties of these com- 
pounds and it discusses the change of some relevant solid state 
properties in mixed-valence derivatives compared to the single- 
valence ones. 

SINGLE-VALENCE COMPOUNDS 

Synthesis 

Tetrakis(dithiocarboxylato)diplatinum(ll) is readily prepared by 
reaction of K,PtCl, with the dithiocarboxylic acid in toluene under 
reflux in an inert atmosphere, during which the color of the re- 
action mixture change5 from orange to dark-red. After filtration 
of the hot mixture. the filtrate on cooling gives needles showing 
copper luster. In the case of tetrakis(dithio1sobutanoato)- 
diplatinum(I1) two polymorphic forms have been isolated:7 

I O I L L ' I K  

KIPtC1, + 2 LH - l i2  Pt,L, + 2 HCI + 2 KCI 
ICfl", 
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where L is: 

H-C-C< \ ,s 0 
S / 

and 

A form B form 

The first one, the A form, crystallizes upon cooling the filtrate, 
obtained from the reaction of a mixture of K,PtCl, and the cor- 
responding acid. The second one, the B form, is obtained from a 
carbon disulphide solution of the A form, by evaporation to dry- 
ness under inert atmosphere. All the dithiocarboxylato platinum 
derivatives are stable in air, but they decompose slowly after days 
of air exposure. 

The dithioacetato palladium(I1) compound exists in three dis- 
tinct forms.n They correspond to a common 2: 1 ligand-to-metal 
ratio, but they display different structures and optical spectra: 

ether 

K,PdCI, + 2 CH,CSSH - 
c 

A form = Pd,(CH,CS,), . Pd(CH,CS,j2 
B form = Pd,(CH,CS,), . CS, 

a = crystallization in presence of CS,. 

b = sublimation. 
c = crystallization from toluene, CH,Cl,. 

SCHEME I 

The red form A corresponds to the chemical formula Pd(CH,CS,), 
. Pd,(CH,CS,j, and is obtained by a direct reaction of K,PdCI, 
and of the dithioacetic acid in toluene, under reflux. The red-solid 
is recrystallized from toluene giving brick-red needle-like crystals. 
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The green R form corresponds to the chemical formula Pd,(CH,CSI), 
. CX, and is obtained upon dissolution of the A form in CSz at 
ambient temperature. The  resulting red solution almost instantly 
becomes turbid and in a few minutes a green microcrystalline solid 
separates. The  third form. the C form, is obtained as bright-red 
microcrystalline material by sublimation of A or  B forms. All these 
compounds are soluble o r  slightly soluble in nonpolar o r  weakly 
polar organic solvents such as benzene, toluene, chloroform o r  
carbon disulphide. The  solubility increases with the increase of the 
number of carbon atoms in the substitucnt R of the ligand. The  
nickel derivatives were all synthesized by mixing an  ethanolic 40- 
lution of NiCI,.6 H 2 0  with a solution of the corresponding acid.” 
The  compound precipitates immediately as a dark-brown micro- 
crystalline powder. Crystals suitable for X-ray studies arc obtained 
by rccrystallization from a carbon disulphide solution. 

Structural Properties 

The  structural propertics o f  M(11) dithiocarboxylates, where M = 

Ni, Pd. Pt, have been reported previously and are summarized in 
Table 1. 

As mentioned earlier, tetrakis(dithioisobutan0ato)diplati- 
num(l1) complex occurs in two polymorphic forms. The  first one .  
of  copper luster, crystallizes in thc orthorhombic space group Pccri . 
It contains columnar stacks of binuclear units [Pt2SS] as reported 
in Fig. I .  The  platinum atoms lie on two-fold axes and t h e  dimeric 
units are formed between two adjacent atoms in a bridged cage 
structure. Two  different short Pt-Pt distances are present along 
the two-fold axis : Pt(l)-Pt(2),  inside the dimer. is 2.795 A.  and 
Pt(2)-Pt( I ’ ) ,  bctwecn adjacent dimers, is 3.081 A. Each platinum 
is surrounded by pairs of sulphur atom4 in a quare-p lanar  ar- 
rangement, at  an average Pt-S distance o f  3.31 A.  The  two [PtS,] 
units arc rotated by 15” from the eclipsed structure. The  second 
form. the green form, crystallizcs in thc tetragonal space group 
I4irn. The full crystal structurc has not been solved owing to the 
statistical disorder o f  the sulphur and carbon atoms. The  existence 
of platinum chains is proved from oscillation photographs, whcre 
only the I = 2n layers are strong. and the Pt atoms arc stacked 
along the four-fold axis at ci2.  The  intradimeric Pt-Pt distance 
has been estimated from Patterson map to be 2.76 A and consc- 
quently a Pt interdimeric distance o f  3.49 A. A similar structure 
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c 

FIGURE 1 A view of a part of crystal structure of Pt2[(CH,),CHCS,],. form A. 
(From Ref. 7. reproduced by permission.) 

has been found for tetrakis(dithiophenylacetato)diplatinum(I1)lo 
and more recently for tetrakis(dithioheptanoato)diplatinum(II). l1 

The crystal structure of tetrakis(dithioacetato)diplatinum(II) is 
slightly different and is reported in Fig. 2. It consists of dimeric 
units [Pt2S8] stacking along the crystallographic c axis of the mon- 
oclinic space group P2,/n, but the stacking is not collinear, the 
dimers being inclined with respect to the (0011 direction by 28".12 
The separations between Pt atoms of adjacent dimers are 3.819(1) 
and 3.776(1) A. In the case of palladium derivatives, the structures 
of the two compounds have been solved. The crystal structure of 
the A form consists of mononuclear and binuclear units alternating 
along the a axis with metal repeat separations of 2.754(1) A, inside 
the dimer, and 3.399(1) between the Pd of the monomer and 
that of the dirner (see Fig. 3). The other crystal structure consists 
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FIGURE 2 Sta~king of the Pt,(CH,CS,), units ,110ng the i r i ~ ~ \  (F rom Rc! 
reproduced by permiasion ) 

12. 

of dimers only, stacking along the four-fold axes o f  the tetragonal 
space group P4/ncc. with CS, molecules incorporated between dif- 
ferent columns. In this case the intra- and the iriterdinieric Pd-Pd 
distances are 2.738(1) A and 3.257(1) A ,  respectively. A similar 
columnar structure is present in Pd2(Cc,H5CH2CS,)A.13 Solid nickel 
dithiocarboxylato complexes also occur as dinuclear [Ni,S,] units. 
In  Ni,(C,H,CH2CS,), the intradimeric Ni-Ni distance is 2.56 A .  
The molecules stack along the two-fold c axis o f  the unit-cell, with 
an intcrdimeric metal-metal distance of 3.50 A. l3 The other known 
crystal structure is that of the tetrakis(dithioacetato)dinickel(II).'J 
In this case the molecules are in a "slipped stack" arrangement. 
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\ s141 ~ 

“3” I L 

FIGURE 3 Illustration of Pd(CH,CSJ2, form A.  showing the molecular unit ge- 
ometry and the Pd-Pd disrance (From Ref 8. reproduced by permiwon ) 

Except for the A form of the palladium dithioacetato complex, 
the building unit in these compounds is represented by a dimer 
[M,S,]. The molecular geometries are similar and the M-M in- 
tradimeric distance is short. In the case of the Pt derivatives, it 
varies between 2.76 and 2.85 A. These values are comparable to 
the Pt-Pt distances observed in other reported dimeric systems 
such as K,[Pt,H,P,O,,].2 H20 l 5  and the head to tail and head to 
head isomers of Pt2[(NH3)4(C5H4NO),]’ + . I 6  In general this short 
distance can arise both from the existence of a strong metal-metal 
bond and/or the constraint due to the bridging ligand, even when 
a direct metal-metal bond is of low formal order or nonexistent. 
This point will be discussed later in connection with the electronic 
structure. Similar considerations can be described for the nickel 
and palladium derivatives. As regards the linear chain structure, 
the interdimeric and the interchain distances are modulated by the 
substituent R of the ligand (see Table I). The other known plat- 
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inum columnar compound, where chains of diniers are present. 
is the octaphosphitediplatinum(II), i.e., K,[Pt,H,P,02,,].2 H,O," 
although the metal-metal distance between adjacent units [Pt2PN] 
is much longer. i . e . ,  5.063 A .  In conclusion, the stacking of the 
molecules seems to be the most favorable packing in the solid 
state in the case of Pd and Pt derivatives. The reason for this 
lies in  the fact that strongly directed nd,2 and ( I Z  + l)p_ metal 
orbitals are  best suited for intermolecular metal-metal overlap. 
when M-M stack is present. The strongest overlap of thew 
orbitals occurs along thc metal chains and i t  depends on the 
extension of the metal d orbitals. The latter is an important 
molecular parameter in favoring the direct stacking. but it is not 
the only one.  The packing forces play an important role. if wt' 
take the example of Pt,[(y-Pr'-C,II,CS,)],." The complex is still 
dimeric. but the molecular units. with two bridging and two 
terminal dithiocarboxylato ligands, are not stacked in thc unit- 
cell. The second example is rcprcsented by the canted structure 
of t e t r a k i s ( di t h i o ace t a t o ) dip1 a t i  II u ni ( 11) , de sc r i be d p re vi o us  I y . 
Finally. the individual chain is very well separated from the 
adjacent ones by the ligands, and the distance depends on the 
hindrance of the substituent R.  I n  some complexes the molecules 
of one chain are shifted in the direction of the c axis with respect 
to the neighboring chain. 

Oligomeric Species 

There is recent experimental evidence for the presence o f  clusters 
of M,(RCS,), in concentrated toluene solutions. at lower tcmpcr- 
atures, probably as precursors of chain formation. ' I  A reversible 
dimcrization due to the equilibrium monomer & dimer has also 
been observed?. ' ' . 

The rlectroizic structure of M2(RCS,) molecule. 
where M = Ni, Pd,  Pt 

The solid state properties of the linear chain compounds are mainly 
determined by the electronic structure of the binuclear M,(RCS,), 
niolecule. An ab-initio calculation of the electronic structure of 
this molecules does not exist, due to the complexity o f  the system. 
Concerning the optical properties, however. the highest occupied 
(HOMO) and lowest unoccupied (1,UMO) molecular orbitals con- 
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stitute the points of major interest. Thus, it is possible to restrict 
drastically the number of electrons and states compared to the full 
problem. An approximate LCAO-MO-SCF method has been ap- 
plied to palladium dithioacetato compounds. l8 Following this cal- 
culation in Pd,(CH,CS,),, the relative ordering of the “d-like” 
orbitals is: 

with the ground state of lA,, the d2z being the main component 
of the HOMO orbital. Concerning the dinuclear unit Pd,(CH,CS,),, 
it has been found that the MO’s of 5p, character are among the 
lowest virtual orbitals and that 4d,2 mainly contributes to the high- 
est-energy filled MO’s. 

More easily and approximate way of visualizing the various ex- 
cited configurations for the binuclear complexes has been proposed 
by H. B. Gray er a l l 9  and is reported in Scheme 11: 

This scheme can also be applied to our systems. D,, is assumed 
for simplicity and the relevant levels of the monomer [MS,] are 
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also reported in the Scheme 11. In a d8-d8 system, therefore, the 
highest occupied (HOMO) level is the da*, lazu, and the ground 
state is lA,. The lowest unoccupied orbital (LUMO) is the pa, 
2a,,. It is worthwhile mentioning that the oxidative addition of 
halogens to tetrakis(dithiocarboxylato)diplatinum(II) complexes 
gives compounds of general formula Pt,(RCS,),X,, where the Pt 
atoms are in the oxidation state +3.," In this case the two da* 
electrons are removed, the system now having d7-d7 configuration. 
There is formation of a single metal-metal bond and a consequent 
shortening of the metal-metal distance. In Table I1 is reported a 
comparison of geometric properties of several metal dithiocarbox- 
ylato derivatives having different configuration. What immediately 
transpires is the correlation between the bond order and the bond 
distances. It should be emphasized here that the type of ligand 
and the ionic radius of the metal ion are constant. Using the Pauling 
equationz1 : 

where n' is defined as the bond order (n' > 0 and D ,  is the expected 
single metal-metal bond distance, it is possible to predict the 
metal-metal distance in the Mo derivatives. From these results it 
is clear that a short metal-metal distance does not necessarily 
imply a direct metal-metal bond. Within this scheme, a d8-d8 
system should not have a metal-metal bond (formal bond order 
of zero), but a net bonding effect has been suggested by assuming 
an admixture of the Pt-Pt vacant pa or pa* orbital into the oc- 
cupied da  or da* of the neighboring atom, in such a way as to 
reduce the net Pt-Pt antibonding between them.22 In conclusion, 
the observed geometry in tetrakis(dithiocarboxylato)dimetal(II) 
depends on a combination of the electronic and steric effects of 
the ligand and of course on the degree of metal-metal bond. 

One-dimensional Pt,(RCS,), chain 
Binuclear PtzL, complexes contain platinum atoms of formal ox- 
idation state +2 .  These binuclear chains are closely related to 
mononuclear platinum analogue [Pt(CN),]'- chains,23 where the 
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monomer is replaced by a dimer. So. an approximate band struc- 
ture of a 

I c 
I , 5 - - - t 5  I ,s-I?< 

, . . _.. . .$f .. .. . pt,- .  . _. . . ?pt-.-;;pt.. . * - * 
s;ct-s’” I %-PS 1 .  

s ‘<C ,s S\&S 

I a I 

5’ ‘s 
C 

s*’ ‘5 

without calculation can be predicted using general principles of 
band theory beginning with the dimer as a starting unit, on the 
basis of what has been done previously for the linear chain 
K2Pt(CN),.24,25 The bands will arise from du and du*, largely made 
up of bonding combination q+ and the other from the antibonding 
combination q ~ of the two d;, orbitals in the dimeric unit, will be 
wide. In the same way the lowest unoccupied orbital pu (6p ,  in 
origin) will generate an empty pu band (conduction band). With 
two electrons in the du* orbital. the band formed by overlap of 
du:+ with its neighbors is full (valence band). The system therefore 
should be an insulator, with an energy band gap Ex.  One now 
might wonder why Pt,(RCS,), chains arrange themselves in a stacked 
fashion in the first place. Part of the answer has been given pre- 
vously with reference to the formation of the dimer. The invoked 
p-d  mixing results in thc expansion of lobes of both high-lying 
occupied du* and low-lying p orbitals outward from the intra- 
molecular Pt-Pt bonding of adjacent units. This is favorable to 
interdimeric metal-metal interactions. 

Optical Properties 

Singlc-crystal absorption spectra of extremely thin crystals o f  
Pt,(Pr’-CS,), form A and 6, and o f  Pt,(CH,CS2), are reported in 
Figs. 4. 5, 6 and in Table 111. For completeness the solution and 
solid-state diffuse reflectance spectra of these compounds is a lw 
reported. I” The most important observation to be made is that 
high-intensity absorption dominates the visible region, with com- 
plete polarization of the absorption bands below 20,000 cm- along 
the stacking direction. The solid-state spectra above 20,000 cni ~ I 

are quite similar to the solution spectra and are independent of 
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I I J 
15 20 0 

Y. kK 
FIGURE 4 Polarized absorption spectra of Pt,(CH3CS,), at (a) 295 K and (b) 77 
K. (From Ref. 10, reproduced by permission.) 

the type of substituent R, being single-molecule electronic transitions, 
associated with metal-to-ligand charge-transfer. In the case of 
Pd,(CH,CS2)4 - CS2, the absorption band polarized along the stacking 
direction appears at 16,300 cm- '. In Ni,(C,H,CH,CS,), no absorp- 
tions are observed below 19,000 cm-'. How can we interpret these 
data, at least qualitatively? Similar optical behavior has been ob- 
served previously in the case of unoxidized tetracyanoplatinate.26 
Two models have been proposed to interpret their optical properties. 
The first one is based on MO tight-binding band  calculation^.^^^^^ 
Following this model it has been found that the band gap energies 
decrease according to a R - 3  law, where R here is the interdimeric 
distance, with decreasing A and that the energy bands which deter- 
mine the optical and electrical properties for polarization along the 
stacking direction originate from Pt 5dz2,6s and Pt 6pZ,CNn* hybrid 
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1 E / /c  ------ 

10 15 20 
Y. kK 

FIGURE 5 Polarized dxorp t ion  spectrn o f  PtJF'r' CS,),. form A .  '11 1 rij 245 ti llild 

( b )  dt 77 K (Fiom Ref 10. reproduced hv p e r m i w o n )  

molecular states. The second one. proposed by P. Day. is based o n  
an exciton model and assigns the lowest-energy allowed transitions 
as neutral Frenkel excitons formed from single-molecular transitions 
coupled by the intermolecular p~ten t ia l . '~  In both models a linearity 
of the R ~ plot was observed. In our case, due to difficulty in assigning 
the single-molecule d-p transition, only a qualitative trend of the shift 
of the lowest energy band as a function of the intradimeric R distance 
is observed. Therefore the lowest energy band, polarized along the 
chain direction, at 14,800 cm (1.83 eV) could be assigned as du*( 1 ~ ~ ~ ~ )  
-+ pm(2uIg) or rL (L = ligand) interband transition. Perpendicular 
to the stacking, the observed absorption bands can be assigned as 
spin-forbidden transitions to triplet states. The electrical conductivity 
observed in the strictly columnar Pt derivatives suggests that this 
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FIGURE 6 Polarized absorption spectra of Pt,(Pr'-CS,),, form B,  (a) at 295 K and 
(b) at 77 K.  (From Ref. 10, rcproduced by permission.) 

property arises cxtrinsically owing to the presence of Pt +3 impurities, 
which act as acceptors for electrons to be promoted from the top of 
the u* valence band. The increase of the conductivity with decrease 
in Pt-Pt distance is related to an increase of the mobility of the 
carriers. 

MIXED-VALENCE COMPOUNDS 

The compounds described here clearly fulfill one of the required 
conditions for obtaining an inorganic electrical conductor or semi- 
conductor, i.e., to maximize the probability of strong band for- 
mation from steric considerations. A molecular repeat unit must 
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TABLE 111 

Electronic \pectra ( lo3 cm- ') of tctrakis(dithiocarboxylato)d~platlnum(II) 
complexes" 

Smgle-Cry\tal 
Absorption 

Diffuse (r  1 ) 
Compound ReflectdnLe m F l c  Solutionh Ref 

Pt,(Pr'-CS,)l, 11.20' 
form A 14.80 

18.50 
23.50 
i l . l l l .  

Pt,(Pr'-CS2).,. 15.0' 
form B 18.8 

23.5 
n . m .  

Pt,(C,II,CI12CS2), 12.8' 
15 3 

Pt,(CH,CS,), 

73.8 
n.m.  

15.2 
10 .0 
22.7 
24.4 
n.m. 

11 
14.8 
18.5 
n .n i  

15.0 18 2 
18.2 II . I l l .  

n . m .  

12.5 
15.3 
23.8 73.8 
11.111. 11.111 

1.5.2 
19.0 
22.7 
n .m.  

20 4(2 4) I l l  
21 8(3 21) 
78 6'(1 40)  
32 8(4 30) 
35 2y1 20)  

I(I 

24 .q  10 
27 H' 
31  0 

22.8'(2.9) l(1 

28. y'( 3.2 I 
32.8(4.2) 
34.5'(4.1) 

24.6(3.1) 

"n.rn. -= not mcasurcd beyond highest wavcnumbcr indicated 
"Dichloromethane or toluene: values in parentheses as log(tidrn' mole ' c m  ' 1 .  
'Shoulder. 
"Unknown concentration due to the very low .;olubility. 

be able to stack in such a way that close Zipproiach is permitted. 
as do the square planar M(I1) dithiocarboxylato complexes. It was 
therefore straightforward to see the effect of the oxidation on these 
materials in the attempt to obtain a mixcd-valcnce oxidation state. 
This property, also called partial oxidation o r  incomplete chargc- 
transfer, greatly reduces the inhibition to charge mobility by one- 
site electron-electron repulsion. This means that the compounds 
must contain metal ions in different oxidation states. but in very 
similar or identical site geometries. The easiest reaction to try w a s  
the rcaction with halogens. 

Tetrakis(dithioacetato)diplatinum(lI) readily undcrgoes oxida- 
tive addition with iodine to give two different productszx: 
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Pt2(CH cs ) I 3 2 4 2  

a Pt (CH CS ) + x I2 - 
2 3 2 4  

Pt2(CH CS ) I 3 2 . 4 .  

Pt2(CH cs ) I 3 2 4 2  

a Pt (CH CS ) + x I2 - 
2 3 2 4  

The compound a is a single-valence dimeric Pt(II1) complex. The 
compound b turns out to be a halogen-bridged mixed-valence Pt 
compound, with the formal oxidation state +2.5. The crystal struc- 
ture is reported in Fig. 7 and consists of -[Pt,S,]-I-[Pt,S,]-I-. 
The compound is characterized by having a shorter Pt-Pt distance 
compared to the unoxidized compound, i.e., 0.1 A. The metal- 
iodine-metal bridge is nearly symmetric and all the platinum and 
iodine atoms lie perfectly on the two-fold axes of the unit-cell. 
Similar reactions have been carried out for Ni,( CH3CS2), and for 
the Pd,(CH3CS,),. Only in the case of nickel has it been possible 
to isolate a crystalline product, having formula Ni,(CH,CS,),I. l4 

The crystal structure is quite similar to that found for the Pt an- 
alogue, except for the intra- and intermolecular distances (see 
Table IV). Thus, these compounds belong to the class of singly 
bridged mixed-valence compounds, the most famous and classic 
compound of which is represented by Wollfram's red salt: 
[Pt(C,H,NH,),] [Pt(C2H,NH,),C1,]29 (see Scheme 111): 

I /  I /  1, -x- P t-x- P t -X-/Pt -x - -2 

' I  ' I  1 

-X-Pt I 7  Pt-X-P[ I 7  y - X -  -z 

'U 
SCHEME I11 

The physical properties shown by these compounds are quite in- 
teresting. First of all, they are semiconductors, and the electrical 
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l- 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

! 

I 

% - 
FICiURE 7 Atomic nrrangcmcnt of Pt2(CH,CSI),I alrlns r h c  2 a i s  I ?\ttcr Kci  
28. rcproduced hy permission. I 

conductivity at r . t .  is quite high compared with that o f  the other 
compounds of this class. Each of them shows an asymmetric broad 
electronic band in the near infrared region. at (1,000 c m -  for  
Ni,(CH,C:S,)JI and at 7,800 cm for Pt2(CH;C'S,),I, absent in the 
starting materials. Both compounds are diamagnetic and XPS stud- 
ies suggest only one type of oxidation state is present, intermediate 
between oxidation state TI and 111. Thc nickel derivative repre- 
sents, together with catcna (~-bromo)bis((lR.2R)-cyclohexane- 
diamine)nickel the only example where singly bridged 
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TABLE IV 

Selected bond distances (A) for M,(CH,CSJ,I 

Compound M- M M(l)-l  M(2)-I 

Ni,(CH1CS2)J 2 514(5) 2 9?8(4) 2 940(4) 
Pt,(CH,CS,)J 2.677(2) ?.981(3) 2 975(3) 

1D rnixed-valence Ni ions are present. A recent tight-binding band 
structure calculation, based upon extended Hiickel method, has 
been performed by Whangbo and Canadell on binuclear platinum 
chains [Pt2(L-L)4X]"-, where L-L = HCS,, X = I, n = 0 and 
L-L = (H02-P-O-P02H)2~ ,  X = Br, n = 4, in an attempt to 
explain their proper tie^.'^ Mononuclear chains [Pt4+L4X2 Pt2 +L4]=, 
L = C2H5NH2, do not adopt a symmetrical Pt'+ -X-Pt3+ -, but 
an asymmetrical Pt4+ -X Pt2+ ... bridge. The dZZ band of Pt'+ - 
X-Pt'+ system is half-filled, since each site contributes one elec- 
tron to the band. Thus, the distortion of the bridge is a consequence 
of the Peierls instability, associated with a half-filled band.32 In 
our system, each Pt2(L-L), unit contributes three electrons to the 
two u and u* bands and therefore the higher-lying one becomes 
half-filled (see Fig. 8). By analogy with the mononuclear platinum 
chains, it would be expected that the binuclear Yt chain also under- 
goes a Peierls distortion of the type: 

2 .5+2.5+ 2 5 + 2  5 1  2 . 5 +  

' * .  X-Pt-Pt-X-Pt-Pt-X-Pt- ... 

but the distortion is not observed experimentally at r.t. The model 
suggests a low-spin metallic state for symmetrical -.*Pt2.5 + -Pt2.5 + - 
X-Pt2.5+-... On the other hand, the compounds are semiconduc- 
tors with an activation energy which is two orders of mag- 
nitude smaller than the reflectance peak, therefore excluding a 
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0.0 0.4 
m i )  

FIGURE 8 Widths of (r ( d J  in origin) hands of hinuclear Pt chain [Pt7(HCS2),11, 
ils a function o f  distortion o f  bridging halides. I'he shadcd arca indicates that each 
hand orbital  is doubly occupied. This is under the assumption of thc I x t  that thc 
system .idopt low-spin states. (After  Rei. 31. rsproduced hy prrrnisvon.) 

conduction band An alternative picture which can 
avoid the above problem is the localized electronic state. Con- 
sistent with this localized picture is the suggested hopping mech- 
anism for t h e  elcctrical conductivity and the strong peak in the 
reflectance spectrum. Nevertheless, unsatisfactory aspects. such as 
the magnetic behavior, still exist.2x From the experimental point 
of view, it is important to note that lincar chain compounds have 
been isolated only in the case of dithioacetato derivatives. The 
oxidative addition of iodine to Pt(I1) dithiocarboxylato derivatives 
studied always gives Pt(II1) dinuclear molecules of general formula 
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PtZ(RCS2)J,. Why is this so? The answer may lie in the fact that 
in the latter a single metal-metal bond is formed since electrons 
are being removed from the u* antibonding orbital. 
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