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Abstract 

The squarate ion (C404)‘- does not substitute 
for chlorine in Kz[PtC14] or in (NH3)2PtC12 but it 
reacts with the ‘cis-dichlorodiammine hydrolysis 
products’ to yield two complexes. The first one (I) 
can be described from the results of an X-ray diffrac- 
tion study as a tetranuclear chain of platinum atoms 
bridged by squaric anions. The second one (II) is 
an amorphous blue compound with the platinum 
atom in a formal oxidation state of 2.5. A structure 
involving dinuclear entities is proposed for II on the 
basis of XPS, EPR and LAXS analysis. Oxidation 
of I by nitric acid in the presence of X- (X- = Cl- 
or Br-) generates products IV and V involving an 
oxidation of 3 .O for platinum. Considering the whole 
set of complexes derived from squaric acid points 
to significant similitudes with the ‘amide platinum 
blues’. 

Introduction 

The interest given to the ‘platinum blues’ was 
first originated in their unusual colour [ 1 ] and then 
was sparked by the discovery that some of these 
products, the ‘platinum pyrimidine blues’, had 
proved effectiveness as antitumor agents with low 
associated nephrotoxicity [2]. Earlier studies sug- 
gested a paramagnetic, mixed-valent, oligomeric 
nature [3]. A more precise description was gained 
when Lippard et al. [4, 51 succeeded in obtaining 
crystalline cis-diammineplatinum a-pyridone blue 
(abbreviated as PPB in the following) and revealed 
its tetranuclear amidato-bridged chain structure. 
In fact, this complex is best described as a dimer 
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of dimers due to the occurrence of two different 
Pt.. .Pt distances. Finally, the platinum blues? may 
be considered as members of the large family of 
compounds having a metallic chain with a non- 
integral oxidation state of the metal centres and 
displaying anisotropic properties. Partial removal 
of d,l electrons (z axis taken along the mean Pt 
chain) from the metallic atoms likely improves 

d,g orbitals overlap and increases metal-metal 
interaction through a shortening of the metal-metal 
distance, and may result in metallic or semi-metallic 
behaviour. Independently of possible electrical pro- 
perties, these complexes are expected to display a 
variety of cooperative or localized magnetic pro- 
perties. Actually, the platinum blues generally exhibit 
an ESR signal. 

In some instances, when well-resolved hyperfine 
structures are observed, a good agreement between 
the experimental and calculated ESR spectra was 
obtained by assuming coupling of an unpaired 
electron with the four 19’Pt nuclei involved in a 
tetrameric structure [6] _ Basically identical tetra- 
nuclear structures have been reported for several 
complexes with different platinum oxidation states 
(from 2.0 to 3.0) but all involving amidato ligands 
[7-91. To our knowledge, there are few reports 
of blue species involving other types of ligands. 
Phosphate bridging has been suggested for amorphous 
H,[Pt(NH&(PO,)]O.SHzO [IO], whereas sulphate 
bridges would occur in the blue product originating 
from UV irradiation of cis-[Pt(NH3)2(H,0)2] SO4 
[ 1 l]. A blue compound, [Pt(C,Cl,),]-, has been 
recently reported and structurally characterized as 
a mononuclear Pt(III) complex [ 121. 

The present paper is devoted to platinum com- 
plexes involving squaric acid as ligand. From a liter- 

tThe calling ‘platinum blue’ without other specification 
is used in this paper for the amide-bridged platinum blue 
compounds. 
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ature survey, it appears that two related complexes 
have been previously mentioned: a dinuclear plati- 
num(I1) complex with squarato-1,2 bridges [13] 
and a black compound whose formulation, K,.,[Pt- 
(C,O,),] *2Hz0 [ 141, suggests that the platinum 
atom has a formal oxidation state of 2.4. The latter 
species, which has not been structurally character- 
ized, is reported to be semiconducting. 

We will describe the syntheses, crystal and amor- 
phous structure, magnetic properties, W-Vis 
spectra of the following compounds: green crystal- 
line [Pt(NH&(C,O,)], (I), blue amorphous [Pt- 

WsMC404)I n(C404)n,4 (II) and red [Pt(NH3)2- 
(C404)] 2X2 (X = Cl, Br) (IV) and (V) and compare 
their properties with those of the cis-diammine pla- 
tinum cy-pyridone analogue. 

Results and Discussion 

Syntheses 
As previously noted, the possibilities of preparing 

tetranuclear blue platinum complexes are essentially 
restricted to amidato ligands. Therefore, it is inter- 
esting to search for new ligands able to yield dis- 
position similar to that of m-pyridone. 

One of the aims of the present paper is to show 
that squaric acid offers the opportunity of develop- 
ing a chemistry similar to that of a-pyridone. Indeed, 
we report on several highly coloured complexes 
which contain platinum atoms with a formal oxida- 
tion state ranging from 2 to 3. 

From the reaction of two moles of squaric acid 
with one mole of ‘[Pt(NH,),(H,O),]*“, two com- 
plexes may be isolated: a green microcrystalline 
species I and a blue amorphous species II. According 
to chemical analysis data, they display different 
values of the molar ratio platinum/squaric acid, 
i.e. 1 and 1.25 for I and II, respectively. This suggests 
that the oxidation state of the platinum atoms 
increases from 2 in complex I to 2.50 in complex II. 

Interestingly, complex II can be prepared by 
reacting complex I with an excess of squaric acid 
which therefore acts not only as a complexing agent 
but also as an oxidizing agent. When the oxidation 
of I is performed by halogens, red complexes are 
obtained. On the basis of the analytical data, they 
likely contain platinum atoms in an oxidation state 
of 3 and they would result from oxidative addition 
of halogen atoms to the dimeric unit of complex I. 

Halogen-capped binuclear Pt(lI1) complexes can be 
readily generated through oxidative addition to the 
tetranuclear platinum(I1) complound. Formation of 
a Pt-Pt single bond apparently drives these binuclear 
oxidative additions [IS]. Simple theory predicts 
that two Pt-Pt do* electrons are transferred to X2. 
This is in accordance with the Pt-Pt bond shortening 
always observed in the binuclear Pt(III)-Pt(II1) 

0 

Fig. 1. Structure of complex 1. 

complexes compared to their Pt(II)-Pt(II) analogous 
(uide infra and Table 2). We have obtained the 
products of halogen oxidative-addition reactions, 
IV and V, as red microcrystals. Apparently, a number 
of other oxidants (H202, I03J also convert Pt(I1) 
to Pt(II1) in the presence of nucleophiles X-. How- 
ever, all the products are not so well characterized. 
Single crystals large enough to allow structural X-ray 
determination have not been obtained. Finally, 
as described by Toflund [ 141, an amorphous black 
species may be isolated from a reaction mixture 
prepared from tetraaquaplatinum(I1) solution and 
squaric acid. The analytic data are consistent with 
the presence of [Pt’.“] in this complex. 

Structural Study 
A preliminary report of the structure of complex 

I has been given elsewhere [ 161. Therefore we only 
recall its main features. In this structure, each pla- 
tinum atom is coordinated by two ammine ligands 
in the cis position and two oxygen atoms of two 
squarato dianions. Two quasi planar Pt(NH,), 
units are bridged by two squarato ligands through 
their O(1) and O(2) oxygen atoms (Fig. 1) resulting 
in a dinuclear unit with a Pt(l)-Pt(2) distance of 
ca. 3.162 8. The coordination planes are not strictly 
parallel but are canted at an angle of 12”3’, together 
with a 38” torsional twist about the Pt(l)-Pt(2) 
bond axis in the bridged binuclear units. 

Moreover, two dimeric units are linked through 
a crystallographic centre of inversion by a 
Pt(l).. .Pt(l ‘) distance of 3.197 A so that the overall 
structure can be viewed as a dimer of dimer with a 
zig-zag chain of four platinum atoms with a Pt(2)- 
Pt( I )-Pt( 1’) angle of 168”. 

This feature is strongly reminiscent of that re- 
ported for the blue compounds dcrivated from 
amidate-bridged ligands. However it may be under- 
lined that in the case of I, the Pt-Pt distances are 
significantly longer. Bridging 1,2-squarato units are 
also observed in the dinuclear platinum complex 
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described by Toflund [14] which presents a large 
Pt.. .Pt separation of 5.09 A between dimeric units. 

Due to its amorphous nature, complex II is not 
amenable to single crystal X-ray analysis so that we 
made use of LAXS (Large Angle X-ray Scattering) 
technique, using recent progress in instrumentation 
and software (the LASIP system developed in our 
Laboratory). Owing to the presumed oligomeric 
structure of II, the LAXS technique is seemingly 
more appropriate than the EXAFS one, which 
generally gives informations restricted to the first 
and second coordination spheres around the central 
atom. 

Two samples of complex II have been submitted 
to LAXS analysis. Surprisingly, the related radial 
distribution curves are not entirely identical. Indeed, 
in both samples, two maxima are observed at the 
same positions, i.e. 2.06 and 3.05 A, but the third 
one is located at 3.44 A in the first sample and at 
3.80 A in the second one. It may be recalled that the 
two samples display very similar infrared, UV-Vis 
and ESCA spectra and yield identical microanalytical 
data. 

All attempts to fit the experimental distributions 
to a tetranuclear model or to an infinite chain of 
dinuclear unit failed, leading to the conclusion that 
complex II has to be considered as a dinuclear com- 
plex with a Pt(l)-Pt(2) distance of 3.05 A and a 
separation between the dinuclear units which varies 
depending on the sample. Interestingly, the Pt(l)- 
Pt(2) distance in II is significantly shorter than the 
value observed for complex I (3.2 A). 

The proposed structure for 4 and 5 is given in 
Fig. 2. 

X-ray Photoelectron Spectroscopy 
XPS is expected to provide valuable informations 

relating to the oxidation states of the metal in com- 
plexes I and II. For both complexes, the profile of 
the lines of the Ptar spectrum shows the existence 
of only one oxidation state at least on the XPS 
time scale since, in both cases, the Pt4r is a single 
doublet. From data obtained on a number of Pt2+, 
Pt4+ [ 171 and also for additional pairs of Pt2’-Pt4+ 
complexes [ 181, it is clear that the Pt4r binding 
energies of Pt4+ species are between 2 and 3 eV 
higher than those of their Pt2+ analogues. In the 
case of cis-(HsN)2PtC14, the binding energies are 

Fig. 2. Proposed structure for complex IV or V. 
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higher by -2.5 eV than those of cis-(H,N),PtCl, 
[ 181. The energy shift observed when one goes from 
I to II gives evidence that there is a significant dif- 
ference in the oxidation state of the two complexes. 
As there is no doubt concerning the presence of Pt2+ 
in complex I, the most interesting feature of the 
present data is the increase of binding energy by cu. 
0.8 eV in going from I to II. This would be con- 
sistent with an oxidation state lying between +2 
and +3 for the platinum atom in complex II. It 
may be underlined that in the XPS investigation 
of the first structurally characterized platinum blue, 
i.e. the a-pyridone blue, the Pt,f binding energies 
were found to be similar to those exhibited by 
Pt2+ complexes [ 51. 

Magnetic Properties 
Static susceptibility measurements show com- 

plexes I, IV and V to be diamagnetic and complex 
II paramagnetic. In the latter instance, variation of 
the applied magnetic field causes a slight but sig- 
nificant amount of ferromagnetism to be detected. 
Similar observations have been previously reported 
for the a-pyridone blue [6], the uracil blue [ 191, 
the acid-amine blues [20] and it has been generally 
concluded that this ferromagnetism was attributable 
to impurities. After correcting for ferromagnetism, 
a moment of 2.5 BM was obtained for a dinuclear 
unit of complex II. As previously mentioned, this 
value is hardly related to the oxidation state of the 
metal. Indeed, ESR data points to the occurrence of 
a high spin-orbit coupling so that the moment 
value cannot be directly interpreted in terms of 
number of unpaired electrons. It may be underlined 
that a value of 2.5 BM has been recently observed 
for a genuine mononuclear platinum(II1) compound 
[ 121 and considered as characteristic of a spin l/2 
system with a large orbital contribution. However, 
for the (Pt2.2s )4 complexes, moment values of 1.8 
and 1.9 BM have been reported [21]. They are 
consistent with the presence of one unpaired electron 
per tetranuclear unit without significant orbital con- 
tribution. 

Complex (II) yields a characteristic ESR spectrum 
showing two signals devoid of any discernible struc- 
ture in the &I!= 1 region. Highly anisotropic g 
values are obtained, gI= 1.98 and gl= 2.36, as it is 
generally the case for the platinum blues. This 
anisotropy and the fact that gl > 811 allows a descrip- 
tion in terms of a dZ2 hole state with an admixture 
of lower lying dyt, d,. states due to spin-orbit 
coupling. A point of importance was the appear- 
ance of an additional signal of weak intensity at 
g = 4.3. It results from a ‘half-field’ AM= 2 tran- 
sition and points to an interaction between mag- 
netic centres. The profile of the AM= 1 signals which 
are characteristic of a doublet state and the lack 
of fine structure suggest that the interactions are 
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operative between dinuclear units and are mainly 
dipolar in character. From the value of the resonance 
field of the AM = 2 transition, a zero-field splitting 
of ca. 0.04 cm-’ may be evaluated [ 221. In the point- 
dipole approximation [23], this value would roughly 
correspond to a dipole-dipole separation of ca. 
3.6 A. 

are discernible at ca. 480 and 570 nm, the latter 
being more intense than the former. 

This spectrum offers some similitudes with those 
of a-pyridone blue (PPB) and related blue complexes 
which are dominated by two bands at 680 and 480 
nm, less intense absorptions being observed at 800, 
550,480 and 400 nm. 

Due to the approximations, this value does not 
significantly differ from the value evaluated in the 
range 3.4-3.8 a deduced from structural data and 
supports the hypothesis of a slight dipolar inter- 
action between adjacent dimeric units. Complexes 
IV and V are ESR silent. 

Infrared Spectroscopy 
Infrared spectra of squarate-containing complexes 

are quite characteristic of the mode of coordination 
of the ligand. Complexes like Ni(C404)*2Hz0 [24], 
in which the squarate entity is coordinated through 
all four oxygen atoms, exhibit a strong, broad ab- 
sorption centred around 1500 cm-‘. This has been 
assigned to a mixture of CEC and CEO stretching 
vibrations. For complexes involving the 1 and 3 co- 
ordination sites, ill-resolved absorptions are also 
reported in the 1480 cm-’ part of the spectra [25]. 
In contrast, with the squarate bonded in a 1 and 2 
coordination mode, two additional bands are gen- 
erally observed in the same region, in relation with 
the presence of locahzed C=C and C=O bonds. 

The infrared bands attributable to the squarate 
moiety in the region 1450-1800 cm-’ for the pla- 
tinum complexes are listed in Table 1. The position 
and intensities of the bands in this region are remark- 
ably similar for all the complexes, indicating that 
these complexes are all bonded in the same 1 and 2 
bidentate mode with two uncoordinated oxygen 
atoms. Finally, frequencies for Pt-Cl (340 cm-‘) 
and Pt-Br (240 cm-‘) were obtained for compounds 
IV and V. 

Interestingly, it has been demonstrated that in 
the case of PPB the transition at 680 nm is charac- 
teristic of a tetranuclear structure [2]. Therefore, 
an analogous absorption is not to be expected in 
the case of II since the LAXS data suggest that this 
complex would be better described in terms of 
isolated dinuclear species. So, it seems that the ab- 
sorption at 675 nm for II responsible for the blue 
colour of this complex, cannot be used to determine 
a tetrameric structure. Unlike the 680 nm band, the 
480 nm absorption in the PPB spectrum does not 
require a tetrameric structure since it is described 
as (Pt-Pt& + (Ptl-Pt&*. It may have its conter- 
part in the II spectrum with a possible shift due to 
the lengthening of the Pt-Pt distance and/or the 
increase of the oxidation state of the platinum atoms. 
In a recently reported Pt’.’ tetranuclear complex 
with short Pt-Pt distances of ca. 2.7 a this transi- 
tion seemingly occurs at 478 nm. The band at 580 
nm for II where Pt-Pt distance is 3.05 a can be 
attributed to this transition. Finally, in the UV-Vis 
reflectance spectra of IV and V a band in the 270- 
320 nm region is attributed to a da -+ da* transition. 
It may be attributed to the (Pt-Pt) bond itself, but 
the system possesses undubitably a substrantial 
X -+ Pt charge transfer character according to the 
dependence of the transition wavelength on XICl 
(270 nm), Br (3 15 nm)] 

Structural Comparisons between Amidate-btidged 
and Squarato-bridged Tetranuclear Platirzum 
Complexes 

Electronic Spectroscopy 

Table 2 lists structural features of the two 
squarato-bridged complexes compared with several 
tetranuclear amidate-bridged analogues. 

The diffuse reflectance spectrum of 11 displays 
two broad, ill-defined absorptions in the ranges 
800-600 nm and 600-200 nm respectively. 

The first absorption band is at 675 nm with a 
shoulder at cu. 630 nm. The maximum of the second 
absorption cannot be well-defined but two shoulders 

It is well known that for one dimensional metal- 
chain complexes the metal-metal distance is cor- 
related with the formal oxidation state of the metal. 
Similar relation is also reported for platinum com- 
plexes having bridging ligdnds 1261, Bearing this 
in mind, the Pt-Pt distances in the squarato bridged 

TABLE 1. Infrared Spectral Bands in the Region 1800-1450 en-l and v(Pt-X Bands 

Compound 

[PtK404)(NH&14 (1) 
[Pt(C404)(NH3)zlz(C404)0.5.2HzO (II) 
[PttC&JWH&I~Cl~ (IV) 

[Pt(C4WWH&12Br2 W) 

v(C=O) 

1798m 

1795m 

1800m 

1800m 

u(C=C) 

1655m 

1655m 

1680m 
1675m 

u(C=C) + u(C=O) 

1534, 1501, 1461 

1500b 

1520b 
1520b 

Pt-X 

340 
240 
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TABLE 2. Comparison of Geometric Features of Amidate-bridged and Squarato-bridged Tetranuclear Platinum Complexes 

Compound 

cis[(H3N)zPt(CsH4NO)zPt(NH3)212(N03)s.H20 
ol-pyridone blue 

cW(H3N)zPt(CsH4NO)2Pt(NH&MNO& 
cvpyridone yellow 

cis[(H3N)zPt(C4HsN202)2Pt(NH3)212(N03)4.H20 

1-methylhydantoin yellow 

cis[(H3N)2Pt(C4H6N0)2Pt(NH3)212(N03)6*2H20 
a-pyridone tan 

~~s[(H~N),P~(C~O,)~P~(NH~)~]~*~H~O (I) 

cis[(H3N)2Pt(C404)2Pt(NH3)2](C404)o.5 (II) 

Formal Pt 
oxidation 
state 

2.25 

2.0 

2.0 

2.5 

2.0 

2.5 

Pt-Pt Pt-Pt-Pt Reference 
distance angle 
(A) e) 

2.115 164.20 6 
2.871 

2.992 160.58 I 
3.236 

3.131 160.5 8 
3.204 

2.701 170.4 26 
2.710 

3.162 168” this work 
3.197 

3.05 this work 
3.45-3.8 

complex I are quite long, as expected for a Pt(I1) 
complex. They are similar to those found in the 
tetranuclear cis-diamine platinum 1 -methyldantoin 
yellow (3.13,3.20) [8] or in other complexes bridged 
by amides like cr-pyridone (2.99, 3.23) [7] where 
the formal oxidation state of platinum is equal to 
two. 

As already reported, regarding the blue amorphous 
squarato complex II, a tetranuclear model does not 
fit with the experimental data and the structure of 
this complex differs largely from that of the amidate- 
bridged blue compounds. First of all, considering 
a dinuclear entity the Pt-Pt distance is significantly 
shorter than that observed in compound I. This 
supports an assignment of an average oxidation state 
greater than t2. However, this distance (3.05 A) 
is notably longer than those observed in amidate- 
bridged platinum tetranuclear complexes exhibiting 
the same oxidation state of t2.5 (2.70 a) [27]. 
This may be correlated with steric requirements and 
the rigidness of the squarato ligand which prohibit 
a shorter Pt-Pt distance. In fact, in the free ligand, 
the O-O distance is 3.24 A, and 3.22 a in complex I. 

There are also some important differences in 
the backbone structure of compound II compared 
with classical platinum blues. In platinum blues, 
we are in occurrence with a zig-zag chain structure 
limited to four platinum atoms, and in fact, four 
platinum atoms are requisite to assume delocalization 
of the single electron associated to the partial oxida- 
tion state of 2.25. In squarate blues, only two pla- 
tinum atoms are able to assume delocalization of the 
unpaired electron corresponding to the oxidation 
number of 2.5. One can therefore consider complex 
II as consisting of practically isolated dinuclear 
entities, the separation between which depends 
on the preparative batch. This model is compatible 

with a low solid-state conductivity of 3 X lo-* !YY’ 
cm-‘, which precludes any electronic delocalization 
along an infinite chain. 

As in the case of amidate platinum blues or 
binuclear platinum diphosphite complexes [28], 
oxidative addition to tetranuclear Pt(I1) squarate 
complex is unusually favorable energetically and 
discrete binuclear Pt(II1) complexes are obtained. 

Finally, it is worth noting that when the squaric 
acid is used for synthesis instead of its sodium salt 
[29], the oxidizing properties of squaric acid become 
apparent, the resulting complexes being different. 

Experimental 

Synthesis and Characterization 

Products I and II 
A mixture of cis-diamine platinum(I1) hydrolysis 

products was prepared from 1 mmol of cis-(NH3)2- 
PtC12 and 2 mmol of silver nitrate in 10 ml of water. 
The resulting mixture was left to stand overnight. 
After removing the silver chloride by centrifugation, 
the platinum solution was added to an aqueous 
solution of 2 mmol of squaric acid dissolved in 15 ml 
of warm water. The mixture then was incubated at 
30 “C in the dark to avoid photochemical formation 
of blue polymers originated from cis-diamine plati- 
num(I1) hydrolysis products [ 111. Upon standing, 
the solution turned blue. Incubation was stopped 
after 4 days and an amorphous blue precipitate II 
was removed by filtration. From subsequent reaction 
of the solution, bright green crystals of I were ob- 
tained. Anal. for the green crystals (I): Found: 
C, 13.04; H, 2.27; N, 7.30; P, 54.55. Calc. for Pt- 
(C40,)(NH3)2*H20: C, 13.36; H, 2.22; N, 7.79; 
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Pt, 54.32%. Anal. for the blue compound (II): 
Found: C, 15.20; H, 1.62; N, 7.28; 0, 24.35; Pt, 
50.58. Calc. for [Pt(C404)(NH3)2](C404)0.25*H20: 
C, 15.50; H, 2.06; N, 7.23; 0,24.8; Pt, 50.38%. 

This product has been already prepared by Simon- 
sen and Toflund [ 131 and we have used the prepara- 
tion scheme described by these authors. Anal. Found: 
C, 18.5; Pt, 37.20; K, 12.8. Calc. for Kr.,[ [Pt(C,- 
0&J.2HZO: C, 18.41;Pt, 37.40; K, 12.71%. 

X,IPtIC, 04 12 (NH3 12 / 2 *2H2 0, X = Cl (IV). 
Br IV) 
These compounds were prepared by oxidizing 

compound I by nitric acid. A solid sample of com- 
pound I, 100 mg dissolved in 10 ml of concentrated 
nitric acid was warmed on a steam bath with stirring 
until all the compound was dissolved. During this 
time the solution changed in color to red orange. 
Then an excess of an aqueous solution of potassium 
halide (Cl or Br) was added. Subsequent evaporation 
in air gave red crystals of the compounds. Anal. 
for IV. Found: C, 12.28; H, 1.86; N, 7.02; Cl, 8.96; 
Pt, 48.47. Calc. for C12[Pt(C404)(NH3)2]2*2H20: 
C, 12.16; H, 2.02; N, 7.09; Cl, 8.99; Pt, 49.42%. 
Anal. for V. Found: C, 11.15; H, 12.8; N, 6.19; 
Br, 18.73; Pt, 45.22. Calc. for Br2[Pt(C,0,)- 
(NHs)2]2*2H20: C, 11.16; H, 1.63; N, 6.51; Br, 
18.60; Pt, 45.35%. 

Physical Measurements 
The ESR spectra were recorded on a Brucker 

ER 200 D spectrometer (X-band, 100 KHz field 
modulation). The microwave frequency was cali- 
brated with diphenyl picrylhydrazyl. All ESR spectra 
were recorded on a powdered sample in a large range 
of temperature. 

Magnetic susceptibility was determined by the 
Faraday method using a Sartorius microbalance 
coupled with a DRDSH electromagnet. The measure- 
ments have been performed between 4 and 320 K. 
HgCo(SCN), was used as standard (Xg = 10.64 X 
lo-r6 pern cgs). The experimental values have been 
corrected for the diamagnetism of the ligand cal- 
culated from Pascal’s constants [30]. At several 
temperatures the magnetic moment was measured 
as a function of field revealing the presence of an 
amount of ferromagnetism. Magnetic susceptibility 
data were corrected for this ferromagnetism extra- 
polating to infinite field. 

All the XPS spectra were obtained with a Vacuum 
Generators MKl spectrometer operated in the 
constant analyzer energy mode (pass energy 20 eV). 
We used an unmonochromatized Al Ka X-ray source 
and low X-ray fluxes (power applied to the anode: 
45 W) in order to avoid radiation damages. The 
samples were analyzed in powder shape at ambient 

temperature under pressures in the lo-’ to lOwa 
m bar range. 

The spectrometer was modified to permit data 
acquisition and treatment [3 11. The spectra were 
summed 9 to 16 times and then smoothed using 
the binomial filter 1321. The background was sub- 
tracted according to Shirley’s method [33]. The peak 
profiles were reconstructed with gaussian-shaped 
components. Fitting the reconstructed profiles to 
the experimental ones was performed by computing 
the difference between the sum of the components 
and the experimental signal. The intensity ratio of 
the 4f 7/2 and 4f 5/2 components of the Pt 4f line 
was close to the 4:3 theoretical expectation. The 
spectra are internally normalized to the value Cr, = 
288.5 eV for the carbonyl carbon of the squarate 
ring. 

The infrared spectra of the ligand and complexes 
were recorded on a Perkin-Elmer Model 577 spectro- 
meter calibrated with polystyrene film using KBr 
disks. 

Reflectance spectra in the Uv-Vis range were 
made on a Cary spectrophotometer. 

The compaction conductivity of powdered 
samples were measured on compressed pellets with 
a Wayne-Kerr Model B605 Automatic Component 
bridge. 

LAXS Study 
The blue compound Pt(NH3)2(C404)1 .25 was 

carefully ground and pressed (280 kg/cm2) into a 
0.2-0.3 mm thick pellet and the diffuse spectrum, 
scattered by the sample irradiated with graphite- 
monochromatized molybdenum Ka radiation, was 
obtained using an automatic diffractometer. The 
pellets were oriented perpendicular to the X-ray 
beam when the goniometer angles were at zero. 
About 2000 intensities corresponding to equidistant 
points were collected in the range 3” < 28 < 132” 
(28 being the diffusion angle) during 24 h. All the 
measurements were carried out at 22 “C. 

All the data processing was carried out on a VAX 
1 l/730 using the LASIP system and have been 
detailed elsewhere [34]. The scattered intensities 
were corrected for polarization and absorption 
effects, normalized by comparison with the sum 
of coherent and incoherent independent intensities 
using the methods of Krogh-Moe and Burian et al. 
[35]. The atomic scattering factors for all the atoms 
were taken from Cramer and Waber [36], and Comp- 
ton diffusion factors from Cromer [37]. 

The experimental radial distribution function, 
F(r) which shows the distribution of the interatomic 
distances in the polymers, is obtained by using the 
Zernicke and Prins relation [38]. The theoretical 
radial distribution function, F(r)theor is calculated 
for structural models by the Fourier transform of 
Debye’s formula of theoretical intensities [39]. 



Polynuclear Platinum Complexes 

For theoretical calculations interatomic distances 
in the squarato entities have been deduced from those 
obtained in the structural determination of com- 
pound I [ 161. All the angles of the ring are assumed 
to be 90”. 

Three samples of compound III originated from 
different batches have been submitted to LAXS 
analysis. 
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