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We have demonstrated the polymorphism of the 
mixed oxalato, 2,2’-bipyridyl (bipy) complexes of 
copper(I1) [l-3]. At least five different complexes 
[4] have been isolated, but crystallography combined 
with spectral studies [3] suggests coordination at 
copper to fall into only two distinct classes. The first 
an approximately NzOz chromophore of one oxalate 
and one bipyridyl coordinated in a square plane at 
copper(I1) (form I); axially coordinated water may or 
may not be present depending on the modification. 
The second an axially elongated Nz04 chromophore 
consisting of one bipyridyl and two catena bridging 
oxalates (form II). 

There have been two recent reports [4, 51 of 
mixed complexes of copper(I1) with oxalate and 
1 ,lO-phenanthroline (phen). These workers did not 
appreciate that polymorphism of the kind we have 
described for the bipyridyl systems [l-3] also 
occurs for the 1 ,lO-phenanthroline complexes. This 
prompts us to publish details of the synthesis and 
electronic properties of two complexes of formula 
[Cu(CzO,+)(phen)] .nH*O (n = 0 and 2); which were 
first characterised some years ago in our laboratory 

[61. 
In our later study [3] of the oxalate/bipyridyl 

system we noted the extreme sensitivity of the 
electronic spectra of these complexes to the above 
two modes of coordination (I versus II). The simple 

*Author to whom correspondence should be addressed. 

TABLE I. Analytical Results and Spectroscopic Parameters 

mixed chelates (I) are characterised by a single broad 
absorption in the visible/near infrared (h,, - 15.5 X 
IO3 cm-‘), the bridged Nz06 chromophores by 
two bands at -9.3 and -14.5 X lo3 cm-‘; as in the 
structurally related bis-hexafluoroacetanato mono-bi- 
pyridyl copper(U) complex [7]. This criterion is 
now used to consider literature reports of mixed 
[Cu(CzOd)(phen)] complexes. Kwik and Ang re- 
ported [8] a complex [Cu(CzO,)(phen)], A,, = 
15 5 X 10 cm-‘; Sone et al. [9] [Cu(CzO,)(phen)] * 
2i0, &xl, = 15.4X lo3 cm-‘; both results con- 
sistent with an approximately square planar NzOz 
chromophore. A recent crystallographic study of a 
blue complex confirms this general conclusion [4]; 
copper has distorted square pyramidal coordination 
[4], the fifth position being occupied by a water 
molecule at 2.24 8, in the blue complex [Cu(C,O,)- 
(phen)] *2Hz0. However, both Seminara ef al. [lo] 
and Kwik and co-workers [5] have reported a com- 
plex [Cu(CzO,)(phen)] with bands in the electronic 

Sample Analysis (%) Electronic spectrumb ESR Notes 

C H N HzOa 

ICu(Cz%)(phen)l-2H~0 45.12 3.29 7.62 9.80 calculated 

[Cu(Cz%)(phen)l-2H~O 45.91 3.61 1.31 9.50 15.38 2.22, 2.06 I 
ICuG%)(!~hen)l 50.68 2.43 8.44 calculated 

[CuG%Mhen)l 50.36 2.48 8.66 13.9,8.6 2.156d II 

aBy thermogravimetry. b103/cm-1 measured between 4.0 and 20 X lo3 cm-‘. CEstimated by method Kneubuhl [l], highest 

g value a broad signal. dIsotropic or near isotropic ESR g,. 
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Scheme 1. The preparation of mixed l,lO-phenanthroline oxalato copper(H) complexes. 1. Hot, 80-90 “C, solutions in water, 
immediate precipitate, [Cu(II)] = [phen] = [CzO4 2-1 - 1 X 10” mol dmM3. 2. Hot, 80-90 “C, solutions in water, slow crystal- 

lisation, [Cu(II)] = [phen] = [C2042-] - l-5 X lO+ mol drnm3 or from solutions used to prepare II; complex II filtered off. 

3. Reflux the solid under water for -10 min. 

II 
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Fig. 1. Electronic spectra of mixed oxalate phenanthroline 
complexes. 

spectrum at -14.0 and -9 X lo3 cm-‘; results re- 
markably similar to ours for the polymeric form of 
the mixed oxalate bipyridyl complex. The above 
observations suggest similar polymerisation isomerism 
for the mixed oxalate phenanthroline complexes of 
copper to that we have [l-3] unequivocally estab- 
lished for the oxalate/bipyridyl system. 

Results and Discussion 

We rapidly confirmed that a blue complex of 
stoichiometry [Cu(C204)(phen)] *2H20 (I) separated 
from solutions of copper(H) salts, potassium oxalate 
and 1 ,lO-phenanthroline in a 1: 1: 1 ratio. Analytical 
results together with spectral parameters are sum- 
marised in Table I. If this complex is refluxed under 
water for five to ten minutes it is rapidly and quanti- 
tatively converted to a blue-green complex [Cu- 
(C204)(phen)] (II). Conditions for the preparation 

and interconversion of these phases are summarized 
in Scheme 1. As outlined above the electronic spectra 
(Fig. 1) of these two complexes allow us to assign 
their first coordination spheres with some confidence. 
I is a simple mixed chelate with N202 occupying the 
square plane at copper(I1); more distant ligation by 
axial water completing a square pyramid is now 
confirmed by the crystal structure [4] (single peak 
electronic spectrum). II is assigned as a polymeric 
structure of N206 chromophores probably involving 
catena bridging oxalates (two peak electronic spec- 
trum). 

The results presented in this note establish that the 
mixed oxalato 1, lo-phenanthroline complexes of 
copper(H) exist in two main isomeric forms; mono- 
meric complexes in which oxalate and l,lO-phen- 
anthroline occupy a square plane and polymeric 
complexes with catena bridging oxalates. Poly- 
morphism is apparently widespread for these systems; 
we believe that many other such examples may be 
obtained from this and related systems [12], and 
indeed have some evidence for hydrated forms of 
compound II [6]. It is hence extremely important 
that preparative details are provided in papers re- 
porting studies of labile complexes of this type. 
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