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In several early [l] and more recent papers [2] 
it has been suggested that the electronic spectra of 
copper(I1) complexes may be used as a criterion of 
stereochemistry, but only if as wide a range of 
physical properties as possible are used to comple- 
ment the electronic spectra [3] such as e.s.r., and 
infrared spectra. This suggestion has been criticised 
in the past [4] and more recently [5] in respect 
to the reported electronic spectra and crystal struc- 
ture of two [Cu(phen)#CS),], (1) and [Cu(phen)?- 
(NCSe)2], (2) complexes, where phen = 1 JO-phenan- 
throline. The electronic spectra of (1) and (2) were 

(1) [Cu(phm2(NCS)21 

both reported [S] to have a single peak at 12900 
cm-’ and to involve a &octahedral CuN4N2 chromo- 
phore stereochemistry, (1) with a pans elongated 
distortion. As it was previously suggested [ 1 ] that the 
electronic criterion of a &octahedral stereo- 
chemistry was that the electronic spectrum would 
involve a splitting of 5000 cm-‘, the above spectrum 
conflicts with this prediction. 

In order to check this contradiction the prepara- 
tion [6] of (1) has been repeated and its electronic 
spectra, Fig. 1, and e.s.r. spectra, Fig. 2, reported as 
polycrystalline samples and for the copper(I1) com- 
plex doped in [Zn(phen)z(NCS)z] as a diamagnetic 
host lattice. As only microcrystalline samples could 
be prepared no single-crystal electronic or X-ray 
properties were obtainable. The pure copper(I1) and 
zinc(I1) complexes were shown to be isomorphous 
from their X-ray powder photographs, but this does 
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Fig. 1. The electronic reflectance spectra of copper(H) doped 
[Zn@hen)z(NCS)2], 3-100%. 
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Fig. 2. The polycrystalline es.r. spectra of (a) [Cu(phen)z- 
(NCS)z] and (b) 3% copper(I1) doped [Zn@hen)2(NCS)2]. 
( -) room temperature, (----- -) liquid nitrogen tempera- 
ture. 

not mean that the MN4N2 chromophores are iso- 
structural. 

The electronic reflectance spectra of the pure (1) 
involves two clear peaks, the most intense at 13158 
cm--r with a less intense broad band at 6154 cm-‘, 
a difference in energy of 7000 cm-‘, which is consis- 
tent with the c&octahedral stereochemistry of (1) 
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and with the criterion of stereochemistry previously 
established [l ] . The spectrum of (1) Fig. 1, contrasts 
with the single peak at 129000 cm-’ previously 
reported [5] for (1) and suggests that this spectrum 
was, previously, only recorded over a restricted range 
of energy. The need to record the electronic reflec- 
tance spectra of copper(I1) complexes over the energy 
range 5-30000 cm-’ has been emphasised earlier 
[3] and two recent examples have highlighted the 
limitations introduced, when spectra are restricted 
to measurement in the visible region only. These 
have been described recently for the Cu(bipy)i- 
(Cz04)i l xHzO [7] (X = 2, 3) and KsCu(NO& [8] 
complexes. The characteristic two peaked spectrum 
of (1) is closely comparable [9] to that of 
[Cu(phen)s] [C104 ]a, 7600 and 15000 cm-‘, consis- 
tent with the static elongated rhombic cis-octahedral 
stereochemistry of the CuN4N2 chromophore of the 
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(3) [C~(phen)~][CIOd2 

latter (3). The invariance of the electronic energies 
of (1) with concentration [l I], when doped in the 
zinc(R) complex, Fig. 1, suggests that the CuN4N2 
chromophore stereochemistry is the same in both 
the concentrated and dilute systems and that the 
stereochemistry in the zinc complex must be at least 
near &-octahedral, if not isostructural with the 
CuN4N2 stereochemistry of (1). 

The room temperature polycrystalline e.s.r. 
spectrum of (1) Fig. 2(a), is near isotropic, with 
broadness on or near the high g-value side. At liquid 
nitrogen temperature the spectrum becomes clearly 
axial with gtl > gl > 2.0 suggesting a dX2+ (or 
dxy) ground state [ 121 consistent with the elongated 
tetragonal octahedral stereochemistry of (1). As 
the electronic reflectance spectra of (1) Fig. 1, are 
independent of the copper(I1) concentration, this 
suggests that the e.s.r. spectra of the copper(I1) 
doped [Zn(phen)z(NCS)s] complex may be equated 
with the CuN4N2 structure of (1). The doped poly- 
crystalline e.s.r. spectrum, gu = 2.337, All = 118 X 
lO+ cm-’ and gl = 2.113, is considered more 
accurate than that of the concentrated (1) polycrys- 
talline e.s.r. spectrum and is also consistent with the 
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dX2-vz (or d,,) ground state suggested above, with 
the low Au value associated with the relatively low 
tetragonal elongation present [ 121 . 

The infrared spectrum of (1) shows two barely 
resolved CN stretching frequencies at 2060 and 2080 
cm-l consistent [13] with nitrogen bonded thio- 
cyanate groups and a ciscoordination of these 
ligands, consistent with the crystallographic evidence 
and the above prediction from the electronic 
spectra. 

Taken together the above physical properties do 
suggest that the correct c&octahedral structure for 
(1) could have been predicted. 

Acknowledgement 

We acknowledge the award of a Senior 
Demonstratorship, U.C.C. (to S.T.) and a Summer 
Studentship, U.C.C. (to A.O.L.). 

References 

1 

2 

8 

9 

10 

11 

12 

13 

B. J. Hathaway, I. M. Procter, R. C. Slade and A. A. G. 
Tomlinson, J. C’hem. Sot., A, 2219 (1969); 
I. M. Procter, B. J. Hathaway, D. E. Billing, R. Dudley 
and P. Nichols. J. Chem. Sot. A. 1192 (1969). 
W. Fitzgerald and B. J. Hathaway, J. &em..Soc. Dalton 
Trans., 567 (1981); 
W. D. Harrison, D. M. Kennedy, M. Power, R. Sheahau 
and B. J. Hathaway, J. Chem. Sot. Dalton lkans., 1556 
(1981). 
B. J. Hathaway, J. Chem. Sot. Dalton Trans., 1196 
(1972). 
E. D. McKenzie,J. Chem. Sot. A, 3095 (1970). 
A. Sedov, M. DunajJurco, M. Kabesova, J. Gazo and 
J. Garat, Znorg. Chim. Acta Lett., 64, L257 (1982). 
C. M. Harris, J. N. Lockyer and H. Waterman, Nature, 
192, 424 (1961). 
W. Fitzgerald, J. Foley, D. McSweeney, N. Ray, D. 
Sheahan, S. Tyagi, B. J. Hathaway and P. O’Brien, .I 
Chem. Sot. Dalton Tkans., 1117 (1982). 
J. Foley, W. Fitzgerald, S. Tyagi, B. J. Hathaway, D. E. 
Billing, R. Dudley, P. Nicholls and R. Slade, J. Chem. 
Sot. Dalton Trans., 1439 (1982). 
B. J. Hathaway, P. G. Hodgson and P. C. Power, Inorg. 
Chem., 13, 1962 (1974). 
0. P. Anderson, J. Chem. Sot. Dalton Trans., 1237 
(1973). 
M. Duggan, M. Horgan, J. Mullane, P. C. Power, N. Ray, 
A. Walsh and B. J. Hathaway, Inorg. Nucl. Chem. Lett., 
16, 407 (1980). 
B. J. Hathaway and D. E. Billing, Coo&. C’hem. Rev., 5, 
143 (1970). 
K. Nakamoto, ‘Infrared and Raman Spectra of Inorganic 
and Coordination Compounds’, 3rd Ed., Wiley, New 
York, 1978, p. 270-214. 


