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The ESR spectra of complexes of formula Cu- 
(NC0)*L2 where L = aniline, p-chloroaniline, p- 
bromoaniline, p-iodoaniline, o-, m-, and p-toluidine 
were recorded and their magnetic susceptibilities were 
measured at different temperatures. Cu(NCO)z(an)z 
shows a normal orthorhombic, while CU(NCO)~ 
(o-tol)z exhibits a normal axial ESR spectrum (for 
abbreviations see note 2). Complexes with L = p- 
chloroan, p-bromoan, m-, and p-to1 give “reversed” 
orthorhombic spectra and Cu(NCO)z(p-iodoan)z 
displays a “reversed” axial spectrum; these results are 
interpreted as due to the presence of exchange inter- 
action. The susceptibilities of all these complexes obey 
the Curie-Weiss law ~~~~~~ a(T + O)-’ with the values 
of 0 in the range of +2- +41 K. The temperature de- 
pendence of the susceptibility of Cu(NCO)z(o-tol)z 
conforms with a one-dimensional Ising model for 
g = 2.12 and 25 = -20 cm-‘. 

Introduction 

In studying3 the spectral properties of new com- 
plexes of the type CU(NCO)~L~ where L is a ligand 
of the aniline group we have obtained some basic 
knowledge of their molecular structure and the bond- 
ing mode of the cyanate group. In order to gain further 
information especially concerning any intermolecular 
interactions which could occur in the crystal structures, 
we have recorded the ESR spectra of these complexes 
and measured their magnetic susceptibilities at dif- 
ferent temperatures. It has been shown that most of 
the ESR spectra are rather unusual and help together 
with the magnetic susceptibility data to recognize the 
influence of variously substituted anilines on the struc- 
tural characterization of the complexes. Therefore we 
report the results of our research herein; a preliminary 
communication on the magnetic moments, except for 
Cu(NC0)2(p-bromoan)2, is in ref.4. 

* Dedicated to Professor Z. Valtr on the occasion of his 60th 
birthday. 

Experimental Section 

The ESR spectra were recorded using a Varian E-3 
apparatus operating at X band frequency with 100 kHz 
modulation. The material for the measurements was 
taken in crystalline powder form. 

The magnetic susceptibilities were measured by the 
Gouy method as described previously.’ The suscepti- 
bility of CU(NCO)~ (o-tol)z was also measured in the 
course of a continuous temperature increase, from 77 K 
up to 288 K, at a field strength of 9.8 kOe, on an ap- 
paratus of the Institute of Chemistry, University of 
Wroclaw. The molar susceptibilities were corrected for 
the diamagnetism of the constituents using Pascal’s 
constants6 and the effective magnetic moments were 
calculated from the relation 

peff = 2.83 [c~~CO~~-NG)T]~/~ 

where for the temperature-independent paramagne- 
tism, No, the value of 60 x 10d c.g.s.u./mole7 was 
inserted. 

Results and Discussion 

ESR Spectra 

The derivative ESR spectra were analysed by Kneu- 
btihl’s method’ and the obtained g factor values are 
presented in Table I. Some selected spectra are shown 
in Figure 1. 

All the complexes under investigation give aniso- 
tropic ESR spectra from which the average g factor 
values, h, follow in the range of 2.122 + 0.013, being in 
agreement’ with an orbitally non-degenerated ground 
state. Since the crystal structures of these complexes 
are not known, we cannot conclude” to what extent 
the found crystal g values reflect the concerned molec- 
ular symmetries. Three cases are worth of particular 
consideration. 

Cu(NCO),(an), exhibits an essentially orthorhom- 
bit ESR spectrum but the g2 value is only poorly re- 
solved and is numerically very close to g,. If the value 
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Figure 2. The dependence of the reciprocal magnetic susceptibility against the temperature (A) and log [4k~~‘“” 
- Na)TIN/?] against the reciprocal temperature (B) for Cu(NC0)2(o-tol)Z. 

Figure 3. The assumed structure of Cu(NC0)2(o-tol)2. 

exchange integral); the meaning of the other symbols 
is evident. Equation (1) may be readily converted into 
its logarithmic form (2). 

log 
4kkMCoTr - Na)T 

NP2 
= 2 log g +(2J/2.303k)T1 (2) 

The dependence of log[4k~,c”“-Na)T/N/3Z] against T’ 
is linear and that one for our complex is plotted in 
Figure 2. The points obtained from the experimental 
susceptibilities lie, within an experimental inaccuracy,” 
on a straight line proving the validity of the Ising mod- 
el. The slope of the straight line gives for the energy 
separation between a singlet and a triplet level, 25, the 
value of -20 cm-’ (+ 3 cm-‘). This value is near to 
that of -16 cm-l (? 3 cm-‘) calculated4 from the mag- 
netic moments at three different temperatures using 
the ESR value of g. The ordinate of the crossing point 
of the straight line with the vertical axis yields the g 
value of 2.12(+0.03). It is somewhat lower than that 
following from the Curie constant and amounting to 
2.17(f 0.02), yet it agrees excellently with the average 
g value of 2.11, found from the ESR spectrum and 
thus being most reliable. For the temperature of maxi- 
mum susceptibility T, = -2J/k the value of 29 K ap- 

pears which is comparable with that of 0, 41 K, since 
for kT s 25, 0 would be =T, (ref.20). 

We suppose that the antiferromagnetism of Cu 
(NCO),(o-tol), is caused by superexchange inter- 
action the mechanism of which already hat been briefly 
discussed.4 

Acknowledgements 

We are indebted to Prof. Dr. A. TkZ and Mr. L. 
Omelka from the Department of Chemical Physics, 
Slovak Technical University, Bratislava, for the record- 
ing of the ESR spectra, as well as for valuable discus- 
sions and are also grateful to Dr. J. MroziAski from 
the Institute of Chemistry, University of Wroclaw, for 
the susceptibility measurements of Cu(NCO),(o-to&. 

References 

Part VIII: J. Kohout, M. Quastlerov&Hvastijovi, and 
J. Gaio, COIL Czechoslov. Chem. Commun., in the press. 
Abbreviations used: an = aniline, p-chloroan = p-chloro- 

aniline, p-bromoan = p-bromoaniline, p-iodoan = p-iodo- 
aniline, o-, m-, p-to1 = o-, m-, p-toluidine. 
M. QuastlerovLHvastijovri, J. Kohout, and J. Gaio, 
Z. anorg. allgm. Chem., 396, 341 (1973). 
J. Kohout, M. Quastlerov&HvastijovB, and M. Kohtit- 
ov& Z. Naturforsch., 26b, 1366 (1971). 
J. Kohout and J. Kratsmir-Smogrovi& Chem. Zvesti, 
22, 481 (1968). 
(a) P. W. Selwood, “Magnetochemistry”, Interscience, 
New York, 19.56, p 78 and 92; (b) G. Fosx, “Constantes 
SCllectionnCs, Diamagnktisme et Paramagnetisme”, 

Masson, Paris, 1957, p. 153 and 156. 



ESR of Cyanat+Copper(lI) Complexes with Anilines 

7 B.N. Figgis and C.M. Harris, J. Chem. Sot., 1959,855. 
8 F.K. Kneubtihl, .I. Chem. Phys., 31, 1074 (1960). 
9 B.N. Figgis, “Introduction to Ligand Fields”, Interscience, 

New York, 1966, p. 296. 
10 B. J. Hathaway and D.E. Billing, Coord. Chem. Rev., 3, 

143 (1970). 
11 I.M. Procter, B. J. Hathaway, and P. Nicholls, J. Chem. 

Sot., (A), 1968, 1678. 
12 (a) H. Abe and K. Ono, J. Phys. Sot. Japan, II, 947 

(1956); (b) D.E. Billing and B.J. Hathaway, J. Chem. 

Phys., 50, 1476 (1969). 
13 J.C. Eisenstein, J. Chem. Phys., 28, 323 (1958). 
14 M.A. Hitchman, J. Chem. Sot., (A), 1970.4. 

15 

16 
17 

18 

245 

See ref.9, p. 263. 
S.M. Nelson, Proc. Chem. Sot., 1961,372. 
J. Nelson and S.M. Nelson, J. Chem. Sot., (A), 1969, 
1597. 

(a) G.F. Newell and E. W. Montroll, Rev. Mod. Phys., 25, 
353 (1953); (b) C.G. Barraclough and C.F. Ng, Trans. 
Faraday Sot., 60, 836 (1964); (c) L. Dubicki, C.M. 
Harris, E. Kokot, and R.L. Martin, Inorg. Chem., 5, 93 
(1966). 

19 The error in the molar susceptibility determination 
amounts to ca. f 20 X 10” c.g.s.u./mole. 

20 J.S. Smart, “Effective Field Theories of Magnetism”, 

Saunders, Philadelphia, 1966. 


