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The magnetic susceptibility of the dimer di-p-N,N’-m- 
phenylenetetrakis(salicylideneiminato)dicopper(II) o- 
bey the Curie-Weiss law over the temperature range 
2.7-290X yielding peff = 1.73 B. M. The electron 
paramagnetic resonance spectrum gives evidence for 
the triplet state as well as lines which apparently arise 
from transitions between the singlet ground state and 
the excited triplet state. 

Introduction 

In a recent crystal structure determination, Bear, 
Waters, and Waters2 found that the complex previo- 
usly formulated as N,N’-m-phenylenebis(salicylidene- 
iminato)copper(II)3 is in fact a centrosymmetric dimer 
composed of two bis(salicylideneiminato)copper(II) 
residues bridged by two m-phenylene groups. A chlo- 
roform molecule is hydrogen bonded trans to the m- 
phenylene bridges at each copper atom. The environ- 
ment about copper is distorted and is best described 
as being intermediate between cis-planar and regular 
tetrahedral. As a part of our continuing study of 
bridged copper(I1) complexes,c6 we report in this ar- 
ticle the results of both electron paramagnetic reso- 
nance and magnetic susceptibility studies on di-p- 
N,N’-m-phenylenetetrakis (salicylideneiminato) dicopper 
(II). 

Experimental Section 

Preparation of the Compound. The procedure de- 
scribed by Bear, et a1.2 was used for this preparation. 
The ligand was made by adding a small volume of 
salicyladehyde to a hot solution of decolorized m- 
phenylenediamine dissolved in chloroform. The 
yellowish solution was then allowed to stand for a 
few minutes, after which a hot ethanol solution of 
copper(I1) acetate was gently filtered on to the surface 
of the hot ligand solution. Three layers were initially 
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observed; blue on top (copper acetate), brown in 
the middle (complex), and yellow on the bottom 
(ligand). These layers slowly diffused together. 
Upon slight evaporation a crystalline substance preci- 
pitated. This was collected, washed with chloroform, 
and dried. The resulting crystals which appear to 
be purple become light brown upon powdering. 

Anal. Calcd for CuC2~H14N202 - CHCL: C, 50.72; 
H, 3.04; N, 5.63%. Found: C, 50.93; H, 3.14; N, 
5.89%. 

Magnetic Measurements. The magnetic susceptibi- 
lities of a powdered sample in the temperature range 
77.2 to 290°K were measured using a Faraday ba- 
lance.’ A Foner-type vibrating sample magnetometer,* 
operating at a field strength. of 10,000 G was used 
for measurements in the range 2.7” to 60°K. The 
magnetic susceptibility standard used was mercury 
tetrathiocyanatocobaltate(II).9 The appropriate dia- 
magnetic corrections for the substituent atoms were 
estimated from Pascal’s constants.” 

EPR Measurements. The EPR spectra of both a 
powder sample at room temperature and 77.2”K. and 
a frozen solution of the complex in chloroform at 
77.2”K, were obtained using a Varian Model E-3 X- 
band spectrometer with 100 kHz modulation. The 
microwave frequencies used were 9.18 GHz at room 
temperature and 9.19 GHz at 77.2”K. Cylindrical 
quartz sample tubes were used with the standard 
Varian E-4531 cavity. A quartz dewar which fitted 
into the cavity was used at the low temperature. 

Results 

Electron paramagnetic resonance spectra were re- 
corded at room temperature using a polycrvstalline 
sample. A very strong unsymmetrical absorpt’ion was 
seen near 3200 G with additional weak lines at about 
1500, 4700, and 6100 G as shown in Figure 1. At 
77°K these resonances still may be seen although the 
line near 6100 G increased in relative intensity, 
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thereby partially obscuring the 4700 G absorption. 
The spectra of the complex in a chloroform glass 
were much richer than those for the solid state sam- 
ple. In all, seven main absorptions were observed. 
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Figure 1. The powder EPR spectrum of di+N,N’-m-pheny- 
lenetetrakis(salicylideneiminatodicopper(I1) at room tem- 
perature in the range 0- 9,000 G. The single intense ab- 
sorption near 3000 G has, from necessity, been omitted here. 
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Figure 2. The chloroform glass spectrum uf dip-N,N’-m- 
phenylenetetrakis(salicylideneiminato)dicopper(II) at 77°K in 
the range 2500- 2950 G. 

: 

Figure 3. The chloroform glass spectrum of diy-N,N’-m- 
phenylenetetrakis(salicylideneiminato)dicoppcr(II) at 77°K in 
the range 2850 - 3500 G. 

Of these, five lines near 1560, 2790, 3030, 3230, 
and 3250 G can be tentatively interpreted in terms 
of the spin Hamiltonian for the triplet state which 
is expressed as” 

H=PHgS+DS,‘+E(S,‘-S,‘)+. 

The absorption near 1560 G, although very weak, 
can be assigned to the resonance field HmiR’* which is 
due to the AM, = rt2 transition. In the AM, = 
+ 1 region, shown in Figures 2 and 3, the 2790 G 
absorption is assignable to the low-field parallel trans- 
ition, using the notation of Wasserman, et al.‘) since 
copper hyperfine is observable on this line where the 
splittings is approximately 70 G. The line near 
3030 G is assignable as the low-field perpendicular 
component. Two intense absorptions appear at 3090 
and 3120 G which do not appear to be part of the 
triplet spectrum can likely be attributed to impurities 
with the spin state S = l/2. On the high field side 
of these lines are lines at about 3230, 3300, and 3370 
G which are separated by 70 G and can be assigned 
as the MI = 0, -1, and -2 components of the high- 
field parallel transition. Finally, the shoulder at 3250 
G is assigned to the high-field perpendicular trans- 
ition. These assignments give gll = 2.18, gl = 2.09 
and ID/ = 0.022 cm-’ with the assumption that E = 
0. Assigning other transitions to these absorptions 
results in unlikely magnetic parameters. It should 
be mentioned that a very broad absorption compar- 
able to the 5700 G line in the powder spectrum was 
observed. 
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Figure 4. The temperature variation of the inverse suscep- 
tibility for di-~-N,N’-m-phenylenetetrakis(salicylideneiminato)- 
dicopper(I1) in the temperature range 2.7 - 2.90’K. 

Figure 5. A schematic representation of the structure of di- 
~-N,N’-m-phenylenetetrakis(salicylideneiminato)dicopper(II). 
The two salicylideneiminato residues have been abbreviated. 
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fable I. Magnetic Susceptibility Data for Di-p-N,N’-m-phenyl- 
enetetrakis(salicyIideneiminato)dicopper(IIL 

T;y;Tture xmcorr( x IO) 
c.g.s. 1 /xrncvrr p&KM.) 

2.7 0.99180 10.1 I .46 
3.0 0.95620 10.5 1.51 
3.4 0.87910 11.4 1.54 
3.6 0.84910 11.8 1.56 
4.; 

4:9 

0.78250 0.77270 12.9 12.8 1.68 I .62 

0.73550 13.6 1.69 
5.1 0.71620 14.0 1.70 
5.4 0.68190 14.7 1.71 
6.1 0.61890 16.2 I.73 
6.9 0.55470 18.0 I.75 
7.5 0.51380 19.5 I.75 

I1:6 9”*: 

0.46270 21.6 I.77 

0.40180 0.35040 
24.9 
28.5 I.78 I .80 

14.0 0.28770 34.8 1.79 
16.2 0.24560 40.7 I.78 
19.5 0.19800 50.5 I.75 
23.0 0.16530 60.5 I .74 
27.5 0.14590 68.5 1.79 
34.0 0.11670 85.7 1.78 
42.0 0.09478 105.5 1.78 
47.0 0.08662 115.4 I .80 
53.0 0.07258 137.8 1.75 
60.0 0.06550 152.7 I .77 
77.2 0.05358 186.6 I.81 

195.0 0.02062 485.0 1.79 
290.0 0.01292 774.0 1.73 

The magnetic susceptibility data for the complex 
are listed in Table I. As can be seen in Figure 4, 
the data obey the Curie-Weiss law, x = C/(T+B) 
to low temperatures with C = 0.374, 0 = -OS”, 
and I_r,fr = 1.73 B.M. 

Discussion 

A schematic representation of the structure2 of this 
dimeric complex is shown in Figure 5. The coordin- 
ation environment about each copper(I1) ion is inter- 
mediate between &-planar and tetrahedral with the 
two Cu-0 bonds being 1.9 b; long and the two Cu-N 
bonds about 1.97 A. The angle between the two 
salicylideneiminato residues is 43.6”. Each of the co- 
ordination centers is bridged by two m-phenylene 
groups with Cu-Cu internuclear separation of ap- 
proximately 8.5 A. It is also calculated that the 
distance between copper ions in neighboring dimers 
is about 8.4 A. Exchange interaction if present in 
such a complex would necessarily be small due to 
both the wide separation of the metals and the rela- 
tively great length of the bridges. 

The magnitude of the exchange energy can be esti- 
mated from the magnetic susceptibility data using the 
expression’4 

$X[bexp(-E,/kT)] 

‘= C[exp(-E,/kT] 

where p = aE/aH. At zero field the energy levels 
in a singlet-triplet equilibrium can be approximated 
by those values shown in Table II where D is the 
zero field splitting parameter and 2J is the energy 
separation between the singlet and triplet spin states. 
Using the EPR average g-value of 2.12 and the me- 
asured susceptibility at a field of 10,000 G, it is 
found that -2J is of the order of 1 .O cm-‘. Entering 
-2J of this, magnitude into the Van Vleck dimer 
equation” 

one can reasonably approximate the experimentally 
observed data. 

Table II. Singlet-Triplet Energy Levels. 

S=O E=O 
S=I El=g(3H+2J+D/3 

E1=2J-2D/3 
E,=g@H+21+D/3 

In an S = 1 system, such as this copper(I1) dimer, 
the presence of the singlet energy level only a wave 
number in energy below the triplet spin state leads 
to the possibility of AM, = + 1 transition between 
the two electronic states in addition to those normally 
observed in the triplet alone.‘6v’7 For any transition 
probability to exist, however, the selection rule AS =, 
0 must be at least partially relaxed. It seems likely 
that the mixing of energy levels which would un- 
doubtedly result in such an arrangement described 
above would be sufficient to cause such. This ap- 
parently is the case in the complex under study as 
reflected by the EPR absorption observed clearly in 
the powder spectra at 4700 and 6100 G. These lines 
are tentatively assigned as perpendicular and parallel 
resonance fields respectively. This conclusion further 
means that the analysis of the usual triplet absorp- 
tion cannot be accurate due to the impurity of the 
wave functions involved, although it is probably a 
good initial approximation. 
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