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This study reports the magnetic properties of newly reported cobalt(II) complex of the antiprine Schiff base of 3-
formylsalicylic acid. Assuming the isotropic Heisenberg model is valid it is suggested that there is a sizeable amount of 
antiferromagnetic exchange interactions between metal centers in dimeric units. It is also suggested that the system 
become demagnetized below a certain temperature.  
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1. Introduction 
 
The magnetization of transition metal complexes is 

important to coordination chemistry since magnetic 
behavior is generally effected by coordination geometry 
and the electronic configuration of paramagnetic ions. 
Almost always it is not difficult to understand the 
magnetism for most of the first transition metals simply 
because the orbital contribution to the magnetic moment is 
negligible and only spin angular momentum should be 
considered. On the other hand, for octahedral high spin 3d7 
complexes orbital angular momentum contribution cannot 
be neglected. For such a case the effect of spin-orbit 
coupling should be taken into account for magnetism 
calculations [1-9]. Thus, the magnetic calculations for 
mononuclear octahedral cobalt(II) complexes is quite 
complex, while for other first-transition elements are 
relatively simple. Many approximate method have been 
introduced for the calculation of the magnetic moment of a 
high-spin octahedral cobalt(II) complexes in an axially 
distorted octahedral field considering the axial field 
splitting ∆ and the spin-orbit coupling λ[7,10,11], which 
are successful for mononuclear cases. But for polynuclear 
case many problems arise. In 1971 Lines reported a theory 
for the analysis of magnetic exchange interaction between 
two high-spin cobalt(II) ions of pure Oh symmetry which 
was successful for the analysis of magnetic data in highly 
symmetrical dinuclear cobalt(II) complexes [12].  
Recently synthesis and characterization of cobalt(II), 
nickel(II), copper(II), palladium(II) and dioxouranium 
(VI) complexes of the antipyrine Schiff base of 3-
formylsalicylic acid was reported[13]. From their 
structural investigation by spectral, thermal and magnetic 

data it was argued that while dinuclear complexes of 
cobalt(II), nickel(II), copper(II) and dioxouranium(VI) 
have been synthesized, the palladium(II) complex was 
mononuclear square planar. From their magnetic 
susceptibility measurements it is quite clear that there is a 
considerable antiferromagnetic interactions between those 
magnetic centers in all paramagnetic dinuclear complexes, 
which was also mentioned by the authors[13]. The main 
interest in this study is to understand the behavior and the 
amount of exchange interactions between those magnetic 
centers in dimeric units. Recently I tried to explain the 
antiferromagnetic interactions in dinuclear nickel(II) units 
[14]. As it was mentioned above the cobalt(II) is much 
more complicated than the copper(II) and nickel(II) ions 
since it has some orbital contribution to the magnetic 
moment. In this study we mainly concentrate on the 
magnetic behavior of newly reported cobalt(II) 
dimmer[13] and tried to find out the amount of 
antiferromagnetic exchange coupling(J) and the ordered 
phase transition temperature. Since the orbital contribution 
to the magnetic moment will bring some extra 
complications when analyzing the magnetic data, it is 
assumed that the orbital contribution would be completely 
quenched such that the isotropic Heisenberg model can be 
used. It is important to note that this assumption is nearly 
valid only when the ground term is 4A or 4E. Although this 
assumption is quite far away from the reality, it may give 
some true reflection of real mechanism. It should be 
pointed out here that in order to obtain a deeper 
understanding of true mechanism some of possible 
discrepancies should be included to all calculations.   
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2. Phenomenological Hamiltonian to describe  
     exchange interactions 
 
The main parameter used to quantify the magnetic 

properties of dinuclear complexes is the exchange 
coupling constant J between the two paramagnetic centers 
with total spins S1 and S2  respectively, which is defined 
through the phenomenological Heisenberg Hamiltonian 
[1,3,4,15,16]: 
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Generally the energy spectrum is described by an 
effective spin Hamiltonian. Its simplest form, including 
interactions among spin centres, ligand field effects and 
Zeeman splitting is 
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where i and j runs over all spin centers, iD

r
 and igr  

denote Cartesian tensors [1,3,15]. 
 
 

3. Average magnetic moment and magnetic  
    susceptibility of dimeric Co2+ ions 
 
Assuming an ideal situation, the appropriate spin 

Hamiltonian for the theoretical interpretation can be given 
as; 
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where H consists of the isotropic exchange term. The 
isotropic interaction phenomenon is purely electrostatic in 
nature [1,3,15].  Such a phenomenological description was 
first introduced by Heisenberg, then discussed by Dirac 
and Van Vleck. The above equation is generally called 
Heisenberg-Dirac-Van Vleck (HDVV) Hamiltonian. Since 
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The Hamiltonian may be rewritten as 
 

( )2
2

2
1

2

2
SSSJH
rrr

−−−=                       (5) 

the eigenvalues of which are 
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 which, after a change of origin, can be rewritten 
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where S will take the values of 2S, 2S-1, …, 0 . It is 
important to stress that the HDVV Hamiltonian is easy to 
handle. Once the energy spectrum of isotropic Heisenberg 
Hamiltonian is found, then the magnetic susceptibility can 
be calculated by using the well known formula of Van 
Vleck as [1,3,15,17-19] 
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and magnetic moment as [17-19] 
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where 
kT

Bgy β
=  and  BS(S,y) is the Brillouin function. 

Since cobalt (II) ion has three unpaired electron , there are 
four possible values of S, i.e. 3, 2, 1 and 0, with the 
energies -6J, -3J, -J, and 0, respectively. In this particular 
case the equations are almost trivial. Since the reported 
room temperature magnetic moment of abovementioned 
cobalt(II) complex is 2.64 B.M.[13] our issue is to find 
what particular value of J would yield this observed 
magnetic moment at room temperature. It is clear that this 
value is obtained when 88714631818.0)( =⋅TTχ . 
Since the reported magnetic data is observed at room 
temperature it seems the needed amount of J should be -
199 cm-1. For this particular value of J the variation of 
magnetic moment for temperature is shown in Fig.1.  
 

 
 

 Fig. 1. Temperature variation of magnetic moment of 
cobalt(II) dimmer for J=-199 cm-1. 

 
According to our approach it seems below 25 K the 

system becomes demagnetized. i.e. below this temperature 
the orientations of magnetic moments in the dimmer 
would be antiparallel. Whether this temperature and the 
value for J is close enough to the correct value or not 
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should be tested with experimental data. So we hope that 
some temperature dependent magnetic data will be carried 
out for this purpose, which would not be too difficult to 
get this data from a vibrating sample magnetometer. 

 
 
5. Conclusion 
 
In this study we tried to find out the amount of 

exchange interactions in newly reported cobalt(II) 
complex. It should be noted that the approach, adopted in 
this study, has many approximations. So the calculated 
value should not be considered as the correct value for this 
complex but certainly it has some true reflection of the real 
interaction mechanism. Hopefully, an experimental test for 
the transition temperature would be a good test for testing 
the accuracy of the approach used in this study.  
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