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Introduction 

 

The electronic and geometrical structure of transition metal clusters are still a largely 

unexplored area of cluster chemistry, due to the well-known methodological and 

computational difficulties of the d-electron elements. In order to elucidate the electronic 

mechanisms underlying the cluster stability, the following basic questions should be 

answered: (i) what role do the d electrons play in metal-metal bond formation? (ii) to what 

extent are the d states localized on atoms? and (iii) what is the mechanism governing the 

appearance of magnetism in the transition metal clusters1? 

In this work we shall consider Nin clusters with (n = 4 to 8) using Density Functional 

Theory (DFT) calculations. The first step of this calculation is to find an appropriate 

Correlation-Exchange (XC) functional using suitable basis set which gives reasonable 

results for the structural properties of the clusters. In order to achieve this XC functional, 

we may test several XC functionals for the optimization calculations. However this is 

clear that such calculations are time consuming and has a high computational cost. 

Therefore in order to overcome this problem, we may perform this test for smaller 

clusters. There are many experimental data for the nickel dimmer which give us a good 

measure to examine various XC functionals. First, we optimize the structure and calculate 

the vibrational frequency of Ni dimmer and compare the results with experimental data. 

Then, we select an appropriate XC functional to optimize the larger clusters and compare 

the results for different spin multiplicities for each cluster. 

 
 

Computational Method 

 

The Ni dimmer bond length and frequency was examined by several XC functionals 

with spin multiplicity of 3. The experimental data for Ni2 bond length and vibrational 

frequency are 2.1545 ± 0.0004 Å and 280 ± 20 cm-1, respectively2-3. Only a few XC 

functionals give reasonable results for Ni2 ground state. Because of the several 
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convergence problems, the BLYP functional with SBKJC VDZ effective core potential 

(ECP) 4 as the basis set selected to optimize the other clusters. The Binding Energy (BE) 

of Nin cluster is defined as follows: 

BE(Nin ) = − 
E(Nin ) − nE(Ni) 

n 

 

Then the binding energy of each cluster is calculated and compared with the others. 

 

 
 

Results and Discussion 

 

The BE of Nin clusters with n = 4-8, is plotted versus spin multiplicity of cluster in 

Figure 1. As shown in this figure, the trend of BE versus spin multiplicity (2S+1), depends 

on the cluster size (n), in such a way that if n is even, BE may increase or decrease with 

the spin multiplicity. However if n is odd, BE increases with spin multiplicity. The 

average value of BE versus n is shown in Figure 2. As shown in this figure, the average 

value of BE of Nin clusters, increases with n, especially for larger values of n. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The BE of  Nin clusters versus Figure 2: Average value of BE for Nin 

spin multiplicity  clusters versus n 

 
The other important phenomenon in Ni clusters, as may be seen easily from Figure 1, 

is that the Ni clusters have a significant magnetic moment which affects their 

thermodynamic properties. 
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