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Electronic Properties and Magnetic Properties of Cluster Fe, P
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Abstract : To investigate the configuration of Fe,P with optimal catalytic activity ,according to the density functional theory,
the energy gap difference,density of states diagram, HOMO-LUMO diagram of frontier orbit of Fe,P 8 optimized configura-
tions are analyzed at B3LYP/lanl2dz quantum level ,and Kupmann’s theorem is used ,the following conclusions are drawn:
cluster Fe,P has a strong ability to gain and lose electrons;the catalytic ability of binary state is similar,and the catalytic
activity is stronger than that of quadruple state; configuration 1* has the smallest gap difference ,the largest electrophilic
index and electron affinity energy,and the HOMO and LUMO diagrams almost symmetrical distribution shows that the reac-
tion activity and catalytic ability of the catalyst are the strongest, followed by configuration 3 ; configuration 5 has the
largest energy gap difference , the largest electronegativity ,the smallest electrophilic index and electron affinity energy,and
the smallest area of HOMO and LUMO , which means that configuration 5 has the worst catalytic ability. The results show
that configuration 1 is the optimal catalytic configuration of Fe,P.
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Fig. 1 Eight optimized configurations of Fe,P clusters
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Table 1 Energy parameters of eight optimized configurations of cluster Fe,P
Jiapiil E,/a.u. E,pp/a.u. G/a.u. AG/a.u. Epp/a.u. E/a.u.
54 0.003 -500.161 -500.200 -0.402 0.445 -500.164
4 0.004 -500.172 -500.211 -0.412 0.457 -500.176
3 0.004 -500.173 -500.212 -0.413 0.457 -500.177
24 0.004 -500.179 -500.217 -0.418 0.464 -500.183
1@ 0.004 -500.183 -500.222 -0.423 0.467 -500.187
3™ 0.003 -500.214 -500.255 -0.456 0.500 -500.219
2™ 0.003 -500.216 -500.254 -0.455 0.500 -500.219
1 0.004 -500.218 -500.255 -0.456 0.502 -500.222
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Table 2 Energy parameters of Fe,P 8 optimized configurations
ol Epopo/a-u. E\yyo/a-u. E o/ a0 Epomi/ €V Equp/a.
1 -0.161 80 -0.099 72 -0.130 76 -3.56 0.062 08
22 -0.166 07 -0.089 58 -0.127 83 -3.48 0.076 49
3 -0.168 92 -0.091 75 -0.130 34 -3.56 0.077 17
1@ -0.177 94 -0.098 69 -0.138 32 -3.76 0.079 25
24 -0.187 14 -0.090 70 -0.138 92 -3.78 0.096 44
34 -0.168 24 -0.096 69 -0.132 47 -3.60 0.071 55
4@ -0.172 51 -0.083 07 -0.127 79 -3.48 0.089 44
54 -0.204 74 -0.079 92 -0.142 33 -3.87 0.124 82
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Fig. 5 Total density of states of 8 optimized configurations of Fe,P
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Table 3 The highest peak of the total density of states of cluster Fe,P and its distance from Fermi level

Fiaill APy, EF,Ieﬂ/eV APrigln EF,righl/eV Liaplt APy, Eyg 1n/€V APrigll( EF,righl/eV
1 4.443 0.413 4.613 0.651 24 3.826 0.597 4.970 0.625
22 4.564 0.457 4.588 0.676 34 4.717 0.533 4.776 0.617
3™ 3.978 0.427 4.668 0.654 4 2.977 0.796 19.609 1.074
4 5.091 0.467 4.923 0.636 54 3.531 0.646 5.115 0.609
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Table 4 Reaction activity parameters of 8 optimized configurations of Fe,P kJ/mol
Hm E, E., X o Hm E, E, X ©
1» 424.644 261.715 343.180 722.844 24 491.149 238.042 364.596 525.193
22 435.851 235.103 335.477 560.626 34 441.546 253.763 347.654 643.634
3 443.331 240.798 342.064 577.724 4% 452.752 218.017 335.385 479.191
1@ 467.004 259.012 363.008 633.557 54 537.340 209.750 373.545 425.947
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Fig. 6 HOMO and LUMO diagrams of 8 optimized configurations of Fe,P
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and electron affinity energy(E,, ) of 8 optimized configurations of Fe,P
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