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{4 Zrable 1 Optimized structural parameters for complexes I and II( bond lengths in nm, bond angles in degree)

Complex X---M — X—0,  X—0y M—O0, M—0,, 0, —W W—0, X—0,—M 0,—M—0,, 0,—X—0y
I 0.334 0.185 0.185 0.209 0.203 0.181 0.225 116.0 98.3 109.8
Il 0.333 0.184 0.185 0.202 0.201 0.182 0.225 118.7 98.2 109.1
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Table 3 Atomic spin densities(in e¢) on the selected atoms of complexes I and II at the HS and BS states

Complex [ Complex I
State X M 0,  0,0y) 0px0p) W(W) Sate X M 0,  0,0y) 0,0p) W(W)
HS 4.074 2.662 0.264 0.166 0.046 0.009 HS 2.8385 2.749 0.311 0.162 0.064 0.007
BS 4.055 -2.601 0.111 0.164 -0.040 -0.005 BS 2.880 -2.723 0.158 0.159 -0.044 -0.006

AR 1 1E HS B0} o FUE IRER AL TH 4, M CHE WK 2. 7EIK R 1T, 8 MRiH T
(KRBT F) A T/ ISR o BB 5455 FH0E (SOMO) , B 2 s Hid 18647, 18547, 1844 Fil

Table 4 Energies and compositions( % ) of the HS state -SOMOs for complex I

Orbital E/eV X(Fell) M(Col) 0, O, 0y, 4
1864’ ~4. 644 14d,2ds 13d,,8d57d,,_» 26p, 3p, 5p

1534" -4.722 45d,3d,, 10p,8p, 2d,_
1854’ -5.048  20d7ds_odd,, 6d,_22d,, 15,  ldp, 5p,

1524 -5.075  35d,, 2d,, Sp. 30p, 4p,

1844’ ~5.301 16d,,8d, 1d,s_p7d, 4p, 6p,50,  2p,

1834’ -5.415 44d14d > _ »4d,, 3p,

1824’ -5.672  3d,lds_p 43d,,15d,5_ 1p, p,

1514” ~5.909 4p, 3p,2p,

1504" -5.964 Tp, 16p, 8p,

186A4" 1854" 1844" 1824°
Fig.2 Selected @-SOMOs for complex I at HS state
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Table 5 Energies and compositions( % ) of the BS state frontier orbitals for complex I

Orbital E/eV X(Fell) M(Col) 0, 0y, 0y, w
336A(a)  -4.089  2d,, 30d,227d,s_21d,, 4p, 10p, 2,
3354(a) -4.157 44d37d,3d»_» 2p, 6p, 2d,_p
3344(a) -5.081  36d, 4p, 15p.2p,

3334(a)  -5.119  21d,11ds4dy_p 1d,1d 4p, 4p,3p,

3324( @) -5.150  16d,14d,5d,_» 4d,, 10p,9p,  6p,

334A(B)  -4.679 36d,,3d,, 5p,4p,
3334(B)  -4.979  4da_pld, 25d,5_17d,28d,, 11p,6p, 3p,2p,
3324(B) -5.346 45d, p18dp1d,, 1p,3p,

3364(a) 3334(a) 3324(a) 3334(8)
Fig.3 Selected frontier orbitals for complex I at BS state
R L 1E HS ZSWYHTZ SOMO BB Y RE R AL S TR 6, W CHUE WK 4. R LT, 7
AR (RIS ) A7 T 5 A A B9 o 505 48 2 T BB (SOMO) , [ 4 7R Hirb 1864, 1854,

Table 6 Energies and compositions( % ) of the HS state @-SOMOs for complex II

Orbital E/eV X(Fe™) M(Co™) 0, (o Oy, W
1864’ —4.770 16d,,2d,5_ 11d,,7d,»_6d, 26p.2p,  3p, 6p.2p,

1854’ -4.962 28d,9d 2 _pld,, ldo_pld,, 10p, 17p, T,

1534" —4.964 3d,, 38d,,3d,.1d,, 1p, 2p, 10p,9p, 2d,
1524" -5.184 33d,, 4d,, 5p. 29p. 4p.

1844’ -5.438 17d,,3d,, 12d2_27d, 10p, 3p,7p,  13p,

1514" —5.465 494, 8p., 16 p, 10p,

1834 -5.776 29d15d,, 6p,

1864’ 1854 1534" 1844"
Fig.4 Selected @-SOMOs for complex II at HS state
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Table 7 Energies and compositions( % ) of the BS state frontier orbitals for complex II

Orbital E/eV X(Fell) M(Col) 0, (% (018 W
336A(a) ~4.256 62d, 14dy_pld,, 4p, 6p, 2 _p
3354(a) -4.356 2d,, 53d,18d > _»11d, 3p,1p, 6p,

3344(a) -5.114 27d10d,5_ o 1d,, 2d,_p1d,, 5p, 8p,2p,

3334(a) ~5.306 33d,, 3p, 16p,

3324( @) -5.383 31d,, 6d,, 10p,4p, 5p, 1p,
3314(a) -5.520 47d,, 8p, 8p,

334A(B) —-4.687 47d,3d,, 4p,5p,
3334(B) -5.135 1d, p3d22d,, 21d,n_217d26d,, 12p,6p, 3p,
3324(B) ~5.409 42d17d,o_p3d,, 8p.4p,

3354(a) 3344(a) 3324(a) 333405

Fig.5 Selected frontier orbitals for complex II at BS state
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Density Functional Studies of Magnetic Exchange of Biheteroatom
11-Heteropoly Complexes :
[M(H,0)XW,,0,,]"" (X=Fe", Co"; M=Co")

FANG Liang, GUAN Wei, YAN Li-Kai, SU Zhong-Min "
(Institute of Functional Material Chemistry, Faculty of Chemisiry, Northeast Normal University, Changchun 130024, China)

Abstract The magnetic exchange interactions for the biheteroatom 11-heteropoly complexes:
[M(H,0)XW,0,]" (1. X= Fe", M=Co"; TI: X=Co", M=Co") were investigated via density
functional theory combined with broken-symmetry approach( DFT-BS) method. The calculated J values are —
35em™ (1) and =44 em ™' (11 ), respectively, which show that antiferromagnetic exchange interactions ex-
ist in these complexes. The order of the absolute value of Jis: |J( I )| <IJ(II) !, indicating the increase
of coupling interaction from system [ to Il. With the change of the heteroatom X via Fe"( T)—Co" (1),
the spin densities on bridge oxygen atoms O, and O, (O’ ,) increase. Furthermore, from the comparison of BS
magnetic orbitals in system | and Il we find the overlap of relative orbitals in system II enlarges. Conse-
quently, a stronger antiferromagnetic coupling arises in system II than in I .

Keywords Keggin-type heteropolyoxometalate derivative; Magnetic exchange interaction; Magnetic coupling

constant ; Broken-symmetry approach; Density functional theory
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