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Absgtract Cdculations on the magnetic coupling interaction in the mixed bridged trinuclear nickel conplexes with
triazole and i othiocyanate bridge ligands have been carried out by usng the dendty functional theory combined with
the broken symmetry goproach (DFT-BS) . It isfound that in the title conplexes the coupling interaction of the triazmle
bridge is antiferromagnetic while the iothiocyanate bridge tranders a ferromagnetic coupling. As increadng the
number of isthiocyanate bridge the ferromagnetic characteridic is enhanced. The Mulliken population analyses show
that in the title conmplexes there is a gin delocalization mechaniam of magnetic coupling through the bridges. From
nolecular magnetic orbitals, it is shown that there is a sronger orbitd interaction anong the locad magnetic orbita's
through the triazole bridge , while isothiocyanate bridge gves rise to a weaker orbital interaction among the locdl
megnetic orbitals. It isimportant to note that the DFT-BS suitable to the trangtion metal binuclear conplexes can be
a o gpplied to magnetic exchange interaction for the trangtion meta trinuclear conplexes.
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Figure 2 Schematic dructuresof modd conplexesl, 2, 3, 4 and 5 (H aoms unshown)

1
Table 1 SHected dructure data and cacuaed magnetic coupling congants for the title conplexes
Gonpound 1 2 3 4 5
Bridge 3 (U-tria) 2 (W-triaz) 2 (W-triaz) (M-triz) 3 (U -NCS
(M \"NCY (M \"NC9 2 NGy
Rni-ni/ nm 0.3830 0.3415 0.33%4 0.33%4 0.3415
NiNNi/ (°) — 103. 684 105.583 105. 583 103. 685
End/ eV - 448. 54827636 - 449. 87174920 - 449. 99506258 - 388. 77069984 - 317.30890496
Esa/ &V - 448. 55501167 - 449. 85174026 - 449. 97575096 - 388. 71486831 - 317.23011484
Eso/ eV - 448. 55156830 - 449. 86196180 - 449. 98568435 - 388. 74259338 - 317. 26636628
Jemt -6.79 +20.17 +19.47 +56.29 +79.44
J/iem*t +0.15 -0.44 -0.56 +0.38 +6.34
Jep. /oM™ * -5.16 +10.45 +9.6 — —
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2 (1
Table 2 Qructure data and experimenta value of magnetic coupling congant for endon azido- bridged binuclear Ni (1) conplexes
Bridge Rui-ni/ nm NiNNi %/ (°) Jop./cm™ ! Re.
[Niz (4 -N3) 2 (terpy) 2 (Ns) 21 ° 2(u-1,1Ns) 3.276 101.3 +40.2 [38]
[Niz(en) 4 (M-N3) 2] (AQY) 2 2(M-1,1Ns) 3.369 104.3 +43.4 [39]
[Niz2 (M-Ns3) 2(232-Ns) 2] (QAQY) 2(p-1,1Ng) 3.423 104.9 +33.8 [40]
[Niz (M-1,1-N3) oL ]AO,° 3(H-1,1Ns) 2.89% 85.9° +61.4 [41]

3 Average val ue for three bonding anges. Pterpy = terpyrioyl , 2322Ns = N, N'-bis(2-amiroethyl)-1 ,3-propanediamine. °L =1 ,4 ,7-trimethyl-1 4 , 7-triazacycloronane.

(c) HS-2 (d) BS-2

4 1(a,p) 2 (c,d ( a- , B- )
Figure 4 Soin dendty mgp of conplexes1 and 2 (gray indicatesO-in and block 3-gpin)

3 1 Ni (2) Mulliken

a

Table 3 Muliken sin population, overlap population and overlgp in

3 1, Ni (2) population for nodel conplexe 1 in high in gate®
N . I\gulhken , Mas A B i n. e 3 " VS,
AB- ) populaion
' Ni(2) 1.241,Ni(D)  Ni(3) N(7) 0.042 0.104 0.158  0.262 - 0.054
1.510, : ' N(8) 0.042  0.104 0.158 0.262 - 0.054
, Ni(D)-Ni(2) Ni(3)-Ni(2) N(9) 0.042 0104 0.158 0.262 - 0.054
Mag (-0.019) , Ni-Ni N (10) 0.042 0.104 0.158 0.262 - 0.054
N(11) 0.042 0.104 0.158  0.262 - 0.054
, , ( N(12) 0.042 0.104 0.158 0.262 - 0.054
), , Ni (1) 1.510 - 0.008 -0.010 - 0.018 0.002
N2 Ni (3) 1.510 - 0.008 -0.010 -0.018 0.002
MEB ) 2Mulliken spin population on Ni (2) (atom A) is1.241.
Ni (2) a .
: B : 4 2 Ni(2 N
Ni(1) Ni(3), , , _ Mulliken , Mas

M3g. 4 , 1 2 ,
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4 2 Ni (2) Mulliken 2.4
: d
Table4 Mulliken spin population , overlgo popuation and overlgp gin ,
population for model conplexe 2 in high in date® , 5 1
in BSL . , Ni (2)
Atom B M; M M M3 .
om mpua|0n AB AB AB AB B , Ni (2) dz2 dxz_ yz
N(5) 0.106  0.144 0.202 0.346 - 0.058 o Ni()
N(7) 0.064 0104 0.174 0.278 - 0.070 & Ni(1)  Ni(3)
N(8) 0.065 0.110 0.178 0.288 - 0.068 Ni (2) ( ).
N(9) 0.065 0.110 0.178 0.288 - 0.068

N (10) 0.106 0.144 0.202 0. 346 - 0.058
N(11) 0.064 0.104 0.174 0.278 - 0.070
Ni (1) 1.485 -0.030 -0.024 -0.0%4 - 0.006
Ni (3) 1.485 -0.030 -0.024 -0.0%4 - 0.006
@Mulliken spin populationon Ni (2) (atomA) is1.444; N(5) and N(10) arethe

(u) BS1-8 (b) BS1-8
atomson NCS™ bridge.
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(1.241) : 2 NCS N (0. 106) symmetry broken sate BSL
1 2 N (0.042) (0.064,
0.065) . Ni )
, M-1,1-Ng ,
) 6
(441, ,Kahn (4] 1 2
[ Cuz (t-Bupy) 4(N3) 2] (AOs) 2 , , 1 Ni ,
. DFT N Ni(2) -N—N—Ni() [ Ni(3)]
JDFT [ 6(a).()]. Hay , Thibeault
. Hoff mann(“! ,
\a R,

/ \

(a) HS-re-1 (b) HS-z-1

e
X
e

(c) HS-¢z-2 (d) HS-0:-2

6 l1(a,b 2(c,d
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