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Computational details:

The magnetic exchange interaction between the Gd(III) centers in the non-radical bridged
complex has been evaluated using the following Hamiltonian relation,

H=-2]5¢4S¢4

J represents the Isotropic exchange coupling constant and S}, S, are the spins of Gd (III) centers.
J values are computed from the energy differences between the high spin (Ens) state, which is
calculated using single determinant wave functions and low spin (Eps) state, determined using
Broken Symmetry (BS) approach developed by Noodleman."? The BS approach was proved to
be handy in evaluating the J values to a good estimate in variety of complexes. All the
calculations are performed using hybrid B3LYP® functional with a combination of CSDZ ECP
on Gd* and TZV" triple- { basis set on other atoms as implemented in the Gaussian 09 suite of
programs.® In the case of radical bridged dinuclear Gd(III) complex, the magnetic interaction
between the metal-radical and Gd(III)...Gd(III) interaction has to be taken into account. Four
different configurations (all spins up, spin of down on N, spin down on Gdy, spin down on Gdg)
have been computed to obtain the values of J; and J5. >

Table S1: DFT computed energies of high spin (HS) and broken symmetry (BS) state, <S*> values
for different radical systems.

HS BS1 BS2 BS3 <8*>

) } 7781 | 7781
1 -4291.32197 429132370 | 4291.3229 | 42913220 | 63.7782 | 49.77%
2 -4291.33551 4291.33558 ) ) 56.0281 7.0295
[Gd(Hbpzy)(dtbsq)](3) -2211.03014 -2211.03036 ) ) 21.0189 14.0180
[GA(NITBzImH);(NO;);](4) -1999.09573 -1998.92771 i i 20.0690 13.0578
[Gd(hfac)IM2py)(5) 4364035909 2364035918 j j 20,0284 13.0288
[GA(NITBzImH),J(ClO):(6) |  -1423.30279 -1423.30284 ) ) 20.0393 13.0393

Table S2: DFT computed spin densities of selected atoms of complexes 1 and 2.

Complex (1) Complex (2)
Atom Spin densities Spin densities
specification
HS BS1 BS2 BS3 HS BS
Gd1 7.0119 7.0727 7.0337 | -7.0948 7.0425 7.0571
Gd2 7.0152 7.0751 | -7.0966 | 7.0364 7.0425 | -7.0571
o7 0.0005 -0.0001 0.0003 | 0.0002 | -0.0001 | -0.0003
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Table S3: DFT computed spin densities of selected atoms of complexes 3, 4, 5 and 6.

Complex 3 Complex 4 Complex 5 Complex 6
Atom Spin densities Atom Spin densities Atom Spin densities Atom Spin densities
specificati specificati specificati specificati
on HS BS on HS BS on HS BS on HS BS
Gdl1 7.0487 7.0537 Gd1 7.0358 7.0364 Gdl1 7.0220 7.0318 Gdl1 7.0337 7.0269
02 0.2204 -0.2265 02 0.0000 -0.0002 021 -0.0013 -0.0032 02 0.1364 -0.1460
03 0.1954 -0.2031 N4 -0.0048 -0.0044 022 -0.0019 -0.0019 03 0.4759 -0.4756
NS5 0.0056 0.0057 o7 0.2824 -0.2858 023 -0.0019 -0.0024 N4 0.2964 -0.3015
N13 -0.0295 -0.0296 08 0.3949 -0.3941 024 -0.0023 -0.0024 NS5 0.2267 -0.2266
N20 -0.0224 -0.0272 N9 0.2983 -0.3006 025 -0.0005 -0.0026 N6 -0.0185 0.0069
N36 0.0021 0.0012 N10 0.2983 -0.2978 026 -0.0010 -0.0022 039 -0.0007 -0.0008
N44 0.0127 0.0102 N11 -0.0564 0.0472 N27 0.3251 -0.3321 N41 -0.0052 -0.0056
045 -0.0027 -0.0041 N28 0.3163 -0.3171 044 -0.0006 -0.0004
046 -0.0051 -0.0050 N46 -0.0048 -0.0049
049 -0.0053 -0.0057 049 -0.0004 -0.0005
050 -0.0039 -0.0037 N51 -0.0062 -0.0057
053 -0.0055 -0.0076
054 -0.0057 -0.0066
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Figure S1: Computed spin density plot for complexes 3, 4, 5 and 6.
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Figure S2: Computed magnetic orbitals of the Gd(IIT) in Complex 1.
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Mechanism- Overlap between 4f-orbitals of two Gd(III) ions and mp,* of N,*

(@)

(©

&

Figure S3. Form overlap integral values ( Table S6 and S7), we infer that three 4f orbitals [(a)
fix2-3y2), (b and c¢) fy,2.3x2), (d) f,x2-42] overlap with wp,* orbital of N, plays a prominent in
deciding the interaction as antiferromagnetic and this can be evidenced from the superimposed
figure shown above. The overlap of fy,2.3,2) with np,* orbital is found to be prominent in both
Gd(III) ions whereas the fy(x2.3,2) overlap is found to be prominent in Gd; and f,2.,2) in the
case of Gd,.

6 [dxy - T[y*]

e G

T [dxz - nx*]

Figure S3: Qualitative Molecular diagram for complex 1.
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Table S4: Exchange coupling values for certain {3d-4f} complexes.

Complexes J(em™) | Ref

[Cu"Gd" /pyCO(OEt)pyC(OH)(OEt)py}s](Cl04),-EtOH | -0.32 7

[Mn"Gd"/pyCO(OEt)pyC(OH)(OEt)py/s](Cl10,), EtOH | -1.7 7

[Ni"Gd"'{pyCO(OEt)pyC(OH)(OEt)py5](Cl0s), EtOH | -0.22 | 7

[LCo(MeOH)Gd(NO3);] 0.45 8
L'Fe(CH;OH)Gd(NOs);(CH;OH), 0.50 9
L'Fe((CH;),CO)GA(NOs)5 0.41 9
L’Fe((CH;),CO)GA(NOs); 0.08 9
[GdaNiy(pro)s(NOs)o(CH;CN),] 0.15 10
[LVOGd(hfa),(CH30H)], 0.46 11

[L*V(0){(CH;3),CO}Gd(NO)s] 2.6 12
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Magneto-structural correlations (Dihedral Correlation)
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Figure S4. Magneto-structural correlation developed by varying the Gd-N-Gd-N dihedral angle.

The magnetic coupling between Gd; and N,* has been taken as J;, and J;; in the case of Gd,. The developed
correlation by varying the dihedral angle (Gd-N-Gd-N) is shown in the above figure, in which J,, is denoted in red
lines and J;;, in black lines whereas J; (interaction between 2 Gd(III) atoms) is denoted by blue lines. Here the
dihedral is varied by moving the Gd, atom out of the Gd,N, plane without affecting the position of Gd;. Upon
varying the dihedral, J;, remains unaffected whereas J;;, and J, vary constantly. This variation routes from the large
difference between the overlap between the 4f-orbitals and np,* (Table S7 and S9).

Table SS: Spin densities and NPA charges of different atoms in complex 1.

Distance | N1 N2

(N-N)

1.440 0.488 0.498

1.420 0.480 0.490

1.400 0.473 0.483

1.380 0.466 0.474

1.360 0.456 0.465

1.340 0.446 0.455

1.320 0.434 0.443
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1.300 0.421 0.431
1.278 0.409 0.417
1.260 0.395 0.402
1.240 0.378 0.385

Distance Gdl Gd2 N1 N2
(N-N)

1.400 (1) 1.743 1.700 | -0.813 -0.793
1.380 1.734 1.689 | -0.806 -0.788
1.320 1.693 1.640 | -0.777 -0.759
1.278 1.665 1.600 | -0.748 -0.731
1.240 1.636 1.570 | -0.717 -0.701
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