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The B3LYP/6-311+G(d) optimized geometries of the [M(HB(pz);)(SCsFs)] complexes
(the xyz atomic coordinates are given in A)

[MHL(SC6F5)]

M -0.550621 -0.797122 0. 000000
N -1.686097 -2.656742 0. 000000
N -0.927471 -3.788978 0. 000000
N 0. 732907 -1.673941 1.513934
N 1.104626 -2.962602 1.268845
N 0. 732907 -1.673941 -1.513934
N 1.104626 -2.962602 -1.268845
C -2.965500 - 3. 046750 0. 000000
C -3.050914 -4. 443770 0. 000000
C -1.731290 -4.871415 0. 000000
C 1.306704 -1.317492 2.668061
Cc 2.060047 -2.376129 3. 187767
C 1.902134 -3. 399105 2. 264465
C 1.306704 -1.317492 -2.668061
C 2.060047 -2.376129 -3. 187767
C 1.902134 -3. 399105 -2.264465
B 0.624373 -3.720875 0. 000000
H 1.152584 -0. 324744 3. 065135
H 2.636354 -2. 395063 4. 098925
H 1.152584 -0.324744 -3.065135
H 2.636354 -2. 395063 -4.098925
H 1.075787 -4.829769 0. 000000
H -3. 756375 -2.310595 0. 000000
H - 3. 940373 -5. 053368 0. 000000
H 2.301181 -4.401544 -2.247672
H 2.301181 -4.401544 2.247672
H -1.312108 -5. 865796 0. 000000
S -1.938428 1.153774 0. 000000
Cc -0.862718 2.551874 0. 000000
C -1.388893 3.853081 0. 000000
C -0. 582479 4.983048 0. 000000
C 0. 802024 4. 855454 0. 000000
Cc 1. 362407 3. 584959 0. 000000



. 532568
. 716067
. 132584
. 584250
. 694786
. 132173

MmO
'
PNRFRPEPRPNO

[FeL(SC¢Fs)]

Fe -0.448243
-1.657785
-0.976727
0.718490
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-0.617497
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[CoL(SCeFs)]
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[CUL(SC6F5)]

Cu

N
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-0.779424
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[ZnL(SCsFs)]

Zn - 0. 525210
-1.628963
-0.863399
0.718168
1.139311
0.718168
1.139311
-2.905274
-2.982511
-1.661096
1.261892
2.048833
1. 941056
1.261892
2.048833
1. 941056
0. 686836
1. 064585
2.614762
1. 064585
2.614762
1.168295
3.698732
3. 868928
2.377722
2.377722
-1.236472
-1.858841
-0.816037
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Cc -1.403648 3.722149 0. 000000
C -0. 654404 4.890339 0. 000000
C 0.734198 4.829006 0. 000000
Cc 1. 353346 3. 586675 0. 000000
Cc 0. 581679 2.433296 0. 000000
F -2.739073 3.840174 0. 000000
F -1. 263955 6.082311 0. 000000
F 1.463348 5. 951337 0. 000000
F 2.691140 3. 505375 0. 000000
F 1. 240564 1.251195 0. 000000

Calculated electronic energy (E, a.u.), HOMO/LUMO energies, metal-ligand distances
(A), atomic charges, q(NPA) and spin densities, S(MPA) and s(NPA), at the B3LYP/6-
311+G(d) levels.

[MnL(SCgF5)]
E= -2979. 9140267 a. u.
Al pha HOMO= -5.803 eV, LUMO= -1.001 eV, Gap= 4.802 eV
Beta HOMO= -6.049 eV, LUMO= -1.642 eV, Gap= 4.407 eV
--- GEQVETRY ---
M S M N(ax) M N(eq)
2.394 2.179 2.170

Mi(1) N2) N4 N(6) S(28) F(35) F(39) SC6F5
q(NPA): 1.369 -0.449 -0.449 -0.449 -0.356 -0.321 -0.349 -0.678
s(MPA): 4.880 -0.001 0.006 0.006 -0.001 -0.001 -0.009 O0.055
s(NPA): 4.620 0.056 0.049 0.049 0.088 0.001 0.016 O0.133

[FGL(SC%F5H

E= -3092. 6035539 a. u.

Al pha HOMO= -5.920 eV, LUMO= -1.002 eV, Gap= 4.917 eV
Beta HOMO= -6.039 eV, LUMO= -2.351 eV, Gap= 3.688 eV
--- CEQOVETRY ---

M S M N(ax) M N(eq)

2.306 2.116 2.107

Fe(1) N(2) N(4) N(6) S(28) F(35) F(39) SC6F5
q(NPA): 1.300 -0.433 -0.440 -0.440 -0.320 -0.321 -0.348 -0. 644
s(MPA): 3.743 0.051 0.037 0.037 0.061 0.000 -0.004 0.112
s(NPA): 3.578 0.074 0.065 0.065 0.129 0.001 0.014 O0.164

[CoL(SC¢Fs)]

E= -3211. 6515757 a. u.

Al pha HOMO= -5.966 eV, LUMO= -0.989 eV, Gap= 4.977 eV
Beta HOMO= -6.031 eV, LUMO= -2.816 eV, Gap= 3.215 eV
--- CEOVETRY ---

M S M N(ax) M N(eq)

2.275 2.071 2.061

Co(1) N(2) N(4) N(6) S(28) F(35) F(39) SOBF5
q(NPA): 1.271 -0.429 -0.432 -0.432 -0.307 -0.321 -0.343 -0. 623
s(MPA): 2.684 0.073 0.056 0.056 0.119 0.000 0.000 O.132
s(NPA): 2.575 0.079 0.071 0.071 0.157 0.001 0.009 O.186

[NIL(SCsFs)]



E= -3337.1880487 a. u.

Al pha HOMO= -6.087 eV, LUMO= -1.065 eV, Gap= 5.022 eV
Beta HOMO= -6.220 eV, LUMO= -2.842 eV, Gap= 3.378 eV
--- CEQOVETRY ---

M S M N(ax) M N(eq)

2.272 2.042 2.035

Ni(1) N2 N4 N(6) S(28) F(35) F(39) SC6F5
q(NPA): 1.236 -0.405 -0.417 -0.417 -0.324 -0.320 -0. 346 -0. 634
s(MPA): 1.569 0.114 0.091 0.091 0.100 0.001 -0.001 O.167
s(NPA): 1.571 0.111 0.082 0.082 0.121 0.001 0.012 O0.159

[CUL(SC6F5)]

E= -3469. 3462528 a. u.
Al pha HOMO= -6.624 eV, LUMO= -1.230 eV, Gap= 5.394 eV
Beta HOMO= -6.678 eV, LUMO= -4.296 eV , Gap= 2.382 eV
--- GEQVETRY ---

M S M N(ax) M N(eq)

2.204 2.230 2.015

cu(l) N(2) N4) N6) S(28) F(35) F(39) SC6F5
q(NPA): 1.127 -0.425 -0.415 -0.415 -0.189 -0.316 -0.325 -0. 432
s(MPA): 0.439 -0.001 0.076 0.076 0.292 0.002 0.005 O.408
s(NPA): 0.470 -0.001 0.075 0.075 0.307 0.004 0.005 O.384

[ZnL(SCqF5)]

E= -3608. 2315374 a. u.

HOMO= -6.041 eV, LUMD= -0.999 eV, Gap= 5.042 eV
--- GEQVETRY ---

M S M N(ax) M N(eq)

2.278 2.098 2.078

Zn(1) N(2) N(4) N(6) S(28) F(35) F(39) SC6F5
q(NPA): 1.513 -0.480 -0.478 -0.478 -0.404 -0.322 -0.343 -0.724

The B3LYP/6-311+G(d) optimized geometries of the [M(HB(pz);)F] complexes (the xyz
atomic coordinates are given in A)

[Mn(L)F]

Mh 0. 000869 1. 615515 0. 000000
N -1.749483 0. 309675 0. 000000
N -1. 465598 -1. 023246 0. 000000
N 0. 876556 0. 308754 1.514619
N 0.732422 -1. 024105 1. 268693
N 0. 876556 0. 308754 -1.514619
N 0. 732422 -1. 024105 -1.268693
Cc -3.081634 0.422364 0. 000000
Cc - 3. 680594 - 0. 843346 0. 000000
Cc -2.614163 -1.730160 0. 000000
C 1. 542051 0. 420191 2.668722
c 1.838987 - 0. 845954 3.187697
C 1. 304609 -1.731861 2. 263957
Cc 1. 542051 0.420191 -2.668722
C 1. 838987 - 0. 845954 -3.187697
Cc 1. 304609 -1.731861 -2.263957
B -0. 000819 -1.542057 0. 000000
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[Fe(L)F]
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H -2.792675
F 3. 281803

[Ni(L)F]
Ni 1. 441576
0. 126449
-1.191773
0. 352775
- 0. 993986
0. 352775
-0.993986
0.207092
-1.078931
-1.934536
0. 609509
-0.585875
-1.577271
0. 609509
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1.419324
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[Zn(L)F]

Zn 1. 452540
N 0.274022
N -1.063244
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N
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. 000000
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N -1.061343 -0. 731527 1. 264840
N 0. 276405 - 0. 857055 -1. 483946
N -1.061343 -0.731527 -1.264840
Cc 0. 423377 3. 040972 0. 000000
C -0.829007 3. 668958 0. 000000
Cc -1.742209 2.624920 0. 000000
C 0. 428153 -1.520395 2.632244
C -0. 823051 -1.836642 3.177429
C -1.738156 -1. 315655 2. 274595
Cc 0. 428153 -1.520395 -2.632244
Cc -0.823051 -1.836642 -3.177429
C -1.738156 -1. 315655 -2.274595
B -1.594721 -0.001322 0. 000000
H 1. 419145 -1. 734755 3.004773
H -1. 031355 -2.366371 4.093257
H 1. 419145 -1. 734755 -3.004773
H -1.031355 -2.366371 -4.093257
H -2.791840 -0. 001642 0. 000000
H 1.413669 3.472322 0. 000000
H -1.039324 4.726559 0. 000000
H -2.817187 -1.320301 -2.281471
H -2.817187 -1.320301 2.281471
H -2.821267 2.631204 0. 000000
F 3.276926 0. 004770 0. 000000

Calculated electronic energy (E, a.u.), HOMO/LUMO energies (eV), metal-ligand
distances (A), atomic charges, q(NPA) and spin densities, s(MPA) and s(NPA), at the
B3LYP/6-311+G(d) levels.

[Mn(L)F]
E= -1953. 568956 a.u. S**2= 8.755
Al pha HOVD= -6.637 LUMD= -0.653 Gap= 5.984 eV
Beta HOMD= -7.050 LUMD= -1.161 Gap= 5.889 eV
--- GEOVETRY ---
1-28 1-2 1-4 1-6
1.868 2.184 2.184 2.184
-~ WATCHED ATOMS -- -

Mi(1) N(2) N(4) N(6)  F(28)
q(NPA): 1.548 -0.451 -0.451 -0.451 -0. 800
s(MPA): 4.916 -0.017 -0.017 -0.017 0.091
s(NPA): 4.683 0.038 0.038 0.038 0.120

[Fe(L)F]
E= - 2066.258798 a.u. S**2= 6.010
Al pha HOVD= -6.984 LUMD= -0.688 Gap= 6.296 eV
Beta HOMO= -5.558 LUMD= -1.665 Gap= 3.893 eV
--- GEOMVETRY ---
1-28 1-2 1- 4 1-6
1.819 2.148 2.118 2.118
--- WATCHED ATOVS - - -

Fe(1) N(2) N4) N6) F(28)
q(NPA): 1.489 -0.428 -0.445 -0.445 -0. 762
s(MPA): 3.823 0.034 0.015 0.015 0.129
s(NPA): 3.656 0.066 0.048 0.048 0.152

[Co(L)F]
E= -2185.300554 a.u. S**2= 3.757
Al pha HOMD= -7.064 LUMD= -0.674 Gap= 6.390 eV



Beta HOMD= -6.619 LUMD= -2.145 Gap= 4. 475 eV
--- GEOVETRY ---
1-28  1-2 1-4 1-6
1.816 2.066 2.067 2.067
--- WATCHED ATOMS - - -

Co(1) N(2) N4 N6  F(28)
q(NPA): 1.465 -0.432 -0.432 -0.432 -0.771
s(MPA): 2.778 0.044 0.044 0.044 0.124
s(NPA): 2.663 0.067 0.066 0.066 0.131

[Ni(L)F]
E= -2310.830622 a.u. S**2= 2.004
Al pha HOMO= -7.061 LUMD= -0.705 Gap= 6.357 eV
Beta HOMD= -7.051 LUMD= -2.327 Gap= 4.724 eV
--- GEOMETRY ---
1-28  1-2 1-4 1-6
1.828 2.025 2.031 2.031
--- WATCHED ATOMS - - -

N(1) N2) N4 N6)  F(28)
qQ(NPA): 1.434 -0.415 -0.420 -0.420 -0. 801
s(MPA): 1.700 0.096 0.082 0.082 0.089
s(NPA): 1.660 0.095 0.081 0.081 0.091

[Cu(L)F]
E= -2442.978536 a.u. S**2= 0.752
Al pha HOMD= -6.926 LUMO= -0.847 Gap= 6.080 eV
Beta HOMO= -6.924 LUMD= -4.068 Gap= 2.855 eV
--- GEOVETRY ---
1-28  1-2 1-4 1-6
1.813 2.244 1.984 1.984
--- \ATCHED ATOVS -- -

cu(l) N2) N4) N6) F(28)
q(NPA): 1.435 -0.426 -0.421 -0.421 -0.778
s(MPA): 0.679 -0.002 0.108 0.108 0.115
s(NPA): 0.696 -0.001 0.099 0.099 O0.108

[Zn(L)F]
E= -2581.876960 a.u. S**2= 0.000
HOMO= -7.094 LUMD= -0.732 Gap= 6.361 eV
--- GEOVETRY ---
1-28  1-2 1-4 1-6
1.824 2.079 2.079 2.079
--- \ATCHED ATOVS ---

Zn(1) N(2) N4) N6) F(28)
q(NPA): 1.669 -0.476 -0.475 -0.475 -0. 865
s(MPA): 0.000 0.000 0.000 0.000 0.000
s(NPA): 0.000 0.000 0.000 0.000 0.000
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Figure S1. Calculated IR spectra of the [ML(SC¢Fs)] complexes.
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Figure S2. Resonance Raman spectrum of [NiL(SC¢Fs)], (excitation wavelength A, 351
nm).
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Figure S3. B-Spin orbital interaction diagram illustrating the coupling of the metal and
thiolate fragments in the [CuL(SC¢Fs)] complex (the AOMix-CDA calculation, based on
B3LYP/TZVP results; MOs with a” and @ ” symmetry are shown in red and blue
respectively; molecular orbitals of the ML" and SC¢Fs™ fragments are shifted by 4.0 and
-4.5 eV respectively; lines connect all MO-FO orbital pairs with the corresponding MO-
FO character greater than 1.9%).
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Figure S4. Orbital interaction diagram illustrating the coupling of the metal and thiolate
fragments in the [ZnL(SC¢Fs)] complex (the AOMix-CDA calculation, based on
B3LYP/TZVP results; MOs with a” and @ ” symmetry are shown in red and blue
respectively; molecular orbitals of the ML" and SC¢Fs™ fragments are shifted by 3.3 and
-4.2 eV respectively; lines connect all MO-FO orbital pairs with the corresponding MO-
FO character greater than 1.9%).
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Figure S5. A) Calculated M-S bond lengths in the [ML(F)] complexes; B) calculated
binding energies, E,, and interaction energies, E;,, between the ML" and F fragments;

and C) the NPA charges of the metal and fluorine atoms and the pyrazolyl ligand L.
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Figure S6. A) The M-S bond order (black circles) and its a-spin and -spin orbital
components (red and blue circles, respectively) and the bond order between the ML" and
F fragments (black squares) in the [ML(F)] complexes and B) the charge donation from
the F ligand to the ML" fragment.
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Figure S7. A) The metal - pyrazolyl ligand bond orders (solid circles) and its a- and -
MO components (upper triangles and lower triangles, respectively) and the bond order
and B) The NPA charges of N2,N4, and N6 atoms of pyrazolyl ligand. The data for the
[ML(SC¢Fs)] and [ML(F)] complexes are shown in black and blue respectively.
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