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S0: Free ion Term energies as functions of interelectron repulsion parameters

Term Racah Condon-Shortley
symbol
F A -8B Fo— 8F, — 9F,
3P A+7B Fo + 7F, — 84F,
G A+4B +2C F,+4F, +F,
D A-3B+2C Fo—3F, + 36F,
IS A+14B+  F,+ 14F, + 224F,
7C

S1: aiLFT protocol
Using the DFT-optimised geometry — BP86 functional; Grimme dispersion corrections (keyword D3BJ);

def2-SVP on all atoms except the metal where def2-TZVP is used; CPCM solvation field — the aiLFT

protocol is as follows.

Step 1: We start with a single-point BP86 spin-restricted or unrestricted SCF calculation (same basis set
and solvation field as used for the geometry optimisation) to generate a set of starting orbitals. If the

system is paramagnetic, a quasi-restricted set of orbitals is requested (keyword UNO).

Step 2: The (restricted, quasi or otherwise) valence orbitals are analysed to establish whether they already
provide a suitable starting active space. That is, are there 5 mainly-d orbitals spanning the HOMO/LUMO
gap? This is usually the case for weak-field systems towards the ionic extreme and almost never the case
for stronger field, more covalent systems. If necessary then, a series of single-SCF-step calculations
(keyword NoIter) are undertaken where the required mostly-d orbitals are rotated to lie around the

HOMO/LUMO gap as required.



Step 3: An (n,5) CASSCF/NEVPT?2 calculation is run with the actorbs flag set to dorbs in order to

invoke the aiLFT procedure. Normally, the number and spin degeneracies of the roots are chosen to

match the Russell-Saunders terms arising from the d* configuration.

S2: Cartesian coordinates in A: S=0 unless otherwise stated
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S3: Selected aiLFT and CLF analyses of selected ML, systems

DFT-optimised geometries

alLFT CAS active space orbital energies: NB X and Y axes bisect

[Cu (CF3),]"-
Orbital Energy
1 0.000
2 0.000
3 0.139
4 0.246
5 4.788

AOM/CLF d-orbital energies (cm-1): e,(CFs;) = 12500;

(eVv)

aligned along X and Y axes.)

(ESTI S2)

employed throughout.

C-Cu-C angles

Energy (cm-1) dxy dyz dz2 dxz
0.0 0.001788 -0.958033 0.004196 0.286616
2.1 0.002130 0.286624 0.000857 0.958039
1120.7 0.000020 0.003777 0.999990 -0.002022
1984.7 0.012653 0.001953 -0.001169 0.000819
38617.3 -0.999916 -0.001078 0.000014 0.002564
ey (void) -7000; e (void)
E dz2 dyz dxz dxy dx2-y2
36695 | -0.0000 | 0.0000 0.0000 -0.0000 | 1.0000
0 0.0000 -0.0000 | -0.0000 | 1.0000 0.0000
-793 0.9992 0.0000 0.0000 -0.0000 | 0.0000
-1979 | -0.0000 | -0.2341 | 0.9722 -0.0000 | 0.0000
-1979 | 0.0000 -0.9722 | -0.2341 | -0.0000 | 0.0000

ailLFT NEVPT2 active space orbital energies: NB X

Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz
1 0.000 0.0 0.012652 0.001932 0.000837 0.000595 0
2 0.128 1032.3 0.001769 -0.960306 0.004478 0.278901 0
3 0.129 1036.9 0.002164 0.278909 0.000893 0.960314 -0
4 0.194 1563.9 0.000012 -0.004050 -0.999989 0.002107 0
5 8.170 65897.8 -0.999916 -0.001070 0.000008 0.002579 0
AOM/CLF d-orbital energies (cm-1): e,(CF;) = 22450; e,(void) = -9900; e,(void) -200 (NB
axes bisect C-Cu-C angles.)
E dz2 dyz dxz dxy dx2-y2
65892 | -0.0000 0.0000 -0.0000 1.0000 0.0000
1605 -1.0000 0.0000 0.0000 -0.0000 0.0000
1062 0.0000 0.3650 0.9310 -0.0000 | -0.0000
1062 -0.0000 0.9310 -0.3650 | -0.0000 0.0000
0 -0.0000 | -0.0000 [ -0.0000 0.0000 -1.0000
[Cu (CH3),]"”
aiLFT CAS active space orbital energies: NB X and Y axes bisect C-Cu-C angles
Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz
1 0.000 0.0 0.000004 0.999960 -0.000001 -0.008949 -0.
2 0.000 0.0 0.000000 0.008949 0.000469 0.999960 -0.
3 0.026 211.3 -0.000000 0.000003 -1.000000 0.000469 0
4 0.490 3953.9 0.000000 0.000000 0.000007 0.000002 1
5 5.062 40829.6 1.000000 -0.000004 -0.000000 -0.000000 -O.
aiLFT NEVPT2 active space orbital energies: NB X and Y axes bisect C-Cu-C angles
Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz
1 0.000 0.0 0.000000 0.018795 0.000202 -0.999823 0
2 0.000 0.0 -0.000005 -0.999823 0.000005 -0.018795 0
3 0.184 1480.8 0.000000 0.000001 1.000000 0.000202 -0
4 0.376 3033.2 0.000000 =-0.000000 0.000027 0.000040 1
5 8.930 72024.1 -1.000000 0.000005 0.000000 0.000000 0
[Ni (CF3) .12
Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz
1 0.000 0.0 -0.001628 0.928348 -0.003599 -0.371686 -0

and Y axes bisect C-Cu-C angles

O O O oo

dx2-y2

.001618
.001370
.001164
.999917
.012653

-1400 (NB Cu-C

dx2-y2

.999918
.001663
.001138
.000844
.012653

X and

dx2-y2
000000
000002

.000007
.000000

000000

dx2-y2

.000040
.000001
.000027
.000000
.000000

dx2-y2

.001684

bonds



2 0.000 0.5 0.001712 0.371689 -0.000074 0.928355 -0.001601
3 0.038 309.6 -0.000012 0.003370 0.999993 -0.001269 0.000300
4 0.280 2255.0 0.010205 0.002166 =-0.000306 0.000839 0.999945
5 2.955 23833.5 -0.999945 -0.000853 =-0.000010 0.002203 0.010205
[Ni (CN),]1%
Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz dx2-y2
1 0.000 0.0 -0.000261 0.999975 -0.000005 0.007012 -0.000001
2 0.000 0.3 -0.000002 0.007012 0.000659 =-0.999975 0.000077
3 0.085 682.3 -0.000000 0.000000 -1.000000 =-0.000659 -0.000027
4 0.208 1681.1 -1.000000 -0.000261 0.000000 -0.000000 0.000000
5 3.544 28585.4 0.000000 0.000000 =-0.000027 0.000077 1.000000
AOM/CLF d-orbital energies relative to d../d,, at zero. (cm-1): e,(CN) = 8400; e,(CN) = -400
e, (void) = -5850; e,(void) = -1200* (NB Cu-C bonds aligned along X and Y axes. * fixed assumed
value)
E dz2 dyz dxz dxy dx2-y2
28400 0.0000 0.0000 0.0000 0.0000 1.0000
1600 -0.0000 0.0000 -0.0000 1.0000 0.0000
733 -0.9996 0.0000 -0.0000 | -0.0000 | 0.0000
0 0.0000 -0.0000 | =1.0000 | -0.0000 | 0.0000
0 0.0000 1.0000 -0.0000 | =0.0000 | 0.0000
[Cu(CN),]"-
Orbital Energy (eV) Energy(cm-1) dxy dyz dz2 dxz dx2-y2
1 0.000 0.0 0.000001 1.000000 =-0.000000 0.000000 -0.000000
2 0.000 1.5 0.000000 0.000000 0.000187 =-1.000000 0.000007
3 0.073 589.6 0.000000 -0.000000 =-1.000000 -0.000187 -0.000003
4 0.415 3343.4 1.000000 -0.000001 0.000000 0.000000 0.000000
5 5.006 40376.6 -0.000000 0.000000 =-0.000003 0.000007 1.000000



