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Table S1. Reduction and selection rules for d° configuration, Fe(III)

Dsn, trigonal bipyramid
Reduction of IRs on R3 = Dan

P — AJ+E'

D — A/+E+E"

G - A +A[+AJH2E+E"
Dipole components in D3n

Al ez, E e(xy)

Selection rules in D3n

1: Af®E"=E", (30.6)

2: Af®A]=A],(34.2)

2 AJ®A=A)ez,342
3: A/®E' =E'e(x,y), 345
4: A|/®E' =E'e(x,y),34.8
5: AT®A =A], 348

Cav, square pyramid
Reduction of IRs on R3 = Cuy
P—>A+E
D — A, +B,+B,+E
G —2A,+A,+B,+B,12E
Dipole components in Cay
A ez, Ee(x,y)

Selection rules in Cay

1: A ®A,=A,,(30.3)

1" A, ®E=Ee(x,y),325
2: A|®B, =B,,(34.1)

2 A/®E=Ee(x,y),343
3: A/®B,=B,,(34.7)

3 A ®A =A 2,348
4: A, ®A =A €2,348

GCF calculations for Fe(III) with B = 1122 cm™, C=4712 cm’!, £= 460 cm’!. All excitation energies are spin forbidden

at the weak crystal field.

Hereafter: all weak-field poles F4 = 5000 cm™! and F> = 0; numbers refer to excitation energies in units of 10> cm™’.

Angular momentum in D3n
Alel ,E"el,

Active excitations

1: AI®E"=E"eL_ ,30.6
2: Ai®A]=A], (34.2)

2 AI®A=Alez,342
3: A/®E'=E', (34.5)

4: A/®E'=E’', (34.8)

5: AJ®A =A],(34.8)

Angular momentum in Cay
A,eLl ,EelL |

Active excitations

1: A ®A,=A,eL ,303
1’ A,®E=Ee(x,y),325
2: A, ®B, =B,,(34.1)

2 AA/®E=Ee(x,y), 343
3: A/®B,=B,,(34.7)

3 A ®A =A, (34.8)

4: A, ®A =A,, (34.8)

Excitation energies are in units of 10> cm!.

Reduction of IRs

on Dan 2 [D3] 2> D3’

A>T, 8=5/2 2 2T4+ (T'st+ Te)
I'® (2F4 + s+ rs) =214+ s+
E>T1; 8=32>T4+ (I's+T'6)
I® (F4 +'s+6) =314+ T's

Reduction of IRs

on Cav > Cs’

Al > Iy, $=5/2 > T+ 20
I'® (Fﬁ + 2F7) =T+ 207
Ar > Iy, $=3/2 >T¢+17
F1®(F6+F7):F6+F7




Table S2. Reduction and selection rules for d® configuration, Fe(II)

Dsn, trigonal bipyramid Cav, square pyramid
Reduction of IRs on R3 = Dan Reduction of IRs on R3 2 Cay
D — A/+E'+E" D — A,+B,+B,+E
H — A+A}+AJ+2E+2E" H—2A,+A,+B,+B,+3E
Dipole components in D3n Dipole components in Cav
Al ez, E e(xy) A ez,Ee(x,y)

Selection rules in D3n Selection rules in Cay

1: E"®F' =..+Alez,3.7 0: B,®E=Ee(x,y), 17

2: E"®A =E", (74) 1: B,®A, =B,,(5.7)

3: "®A) =E'e(x,y), (16.8) 1’: B,®B, =A,, (74)

4: E"®E'=..+A) €z, (18.9) 2: B,®E=Ee(x,y),(18.0)

Transitions 3, 4, etc. are spin 2: B,®A,=B,,(

forbidden Transitions 2, 2°, etc. are spin
forbidden

GCF calculations for Fe(II) with B =897 cm™!, C = 3857 cm’!, £=400 cm™'.

Angular momentum in Dan Angular momentum in Cay
Alel E"el | A,el Eel,,

Active excitations Active excitations

1. E"®E'=..+E"eL, ,3.7 0: B,®E=EelL, ,, 1.7
2: B"®A=E"eL, ,74 1: B,®A, =B,,(5.7)

1 B,®B,=A,eL ,74

Excitation energies are in units of 103 cm™.

Reduction of IRs Reduction of IRs
on D3n = [Ds] 2> D3’ on C4y > Cs’
E’ > I, 8=2 >T+20; B, > Iy, S=2 > [+ s
I3® (I +2I3) =211 + 212 +313 s @ (T34 0440s) = DA oA T4+ s
E’9F3,S:29F1+2F3 E%Fs,S:29F1+F3+F4+F5
I® (Fl +2I73) =217 + 2172+313 I's® (F1+F3+F4+F5 )
=+ 4+ 5+044+310s




Table S3. Reduction and selection rules for d’ configuration, Co(II)

Dsn, trigonal bipyramid Cav, square pyramid |
Reduction of IRs on R3 = Dsn Reduction of IRs on R3 > Cuv
P — AJ+E’ P—>A+E
F— Aj+A)+AJ+E'+E" F— A,+B,+B,+2E
Dipole components in D3n Dipole components in Cav
Al ez, E e(xy) A ez,Ee(x,p)

Selection rules in D3n Selection rules in Cay

la: AJ®A =A)ez,2.7 0: E®A, =Ee(x,y),1.5
1b: AJ®AL =A], (2.7) 1: E®B, =Ee(x,y), 3.1
2: AJ®E'=E", (4.0) 1 EQE=..4A,€z,6.1
3: AJ®E"=E'e(x,y), 10.1 2: E®B, =Ee(x,y), 10.5
4: AJ®E'=E", (20.0) 3: EQA, =Ee(x,y),19.0
4 AJ®A=A], (20.2) 3":E®E=..4+A €2,19.2

GCF calculations for Co(Il) with B =989 cm’!, C=4253 cm™!, £=515 cm’\.

Reduction of IRs on Rz = Dsn Reduction of IRs on Rz 2 Cay
P— AJ+E' P—>A+E
F— A[+A)+AJ+E'+E" F—> A +B,+B,+2E

D — A, +B,+B,+E
G —>2A,+A,+B,+B,+2E

Angular momentum in Dan Angular momentum in Cay
Alel ,E'el A,el . Eel
Excitations within daughters Excitations within daughters
of F-term of F-term

1: AJ®A =A7,(2.7) 0: E®A =Eel 15

1 AJ®A,=A],(2.7) 1: E®B =EeL 32

2. AJ®E'=E"€eL, .40 I EQE=..+A, eL_,6.1
3: AJ®E"=E', (10.1) 2: E®B,=E€L_,105
4: AJ®E'=E"€eL,,,20.0 3: E®A =EeL 190

3"E®E=...+A,eL ,19.2

Reduction of IRs Reduction of IRs

on Dan 2 [D3] = D3’ on C4y 2 [Cav’] 2 Co’
Ay > T, §=3/2 > Ty + (['stle) E>T5 8=32>T¢+17
I® [F4 + (F5+F6)] =T4+ ([etls) Is® 6+ 17) =2+ 207
A 2>T,85=32>T4+ (I'stls) A >T,5=32>T¢+1I7y

Io® [F4 + (F5+F6)] =T4+ (1"5+1"6) re® (F6 + F7) =Te+1I7




Table S4. Reduction and selection rules for d® configuration, Ni(II)

Dsn, trigonal bipyramid
Reduction of IRs on R3 = Dan

P — AJ+E’

F— A/+A,+AJ+E+E"

Dipole components in D3n

Al ez, E e(xy)

Selection rules in D3n

1: E"®E' =A/+Al+E" €z, 5.7
2a: E"®A=E", (74)

2b: E"®A, =E", (74)

3: E"®A) =E'e(x,y), 8.9

4: B"®E = A/+AJ+E" €z, 21.1
4: E"®A)=E'e(x,y),21.6

Cav, square pyramid
Reduction of IRs on R3 2 Cay
P—>A+E
F— A,+B,+B,+2E
Dipole components in Cay
A ez, Ec(x,y)

Selection rules in Cay
1: B,®E=Ee(x,y),44

1’: B,®B,=A,,(74)
2: B,®A, =B,,(8.7)
2 B,®E=Ee(x,y),9.7
3: B,®A =B,,223
3: B,®E=Ee(x,y),22.6

GCF calculations for Ni(Il) with B = 1042 cm’!, C = 4585 cm™', £= 630 cm’.

Reduction of IRs on R3 = D3n
P— AJ+E'

F— A/+A}+A)+E'+E"

Angular momentum in Dan
Alel ,E"el,

Excitations within daughters of F-
term

1: E"®E = AJ+Al+E"e L, 5.7
2a: E"QA{=E"eL,,,74
2b: E'®A, =E'cL 74

3: E"®A!=FE', (8.9)

Reduction of IRs on Rz 2 Cay
P—>A+E

F—> A +B,+B,+2E

Angular momentum in Cay
A,eLl ,EelL |

Excitations within daughters of F-
term
1:B,®E=EelL  ,44
1’ B,®B,=A,eL ,74
2: B,®A, =B,,(8.7)

2 B,®E=Eel_,,9.7

X,y 2

Reduction of IRs

on D3n 2 [D3] 2 D3’
E9F3,S:19F2+F3
ML+ =13+ 1+12+T13
E>T1;8=1>1,+T13;
R+ =T+ 1+12+T13

Reduction of IRs

on C4y 2 Cs’
B29F4,S:1 >0+
F4®(F2+F5):F3 +T5
E%Fs,Szl 9F2+F5
[s®([+T5s)

=[5+ +[3+T4+1>




Table S5. Reduction and selection rules for d° configuration, Cu(II)

Dsn, trigonal bipyramid
Reduction of IRs on R3 = Dan
D — A[+E+E"

Dipole components in D3n
Alez,E'e(x,y)
Selection rules in D3n

1: A/QE'=E'e(x,y),3.7
2: Af/®E"=E", (74)

Cav, square pyramid
Reduction of IRs on R3 2 Cay
D — A,+B,+B,+E
Dipole components in Cay
A ez,Ee(x,y)

Selection rules in Cay

1: B,®A, =B, (1.7)

2: BB®E=Ee(x,y),5.7
3: B®B,=A,,(74)

GCF calculations for Cu(Il) with B = 1240 cm’!, C=4712 cm™!, £= 830 cm™\.

Reduction of IRs on R3 = D3n
D — A[+E+E"

Angular momentum in D3n
Alel E"el |

Active excitations

1: AA®E' =E', (3.7)

2: A/QE"=E"eL

x,y 2

7.4

Reduction of IRs on R3 = Cay
D — A,+B,+B,+E

Angular momentum in Cay
A,el ,Ee LW

Active excitations

1: B,®A, =B, (1.7)

2: Bj®E=EelL_,,57

3: B®B,=A,eL ,74

Reduction of IRs

on D3n 2 [D3] 2 D3’
A>T, 8=12>Ty
I'®IL4=T14

E2>I5 85=12>1,
54 =T4+T5

Reduction of IRs

on C4v 2 C4’

B> 1I35,85=12>T%
F} ®F6 = F7

A1 QFI,S:1/29F6
I®Ts=T%




Table S6. Reduction of the (25 + 1) states of R3 and R} to irreducible representations of point

groups.
SorJ 0 1/2 1 3/2 2 5/2
For D,, D; I T4 I+ 4+ 15+ I +215; 24+ s+l
For D,, C), I I's I +Ts T'e+1 I't +I'3 413 +Ts I's + 217

Table S7. Decomposition of the direct product of irreducible representations I', ® I'; in double

groups
a) group D} (h=12)?
I' I I3 Iy I's I's
I'i=A I .
In=A I I .
I3=E LI LI Ul (T2)
I's=Eiz Iy I'4 4,5 I2,I5,(IN)
['s(1)=E32(2) T I's I'4 I' I .
['s(1) = E3p2 I's I's I'4 I3 I' I

2 Double degenerate representation Es, is split into a complex conjugate pair {I's+Is}.

b) group C,, (h=16)

I I I'; I's I's I's I’
I'=4A I .
In=A> ) I .
I's=B; I'; I's I .
I's=B2 I'4 I's I I' .
=B s . s . s . Is . CoUsla(T2) -
I's =E12(2) Is Is I'; I'; I'e,I'7 I,I5,(I')
I'7 =E3n(2) I'; Iy I I's ['6,I"7 [3,14,Is 1,I5,(I')

New IRs in the double groups are typed on a grey background; I', ®T', = T', ®T,.
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Figure S1. DC susceptibility at B=0.1 T converted to the product function as calculated by GCFT for weak (strong) crystal
field with Fs= 5000 (15000) cm’. Data presented as T/Co vs T [dimensionless]; reduced Curie constant C, = N, 145 / ky =

4.714 x 10 m?® K mol! [SI].
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Figure S2. DC susceptibility at B=0.1 T converted to the product function as calculated by GCFT for weak (strong) crystal
field with Fa = 5000 (15000) cm™. Data presented as 4T vs T in cm® K mol! [cgs&emul].



Table 2.1 Values of (4/g%yT as a

Function of the Spin .S

@/gwr

s (cm® K mol™)

172 0.375

1 1.000

3/2 1.876

2 3.001

52 4377

3 6.002

72 7.878




