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Table S1 Summary of the reported five-coordinate Co(II)-SIMs with molecular formulae [(NNN)CoX,]?

CShM | CShM
Entry. complex (4py) | (3bpy) s D(cm") | E(ecm™) | Hy(T) Ur(K)® 7y ()P C(Kmsh) | n Ref.
1.07x107¢
1 [Co(L')Cl,] 1.68 5.47 0.052 / / 0.06 /0.56 | 28.0/4.0 | /7.44x1072 / / S1
5.85x10°¢
2 [Co(L'2)(NCS),] 448 | 297 | 043 / / 0.06 /0.56 | 17.0/3.0 /0.11 / / S1
3 [Co(L™)Cl,] 1.65 6.05 0.23 -22.2 3.53 0.15 / / / / S2
4 [Co(L2)(NCS),] 162 | 640 | 027 | -405 / 0.2 16 3.6x10° / / S3
5 [Co(L2)(NCS),] 1.67 | 465 | 0.034 | -40.6 / 0.2 24 5.1x10°7 / / S3
6 [Co(L*)CI,]DCE 4.02 2.55 0.39 50.0 10 0.1 29 8.3x1077 / / S4
7 [Co(L*)Br,]MeCN 3.88 2.90 0.38 40.0 6 0.2 22 9.2x1077 / / S4
8 [Co(L*),]DCE 3.25 6.33 0.37 -26.0 7 0.2 12 7.5%107° / / S4
9 [Co(L2)CL,] 3.66 | 264 | 043 | +457 | 024 0.6 / / / / S5
10 [Co(L2)CL,] 327 | 291 | 031 | +384 | 031 0.6 / / / / S5
11 [Co(L*)Cl,] 2.56 3.24 0.48 -43.9 0.26 0.6 / / / / S5
12 [Co(L?)Cl,] 1.83 6.13 0.089 -41.3 0.0 0.6 22.8 5.23x107° 83.2 3 S5
13 [Co(L**)Cl,]-(MeOH) 1.74 6.08 0.27 14.5 0 0.1 19.6 5.8x1073 / 5.5 S6
14 | [Co(L*®)Br,]-(MeOH) | 2.16 | 693 | 023 8.4 0 0.1 8.2 3.1x10° / 4.6 S6
15 [Co(L*)(NCS),] 287 | 2.88 | 0.9 107 | L1x104| 0.1 9.7 4.6x10° / 42 S6
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13.4x10°8

16 [Co(L*)Cl,].DMF 1.70 | 500 | 042 58.4 / 02/0.4 |332/37.3 | /47x108 |427/6.10| 5 7
5.7x10°7
17 [Co(L3*)Br,]. DMF 210 | 540 | 0017 | 47.0 0 02/04 |21.0/33.1| /3.3x10% |931/103| 5 s7
18 [Co(L3*)(NCS),] 137 | 550 | 030 | 247 8.22 0.15 24.61 5.87x10°7 0.79 | 6.07 S8
19 [Co(L*)Cl,] 487 | 199 | 055 26.0 8.65 0.15 18.92 | 228x107 | 14.93 | 5.78 S8
20 [Co(L*)Br,] 487 | 225 | 020 | 392 13.05 0.125 20.06 | 7.13x10°8 537 | 7.44 S8
21 [Co(L*)Cl,] 208 | 4.14 | 0.10 / / 0.35 49 1.4x10°8 2618 | 0.8 S9
22 [Co(L*)(NCS),] 406 | 3.07 | 036 | 48.0 / 0.4 / / / / S9
23 [Co(L*)(NCO),] 597 | 400 | 046 | 300 / 0.2 253 4.5%107 128 2.4 S9
24 [Co(L*)CL] 226 | 3.81 | 0.15 61,9 / 0.2 31.3 0.50x10° / / S11
25 [Co(L*)Cl,] 190 | 517 | 0.010 | 153 / 0.2 13.5 135107 | 1.0x10° | 4 | S10,S11
26 [Co(L*)CL,] 346 | 2.83 | 035 70.1 / 0.2 / 14.2x1076 / / S11
27 [Co(L4*)Cl,] 410 | 267 | 041 46.8 / 0.2 40.5 2.12x10°3 1.8 5 S11
28 [CoL(L*)Cl,] 1.88 | 695 | 0.19 87.5 / 0.2 / 4.67x10° / / S11
29 [Co(L%)Cl,] 342 | 214 | 051 64.7 0.5 0.2 14.6 6.02x10°¢ | 277.71 | 1.05| SI2
30 [Co(L%)Br,] 410 | 231 | 048 45 6.3 0.2 5.59 7.22x1073 / / S12
31 [Co(L*)(NCS),] 1.13 | 640 | 0.16 / / 0.2 14.7 579x10 | 6509 |032| SI3
32 [Co(L™)Br,] 262 | 376 | 0.19 / / 0.2 / / / / S13
33 [Co(LS)(NCS),] 144 | 193 | 046 | -36.8 8.09 0.3 / / / / S14
34 [Co(L)CL]-CH;OH | 4.99 | 238 | 055 17.6 2.81 / / / / / S15
35 [Co(L7)Br,] 174 | 646 | 020 | 305 4.57 0.14 / / 077 |635| S5
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36

[Co(L7)(NCS),] 4.96 1.24 0.71 +7.98 +2.31 0.16 / / / / S15
37 [Co(L#)Cl,] 5.19 2.24 0.79 / / / / / / / S16
4.73 1.72 0.52
38 [Co(L#*)Cl,] /727 | /3.01 /0.83 / / / / / / / S16
a. The ligands L'a-L%, see Scheme S1; b. U, is effective barrier to the reorientation of the magnetization and 7, is the relaxation time at infinite

temperature; ¢. C and n are the parameters of a power law 7/ = CT" for a Raman-like process.
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Scheme S1. Representations of the ligands in the complexes (entries 1-38) listed in

Table S1.
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Table S2 Summary of other reported five-coordinate Co(I1)-SIMs?

No. complex CShM | CShM s D(em™) | E(cm™) | Hy(T) | Ugg(K)P 79 (s)b C(Km"s | nt Ref.
(4py) | (3bpy) e
39 [Co(L%)(OH,)](NOs)s 529 | 046 | 0.96 / / 0.14 18 9.6x10 / /| s17
40 [Co(L*)CI]CIO4 6.20 0.89 1.03 -6.2 / 0 20.2 3.6x107° / / S18-
S20
41 [Co(L%)Br]Br 656 | 127 | 1.03 2.5 / / / / / /| s20
42 (MesN)[Co(L1%)(OH,)]-DCM 531 | 069 | 094 | 240 0.001 0.1 9.9 15x105 | 0008 | 72 | s19
43 [Co(L'"'#)CI](BPhy) 4.23/ 1.06/ 0.83/ -19.9 1.5 0.2 46 2.1x1071 / / S21
4.86 0.87 0.91
44 [Co(L''%)C1](BPhy) 4.23/ 1.06/ 0.83/ -19.90 / 0.2 30.6/ 1.5x107%/ | 0.5/17.0 5 S21,S
4.86 0.87 0.91 46.9 1.6x1071 22
45 [Co(L''%)Br](BPhy) 5.12/ 0.88/ 0.88/ -20.0 2.0 0.2 37.8 6.4x107° 1.12 5 S22
5.65 0.97 0.94
46 [Co(LM®)Br](C10,) 4.81/ 1.06/ 0.87/ -20.20 / 0.3 43.9 2.9x107° 4.10 5 S22.S
5.18 0.90 0.93 23
47 [Co(LMY)CI]C10, 5.66 0.66 1.00 -21.4 0.24 0.3 / / / / S23
48 [Co(L'™Br]CIO, 4.81/ 1.06/ 0.87/ -20.2 0.80/2.0 0.3 30.2 4.6x1078 / / S23
5.18 0.90 0.93 0
49 [Co(L'™NCS]CIO, 5.20 0.61 1.04 -11.0 0 0.16 28.7 2.0x107° / / S23
50 [Co(L'2)N;]Cl04-3CH3CN 6.20 1.63 1.00 -10.7 -2.35 0.3 28.3 1.6x10°8 / / S24
51 | [Co(L)CI-(ClO,)-(MeCN),-(H,0) | 724 | 227 | 106 | -75 0.4 0.1 11.6 | 3.5x10° / /| s2s
52 [Co(L'?)Br]-ClO, 7.83 2.42 1.10 -4.3 0.03 0.1 7.1 2.1x10°° / / S25
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53 [Co(L3)CI1]-ClO4 6.10/ 1.88/ 0.95/ -10.1 1.8 0.1 17.2 7.2x107° / / S25
6.57 1.84 1.00
54 [Co(L'3)Br]-ClO4 6.68/ 2.30/ 0.96/ -7.8 2.1 0.1 12.5 5.8x10°¢ / / S25
7.16 2.34 1.00
55 [Co(L"3) (CH;CN)](BF,),-CH3CN 5.74 0.98 0.99 9.66 0.26 0.1 21.5 1.7x1078 / / S26
56 [Co(L3)CI1]CI-2.4H,0 7.05/ 1.68/ 1.01/ -6.95 -1.78 / / / / / S26
6.80/ 1.70/ 1.04/
6.34 1.77 1.01
57 [Co(L3)CI]CI 6.85 1.81 1.07 -8.49 0 0.04 21.8 2.98x1078 / S26
58 [Co(L'3)Br]Br-2.0H,0 7.49/ 2.12/ 1.01/ -6.30 1.59 / / / / / S26
6.80/ 2.15/ 1.02/
7.25 2.14 1.04
59 [Co(L'3)Br]Br 7.11 2.28 1.07 -7.18 0 0.16 17.6 8.06x1078 / / S26
60 [Co(L)II 8.18/ 3.24/ 0.99/ -7.53 1 / / / / / S26
7.48 3.09 1.02
61 [Co(L'*)(N3)]Cly 6.03 0.71 1.05 -7.10 / 0.05 21.5 5%107° / / S27
62 [Co"Co™,(u3-OH)(u-pz)4(L15)s]- 5.55 0.33 0.89 23.85 4.04 0.1 / / 2.3 6.6 S28
2MeCN
63 [CoCl5(L')(HL'S)] 5.39 0.02 1.00 44.5 0 0.25 / / 0.2 5.7 S29
64 [(L'7),Co4Lig(H,0)12] 2.94 0.83 0.69 27.9 -6.3 0.07 21.5 6.2x10-8 S30
65 [Co(L'#)(DMSO)Cl,] 2.49 2.53 0.54 -17.0 -4.08 0.1 10.4 5.69x107° / / S31
66 [Co(L'%)(H,0),] 5.86 4.79 0.56 16.0 2 0.15 / / / / S32
67 [Co(L')(L2%)y.5(H,0)]-H,O 3.62 2.26 0.64 59.0 7 0.3 8.6 1.7x1073 / / S32
68 [Co(L2HCIICIO4 1.14 3.31 0.33 46.4 10.1 0.1 / / / 5.8 S33
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69 [Co(L?")Br]Cl0,4 1.41 3.29 0.35 40.7 9.3 0.1 / / / 53 S33
70 [Co(L??),Cl1]-Cl0O4 1.37 5.30 0.15 48.5 0.76 0.2 40.3 5.8x107° / 43 S34
71 [Co™(N3)2(L?*?)(uy,1-N3)Co(N3)] 1.91 3.32 0.38 38.7 / 0.4 / / / / S35
MeOH
72 [Co™(N3),(L23®)(py,1-N3)Co''(N3)]- 1.87 3.40 0.36 45.7 / 0.4 / / / / S35
MeOH
73 [Co(L**)CI](BF,) 0.56 3.04 0.27 45.1 9.9 0.2 7.3 2.7x107° / / S36
74 [Co(L*)CI](C104) (MeCN) 0.85 593 | 0.0062 523 10.1 0.2 18.4 3.2x107° 0.53 4.8 S36
75 [Co(12-TMC)(CH;3CN)](BF,), 0.23 5.54 0.00 / / 0.25 / / 8.05 4.6 S37
76 [Co(12-TMC)(CH;3CN)](PF¢), 0.04 5.46 0.033 / / 0.25 / / 54.33 4 S37
77 [Co(12-TMC)(NCO)][B(C¢Hs)4] 0.44 5.66 0.012 / / 0.1 333 1.17x107° 6.57 5.5 S38
78 [Co(12-TMC)CI][B(CsHs)4] (1) 0.76/ 5.62/ | 0.027/ 37.76 0.52 0.08 11.38 4.836x1078 31.61 7.5 | This
0.76 5.64 0.023 work
79 [Co(12-TMC)Br][B(C¢Hs)4] (2) 1.12/ 5.98/ | 0.019/ 37.10 -0.18 0.1 13.52 5.02x107° 29.83 8.6 | This
1.08 5.86 0.024 work

b. The ligands L%-L?, see Scheme S2; b. U,y is effective barrier to the reorientation of the magnetization and 7, is the relaxation time at infinite temperature; c. C
and n are the parameters of a power law ¢/ = CT” for a Raman-like process.
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Table S3 Summary of crystal data and refinement for 1 and 2.

1 2
Molecular formula C36H4sBCoN,Cl C;36H4sBCoNyBr
CCDC no 1827493 1827494
Formula weight 641.97 686.43
Temperature 155(2) K 1552) K
Crystal system Monoclinic Monoclinic
Space group P2/c P2/
alA 20.999(4) 20.9569(16)
b/ A 10.347(2) 10.4803(8)
clA 30.920(6) 31.079(2)
a(°) 90 90
B 90.724(3) 90.093(2)
7(°) 90 90
VA3 6711(2) 6821.6(9)
V4 8 8
D, g/cm’ 1.271 1.337
w/ mm-! 0.622 1.705
F(000) 2728 2872
6 range [°] 2.19/25.72 2.28/27.36
Reflns collected 57712 47519
Rint 0.0889 0.0796
Indep. reflns 14835 12027
Refns obs.[I> 20(])] 10977 8776
Data/restr./paras 14835/0/783 12027/0/783
Goodness-of-fit on F? 1.050 1.047

Ry, wRy [1>20 (D]

R WR; [all data]?

0.0475/0.1072

0.0732/0.1186

0.0660/0.1617

0.0980/0.1759

*WR; = [Z[w(F*-F2) VE[w(Fo?)*]]"%, Ry = Z[[Fo[-{Fe[l/Z[F|.
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Table S4 Selected bond lengths (A) and angles (deg) for 1-2

1a 1b
Col-N1 2.171(2) C02-N5 2.1464(19)
Col-N2 2.1315(19) Co02-N6 2.1574(19)
Col-N3 2.163(2) Co02-N7 2.1591(19)
Col-N4 2.152(2) Co02-N8 2.164(2)
Col-Cll 2.2425(8) Co2-C12 2.2267(7)
N1-Col-N2 81.84(7) N5-C02-N6 81.13(7)
N1-Col-N3 136.78(8) N5-C02-N7 136.47(7)
N1-Col-N4 81.19(8) N5-C02-N8§ 82.44(7)
N2-Col-N3 82.04(8) N6-C02-N7 82.15(7)
N2-Col-N4 135.18(8) N6-C02-N8§ 135.14(7)
N3-Col-N4 82.66(9) N7-C02-N§ 81.74(7)

2a 2b
Col-N1 2.137(4) C02-N5 2.154(4)
Col-N2 2.179(4) C02-N6 2.162(4)
Col-N3 2.149(4) C02-N7 2.151(4)
Col-N4 2.166(4) C02-N8 2.174(4)
Col-Brl 2.4017(10) C02-Br2 2.3641(8)
N1-Col-N2 81.35(15) N5-C02-N6 82.32(15)
N1-Col-N3 135.26(18) N5-C02-N7 136.29(14)
N1-Col-N4 82.62(15) N5-Co2-N8 81.79(15)
N2-Col-N3 81.23(16) N6-C02-N7 82.32(15)
N2-Col-N4 136.40(17) N6-C02-N8 134.87(15)
N3-Col-N4 82.31(17) N7-C02-N8 82.25(16)
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Fig. S1 XRD patterns for complex 1.
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Fig. S2 XRD patterns for complex 2.



(a) (b)
Fig. S3 Structure of the anion of (a) 1b and (b) 2b. Red, blue, green, orange and gray

spheres represent Co, N, Cl, Br and C atoms. H atoms are omitted for clarity.

Table SS The results of the continuous shape measure (CShM) analyses of 1-2 by
SHAPE software.53°

CShM value 1a 1b 2a 2b
Pentagon 33.413 | 32.657 | 33.722 33.446
Vacant octahedron 4.607 4.583 5.341 5.235

Trigonal bipyramid | 5.624 5.640 5.983 5.857

Five-vertex Spherical square 0.759 0.760 1.124 1.081

pyramid

Johnson trigonal 9.495 9.669 10.190 10.242

bipyramid
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Fig. S4 The weak interactions in the crystal structure of complex 1: (a) The one-
dimensional chain of molecule 1b (containing Co2); (b) two-dimensional sheet

formed from one-dimensional chain; (¢) Three-dimensional structure.
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Fig. S5 The weak interactions in the crystal structure of complex 2: (a) The one-
dimensional chain of molecule 2b (containing Co2); (b) two-dimensional structure

formed from one-dimensional chain; (¢) Three-dimensional structure.
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Fig. S6 Variable-temperature dc susceptibility data of 2 under 0.10 T applied dc field.
Inset: field dependence of the magnetization below 5 K for 2. Solid lines are fits to the

data with the program PHI.54

S-16



1.2
a) ] 2 1.8 K, 110 GHz

0.8

0.4 -

0.04

-0.4 4

Resonance Field/ T

0 —

0 50 100 150 200 250 300
Freqence/ GHz

Fig. S7 a) Representative HFEPR spectra of 2 at 1.8 K; b) Resonance field vs.

microwave frequency for EPR transitions for 2. The solid lines are for eye guide.
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Fig. S8 a) Representative HFEPR spectrum of 1 at 1.8 K (black) with the simulation
considering an effective spin S.;= 1/2 at low temperature; b) Resonance field vs.
microwave frequency for EPR transitions for 1 and the simlations considering an

effective spin S;= 1/2.
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(g,g,81), () -(g,g,2) (D)-(g, g, g ) The region of realistic g values

between 2 and 3 is indicated by a pink bar.



0.4

a) 1
034 —*—0T
—e—0.02T
- —4—0.04T
©° —v—0.06T
E 0.2 0.08T
© —<—010T
g 015T
g —e—020T
S - 0.1-
=N
0.0 e — — e o
- - T
10 100 1000
v/Hz
0.4

=) =
() W
1 [l

" 3 -1
Xy /cm mol
o

0.0 1

v/ Hz

Fig. S10 Frequency dependence of out-of-phase ac susceptibility (y,’") at 1.8 K under
the different applied static fields from 0 to 0.20 T for a) 1 and b) 2. The solid lines are

for eye guide.
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Fig. S11 Temperature dependence of in-phase (y,,") and out-of-phase ac susceptibility
(xa”) at different ac frequencies under the dc field of 0.08 T for 1. The solid lines are

for eye guide.
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(xa”) at different ac frequencies under the dc field of 0.10 T for 2. The solid lines are

for eye guide.
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Fig. S13 Cole-Cole plot obtained from the ac susceptibility data under 0.10 T dc field
in the temperature range of 1.8-2.5 K for 2. Solid lines represent the best fits to a

generalized Debye model.5#!
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Fig. S14 Relaxation time of the magnetization /n(z) vs T"! plots for 2. The solid blue

line represents Raman process.
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Table S6 Relaxation times 7 (s) and o values for 1 and 2.

1
T (K) xs xr 7(s) a
1.8 0.24 1.00 0.39x1073 0.09
1.9 0.21 0.99 0.27x1073 0.11
2.0 0.17 0.95 0.19x1073 0.12
2.1 0.11 0.92 0.12x1073 0.14
2.2 0.48x1073 0.88 0.74x10* 0.16
2.3 0.16x10° 0.84 0.55x10+ 0.14
2.4 0.24x107 0.81 0.42x104 0.13
2.5 0.38x10° 0.78 0.33x10* 0.09
2.6 0.59x10° 0.75 0.27x104 0.05
2
T (K) Xs xT 7(s) a
1.8 0.10 1.11 0.22x1073 0.21
1.9 0.24x1013 1.06 0.12x1073 0.24
2.0 0.39x1013 1.01 0.85x10* 0.23
2.1 0.62x1013 0.97 0.60x10+ 0.22
2.2 0.95x1013 0.94 0.39x10* 0.23
2.3 0.15x10°12 0.90 0.27x104 0.24
2.4 0.23x10712 0.86 0.16x10 0.26
2.5 0.41x10712 0.83 0.12x104 0.23
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Crystal system Monoclinic

Space group P2/c

alA 20.9973(15)
b/ A 10.3782(8)
clA 30.8762(19)
a(°) 90

B(°) 92.429(2)
() 90

V/A3 6722.3(8)

Z 8

Fig. S15 Structure for the anion of Zn(Il) analogs of 1. Purple, blue, green and gray

spheres represent Co, N, Cl and C atoms. H atoms are omitted for clarity.

Br2

@ Crystal system Monoclinic
Space group P2/c
alA 20.867(4)
b/ A 10.527(2)
clA 31.060(6)
a(°) 90.00(3)
B(°) 92.04(3)
7(°) 90.00(3)
VA3 6819(2)
4 8

Fig. S16 Structure for the anion of Zn(II) analogs of 2. Purple, blue, orange and gray

spheres represent Co, N, Br and C atoms. H atoms are omitted for clarity.
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Fig. S17 XRD patterns for complexes 1’ and 2’
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eye guide.
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Fig. S20 Temperature dependence of ac susceptibility at different ac frequencies

under 0.08 T for 1°. The solid lines are for eye guide.
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Table S7 Relaxation times 7 (s) and o values for 1’ and 2°.

T

T (K) xs xr 7(s) a
1.8 0.15 0.77 0.13x102 0.04
1.9 0.15 0.72 0.76x10-3 0.03
2.0 0.15 0.68 0.49x1073 0.02
2.1 0.13 0.65 0.30x10-3 0.03
2.2 0.10 0.62 0.20x10°3 0.04
2.3 0.14 0.59 0.14x1073 0.08
2.4 0.06 0.57 0.95x10 0.05
2.5 0.12x10-° 0.54 0.73x10* 0.86x10°14
2.6 0.23x10-¢ 0.53 0.51x104 0.89x10-14

2

T (K) Xs xT 7(s) a
1.8 0.11 0.83 0.11x1072 0.02
1.9 0.11 0.80 0.76x10°3 0.02
2.0 0.11 0.75 0.53x1073 0.005
2.1 0.09 0.72 0.35x1073 0.04
2.2 0.13 0.69 0.28x10°3 0.002
2.3 0.07 0.66 0.16x1073 0.06
2.4 0.07 0.63 0.11x1073 0.04
2.5 0.02 0.60 0.74x10 0.05
2.6 0.30x10° 0.58 0.49x104 0.07
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Fig. S24 The plot of In(z) versus T/ for 1° and 2°.
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Computational details

Mononuclear complex 3 has one type of molecular structure, but complexes 1 and
2 both have two types indicated as 1a, 1b, 2a and 2b, respectively. Complete active
space second-order multiconfigurational perturbation theory (CASPT2) considering
the effect of the dynamic electron correlation based on complete-active-space self-
consistent field (CASSCF) method with MOLCAS 8.4 program packageS* was
performed on the basis of single-crystal X-ray determined geometries of complexes
1-3, which are oriented with respect to a reference frame shown in Figure S26.

For the first CASSCEF calculation, the basis sets for all atoms are atomic natural
orbitals from the MOLCAS ANO-RCC library: ANO-RCC-VTZP for magnetic
center ion Co''; VTZ for close N atoms; VDZ for distant atoms. The calculations
employed the second order Douglas-Kroll-Hess Hamiltonian, where scalar relativistic
contractions were taken into account in the basis set. The effect of the dynamical
electronic correlation was applied using CASPT2 based on the first CASSCF
calculation. After that, the spin-orbit coupling was handled separately in the restricted
active space state interaction (RASSI-SO) procedure. For all complexes, the active
electrons in 5+5" active spaces include all d electrons (CAS(7 in 5+57)) in the
CASSCEF calculations. To exclude all the doubts, we calculated all the roots in the
active space. We have mixed the maximum number of spin-free state which was
possible with our hardware (all from 10 quadruplets and 20 from 40 doublets).
SINGLE ANISOS* program was used to obtain zero-field splitting parameters D (E)

(cm™), g tensors, energy levels, magnetic axes, et al., based on the above
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CASPT2/RASSI-SO calculations.

To deeply analyze the magnetic anisotropies of complexes 1-3, ORCA 4.2
calculations®* were performed with complete active space self-consistent field
calculations (CASSCF), followed by N-electron valence second-order perturbation
theory (NEVPT2). The spin-orbit coupling (SOC) operator used was the efficient
implementation of the multicenter spin-orbit mean-field (SOMF) concept developed
by Hess et al.5# The spin-spin contributions (SSC) to the D values were also included
although they are very small for our complexes. The NEVPT2546-549 calculation both
with seven 3d electrons in five Co 3d-based orbitals (CAS(7, 5+57) ) including 3d-
double shell effects were performed on complexes 1-3. In the calculations, the
orbitals were determined for the average of 10 S =3/2 and 40 S = 1/2 roots. All
calculations were performed with triple-C with one polarization function def2-TZVP

basis set for all atoms. S50-552
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Fig. S26 Calculated complete structures of 1-3. H atoms are omitted for clarity.
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Table S8 Calculated spin-free energies (cm!) of the lowest ten terms (S = 3/2) of the

Co''ion of complexes 1-3 using CASPT2/RASSI-SO with MOLCAS 8.4.

spin-free la 15 2a 2b 3
states E/cm™! E/em™! E/em! E/cm™! E/cm™!
1 0.0 0.0 0.0 0.0 0.0
2 427.9 611.5 283.8 667.5 375.7
3 480.0 763.5 511.9 765.2 1306.5
4 3444.6 3409.4 31444 3286.0 3095.4
5 7302.7 7477.8 7117.6 7325.3 7620.8
6 8051.4 7791.3 7682.7 7603.7 7973.2
7 10237.3 10049.7 10027.4 9934.3 10720.3
8 17485.1 17339.2 17434.3 17243.6 17326.4
9 17638.4 17502.9 17484.3 17527.0 17906.7
10 19362.5 19185.3 19926.7 19728.3 19138.7

Table S9 Calculated weights of the five most important spin-orbit states for the

lowest two spin-orbit states of complexes 1-3 using CASPT2/RASSI-SO with

MOLCAS 8.4.
Spin-orbit | Energy
Spin-free states, Spin, Weights

states (cm™)
1 0.0 1,1.5,0.6920 | 3,1.5,0.1710 | 2,1.5,0.1324 | 4,1.5,0.0022 | 14,0.5,0.0007
e 2 118.1 1,1.5,0.7012 | 2,1.5,0.1680 | 3,1.5,0.1229 | 4,1.5,0.0046 | 7,1.5,0.0013
1 0.0 1,1.5,0.7505 | 2,1.5,0.1503 | 3,1.5,0.0944 | 4,1.5,0.0025 | 15,0.5,0.0006
1 2 114.0 1,1.5,0.7990 | 3,1.5,0.0989 | 2,1.5,0.0948 | 4,1.5,0.0035 | 7,1.5,0.0015
1 0.0 1,1.5,0.6538 | 2,1.5,0.2661 | 3,1.5,0.0761 | 4,1.5,0.0029 | 5,1.5,0.0005
2 2 135.0 1,1.5,0.6859 | 3,1.5,0.1792 | 2,1.5,0.1283 | 4,1.5,0.0051 7,1.5,0.0013
1 0.0 1,1.5,0.7672 | 2,1.5,0.1373 | 3,1.5,0.0924 | 4,1.5,0.0021 5,1.5,0.0003
2 2 118.0 1,1.5,0.8117 | 3,1.5,0.0945 | 2,1.5,0.0882 | 4,1.5,0.0033 | 7,1.5,0.0016
1 0.0 1,1.5,0.6853 | 2,1.5,0.2837 | 3,1.5,0.0218 | 4,1.5,0.0066 | 5,1.5,0.0005
’ 2 162.3 1,1.5,0.8444 | 2,1.5,0.0827 | 3,1.5,0.0649 | 4,1.5,0.0038 | 5,1.5,0.0011
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Table S10 Contribution of the excited states (with relative energy, cm™!) to D values

(cm ) for complexes 1-3 using NEVPT2 with ORCA 4.2.

Contribution, cm™!
complexes | State No. Mult Energy, cm™!
D
1 4 404.6 55.2
2 4 566.3 43.4
4 4 6063.0 -3.0
la 6 4 8116.5 -85
1 2 17351.3 -1.4
2 2 17783.6 -1.1
4 2 19928.3 -1.1
1 4 461.4 50.3
2 4 617.5 48.3
5 4 64453 2.2
1b 6 4 8051.0 -8.4
1 2 17556.6 -1.4
2 2 17781.5 -1.2
4 2 19882.9 -1.3
1 4 481.8 52.1
2 4 690.3 43.8
6 4 8003.0 -10.3
2a 1 2 17267.4 -1.6
2 2 17598.3 -1.4
6 2 20277.4 -1.5
7 2 20448.3 -2.1
1 4 607.4 46.1
2b
2 4 676.8 45.4
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6425.3 -1.8
7936.3 -9.6
174443 -1.5
20355.2 -1.8
20419.9 -1.7
263.2 —86.2
2597.9 -10.7
6150.7 3.7
8690.0 0.6
17952.3 0.6
19981.2 0.7
20647.8 0.8
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Table S11 Relative energies (cm™!) of ligand field one-electron states (in the basis of

d-AOs) of complexes 1-3 from AILFT analysis using NEVPT2 with ORCA 4.2.

complexes No. LF one-electron state Energy, cm™!
1 1.00 dyy 0.0
2 0.91dy,+0.40d, 1973.6
la 3 0.96 dy, +0.27 dp 2352.8
4 0.87 d,,—0.40 dy,— 0.28 dy, 2666.4
5 1.00 dyo.yo 8025.2
1 —1.00 dyy 0.0
2 0.72 dy,— 0.54 d, + 0.43 dy, 2075.3
15 3 0.86 dy,—0.50 dy, 2319.0
4 —-0.84d,-0.48 d, - 0.26 dy, 2826.3
5 1.00 dyo.yn 7946.1
1 1.00 dyy 0.0
2 0.80 dy,+0.57 d, +0.17 dy, 1604.0
2a 3 —-0.62d,+0.57 dy,— 0.54 dy, 1813.4
4 —0.82 dy,+0.53d,,—0.20 dy, 2091.7
5 1.00 dyo.yo 7969.1
1 0.99 dyy 0.0
2 0.71dy, +0.68 d,, — 0.16 dy, 1659.0
2b 3 —0.98 dy,—0.13 d» 1996.3
4 -0.72d,+0.70 dy, 2246.7
5 1.00 dyo.yn 7892.1
1 1.00 d, 0.0
2 0.92 dyy+ 0.25 dy, + 0.26 d 2.0 2157.8
3 -0.92 dy,+0.32 dgy— 0.22 d o.40 2546.8
3
4 0.80 dyp.y2—0.47 d,,— 0.28 dy, 4054.0
—0.22 dyy
5 0.87 dp+ 0.48 d o420 7935.7
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Fig. S28 Orbital energies computed for the ground state of complex 1-3 using
NEVPT2 with ORCA 4.2.553-554 The percentage mention reveals the percent of the

corresponding configuration mixing.
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Fig. S29. Orientations of the local magnetic axes (red: g; blue: gy; green: g,) on Coll
ions of 1-3 in their ground spin-orbit states.
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