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Figure S1: High-resolution mass spectrometry for 9-PhentNIT.



Table S1: Crystallographic data and structure refinement for 1 and 2.

Compound 1 2
Chemical formula Cs1H23N2F1206Mn C31H23N2F1206C0
M (g mol™?) 802.44 806.44
Temperature, (K) 100(2) 110(5)
Wavelength, (A) 0.67018 0.67018
Crystal system Monoclinic Monoclinic
Space group P21/n P2:/n
a(A) 23.526(17) 23.179(10)
b (A) 13.451(9) 13.712(8)
c(A) 24.162(15) 23.894(8)
a (%) 90 90
V4Q) 113.970(6) 113.409(10)
0 90 90
V (A3 6987(8) 6969(6)
Z 4 4
Dc (g cm™) 1.526 1.537
u (mm?) 0.416 0.516
F(000) 3232 3248
0 range (deg.) 1.6-23.811 1.621-24.119
Index range -28<h<28 -28<h<28
-16<k<16 -16<k<16
-28<1<28 -28<1<28
Data collected! Independent  3108/12756 [Rn=0.1111]  84611/13150[Rin=0.0787]
Data / restraints / parameters 12756/119/867 13150/132/905
GOF 1.038 1.043

Final Ry, wRz [1>26(1)]
R1, WR2 (all data)
Apmin/Apmax (e A-g)

0.0954, 0.2712
0.1571, 0.3269
1.228, -0.617

0.0818, 0.2267
0.1097, 0.2552
1.237, -0.932

Table S2: Analysis of coordination environment of manganese(l1) and cobalt(I1) ions

for 1 and 2, respectively.

Compound | Metal Oh TPR-6 PPY-6  JPPY-6 HP-6
Mn1 2.64 7.08 20.6 24.2 31.0

1 Mn2 3.26 5.98 20.3 24.0 318

Col 1.42 9.47 23.5 27.1 30.9

2 Co2 1.15 10.3 23.6 27.2 30.3

Oh = Octahedron, TPR-6 = Trigonal prism, PPY-6 = Pentagonal pyramid, JPPY-6 = Johnson
pentagonal pyramid J2, HP-6 = Hexagon.



Table S3: Distortion parameters calculated from the octahedron for 1 and 2.

Compound | Metal  dmean (A) ¢ >0 o VA
Mnl 214 0118 938 427 1255

L Mn2 214 0139  99.1 369 12.4

) Col 207 00715 708 265 115

Co2 206 00742  66.0 230 115

Table S4: Selected bond lengths and bond angles for 1. *Symmetry operation; 1-x,-1/2+y,3/2-z

Bond lengths (A)

Mn1-O1 2.100(5) Mn2-O7 2.103(5)
Mn1-O2a* 2.118(5) Mn2-O8a* 2.115(5)
Mn1-O3 2.155(5) Mn2-09 2.166(6)
Mn1-04 2.151(5) Mn2-010 2.156(5)
Mn1-O5 2.167(5) Mn2-011 2.163(5)
Mn1-06 2.138(5) Mn2-012 2.161(7)
Bond angles (°)
01-Mn1-O2a* 81.64(17) O7-Mn2-08a* 81.7(2)
01-Mn1-03 163.53(18) O7-Mn2-09 162.6(2)
01-Mn1-04 86.10(19) 07-Mn2-010 86.0(2)
01-Mn1-05 91.64(18) 07-Mn2-011 89.9(2)
01-Mn1-06 110.40(18) 07-Mn2-012 112.6(2)
0O2a*-Mn1-03 92.26(17) 0O8a*-Mn2-09 90.5(2)
0O2a*-Mn1-04 108.91(18) 0O8a*-Mn2-010 110.1(2)
0O2a*-Mn1-05 163.92(18) 0O8a*-Mn2-011 162.9(2)
0O2a*-Mn1-06 87.70(18) 0O8a*-Mn2-012 88.8(2)
03-Mn1-04 81.41(18) 09-Mn2-010 81.1(2)
03-Mn1-05 97.90(18) 09-Mn2-011 101.7(2)
03-Mn1-06 84.47(18) 09-Mn2-012 83.6(2)
04-Mn1-05 85.03(18) 010-Mn2-011 83.9(2)
04-Mn1-06 158.50(17) 010-Mn2-012 155.63(18)
05-Mn1-06 80.94(18) 011-Mn2-012 80.7(2)




Table S5: Short contact distances between fluorine atoms for 2. *Refers to a fluorine
atom originating from disorder

F--F(A)
Compound 2
F1---F14 3.120(30)
F8---F13a* 2.956(15)
F8---F22 3.050(8)

Experimental (1)

— Simulated (1)

Experimental (2)
—— Simulated (2)

5 10 15 20 25 30
20 (°)

Figure S2: Simulated and experimental powder X-ray diffraction patterns for 1 and 2.



Figure S3: View of the unit cell of compound 2. Enantiomeric atoms: Pink (Col/A), cyan
(Col1/A), green (Co2/A) and orange (Co2/A). Atoms: carbon (black), nitrogen (blue) and oxygen
(red). Methyl groups, hydrogen, and fluorine atoms were omitted for clarity.



Fit of magnetic susceptibility of 1
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Figure S4: Field dependence of magnetization at different temperatures for 1 with the inset
highlighting the absence of hysteresis

Table S6: Geometrical parameters and J values for selected Mn(11)-Nit chains.

Compound {ZAI';II\III)T Mn-O (A) O_l\(/‘[,? -0 Mn(—:)) N Mn-(OO;N-C Ref.
Mn(hfac),NITPhOMe 344 2 8 86.9(2) B;l g; 22'2 % 3
[Mn(hfac);NIT(Ph-m-OPR)"  -220 g ijﬁ 8; 88.1(1) Eggg; ;g;gj; 4
[Mn(hfac)s(NaphNN)1,¢ 2298 ; (léggg 85.3(2) 33283 :2‘7" (5)8 5
[Mn(hfac)(pyrNN)}* 75 Sloem SO s 76a08
21005 oo 12514 72000
[Mn(hfac)s(9-PhentNIT)], 2238 ; }(1)28 32‘9‘% ;?ég This
21155) ST 404y 7139)

aNITPhOMe = 2-(4-methoxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide, °NIT(Ph-m-OPh) =
3-(1-Phenoxybenzene)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide, °NaphNN = 2-(1’-naphthalenyl)-
4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazole-3-oxide-1-oxyl, 9pyrNN = 2-(1'pyrenyl)-4,4,5,5-
tetramethyl-4,5-dihydro-1H-imidazole-3-oxidel-oxyl.



Fit of magnetic susceptibility of 2
The T vs T data was fitted using the branch chain (Eq. S4) model, where Sco =
3/2 and Sr = ¥, using the Hamiltonian described by Eqg. S3.

{—] [Scoi)- (Sricz) + Sri-1))] + JaLcoiSco,icz) + DLCO,L',(Z)Z}
H= Z —teH (gcoSco,i(z) + GrSR,i(2) T KLco,i () (S3)
1
2
Np |u?a + 2uc +%+d
xT = (S4)
kg a+b

With:
a = (2e#cosh3y + 1) cosh6x + (2e% coshy + 1) cosh 2x
b = 2[e?*(cosh3y + coshy) + 1
c={e?[e™3¥(Bv —k) +e3Y(3v + k)] + 3v}senh 6x
+ [ez(e‘y(v — k)) +eY(v+k)+ v]senh 2x
d ={e?[e™3Y(Bv —k)? + e3Y(Bv + k)?] + (3v)?}(1 + cosh 6x)
+{e?le (v —k)* +e¥Y(w + k)?] + v2}(1 + cosh 2x)

:g—R U:&' x:L' = _]a . Z:i
2’ 2 4k, T’ 7 T 2UpT’ kgT

u

J represents cobalt(I1)-radical exchange interaction, B is the Bohr Magneton and
k is covalency factor, kg is Boltzmann’s constant, T is temperature and gr and gco are the
Landé factors for the radical and cobalt(Il), respectively. Ja is the effective spin-orbit
coupling, which can be related to the spin-orbit coupling parameter () through the
expression Ja = —(3/2)kA.

The best fit parameters obtained were: J/kg = —(253+10) K (-176+7 cm™), Ja/ke
= 216 K (150 cm™) fixed, D/kg = —144 K (-100 cm™) fixed, gco = 2.9+0.3, gr = 2.0
(fixed) and k = 0.7 (fixed) for T > 69 K. Some parameters were fixed to avoid
overparametrization. The orbital reduction k was fixed to 0.7, a typical value observed for
hexacoordinated cobalt(Il) ions.! Using the k value (0.7) gives the spin-orbit coupling

parameter A= —143 cm, not far to the value observed for cobalt(Il) free ion? —180 cm™.
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Figure S5: Temperature dependence of ZFC (black, open circles) and FC (red, filled circles)
magnetic susceptibilities for 2 at 100 and 1000 Oe.
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Figure S6: Field dependence of magnetization at different temperatures for 2. At 5, 15 and 20 K
hysteresis is observed
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Figure S7

: Hysteresis on an expanded scale
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Figure S8: Evolution of the average coercive field with temperature




Treatment of ac magnetic susceptibility of 2
Isothermal frequency dependence of in phase (y )and out of phase (y )
magnetic susceptibilities were fitted using a sum of two Casimir and Dupré expression

according to Eq. S6-Eq. S7.

(ZT _Zs)A + (ZT _ZS)B
1+ (iwr,)™ 1+(iwr,)™

ls,total = IS,A + ZS,B

Z(w) =Xsa + Xss +

Eq. S5

1+ (o7,) ™ sin(z22) (wr,) sin(r %)
ll(w):}(s,mm"’_()ﬁ _ZS)A a +(XT —Zs)s
1+ 2(wz, ) sin(x 7") + (w7, )"

1+ 2(o7,)™ sin(z %) +(wr,)> "

Eq. S6

(wz,)"" cos(x %) (wz,)"" cos(x “78)

Z“(a)):(ZT _ZS)A o +(IT _Zs)B
1+ 2(wz,) ™ sin(x 7’*) +(w7,)* "

2-2a,

14 2(wz, )™ sin(z “—28) +(w1,)

Eq. S7
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Figure S9: Frequency dependence of imaginary magnetic susceptibility at 25 K for 2 with the
best fitted curves represented by red lines considering one relaxation process (left) and the sum
of two relaxation processes (right). Black and blue lines represent the calculated curves for the S
and F processes, respectively.
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Figure S10: Frequency dependence of imaginary magnetic susceptibility at different
temperatures. The red lines represent the sum of the two relaxation processes. Black and blue
lines are the calculated curves for the contribution of S and F processes, respectively.



Table S7: Relaxation fitting parameters obtained using Eq. S6-S7 for 2. These parameters
were used to calculate the Cole-Cole plot.

(rr-xs) (xT-x5)2
T(K)| (cm®*mol?) o ul) (cm® mol?) 2 wlo)
F process S process

20 3.31 0.19 9.85.10™ 12.0 0.33 6.51-10
22 3.27 0.19 2.02:10* 30.5 0.48 0.131
25 4.26 0.25 3.22:10° 42.6 0.48 5.12.102
27 7.90 0.45 8.93-10° 31.7 0.40 1.10-10
30 3.60 7.8:10? 5.81-10° 30.6 0.42 2.16:10°
35 5.48 ~0 1.09-10°° 26.3 0.36 2.07-10*
40 - - - 30.5 0.38 1.37-10*
45 - - - 21.0 0.33 1.87-10°

Table S8: Coercive fields at respective temperatures and blocking temperatures for the
compounds for selected compounds

Compound He | T (kOe | K)  Tg(K) Ref.
[Co(hfac)2(NITPhOMe)]? 102 - 7
[Co(hfac)2(PyrNN)]q-0.5¢cf-0.5hep P 32|8 14 8
[Co(hfac)2(NaphNN)]. 49 | 4 13.2 9
Co(hfac)(MeONapNIT)¢ 62 |7 14 10
Co(hfac)2(EtONapNIT)? 657 11 10
[Co(hfac),PyrNN],-0.5bf-0.5hepP 51|5 13.4 11
[Co(hfac).L]n® 542 13 12
[Co(hfac)2(9-PhentNIT)]n 1.0]2 15.5 This work

ANITPhOMe = 2-(4-methoxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide, °pyrNN = 2-
(1'pyrenyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazole-3-oxide1-oxyl, “NaphNN = 2-(1'-
naphthalenyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazole-3-oxide-1-oxyl, “R-NapNIT = R-NapNIT =
2-(2'(R-)naphthyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide, R = MeO or EtO), °L = 2-ferrocenyl-
4,4,5,5-tetramethyl-4,5-dihydro- 1H-imidazole-1-oxyl, cf = chloroform, bf = bromoform, hep = n-
heptane.
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