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1. Crystal data and experimental details for complexes

Table S1. Crystal data and experimental details for complexes, where L = (Cp)Fe(CpNN), L* = (Cp)Fe(CpIN)os(CpNN)ys, HoL'™ =

CpFe(CpImOH)"
Compound [Mn(hfac),L], [Co(hfac),L], {L[Co(hfac),],L*} (H,LY[Co(hfac);] {[Cu(hfac),]sL,} [Zn(hfac),L] [Zn(hfac),L]-0.25C4H 4
Formula Cy7Ho3F |, FeMnN,Oy | Cy7Hy3F1,FeCoN,Og | CssHysCorFo4FeoN4Opy | C3oHpCoF gFeN,O; | CogHagCusF36Fe,N4Oyg | Co7HosFoFeZnNy,Og | CogsHog sF2FeN,OgZn
FW 810.26 814.25 1612.51 1007.33 2115.38 820.69 842.24
T,K 296 296 296 296 296 296 296
Space group, Z P2,/n, 4 P2,/n, 4 Pbcn, 4 P2,/c, 4 P-1,1 P-1,4 P-1,4
a, 14.3528(3) 14.2966(11) 13.6953(13) 15.3968(19) 12.2065(12) 12.3105(6) 12.2352(11)
b, 15.6852(4) 15.5154(13) 21.185(2) 11.6830(10) 12.3811(12) 15.4830(8) 15.0010(14)
¢, A 14.5169(3) 14.4767(12) 21.563(2) 22.175(3) 14.0205(13) 19.1434(10) 21.498(2)
a, 90 90 86.613(5) 75.379(3) 72.553(4)
B 97.424(2) 96.601(5) 90 97.779(9) 71.390(5) 87.408(3) 89.059(5)
7, ° 90 90 83.519(6) 69.457(3) 76.936(5)
Vv, A3 3240.74(13) 3189.9(5) 6256.2(11) 3952.2(7) 1994.7(3) 3302.3(3) 3661.1(6)
D, g cm” 1.661 1.695 1.713 1.693 1.761 1.651 1.528
Omax,> deg. 28.296 28.314 67.956 25.350 29.602 28.723 67.922
I (meas/uniq) / 32946 /7920 31466/ 7926 37249/ 5655/ 39717 /7239 / 38678 /10991 / 56995/ 16786/ 35506/ 12953 /
Rine 0.0814 0.1040 0.1019 0.1702 0.0550 0.0760 0.0557
GooF 0.821 0.790 0.932 0.661 0.817 0.823 1.005
Ihwa(I>20) / Ns 3628 /523 3054 /479 4066/ 599 2278 /663 4993 /715 7403 / 1054 7674 /937
R, / wR, (I>20)) 0.0443/0.0790 0.0502/0.0739 0.0408 / 0.0999 0.0401 /0.0451 0.0403 / 0.0895 0.0411/0.0885 0.0652/0.181
CCDC 2298179 2298176 2298180 2308668 2298178 2298181 2298177
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2. Selected bond lengths and angles

Table S2. Selected bond lengths (A) and angles (deg) in discussed compounds, where L = (Cp)Fe(CpNN), L* = (Cp)Fe(CpIN)os(CpNN) s,
H,L"™ = CpFe(CpImOH)"

Compound M-Oxo | M-Opne | ZMOyoN | FeCg, N-O ZOxoMOyo | ZCp-NN | Zhfac-hfac | £Cp-hfac Sfr; &25350
2171Q2)- | 2.127(2)- | 135.5(1)- | 1.982(5)— | 1.297(2) - i}
[Mn(hfac),L], 2176(2) | 2.1562) | 136.5(1) | 2.0453) | 120202) | 16487 2.2 16.3
212302 | 2.034(2)- | 132.5(2)- | 1.977(8)— | 1.296(3) ) )
[Co(hfac),L], 21692) | 2.0722) | 135.52) | 2.0524) | 1.2003) | 167313 1.2 13.9
CuO, | 2.666(2) | 1.9152)- | 152.4(1) 12670~ | 18000 180 - -
{[Cu(hfac),]sL,} 1.993(2) 2.009(4) 24.0
Cu0s | 1942(2) | 5010 | 120.5(1) | 2.034¢4) | 1308() - 85.9 16.8 3.49
13233)
Znl | 1986 | | ggein | T80 | 5oraay | 1ooac) 17.7 545 13.5 3.52
[Zn(hfac),L] 2.071(2) 2.055(3) | 1.32003)- -
72 | 1976@2) | % 18.6(1) | > : 28.4 535 18.1 3.63
1.264(3)
1.334(5)
oty | 20 | 199 | sera [ 1780 | ho136 | o6t ) 234, 495 17.8 3.67
025Cethe 70 | 1ogi@) | 207 | 108y | 20990 11'322699((55))’ 225 56.9 212 3.66
2.095(2)— | 2.048(2)— | 119.9(1), | 1.98(2)- | 1.349(2)
% . — —_
{L[Co(hfac)LL*} 2.184(2) | 2.0842) | 1349(1) | 2.0584) | 1301(5) 19.1 89.1
, ) 20520y | 2.004(5) ) ) ) )
(H,L)[Co(hfac)s] 05 06 | 1368 1.2
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3. Ferrocenyl-substituted nitronyl nitroxide L, their reduced derivatives L*, H,L" and
nitronyl ketone LY

O OH o
i S A
/ / / /
< : NH
Fe (|)° Fe (I)' Fe Fe o
N (SN N £

L L* L' Ld

Scheme S1. Ferrocenyl-substituted nitronyl nitroxide L, its reduced derivatives imino nitroxide L* and
hydroxy-imidazolinium cation H,L'", and model diamagnetic analog nitronyl ketone L.

4. Fragments of crystal structures

C

Figure S1-1. Crystallographically independent parts of chains [Mn(hfac),L], (a), [Co(hfac),L], (b) and
molecule {[Cu(hfac),];L,} (c). Colour legend: N — blue, O — red, H — white, C — grey, F — green, Cu —
cyan, Fe — dark orange, Mn — green, Co — violet. Principle ellipsoids for non-hydrogen atoms are given
with 50% probability level.
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Figure S1-2. Crystallographically independent parts of {L[Co(hfac),],L*] (d) and H,L'[Co(hfac);] (e),
structure of molecules in [Zn(hfac),L] (f) and [Zn(hfac),L]-0.25CsHy4 (g). Colour legend: N — blue, O —
red, H — white, C — grey, F — green, Fe — dark orange, Co — violet, Zn — smoky. Principle ellipsoids for
non-hydrogen atoms are given with 50% probability level.
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5. Crystal structure of binuclear {L.[Co(hfac),],L.*} and complex salt H,L'[Co(hfac);]

Figure S2. Short intermolecular contacts in crystal structures of {L[Co(hfac),],L*} (a) and
H,L'[Co(hfac);] (b). Colour legend: N — blue, O — red, Fe — dark orange, Co — violet, carbon skeleton —
grey; H atoms, CH3- and CF;-groups are omitted for clarity; short contacts Oyo...N in {L[Co(hfac),],L*}
are highlighted in yellow (a), H-bonds in H,L’[Co(hfac);] are coloured in cyan (b).

In the reaction of L with Co(hfac), xH,O along with the chain-polymer complex
[Co(hfac),L],, the formation of binuclear {L[Co(hfac),],L.*} and complex salt H,L'[Co(hfac);]
were observed (Fig. S2).

According to SC XRD data, the molecule of the binuclear {L[Co(hfac),],L*} complex is
centrosymmetric and in the crystal structure the superposition of nitronyl and imino nitroxides is
observed (Fig. S2a). Uncoordinated Ono atom of the paramagnetic ligand occupies the position
with the weight 4 in the centrosymmetric molecule. In {L[Co(hfac);],L*} two Ono atoms of the
paramagnetic ligands L and L* act as bridges, linking two Co(hfac), fragments with cis-
coordinated hfac ligands. In this case, the Co-Ono bonds and corresponding ZCoOnoN angles
are different (2.095(2) and 2.184(2) A and 119.9(1) and 134.9(1)°, respectively). The N-Oc,
bond length is equal to 1.349(2) A and is typical for this kind of bridging coordination of the
nitroxide group (average 1.35(2) A).! Nitronyl nitroxide fragment and the associated Cp ring in
the paramagnetic ligands are non-coplanar; their planes are rotated at an angle of 19.1°. There are
some short Oxo- N contacts between neighboring molecules of the complexes (3.172(5) A).

Co-O distances in the [Co(hfac);]” complex anion of H,L'[Co(hfac)s;] consist of

2.052(3)-2.081(3) A are indicative of Co*" charge state. Thus, ferrocenyl derivative remains in
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its protonated state H,L". Fe-Ccp distances in HoL'" are typical for the discussed series of
compounds (Table S2). While N-O bond length in H,L"™ (1.368(4) A) is substantially longer than
the one in nitronyl nitroxide L (~1.32 A). It should be noted, that NOH-group in H,L" is
remarkably out of {CN,} plane, which is common for diamagnetic hydroxylamines. Bond
lengths C-N are nearly equal (1.317(5)-1.328(6)) in the {CN,O} fragment due to conjugation
effect. Hydrogen atoms of H,L" form hydrogen bonds to Oy, atoms linking ions into ribbons

(Fig. S2b).

6. Comparison of trans- and cis-chains

C

Figure S3. Fragments of chains in #rans-[Mn(hfac),L], (a), cis-[Mn(hfac),(NN-Naph)], (b),> and
cis-[Mn(hfac),(NN-Ph30Ph)], (c).> Colour legend: N — blue, O — red, Fe — dark orange, Mn — green,
carbon skeleton — grey; H atoms, CH;- and CF;-groups are omitted for clarity; intrachain contacts C---C
are shown in yellow.
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7. Powder X-ray Diffraction patterns
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Figure S4. Comparison of the experimental powder diffraction pattern (black lines) with that
simulated from the single crystal structure (red lines) of [Mn(hfac),L], (a), [Co(hfac),L], (b),
{[Cu(hfac),];L,} (c), and [Zn(hfac),L] (d) at 296 K.
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8. Magnetic susceptibility measurements
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Figure S5. Zero field cooled (o) and field cooled (®) magnetization at 150 Oe for [Mn(hfac),L],
complex.
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Figure S6. Field dependences of magnetization for [Mn(hfac),L], (a: -e- at 2 K, solid line only guide)
and for [Co(hfac),L], (b: - A - initial magnetization curve from 0 to 67.0 kOe at 2 K, -®- hysteresis loop
from -90.0 to 90.0 kOe at 2 K, and -0- magnetization curve from -90.0 to 90.0 kOe at 20 K; solid lines
only guide).

In the case of the chain-polymer complex [Mn(hfac),L],, there is no hysteresis in the field

dependences of the magnetization curves, and the initial magnetization curve coincides with the
subsequent ones (Fig. 6a, black circles). The magnetization of [Co(hfac),L], at 2 K increases
stepwise to ~0.65 Nup in the low magnetic field region, then gradually increases to ~ 0.77 Nup
when the magnetic field is increased to 45 kOe. Above 45 kOe, the magnetization increases more
sharply (Fig. 6b, red triangles), but saturation cannot be achieved on MPMSXL and PPMS
systems H™ypus = 70 kOe and H™ppys = 90 kOe). Therefore, hysteresis curves were
measured on the PPMS device (Fig. 6b, black circles) by achieving full saturation of ~ 2.0 NuB
at 20 K (Fig. 6b, empty blue squares) and then lowering the temperature to 2 K while
maintaining the field value at 90 kOe.
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Figure S7. In(y'T) vs. 1/T for [Co(hfac),L], under zero DC field (solid red line corresponds to a linear
fitting).

For Ising one-dimensional ordered spin systems, the value of 'T, where y' is the real part
of the magnetic susceptibility, increases exponentially as the temperature decreases, according to
the expression y'T' = Cesrexp[4s/(ks- T)], where Ces is the effective Curie constant of the repeating
fragment (Cer = 1 for Serr = 1), and 4¢ is the energy required to create a domain wall within the
chain, reflecting the degree of correlation between spins.” The susceptibility was measured in a
magnetic field with amplitude of 3.5 Oe, oscillating at a frequency of 1.0 Hz, in the absence of
DC magnetic field in the temperature range of 2-90 K. The linear dependence of In(y'7) in
coordinates In(y'T) vs. 1/T in the range of 60-90 K confirms the one-dimensional ordering in
[Co(hfac),L],, and the optimal parameters for the linear approximation of the data were: 4; =
171(4) em™, Cer = 1.66(14) cm’K-mol™. At temperatures below 40 K, the curve saturates,
which is characteristic of the presence of defects (finite-size effect). The strong correlation
between spins in the chain suggests that [Co(hfac),L], is a single-chain magnet with a high

energy barrier for magnetization reversal.
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Figure S8. Temperature dependencies of y' (in-phase) and y" (out-of-phase) components of the AC
magnetic susceptibility for [Co(hfac),L], (under zero DC field with the ac field of 3.5 Oe and the
frequency varies in range 0.01-1488 Hz; solid lines only guide).
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Figure S9. Frequency dependencies of y' (in-phase) and y” (out-of-phase) components of the AC
magnetic susceptibility (under zero DC field with the ac field of 3.5 Oe and the frequency varies in range
0.01-1488 Hz) at different temperatures for [Co(hfac),L], (a, the solid lines represent fitting using a
single generalized Debye model) and [Mn(hfac),L], (b, solid lines only guide).
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Magnetic modeling

Experimental curve y7(7T) for [Co(hfac),L], was fitted using the branch chain model with the
following spin Hamiltonian:

H = %{=2J[Sco.iz) (ki) + Sri-1)] + JaLcoi)Sco,itz) + DLtz = pH (GcoSco iz +
GRSRiz+k£LC0,i2)},

where J — intrachain exchange parameter; gr = 2 (fixed), gco — g-factors of the radical and Co*"
ion; D — single-ion anisotropy parameter of Co>" and & — orbital reduction factor.’

The fitting was performed using the following equation:

(ua+c)?

Nu? [u?a + 2uc + ——+d]
kg a+b
a = [2e% cosh(3y) + 1] cosh(6x) + [2eZ cosh(y) + 1] cosh(2x)
b = 2[e“(cosh(3y) + cosh(y) + 1]
c ={e?[e™3(3v — k) + €3’ (Bv + k)] + 3v} sinh(6x)
+{e“le™P(v—k) + e™Y(v + k)] + v}sinh (2x)

d ={e?[e7¥(Bv —k)? + e3Y(Bv + k)?] + (3v)?}(1 + cosh(6x)

+ {e?[eY (v — k)? + e¥ (v + k)?] + v?}(1 + cos[1(2x))

IR. v = dco
2 2

— J . — —Ja . — -D .
X = Yy = s Z =,
2kpT 2kpT kT

xT

Frequency dependences of the in-phase (y’) and out-of-phase (y") AC magnetic susceptibilities

were analyzed using the generalized Debye model:

1+ (wt)! %sin (nz—a)

, _ n _
x (@) = xs (r — Xs) 1+ 2(wt)'~%sin (%a) + (wT)Z—Za

(wt)"%cos (nz—a)

x'(@) = xr — xs
1+ 2(wt)t~%sin (%a) + (w1)?~2%«

where yr— adiabatic susceptibility, ys — isothermal susceptibility, 7 — relaxation time and o —

parameter that describes width of a relaxation time distribution.
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9. Quantum chemical calculations

Figure S10. Isolated L*-Co-L" fragment with two diamagnetic ligands L* (Scheme 1S) being used to
evaluate D-tensor by ab initio CASSCF quantum chemical calculations. Directions of the D-tensor main
axes are shown by the corresponding arrows. The calculated values of the D-tensor are D =-116 cm™ and
E/D=0.21.

Table 3 shows the energies of the six lower Kramers doublets for the L-Co-L* complex,
calculated using CASSCF(7.5). According to these calculations, the description of the magnetic
properties of the L%-Co-L! complex up to temperatures T of about 250 K can be limited by two

lower doublets (and then the D-tensor approximation can be used).

Table S3. Energies of the six lower Kramers doublets for the L-Co-L?
Kramers doublet number 0 1 2 3 4 5
Kramers doublet energy /cm™  0.00 248 598 945 1794 1918
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