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The assembling of [Mn(5-MeOsalen)(H,O)]* and [(Tp)Fe(CN)s]~ coupling® prompted us for the design and investigation of
affords the one-dimensional zigzag chain [(Tp)Fe(CN)sMn(5- similar extended systems. The presented compound, [(Tp)-
MeOsalen)-2CH;OH], [1; Tp~ = hydrotris(pyrazolyl)borate and Fe"'(CN)sMn"' (5-MeOsalemPCH:OH], (1), has negativ®
5-MeOsalen?~ = N,N-ethylenebis(5-methoxysalicylideneiminate)]. and positive] parameters. Even not having SCM features

offers an interesting magnetostructural case.

Compoundl was obtained as dark-brown crystals by the
reaction of (ByN)[(Tp)Fe(CN})]® (BusN* = tetrabutylam-
monium) and [Mn(5-MeOsalen)@®)](PF)° in a 1:1 molar
ratio in methanol. Crystallography d&taeveal the one-
dimensional (1D) neutral polymer [(Tp)EE&CN);Mn' (5-

The corroborated experimental and ab initio data indicate ferro-
magnetic Fe(lll)=Mn(lll) couplings and D < 0 anisotropy on Mn-
(II1). The field-induced metamagnetic behavior is due to interchain
effects.
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Figure 1. Structure of the 1D chain fot with magnetic exchanges as
indicated. H atoms and methanol molecules are omitted for clarity.

Figure 2. ymT vsT for 1. Solids lines: fit with different interchain models.
Inset: dependence of relative magnetizafibns H andT computed using
the Ising-like interchain interaction model, parallel with the experimental
pattern (Figure S4 in the Supporting Information).

MeOsalen)], with free solvate methanol into the crystal
spaces (Figures 1 and S1 in the Supporting Information).
The zigzag pattern is determined by the cis topology of
bridges emerging from [TpFe(CH). The Mn ion is six-
coordinated in an elongated octahedral geometry (formally,
a Jahn-Teller distortion). The equatorial plane is occupied
by N,O, donor atoms of 5-MeOsalen [MIN(1) = 1.986-

(2) A, Mn—N(2) = 1.980(2) A, Mn-O(1) = 1.873(2) A,
and Mn-0O(2) = 1.863(2) A]. The chain shows two
alternating types of FeC=N—Mn bridges, labeled here a
and b, closely similar in bond lengths, e.g., (MN),
2.364(2) A and (Mr-N), = 2.320(2) A, but having different
bond and dihedral angles, like #N—Mn), = 161.7(2) vs
(C=N—Mn), = 151.1(2Y and (Fe-C=N—Mn), = 23.7 vs
(Fe—C=N—Mn), = 158.2. Such geometry factors deter-
mine quantitative differentiation in the exchange parameters.
The Fe-C bond lengths [1.920(3)1.933(3) A] are in the
range known for other low-spin Fe(lll) complex&§he Fe-
C=N angles for both terminal [174.5(3) and bridging
[174.4(3) and 175.7(8) cyanide groups depart slightly from
linearity.
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Figure 3. Field dependence of the magnetization foat 1.8 K. Lower
inset: Experimental magnetization isotherms at temperatures as indicated.
Upper inset: magnetization isotherms simulated by the model.

asH increases and disappears fér> 3500 G, proving a
field-induced transition from an antiferromagnetic to a
ferromagnetic ground statéac susceptibility measurements
at different frequencies (500, 1000, and 1400 Hz) in a zero
dc field show a zero out-of-phase componeyit)(and the
in-phase oney) practically coincident to thgy curve. No
frequency-dependent behavior was observed. The transition
temperatureTy) can be estimated as 4.4 K by the maximum
of d(y'T)/dT at 1000 Hz. The field dependence of the
magnetization up to 50 kG was measured at various
temperatures (1.8, 2.8, 3.8, and 5.0 K; Figure 3). As the
temperature is reduced, the isotherms become increasing
sigmoidal. The value of the critical fieldH¢) is 3600 G (the
inflection point in the inset of Figure 3). The curve at 1.8 K
has the behavior expected for a metamagnet with a large
anisotropy. Up to 50 kG, the maximum recorded magnetiza-
tion, ~3 Nug, is not reached, yet the saturation value,
OvnSunt GreSre ~ 5 Nug, shows, however, a firmly increasing
slope.

The alternating topology is described withandJ, Mn-
(11 —Fe(Il) coupling parameters (Figure 1). The anisotropy
of Mn(lll) is accounted for by th® axial ZFS term. Under
periodicity conditions, the infinite chain is equivalent to a
ring. The finite alternating MnFé},, rings can be cut in two
ways, throughl, or J, contacts. At sufficiently large, the
magnetism of the ring and open chains converge identically.
Taking an average afuT computed for the ring and the
two chains, one achieves a smooth trend to the simulation
of the infinite chain. We afforded the fit for the= 3 case,
with larger systems being prohibitive in iterative procedures
(the number of spin states is 0A mean-field parameter
(zJ < 0) was tentatively considered to explain the decrease

The dc magnetic measurements were carried out on aof ywT in the 1.8-4 K range. However, the fit witly =

polycrystalline sample in the range of 800 K at an

2.11,J,=1.93 cn1}, J, = 1.83 cm!, zJ= —0.19 cnT?,

external field of 1000 G. For magnetization measurements,andD = —2.41 cn7* does not show a good curve match.
the sample was restrained in eicosane to prevent torquing.Thorough improvement attempts revealed the intrinsic
The yuT curve, with a ferromagnetic main pattern and an incapacity of the mean field to account well for the case.

antiferromagnetic trend at low@t is shown in Figure 2. At
low temperatures] exhibits peculiar magnetic properties.
As shown in Figure S4 in the Supporting Informaticy,
reaches a maximum at 4.8 K for low fields, which broadens

The mean field works with a—zJ}S[S0 Hamiltonian
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defined as an lIsing-like term between spin projections of

eachi state and the averaged spin projecfidit. does not

introduce new states, amending only the free system ones.

For two interacting chains, witlN states each, the full

Heisenberg or Ising coupling would produd¢?® levels,

prohibitively multiplying the number of states, beyond the

necessary phenomenology of the weakinteraction. The compro-

mise between standard mean-field and regular interchain

Ising models is reached by conceiving Ising-like terms acting

only between degenerate states of the two chains. Then,

instead ofN2 states, we introduceN2ones for th,e resQnant Figure 4. Spin-density maps from broken-symmetry DFT calculations
interaction of chain levels, ascribed by thaJ-SZ(l) SZ(Z) for the a dimer sequence (n blue; 3 in light yellow). The solid surfaces
term, with (1) and (2) labeling the chains. The coupling correspond to 0.05 e & and the transparent ones to 0.002€ Aovalues.

parameter in the new Hamiltonian is conventionally kept in corresponding a and gFeMri dimer moieties taken from
thezJnotation. Itis intuitive that the resonant effects between o experimental geometry lead Jo= 2.4 cnr® andJ, =

degenerate levels play a higher effective role thanSti) 1.7 cn1! estimations, which are consistent with the range
§(2) cross terms. and sign of the experimental fit values.

With this modelymT can be fitted in an excellent manner, The spin populations along the cyanide bridge show the
giving g = 2.11,J, = 1.66 cm?, J, = 1.21 cm!, zZ) = following patterns: MAN°COPFele for the broken-sym-

—0.038 cm?, andD = —0.95 cn. D is in the usual range  metry high-spin (BHS) case and MN*Co“Fe¥ for the
(—1to—4cnt?) for Schiff base complexésThe considered  proken-symmetry low-spin (BLS) case (Figure 4 and spin
model also reproduces the patternsMfvs H and T in a populations in the Supporting Information). A spin-polariza-
semiquantitative manner (the upper insets in Figures 2 andtjon effect takes place at the £€& contact, which can be
3). Possibly, theywT fit is nonunique, on the basis of presented as a cause of ferromagnetism. The ferromagnetic
compensation effects usual in multiparametric cases. Ajnteraction can also be understood by observing that the
multibranch fit OfXMT and M to the experimental data is magnetic orbital on Fe(lll) has azdnature (from 14
taken as the goal of a further work. Confined to the actual parentage) that falls into an orthongonality relationship with
form, the model enables the understandlng of the lattice the o (dzz) type magnenc orbital oriented a|0ng the EN
magnetism inl. The steep decrease yyT at low temper- Mn—NC mean axes. Because of the Mn(lll) dype
ature is due to the interchain antiferromagnetic coupling. The molecular orbital’s relative interaction propensity toward the
interchain Ising-like resonant interaction model, which tacitly Fe(l11) center, this ferromagnetic channel dominates the
incorporates the chain anisotropy, explains the observedoyerall coupling.
magnetization effects. Taklng two chains for the effective In summary, we f|rm|y conclude the ferromagnetic nature
modeling of the supramolecular coupling, we have for each of the two Fe(lll)-Mn(lll) couplings, with certain dif-
statei of the individual chain a 2J(S)? gap between four  ferentiation due to the differences in bridging angles. The
collective states grouped in two degenerate pairs, one sefantiferromagnetic interchain coupling causes the metamag-
originating from the{ (+S,, +S), (S, —S)} chain couples  netic behavior ofl with loss of magnetization relaxation
and another set from thg(+S, —S), (-S, +S)} ones. effects. Further synthetic and interpretation works on related
The field-tuned crossing of the ground-state levels (with the systems are underway.
above degeneracy pattern) determines the recorded phase
transition (Scheme S4 in the Supporting Information).

The ab initio calculations were taken as a complement in
the magnetostructural analydfs.The broken-symmetry
density functional theory (DFT) calculatioiperformed on
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