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A B S T R A C T   

The preparation, structure, and magnetic properties of a trinuclear complex, {[(Tp*)FeIII(CN)3]2[MnII(phen)2]} 
(1), are described. The trinuclear complex is obtained via treatment of dimethylformamide/diethyl ether mix
tures of [NEt4][(Tp*)FeIII(CN)3]∙H2O [Tp* = tris(3,5-dimethylpyrazolyl)borate], manganese(II) tri
fluoromethanesulfonate, and two equivalents of 1,10-phenanthroline. Analysis of the magnetic data suggests that 
1 contains a 2:1 ratio of low spin FeIII

LS (S = ½) and high spin MnII
HS (S = 5/2) ions that undergo cyanide- 

mediated antiferromagnetic exchange within the FeIII
LS(μ-CN)MnII

HS units. Overall, an S =
3/2 magnetic 

ground state is found for the complex, with Jiso = -6.9(1) cm−1 and giso = 2.11(1).   

1. Introduction 

The rational design and synthesis of polynuclear cyanide-bridged 
complexes continue to enjoy world-wide interest across chemistry, 
physics, and materials science communities. In these complexes 
unquenched orbital angular momentum may be exploited to construct 
materials that under ideal circumstances display slow magnetic relaxa
tion dynamics [1–4]. Among more facile synthons for their construction, 
are a class of tricyanometalates containing tridentate capping ligands 
known as poly(pyrazolyl)borates (TpR), specifically those containing 
[(TpR)FeIII(CN)3]− anions [1–12]. 

Tricyanopyrazolylborates are a versatile class of paramagnetic 
complexes for engineering of polynuclear derivatives [2–37]. The 
facially-coordinate tripodal ligands may be systematically modified at 
up to ten positions allowing for selective control of their steric demand 
and donor properties [1,2,38]. These ligands are known to support a 
variety of transition metal centers and allow for selective tuning of their 
redox properties over wide potential windows [3,30,31,38]. More spe
cifically, the steric demand of the pyrzolylborates in [(TpR)FeIII(CN)3]−

anions limit the numbers and directionality of formed cyanide bridges 
during self-assembly reactions, allowing simultaneous control of solu
bility and nuclearity of cluster derivatives. These include a variety of tri- 
[2–4,6–14], tetra- [2,4,15–21,32], hexa- [2,22], octa- and nonanuclear 
complexes [22–29] and chains [33–37], whose properties include slow 
magnetic relaxation [2–4,9–13,15–25,33–37] and photoresponsive 
[28–32,35–37,39–47] behavior. 

In a continuing effort, to explore the relationship between magnetic 
anisotropy and the creation of energy barriers to magnetic spin reversal, 
we turned our attention to polynuclear complexes containing divalent 
manganese centers. We previously discovered that the relative orienta
tions of the three-fold rotation axes (B⋅⋅⋅Fe vectors) in clusters contain
ing [(TpR)FeIII(CN)3]− anions are reasonable structural markers for 
anisotropy tensors in polynuclear FeIII/NiII complexes. Slow magnetic 
relaxation is often strongly correlated with colinear arrangements of 
these axes which generally leads to the observation of single-molecule 
magnetism [2,3,10–13,18,22,24-26,48,49]. Under ideal circumstances 
the FeIII

LS centers provide first-order and unquenched orbital angular 
momentum to the magnetic spin ground state and lead to respectable 
energy barriers to spin reversal [2,3,48,49]. 

While considerable efforts have focused on cyanide-bridged FeIII/NiII 

clusters comparatively less has concerned the preparation of soluble Fe/ 
Mn analogues. These complexes are of potential interest as they may 
afford odd integer spin ground states that discourage quantum tunneling 
of the magnetization, potentially leading to higher barriers to magne
tization reversal [2–12]. A secondary consideration is that these clusters 
may also serve as soluble model complexes for understanding how to 
control optical and magnetic bistability seen in three-dimensional Fe/ 
Mn Prussian blues [50–56]. In these solids, reversible interconversion of 
FeIII

LS/MnII
HS and FeII

LS/MnIII
HS pairs are seen, that are associated with 

dramatic changes in metrical parameters (cubic ↔ tetragonal) related to 
the introduction of Jahn-Teller distorted MnIII

HS ions [50–56]. Surpris
ingly, while numerous bistable three-dimensional networks [50–56], 
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chains [57–63], and complexes [2,4,15,45,46,64] are known for 
cyanide-bridged Fe/Co pairs, only one example of intramolecular elec
tron transfer is reported for a Fe/Mn cluster under electrochemical 
conditions [27]. We now describe recent efforts to prepare new mag
netic cyanide-bridged Fe/Mn complexes. 

1.1. General considerations 

All operations were conducted under an argon atmosphere using 
standard Schlenk and dry box techniques. Solution transfers utilized 
stainless steel cannulas. The preparation of [NEt4][(Tp*)FeIII(CN)3]⋅H2O 
[Tp* = tris(3,5-pyrazolylborate] [15,16] and manganese(II) tri
fluoromethanesulfonate [Mn(OTf)2] [65] are described elsewhere. 1,10- 
phenanthroline (Acros) and NaBPh4 (Acros) were used as received. 
Diethyl ether (Na/benzophenone) and dimethylformamide (VAC At
mospheres, activated alumina column) were dried and sparged with 
argon prior to use. Elemental analyses were performed by Robertson 
Microlit Laboratories. 

Caution! Although no problems were encountered during our studies 
cyanides are toxic and should be handled with care. 

1.2. Preparation of {[(Tp*)Fe(CN)3]2[Mn(phen)2]}∙2DMF (1) 

Solid Mn(OTf)2 (0.1151 g, 0.326 mmol) and 1,10-phenanthroline 
(73.4 mg, 0.408 mmol) were combined as solids, dissolved into DMF 
(5 mL) and magnetically stirred for 10 min. After NaBPh4 (0.2359 g, 
0.689 mmol) addition a yellow solution was obtained. [NEt4][(Tp*)Fe 
(CN)3]⋅H2O (0.1901 g, 0.328 mmol) was partially dissolved into DMF (5 
mL) and was slowly added to the stirred Mn/phen solution (ca. 30 s) to 
afford an orange-red mixture. An additional volume of DMF (3 mL) was 
added to dissolve a small quantity of solid after 5 min. Subsequent Et2O 
(30 mL) addition gave a cloudy mixture that was allowed to stand at 
room temperature (29 ◦C) overnight. After standing an additional 7 d at 
15 ◦C, the dark red-brown crystals (1 þ 2DMF) were collected via 
suction filtration, washed with Et2O (2 × 5 mL), and dried under vac
uum for 30 s at room temperature (29 ◦C). Yield: 150.1 mg (64.3%). 
Anal. Calcd for C66H78N24B2Fe2MnO2 (1 þ 2DMF): C, 55.52; H, 5.51; N, 
23.55. Found: C, 55.10; H, 5.24; N, 23.22. IR (Nujol/KBr, cm−1): 2540 
(w), 2145 (s), 2136 (s), 2118 (w), 2085 (m), 1674 (vs). Crystals of 1 þ
2DMF are readily desolvated upon prolonged standing in Et2O to give 1 
as hygroscopic crystals. 

1.3. Spectroscopic and magnetic measurements 

Infrared spectra were recorded as Nujol mulls between KBr plates on 
a Thermo-Fisher Nicolet Impact 6700 FTIR instrument in the 400–4000 
cm−1 region. Magnetic measurements using a microcrystalline sample of 
1 (57.8 mg) were collected on a Quantum Design PPMS9 magnetometer 
operating between 1.8 and 298 K and applied magnetic fields ranging 
between 0 ≤ Hdc ≤ 7 T. The magnetic data were corrected for the sample 
holder and diamagnetic contributions were estimated using Pascal’s 
constants [66]. Elemental analysis was performed by Robertson Microlit 
Laboratories. Magnetic data figures were generated using Origin 2020 
(www.originlab.com). 

1.4. Structural determinations and refinements 

Single crystal structural data for 1 and 1 þ 2DMF were collected at 
290(2) and 100(2) K on a Bruker D8 Venture-Duo PHOTON-II Kappa 
CCD diffractometer using graphite-collimated MoKα (λ = 0.71073 Å) 
radiation. All crystals were mounted in Paratone-N oil on nylon loops. 
The structures were solved by direct methods (SHELXS2014) [67,68] 
and completed by difference Fourier methods (SHELXL-2016) [67,68]. 
Refinement was performed against F2 by weighted full-matrix least- 
squares (SHELXL-2016) [67,68] and empirical absorption corrections 
(SADABS) [69] were applied. Hydrogen atoms for 1 and 1 þ 2DMF were 

found in difference maps and subsequently placed at calculated posi
tions using suitable riding models with isotropic displacement parame
ters derived from their carrier atoms. Non-hydrogen atoms were refined 
with anisotropic displacement parameters. Atomic scattering factors 
were taken from the International Tables for Crystallography Vol. C. 82 
[70]. All figures were generated using CrystalMaker X® (CrystalMaker 
Software Ltd, www.crystalmaker.com). 

1.5. Synthesis and crystallographic Studies. 

A new trinuclear complex, {[(Tp*)Fe(CN)3]2[Mn(phen)2]} (1), is 
readily obtained via sequential treatment of manganese(II) tri
fluoromethanesulfonate with 1,10-phenanthroline, followed by sodium 
tetraphenylborate and [NEt4][(Tp*)Fe(CN)3]⋅H2O. Efforts to obtain 1 
using 2:1 ratios of iron(III) and manganese(II) salts consistently yielded 
a mixture of products. X-ray quality crystals of 1 are obtained from 
DMF/Et2O mixtures to give a solvated complex (1 þ 2DMF). The sol
vated crystals display two intense cyanide stretching absorptions [2145 
and 2136 cm−1] in its infrared spectrum that are shifted to higher en
ergies relative to those seen for [NEt4][(Tp*)Fe(CN)3]⋅H2O (2119 cm−1) 
and [NEt4]CN (2056 cm−1) [15,16,65]. These correspond to bridging 
cyanides and are in the range expected for polynuclear complexes 
containing FeIII-CN-MnII linkages [2,4,6–8,15,16,27,59–64]. The lower 
energy and weaker intensity νCN stretches [2118 and 2085 cm−1] are 
consistent with the presence of terminal cyanides, as the intermediate 
energy one is nearly identical to that in [NEt4][(Tp*)Fe(CN)3]⋅H2O 
[15,16]. While the lowest energy absorption [2085 cm−1] initially 
suggested terminal FeII

LS-CN units may be present, subsequent magnetic 
measurements (vide infra) show this is unlikely, and we tentatively 
attribute the unusual energy to crystal packing effects in the solid state 
[50–57]. Consistent with this assumption, we observe a single νBH ab
sorption [2540 cm−1] that is in the range expected for cyanide-bridged 
clusters derived from trivalent [(Tp*)FeIII(CN)3]− and manganese(II) 
centers [2,15,16]. Lattice DMF is also confirmed in solid samples of 1 þ
2DMF via an intense νCO [1674 cm−1] absorption while this absorption 
remains absent in the infrared spectrum of 1 [71]. 

Complexes 1 and 1 þ 2DMF are found in the tetragonal I41/a space 
group [Table 1 and Figs. 1 and S1]. The neutral trinuclear {FeIII

2MnII} 
complexes contain a central [cis-MnII(phen)2(μ-NC)2] fragment that is 
linked to two adjacent and crystallographically equivalent trivalent iron 
centers via bridging cyanides, leaving two terminal ones per iron site. 
The average FeIII-C and FeIII-N distances for 1 [1.910(8) and 2.005(6) Å] 
and 1 þ 2DMF [1.919(7) and 2.000(5) Å] are nearly identical (Table 2). 

Table 1 
Crystallographic data for 1 and 1 þ 2DMF.(a-c)  

Cmpd. 1 1 þ 2DMF 

Formula C60H60N22B2Fe2Mn C66H74N24B2Fe2MnO2 

Formula weight 1277.56 1423.75 
λ (Å) 0.71073 0.71073 
T (K) 290(2) 100(2) 
Crystal system tetragonal tetragonal 
Space group I41/a I41/a 
a (Å) 19.531(3) 20.008(2) 
b (Å) 19.531(3) 20.008(2) 
c (Å) 36.740(5) 34.836(4) 
α() 90 90 
β (Å) 90 90 
γ(Å) 90 90 
V (Å3) 14014(5) 13946(4) 
Z 8 8 
ρcalcd (mg m−3) 1.211 1.356 
μ (mm−1) 0.638 0.651 
R1

b 0.0745 0.0750 
wR2

c 0.1663 0.1758  

a I ≥ 2σ(I). 
b R1 =

∑
||Fo| - |Fc||/

∑
|Fo|. 

c wR2={
∑

[w(Fo
2-Fc

2)2]/ 
∑

[w(Fo
2)2]}1/2. 
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Likewise, the MnII-N bonds are similar, ranging between 2.166(6) and 
2.300(5) Å [ Mn1-N9A and Mn1-N11] in 1, while those in the solvate are 
slightly shorter [2.176(6) and 2.263(5) Å; Mn1-N7 and Mn1-N11]. The 
Mn1-Nphen bonds located trans to the bridging cyanides [Mn1(μ-NC)Fe 
units] are comparable to those in several FeIII/MnII complexes 
[2,4,72–76]. 

The phenanthroline N-Mn1-N bite angles are rather acute [73.1(2) 
and 72.5(2)◦] while those involving the cis-cyanides [98.0(3) and 97.0 
(3)◦] are considerably larger. The Mn1-NC cyanide angles deviate 
significantly from linearity [160.5(5) and 163.3(6)◦] while the Fe-CN 
ones remain nearly linear, for 1 and 1 þ 2DMF, respectively. In sol
vated crystals (1 þ 2DMF) the DMF molecules are located within 
channel voids that lie along the crystallographic a-direction. These 
channels are formed via close contacts between six adjacent clusters 
[Fig. 2 and S2–S4], where the [Mn(phen)2]2+ fragments are proximal to 
other clusters, via their coordinated Tp* ligands [Fig. 2]. The Mn⋅⋅⋅Mn 
[14.23(1) Å] and phen⋅⋅⋅phen distances [10.76(1) Å] are remote while 
the Tp*⋅⋅⋅Tp* ring separations [5.38(1) and 10.57(1) Å] vary consider
ably; the Tp*⋅⋅⋅phen ones are considerably shorter [3.63(1) and 8.38(1) 
Å]. Overall these close intermolecular contacts lead to the creation of 
substantially large channel volumes (ca. 19%) where lattice solvent (i.e. 
DMF) may be easily accommodated. 

1.6. Magnetic studies 

The static and dynamic properties of 1 have been evaluated between 
1.8 and 300 K. At room temperature, the temperature dependence of the 
χT vs T data under an applied magnetic field of 1 T shows that a 2:1 ratio 
of non-interacting paramagnetic FeIII

LS (S = ½) and MnII (S = 5/2) sites 

Fig. 1. (top) X-ray structures of 1. Thermal ellipsoids are at the 50% level and 
hydrogen atoms are eliminated for clarity. (bottom) Truncated X-ray structure 
of 1 highlighting the C3 rotation axes (green lines) that are colinear with the 
B⋅⋅⋅Fe anisotropy vectors. Thermal ellipsoids are at the 50% level. 

Table 2 
Selected bond distances (Å) and angles (◦) for 1 and 1 þ 2DMF.  

1  1 þ 2DMF  

Fe1-C16 1.940(8) Fe1-C16 1.904(7) 
Fe1-C17 1.888(9) Fe1-C17 1.928(8) 
Fe1-C18 1.901(8) Fe1-C18 1.925(7) 
Fe1-N1 1.990(6) Fe1-N2 2.000(5) 
Fe1-N3 2.016(5) Fe1-N4 2.001(5) 
Fe1-N5 2.008(6) Fe1-N6 1.998(5) 
Mn1-N9A 2.166(6) Mn1-N7 2.176(6) 
Mn1-N10 2.276(5) Mn1-N10 2.260(6) 
Mn1-N11 2.300(5) Mn1-N11 2.263(5) 
C16-N7 1.147(8) C16-N7 1.168(8) 
C17-N8 1.166(9) C17-N8 1.151(8) 
C18-N9 1.174(7) C18-N9 1.155(8) 
C16-Fe1-C17 89.5(3) C16-Fe1-C17 86.5(3) 
C16-Fe1-C18 85.6 C16-Fe1-C18 87.0(3) 
C17-Fe1-C18 85.9(3) C17-Fe1-C18 88.0(3) 
C16-Fe1-N1 177.8(3) C16-Fe1-N2 92.4(2) 
C16-Fe1-N3 90.0(3) C16-Fe1-N4 92.6(2) 
C16-Fe1-N5 91.5(2) C16-Fe1-N6 177.0(2) 
N1-Fe1-N3 89.0(3) N2-Fe1-N4 89.1(2) 
N1-Fe1-N5 90.5(2) N2-Fe1-N6 89.6(2) 
N3-Fe1-N5 89.4(2) N4-Fe1-N6 89.7(2) 
N9-Mn1-N9A 97.0(3) N7-Mn1-N7A 98.0(3) 
N9-Mn-N10 84.4(2) N7-Mn-N10 85.2(2) 
N9-Mn1-N10A 160.9(2) N7-Mn1-N10A 163.8(2) 
N9-Mn1-N11 108.2(2) N7-Mn1-N11 100.2(2) 
N9-Mn1-N11A 88.6(2) N7-Mn1-N11A 90.7(2) 
N10-Mn1-N10A 96.4(3) N10-Mn1-N10A 96.2(2) 
N10-Mn1-N11 72.5(2) N10-Mn1-N11 73.1(2) 
N10-Mn1-N11A 90.6(2) N10-Mn1-N11A 95.7(2) 
N11-Mn1-N11A 154.9(3) N11-Mn1-N11A 163.5(3) 
Fe1-C16-N7 178.3(7) Fe1-C16-N7 176.9(6) 
Fe1-C17-N8 179.2(8) Fe1-C17-N8 177.4(6) 
Fe1-C18-N9 175.4(6) Fe1-C18-N9 179.5(7) 
Mn1-N9-C18 163.3(6) Mn1-N7-C16 160.5(5)  

Fig. 2. Packing diagram of 1 viewed along the crystallographic (top) a-direc
tion. Hydrogen atoms are eliminated for clarity. 
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are present and that orbital contributions from the FeIII
LS (S = ½) spin 

states are largely quenched [Fig. 3]. At 298 K the χT product [5.56 cm3 K 
mol−1] is close to the expected value, while those between 298 and 58 K, 
decrease slightly, and then rapidly approach a minimum of 2.25 cm3 K 
mol−1 at 1.8 K. This behavior is reminiscent of several polynuclear 
FeIII

LS/MnII
HS clusters that undergo antiferromagnetic superexchange 

interactions [61–69]. 
Given the trinuclear structure of 1, the χT vs T data were initially 

fitted using an isotropic Heisenberg Hamiltonian [Eqn. 1]. Under weak- 
field conditions, where J represents an isotropic exchange interaction 
between adjacent FeIII

LS (SFe1 = SFe1A = ½) and MnII
HS (SMn =

5/2) sites, 
and Si represents the spin operators for each metal center [8], the 
following equations were considered:  

H = -2J[S1∙S2 + S2⋅S3] – 2 J′S1⋅S2                                                     (1)  

χm = NAg2β2/4kT(A/B)                                                                     (2)  

A = 35 + 10e(−7J/kT) + 35e(−2J/kT) + 84e(5J/kT)                                     (3)  

B = 3 + 2e(−7J/kT) + 3e(−2J/kT) + 4e(5J/kT)                                            (4) 

Under the assumption that magnetic anisotropy and dipolar inter
molecular interactions may complicate our analysis at low tempera
tures, the magnetic susceptibility data was fitted above 10 K [eqns. 2–4], 
leading to estimated values of g = 2.11(1) and J = -6.9(1) cm−1 [Fig. S5]. 
Subsequent fitting of the χT vs T data above 10 K using PHI [77] gave 
comparable values [2.05(1) and −9.8(1) cm−1] [Fig. S6]. 

The estimated exchange parameter for 1 is slightly larger than those 
reported for some other complexes, which may be attributed to the 
greater single-ion anisotropy and electron density delocalization 
brought by the [(Tp*)FeIII(CN)3]− anion [2,3,12,13,22,29]. This obser
vation is consistent with the expectation that spin density is efficiently 
communicated in accordance with orbital symmetries and exchange 
interactions predicted via Goodenough-Kannomori rules [10,15,16,78]. 
For example, Zuo and You report moderate anisotropy in linear {[(Tp) 
FeIII(CN)3]2[MnII(MeOH)4]}⋅2MeOH [g = 2.13; J = -2.19 cm−1] [6], 
where Tp = tris(pyrazolyl)borate, while Kim suggests larger g and J 
parameters are seen [g = 2.22(1) and J = -7.6(2) cm−1] [64]. In com
parison, bent trinuclear {[(pcq)FeIII(CN)3]2[Mn(L)4-n]}⋅n(solvent) ana
logues, where pcq− = 8-(pyridine-2-caboxamido)quinoline, relatively 
small intra- and intermolecular exchange parameters are seen. Complex 
{[(pcq)Fe(CN)3]2[Mn(MeOH)2(OH2)2}⋅2H2O is nearly isotropic [g =

2.05(1); J and zJ = -1.11(6) and −0.39(2) cm−1], while slightly larger g 
and J terms are seen for {[(pcq)Fe(CN)3]2[Mn(L)2]}⋅MeOH⋅2H2O ana
logues [g = 2.06(1) and 2.05(1); J = -3.73(3) and −4.03(3) cm−1; zJ =
-0.17(1) and −0.15(1) cm−1], when L = bipyridine (bpy) and 1,10-phe
nanthroline (phen), respectively [7]. Likewise, small g and J values are 
found for {[Fe(bpy)(CN)4]2[Mn(OH2)4]}⋅4H2O [g = 2.0; JFe-Mn = -1.3 
cm−1 and JFe-Fe = -0.87 cm−1] [79]. Similarly, dinuclear {[Fe(bpb) 
(CN)2][Mn(phen)2Cl]}⋅5MeOH⋅1.5H2O [g = 2.01(1); J = -2.68(3) 
cm−1], where bpb2− = 1,2-bis(pyridine-2-carboxamido)benzenate] [7], 
tetranuclear {[(Tp)Fe(CN)3]2[Mn(bpy)2]2[ClO4]2}.4MeCN [g = 2.10 
(1); J1 and J2 = -2.29(3) and −0.76(1) cm−1] [6], and pentanuclear 
{[Mn3(MAC)3(OH2)2][Fe(CN)6]2}⋅6H2O⋅2MeOH (MAC = 2,13- 
dimethyl-3,6,9,12,18-pentaazabicyclo[12.3.1]octadeca-1 
(18),2,12,14,16-pentaene) [g = 2.03 and J ~ −2 cm−1] [80] exhibit 
smaller exchange parameters and orbital contributions to their magnetic 
ground states. 

The field dependence of the magnetization was measured at various 
applied magnetic fields and temperatures to better assess the magnetic 
properties of 1. The M vs H data clearly shows that 1 nearly saturates 
approaching a maximum value of 5.24 μ B at 1.9 K [Inset of Figs. 3 and 
S7]. The experimental value is close to the one expected [5.68 μ B with 
giso ~ 2.1] for a 2:1 ratio of antiferromagnetically coupled FeIII

LS (S = ½) 
and MnII

HS (S = 5/2) ions, adopting an overall S = 3/2 spin ground state. 
Assuming that 1 possess Ising-like magnetic anisotropy (for D < 0) and 
considering the Hamiltonian H = DST(z)

2 [eqn. 5], the expected spin 
reversal energy barrier should scale as Ueff = |D| (ST

2 – ¼) rather than |D| 
ST

2 [23,81], given the half-integer spin ground state of 1. To investigate 
this hypothesis, we performed a series of calculations using PHI [77] 
where fitting of the M vs H data [Fig. S8] gave an estimated value of |D| 
= 4.5 cm−1 for 1. This leads to a prediction of a rather small spin reversal 
barrier [Ueff = 9 cm−1] for the {FeIII

2MnII} cluster [6–8,64]. 
Nevertheless, we remained hopeful that 1 would display slow 

relaxation dynamics given its structural similarity to other trinuclear 
{FeIII

2MII} single-molecule magnets. In trinuclear {FeIII
2NiII} complexes 

the observation of slow magnetization relaxation dynamics is strongly 
correlated with the presence of linear FeIII-CN-NiII bridges and a colinear 
alignments of its magnetic anisotropy tensors (i.e. B⋅⋅⋅Fe; C3 rotation 
axes) [2,3,48,49]. In the present case, bent Mn-NC units [160.5(5)◦] are 
seen and the B⋅⋅⋅Fe vectors adopt a ca. 62.9(1)◦ orientation relative to 
each other [Figs. 1 and S4]. Unfortunately, these factors often quench 
orbital contributions to the magnetic spin ground state and bring 
insufficient magnetic anisotropy to the complex. Consistent with this 
assumption, we were unable to observe any frequency-dependent 
behavior in the ac susceptibility data, confirming that rapid quantum 
tunneling and/or efficient mixing of the ground and low-lying excited 
states conspire to give exceptionally small barriers to magnetic relaxa
tion in 1. 

2. Conclusions 

The preparation, structure, and magnetic properties of a cyanide- 
bridged trinuclear {FeIII

2MnII} complex is described. Owing to the 
presence of numerous close intermolecular contacts and highly bent Fe 
(μ-CN)Mn linkages only modest antiferromagnetic exchange in
teractions are seen. Astonishingly, despite favorable redox potentials for 
the iron and manganese sites, intramolecular electron transfer remains 
absent in 1. We attribute this behavior to its distorted structure which 
provides an inadequate ligand field for facile electron transfer within the 
FeIII(μ-CN)MnII units. 
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[22] Y.-Z. Zhang, U.P. Mallik, R. Clérac, N.P. Rath, S.M. Holmes, Chem. Commun. 47 

(2011) 7194. 
[23] D. Li, S. Parkin, G. Wang, G.T. Yee, R. Clérac, W. Wernsdorfer, S.M. Holmes, J. Am. 

Chem. Soc. 128 (2006) 4214. 
[24] Y.-Z. Zhang, U.P. Mallik, N.P. Rath, G.T. Yee, R. Clérac, S.M. Holmes, Chem. 
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[25] D.-F. Li, S. Parkin, R. Clérac, S.M. Holmes, Inorg. Chem. 45 (2006) 7569. 
[26] M. Nihei, M. Ui, N. Hoshino, H. Oshio, Inorg. Chem. 47 (2008) 6106. 
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