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Two iron(II) compounds with finite and infinite zigzag-shape —[Fe"—(u-Cl),],— (n = 6 or ) chains have been

5 prepared. Magnetic study shows chain-length dependent magnetic dynamics.
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An air-stable iron(II) chain compound [Fe(phen)(Cl),], (1, phen = 1,10-phenanthroline) was prepared and

shown to exhibit intrachain ferromagnetic interactions as well as competing interchain antiferromagnetic

interactions that are mediated by n-7 stacking of the phen ligands, resulting in metamagnet behaviour.

The interchain interactions can be altered by changing the external magnetic field, and disparate magnetic
dynamics was thus observed from zero to the critical field of 1500 Oe. Zero-field cooled (ZFC) and field-
cooled (FC) magnetization and heat capacity measurements indicate long-range antiferromagnetic

ordering occurs at lower fields, and this ordering disappears when the external field is larger than 1500

Oe. The low-frequency ac susceptibility data are consistent with the exponential increase of the

temperature-dependent dc data, indicating a Glauber-type dynamics under the field of 1500 Oe. Thus, 1

may be considered as a metamagnetic single-chain magnet. For further analysis a discrete hexametallic

segment of the chain, [Fes(phen)s(Cl);»] (2), was also isolated and shown to possess a high-spin ground

state and display slow magnetic relaxations like single-molecule magnets. Magnetic analysis by

CONDON suggests weak ferromagnetic interactions between the metal centres. The polymeric

compound 1 may be viewed as being constructed using the hexametallic unit 2 which is of a low energy

barrier, suggesting the significance of intrachain ferromagnetic interactions in enhancing the spin-reversal

energy barrier of the short chains.

Introduction

There has been continuous interest in developing molecule-based
magnetic materials with the possibility of uncovering exotic
magnetic phenomena.! Many of these interesting magnetic
behaviours are attributed to ferromagnetic interactions that can
lead to high ground-spin states (St) and large magnetic moments.
Together with significant uniaxial magnetic anisotropy (D)
superparamagnet-like slow-relaxation and magnetic bistability
below blocking temperature could be observed. Representatives
of such interesting magnetic systems include single-molecule
magnets (SMMs)? and single-chain magnets (SCMs),’ with the
latter being usually related to the former, especially from the
magnetic dynamics point of view. The energy barrier for spin-
reversal of an SMM is expressed as IDISy* (for integer St), whilst
the latter has an extra barrier (Ag) originated from intrachain
exchange-coupling.

Clearly, a complete analysis of the intrachain magnetic
interactions is critical to establishing magneto-structural
correlation in SCMs, which necessitates the isolation of the
constitutional spin units of a chain system. A small number of
reports of such efforts have appeared in the literature, significant
not only to our understanding of spin-chain magnetic dynamics,
but also to the rational assembly of SCMs. The groups of Clérac

and Miyasaka demonstrated the first attempt.* The comprising

{Mn,} dimer of the first hetero-metallic =~ SCM
[Mnj,(saltmen),Ni(pao), (py).],-2n(ClO4)  (saltmen = N,N'-
so (1,1,2,2-tetramethylethylene)-bis-(salicylideneiminate), pao =

pyridine-2-aldoximate and py = pyridine) was isolated and
confirmed as an SMM,” whilst the {Ni—Mn} linkage shows
antiferromagnetic interaction.” The groups of Julve® and Gao’
also successfully isolated their own SCM building units and

ss clarified the magnetic correlation between the oligomer and the
chain. These pioneering works demonstrated the importance of
isolating constitutional spin units for the in-depth understanding
of spin-chain magnetic dynamics, and further paved the way for
rational assembly of prototype SCMs. '

e For fulfilled systems, the correlation length (&) increases
exponentially. As such, the linear regime of the natural logarithm
of T product then directly measures the wall energy (In(y7) =
InC + In(As/kgT), where C is the Curie constant). Because SMMs
have well-isolated ground-spin state J; is usually less comparable

65 to the intramolecular magnetic couplings. As such, SCMs made
of the string of SMMs are often the prototypes.*'!

In other cases that SCMs are made of individual metal sites,
the difference between the intra- and inter- molecular magnetic
interactions are removed. In order to obtain prototype SCMs in

70 such systems metal ions with large magnetic anisotropy is

This journal is © The Royal Society of Chemistry [year]
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critical.  Thus, most of the single-spin SCMs are made of
octahedral cobalt(Il) ions, including the first reported SCM by the
group of Gatteschi,'” the first homo-spin SCM by the group of
Gao"? and the first canted-antiferromagnetic SCM by the group of
Dunbar.'"*  Other source of anisotropic metal ions such as
dysprosium(II)"* and iron(I)'® were also widely employed.

In the past years our group have developed a network
approach'’ to polymerise spin-chains into higher-dimensional
coordination networks. We first used the trans-1,2-cyclohexane-
dicarboxylate to incorporate homo five-coordinate Co(II) ions
into a 2D laminated network.' The carboxylate-bridged Co(II)
chain shows overall ferromagnetic interaction, so that prototype
SCM behaviour was achieved. Later, we expanded this method
to ligands analogous to 1,2-cyclohexane-dicarboxylate, such as
cyclohex-1-ene-1,2-dicarboxylate and
methylcyclohexane-1,2-dicarboxylate;'® and other ligands related,
such as trans-cyclohexanel ,4—dicarboxylate,20 4-
carboxylphenoxyacetate,”’  2-(pyridin-3-yloxy)acetate>  and
benzophenone-2,4’-dicarboxylate.>  All these carboxylates can
incorporate metal-(hydroxy)carboxylate into higher
dimensional coordination networks, thus offers the unique
opportunity for studying the interchain magnetic interactions on
spin dynamics.** However, the drawback of such polymeric
systems is also obvious; especially the poor solubility in common
solvent prevents the isolation of constitutional spin units for
further analysis.

As an on-going study of magnetic chains,” herein we
synthesise an interesting spin-2 chain [Fe(phen)(Cl),], (1, phen =
1,10-phenanthroline) featuring individual Fe(II) centres doubly

trans-4-

chains

30 bridged by chlorido groups with ancillary phen ligands by the

reported method.”>?® Synthesis in a different solvent under
otherwise identical reaction conditions led to the production of a
linear hexametallic complex [Feg(phen)s(Cl);5] (2) which can be
viewed as a fragment of 1 with the propagation of the polymeric
chain being arrested by two additional chlorido groups, one on
each terminal of the linear complex. Powder X-ray diffraction
experiments confirm the purity of both compounds (Fig. S1). The
combination of 1 and 2 is ideal for comparative magnetic studies
for the delineation of the relationship between a polymeric
magnetic chain and its building units in terms of the contribution
of intrachain interactions to the overall magnetic dynamics of the
polymeric structure.

Results and Discussions

Syntheses

Compounds 1 and 2 were prepared under otherwise identical
solvothermal condition except for the different solvent used, with
1 obtained from acetylacetone and 2 from ethanol. It is clear that
the nature of the solvent used is critical to the identity of the
products, which has been observed also in our previous work.
Equally important for the termination of the propagation of the
polymer chain is the flexible coordination of the metal centres;
only those exhibiting flexible coordination numbers can be
terminated to achieve the oligomeric fragment of the polymeric
chains.

Structural Analyses

=
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Both compounds were characterized by elemental analyses and
structurally determined by single crystal X-ray diffraction studies.
Compound 1 crystallizes in the monoclinic space group C2/c (Fig.
1). Its molecular structure features an infinite —[FeH—(u—
Cl),—Fe"—(u-Cl),],— chain sheathed by peripheral phen ligands
on both sides of the chain. The Fe(Il) ions are disposed in a
zigzag fashion (Figure 1a) with a separation of 3.76 A between
neighbouring Fe(Il) centres and an Fe:Fe-Fe angle of 133.9°.
The extended chain structure can be viewed as constructed using
repetitive diamond-shaped units of {Fe(u-Cl),Fe} where the
Fe(II) centre is also coordinated with a phen ligand. Thus, each
Fe(I) is situated in a slightly distorted octahedral coordination
environment. Neighbouring {Fe(u-Cl),Fe} units are nearly
mutually perpendicular, forming a dihedral angle of 81.4°. The
Fe-Cl bond lengths range from 2.415(3) to 2.639(3) A while the
Fe-N distance is 2.182(9) A. The phen ligands are parallel to each
other and perpendicular to the direction of the chain extension.
The planar ligands are also engaged in face-to-face n—m
interactions between adjacent chains?’ with a centroid-to-centroid
separation averaged at 3.51 A. The interchain interactions are
further reinforced by pair-wise hydrogen bonds involving two
phen C-H bonds and the chlorido groups. The C—H--Cl angles of
147.6°-167.9° are comparable to the analogous hydrogen bonds
in the previously reported {Mn,} dimers®® and a {Co,} chain.*®

Fig. 1. Single-stranded chain structure (a) and the crystal packing (b) of 1.
Purple dotted lines indicate C—H-+-Cl hydrogen bondings. Colour codes (the
same in the following figure): Fe, red; Cl, green; C, dark gray; H, gray.

Compound 2 crystallizes in the triclinic space group P-1. The
linear arrangement of the six Fe(Il) centres is identical to what is
present in the polymeric structure of 1, but the terminal Fe(I)
ions are each capped by a chlorido group, thus terminating the
propagation of the chain, and hence the discrete oligomeric
structure (Fig. 2). While each of the four inside Fe(I) centres is
hexacoordinate, just as in the case of 1, the terminal Fe(II) ions
are each pentacoordinate, featuring the chelation of a phen ligand,
and two bridging and one terminal chlorido groups. The metal
centres in 2 are also arranged in a zigzag fashion, but with
smaller Fe---Fe--Fe angles, ranging from 129.43° t0132.35°. The

2|Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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Fe---Fe separations are also uneven, increasing gradually from

3.55,3.69 to 3.70 A moving from the periphery toward the center

of the complex. Similar to 1 the crystal packing of 2 is also

dominated by interchain n—m stacking interactions of the phen
s ligands and the aforementioned C—H---Cl hydrogen bonds.

Fig. 2.The molecular structure (a) and the crystal packing (b) of 2. Green
dotted lines indicate the m-w interactions between the phen ligands.

10 Magnetic property of 1

metamagnetism. DC magnetic measurements of 1 reveal overall
intrachain ferromagnetic interactions and metamagnetism at low
temperatures (Fig. 3a). At room temperature (300 K), the 3T
value is 3.70 cm’mol 'K, which is larger than the expected spin-
15 only value (3.00 cm’mol'K) for one uncoupled Fe(Il) ion, but
consistent with other octahedral Fe(II)-based
compounds.” Upon cooling, the 47 value increases gradually
down to 50 K. In this region, the susceptibility data are well fitted
by the Curie-Weiss law, producing a C-value of 3.61 cm*mol 'K
2 and a @ value of 10.2 K. The moderate positive & value may
indicate ferromagnetic coupling between the Fe(Il) ions.*® This
conclusion is further supported by the yT plot below 50 K; a
rapid increase up to a maximum of 9.65 cm’mol'K at 6.0 K is
followed by a sharp decrease afterwards. The presence of the
»s maximum in the »7 plot may indicate a long-range magnetic
ordering in 1. The susceptibility data from 300 to 10 K can be
well simulated by the Fisher model, Eq. (1),

nevertheless

L NMpy (-w )
M3 (14u)

where M = g[S(S+1)]"* and u= coth(J/kgT)—ksT/J. In order to fit
30 experimental data, the exchange energy J must be scaled by
following the usual procedure: J— JS(S+1). The best fitting gives
J =1252) K and g = 2.262(8). The positive J value indicates

weak ferromagnetic interactions in the chlorido-bridged Fe(II)
chain, which was also reported in the literature.*>

35 The field-dependent metamagnetic behaviour is evidenced
from the y vs. T plots (insets, Fig. 3a). Below 1500 Oe there is an
obvious cusp in the yvs. T plot, indicating the antiferromagnetic
phase. The cusp disappears above 1500 Oe and is saturated at
2000 Oe. This means the interchain magnetic interactions are

40 antiferromagnetic in nature and can be overcome by altering the
magnetic field.

To assess this critical field isothermal magnetization of 1
between + 1 T was measured at 2 K (Fig. 3b). The absence of
hysteresis effect coincides with the antiferromagnetic phase, and

45 the expected “transit” is observed in the origin region. From the
derivative of magnetisation plot the critical field H,. can be
determined as 1.5 KOe. The weak interchain magnetic
interaction™ thus can be estimated from Eq. @),*

gBH .S =2zJ|8? )

so  The obtained value of IzJ’l is 0.06 K. Assuming z = 2, I/’ is
valued at 0.03 K. After obtaining the |/’ value, we can use it to
estimate the 7, value by Eq. (3),

k,T. = 4SS+ D" 3)

The resulting 7. = 6.7 K is in excellent agreement with the

ss maximum in the 7 plot at 6.0 K. The occurrence of long-range

magnetic ordering behaviour would be attributed to the extensive
n-7 stacking and C—H---Cl hydrogen-bonding interactions.
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60 Fig. 3 (a): temperature dependence of 47T and i, (inset) of 1, referred to one
Fe(II) ion, at indicated applied fields. Red solid line: fitting result using Eq.1.
(b): isothermal magnetization and its derivative of 1 measured at 2 K.

This journal is © The Royal Society of Chemistry [year]
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Evidence of long-range antiferromagnetic ordering below
1500 Oe. In order to further understand the nature of the possible
long range ordering, zero field cooling and field cooling magnetic
susceptibility plots from 2 to 30 K were performed under 100,
5 1500 and 2000 Oe dc fields, respectively (Fig. 4). Upon 100 Oe,
the y plots for both ZFC and FC merge clearly both with an
obvious sharp peak at around 5 K, which may prove the long
range magnetic ordering transition.>® When the field is larger than
1500 Oe, the magnetic transition distinct peak eliminates ascribed
10 to the spin reorientation. It keeps in accordance with that the M

(@) (b)

20
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g g
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N 10008 X
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05 o FC 0.5

0.0 L L L L L L 00 L L

increases linearly with H till to 1500 Oe (Fig. 3b). The yT vs. T"'
plots under different fields are presented in Fig. S2, confirming
the location of paramagnetic/antiferromagnetic phase transition
temperature is around 5 K.*"* Further evidence was provided by
15 the specific heat capacity measurements under different fields
(Fig. 5). The curve under zero field affords an explicit A-type
anomaly about 4.8 K and the anomaly vanishes with field

increase, confirming the existence of a 3D long range order state
37,38

arising from the interchain couplings.

20

1500 Oe
—a—ZFC
——FC

5 10 15 20 25 30 0 5 10
20 T/K

15 20 25 30 0 5 10 15 20 25 30

T/K T/K

Fig. 4 The ZFC-FC magnetization measured under dc fields of 100 Oe (a), 1500 Oe (b) and 2000 Oe (c) from 2 to 30 K for 1.

12 14 16

8 10
T/K

Fig. 5 Molar specific heat measured under indicated dc fields for 1.

Coexistence of SCM dynamics. To further investigate the
magnetic behaviour of 1, the temperature dependence of the ac
susceptibility was measured in a zero, 1000 and 1500 Oe applied
dc fields. As shown in Fig. 6a, in zero field, the in-phase (y)
component of the ac susceptibility shows a cusp at 5 K, further

2!

G

confirming the long-range antiferromagnetic ordering. However,
below 2.5 K a frequency-dependent shoulder of '(7) and the
corresponding  out-of-phase (y”) component of the ac
susceptibility were observed. Although this relaxation behaviour
is not prominent it indicates the presence of fluctuation in this
ordering phase, which is presumably caused by the competing
35 SCM dynamics (see below). This phenomenon coexistence of
ordering phase and SCM dynamics has been recently observed
theoretically and experimentally, especially from the groups of
Sibille, Coulon, Clérac and Miyasaka.’’® Related dynamic
magnetic behaviour in ordered “very hard” 1D material has also

=

40 been reported by the group of Ishida,*® which was later postulated
as a result of slow-relaxation by Sessoli.*’

Under 1000 Oe dc field, both »'(T) and y"'(T) exhibit stronger
frequency-dependent behaviour; the maximum value of y''(7)
increases by a factor of ca. 2.5 as compared to the zero-field

ss value, see Fig. 6b. This tendency has been strengthened in the dc
field of 1500 Oe. As shown in Fig. 6c, the 1 Hz of y'(T) has no
downturn down to 2 K and other frequencies of »'(7) go up
progressively; the maximum value of y"(T) increases by a factor
of ca. 4 as compared to the zero-field value; and the maximum in

so ¥'(T) is only three times of magnitude larger than that for y"(7),
indicating a Lorenz relation. If 7p is the temperature of the
maximum in y' and f is the frequency of the ac field, the
frequency dependence of Tp is given by ¢= (ATp/Tp)/A(logf).41
Under the dc field of 1500 Oe, ¢ of 1 is slightly greater than 0.10,

ss a value that indicates a superparamagnetic-like behavior rather
than a spin-glass behavior.**

To further examine whether the dynamic magnetic behaviour
of 1 obeys the Glauber model, where y diverges exponentially as,

2T =C,exp@, /kT) )

60  The logarithm of T vs. 1/T has been plotted (Fig. 7) and the
linear regime fitting from 10-80 K gives Adkg = 7.9(1) K. As
long as Adkg = 4J.i/kg, the derived J. is in good agreement with
the J' value obtained from the Heisenberg model. Further, the
In(y7) vs. T saturates at the lowest temperatures, i.e., below ca.

6 5 K, because of finite size effects.”’ However, for an infinite
chain with substantial anisotropy, the gap activation energy given
by A, = 2A4:+ Ay, where 4, is the activation energy resulting from
the single-ion anisotropy, i.e., 4, = IDIS?, an energy which, in
turn, depends on the single ion anisotropy constant, D, of the

70 iron(IT) ion. As long as 4,in 1 under field excitation is obvious
not high, the contribution from the A4, term is small or diminished
by the fast quantum tunnelling effect.

4|Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 The temperature dependence of the real, ', upper plot, and imaginary, y", lower plot, components of the ac susceptibility of 1 measured in an
applied dc field of 0 Oe (a), 1000 Oe (b) and 1500 Oe (c).

indicating the similar dynamic magnetism. According to the
theorem of SMMs,” high-spin magnetic molecules with proper

. Lo o 20 axial magnetic anisotropy are promising to be SMMs, which is
2ol n‘:'DD o o o consistent with the case of 2. As high-spin iron(Il) in

N a pseudoctahedral coordination environment has substantial
* magnetic anisotropy (see below) we believe the zero-field slow
g 2or magnetic relaxation in 2 is a single-molecule origin. Owing to the
"’g 25 experimental limit we cannot extract the reliable energy barriers
E 18r C,,= 1.338(8) cm’mol 'K for both compounds simply from the ac susceptibility data. But
= 4,=79(K the spin-reversal energy barrier of 2 is obviously lower than that
ter of 1 as we can see that all the frequencies show no saturation
down to 2 K. Even with the lift of external dc field of 1000 Oe,

14T ) ) ) ) ) 30 the quantum tunnelling effects that cost the spin reversal energy
0.00 0.05 0-101 , T(K(')")15 020 025 barrier cannot be well reduced. This is good indication that the

presence of SCM behaviour in 1 does not relate to the lifted
SMM behaviour of 2, further confirming a metamagnetic nature

Fig. 7 The logarithm of 47 vs. I/T for 1. The dc susceptibility was of 1.
obtained in an applied field of 1500 Oe. The red line is the result of a
linear fit between 10 and 80 K.

40
s Magnetic property of 2
Temperature-dependent dc susceptibility data of 2 has been 5 %
measured with polycrystalline sample (Fig. 8). At room E 30
temperature, the y7 product is higher than the spin-only value of mg
six-uncoupled Fe(II) metal centres (calc. 18 cm’ mol™' K for s =2 = 25
wand g = 2), indicating significant orbital contribution to the N
magnetic moment. Upon cooling, the 7 product increases 20 - ©0000000000
gradually and then sharply before and below 50 K, respectively.
The ascending of the T product implies a high-spin ground state 0 50 100 150 200 250 300
of the molecule, where ferromagnetic interactions between the T/K

15 metal centres may account for.
The imaginary part of the ac susceptibility data under zero dc
field shows frequency-dependent behaviour for 2 (Fig. 9),

35

Fig. 8 The 4T vs. T data measured under 1000 Oe for 2. Solid line: the
best fit from Eq. (5). Insert: the magnetic coupling model used for fitting.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00—-00 |5
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s The dc magnetic data were analyzed by using the program
CONDON 2.0* using a complete basis set (full d manifolds, i.e.,
210 functions for Fe**) as a function of the applied field B =
0.1 T, which is necessary to yield reliable information on the
magnetic dipole orientation with respect to the local symmetry

10 elements. CONDON takes into account the following single-ion
effects: ligand-field effect (Hy), interelectronic repulsion (H,.),
spin-orbit coupling (H,), and the applied field (Hy,g). Generally,
for a magnetically isolated 3d" metal ion in a ligand-field (If)
environment in an external magnetic field B, the Hamiltonian of

15 the metal ion is represented by Eq. (5),

H=Hee+Hlf+Hso+Hmag ()

The data set of 2 in the temperature range 2—300 K was fitted
to the above-stated Hamiltonian using the ligand-field effect,
spin-orbit coupling, and exchange coupling. The values for the

2 spin-orbit coupling parameter ({ = 410 cm™) and Racah
parameters (B = 783 em™!, C = 3687 cm_l) were chosen on the
basis of the optical spectra.*> Approximating the ligand fields of
both the five and six coordinated Fe(II) centres are axially
elongated(peripheral/central Fe—Cl,,: 2.6/2.4 A, Fe-Cl,y: 2.4/2.3

25 /QA, Fe-Ngg: 2.1/2.2 A), and thus the influence of the tetragonal
ligand field with reference to the rotation axis for the angular part
of the wave function is described by the following Hamiltonian,

5 5 5 (6)
HE =B2Y C2i)+ B Y. Cli+ B! Y (Cliy + ()
i-1 i=1 i=1

Note that the number of independent ligand field parameters is

50 limited by the symmetry-determined ratios qu/Bko. Based on the
inversion symmetry of 2 we describe the hexanuclear chain as a
dimer of trinuclear chains. For this model the exchange coupling
is grouped into coupling within the central (1,,p) and the two (J;

and J,) Fe--+Fe pairs (inset of Fig. 6). The exchange interactions
35 within the trinuclear chains are considered in the Heisenberg
model,

H, :_2[-]1(5152)+12(S2S3)] ¥

The exchange interactions between the chains are described by
the molecular field approximation
% xi =20 (B.Coe, BT )= Ay ®)

q° " ex

Where ', represents the single-centre susceptibility and A, the
molecular field parameter.
Standard literature values were chosen as initial values for the
real ligand field parameters qu (Wybourne notation).***’
45 Refining the values qu and Jy, Jo and Ay by a least-squares fit
adequately reproduces the experimental data (SQ = 1.1%) and
yields B, = 21400 cm™', B%) = 39300 cm™', B*; = 14500 cm ™,
aswell as J; = 1.2 cm_l, J,=1.05 emland S = —0.545%10*mol
m™. Note that the signs of the refined qu values agree with
so point-charge electrostatic model results. This fitting result
confirms ferromagnetic interactions between the iron(Il) centres,
which is consistent with the modelling result of 1.
Plotting the magnetization against the product of H/T shows
non-superposition at higher fields (Fig. 10a), which indicates
ss substantial magnetic anisotropy of the complex. Further, the
entropy changes (-AS,) calculated from these isothermal
magnetization plots show temperature-dependent maximum-shift
behaviour (Fig. 10b), that is, shifting to higher temperatures at
higher fields. This is also a sign of magnetic anisotropy.*®
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Fig. 10 Plots of M vs. H/T (a) and —ASy, vs. T (b) for 2.
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Conclusions

To summarise, we have successfully isolated two iron(II)-
chain structures with similar —[FeH—(p—Cl)z]n— repeating units.
The infinite chain (compound 1) shows interesting metamagnet-
like SCM behaviour due to the combined action of intrachain
ferromagnetic interaction and interchain weak magnetic
couplings. The finite hexamer (compound 2) can be viewed as a
segment of the infinite chain. The intrachain ferromagnetic
interactions are retained and thus 2 shows high-ground spin-state
and slow-magnetic relaxation behaviour at lower temperatures.
The latter is an indication of lower energy barrier compared to 1,
which also reflects the importance of intrachain magnetic
interactions in enhancing the Glauber activation energy of the
Ising-type spin chains. As such, the compounds 1 and 2 can be
respectively labelled as M>'U'S" and M°U°S® according to their
dimensional correlations between the structure and magnetism.'”

Experimental section

Syntheses

For 1: The solid of FeCl,-4H,0 (0.099 g, 0.5 mmol) was stirred
in acetylacetone (20mL) and then 1,10-phen (0.099 g, 0.5mmol)
was added. After stirring for 20 h at room temperature, the slurry
was sealed in a 50 mL Teflon-lined autoclave and heated to 150
°C for 48 h. After cooling to room temperature red sheet crystals
of 1 suitable for single crystal X-ray diffraction were obtained
(yield 0.31g, 20 % based on Fe). Elemental analysis (%), calcd.:
C, 46.95; H, 2.63, N 9.13; found: C, 47.20; H, 2.34; N, 9.25 %.
IR data for 1 (KBr pellet, cm’l): 3051w, 1622w, 1581m, 1514m,
1421s, 1143s, 1104m, 860s, 783w, 724s, 622w.

For 2: A mixture of FeCl,-4H,0 (0.408 g, 2 mmol), 1,10-phen
(0.369 g, 2 mmol) and ethanol (15ml) was stirred for 10 min in
the air in a beaker. The slurry was then sealed in 20mL PTFE-
lined autoclave and heated to 150 °C. After maintaining at this
temperature for 72 h, the autoclave was cooled to room
temperature. Red block crystals of 1 suitable for single crystal X-
ray diffraction were obtained (yield 0.53g, 87 % based on Fe).
Elemental analysis (%), calcd.: C, 46.95; H, 2.63, N 9.13; found:
C, 46.41; H, 2.32; N, 8.65.IR data for 2 (KBr pellet, cm-1):
3050w, 1622w,1581m, 1514m, 1421s, 1143s, 1104m, 860s, 783w,
723s, 622w.

Physical measurements

Elemental analyses (C, H and N) were carried out on a Vario EL
III elemental analyzer. Magnetic measurements were performed
on powder samples by SQUID magnetometry (Quantum Design
MPMS-XL). Diamagnetic corrections were calculated from
Pascal constants and the holder backgrounds were also corrected.
Specific heat experiments of 1 were conducted, from 15 K down
to 2 K, on a pressed pellet sample by using a Quantum Design
PPMS.

Crystallography

Crystal data. For 1, the unit cell parameters are consistent with
the reported data,”® which can be found in the CCDC number of

625095 or CSD ref POCNEB. For 2, C72H43C112F66N12, M =
1841.72, triclinic, space group P-1, T = 2932) K, a =
10.0016(11), b = 10.2378(11), ¢ = 19.241(2) A, o = 80.0380(10)°,
ss fi= 84.4460(10)°, y = 61.9170(10)°, V= 1711.73) A®, Z =1, p =
1.787 g cm™, total data 39581, unique data 7921 (R;,, = 0.0183),
u=1.762 mm™, 460 parameters, R; = 0.0354 for />24(I) and wR,
= 0.0882 for all data. The crystal data of 2 were recorded on a
Bruker SMART CCD diffractometer with Mo-Ka radiation (A =
60 0.71073 A). The structure was solved by direct method and
refined on F* using SHELXTL (Table S1). Selected coordination
bonds and angles are listed in Table S2. CCDC number 959874
contains the presented crystallographic data that can be obtained
via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
6s Cambridge Crystallographic Data Centre, 12, Union Road,

Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or
deposit@ccdc.cam. ac.uk).
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