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Two new magnetic chain compounds, where the anionic
[M(N3)2(HCOO)~], chains with a 3-fold bridge of two end-on azido
and one syn—syn formato ligands are isolated by the cations of
[(CH3),NH]*, exhibit metamagnetism because of the strong
intrachain ferromagnetic coupling versus the weak interchain
antiferromagnetic coupling.

1D magnetic chain systems have experienced continuou
interest because of their importance in lower-dimensional
magnetisnt. The recent developments in the research of
single-chain magnets (SCM3)together with the singe-
molecule magnets (SMMs)provide the linkage between
paramagnetism and 3D long-range-ordered magnetism an
potential applications of data storage and quantum calcula-
tion. The lower-dimensional magnetism relies on the great
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difference of the magnetic coupling strength along different
dimensionalities in the materi&i® For a magnetic chain,
this means strong intrachain coupling but weak interchain
coupling. When the former is ferromagnetic, uniaxial aniso-
tropic, such as Ising like, and much stronger, namely, 4
orders, than the latter, SCM behavior will be expected.
The strong and anisotropic intrachain coupling requires
anisotropic ions, such as &oand Mr#¥*, and short bridging
ligands, such as cyanide and azide, to be empléyekije

the interchain interaction can be weakened by several
approaches to well isolate the chains. Because most reported
SCMs were constructed by utilizing bulky coligarféds? we
want to explore whether utilizing bulky counterions can be

0another approach. Bulky protonated akylamine cations are

a good choice because they were used ca. 30 years ago for
constructing a series of magnetic chafand in recent years
they have been used as templates in constructing many
molecular magnetic systems such as oxalatedes] and
formates® On the other hand, azido and formato ions, as
two versatile bridging ligands and effective magnetic cou-
pling mediators, have been widely employeé’ However,

to the best of our knowledge, no magnetic materials
containing both azido and formato bridges have been
documented. We report here two new chainlike compounds
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of [M(N 3)2(HCOO)][(CHs)NH;] (1Fg M = Fe;2Co, M =
Co), consisting of chains of [M(B(HCOO) ], isolated by
the cations of [(CH).NH;]*. The adjacent metal ions within
the chain are 3-fold bridged by twend-on(EO) azido and
onesyn—synformato ligands, representing the first samples
of a azido/formato triplet bridge. Both materials are meta-
magnets showing strong intrachain ferromagnetic coupling
and weak interchain antiferromagnetic coupling.

Diffusion of the methanol solution of metal salts, Fe-
(ClOy)2:4H,0 for 1Fe and CoCj-6H,0 for 2Co, into the
methanol solution containing formic acid, NgN\and di-
methylamine afforded the column-shaped crystals of the two
isomorphsi! X-ray analysi¥’ revealed that the structure
consists of the anionic chain of [M@Y(HCOO) ], and the
countercation of [(CH).NH;]*. In the chain, the adjacent
M?* ions are linked by two EO azido and omsgn—syn
formato bridges (Figure 1a). The uniqgueMon is octahe-
drally coordinated by four N atoms, each from one EO azido,
in its equatorial positions and two O atoms of two formates
at apical sites. The MO bond lengths are pairs of 2.121(2)
and 2.129(2) A forlFe and 2.100(2) and 2.106(2) A for
2Co, while slightly longer M—N bond lengths are observed
in the range of 2.166(2)2.172(2) A forlFeand 2.125(2)
2.139(2) A for 2Co. The M—N—M angles in pairs are
96.5(1) and 96.2(2)for 1Fe and 97.2(1) and 97.6(1Yor
2Co, and the intrachain M-M distances are 3.232 and 3.205
A for 1Fe and2Co, respectively. Because of tyn—syn
formato bridge, the adjacent edge-shared @Noctahedra Figure 1. (a) Side view of the 1D [M(N)2(HCOOY ], chain. (b) Packing
have their -M—O0 axes tilted one toward another and their ©f the 1D [M(Ng)2(HCOO) ], chains and arrays of [(CtNH] " in the

. . crystal, viewed down the axis. Color scheme: M, green; N, blue; O, red;

equatorial planes show a dihedral angle of 15%1Fe) or C. gray; H, white.
158.F (2Co). The linear azido ions do not lie in the
M—N—M plane, and the two unique out-of-plane shift angles and the [M(N)(HCOO) ], chains are isolated quite well.
are 8.4 and 31.8 (1Fe) or 10.9 and 34.7 (2Co). The cations provide not only the charge balance but also

In the lattice, the [M(N)(HCOOY ], chains run along the  the hydrogen bonds (Table S1 in the Supporting Information),
c direction. They are arranged roughly in a hexagonal closestboth conventional and wedgto glue the counterparts of
packing (Figure 1b), with each trigonal channel of the stack- the structure together. The shortest interchain-M dis-
ing occupied by one array of [(@-&NHZJ‘F Therefore1 each tances are 8.548 and 8.537 A ﬂf‘eandZCO, respectively,
[M(N3)2(HCOOY ], chain is surrounded by six arrays of @and the interchain M-M connections via hydrogen-bond

countercations and each cation array by three anionic chainsPridges include six or eight diamagnetic atoms.
Regarding the structural featuresldfe and2Co, showing

(11) 1Fe In a test tubea 5 mL methanol solution of 0.10 M Fe(Cm- Strong Intl’aChaIn bUt Weak Intel’ChaIn Intel’aCtlonS, |OW€I’-

4H,0 was layered carefully by 3 mL methanol and then a 10 mL  dimensional magnetism is expected for the two materials.
methanol solution of 0.20 M formic acid, 0.20 M Nghand 0.10 M Indeed. both ds disol imil t ti
dimethylamine. The tube was sealed and kept undisturbed. Tiny 'Nd€€d, DOth compounds display similar metamagnetc

yellow-green columnlike crystals appeared overnight. Crystallization properties (Figures 2 and S1 and S2 in the Supporting
for 1 week produced crystals in a yield of 25% based on the metal ; ;
salt. Anal. Calcd for gHgN,OFe: C, 15.60, H, 3.93, N, 42.45. Information). At roo[r; temperature (Figure 2), t@ﬁ\i?lues
Found: C, 15.62, H, 3.98, N, 42.40. IR (cHr 2062vs (N"), 1578vs are 4.27 cri K mol™ for 1Fe and 3.52 cri K mol~? for
and 1350s (HCOO). 2Ca: A similar procedure was employed by 2Co, being typical for isolated ®¥r ions of high spin =
using CoC}-6H,0 instead of Fe(Clg)2-4H,0. Pink column crystals 2 f Fet ds = 3, f CRh) i h hedral
were obtained with a yield of 41% based on Cp6H,0. Anal. Calcd or ke and > = " lor ) in the octahedral
fsogétsngm%?%((?, 11?.3296;9, 3.?§,)N,lg%.389. Fdoggg:z C(H%:Sc.;g; H, coordination environmenrt. Upon cooling, theyT values
.00; N, .of. cm): VS (I8 ), S an S H H H

(12) Crystal data fotlFe M = 231.02, monoclinic, space grol2J/c, a increase slowly, and below 50 K, they increase more quickly,
=10.1584(4) Ab = 13.8447(5) Ac = 6.4644(2) A8 = 94.690(1), reaching very sharp maxima of 25.6 €K mol~* at 9.3 K
V= 906.11(6) R Z =4, D = 1.693 g om®, « = 1.648 M, for 1Fe and of 20.9 crh K mol~* at 7.6 K for2Co. After

15 235 measured data, 2069 uniqRg; = 0.0879, R1= 0.0331 for . .
1162 observations df> 2(l), wR2= 0.0715 for all data, and GOF  theé maxima, they quickly decrease to low values of 1.19

= 0.942. Crystal data fgiCO: M= 234-10}_\m0n00|ini0, Spa/C_\e group  and 2.36 criK mol~! at 2.0 K for1lFeand2Co, respectively.
gﬁ_lé;%:-?(ly, {./0.20?32?.(.?4(6’? R, 21?;82750(5:) S aa g'é‘#r%?f): 1’%07 The high-temperature data fit the Curié/eiss law well and
mm~1, 17 871 measured data, 2044 unideg,= 0.0916, R1= 0.0343
for 1125 observations df = 2¢(l), wR2 = 0.0755 for all data, and (13) Steiner, TAngew. Chem., Int. EQR002 41, 48.

GOF = 0.943. The intensity data were collected on a Nonius Kappa (14) Mulay, L. N., Boudreaux, E. A., EdSTheory and Application of
CCD diffractometer with Mo I radiation ¢ = 0.710 73 A) at 293 K. Molecular Paramagnetisndohn Wiley & Sons Inc.: New York, 1976.
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a5 b o F Supporting Information) undea 2 kOe field and between
r E —o—1Fe i _a-oEEEE 14 and 30 K were used to fit the expressjor (1/3)y +
20F 2o s?F /nﬂi.._._._._._. (213 for powder datd® During the fitting procedure, it
« F s, 0 g" was found thatgy was almost zero, indicating the strong
515 F ; Ising-like anisotropy of the system, like other €achain
wg E?;D 0 .".’1"3. NI complexes thus, equatiory = (1/3)y was finally used,
210 —;‘%%:mﬂ o2 koe 0" and the best-fitted results aje= 13.89(4) cmi! andg, =
= I 9.52(2) withR=1.56 x 10°°. The ferromagnetic coupling
5F Rl ele[a T eTe e et between EO-azido-bridged &dons has been document&d?
0 -||||||| It is obvious that, in the two compounds, the intrachain

o 50 100 150 200 250 300 ferromagnetic exchange pathway is mainly via the two EO-
T.K azido bridges with M-N—M angles close to 97 The global

Figure 2. Temperature dependence of the magnetic susceptibilityFef antiferromagnetic ordering of the two compounds arose from
and2Co under an applied field of 1 kOe. Inset: field-dependent magnetiza- the interchain interactions, being estimatedzBy= —gBHd/
tion of 1Feand2Co in the low-field region at 2.0 K. 25,5 and is ca—0.6 cnrl, using theHc's at 2 K and the
give Curie and Weiss constants 6f= 4.12 cn? K mol?! derivedg values. Dipole-dipole as well as exchange effects
andf = 17.5 K for1Feand ofC = 3.46 cn? K mol~! and via hydrogen bonds might be possible, and the interchain
6 = 11.0 K for 2Co. Positive Weiss temperatures indicate interactions should be mediated by interchain hydrogen
that the ferromagnetic interaction is dominant in the two bonds. Although some resiithave been reported, the role
materials. Considering the structures and the fact that EOof hydrogen bonds in mediating magnetism is still not clear.
azido transmits ferromagnetic couplirjst is rational to In conclusion, we have synthesized two new magnetic
say that the intrachain interactions are ferromagnetic. How- chains in which the magnetic metal ions are linked by a
ever, further magnetic investigation revealed that both 3-fold bridge of two EO azido and ongyn—syn formato
materials are metamagnets. The field-cooled magnetizationgdigands, and this is the first time that magnetic coordination
under different fields are shown in Figure S1 in the polymers including a mixed azido/formato bridge are re-
Supporting Information. At 500 Oe, the two compounds ported. The magnetic chains are isolated by countercations
showed maxima in their magnetizations, suggesting the of [(CH3):NH]*. Both materials are metamagnets because
occurrence of 3D antiferromagnetic ordering. Upon an of the strong intrachain ferromagnetic coupling versus weak
increase in the field, the maxima moved to lower tempera- interchain antiferromagnetic coupling. It is expected that the
tures, became less prominent, and finally disappeared at 5.0nterchain interaction will be further weakened if more bulky
kOe for1Feand 2.0 kOe foRCo, indicating a metamagnetic ~ diamagnetic cations are employed, and endeavors are in
transition by the external field. The Neel temperatui@g,( progress along this line.
determined by the negative peaks of E(dT of data in Acknowledgment. This work was supported by the
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magnetization slows down and is nearly linearly field- in CIF format for1Fe and2Co and a PDF file containing Table
dependent. The critical fields for the metamagnetic transition S1 and Figures S1S4. This material is available free of charge
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