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Many efforts have been directed in the last decade to the Scheme 1

design of molecular-based magnetic materials exhibiting spon- [Mn(S-MeOSaIen)(HQO)]CIO 4+ KaM(CN)s]
taneous magnetizatidn.
In this context, we have explored the assembling modes of
[Mn"(BS)]" [BS = tetradentate dianionic Schiff base] com-
plexes and [Fe(CN)*~. Among the extended structures thus A
obtained, [K Mn(3-MeOsaler}){ Fe(CN}}]n, 1,2 [salen= N,N'-

ethylenebis(salicylideneaminato) dianion] has a two dimensional

>4

network derived from the cyclic octameric [MINC—Fe—CN]4 N

repeating unit (Scheme 1 and figure reported in the synopsis). Mn, / ? < f/

This is a structure has a metamagnetic behavior derived from N—C&,JY'—CEN -

an intralayer ferromagnetic interaction and an interlayer weak N///C G "

antiferromagnetic interaction. The isostructural substitution of

[Fe(CN)]3~ by [Mn(CN)g]3~ in the same compound led to °<T>N> S 8N N B0 = 3MeOsalen
[K{Mn(3-MeOsaler){ Mn(CN)e} ], 2,34 (Scheme 1 and figure o a = chain propagation
reported in the synopsis) which has an analogous metamagnetic N\\" b = interchain interaction
behavior with a Neel transition temperatuiigy = 16 K. __..K SN

a iy “IN

However, below 13.5 K, at low field2 shows an anomalous
negative magnetization. The corresponding diamagnetic sus- [K{Mn(3-MeOsalen)}2{M(CN)e}In, M = Fe, 1; M = Mn, 2
ceptibility reaches very large values (higher than 16 owl~!
at 10 Oe) which are several order of magnitude higher than the Mnz measured under 800 Oe are shown in Figure 1. dde
usual core diamagnetism, and this is an uncommon phenomenonat room temperature, 7.8@, is slightly larger than the spin-
The temperature dependencies of the effective magneticonly value of 7.48us for the magnetically dilute spin-system
momentuer and the inverse of the magnetic susceptibility per (Sy, hs Sun Is, Sun hs = (2, 1, 2). This is probably due to an
t Universitadi Perugia. orbital_contribution from the low-spin Mn(III).ion which has
* University of Lausanne. an orbitally degeneraff 14 ground state for an ideal octahedral
§Kyurs]hu Univlersit%'- ] . Weinhei coordination. When the temperature is lowered, the magnetic
@ mgﬂégc%oofeccuufgr%Z%gﬁglss@éggcm %’1 E;mhh%_r’m,\fl‘iﬂg’r’lfg; moment increases gradually and then sharply below 20 K, finally
Palacio, F., Eds.; NATO ASI Series E, Vol. 198; Kluwer: Dordrecht, decreasing below 16 K. The plot of)d{ vs T above 20 K
D O o o Chema i P f Mo Sased U he Curtewieiss aw with) -+ 16.2K. Tni posive
M:gn}éticpMaterialsMol. Cryst. Liqyuid Cryst)./1993 232-233.3. 5. value of the Weiss constant along with the absence of a

Miller, J. S.; Epstein, A. JAngew. Chem., Int. Ed. Engl994 106 minimum in theuerr vs T curve indicates a ferromagnetic

399. Caneschi, A.; Gatteschi, D.; Sessoli, R.; ReyAde. Chem. Res interaction between high-spin Mn(lll) and low-spin Mn(lll) ions
1989 22, 392. Gleizes, A.; Verdaguer, M. Am. Chem. S0d.981

103 7373. Gleizes, A.. Verdaguer, NI Am. Chem. Sod.984 106 through a bridging CN group. The occurrence of a magnetic
3727. Miller, J. S.; Epstein, A. J.; Reiff, W. MChem. Re. 1988 88, phase transition was studied by measuring the magnetization
@ ﬁﬂo_l- ke H.: Mat 0 N Ok H. Re N Gallo. .- Florian. S T at zero and very weak magnetic fields. The FCM (field
lyasaka, H.; Matsumoto, N.; awa, A.; rRe, N.; Gallo, E.; Floriant, . . . .
C. Angew. Chem., Int. Ed. Englo95 34, 1446. Miyasaka, H.; cooled_magnetlzatlon), RM (re_mnant magnetization) and ZFCM
Matsumoto, N.; Okawa, H.; Re, N.; Gallo, E.; Floriani, &.Am. (zero-field cooled magnetization) curves T measured under
Chem. Soc1996 118 981. a zero and a weak magnetic field of 10 Oe are given in Figure

(3) Procedure foR: Cautiorl Perchlorate salts are potentially explosive - PSR
and should only be handled in small quantities. To the ice-cooled 2. When the temperature Is lowered, the magnetization in the

solution of [Mn(3-MeOsalen)(kD)]CIO; (0.249 g, 0.5 mmol) in FCM curve shows a rapid increase beloa 20 K, reaching a
methanol (50 mL) was added a ice-cooled solution giiM&i(CN)g] maximum (150 cri mol~! G) at 16 K. It then suddenly

(0.164 g, 0.5 mmol) in water (5 mL) in the ice-bath. The resulting . "
solution was allowed to stand for 30 min in the ice-bath to give a decreases, becomes strongly negative at ca. 13.5 K and finally

reddish brown precipitate, which was collected by filtration, washed reaches a saturation value-e120 cn¥ mol~1 G at 1.9 K. When
with 1:1 v/iv methanotwater, and dried in vacuo. Anal. Calcd for  the field was switched off at 1.9 K, the resulting RM curve

,Zz'oizr%’: %Zngﬁ“gf‘;ng%g.% 4185;2:;.':,’”? 71%2'\‘2 }2‘?,35“,,3'&&,‘?9 shows a remnant magnetization (still equal to the saturation

(imine)), 1601, 1624 cm1; »(C—N(cyanide)), 2089, 2111 cr. value of—120 cn? mol~! G observed in the FCM curve) which,
Mp: >300°C. X-ray diffraction patterns of powdered samples were upon warming, becomes positive at 14 K, reaches a maximum
recorded on a Model RINT-2500 instrument from Rigaku Co. Ltd. f 45 cn® 1 G at 15 K d th ddenl ish Th
with a graphite monochromator and Cuxkadiation ¢ = 1.5418 A) 0 cnY mo at 15 K, and then suddenly vanishes. The
at 50 kV and 300 mA. ZFCM curve was obtained by cooling the sample under zero

4) _Th(_e X-ray diffraction patterns of and 2 were in general s_imilar,_ field and warming it under 10 Oe. In the ZFCM curve, the
indicating that these complexes have the same two-dimensional N | 19 K i iall d
framework, although the interlayer spacing and the environment Mmagnetization value at 1. Is essentially zero and, upon

between two-dimensional sheets are different. warming, increases to become positive at 13 K, showing a peak
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60.0 60.0 range studied. Indeed, while the FCM curve taken under a field
7 T of 150 Oe goes suddenly to zero below the sharp peak around
16 K, the curve under 300 Oe has a peak at 16 K and then
increases again, and the curve under 800 Oe saturates to 14000
cm® mol~! G after the abrupt increase around 16 K. The field
dependence of the magnetization up to 55 kOe was measured
at 1.9, 6.0 and 12 K on a zero field cooled sample. On
increasing the applied magnetic field at 1.9 K, the magnetization
8 is close to zero below ca 500 Oe, increases rapidly to a plateau
08" (about M= 4 Nug) around 3000 Oe and then increases gradually

co~9/ reaching a value of 8 h at the highest field measured (55

(99»” - 200 kOe). This value is lower than the magnetization saturation
R expected for this systengg, hs Sun Is, Sun hs) = (2, 1, 2),
which is 10Nug according to the equatidds = NgugS, and a
® ®woer 0 woes o ssee field higher than 55 kOe is necessary for magnetic saturation.
This behavior is typical of systems with a relevant anisotropy,

. like Mn(l1l) Schiff bases which are known to have a large zero-
0 100.0 2000 300.0 field splitting> All these data confirm that at fields higher than
TX) 100 Oe compoun@ has essentially the same metamagnetic
Figure 1. Plots of the effective magnetic momem)(and the inverse ~ character ofl, with a ferromagnetic intralayer interaction and
of the magnetic susceptibility) for 2 per Mny vs temperature. an antiferromagnetic interlayer interaction. However, the
magnetic behavior at very weak magnetic fields is completely
M/ em’mol'G different with 2 assuming negative values. Such an apparent
diamagnetism is similar to that shown by some ferrimagnetic
spinels, like CeVO,® and CgTiO4” The magnetic behavior
2000 ~ of these compounds is explained as due to the incomplete
compensation of the magnetic moments of two antiferromag-
netically aligned sublattices constituted by the same ions in
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1000 . crystallographically nonequivalent positions. The net magne-
mnc.n‘eao e, tization is the sum of the magnetizations for the two sublattices,

0 1 seooosme™ O amoo o 8 8 8 and a sign reversal can be observed because of different
J temperature dependencies of the individual sublattices magne-

1000 1 OM.OQ.«"’& tizations. An analogous behavior has been observed also for

the cubic perovskite LaV and, more recently, for NB&e!-
Fe''(C,04)3,° which is the first example where such a phenom-
-2000 1 enon has been observed in a molecular-based magnet.
In spite of some similarities, the magnetic behavior2dé
: . . , . different from that seen in ferrimagnetic spinels, in Lay@

‘ . in NBugFe'Fée" (C,04)s which all show ferrimagnetic interac-
T/K tions. Instead, compoun@ shows dominant ferromagnetic
Figure 2. FCM (field-cooled magnetization) under 10 Oe, RM interactions above 16 K and is the first example in which such
(remnant field) ©), and ZFCM (zero-field cooled magnetizatiol)( unusual negative magnetization is connected with metamagnetic
under 10 Oe fol. behavior. Further studies are still in progress to clarify such
an uncommon phenomenon.

at ca. 16 K (150 chmol~! G), and then slowly decreases . )
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