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Molecule-Based Magnets Formed by Bimetallic Three-Dimensional Oxalate Networks and

Chiral Tris(bipyridyl) Complex Cations. The Series [Z" (bpy)s][CIO 4[M " Cr'"! (ox)3] (2" =
Ru, Fe, Co, and Ni; M' = Mn, Fe, Co, Ni, Cu, and Zn; ox = Oxalate Dianion)
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The synthesis, structure, and physical properties of the series of molecular magnets formulat{B:[Z
[CIO4[M"Cr!"(0x)3] (Z" = Ru, Fe, Co, and Ni; M= Mn, Fe, Co, Ni, Cu, and Zn; ox oxalate dianion) are
presented. All the compounds are isostructural to the [RughEy®P 4][MnCr(ox)s] member whose structure (cubic

space groupr4,32 with a = 15.506(2) A,Z = 4) consists of a three-dimensional bimetallic network formed by
alternating M and CH' ions connected by oxalate anions. The identical chiralityi{ the solved crystal) of all

the metallic centers determines the 3D chiral structure adopted by these compounds. The anionic 3D sublattice
leaves some holes where the chiral [Z(ki%/) and CIQ~ counterions are located. These compounds behave as
soft ferromagnets with ordering temperatures up to 6.6 K and coercive fields up to 8 mT.

Introduction
It is well-known that extended networks of dimensionalities

two and three can be constructed from oxalato-bridged bimetallic

complexes. In particular, bulky organic monocations stabilize
two-dimensional structurésf formula [XR4][M "M" (0x)s] (M"

= Mn, Fe, Co, Ni, Cu, Zn; M = Cr, Fe, Ru; X= N, P; R=
n-alkyl, phenyl, ...) in which [M'(ox)s]®~ are held together by

the M! cations in order to form negatively charged honeycomb
layers interleaved by the organic cations which control the
interlayer separation. These phases were first reported by Okawa"
et al®in 1990, and the honeycomb structures were determined

independently by Atovmyan et &and by Decurtins et &lFrom
the structural point of view the layers contairl nd M" tris-
(oxalate) sites of opposite configuratioh and A). The main

interest of these 2D phases is related with their magnetic

properties. These compounds behave as ferromagiets;
magnet$ or canted antiferromagnétwith T. ranging from 5

from the possibility to substitute the “innocent” organic cations
by electronically active cations able to add a second property
to the solid while maintaining the layered structure in the search
for new classes of molecule-based materials presenting associa-
tion or coexistence of propertiés?

A second type of bimetallic network is formed when the
cations are chiral metallic complexes such afipy)s]2+ (Z"
= Ru, Fe, Co, Ni, Zn). In that case a chiral three-dimensional
structure is formed with general formula'[@py)][M 'M" (0x)s]
[Z"(bpy)][M"M"(0x)3] (M" = Mn, Fe, Co, Cu; M' = Cr,
Fe; M = alkali metal, NH™). This 3D network was first
reported by Decurtins et &k.in 1993. In contrast to the previous
layered phases, in the 3D phase the two metal sitéls,akd
M', have the same configuratioA r A). The network structure
contains cavities wherein the '[tbpy)]?" are located. These
cavities have some flexibility and can also accommodate small
monoanions X such as CI@Q-, BF,~, or Pk. This feature

up to 44 K. An additional current interest of these phases comes@//0Ws extending the range of compounds that can be obtained
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to the formulas [2 (bpy)][X][M 'M" (ox)s] and [Z" (bpy)s][X]-
[M"M"(ox)] (2" = Cr, Rh)}2 From the magnetic point of view,

the 3D oxalate networks reported to date are less interesting
than the 2D phases since only the homometallic serid$/[\]

lead to ordered magnetic phases (antiferromagnets or weak
ferromagnets)? In the bimetallic series [MM'"], the magnetic

M" centers are surrounded by diamagnetic alkali ion's,dd

that they behave as simple paramagnets. Still, interesting
photophysical properties have been described for these para-
magnetic compounds due to the presence of two transition metal
ions (as Rt and CH') which can give rise to photoinduced
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processes such as energy transfer or electron trafisfem Table 1. Crystal Data and Structure Refinement Data for

one case, namely [Co(bp}[LiCr(ox)4], a thermal spin transition ~ [RuU(bpy)|[CIO]MnCr(0x)s]

for the Cd' complex has recently been observed. formula GgH24CICTMNNgO6RU
The best way to obtain magnets in these 3D phases is by a(A)3) 15.506(2)

constructing a [MM""] bimetallic network analogous to the \Z/(A 2728(2)

bimetallic layered magnets cited above. Although this possibility Fu 1040.10

has been postulated several times since the discovery of the space group P4,32

3D oxalate network, the preparation of these phases has not T (K) 293(2)

been reported to date. That is probably due to the difficulty of A (A 0.71069

obtaining a pure [MM'"] bimetallic network as Mions can p°?'éé?—f)rrr3) if?g

also enter in the structure. Here we report the synthesis, Iléla 0.0263

structures, and magnetic characterization of this new series of R, 0.0642
i i 1] I

e e e kot e *Ri= 3(Fo — FUIS(F.*Re = [STo(F? =~ P Slo(Fa

f . o = U[o*(F?) + (0.1446°)? + 4.803%F], whereP = (F2 + 2F2)/3.
Zn). These compounds will be abbreviated as [Z/MCr]. [*(Fe) + ( ) ] (Fo ?)

) ] handle these disorder problems, the best models were found to be those
Experimental Section with two crystallographically independent oxygen positions from the
perchlorate anions. All atoms were refined anisotropically except
hydrogens and the oxygen atoms from the perchlorate units.

. . Crystallographic data and refinement parameters are summarized in

[Cr(ox)_g]-nH207was prepared by methatesis from the corresponding Tabley 1. A?on?ic coordinates, anisotrozic thermal parameters, the

potassium saf’ labeling scheme, bond distances, and bond angles are provided as
General Synthetic Procedure for [Z(bpy)}][CIO 4][MCr(0x) 3]. An Supporting Information.

excess of MCE"4H2(? (4 mmol) was added to a suspension o§&y- Magnetic Properties. Variable-temperature susceptibility measure-

(0X)s]-nHz0 (0.3 g; 0.5 mmol) in methanol (20 mL). The AGCl  mentswere carried out on polycrystalline samples with a magnetometer

precipitate immediately formed was filtered, and then the clear solution (quantum Design MPMS-XL-5) equipped with a SQUID sensor. The

was added dropwise to a methanol solution (50 mL) of [Z(BBt) dc measurements were performed in the temperature rang§e@K

or [Z(bpy)][CIO4]2 (0.5 mmol) and M[CIQ]>'nH20 (2 mmol). After at a magnetic field of 0.1 T. The ac measurements were performed in

!/ h a fine bright powder was filtered off and washed with methanol, he temperature range—20 K at different frequencies with an

DMF, water, and acetone and dried at room temperature. The gjllating magnetic field of 0.395 mT. The magnetization and hysteresis
composition of all samples was checked by microanalysis, indicating st,dies were performed between 5 anfl T, cooling the samples at
the complete absence oftkand the expected ratio among metals. zero field.

Single crystals of [Ru(bpy)CIO4][MnCr(ox)s] of good quality for
X-ray diffraction analysis were obtained by an analogous procedure Results and Discussion
by slow diffusion of both solutions in a H-tube after 3 months. ) ) )

Structural Determination. Good-quality single crystals of [Ru- Synthe3|_s and Structure.The main synthetic problem to be
(bpy)J[ClO4][MnCr(ox)s] were collected, and one of them was mounted Overcome in order to prepare the oxalate-based 3BMM-
on a CAD4 Enraf-Nonius X-ray diffractometer. Unit cell parameters (0X)3] phases is to avoid the formation of the analogous M-
and orientation matrix were determined by least-squares fit of 25 (0x)s] phases. Our first attempts at preparing these salts were
independent reflections. Data collection was performed withvtisean unsuccessful since the presence of alkali metal ions o Nitd
technique with three standard reflections measuredye®er which solution (coming for instance from the tris(oxalato)metalate salt,
showed no significant decay. Lorentz, polarization, and empiric which is a common starting material for the synthesis of the
absorption ¢ scan) corrections were carried out. The structure was pimetallic systems) yielded impure compounds. In these cases
solved by direct methods using the SIR97 progtéiand was refined the monocations were found to randomly occupy the corre-
on P using the SHELXL-97 progrart.In the structural determination sponding M position in the network, promoting at the same

the heavy atoms from anionic and cationic species were found ~ he ab f the ch . . I
immediately, and the other atoms were located through successivelie the absence of the charge-compensating anion (usually

Fourier differences. The perchlorate anions were found to be disordered.ClO4~). Of course, bulky organic cations also caused problems
The chlorine is located on an inversion center, and significant electronic Since their presence in solution templated the formation of the
density was found around this position at very near distances, which 2D phases. Thus, the synthetic procedures were designed to
suggests that the perchlorate anion can adopt slightly different randomcompletely avoid the presence of any cations in solution other
positions due to its small size compared to the hole left by the structure. than the transition metal species. For thé' @erivatives, Ag-
In addition, the possibility of free rotation and the presence of the [Cr!ll(ox)s] is used as the source for [€5fox)s]3~. Reaction of
inversion center changes the expected tetrahedral configuration to athis silver salt with excess of the chloride salt of the divalent
g?;gu%%?:]p“fﬁéeghgm;glﬁ/ﬁﬂogczvdthaﬁi Iiii;g?;szx%%i" 1"9;:32”;50 metal gave insoluble AgCl that was removed by filtration, and
9 ’ pancy ’ ' a solution that only contained as metals the desired divalent
. : cation, M', and the [C¥ (ox)s]®~ complex. By addition of the
(14) Hauser, A.; Riesen, H.; Pellaux, R.; DecurtinsCBem. Phys. Lett. corresponding tris(bipyridyl) complex [Zbpy)]2t, and using

1996 261, 313. X .
(15) Sielc?er gg_. Decurtins. S.: Stoeckli-Evans. H.: Wilson. C.: vufit D.. &S perchlorate source the salt of the desired divalent metal (and

Materials. The complexes [Abpy)]?" (Z" = Ru, Fe, Co, Ni) were
prepared according to the literature meth&dEhe precursor salt Ag

Howard, J. A. K.; Capelli, S. C.; Hauser, &hem. Eur. J200Q 6, also the [Z(bpy)] salt in some cases), the desired 3D
(16) ?6)1'3 all, F. H: Nyholm, R. SJ. Chem. Soc1952 3570, (b) compounds were obtained as very fine polycrystalline precipi-
a, urstall, F. R.; Nyhoim, R. . em. SocC. . . . . . .
Anderson. S.: Seddon, K. R. Chem. Re<1979 74. tates after several minutes. Particle sizes are typically uniform
(17) Baylar, J. C.; Jones E. M. Imorganic SynthesjsBooth, H. S., Ed.; and of the order 053 um, except for the [Ru(bpy)CIO4]-
McGraw-Hill: New York, 1939; Vol. 1, p 35. [NiRu(ox)s] derivative, which presents uniform particle sizes

(18) é'?og‘ua;giigéiB‘X'f"M'\giig'r;n?aAmac';"' g" g(";‘"sggrria’g', %E)%ﬁgo‘gzzo' of less than 0.2m. Unfortunately, the same synthetic approach
Appl. Crystallogr.1999 32, 115. T T could not be used for the Hederivatives, since the AfFe"'-

(19) Sheldrick, G. M. University of Gitingen, Germany, 1997. (ox)3] salt is not stable.
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Table 2. Unit Cell Parameters for the Series
[Z(bpy)s][CIO4][MCr(0X)s]

[zm] a(h) V(A
[Ru/Mn]2 15.506(2) 3728(3)
[Ru/Fe] 15.46(3) 3695(43)
[Ru/Co] 15.51(4) 3731(58)
[Ru/Ni] 15.40(8) 3652(114)
[Ru/Cu] 15.41(7) 3659(107)
[Fe/Mn] 15.43(4) 3673(57)
[FelFe] 15.30(5) 3581(70)
[Fe/Co] 15.38(6) 3638(85)
[Ni/Mn] 15.45(4) 3688(57)
[Ni/Fe] 15.44(6) 3680(86)
[Co/Mn] 15.49(5) 3716(72)

a Single-crystal data.

Not all possible Z/M combinations could be obtained. In
some cases, as with M= Ni and Cu, no solid precipitate
appeared in the reaction solution. This is not unusual since, for
instance, the analogous 'N2D derivatives have not been
reported. This should be related to the smaller size of Ni and
Cu compared to the rest of the divalent first-row transition
metals. Only with [Ru(bpy]?" (the biggest cation used) were
these derivatives obtained. In other cases, a precipitate is formed
but not with the expected composition due to the poor stability
of the starting [2(bpy)]?* complexes in solution in the presence
of other divalent metals. Thus, the synthesis aiming the [Co/
FeCr] derivative yielded [Fe/FeCr] instead, because of the larger
stability of the [Fe(bpyj?" complex: [Co(bpyj?" in the
presence of free Pe gives [Fe(bpyj]?t and free C&". As a
result, the final compound does not include any Co, not even
in the bimetallic network.

By slow diffusion, crystals of good enough quality for X-ray
diffraction analysis were grown for the salt [Ru(bgj104]-
[MnCr(ox)s]. All other [Z/MCr] compounds reported in this
work were obtained as polycrystalline materials that were found
to be isostructural by X-ray powder diffraction. The cell
parameters derived from the powder diffractograms are sum-
marized in Table 2. These compounds crystallize in the cubic Figure 1. (top) Projection in théxc plane of the structure of the family
space groupP4,32, as their analogues [M(bp})CIO4][M - of molecule-based magnets [Z(bpIO4][MCr(ox)s]. Only the 2!
(0x)3], and present the expected well-known 3D 3-connected ion (in gray) of [Z(bpy)]*" cations and the Cl atom (in white) of the
10-gon oxalate-based anionic network (1082 This network [Z(Ct);:o y)as‘]”z'fgztgﬁs ?ﬁ"ﬁ’g ég;lesfﬁj‘g:ﬁz (bottom) Projection of the
is formed by bis-bidentate oxalate ligands connectingavid
M!"" metal ions in such a way that each'Nbn is surrounded  Table 3. Magnetic Parameters for the Series
by three C¥ ions and vice versa, leading to polymeric nets [Z(bpy)s][CIO4[MCr(ox)s]?

with all the metal ions maintaining the same chirality. Both C M (ug) theor Heoer
metals are equivalent by X-ray analysis. Otherwise, the spacez(il) M(Il) T.(K) 6(K) (emuK-molY) at5T Ms(us) (MT)
group would have beeR2;3, as found in the [Z(bpyg)[ClO4]- RU Mn <20 50 59 6.7 8 0

[M'M!"(ox)s] analogues (M= alkali metal), where both metal Fe 25 90 4.9 5.0 7 1.4
sites are nonequivaleft. Therefore, in the [Ru/MnCr] com- Co 28 6.9 4.7 4.9 6 0.8
pound Mn and Cr occupy the same crystallographic position, Ni 64 16.9 3.0 4.0 5 22
with mean M-O distances of 2.098 and 2.109 A; these distances Cu 19 94 2.5 3.9 4 14
are comprised between the shorter ones expected fbr-Or Fe FMen i'? g'g gg i'g g go
and the longer ones expected for MrO. These loosely Co 66 11 5.1 5.0 6 55
otherwise networks are stabilized by the [Ru(kp?¥/) cations Ni  Mn 23 26 6.6 7.7 10 1.3
of the appropriate chirality located in the vacancies of the Fe 40 22 5.8 5.8 9 2.8
polymeric anionic framework. Projections of the anionic host €0 Mn 22 1.1 7.4 7.5 1 13

and the cationic guest are shown in Figure 1. Perchlorate anions aM andHeer are values at 2 K.
needed for electroneutrality fill the holes left by the cation
complexes. In our case, the crystal structure that has been solve
corresponds to thé chirality.

Magnetic Properties. Salts Based upon [Ru(bp§j™ Com-
plexes.Derivatives of this diamagnetic cation with'\= Mn,

ge, Co, Ni, and Cu have been studied. The magnetic susceptibil-

ity behaviors of all these compounds are essentially similar. All

members obey the CuridNVeiss law from 50 to 300 K. The

resulting parameters are summarized in Table 3. The derived

Curie constants of the compounds are within the values expected

(20) Decurtins, S.; Schmalle, H. W.; Schneuwly, P.; Ensling, JtfiGu for the sum of Curie constants of the constituent metal ions
P.J. Am. Chem. S0d.994 116, 9521. (Table 3). In all compounds the Weiss consta@Xsare positive,
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Figure 2. (top) Thermal variation of the magnetic susceptibility at
0.1 T (ym) for the Ru/MCr series. (bottom) Thermal variation of the
product of the magnetic susceptibility times the temperatyx&)(for

the same family. 140 25
indicating ferromagnetic interactions between neighborirgy Cr 1207 —_— gol y

and M' ions. This is also supported by the gradual increase ~ ] —°—§0. r20
observed in theT product upon cooling from room temperature. 5 100"; ! %
At low temperatures (below 10 K) bothandyT show sharp E 80 =15 g
increases; in some cases, a tendency to saturatigrisralso E ] C E
observed upon cooling (Figure 2). These features suggest the e 60‘: F10 £
onset of long-range ferromagnetic ordering. To confirm the = 403 - i
appearance of magnetic ordering and to precisely determine the ] L5
critical temperatures, ac susceptibility measurements were 204
performed. Typically, in a magnet containing net magnetic 0_2 C o

moments in the ordered state (ferromagnet, ferrimagnet, or
. 2 3 4 5 6 17 8§ 9 10

canted antiferromagnet, for example) these measurements show

a maximum in the in-phase signa{’\ nearT, and an out-of- _ o ’ _

phase signaly() that starts to appear at temperatures just below Figure 3. Thermal variation of the in-phase (filled symbojgy) and

T.. Therefore, the position of this signal provides a precise way 2ut-of-phase (empty symbolg,”) ac susceptibility of the Mn, Fe, and

to determineT,. In the derivatives of Mn, Fe, and Gti shows Cu 'der'lvatlves (top), the Mn derlvatlve_ (center), and the Co and Ni

. e : o derivatives (bottom) of the Ru/MCr series.
a continuous increase with no maximum down to 1.8 K,

indicating that in these three cases the magnetic ordering maythe estimated values are 2.8 and 6.4 K, respectively. Notice
occur near or below this temperature (Figure 3, top and center).that in all the above compounds the maximgyirandy'" are
This point is confirmed by the out-of-phase signals. In the Mn practically frequency independent. For example, in the Ni
derivative a very weak rise i’ is observed near 2 K, which  derivative the maxima iy’ andy" only vary around 0.2 K
indicates that the magnetic ordering is probably close to this when the frequency is varied a factor of more than 300 (from
temperature. As crystals of this sample can also be prepared,1 to 332 Hz, Figure 4, top). This weak variation may be related
we have compared the behavior of the powder with that of the to the small particle size of the sample in this case. A more
crystals. No significant differences have been detected. In Fe pronounced variation is, however, observed in the Fe derivative,
and Cu derivatives sharp increaseg'irare seen at 2.5 and 1.9  which shows a maximum ig' which is shifted from less than

K, respectively (Figure 3, top). These results provide an accuratel.8 to 2.1 K when the frequency increases a factor of
determination ofT. in the two latter compounds. On the other approximately 100 (from 10 to 997 Hz, Figure 4, bottom).
hand, in the Co and Ni derivatives, a maximunyins clearly Similar behaviors have already been observed in the related 2D
observed at 2.4 and 6.1 K, respectively, together with the phases and have been attributed to the presence of small amounts
corresponding” signals (Figure 3, bottom). From these signals, of Fé" ions in the bimetallic network that introduces some
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additional magnetic disorder in the lattice as a result of the : RARRR AR AN

presence of antiferromagnetic'fre Fe' interactions competing 0 001 0.02 0.03 0.04 0.05
with Crl'—Fé' interactions! H/T (TK 1)

The nature of the above magnetic transitions corresponds tOrjgyre 5. (top) Isothermal magnetization 2 K of the Ru/MCr series.
a ferromagnetic ordering as demonstrated by the field depen-(bottom) The low field region. The dotted lines are the expected
dence of the isothermal magnetization performe@ i (1.9 K behaviors for non interacting &rand M' ions (M' = Mn, Fe, Co, Ni,
in the Cu derivative). In fact, one observes a rapid increase of and Cu, from top to bottom, respectively).
the magnetization with H which is much faster than the rise . ) .
expected for noninteracting ttrand M' ions (dotted lines in the magnetic properties of the salts, we report he.re the magnetic
Figure 5). TheM values &5 T are compatible with a parallel properties of the salts formed by the ferromagne_tlc 3D_networks
alignment of the interacting spins (Figure 5, top; Table 3). This [MnCr]z,Jr[FeCr], and [CoCr] with the diamagnetic cation [Fe-
sharp increase is more gradual in those compounds hdying (bpy)l ([F_e/ MnCr], [Fe/FeClr], ar\c_i [Fe/CoCr)). We alsq report
values closed 2 K (Mn, Fe, and Cu: Figure 5, bottom). Notice thg propezriles pf the salts containing the paramagzrletlc cations
that the magnetic field required to approach the saturation is [Ni(bpy)s]** ([N/MnCr] and [N|/_FeCr]) and [Co(bpy]** ([Co/
rather large in all cases. Furthermore, no clear saturation of theMnCr))- In general, the magnetic features of all these compounds
magnetization is observed in any case andMhealues at5 T clos.ely. resemble those reported for the analogous [RuSy)
are smaller than the sum of the spin values of the two magnetic d€rvatives (see Table 3). Thus, most of the compounds obey
sublattices (see the theoretiddk values in Table 3). These the Curie-Weiss law. The only exceptions are th_e Co-containing
features have already been noted in the analogous 2D serie§°mp9unds _[Fe/CoCr] a’Fd [Co/MnCr] whereln_a small _and
and have been attributed to the presence of a spin canting in'€92fivé Weiss constant is calculated. Such a difference is not
the ferromagnetic structure. Beloly, the magnetic hysteresis due to a different sign Of, the exchange |nteract|'on in .these
loops of these compounds show coercive fields close to Zero,com_pou_nds but to the orbnal_degenerac_y of t_he high-spin Co-
which indicate that these compounds can be referred to as very(”) lon In an octahedral environment since its eff_ect_on the
soft ferromagnets. The largest coercive field is observed in the magnetic moment can overcome thg positive contributiod to
Ni derivative (2.2 mT) (Table 3). coming from the weak ferromagnetic coupling. Furthermore,

Salts Based upon Other [Z(bp}3* Complexes (¥ = Fe, a_1|| are very soft ferromagnets as d(_emonstrgted b_y the magne-
Co, Ni). To study the influence of the [Z(bpyl}+ cation on tization measurements and hy_steretlc bghawors (Figure 6; Table
3). Thus, in these three series the field dependence of the
(21) Coronado, E.; GateMascars, J. R.; Gmez-Garéa, C. J.; Ensling, isothermal magnetization performett 2K shows a behavior

J.; Gitlich, P.Chem. Eur. J200Q 6, 552. similar to that observed in the [Ru(bgjd" derivatives: a rapid
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Figure 6. Hysteresis cycleta2 K of the Z/CoCr series.

raise of the magnetization withl, although without a clear
saturation of the magnetization even at 5 T, where a value close
to that expected for a parallel alignment of the interacting spins
is reached (Figure 7; Table 3). As in the analogous 2D series
and in the [Ru(bpy)?" series, the differences with the theoreti-
cal values can be attributed to the presence of a spin canting in
the ferromagnetic structure.

Finally, when the cationic complex is paramagnetic, the
magnetization measurements and the Curie constants are ap-
proximately the sum of the magnetic contributions coming from
the two kinds of magnetic sublattices. This observation indicates

M (uB)

—o—Fe

that the two magnetic sublattices essentially behave indepen- 1 —=— Ni
dently. Still, significant variations in both the critical temper- —0—Ru
atures and the coercive fields are observed. Thus, in the [MnCr]

series a significant increase frofg < 2 K in the [Ru(bpy}]%* Ot
complex to 3.9 K in the [Fe(bpy?" complex is observed 0 1 2 3 4 5

(Figure 8, top). A similar variation is observed in the [FeCr] H (T)

and [CoCr] series whereil, increases, respectively, from 2.5 _ o

and 2.8 K in the [Ru(bpy]?" derivatives to 4.7 and 6.6 K in ggFLérgribgftgﬁc)ersrgﬁgzagnetnzatlona K of the Z/MnCr (top) and
the [Fe(bpy)]?" derivatives (Figure 8, center and bottom). As

a general rule, we observe that the magnets containing the [Ru-structure adopted by the bimetallic oxalato complexes when they
(bpy)]?" complex, which is the biggest one, exhibit the lowest react with [2 (bpy)]2* complexes (2 = Ru, Fe, Co, Ni) can
Te values, while those containing [Fe(bglyf exhibit the highest  pe used to build up an extensive series of molecule-based
values. The magnetic Ni(ll) and Co(ll) tris(bpy) complexes show ferromagnets formulated as'{py)s][CIO4][M "Cr' (0x)s] (M"
intermediate values. From this tendency it is apparent that the — Mn, Fe, Co, Ni, Cu, Zn). Eleven members of this novel series
observed variation depends on the size of the inserted complexhaye been obtained and their magnetic properties investigated
whereas the electronic nature (magnetic or not) of the metal isn this work.
not a relevant factor. When compared with the phases of two-dimensional layered
The increase in the critical temperatures of the [Fe()}y)  magnets based upon bimetallic oxalato complexes, this series
derivatives with respect to the [Ru(bgl)” ones allows  shows several distinctive features worthwhile to mention:
determination in a more accurate way the valueJofsince (i) The influence of the molecular cationic network on the
sharp out-of-phase signals are clearly observed in the acmagnetic properties is much stronger in the 3D series than in
magnetic measurements well above the lowest available tem-the analogous 2D series. Thus, in the 2D series it has been found
perature. Furthermore, this feature also allows better charac-that insertion of organic and organometallic cations of various
terization of the weak but detectable frequency dependencesjzes, shapes, and symmetries has little influence on the critical
found in the [FeCr] series, since the range of frequencies whereintemperatures of the magnet. On the contrary, in the 3D series
the maxima iy’ andy" are observed can now be expanded. reported here the inserted cation strongly affectsTthealues.
For example, in the [Fe/FeCr] compound we observe that the a similar effect has been observed in the 3D related families
maximum iny" is shifted from 3.5 to 3.8 K when the frequency  [Co!' (bpy)s][Co2(0x)s](CIO,) and [Z! (bpy)s][Coz(0x)s] (Z" =
varies from 1 to 332 Hz, and the same holds for the maximum Fe and Ni) where the increase in the cationic volume produces
in »" which shifts from 3.1 to 3.5 K (Figure 9). a decrease (and even a disappearance in the Ni case) in the
ordering temperature to a spin canted ferromagnetic state.
possible reason for this cationic effect dgp is that the 3D
In this paper we have shown that the three-dimensional chiral network is less rigid than the planar 2D network. This flexibility

Conclusions
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Figure 9. Frequency dependence of the in-phase (filled symbmal$,

and out-of-phase (empty symbojs,'') AC susceptibility of the Fe/
FeCr derivative.
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Figure 10. The MCr unit when the M(ox)and Cr(ox} complexes
have the same chirality, giving rise to the 3D family (top), or different
chirality, giving rise to the 2D family (bottom).

E 5 Table 4. Magnetic Parameters for the 2D Series [A][MCr(gxA

2 g = [NBug]*, [CoCp*;]*, [FeCp%]* 29

e 5 [CoCp¥]* [FeCp4l* [NBu,]*

_: .E M' T (K)  Heoer(MT) Te(K)  Heoer(MT)  Te(K)  Heoer(MT)

= Mn 51 40 53 2.0 6 2.0

Fe 127 194.0 13.0 110.0 12 32.0
Co 82 25.0 9.0 13.0 10 8.0
Cu 67 20.0 7.0 18.0 7 3.0

T (K)

_ o _ _ ’ coupled metal centers, we observe that in both cases each metal
Figure 8. Thermal variation of the in-phase (filled symbojsy) and is surrounded by three nearest neighbors. Therefore, although
out-of-phase (empty symbolg,') ac susceptibility for the series . . : . . .
ZIMNCr (top), Z/FeCr (center), and Z/CoCr (bottom). the dimensionality changes, thg connect|V|t.y remains 3 in bot.h
networks and the reason for this decrease is rather related with
of the 3D network is shown by its ability to host one or two @ Weakening of the exchange interactions. The 2D network is
ions in the holes present in the structure'(@y)]?" and planar, and it is easy to see how in this structureGheaxes of
(ClOy)~ in the examples reported here, but other compensating adjacent distorted octahedra remain parallel to each other. On
ions as the (BR~ can also be inserted). This feature will directly the other hand, the nonplanarity of the 3D network forces the
affect the intermetallic bond angles and distances and, thereforeC; axes of adjacent octahedra to be perpendicular to each other
the exchange interactions within the'®Ir'"" network. In the ~  (Figure 10). This different disposition should be responsible for
2D structure these exchange interactions are not affected by thehe different exchange interaction found in these two phases,
inserted cation that determines the interlayer separation but notynq shows that the exchange interactions through the oxalato

ithi | 11 . L .
the"structural features \.N.Ithln the'\@r'"' layer. . bridge are optimized in the 2D network.
(i) In all cases the critical temperatures of the 3D series are

lower than those of the 2D phases (Table 4). Apparently this is (iii) These 3D magnets are chiral. In each single crystal all
a surprising result since a dramatic increaseTincan be  metallic centers present the same configuratian of A).
anticipated when the dimensionality of a system increases fromAlthough a polycrystalline sample would be formed by a
2 to 3, while keeping the exchange interactions unchanged.racemic mixture ofA and A crystals, studies on the interplay
However, if we look at the connectivity between the exchange- between chirality and ferromagnetism can be performed on
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