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The magnetic anisotropy of the supramolecular [2 x 2] grid [Co(ll)sLsJ®*, with a bis(bipyridyl)-pyrimidine-based
ligand L, was investigated by single-crystal magnetization measurements at low temperatures. The magnetization
curves exhibit metamagnetic-like behavior and are explained by the weak-exchange limit of a minimal spin Hamiltonian
including Heisenberg exchange, easy-axis ligand fields, and the Zeeman term. It is also shown that the magnetic
coupling strength can be varied by the substituent R; in the two-position on the central pyrimidine group of the
ligand L.

1. Introduction magnetic studies demonstrated a remarkable variety of their

i iegb

The design of small magnetic clusters has become a major™adnetic propertiest
goal in the area of nanoscale materials as these objects !N @ previous study, we demonstrated that Co(l1){2]
promise novel magnetic properties. For instance, quantumdrids based on bis(bipyridyl)-pyrimidine ligands (see Figure
tunneling of the magnetization has been observed in molec-1) exhibit intramolecular antiferromagnetic (AF) interactions
ular nanomagnets such as Mror Fe.! Supramolecular ~ ©ON the order of Kelvins, while intermolecular magnetic
chemistry provides a unique tool to produce, by self- interactions are negligibly small (estimated to be at best

. . . 5 i i

assembly, molecular architectures with a defined geometry 10 MK)> The magnetism of macroscopic samples thus
of metal centerd.The so-called I x N] grids attracted reflects the magnetic properties of single molecules. In this
particular interest: the arrangement of exady metal ~ WOrk, the [2x 2] grid moleculel (Figure 1) is explored by
centers in a flat, regulad x N matrix suggests applications Méans of smgle—crys_tal _magnetlza}tlon_ measurements unrav-
in, for example, information storage and processing technol- €ling & metamagnetic-like behavior linked to an effective
ogy 4 Numerous magnetic [ 2] and [3x 3] grids with Ising-type interaction of the metal centers. In addition, from
Fe(ll), Co(ll), Ni(ll), or Cu(ll) ions were created, and the magnetism of powder samples of the Co(l1»{2] grids
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ligands complexes (a) 025

1 [Co"4 (L] (PFe)s
N 2 [Co's (L)) (PFo)s
Nz 3 [Co", (L] (PFe)s

tpy "
4 [Co (tpy)s] (PFe)2

Figure 1. Molecular structure of the Co(ll)-[% 2] grid compound4—3
and of the mononuclear reference compodnd

2 and3 (Figure 1), it is demonstrated that the AF coupling
constant depends on the substituenbR the ligand L, that
is, can be tuned by a controlled chemical variation of the

ligands. For the understanding of the magnetism in the Co- B(T)

(IN-[2 x 2] grids, it is useful to first analyze carefully the  Figyre 2. () Magnetic susceptibility vs temperature and (b) magnetic
magnetism in the mononuclear analogue [Co(Il) #{PFs)> moment vs field at 1.9 K for powder samples I 3.

“)- of the ligand induce a pronounced tetragonal compression

of the coordination sphere formed by the N atoms surround-

ing a Co(ll) center in a direction perpendicular to the grid
The magnetic properties of powder or single-crystal samples were plane and a slight orthorhombic distortion. For gtidthe

measured with a commercial SQUID magnetometer (Quantum average CeN bond lengths are 2.16 A (N of the terminal

Design). The details of the measurement procedures were as_ . .. S
) ) ) pyridine), 2.23 A (N of the pyrimidine), and 2.03 A
described in ref 6a. The weight of the powder samples was typically (remaining NJ2 This is of relevance for the understanding

1-3 mg. The weight of the single-crystal samples was ca8p £ th . ide inf
ug; the magnetic measurements were thus difficult. In particular, © the magnet_lsm (vide infra).
because of their smallness, the accuracy of the orientation of the 3-2- Magnetic MeasurementsThe temperature-dependent

crystal samples with respect to the magnetic field was modest magnetic susceptibilities and the low-temperature magnetiza-

2. Experimental Method

(~15°). tion curves of powder samples of-3 are shown in Figure
2 (for 1, similar curves were presented already in ref 5). The
3. Results general magnetic behaviors of the three grids are apparently

very similar to each other. In the following, we thus
concentrate the discussion bnThe analysis of the situation

analogue [CO(”)(tpy.)](PFs)z (4) were synthesized following in 2 and3, to be givgn in SeCtiOh 4.4, follows the same Iogic
known literature procedurés.Also, samples were prepared ©f arguments and is then straightforward. _
where the positive charges of the grid clusters were countered 1€ magnetic susceptibility df exhibits a maximum at

by BF. ions: the magnetic properties were found to be T~ ~ 7:5 K due to an intramolecular AF couplifigihe
independent of the counterions. magnetization curve shows an unusual behavior: it increases

The structure of the [ 2] grids [Co(IlL/]®* consists at first almost linearly with the magnetic field, rises then to

of the four bis(bipyridyl)-pyrimidine-based ligands L and 2" inflection point aB* ~ 3.5 T, and starts to saturate at

four Co(ll) metal centers, see Figure 1. Each metal center ish|gher fields. This _beh_awor is reminiscent _of a thermally
situated at the crossing point of two ligands and is enclosed broadened magnetlzatlor_1 step@d_ue toa fleId-|nduc§d

by six N atoms in an octahedral geometry. The distance Ofground—statellevel crossing, as it is often observed in AF
separation of the Co(ll) centers is about 6.5 A. The molecules clusters® If this were the whole story, however, an expo-

exhibit an approximat®, symmetry. The steric requirements nential instead of a linear behavior would be expected at
fields below the level-crossing fiel&*. This point is of

(7) (a) Ruben, M.; Breuning, E.; Barboiu, M.; Gisselbrecht, J.-P.; Lehn, importance in the following.

glll\lﬂ CheBw.—E_uQ J.Zé)03L 9r,] 2931',\(,|b) Ear_\tani(G. ?\1 S':c_hurk])eré;- S, For 1, single-crystal measurements were also performed.
olkmer, D.; Rivige, E.; Lenn, J.-Vl.; Kyritsakas, N.; Fischerlan. . . .

J. Chem.1997, 75, 169. () Hanan. G. S. Ph.D. Thesis, Univérsite Figure 3a presents the field dependence of the magnetic
Louis Pasteur, Strasbourg France, 1995. (d) Bassani, D. M.; Lehn,
J.-M. Bull. Soc. Chim. Fr1997 134, 897. (8) Shapira, Y.; Bindilatti, V. JAppl. Phys2002 92, 4155.

3.1. Syntheses and Description of Some Structural
Details. The grid complexesl—3 and the mononuclear
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Figure 3. (a) Field dependence of the magnetic moment of a single crystal
of 1 at 1.9 K for magnetic fields along the main axes. The inset shows the
magnetic moment vs field for a powder samplelotb) Magnetic moment

vs field as calculated withl,,, for J= —1.8 K,D = —20 K, andg = 2.3

at 1.9 K for fields in thez direction and thexy plane. The dashed line and
the inset show the averaged magnetic monentorresponding to powder
samples.

moment of a single crystal df at 1.9 K for three different
orientations of the magnetic field. A pronounced magnetic
anisotropy is apparent. The magnetic moment for fi@s

K + AL-S + ug(lL + 25)-B.° The crystal field has been
decomposed into an octahedral perand fields of lower
symmetryK. A denotes the spinorbit coupling constant,
us the Bohr magneton, ari8i the magnetic field vector. The
dominant octahedral ligand fieN leads to &T; ground-
state multiplet. Its splitting due to low-symmetry ligand
fields, spin-orbit coupling, and the magnetic field is
generally treated by first-order perturbation theory, which
is equivalent to replacing the orbital angular-momentum
operator_ with a pseudo angular-momentum operéatovith

L = =%, and| = 1.1° The effective Hamiltonian for
tetragonal symmetry then becomes

T T PO 3,0
A, (5|22—§(1/1|ZSZ—§(1/1(|XS(+|y%,)+‘uB(—§ﬁ|x+

2§X)BX + uB(—gﬁ’TZ + 2@2)52 1)

Here, we have introduced andp factors to account for (i)
the mixing of the®T(*F) ground state with the next higher
lying 4T, level° (ii) the mixing with the*T,(*P) excited
state!! (iii) an orbital reduction factor due to covalent
bonding effects, and (iv) reduction of the spiorbit
coupling, also due to covalenéy.The parameters were
chosen such that,o',3,6' < 1 (with reduction ii only, the
parameters assume 1 in the weak-field limit &hdin the
strong-field limit). Furthermorey <  anda’ < ' because
reduction iv is not relevant for the Zeeman terms.

This approach implicitly assumes a modest strength of the
low-symmetry fields with respect to the spiorbit coupling,
that is,K ~ 4. However, the pronounced tetragonal compres-
sion of the coordination spheres 4nand the gridsl—3 in
combination with the small free spitorbit coupling of Co-

m,, exhibits a thermally broadened but clear magnetization (I) (4 = 172 cn?) suggests the limiK > 2. This is also

step aB* = 3.5 T. At small fieldsm, increases exponentially
with the field as expected for a magnetization step. In
contrast, the magnetic moments for fields in thandy
directions,m, andm,, increase linearly with equal slope up
to a field of about 3 T. The deviation afi, and m, from
linear behavior abay 3 T is reminiscent of a small
contribution ofm, in these measurements, which we explain
by a small misalignment of the crystal with respect to the
magnetic field (which is smaller fan, than formy). Them,
and m, data are thus interpreted as to show (i) a linear
increase of the magnetization with the field and (ii) that the
magnetic anisotropy in they direction is negligible (justify-
ing a model with tetragonal symmetry for the analysis of
the data).

4. Analysis and Discussion

Our previous study demonstrated a high-spin state of the

Co(ll) centers in the grid and in4.5> The magnetic properties
of Co(ll) ions are notoriously difficult to describe because
of the orbital contribution. It is hence useful to analyze at
first the magnetism in the mononuclear analogue

4.1. Magnetism in [Co(ll)(tpy)2](PFe)2 (4). In the crystal-
field and LS-coupling approximation, the Hamiltonian of the
lowest LS multiplet of a single Co(ll) center s = V +

suggested by the exceptionally stragéactor anisotropy of
the lowest Kramers doublet found # (g, = 1.25,g, =
7.0)3 In this limit, the orbital contribution could be quenched,
implying the usual effective spin Hamiltonian for orbitally
nondegenerate iohs

F, =D&+ E(32 + §?) + 150(3B, + §B) + 150,38,
2)

We least-squares fit the data obtained for powder samples
of 4 in the temperature range-300 K at fields of 0.5, 2, 4,
and 5.5 T to botfH; andH, (not shown)H, produced very
good fits to the whole data seb(= —85 K, E = —20 K,

Oxy = 2.2, andg, = 2.35).H; led to similar good fits, but for
several parameter sets. ko> 0, we foundd = 204 K, a
=0.22,0' = 0.802,4 = 0.514, ang’ = 0.622. Ford < 0,
several sets were found, but orly= —69.7 K,a = 0.212,
o' = 0.444,5 = 0.271, ang?’ = 0.565 did not violate one

(9) Abragam, A.; Bleaney, BElectron Paramagnetic Resonance of
Transition lons Clarendon Press: Oxford, U. K., 1970.

(10) Abragam, A.; Pryce, M. H. LProc. R. Soc. London, Ser. 295Q
206, 173.

(11) Figgis, B. N.; Gerloch, M.; Lewis, J.; Mabbs, F. E.; Webb, GJA.

Chem Soc. A968 2086.

Thornley, J. H. M.; Windsor, C. G.; Owen,Broc. R. Soc. London,

Ser. A1965 284, 252.

(12)
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of the restrictions for the. andg factors, though their values
are unusually small. It is often observed for Co(ll) complexes
that both the magnitude and sign &fare not determined
unambiguously! As a summary, boti; and H, describe
the data well, and a final distinction is difficult, though by
stability and reasonability of parameters, one might favor
Ho.

The indifference ofi; andH, is explained as followsH,

Waldmann et al.
Ising

©
)
2)
9HgB,

B*

0 1 2 guB O 1

produces six Kramers doublets which are separated in energyrigure 4. Energy spectrum for a [% 2] grid of spin¥/» centers with

by the spin-orbit coupling and ligand fieldH, leads to two

Kramers doublets with a gap ofVD?+E? It is common
practice to introduce an effective spid Y, and a
corresponding effective spin Hamiltonidtl = //[Bg;(y(s(Bx

+ SBy) + usg,SB; to describe the lowest doublet (again
assuming tetragonal symmetf2P With appropriate param-
eters, bothH; and H, produce exactly the same effective
HamiltonianH' for the ground state doubteind thus also
exactly the same low-temperature properties.FsaandH,
differ only in the higher-lying spectrum, but this is discrimi-

nated only poorly by magnetization measurements at higher
temperatures, because then a thermal average of essentiall

all states is measured. In some serheis just an effective
Hamiltonian for the two lowest Kramers doublets only. We
will use H, to describe the single-ion properties but
emphasize that this is more a matter of convenience than
physical statement.

4.2. Magnetism in the Co(ll)-[2 x 2] Grid 1. Having
clarified how to treat a single Co(ll) ion, we proceed with
analyzing the magnetism of the Co(ll)-[R 2] grid 1. As
with the single-ion properties, the description of intramo-
lecular magnetic interactions is complicated by the orbital
contribution of high-spin Co(ll) ions. This point is ignored

a

antiferromagnetic (a) Heisenberg or (b) Ising interactions as a function of
the magnetic field (along the direction). Arrows mark the ground-state
level crossings. Some states are classified by the total magnetic quantum
numberM.

that the zero-field splittindd is on the order of several tens
of Kelvins (with D < 0) also in the Co(ll)-[2x 2] grids.
Thus, A2, should be analyzed in the limjf| < |D.

In this situation, the weak-exchange limit, the Heisenberg
term is treated perturbatively (in contrast to the strong-
exchange limit, which is realized in virtually all molecular
nanomagnets of current interest). In the following, only the
low-temperature properties kT < |D| are of interest, and
X\gain, effective spin§ = 1/, are introduced for each center
in order to describe the lowest-lying single-ion Kramers
doublets. The first-order contributions to the effective spin
Hamiltonian were shown to be most easily obtained by the
substitution S, = (g,/g,)S,, wherev = x, y, and z13
BecauseD < 0, the low-lying single-ion Kramers doublets
consist of the states with the magnetic quantum numivers
= ¥, andm = —%,, so thatg,, = 0 andg, = 3g.. Including
second-order contributions (whereby neglecting terms of
orderJ/D), the effective Hamiltonian

3

4
at the moment, and an isotropic Heisenberg exchangef;, ,=-J(%Y5,3..,+3.,5,) + s> dS B, —
&

interaction is considered. The spin Hamiltonian for Co(ll)-
[2 x 2] grids then becomes

3
Hayo = —J(

4
S,zz + #ngngx +

S'ASH + é41'é1) +D /
SB)) + 159,SB, (3)

where nowS = X2, S. In view of the approximaté,
molecular symmetry of the Co(ll)-[X 2] grids, we have
setE = 0, in accordance with the experimental finding of
m, ~ m, in the single-crystal measurements &n The
following analysis will show that the anisotropy is the
dominant term while the exchange interaction is a small
perturbation.

The observed values for bofff and B*in 1 (7.5 K and
3.5 T, respectively) indicate that the coupling consthig
on the order of Kelvins. If the cas®| < |J| would be

1 r 2 2;
EXO(BX + By) (4)

is obtained, withy, = 3usgy?(4|D]). Importantly, because
of g, = 0, the magnetic interaction is strictly of the Ising
type with J = (g,/g,)2 = 9J. Furthermore, the Zeeman
term is effective only for fields in the direction, while the
second-order contribution appears only for fields in xiye
plane. This leads to a markedly different magnetic behavior
for fields parallel and perpendicular to tzeaxis.

The energy spectrum and magnetic propertiel@i'zgf2 are
easily derived. For magnetic fields in tteedirection, the
energy spectrum is shown in Figure 4b. The Ising interaction
leads to a level crossing @& = [J|/(usg;), at which
actually three states cross, namely, those with total magnetic
guantum numbeM = 0, —1, and—2. One thus expects a
pronounced step at the level-crossing fidRd in the

realized, the Heisenberg term would lead to level crossings yagnetization curve, which at finite temperatures is thermally

at fields B, ~ n|J|/(usg),® implying J ~ —2.5 K. But then,

broadened. For fields in they plane, however, only the

steps should not be observable in the magnetization curve ggcond-order term is active. It results in a magnetic moment,

in contrast to the experiment, because at 1.9 K the temper-yhich increases linearly with the magnetic field with slope

ature and coupling constant are on the same oi@dr~ %o The comparison with the experiment is satisfying: all of
|J], and magnetization steps would be thermally washed out

completely. Furthermore, the results #bistrongly suggest

(13) Lines, M. E.Phys. Re. 1963 131, 546.
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the characteristic features of the above theoretical picture (@  B<B.Be K<pz: K<p2: K>p2:
are exactly as found in the experiment. This is underlined Bsr<B<Bwa  B>Bwa B>Bc
by Figure 3b, which presents a numerical calculation of the m.| T8 s s
magnetic moments using the full Hamiltoniéh, .. Bl|z: N\ M, MATTMB

Two points should be noted. At first, it is apparent that Me
the linear increase of the magnetization at lower fields spin flop spin flip
observed in the powder data (see Figure 2b) reflects the linear
increase due to the second-order contributiorHly,, for M
fields in thexy plane. This underscores the importance of Blz " B

B

second-order contributions (which seem to have been
neglected generally in analyses of magnetic data of molecules

with orbitally degenerate ions). Second, in contrast to the (b) ©

situation of an assumed dominant Heisenberg interaction, M — M iz
the magnetization step is now well-resolved even at a

measurement temperature of = 1.9 K because of the ™ — | —1z

“amplification” of the effective coupling constant, = 9J. B Bu B B, B

Together withB* = 3.5 T, B. = |J'|/(usg;), andg, = 7.0 as Figure 5. (a) Spin configurations of a classical antiferromagnet (for details,
observed for,° the coupling constant is estimated to e  see the text). Panels b and ¢ schematically show the magnetization curves
~ —1.9 K. The value used fag, is consistent withg, ~ g for parallel and perpendicular fields of an antiferromagnet (with weak

' ) . z . anisotropy) and a metamagnet, respectively.
= 2.4 as determined from the room-temperature effective ) 9 P Y
momentucs = 4.6 of 1.5 The Ising interaction leads to a
maximum in the susceptibility af. = 0.6|J'|/ks, suggesting

In summary,H.., should be regarded as the minimal spin
Hamiltonian which describes what we consider as the

thatd ~ —1.4 K, which is in good agreement with the former defining characteristics: (i) the appearance of one magne-

estimate and demonstrates the consistency of the analysist!Zation step fofr flef!dlsdln_theh dlreTUon ?dh(“) a linear
Our analysis, which is based éfy.,, does not provide a magnetization for fields in they plane. Both points are

full quantitative description of the magnetism in the Co(ll)- Ilnlzesd Itot the ll'cm'tl't|J|'<<T|D| W't?l\‘jl a}[ndD = (t) Behavi
[2 x 2] grid 1. This is not surprising in view of the many ~>. INterpretation In Terms of Vietamagnetic ehavior.

approximations inherent ifi.. The problem concerning Interestingly, the magnetization curves shown in Figure 3a
the appropriate single-ion spin Hamiltonian has been dis- res_emble Very c_Ioser those of_metamagﬁém’le'_camag-
cussed. Furthermore, the magnetic interactions were de_ne_tlsm appears in extended antlfgrromagnet§ with an casy-
scribed by an isotropic Heisenberg term, an approximation axis magn_etlc am_sotropy exceeding the_ antlferrqmagnetlc
because orbital contributions should not be negligible. exchange interaction. The gener_al _behawor O.f annferromag—
However, in any case, the low-energy spectrum can be nets can be well-understood within a classical picture. A

covered by an effective spin Hamiltonian acting in the space (simple) ant_iferromagnet consists O.f two intgrpenetrat_ing
spanned by the lowest single-ion Kramers doublets. The mostffarromagnetlc sub Iatyces, A apd B, with oppo§|te magnetiza-
general form allowed by thB, molecular symmetry for the tions, MA - _MB’. In zero field (t.he mqgnltude of the
magnetic interaction, for example,jsy(éx Sx 4 Sy Sy) sublattice magnetization vectors is qbwously e'qual' and
+ J;S,z :?1,2- With regard to the Iow—tempérafure pfopérties, denoted adVlg). The classical magnetic energy is given
the main limitation oM, is thus a restriction to pure Ising

interactions. A nonzero value df is conceivable and, in E=uM Mg — KM, 2+ Mg,) — (M, + Mp)B (5)

fact, suggested byl,, = 1.25= 0 observed for4.> A _ " ’ o _
comparison of the energy spectra for Ising and HeisenbergWhere the first term describes the magnetic interaction (-
interactions (Figure 4) shows that, in the latter case, becausd for an antiferromagnet), the second term a unixial magnetic
of a different zero-field level pattern, two equidistant level anisotropy K > 0 for the easy axis), and the last term the
crossings appear. By increasing the anisotropy of the Zeema_n interaction. The anal_ogy with the Hamiltoniin,
magnetic interaction from Heisenberg to Ising, the two level (€4 3) is apparent. The classical ground state for gaéh

crossings approach each other to meet exactly for the Ising@ndB is found from the minimization of eq 5. The following
case. Having only one level crossing is thus a fingerprint of Situations can be observed (which are schematically presented

pure Ising interactions. Small deviations frally = 0 lead I Figure 5a): For small magnetic fields along the anisotropy
to two close level crossings, which result in an additional @xiSz the sublattice magnetization vectors remain in their
nonthermal broadening of the magnetization step at finite @ntiparallel configuration, and the total magnetizatiér=
temperatures. The good agreement of the experimental anda + Mz is thus zero. For weakly anisotropic antiferro-
theoretical broadenings in Figure 3 thus indicates that the Magnets, characterized b < x/2, the system exhibits a
pure Ising case is actually very well realized In We spin-flop transition at a fielsr = 2Moy/ K(«—K), at which
associate this exceptional fact to the peculiar structure of the magnetization jumps to a nonzero valig< 2M,. The
the Co(ll) grids: the stiff ligands induce strong distortions . . . _
(14) De Jongh, L. J.; Miedema, A. EExperiments on Simple Magnetic

of the .CO(H) coordination spheres_, Whlle the {<2.2]-gr|d . Model Systems: A Sumy of Their Experimental Status in the Light
motif simultaneously enforces a uniaxial magnetic behavior. of Current TheoriesTaylor and Francis: London, 1974.
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magnetization steadily increases with further increasing field discussion showed that it is actually useful to do so), and in
and reaches saturation, thathé, = 2My, atBsa= 2Mo(u — this sense, we speak of single-molecule metamagnets.

K). For magnetic fields perpendicular to the anisotropy axis, 4.4. Tuning of Magnetism in the Co(ll)-[2 x 2] Grids.

the sublattice magnetizations continuously tilt toward the We also investigated the magnetism of powder samples of
magnetic field with increasing field, resulting in a magne- 2 and3, see Figure 2. As noted already, the general behavior
tization My = By with y = 1/(u + K). This is the behavior  of their magnetic properties is very similar to thatlofand
typically associated with an antiferromagnet (see Figure 5b).the above analysis thus applies equally well to them.
Metamagnetism, in contrast, is observed for systems with aHowever, interestingly, both the maximum in the susceptibil-
large magnetic anisotropy (or small exchange), specifically ity and the field position of the magnetization step increase

K > u/2. In this case, for fields parallel tn no spin-flop
occurs, but a spin-flip transition occurs at a fi@d= uMo.
Here, the system jumps directly from the fully antiparallel
to the fully polarized configuration, that is, from zero
magnetization to saturation magnetizativla = 2M,. For

in the series of the grid$—3. Because both characteristics
are related to the coupling constantia T* [0 |J| andB* [
|J|/g, this is unambiguous evidence for an increase of the
coupling constant by about 50%. The variation is not
dramatic but unequivocally demonstrates the potential of a

perpendicular fields, the situation is as above and a magne-controlled tuning of the magnetic properties in these systems.

tization My, which increases linearly with applied magnetic
field, is observed. The magnetization curves typical of a
metamagnet are sketched in Figure 5c.

The similarity of the metamagnetic behavior with the
magnetization curves observed in the Co(ll){2] grids is
now obvious. In this picture, the magnetization steprin
corresponds to the spin-flip transition for fields exceeding
Bc, and the linear increase im, andm, corresponds to the
tilt of the magnetization vectors by the action of a perpen-
dicular field. In fact, the minimal HamiltoniaHl.. is just
the finite-size version of a spin Hamiltonian frequently used
to discuss metamagnetism at the microscopic IEv&he
conditionu/2 < K corresponds to our finding thal| < |D|,
because clearly [0 |J] andK O |D|. Of course, in the Co-
(I grids, no long-range order develops as intermolecular
interactions are negligibly small. Thus, the spin-flip transition
atB; is increasingly washed out with increasing temperature
and does not extend to a finite critical temperature as in
“true” metamagnets. However, the magnetism in the Co-
(I-[2 x 2] grids is completely describable in the same

language as used for the metamagnets (and the abov

(15) Hay, K. A.; Torrance, J. BPhys. Re. B: Condens. Matter Mater.
Phys.197Q 2, 746.
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5. Conclusions

In conclusion, from single-crystal measurements, we
demonstrated a metamagnetic-like behavior in the Co(ll)-[2
x 2] grid molecules of general formula [Co(JD4]®", with
a bis(bipyridyl)-pyrimidine-based ligand L. We analyzed
carefully the implications of the orbital degeneracy of high-
spin Co(ll) ions and established a minimal spin Hamiltonian,
which describes the characteristic features very well. Possible
improvements were indicated. The Co(Il)422] grids thus
represent excellent model systems to study the microscopic
details involved in metamagnetism, thus enlarging our
understanding of this peculiar magnetic effect. Furthermore,
the great potential inherent in these systems to tune the
magnetic interaction by controlled chemistry has been
demonstrated.
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