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Magnetic Properties of a [Co(II)Cu(II)] Bimetallic
Chain Incorporating the obp =
Oxamidobis(N,N’-Propionato) Ligand

A.K. SRA?, OLIVIER KAHN? and J.V. YAKHMI?

3Laboratoire des Sciences Moleculaires, ICMCB, UPR 9048, 33608 PESSAC
Cedex France and bChemistry Division, Bhabha Atomic Research Centre,
Mumbai — 400 0835, India

Dehydration of single crystals of the non-magnetic molecular compound
CoCu(obp)(H,0)3.H,0 yields a compound CoCu(obp) which exhibits long range magnetic
order. However, the magnetic transition temperature is rather low ( viz. 7 K) and its M(H)
plot shows no hysterisis width, which is unusual for a compound derived from Co(II)Cu(Il)
bimetallic chains. The origin of this magnetic behaviour appears to lie in the absence of the
first-order angular momentum of the parent compound CoCu(obp)(H,0)3.H,0.

Keywords: Co(ID)Cu(Il) bimetallic chains; long range magnetic order

INTRODUCTION

Ever since the first reports on the synthesis of molecular magnets exhibiting
spontaneous magnetization below a criticical temperature in 1986/, a large variety
of them have been synthesized all of which essentially deal with molecular
assemblies containing open-shell units™™®. The spin carriers in these materials could
be either the organic radicals themselves, where the unpaired spins reside in the p
orbitals, or they could be the transition-metal ions having their unpaired spins in the
d orbitals, or, even their hybrids, in which case the unpaired spins exist both in p and
d orbitals. These spin carriers need to be incorporated into molecules which are
functionalized so that when these molecules assemble in a two-dimensional. or
preferably a three-dimensional network. a ferromagnetic interaction may arise
between the constituent molecules. A very successful and convenient strategy to
synthesize molecular magnets, deals with designing quasi-one-dimensional

ferrimagnetic chains (or planar units) and positioning them in a crystal lattice in such
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a way as to provide a net ferromgnetic alignment of spins which becomes pssible
only when the interchain separation is shortest between the opposing unequal spins

Sa and Sy!®. Heterobimetallic species, in which two different metal ions are bridged

19-14] 16 17
\

by extended bisbidentate ligands such as oxamato”'*l, oxamido!'* ', oxalato

[18) {19}

dithiooxalato"™ or oximato" ", in particular allow a variety of spin topologies. These
ligands arc known to transmit antiferromagnetic spin-spin interactions quite
effectively. The first alternating bimetallic chain compound of this type was
MnCu(obp)(H:0):.H-O, where obp stands for oxamidobis(N.N’-propionato), which
was obtained by the reaction of copper(ll) precursor [Cu(obp)]” with the

manganese(ll) jon*!

. lts structure consists of chains with alternation of both the spin
carriers, Mn(1l) and Cu(Il), with the oxamido and carboxylato bridges linking them,
and it behaved as a typical one-dimensional ferrimagnet. Subsequently, the synthesis
of an isostrucutral analogue . hamely Co(IDNCu(ll)(obp)(H20):.H,O was also reported
and its strucutral and magnetic behaviour investigated in detail®'). In spite of its
typical chain structure, CoCu(obp)(H,0);.H;O did not show one-dimensional
ferrimagnetic behaviour. The system has been described as consisting of oxamido-
bridged Co(INCu(il) units which are ferromagnetically coupled through the
carboxylato bridge, with the ratio ./(carboxylato)/J(oxamido) being very small. In this
paper, we report the magnetic behaviour of the dehydrated compound, CoCu(obp),

and relate its rather low magnetic transition temperature and absence of magentic

hysterisis width to the peculiar magnetic state of the parent CoCu(obp)(H,0):.H,O.

EXPERIMENTAL

Single crystals of CoCu{obp)(H.0);.H.O were obtained by the method described
earlier'”), viz. slow evaporation at 50"C of a solution containing 2mmol of cobalt (1)
perchlorate and 2 mmo! of Na,[Cu(obp)].3.5 H,O dissolved in 40ml of water. C,HN
and elemental analysis was carried out for preliminary analysis of the crystals and it
gave satisfactory results. in conformity with the previous data*',

Thermogravimetric measurements were carried out with a Setaram TAGDSC

apparatus, in the range 20-250°C under a nitrogen atmosphere. Magnetic

measurements were performed with a Quantum Design MPMS-5S SQUID
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magnetometer, working in both the dc and ac modes, in the temperature range
2-300K. The temperature dependence of the dc magnetic susceptibility was recorded
at a magnetic filed of 100 Oe, and its field dependence with an applied filed upto 50
kOe.The temperature dependence of the ac magnetic susceptibility were recorded at a

field alteration frequency of 125 Hz and a drive amplitude of 10e.

RESULTS and DISCUSSION

The crystal structure of CoCu(obp)H,0);.H,O has been described in detail by

Gulbrandsen et al?'l.

It crystallizes in the triclinic system, space group Pl and
consists of bimetallic chains in which the Co(Il) ion and Cu(ll) ion are alternately
bridged by oxamido and carboxylato groups. The Cu atom within one chain have
long axial bonds to the carboxylato atoms in a centrosymmetrically related chain,
thus leading to formation of double chains. The schematic of the strucutre of a single
chain is shown in Fig.1. In particular, the Co atom has somewhat distorted octahedral
surroundings with two oxamido oxygen atoms, one carboxylate oxygen atom and one
water molecule in equatorial positions and two water molecules in axial positions.
The Cu atom is in distorted square-pyramidal surrondings.

Fig. 2 shows the overlay of temperature and percentage change in weight versus time
for a sample of CoCu(obp)(H,0):.H,O. The water loss starts at about 90°C and is
fairly sharp initaially upon heating upto about 110°C, but rather gradual upon
warming further. At temperature of about 200°C, the sample loses all its 4.0 mol of
water per CoCu unit. Heating the sample beyond 227°C results in the decomposition
of the compound.

The magnetic behaviour of the dehydrated compound CoCu(obp) are presented in
Fig. 3 in the form of a xuT versus T plot. yum being the molar magnetic susceptibility
and T the temperature. At room temperature (290 K), the value of ymT is equal to
2.60 emuKmol at room temperature, it decreases as T is lowered. presenting a
minimum of 1.95 cm'Kmol” at 60 K. and then increases very abruptly as T is

lowered further till it reaches a maximum at 7K below which it falls down quickly.
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This indicates the onset of a long range magnetic ordering at about 7 K,
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FIGURE 1. Section of single chain in CoCu(obp}(H,0);.H,O
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FIGURE 2. Overlay of temperature and percentage weight loss versus time, obtained
by a thermogravimetric study of CoCu(obp)(H,0):.H,0
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which 1s confirmed by the the temperature dependence of the in-phase, %", and out-

"

of-phase, y ", components of ac magnetic susceptibilities shown in Fig. 4. Both
present a peak at 7.5 and 6 K, respectively. A non-zero y " value indicated by the
rounded peak in the region of the transition temperature, in particular, indicates the
presence of net magnetic moments and a ferromagnetic behaviour.

In the paramgnetic state, the magnetic behaviour of the dehydrated compound
CoCu(obp) is in sharp contrast to that of the parent CoCu(obp)(H,0);.H,O. At 290
K, the xuT for the latter had a value 2.93 cm*Kmol” which decreased rapidly as the
temperature was lowered, tending to zero at absolute zero. This behaviour indicated
that the compound CoCu(obp)(H:0)):.H,0 has no first-order angular momentum in its
ground state, which was against the anticipated behaviour of a minimum in yuT
versus T plot, characteristic of the underlying one-dimensional ferrimagnetic chains,
as for instance, in the case of CoCu(pbaOH)(H;0);.2H,0, which showed a minimum
in ywuT versus T plot at 60 K. The non-magnetic behaviour of
CoCu(obp)(H,0):.H>O was explained to be essentially due to the splitting of the T,
state, caused by the rhombic distortion of the symmetry of the Co(ll) ion (with
respect to the ideal octahedral symmetry), into three spin-quartet orbital-singlet
states, each of them being further split into two Kramers doublets by the spin-orbit
coupling. Since only the ground Kramers doublet of Co(ll) is thermally populated at
low temperatures, the interaction of its effective spin (=1/2) with the S¢, = %
Kramers doublet of Cu(Il) may give rise to a non-magnetic (S = 0) ground pair state.

Dehydration of the compound, resulting in the eclimination of all water
molecules. obviously leads to an increase in the inter-chain spin-spin interaction
among the neighbouring double chains of the compound CoCu(obp), which is
supposed to be through-space as against the intra-chain spin-spin interactions which
are through-bond among hetero-bimetallic compounds of this nature!®. Removal of
water molecules. particularly the three water molecules belonging to the coordination
sphere of Co(Il). presumably: (i) helps to remove the distortion of the octahedral
symmetry of the Co(ll) ion. at least partially: and (ii) brings the chains closer to each
other in such a way that the shortest separation between metal atoms belonging to the
neighbouring chains is Co-Cu. thus ensuring a long range ferromagnetic order at low

temperatures.
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FIGURE 3. Temperature dependence of uT for CoCu(obp)
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FIGURE 4. Temperature dependence of the in-phase (M) and out-
of-phase ( o ) ac susceptibilities for CoCu(obp).
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Field-dependence of the magnetization recorded at 2 K is shown in Fig. 5. The
sample did not show any measurable hysterisis width. An applied field of 5 T was
not found adequate to obtain saturation magnetization at 2 K, which is expected to be
ZeoSto T gewScw = 2 N, where gy and Sy are the local Zeeman factors and local spin,
respectively. The magnetization at 50 kOe, however, is only about 1.1 Nf due
obviously to the strong anisotropy of the Co(ll) ion not allowing it to align along the
direction of the applied field.

In contrast with the bimetallic molecular magnets based on Mn(II)Cu(l)
ferrimagnetic chains, containing the magnetically isotropic Mn(ll) ions, one hopes in
principle, to obtain improved values of the magnetic transition temperatures and
much higher values of coercivity in the case of Co(I)Cu(ll)-based chain compounds
in view of the magnetic anisotropy of the Co(l[) ion in octahedral surroundings. We

have, in fact, recently reported that the Co(Il)Cu(ll)-based bimetallic chain

2 5123 W24

compounds based on ligands like ‘pbaOH'™!, ‘obbz and ‘obze’™, and pba
denoting hydroxy-propylenebisoxamato, oxamido-bisbenzoato, oxamido-benzoato-
ethanoato and propylenebisoxamato, respectively, do indeed show these features.
For instance, the antiferromagnetic compound CoCu(pbaOH)H,0);.2H,0
transforms upon dehydration to a ferromagnetic state with record values of T.(= 38
K) and H(= 5.66 kOe at 2 K)'**. We termed these abovementioned Co(II)Cu(ll)
molecular magnets as magnetic molecular sponges because they show a reversible
cross-over: a transition to a long-range magnetically ordered state with spontaneous
mangetization under dehydration. and a transformation back to their initial non-
magnetic/antiferromagnetic state upon rehydration, and some of them, exhibiting
even a colour change reversibly at the transition temperature. It was with this aim in
mind that the magnetic behaviour of the dehdrated compound CoCu(obp) was
analysed. It, however, shows a rather low value of T., and no measurable H,, which is
surprising. The answer lies in the unusual magnetic behaviour of the parent hydrated
system CoCu(obp)(H>0);.HO. which showed that it had no first-order angular
29

momentum in its ground state'"", as discussed above.
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FIGURE 5. Field dependence of magnetization at 2 K for CoCu(obp).
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