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A novel 16-member metallamacrocyclic octanuclear copper(ll) complex of formulation [CugLs(OH)4] (1) has been
prepared from a reaction of [Cu,L(O,CMe)] and NaOH in methanol, where L is a pentadentate trianionic Schiff
base ligand N,N’-(2-hydroxypropane-1,3-diyl)bis(salicylaldimine). The complex has been characterized by analytical,
structural, and spectral methods. It crystallizes in the monoclinic space group C2/c with the following unit cell
dimensions: a = 30.365(3) A; b = 14.320(2) A; ¢ = 19.019(2) A; 8 = 125.33(2)°; V = 6746.7(13) A%, Z = 4.
A total of 4589 unique data with | > 2¢(l) were used to refine the structure to R1(F,) = 0.0525 and wR2 = 0.1156.
The structure consists of four binuclear {Cu,L}* units linked covalently by four hydroxide ligands to form an
octanuclear core which is stabilized by strong hydrogen-bonding interactions involving the hydroxide ligands. Each
binuclear unit has a pentadentate ligand L showing N,O3 coordination with an endogenous alkoxide bridging atom.
The magnetic susceptibility data of 1, obtained in the temperature range 14-306 K, show the presence of
antiferromagnetic exchange interactions between adjacent spin-1/2 Cu(ll) ions. The ur values are 1.54 and 0.26
us (per copper) at 295 and 15 K, respectively. The magnetic data have been theoretically fitted using a Heisenberg
spin-1/2 Hamiltonian with nearest-neighbor antiferromagnetic interactions. The spin coupling in the metallamacrocyclic
ring has been modeled using four different coupling constants (J) on the basis of the structural parameters of the
octanuclear core. The coupling constants obtained are J; = —318.8, J, = —293.3, J; = —111.6, and J, = —63.8
cm~. The theoretical modeling of the susceptibility data gives a higher magnitude of the antiferromagnetic interaction
within the binuclear { Cu,L}* unit compared to those involving adjacent dimeric units.

Introduction between the chemistry of discrete low-nuclearity complexes
¢ and that of extended-13-dimensional solids. An assembly

High-nuclearity transition-metal complexes are of curren ; )
of a large number of metal ions havind ¢h = 1-9)

importance as new nanometric materials and single molecule lectroni p ton i il lecul ‘
magnets (SMM) and for modeling the structural and func- €'€Ctronic configuration in-a singlé molecule generates

tional aspects of several multimetal active sites of metallo- Unusual magnetic, optical, and electronic properties. The
proteins?-® Such complexes also provide an important link polymetallic complexes, generally formed by “self-assembly
of mono- or dimeric precursors, display “unique” structural
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features that are susceptible to change on minor variation ofhaving multidentate Schiff base ligands in the formation of

the ligand structure and the reaction conditions. Besides,
different types of intra- and intermolecular noncovalent

discrete polymetallic cores showing novel magreto
structural properties.

interactions, the key aspects of the supramolecular chemistry,

play a significant role in stabilizing a polymetallic cage
structure’ 10

This work stems from our earlier report of an octanuclear
copper(ll) complex [CeL'4(OH)3](ClO4)-3H,0-C7H 1.1 This
complex was prepared from a reaction of copper(ll) per-
chlorate hexahydrate with a trianionic pentadentate Schiff
base, N,N'-(2-hydroxypropane-1,3-diyl)bis(acetylacetone-
imine) (HsL'"), and KOH in MeOH. It has a metallamacro-
bicyclic core which is formed from the self-assembly of four
{CwL'}* units bonded through twes-OH and oneu,-OH
ligands. The cationic complex has a hydrophilic core in
which three water molecules are hydrogen-bonded in the
interior cavity while the outer hydrophobic exterior shows
noncovalent interaction with a hydrocarbon lattice molecule.

Experimental Section

Materials and Measurements.Solvents and reagents used for
the preparative procedures were obtained from commercial sources.
The Schiff baseN,N'-(2-hydroxypropane-1,3-diyl)bis(salicylaldi-
mine) (HL) and the precursor copper(ll) complex [CutQ.CMe)]
were prepared by literature methddS he elemental analysis was
done using a Heraeus CHN-O rapid instrument. The electronic and
infrared spectral data were obtained from Hitachi U-3400 and
Bruker Equinox 55, respectively. Variable-temperature magnetic
susceptibility data in the temperature range—386 K for a
polycrystalline sample df were measured using model 300 Lewis
Coil Force magnetometer (George Associates Inc., Berkeley, CA)
equipped with a closed cycle cryostat (Air products) and a Cahn
balance. Hg[Co(NC3) was used as a calibrant. Experimental
susceptibility data were corrected for diamagnetic contributiggs (

We have probed this chemistry further using an analogous= —95.3 x 106 cm?® M~Ycopper atom). The magnetic moments

pentadentate Schiff bagd,N'-(2-hydroxypropane-1,3-diyl)-
bis(salicylaldimine) (HL), under similar reaction conditions.
Interestingly, we have again observed the formation of a
discrete alkoxe-hydroxo-bridged octanuclear copper(ll)
complex, [CyYL4(OH)4] (1), but with a significantly different
core structure. Unlike the previous one, complexas four
hydroxide ligands displaying.-binding mode. A significant
observation inl is the presence of strong intramolecular
hydrogen-bonding interactions involving four hydroxide
ligands thus stabilizing the core structure and exemplifying
a new structural motif. Herein, we present the synthesis,
crystal structure, and magnetic propertieslofsolation of

1 with a Cw core is of interest in the chemistfy'® of
asymmetrically dibridged dicopper(ll) complexes as this
pentadentate ligand in combination with Ok knowrt® to
form a discrete binuclear copper(ll) species JGOH)] with

an endogenous alkoxide and an exogenous hydroxide Iigalndl(r3 cme M

showing ferromagnetic behavial £ +17 cntt). This work
also demonstrates the utility of such dinuclear precursors
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at various temperatures were calculategidrunits (ug ~ 9.274 x
10243 TY).

Preparation of [CuglL 4(OH)4], 1. To a solution of [CyL(u-O,-
CMe)] (0.3 g, 0.62 mmol) in 10 mL of methanol was added sodium
hydroxide (0.05 g, 1.23 mmol) in 10 mL of methanol under stirring
condition fa 2 h at 25°C. A green solid thus formed was filtered
off, washed with cold methanol, and finally dried in a vacuum over
P40 (yield: 0.17 g, 63%). The complex was crystallized by a
diffusion technique using a Gi&l, solution ofl and hexane. Anal.
Calcd for GgHeaNgO16CUs: C, 46.47; H, 3.67; N, 6.38. Found: C,
46.62; H, 3.88; N, 6.46. IR data (cry in KBr phase: 3394 (br),
2904 (w), 1635 (s), 1597 (m), 1538 (m), 1471 (m), 1450 (s), 1397
(w), 1338 (m), 1316 (m), 1189 (m), 1145 (m), 1130 (m), 1056
(w), 1035 (w), 974 (w), 894 (w), 863 (w), 760 (m), 671 (w), 566
(w), 463 (w) (s, strong; m, medium; w, weak; br, broatl)ax, nm
(e/Cug, M~1 cm™) in CH,Cl: 626 (850), 368 (35 000), 272
(78 100). " Cu: 1.01x 1073 cm® M~ at 295 K and 0.30x
at 15 K.uer/Cu: 1.54up at 295 K; 0.26ug at 15 K.

Solubility and Stability. Complex1 is soluble in DMSO, DMF,
CHCI;, and CHCI,, less soluble in alcohols, and insoluble in
hydrocarbons and water. The complex is stable in the solid and
solution phases.

X-ray Crystallographic Procedures for [Cugl4(OH),], 1.
Green colored single crystals df were grown by a diffusion
technique in which hexane was layered on the top of aGIH
solution of1 in a Schlenk tube. A crystal of approximate size 0.43
x 0.28 x 0.05 mm was mounted on a glass fiber with epoxy
cement. All the X-ray diffraction data were measured in frames
with increasingw (width of 0.3 deg/frame) and with a scan speed
at 12 s/frame on a Bruker SMART APEX CCD diffractometer,
equipped with a fine-focus 1.75 kW sealed-tube X-ray source.
Empirical absorption corrections were carried out using SADABS
programt’@ The structure was solved by the heavy atom method
and refined by full matrix least-squares using SHELX system of
programs-® All non-hydrogen atoms were refined anisotropically.
The hydrogen atoms attached to carbon atoms in the complex were
generated and assigned isotropic thermal parameters, riding on their
parent carbon atoms, and used for structure factor calculation only.

(17) (a) Blessing, RActa Crystallogr., Sect. A995 51, 33. (b) Sheldrick,
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Table 1. Crystallographic Data for [GilLa(OH)4] (1)

empirical formula GsHs4CusNgO16
fw 1757.59
cryst size, mm 0.4% 0.28x 0.05
cryst system monoclinic
space group (No.) C2/c (15)
a A 30.365(3)
b, A 14.320(2)
c, A 19.019(2)
B, deg 125.33(2)
V, A3 6746.7(13)
z 4
u(Mo Ka), cmt 25.46
Pcal, § CNT 3 1.730
A 0.710 73
TK 293(2)
R12[R1 (all data)] 0.0525 [0.0969]
WR2® [WR2 (all data)] 0.1156 [0.1289]
AR1= J|Fol — |Fell/ZIFol- " WR2 = { T [W(Fo® — Fc?)/3 [W(Fo)7} Y2
w = 1/[o%(Fo?) + (0.0536%)% + 0.0P], whereP = [max(F?, 0) + 2F:)/3. Figure 1. ORTEP view of [CylL4(OH)s showing the atom-labeling

scheme for the coordination spheres and the 50% probability thermal
The hydrogen atoms of the hydroxo ligands were located from the ellipsoids for the metal and the heteroatoms. The carbon atoms and the
. . ’ . hydroxo hydrogen atoms are shown as small spheres. Weak axial bonds
d!ﬁerence FOL_m_e_r maps, and they _Were refined tW9 cycles 'smr_o' involving the phenoxo oxygen atoms are not shown for clarity.
pically at the initial stage. At the final stage of refinement, their
thermal parameters were only refined isotropically. The crystal- Table 2. Selected Bond Lengths (A) and Bond Angles (deg) Including
lographic data are summarized in Table 1. The goodness-of-fit wasthe Hydrogen-Bonding Interactions in [Lu(OH)4 (1)

0.86. The maximum shift/esd was 0.001. The highest peak after cy(1y--cu(2) 3.652(1) Cu(3y0(3) 2.561(4)
final refinement showed an electron density of 1.163g4khd the Cu(ly--Cu(4) 3.125(1) Cu(3Y0(4) 1.929(3)
peak was located at0.9 A from the Cu(4) atom. Cu(2y--Cu(3) 2.908(1) Cu(3y0(5) 1.944(3)
Cu(3)+-Cu(4)? 3.461(1) Cu(3y0(6)? 1.961(3)

) ) Cu(1)-0(2) 1.939(3) Cu(3yN(@3) 1.942(4)

Results and Discussion Cu(1)-0(2) 1.996(3) Cu(4}0(5) 2.538(4)
Cu(1)-0(7) 2.499(4) Cu(4y0(6) 1.988(3)

Synthesis and Crystal Structure.The precursor complex gu(i)_ﬁ(f) i-ggg(ﬁ) (C:IU(4-}8(;) 1-3(2)2(3)
[CuL(0:CMe)] has a dicopper(ll) unit bridged by the — CHaI "8t Ton®  cumng  esia
endogenous alkoxide oxygen of the trianionic pentadentate cu(2)-0(3) 1.925(3) O(4)-0(8) 2.696(3)
Schiff base (L) and a triatomic bridging acet&teSuch EU(g)—g(g) ;-gig(g) 8(4)"_('3(38‘5)a %-ggi(i)
asymmetrically dibridged complexes witH €u(u-OR) (u- cﬂgz)):Néz)) 1:933((4)) oggHEM; 1:1028

O.,CR)}?* core are of interest as they show reduced

; u ; ” Cu(1)-O(2)-Cu(2)  135.63(16) O(4)Cu(3-N(3)  169.97(15)
magnltyde of-2J due to countercompllmentary effegt of Cull-O(7)-Cu(d)  88.82(13) O(5YCU3)-O(E) 167.69(14)
the spin exchange phenomena involving the bridging Cu(1-O(8)-Cu(4) 110.53(14) O(5}Cu(3)-N(3) 91.16(15)
ligands!?~'6 The carboxylate ligand is labile and can be Cu(2-0(3)-Cu(3) 79.45(13) O(§*—Cu(3)-N(3)  84.54(15)

; : ; ionie i i Cu(2-0(4)-Cu(3)  97.93(15) O(ByCu(4)-O(7)  176.76(13)
substituted with a_varlety of anionic ligands to form blpuclear Cu2-0()-cu®®)  7959(12) O(6yCU(d)-O(E) 94.80(12)
complexes showing novel magnetstructural propertie¥ Cu(2-O(5)-Cu(4) 108.71(12) O(6YCu(4)-N(4) 84.45(14)
Earlier report shows that, in the presence of potassium Cu§3))—0(52)—)cu(42)) 100.26E13§ O%Gug4)):og8)) 87.70((13))

i i ; ; i Cu(3)*—0(6)-Cu(4) 136.38(17) O(BCu(4)-N(4 92.87(15
hydroxide in methanol, cupric brom|de hydrate reacts with O()y-Cu(1)-0(@) 16705(16) O(BYCUM-N(4)  174.69(12)
HsL to form [CwL(u-OH)]. This discrete binuclear alkoxo O(1)-Cu(1)-0(8) 93.38(14) Cu(BO(8)--O(4)  106.50(15)
hydroxo-bridged complex exhibits a ferromagnetic exchange Oglg—Cugl)):N((l)) 91-79((16)) CU((gOESg"-O?'))a 141-2(2() )

; ; ; ; 0(2)-Cu(1)-0(8 92.59(14) Cu(2yO(4)+-0O(8 97.60(13
coupling with aJ value of +17 cnT.!® Using a d|ﬁgrent O@)—Cu(1)-N(D) 8351(15) Cu(20(dy-0@) 146.3(2)
precursor complex we have observed the formation of an o@g)-cu(1)-N(1)  172.33(16) Cu(3)O(4)+-O(8)  100.87(13)
octanuclear copper(ll) complex [g(OH)4 (1) in high 8%—2%3)):8% l;g.gix((ig)) (C:u((%)ggggwgg))a 11%%)%92((113))

. . ) —Cu ) u _
yield (eq 1). The octanu_clea_r core dlspl_ays dlffer_ent s_tructural 0@)-Cu(2)-NE) 8532(15) Cu(4O(8)--O(4): 107.69(17)
and magnetic properties in comparison to its binuclear o(3)-cu(2-0(4) 85.71(13) O(4)-0(8)--O(4)a  71.92 (13)

analogue. Complek exhibits a d-d band at 626 nm in CH O(3)-Cu(2)-N(2) 92.85(16) O(8)-O(4)--O(8)*  105.44(16)
cl O(4)-Cu(2-N(2)  171.73(16) O(4yH(34)y--O(8)  143.50(18)
2 O(4)-Cu(3)-0(5) 87.08(13) O(8YH(35)--O(4)2 152.0(3)

\eoH O(4)-Cu(3-0(6)2  99.11(12)

4[Cu2L(02CMe)] + 4NaOH a Symmetry transformations used to generate equivalent atomsx,2
[CugL,(OH),] + 4NaOCMe (1)  +y. 32—z

An ORTEP view of the complex is shown in Figure 1. the {CwL}* unit, the trianionic ligand displays J9s-
Selected bond distances and bond angles and significanpentadentate coordination mode with the alkoxide oxygen
hydrogen-bonding interactions are given in Table 2. The acting as the endogenous bridging ligand. Each coppér in
octanuclear complex consists of four binulcg@u,L} ™ units shows an essentially square-pyramidat{4) coordination
that are covalently bonded through fqu-OH ligands. In geometry in which the basal plane has the imino nitrogen,
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Table 3. Deviation of Copper from the Basal PlaneB, (Dihedral
Angles between Two Basal Planes)(and the Geometric Parametej (
for the Coordination Geometries in [gly(OH)4] (1)

d Values (A)
Cu(l) 0.0505(7) Cu(3) 0.0311(6)
Cu(2) 0.0192(6) Cu(4) 0.0585(6)
7 Value
Cu(l) 0.09 Cu(3) 0.04
Cu(2) 0.07 Cu(4) 0.04
Dihedral Angles ¢, deg}

plane -plane 2 18.0(2) plane-iplane 4 88.7(1)
plane 2-plane 3 63.3(1) plane-3plane 4 17.7(1)

aBasal planes 14 contain Cu(1)Cu(4), respectively.

the alkoxo oxygen, the phenoxo oxygen of the salicylaldi-
mine moiety, and the hydroxo oxygen atoms. The phenoxo
oxygen atom of the salicylaldimine moeity displays axial
equatorial bonding. The CtN and Cu-O (basal plane) bond
distances lie in the range 1.931{4).942(4) and 1.895(3)
1.996(3) A, respectively. The axial €O distances vary
from 2.499(3) to 2.561(4) A. The GuCu separations within
the {Cu,L}™ units, viz. Cu(1)--Cu(2) and Cu(3)-Cu(4),
are 3.652(1) and 3.461(1) A. The Cu{tLu(4) and Cu(2)
--Cu(3) distances involving metal centers belonging to
different{ Cu,L} * moieties are 3.125(1) and 2.908(1) A. The
shorter interunit Ctt-Cu distances are due to lower value
of the Cu—OH—Cu angles in comparison with the alkoxo
bridge angles. While the hydroxo bridge angles Cu(2)
O(4)—Cu(3) and Cu(1}y0O(8)—Cu(4) are 97.9 and 1105
the alkoxo bridge angles Cu@P(2)—Cu(2) and Cu(3y
O(6)—Cu(4) are~136°.

The crystal structure gives values in the range 0.64
0.09 indicating an essentially square-pyramidal41)
coordination geometry of the metal ih (Table 3)!® The
dihedral angles¢) between the basal planes are 17.7 and
18 within the {CwL}™ moiety (Table 3). This suggests a
near planarity of the two planes which could be related to
the larger Ct-OR—Cu alkoxo bridge angle. Such a planar
orientation is expected to promote stronger antiferromagnetic

Mukherjee et al.

Figure 2. View of the 16-member metallamacrocyclic core in jCu
(OH)4] showing the hydrogen-bonding network involving four hydroxide
ligands.

Figure 3. View of the packing of discrete octanuclear copper(ll) species
[CusL4(OH)4] along thec axis showing channels of different polarities.

exchange interaction between the metal centers. The dihedral

angles between two interunit basal planes having hydroxide
bridging ligands are 63 and 89The near-perpendicular
orientation of the planes may reduce the magnitude of the
exchange coupling considerably.

Complex 1 has a 16-member metallamacrocyclic core
(Figure 2). A hydrogen-bonding network involving four
bridging hydroxide ligands stabilizes the core conformation.
The O(4)--O(8) and O(4)-O(8) distances 0f2.69 A with
respective G-H---O angle of~144 and~153 indicate the
presence of strong hydrogen-bonding interactions. The O(4)
and O(8) atoms have a distorted tetrahedral geometry. In
each hydroxide ligand, two lone pairs are used for bridging
two copper centers. The remaining lone pair and the
hydrogen atom are involved in the hydrogen bonding. The
deviation of some angles around the oxygen from an
idealized tetrahedral geometry could be due to the steric

(18) Addison, A. W.; Rao, T. N.; Reedjik, J.; Vershcoor, G.JCChem.
Soc., Dalton. Trans1984 1349.
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constraints imposed by the metal ions. A plane calculation
using four hydroxide oxygen atoms ihshows that while

the O(4) and O(3 atoms are 0.2 A above the plane, the
O(8) and O(8 atoms lie 0.2 A below the plane. The three-
dimensional packing of reveals the formation of channels
along thec-axis of the crystal lattice (Figure 3). While the
square-shaped channelf A?) has a polar environment due

to the presence of metal and the heteroatoms, the strawberry-
shaped channel has essentially a hydrophobic environment
due to the presence of carbon and hydrogen atoms.

The core structure in 1 is considerably different from that
of [CUgL'4(OH)3](C|O4)'3H20'C7H12.ll This could be due to
the greater steric bulk of 44 in comparison to HL'. While
1 has a metallamacrocyclic core, its analogue has a metal-
lamacrobicyclic core. There are four hydroxo ligandslin
of u,-type. The other species has twe-OH and oneu,-

OH ligands. The crystal structure @fis of importance as
structurally characterized discrete molecular octanuclear
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0] Cu@4’) I Cu(3)
3.5

Tep 3.0

mg 2.5

\GD 20- D

x “71 R
154 §
1.04
05T cu3) N1 cu@)
0 50 100 150 200 250 300 Figure 5. Schematic diagram showing the coupling scheme ingl[Gu
Tcmp/K (OH)4] (2). Four different Ca-O—Cu bond angles are shown.
Figure 4. Magnetic susceptibility, (O) and magnetic momenter (2) support any superexchange interaction. A strong antiferro-

(per copper) vs temperature plots for fLw(OH)4]. The solid lines are the

theoretical fittings of the experimental data. magnetic interaction is expected when the bridging angle is

close to 180, whereas for angles close to°dBe interaction

copper(ll) complexes are limited in numbéfe-3° Again, is expected to be either ferromagnetic or weakly antiferro-
the diversity of the core structures in these high-nuclearity magnetic. On the basis of the structural observations, we have
copper(ll) complexes makes any meaningful comparison @ssumed four different coupling constanty) for this
difficult. Besides1, the other example of an octanuclear Metallamacrocyclic ring having eight spin-1/2 copper(ll)
copper(Il) complex having a 16-member metallamacrocyclic centers (Figure 5).
core is [C¢g(dmpz}(OH)g], where dmpz is 3,5-dimethylpyra- The strongest antiferromagnetic coupling is between spins
zole® Again, there are only three reports in which four ©f Cu(3)-Cu(4) and Cu(3)—Cu(4), since the CuO—Cu
binuclear copper(ll) units are linked together to form thg Cu bond angle is~136° and the Cu-Cu distance is 3.461 A.
cores, but these structures have no similarity with the core Next strongest antiferromagnetic coupling is between spins
structure of1.112425Complex1, showing a novel intramo- ~ Of Cu(1)-Cu(2) and Cu(3—Cu(2), where although the
lecular hydrogen-bonding network like calixaréhé? pre- bond angles are stilt 136> the Cu-Cu distance is slightly
sents a new structural motif in the supramolecular chemistry. longer at 3.652 A. The exchange interactions between

Magnetic Properties. The variable-temperature magnetic SPins at Cu(l)Cu(4) and Cu(2)-Cu(3) are weaker because
susceptibility data within 30614 K show an antiferromag- ~ ©f smaller Cu-O—Cu bond angles. Thus, although the
netic behavior ofL. (Figure 4). Theues values are 1.54 and CU—O—Cu bond angle is smaller for the Cuf2Tu(3)
0.26 ug (per copper) at 295 and 15 K, respectively. A interaction, t_he shorter C_Zu(_%pu(3)_ dlstance_ leads to a
theoretical fit of the magnetic data for the octanuclear core Sironger antiferromagnetic interaction than in the case of
has been done using a Heisenberg spin-1/2 Hamiltonian with CU(1)~Cu(4). Since we are basing on exchange interactions
nearest neighbor antiferromagnetic interactiéie alkoxo ~ On @ superexchange mechanism, the only bond angles
bridge angles are-136°, while the hydroxo bridge angles relevant to our case are those in which oxygen is bridging
are 98 and 110 In cases where the GO—Cu bond angles ~ tWO copper ions. On the basis of the structural data, the spin
are less than 90at least one CtO distance is too large to Hamiltonian for the octanuclear copper(ll) core can be

written as
(19) Ardizzoia, A.; Angarconi, M. A.; LaMonica, G.; Cariati, F.; Cenini, R
S.; Moret, M.; Masciocchi, NInorg. Chem 1991, 30, 4347. H=-J,SS, + $S;) — J( +S,S,) —
(20) Agostinelli, E.; Del’Amico, D. B.; Calderazzo, F.; Fiorani, D.; Pelizzi, ! % * 453) 2 Slsz Slsz
G. Gazz. Chim. Ital1988 118 729. J(S§S,+ S5.S) — (5SS +S.S;) (2)
(21) McKee, V.; Tandon, S. Snorg. Chem.1989 28, 2901.
(22) Blake, A. J.; Grant, C. M.; Gregory, C. I.; Parsons, S.; Rawson, J. h . | if .
M.; Reed, D.; Winpenny, R. E. B. Chem. Soc., Dalton Tran995 where '_"eQat'V'eJ values correspond to antl'erromagnetlc
163. interactions with|J;| > |J2] > |Js| > |J4|. At first sight it

(23) Tangoulis, V.; Passchalidou, S.; Bakalbassis, E. G.; Perlepes, S. P; ; ; ;
Raptopoulou, C. P.: Terzis, A&shem. Commuri896 129, Tangoulis, may appear that we need to include interaction between other

V.; Raptopoulou, C. P.; Terzis, A.; Passchalidou, S.; Perlepes, S. P.; pairs of copper ions such as CutXyu(3) and Cu(2yCu(4).

Bakalbassis, E. Gnorg. Chem.1997 36, 3996. However, we note from the structure that they are not
(24) Zhang, Y.; Thompson, L. K.; Bridson, J. N.; Bubenik, IMorg. Chem. .
1995 34, 5870. connected by oxygen bridges but rather by hydrogen bonds.

(25) Rybak-Akimova, E. V.; Busch, D. H.; Kahol, P. K.; Pinto, N.; Aclock,  Superexchange through hydrogen bonds would be extremely

(26) ghl\JN i .Clsacsh%n'jélfe'”ﬁr%\,qgfsrghleﬁgé ?’%u%l,gr'lmg Chem1998 weak and negligible because the intermediate or virtual states

37, 1161. have very high energies and the hopping integral between a

(27) Tong, M.-L.; Lee, H.-K.; Tong, Y.-X.; Cheng, X.-M.; Mak, T. C. W. - i ;
Inorg, Chem2000 39, 4666, hydrogen-bonded hydrogen atom and the copper ion is also

(28) Xu, Z.; Thompson, L. K.; Miller, D. OChem. Commur2001, 13, very small. All the energy levels of the spin Hamiltonian
- 1V$70b ’ L Lin Y H i, Sin 1988 318 800 (eq 2) can be obtained by setting up the Hamiltonian matrix
§3Og Wghg,"s.;upagr?g}, 3. {?\/’agHer,uﬂanr?ﬁiorg.l'crlghq.19892 381’ v in the constant totaVls basis and diagonalizing the mat#.
(31) Park, Y. J.; No, K.; Shin, J. MBull. Korean Chem. Sod.991 12,

525. (33) Pati, S. K.; Ramasesha, S.; SenMagnetoscience-From Molecules
(32) Newkome, G. R.; Hu, Y.; Saunders, M. Tetrahedron Lett1991 to Materials Miller, J., Drillon, M., Eds.; Wiley-VCH Verlag:

32, 1133. Weinheim, Germany (in press).
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corresponds to thévalues quoted above. Besides the ratios
4 of the J values that provide the best fit, thkkevalues can
also be justified to some extent on the basis of an empirical
form of superexchange parameter. The gap between ground-
3 [ — state singlet and the first excited-state triplet is proportional
to the magnitude of the exchange constant. So a complex
with a higherJ value (i.e. larger spin gap) will exhibit a

2 maxima in susceptibility at a higher temperature. Thus, a
strong antiferromagnetic interactiah)is in accordance with

the susceptibility maximum, observed around 300 K. It is
interesting to note that, in the model that best fits the
experimental magnetic susceptibility data, the strongest
interaction is indeed the interdimer interaction. In the isolated
S=0 S=1 S=2 S=3 S=4 dimer the exchange interaction is ferromagnetic. In the
Figure 6. Energy levels of [CsL4(OH)4] (1) with the degeneracy of each ~ OCtanuclear complex, the intradimer interaction is antifer-
spin state as@+ 1. romagnetic, as seen from the structural data and the best fit
model parameters.

Energy(unit of J )

From the spir-spin correlation function computed in each
of the states, the expectation value of fhg? operator was  Conclusions
calculated, and the total spin of each eigenstate was thereby A new discrete octanuclear copper(ll) complex §Cu
identified3* The ground state of this octanuclear cluster is a (OH)J] (1), having four pentadentate Schiff badeN'-
singlet, and the first excited state is a triplet. Figure 6 displays (2-hydoxypropane-1,3-diyl)bis(salicylaldimine) and four hy-
the energy levels of the cluster. o droxide ligands, has been prepared and structurally character-
The susceptibility was calculated by obtaining the mag- j;eq. The crystal structure of the complex shows the presence
netization in an applied fielé by using the expression of a 16-member metallamacrocylic core formed by the

s e _ e covalent linkage of fouf CuwL}™ units by u,-OH ligands.
M= [2M, expCE(HY eIV ZexpCE(H) kg (3) The core structure is stabilized by strong intramolecular

whereE(H) = E© + gMH. E© is the eigenvalue of eq 2, hydrogen-boqding intergctions involving the hydroxide ligands.
obtained from exact diagonalization, ard; is the z The magnetic properties df shovy the presence 9f four

component of the spin in the eigenstaté The g value is different types O_f exchange coupllng mteract!ons W't.hm the
2.10, andH is the magnitude of the magnetic field. The core. The magn!tudes of the f'innferroma_gnetlc (_AF)_lnterac-
applied magnetic field is taken to be 0.5 T as per the tions vary considerably. While the AF interaction is very

A L .
experimental conditions. To account for the small concentra- Strong within the{CteL}™ unit due to large alkoxo bridge

tion of paramagnetic impurity present in the sample we have 2191€ (-136°), a lower magnitude is observed for the
assumed an additional Curie-like contribution to the suscep- €Xcnange interaction involving two adjacent units linked by

tibility of the form C/T, whereC is a constant. The impurity hydroxide Ilgan(_js (angl.es, ,98 and. ;I.l"Q.K:ompIex; with
contribution becomes significant at low temperatures, and ad macrocyclic ring, Wh!Ch IS stablll'zed bY UOVEI Intramo-
divergent behavior of susceptibility is observed below 40 '€cular hydrogen-bonding interactions similar to that of
K. The theoretical susceptibility data agree well with the Calixarene, presents a new structural motif in the chemistry
experimental values (Figure 4). The err&) calculated as qf high-nuclearity tran5|t|_0n-metal complexes. The associa-
R = S[0oudTD) — xcal(TD)¥xodT)?] is 1.86 x 1074 The tlorlof four felrr(_)magnetlcally coupl_ed [QLL(OH)] units
impurity concentration is 0.03 free spin/octameric ring. From (3 = 717 cn?) into 1 has resulted in the formation of an
the theoretical fit we get the values of the coupling constants 2ntiférromagnetically coupled octanuclear core. The results
as), = —318.8,), = —293.3.Js = —111.6, andl; = —63.8 are of significance toward a§sempllng dlscret_e molgcular
cmL. If we assume that the Heisenberg exchange constantsmppejr(”) clusters of larger dimensions for their use in the
have a (co®9)/r dependence, whetkis the Cu-O—Cu bond chemistry of nanoclusters.
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