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The trinuclear complexus-COs)[Niz(Medptk(NCS)] was obtained by reaction of basic solutions of nickel(ll),
Medpt (bis(3aminopropyl)methylamine) and thiocyanate ligand with atmospher©6y simple reaction with
carbonate anion. ug-COs)[Nis(Medpt(NCS)] crystallizes in the triclinic system, space groBf, with a =
12.107(5) Ab = 12.535(7) A,c = 16.169(9) A,o. = 102.69(5), B = 92.91(5}, y = 118.01(4}, Z = 2, andR

= 0.043. The three nickel atoms are asymmetrically bridged by one pentadentate carbonato ligand, which shows
a novel coordination mode. The#£COs)[Nisz(Medpts(NCS)] compound shows a very strong antiferromagnetic
coupling. Fit as irregular triangular arrangement gave= —88.4,J, = —57.7, andJ; = —9.6 cnt?, which is

the strongest AF coupling observed to date fog 8dimpounds. The magnetic behavior of the carbonato bridge

is discussed.

Introduction [Fes(L)2(O)(CO3)] (tmen= tetramethylethylenediamine, hex-3
= hex-3-ene-3,4-dicarbonate) and 4-H (2-hydroxypropanediyl)-

The coordination chemistry of the carbonate anion has diiminotetraacetic acid). A common point in all these systems
received considerable attention in the past few years, mainly inis the fact that when the bridging ligand is only carbonato
polynuclear compounds of the first transition row. Extended (without oxo, hydroxo or other simultaneous bridges), the
copper-carbonato systems, such as the 3D natural az{@te- nuclearity is strictly 2.
(OH),(C03)], or the 1D [Cu(NH)»(COs)] or 2D Na[Cu(COs)3] From the magnetic point of view, the carbonato bridge is
complexe3® were the first studied. Together with a few extremely versatil€,giving a range of compounds from those
dinuclear compounds of chromiutrgopper also provides the  which present moderate or weak ferromagnetism to very strong
first examples of di-, tri-, or tetranuclear complexes with a antiferromagnetic coupling, which results in full coupling at
carbonato bridgé, which are generally obtained by using room temperature (diamagnetism) in some cases. On the other
aminate ligands as blocking ligands. More recently however, hand the magnetic properties of some coordination modes are
a considerable number of polynuclegr@Os)—M systems, in unexplored, and the compounds in which the magnetic properties
which M= Ni, Co, Fe, Cr, Ti, V, or Mo, have been structurally  of this ligand have been studied are scarce, taking into account
characterized/ in relation to bioinorganic models and catalytic that in the compounds in which there is a double or triple bridge
studies (or frequently, the accidental reaction of basic solutions (u-carbonatqi-oxo), the coupling through the oxo bridge masks
with atmospheric Cg. These latest carbonato complexes are the carbonate superexchange pathWway.
generally dinuclear complexes involving one carbonato bridge, The aim of this work is to study the nickel(Htriamine—
with only two exception"8[Niz(tmen)(hex-3)(CQ),] and Na- carbonato system, in which triamines are dien, dpt or N-alkyl
substituted derivatives. With dien bis(2-aminoethyl)amine,
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Table 1. Crystal Data for g3-COs)[Niz(Medpt(SCN)] Table 2. Atomic Coordinate&siloa) and Equivalent Isotropic
. Displacement Parameters{A 10°) for
chem formula Hs7N13NizO fw 904.22 )
a, 1[26.610577(51)3 0S4 space group P1 (s CO)[Nis(Medpth(SCN)]
b, A 12.535(7) T, K 293(2) xla yib Zc U(eqp
GCdes  loroam MoKmA Qe Nm ey ) 2w a)
5. deg 92.91(5) (Mo Ko), cm? 15,89 Ni(2) 3817(1) 4008(1) 2133(1) 32(1)
e msowm R oo oom NGO ) bl ge) )
v, A3 2080(2) R.° 0.0742 B B
S(2) 2595(2) 4034(1) 4859(1) 80(1)
z 2 S(3) 5670(1) 1988(1) 338(1)  74(1)
AR= 3 |IFol = IFell/ZIFol. ® Ry = {Z0[(Fo)? — (FPV[Zw(Fo)T} 2 S(4) 6724(1)  —1419(1) 4371(1) 61(1)
o(1) 3518(2) 2352(2) 2528(1) 36(1)
or N-alkyl dien derivatives, the reaction with potassium carbon- 0(2) 3969(2) 993(2) 2929(1) 35(1)
ate or NHE#/CO; allows, in all cases, the slow precipitation in 0(3) 5555(2) 2843(2) 2955(2) 39(1)
TOWS, ASES, ) N(1) 423(3) 163(3) 1731(2) 44(1)
a fgw . days pf nickel .hydrox[de or the qnly thpcygnate N(2) 1736(3) 941(3) 3564(2) 43(1)
derivative. With dpt= bis(3-aminopropyl)amine derivatives, N(3) 1264(2) —1539(2) 2403(2) 38(1)
extremely soluble compounds (oils or gums) were obtained; N(4) 2577(3) 76(3) 1133(2) 41(1)
however, by blocking the remaining coordination sites of the m(g) %gg(g) gg;g(? iigi(g) 22(?
nickel atoms with thiocyanate, it was possible to isolate the N(7) 4073(3) 5557(2) 1584(2) 40(1)
d 43 CO3)[Nis(Medpty(NCS)]. This compound shows (%) (3) (2 () (1)
compound #3-COs)[Nis(Medpth(NCS)]. Thi pou W N(8) 5607(3) 5124(3) 2881(2) 46(1)
several remarkable features: a nuclearity greater than two for N(9) 4472(3) 3267(3) 1102(2) 45(1)
carbonato-bridged compounds of the first transition row (except  N(10) 5873(3) 21(3) 3718(2) 57(1)
copper) is extremely rare and shows a new coordination mode N(11) 5925(3) 2428(3) 4587(2) 49(1)
for the carbonato bridge which acts apentadentateligand. N(12) 5823(3) 687(3) 2070(2) 48(1)
N . 1 . N(13) 8034(3) 2560(3) 3603(2) 47(1)
From the magnetic point of view, this compound is strongly 3 —514(3) —446(3) 1240(2) 37(1)
antiferromagnetically coupled and, to our knowledge, shows the c(2) 513(4) 159(4) 3800(3) 52(1)
strongest coupling reported to date for trinuclear nickel com-  C(3) 317(4) —1138(4) 3747(3) 60(1)
pounds® The arrangement of the three nickel atoms is shown  C(4) 131(4) —1929(3) 2847(3) 50(1)
to be an extremely uncommon nonsymmetrical triangle. The = S(5) 787(4)  —2459(3) 1529(3) 48(1)
magnetic behavior and superexchange pathway are also dis- c(®) 1696(5) —2212(4) 898(3) 56(1)
cussed OB oaas  _ieva  2aes(y  sa)
) ) c(9) 2904(4) 4299(3) 3924(2) 48(1)
Experimental Section C(10) 1265(4) 3660(4) 1447(3) 53(1)
Synthesis. An aqueous solution of Medpt (3 mmol, 0.436 g) was g(ll) 1752(4) 4488(4) 841(4) 64(1)
. . . ) (12) 3156(4) 5002(4) 751(3) 53(1)
treated with an aqueous solution of nickel nitrate hexahydrate (3 mmol,
. - ! . C(13) 5360(4) 6135(4) 1345(3) 53(1)
O._8;2 g). After 10 mlln Qf stlrrflng, the resultlngbblue solution wlas treated c(14) 6488(4) 6738(4) 2085(3) 62(1)
wit an aqueous so ution o potas_smm carl ongte 3 mmol, 0.415 g) C(15) 6677(3) 5828(4) 2487(3) 56(1)
and finally with an aqueous solution of potassium thiocyanate (3.5  c(16) 3920(5) 6550(4) 2161(3) 62(1)
mmol, 0.340 g). After vigorous stirring, the solution was filtered off, Cc(17) 4968(3) 2754(3) 789(2) 41(1)
and the filtrate was left undisturbed. Blue crystals, suitable for X-ray ~ C(18) 6217(3) —578(3) 3992(2) 44(1)
determination, were obtained by slow evaporation. C(19) 6804(4) 372(4) 1783(3) 58(1)
The same compounds may be obtained from other nickel(ll) salts  C(20) 8099(5) 1512(5) 2063(4) 66(1)
or by the following method: a slight excess of NHEtas added to C(21) 8592(4) 1908(4) 3035(3) 62(1)
the aqueous solution formed by the nickel(1l) salt, Medpt, and potassium  C(22) 8586(4) 2723(4) 4500(4) 67(1)
thiocyanate. Slow reaction with atmospheric£@d slow evaporation C(23) 8159(5) 3322(5) 5222(3) 66(1)
of the solution gave the blue crystals of the title compound. C(24) 6794(4) 2568(4) 5338(3) 58(1)
. , , c(25) 8415(4) 3804(4) 3452(4) 58(1)
Anal. Calcd for NiCzsHs7N135403 (found): C, 34.52 (34.5); H, 6.36 C(26) 4362(3) 2104(3) 2809(2) 33(1)
(6.4); N, 20.14 (20.2); S, 14.16 (13.9).
Spectral and Magnetic Measurements.IR spectra were recorded aU(eq) is defined as one-third of the trace of the orthogonalizgd

on a Nicolet 520 FTIR spectrophotometer. Magnetic measurements tensor.

were carried out on polycrystalline samples with a pendulum type

magnetometer (Manics DSM8) equipped with a helium continuous- absorption corrections were made. The crystallographic data, collection

flow cryostat working in the 3064 K range under a magnetic field of  conditions, and relevant features of the structure refinement are listed

approximately 1.5 T. Diamagnetic corrections were estimated from in Table 1. The structure was solved by Patterson synthesis, using the

Pascal tables. SHELXS computer prograi?, and refined by the full-matrix least-
X-ray Crystallography. A prismatic blue crystal (0.1 mnx 0.1 squares method, with the SHELX93 computer progtariihe function

mm x 0.2 mm) of f¢3-COs)[Niz(Medptk(SCN)](1) was selected and  minimized wasy w||Fo|2 — |F¢/32 wherew = [0%(I) + (0.203P)q 4,

mounted on an Enraf-Nonius CAD4 diffractometer. Unit cell param- andP = (|Fo2 + 2|F¢?)/3. f, f' andf'" were taken from ref 12. The

eters were determined from automatic centering of 25 reflections (12 extinction coefficient was 0.00007. A total of 55 H atoms were located

< 6 < 2T°) and refined by least-squares method. Intensities were from a difference synthesis and refined with an overall isotropic

collected with graphite monochromatized M Kadiation, using the temperature factor. The number of parameters refined was 610. The

wl26 scan technique. A total of 12 082 reflections were measured in final R (on F) factor was 0.043. Maximum shift/esd 1.8. Mean

the range 1.3k 0 < 29.96. A total of 7780 reflections were assumed  shift/lesd= 0.08. Maximum and minimum peaks in final difference

as observed by applying the conditibr> 2 o(l). Three reflections synthesis were 0.887 and1.397 e A3, respectively. Final atomic

were measured eveR h asorientation and intensity control; significant  coordinates are given in Table 2.

intensity decay was not observed. Lorenapolarization but not

(10) Sheldrick, G. MActa Crystallogr.1990 A46, 467.

(9) Fabretti, A. C.; Giusti, A.; Albano, V. G.; Castellari, C.; Gatteschi, (11) Sheldrick, G. M. Manuscript in preparation.
D.; Sessoli, RJ. Chem. Soc. Dalton Tran$991, 2133 and references (12) International Tables for X-Ray CrystallographyKynoch Press:
therein. Birmingham, England, 1974; Vol. IV, pp 99110 and 149.
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Table 3. Selected Bond Lengths (A) for

(45-CO3)[Nis(Medpth(SCN)]

Nickel Environment

Ni(1)—N(2) 2.064(3) Ni(2)-N(5) 2.124(3)
Ni(1)—N(1) 2.072(3) Ni(2)-0(1) 2.179(2)
Ni(1)—N(4) 2.098(3) Ni(2y-N(7) 2.208(3)
Ni(1)—0(2) 2.120(2) Ni(3)-N(10) 2.060(3)
Ni(1)—N(3) 2.146(3) Ni(3FN(11) 2.068(4)
Ni(1)—0(1) 2.200(3) Ni(3-N(12) 2.082(4)
Ni(2)—N(8) 2.064(3) Ni(3}0(3) 2.142(2)
Ni(2)—N(6) 2.098(3) Ni(3)-N(13) 2.153(3)
Ni(2)—N(9) 2.102(3) Ni(3}0(2) 2.227(2)
Carbonato Ligand
0O(1)—C(26) 1.289(3) O(3)C(26) 1.270(4)
0O(2)—-C(26) 1.307(3)
Thiocyanato Ligands
S(1y-C(1) 1.638(4) C(LyXN(1) 1.152(4)
S(2-C(9) 1.642(4) C(9r-N(5) 1.173(5)
S(3)-C(17) 1.642(3) C(1AHN(9) 1.132(4)
S(4)-C(18) 1.648(4) C(18yN(10) 1.164(5)
Table 4. Selected Bond Angles (deg) for
(uz-COS)[Nis(Medpth(SCN)]
Nickel Environment
N(2)—-Ni(1)-N(1)  93.4(1) N(9»-Ni(2)—0(1) 83.7(1)
N(2)—Ni(1)—N(4) 171.8(1) N(5r-Ni(2)—0(1) 86.1(1)
N(1)—-Ni(1)—-N(4)  86.9(1)  N(8%-Ni(2)—N(7) 90.3(1)
N(2)—Ni(1)—0(2)  88.4(1)  N(6)-Ni(2)—N(7) 90.1(1)
N(1)—-Ni(1)—O(2) 167.0(1)  N(9)¥-Ni(2)—N(7) 90.9(1)
N(4)—Ni(1)-0(2)  89.5(1)  N(5r-Ni(2)—N(7) 99.3(1)
N(2)-Ni(1)-N(3)  92.0(1)  O(1}Ni(2)—N(7) 173.61(9)
N(1)—Ni(1)—N(3)  95.3(1) N(10y-Ni(3)—N(11) 93.4(2)
N(4)—-Ni(1)-N(3)  96.2(1)  N(10yNi(3)-N(12)  91.5(2)
O(2)—Ni(1)—N(3)  97.5(1)  N(11yNi(3)—N(12) 171.6(1)
N(2)—Ni(1)—O(1)  87.3(1) N(10yNi(3)—0O(3) 164.4(1)
N(1)—Ni(1)—O(1) 105.2(1)  N(11}Ni(3)—0(3) 85.3(1)
N(4)—Ni(1)-0O(1) 84.7(1)  N(12)Ni(3)—0(3) 88.1(1)
O(2)—-Ni(1)—0O(1)  61.93(9) N(10yNi(3)—N(13)  94.0(1)
N(3)—Ni(1)—O(1) 159.47(9) N(1LyNi(3)—N(13) 91.9(2)
N(8)—Ni(2)—N(6) 174.2(1)  N(12}Ni(3)—N(13) 94.6(1)
N(8)—Ni(2)—N(9) 93.7(1) O@3)yNi(3)—N(13) 101.6(1)
N(6)—Ni(2)—N(9)  92.1(1) N(10y-Ni(3)—0(2) 104.2(1)
N(8)—Ni(2)—N(5) 86.6(2)  N(11)}Ni(3)—0(2) 90.2(1)
N(6)—Ni(2)—N(5)  87.6(1)  N(12)-Ni(3)—0(2) 82.0(1)
N(9)—Ni(2)—N(5) 169.7(1)  O(3yNi(3)—0(2) 60.38(8)
N(8)—Ni(2)—0(1) 93.3(1) N(13yNi(3)-0(2) 161.6(1)
N(6)—Ni(2)—O(1)  86.8(1)
Carbonato bridge
O(3)-C(26)-0(1) 125.0(3) C(26)y0O(1)—Ni(1) 88.3(2)
O(3)-C(26)-0(2) 117.1(2) C(26y0(2)—Ni(1) 91.3(2)
O(1)-C(26)-0(2) 117.9(2) C(26YO(1)-Ni(2) 128.2(2)
Ni(2)—O(1)—-Ni(1) 141.4(1) C(26)0(2)-Ni(3) 88.8(2)
Ni(1)—O(2)—-Ni(3) 172.5(1) C(26)-0O(3)—Ni(3) 93.7(2)
Thiocyanato ligands
N(1)—C(1)-S(2) 178.5(3) N(9)C(17)-S(3) 179.0(3)
N(5)—C(9)—S(2) 179.1(4) N(10yC(18)-S(4)  179.0(4)
Ni(1)—N(1)—C(2) 149.8(3) Ni(2N(5)—C(9) 145.3(3)
Ni(2)—N(9)—C(17) 154.7(3) Ni(3}N(10)—-C(18) 158.4(3)

Results and Discussion

Description of the Structure of (u3-COs)[Niz(Medpt)s-

(NCS)]. The structure consists of well-isolated trimeric units

of the neutral compound:g-COs)[Niz(Medpt(NCS)]. The
main bond lengths and angles are gathered in Tables 3 and 4metallic centers, which is a new coordination mode for this
respectively. A labeled diagram is shown in Figure 1. The ligand.

three nickel atoms are bridged by one carbonato ligand, forming

an isosceles triangle (Ni(BNi(2) 4.133(1) A, Ni(1)>Ni(3)

4.337(1) A, Ni(2»-Ni(3) 5.492(1) A). The carbonato bridge

Escuer et al.

Figure 1. Ortep drawing of they(s-CO;s)[Nis(Medpts(NCS)] com-
pound with atom labeling scheme.

O(3) whereas Ni(2) is only coordinated to O(1), acting as a
pentadentate ligand in this new coordination mode. The
carbonato ligand is strictly planar, showing the bond angle O(1)-
C(26)-0(3) to be 125.0(3)whereas the two remaining angles
are close to 117% The C-O bond lengths (A) are C(26)
0O(2) = 1.307(3), C(26)0O(1) = 1.289(3), and C(26)0(3) =
1.270(4).

The three nickel atoms are octahedrally coordinated, but the
environment of Ni(1) and Ni(3) is strongly distorted due to the
coordination to the carbonate bridge. These two atoms coor-
dinate two oxygen atoms (carbonate) and four nitrogen atoms
from a tridentate Medpt and one thiocyanate ligand, showing
very similar bond parameters: the bond angles S\if1)—

0O(2) and O(2)-Ni(3)—0(3) are 61.93(9) and 60.38(&espec-
tively and the two octahedrons are elongated along the-O(1)
Ni(1)—N(3) and O(2)Ni(3)—N(13) axes respectively. In
contrast, Ni(2) is coordinated to one oxygen atom (carbonate),
five nitrogen atoms from one Medpt ligand, and two thiocyanate
ligands, showing a more regular octahedron, elongated along
the O(1)}-Ni(2)—N(7) axis. The two Ni-O—Ni bond angles

are different: whereas Ni(2)O(1)—Ni(1) is 141.4(1), Ni(1)—
O(2)—Ni(3) is 172.6(1).

The three Medpt are coordinated im&rarrangement; Medpt
coordinated to Ni(2) lies approximately in the main plane of
the molecule, (dihedral angle between the carbonato plane and
the NiNs plane is 22.8), whereas the two Medpt ligands
coordinated to Ni(1) and Ni(3) are placed perpendicular to the
main molecular plane, (dihedral angles between the carbonato
plane and the Niblplanes of 83.1 and 86’5respectively). The
three nickel atoms are0.311,—0.187, and 0.033 A out of the
carbonato plane. The four thiocyanate ligands acts as mono-
dentate ¢N) ligands showing bond NiN—C angles in the
range 145.3(3)158.4(3).

The most remarkable feature observed in this structure is the
asymmetric coordination of the carbonato ligand to three

IR Spectrum. The infrared spectrum ofu§-COs)[Nis-
(Medptl(NCS)] shows two strong bands at 2088 and 2069
cm! corresponding to the(CN) of the thiocyanato ligands

and the three nickel atoms are roughly coplanar, defining the and a set of bands in the 3562900 and 1606400 cnt?
mean plane of the molecule. The carbonate is bonded to Ni(1) regions. The bands due to the carbonato bridge can be assigned
by means of O(1) and O(2) and to Ni(3) by means of O(2) and by comparison with the infrared spectra of th@-SCN)[Ni-



Novel Pentadentate Coordination Mode

g i i

C M M C M C
lor \O/ \O/ \0/ /0/ ~
M M M

a b c

M
I

! Y

C C
o” No " o

M

d e
M\O/M M\o o

— 0~

] I M MT T "M

AN O o \ .o/
O, o o o (0]
A4 / \

M
M M

f g h
M M M M

\(I)/ \(I)/ (I)

C C M M C M
IO/ \O\ Ioz \0/ \/01 \0\/
M M M, M M

1 ) k

M M
\ 7/
o

Figure 2. Structurally characterized coordination modes of the
carbonato bridge.

(Medpt)(NCS)}» compound.? which also presents the Medpt
ligand coordinated in aner arrangement. The spectra of the
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Figure 3. (a) Significant bond parameters in the bridge fragment for
(us-COs)[Nis(Medpts(NCS)]. (b) Schematic representation of the
singly occupiedz—2 orbitals for {13-COs)[Nis(Medpts(NCS)] together
with the main interaction pathway of the carbonato bridge.

analogous to the combinealand b modes and shows weak
antiferromagnetic behavid® The e mode, found in some
coppePaand cobalt compounds and all the nickel derivatifes
characterized to date, shows very strong antiferromagnetic
coupling in all cases, giving diamagnetic complexes for the
copper compounds. Interaction between the magnetic orbitals
of the paramagnetic centers, which in all cases show an
M—0O—M bond angle close to 180Qthrough the & MO of the
bridge (under theD3, point group), gives a very efficient
superexchange pathway, which has been compared with the
interaction through a single oxo bridge. Finally, mapehows
weak or moderate ferromagnetic coupling and the superexchange
pathway has recently been discussed by the autfofEhe
remaining coordination moddsi, j, k, and| have not been
studied from a magnetic point of view.

The h mode, described in this paper, may be considered as

two complexes are very similar, except four strong and sharp derived from modee, by the addition of a new paramagnetic

bands at 1520, 1384, 839, and 745@émThe local symmetry

center to one of the oxygen atoms of the bridge. As shown in

of the carbonato ligand in the present coordination mode may Figure 3a, the two moieties Ni(1)/Ni(2) and Ni(1)/Ni(3) of the

be assumed to b@;, and by comparison with copper and cobalt
carbonato compound$!® the band at 745 cmt may be
assigned to the in-plane deformaties the band at 839 cmt

to the out-of-plane deformatiory, which is very close to the
ionic carbonate, and the bands at 1520 and 1384'¢mthe
asymmetric stretchings. The splitting ofvz (136 cntl) is

titte compound are strongly asymmetrical, and the presence of
two Ni—O—Ni large bond angles is particularly important.
Consequently, the interaction between Ni(1) and the two
terminal Ni(2) and Ni(3) atoms, should be strongly antiferro-
magnetic (but not necessary equal). The main superexchange
pathway may be schematized as shown in Figure 3b, in which

commonly attributed to the presence of at least bidentate the 3' MO of the bridge gives a suitable antibonding interaction

coordination.
Magnetochemistry of the Carbonate Bridge The coordi-

with the x> — y? atomic orbitals of the nickel atoms. The

_remaining MOs of adequate energy for the bridge are largely

nation modes described to date for the carbonate ion when itjrrelevant, in a similar fashion to the studies reported fordhe
acts as a bridge in polynuclear compounds are summarized inpogesa The interaction between Ni(2) and Ni(3) related by a

Figure 2. Modes andb are very similar to theyn—anti and

anti—anti coordination modes of the carboxylate bridge, and

magnetically, allow weak ferro or antiferromagnetic coupfg.

The b coordination mode has also been observed for one

chromium compouné® Mode c, equivalent to thesyn—syn

coordination mode of the carboxylate bridge, has been observe

in chromium(ll) compounds analogous to the chromium(ll)
acetaté and it is frequently observed for cobalt, iron and

chromium(lll) dinuclear compounds, almost always with an

additional oxo or hydroxo bridge!” The coupling through the

oxo bridge is always very strong, but magnetic data for the

isolated coordination mode are not available. Modé is

(13) Vicente, R.; Escuer, A.; Ribas, J.; Solans,JXChem. Soc., Dalton
Trans.1994 259.

(14) Curtis, N. F.; Hay, R. W.; Curtis, Y. Ml. Chem. Soc. A968 182.

(15) Fuijita, J.; Martell, A. E.; Nakamoto, K. Chem. Physl962 36, 339.

(16) Bang, E.; Eriksen, J.; Glerup, J.; Monsted, L.; Monsted, O.; Weihe,

H. Acta Chem. Scand. Ser.1®91, 45, 367.
(17) Churchill, M. R.; Lashewycz, R. A.; Koshy, K.; Dasgupta, Tlrirg.
Chem.1981, 20, 376.

d

syn-antipathway should be very weak, as occurs in mdde

Magnetic Data and Coupling Constants Evaluation The
xmT product plottedss temperature is shown in Figure 4. The
plot is characteristic of a strongly coupled trimer with lo&al
= 1. Atroom temperature, the,T value is 2.89 ciK-mol1,
whereas at low temperatures, show a weakly marked minimum
at 35 K with aymT value of 1.34 crirK-mol~%. Near 4 K,
xmT decreases slightly, due to the local zero field splitting or
weak intertrimer interactions.

Evaluation of the coupling constants is not trivial for this
compound (structural parameters of the carbonalig core are
summarized in Figure 3a). According to these data and taking
into account that for the carbonato bridge (or the formally
analogou® monoatomic hydroxo bridge, for which extensive

(18) Sletten, JActa Chem. Scand. Ser.1884 38, 491.

(19) Kolks, G.; Lippard, S. J.; WaszczaK, J. ¥.Am. Chem. S0d.98Q
102 4832. Escuer, A.; Vicente, R.; Paba, E.; Solans, X.; Font-
Bardia, M.Inorg. Chem.1996 35, 248-51.
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Figure 4. yuT vs T experimental data forug-COs)[Nis(Medpt)s- e
(NCS)). Solid line shows the best fit obtained by using the Hamiltonian . T <01y
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magnetostructural data are avail#Blg, some degrees of
difference in the Ni-X—Ni bond angle are extremely important J1=J2,J3 JisJ2:J3

in the vicinity of 9C°, whereas some degree_s of difference in Figure 5. Energy level scheme for the nonsymmetrig-COs)[Nis-

the 146-170 range do not lead to a dramatic loss of overlap. (medpty(NCS)] compound: left, energy values obtained from the
However, the different NtO—Ni bond angles imply that the approximationJ; = J, > Js; right, energy values obtained from

J; value should be greater thdn As a first approach we have  CLUMAG results ford; > J, > Ja.

fitted the experimental data to the coupling constants rhtio

= J, (namedJ; ») > Js; from the above considerations, the, the seven spin states were obtained in numerical form from a
coupling constant should be only assumed as indicative of the full-matrix diagonalizatio®? of the Hamiltonian

J superexchange range of values, and the Jeallues should

beJ; > Ji2> J, > Js, which corresponds to an nonsymmetrical H=-J,(§S) — J(S5S) — X(SS) 3)

triangular array of locab = 1. ) ) o
The best fit parameters obtained from (2) by minimizing the

o MNao Rfactor= Y (ym T4 — ym T3 (ymT°PY?, wered; ;= —76.3-
N_/ \N_ (5) cnT, Js = —4.6(22) cnrl, g = 2.36,2J" = —0.23(5) cnT?,
i n N andR = 4.81075. The lowJ; value is in good agreement with

the anti—anti u-COs; superexchange pathway that relates Ni(2)
with Ni(3). The energy level scheme is shown in Figure 5.
Calculations performed from (3), allows to the same relative
order of the spin states that was found from (2), Figure 5. The
ground state was always found to Ok2), followed at 57.0

For the approximation withl; » different toJs; and taking into
account the behavior gfyT at low temperature, experimental
data have been fitted to the expression

T = Nﬁng(f(J,'D/kT — zJf(J,7)) Q) cm~1for [0,1], which produces the slight minimum g T close
to 35 K. The coupling constant values were evaluated, as
in which zJ' is the intertrimer exchange parameter d(HT) —88.4 cn1l, J, = —57.7 cnt!, andJ; = —9.6 cnr! for g =
is 2.34 andzJ)' = —0.15 cntl. The J values are in good
agreement with the structural parameters and may be unambigu-
f(3,T) = {6 + 6 expE2) + 30 expE3) + 6 expE4) + ously assigned a¥ to the Ni(1)-Ni(3), J. to the Ni(1)-Ni(2)

andJs to the Ni(2)-Ni(3) interactions. J; is also in very good

30 expES) + 84 expE6)}H/{3 + expEl) + 3 exp€2) + agreement with thel value of —94.6 cnt?! obtained for the
5 expE3) + 3 expE4) + 5 expEd) + 7 expE6)} carbonato dinuclear compouftd (u-COs)[Ni(HL)(NCS)]-

. ) . (Cl0O4)2:3H0, (HL = 1-(3-(dimethylamino)propyl)-1,5,9-tri-

In this case, thé&n values can be obtained using the Kambe  5;4cyclododecane), which shows the bridge iretbeordination
method* from the Hamiltonian mode with an Ni-O—Ni bond angle of 174.1(2) (172.6(1)

for the title compound).
H=-355+SS) — K(SS) )
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