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The use of salicylaldehyde oxime (Hpsalox) in iron(lll) carboxylate chemistry has yielded two new hexanuclear
compounds [Feg(u3-0)2(02CPh)ig(salox),(L)2]-xMeCN-yH,0 [L = MeCONH,, x =6, y = 0 (1); L = H,0, x = 2,
y =3 (2)]. Compound 1 crystallizes in the triclinic space group P1 with (at 25 °C) a = 13.210(8) A, b = 13.87(1)
A ¢=17.04(1) A, o = 105.79(2)°, B = 96.72(2)°, ¥ = 116.69(2)°, V = 2578.17(2) A3, and Z = 1. Compound
2 crystallizes in the monoclinic space group C2/c with (at 25 °C) a = 21.81(1) A, b = 17.93(1) A, ¢ = 27.72(1)
A, p = 111.70(2)°, V = 10070(10) A3, and Z = 4. Complexes 1 and 2 contain the [Fes(tt3-0)x(u2-OR);]** core
and can be considered as two [Fes(us-O)] triangular subunits linked by two wu,-oximato O atoms of the salox?~
ligands, which show the less common ws:7t:%%7* coordination mode. The benzoato ligands are coordinated through
the usual syn,syn-u,:*:n* mode. The terminal MeCONH, ligand in 1 is the hydrolysis product of the acetonitrile
solvent in the presence of the metal ions. Méssbauer spectra from powdered samples of 2 give rise to two well-
resolved doublets with an average isomer shift consistent with that of high-spin Fe" ions. The two doublets, at an
approximate 1:2 ratio, are characterized by different quadrupole splittings and are assigned to the nonequivalent
Fe'' ions of the cluster. Magnetic measurements of 2 in the 2-300 K temperature range reveal antiferromagnetic
interactions between the Fe'" ions, stabilizing an S = 0 ground state. NMR relaxation data have been used to
investigate the energy separation between the low-lying states, and the results are in agreement with the susceptibility
data.

Introduction demands, the most productive way so far has been the

Polynuclear 3d metal complexes have been extensiverSyStemat'C exploration of the reaction conditions affecting

studied over the past years not only as valuable models forthe identity of the products. This, in other words, constitutes
the study of biological systerhsbut also as molecular a “trial and error” method in which suitable modifications

materials with promising properties (magnétioptical?

i in5 i (2) For recent examples involving manganese and iron complexes, see:
electronic; catalytlc,_ gtc) that are closely related to thel.r (a) Tasiopoulos, A. J.; Vinslava, A.; Wernsdorfer, W.; Abboud, K.
structural characteristics. Thus, to exploit these properties, A.; Christou, G.Angew. Chem., Int. EQ2004 43, 2117. (b) Soler,

it is crucial to understand their origin and to be able to fine- ’\S/l Vggg:lstliggezhl\é\g: Fg'%‘_g. K-:AFI’inlraM-’:\legidStoua G. éms'cmlms

. i . . 0oC . (C laga-Alcalae, N.; waras, R. S.; Alll, S.
tune them through synthetic modifications. To satisfy these 0.. Wemnsdorfer, W.; Folting, K. Christou, G. Am. Chem. So2004
126, 12503. (d) Wang, S.; Zuo, J.-L.; Zhou, H.-C.; Choi, H. J.; Ke,
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(1) (a) Brechin, E. K.; Knapp, M. J.; Huffman, J. C.; Hendrickson, D. (b) Susumu, K.; Duncan, T. V.; Therien, M. J. Am. Chem. Soc.
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of the reaction conditions lead to new molecular structures recently reportett the first two members of a new class of
with optimized physical properti€s. The experience gained SMMs containing exclusively Mh ions with blocking
in each step is used to design new synthetic routes, thustemperatures greater than 2 K, compounds{®O.CR),-
forming a positive feedback loop. However, at this moment (salox}(EtOH)] [R = Me (I); Ph (I )], where saloX™ adopts
we are still in the realm of serendipitous assembly as far asthe rareus:n*:n%5* coordination mode, which usually leads
3d cluster chemistry is concerné@herefore, more studies  to high-nuclearity complexe$.Expanding our research into
in this direction need to be carried out. iron(lll) carboxylate chemistry, we have reportedhe
We have recently been interested in polynuclear metal synthesis and structural, spectroscopic, and magnetic char-
clusters that may display single-molecule magnet (SMM) acterization of two neutral trinuclear oxo-centered ferric
behavior both because of their potential technological ap- complexes, [Fgus-O)(O,CPh)(salox)l!L?] [L! = L2 =
plication® and because SMMs exhibit interesting physical MeOH (|l ); L* = EtOH and 2 = H,O (IV)]. In this case,
and quantum phenomena previously predicted by th&ory. the salo% ligand adopts the commam:n*:»?%,* coordina-
To function as SMMs, the metal clusters should combine a tion mode so the possibility of further use of the oximato O
large-spin ground stat®and an Ising (or easy-axis) type of atom to bridge a second metal and to increase the nuclearity
magnetization expressed by an axial zero-field splitting tensor of the derived complex is present. By working in the weakly
with D < 0.2 While it is easier to satisfy the first requirement coordinating solvent MeCN, we isolated the hexanuclear
by choosing metal ions with large spin values (e.g!! e complexes [Felus-O)(O,CPh)o(salox}(L) 2] - xMeCN-yH,O
=5/, Mn"" S=2, Mn" S=3,, etc.) and suitable bridging [L = MeCONH,, x=6,y=0(1); L =H,O,x=2,y=3
ligands to promote high-spin ground states through suitable (2)], which are studied structurall®.is additionally studied
exchange interactions and spin topology, it is very difficult spectroscopically>(Fe Méssbauer, solid-state NMR) and
to satisfy the second requirement in a controllable way. magnetically. Furthermore, in addition to the reaction
Hence, a plethora of high-spin molecules do not display pathways for the formation of and 2, we report a new
SMM behavior, and further studies need to be carried out reaction pathway téll andIV, to better map this reaction
by using new ligands or a combination of ligands in order system. In botH and2, the saloX ligand adopts the rare
to achieve this goal. uzntn?nt coordination mode, leading to a topology of the
Our approach to the field concerns the investigation of six Fe' ions analogous to that of the hexanuclear manganese-
the reaction between 3d metal ions and salicylaldehyde oxime(lll) complexes| andll (other crystallographically estab-
(Hzsalox) in the presence of carboxylates,sélox is a lished coordination modes of Hsaloand saloX™ have been
multifunctional ligand that in its mono- or dianionic form reported by us elsewhéfg
can adopt various coordination modes, giving rise to a
number of homo- and heterometallic comple¥&¥/e have ~ Experimental Section

(4) (a) Yu, G.: Yin, S.; Liu, Y.; Shuai, Z.; Zhu, DJ. Am. Chem. Soc. Materials. All manipulations were performed under aerobic
2003 125, 14816. (b) Bordiga, S.; Lamberti, C.; Ricchiardi, G.; Regli, ~conditions using materials as received (Aldrich Co.). All chemicals

L. Bonino, F.; Damin, A., Lillerud, K.-P.; Bjorgen, M.; Zecchina, A. - and solvents were reagent-grade. Basic iron(lll) benzoatey“[Fe
Chem. Commur2004 2300. (c) Shi, J.-M.; Xu, W.; Liu, Q,-V.; Liu,

F.-I.; Huang, Z.-1.; Lei, H.; Yu, W.-T.; Fang, @hem. Commur2002, (/13-_0)(02CPh)5(H20)2(OH)]” was synthesized as previously de-
756. (d) Coronado, E.; Clemente-lreaV.; Gala-Mascars, J. R.; scribed!®
Giménez-Saiz, C.; Gmez-Gar@a, C. J.; Marmez-Ferrero, EJ. Chem. Physical MeasurementsElemental analysis for C, H, and N

Soc., Dalton Trans2000 3955. was performed on a Perkin-Elmer 2400/Il automatic analyzer. IR

(5) For recent representative examples involving iron complexes, see: (a) ’
Legros, J.; Bolm, CChem=—Eur. J.2005 11, 1086. (b) Avenier, F.; spectra were recorded as KBr pellets in the range of 4@00
Dubois, L.; Dubourdeaux, P.; Latour, J.-Nthem. Commun2005 cm 1 on a Bruker Equinox 55/S FT-IR spectrophotometer. Variable-

éi%ng%o%eg'zvgé L.; Chottard, J.-C.; Marrot, J.; Li, ¥Eur. J. Inorg. temperature magnetic susceptibility measurements were carried out

(6) (a) Brockman, J. T.; Abboud, K. A.; Hendrickson, D. N.; Christou, 0N polycrystalline samples @in the 2.6-300 K temperature range
G. Polyhedron2003 22, 1765. (b) Chakov, N. E.; Wernsdorfer, W.;  using a Quantum Design MPMS SQUID susceptometer under a

Abboud, K. A.; Hendrickson, D. N.; Christou, G. Chem. Soc., Dalton i fi ; ; ;
Trans 2003 2243. (c) Kuroda-Sowa. T.. Nogami, T.. Konaka, H.: magnetic field of 1.5T. Dlama,gnetlc corrections for the complexes
Maekawa, M.; Munakata, M.; Miyasaka, H.: Yamashita, Rblyhe- were estimated from Pascal’'s constants. The calculation of the

dron 2003 22, 1795. magnetic susceptibility was accomplished using a modified version

(7) (a) Tsohos, A.; Dionyssopoulou, S.; Raptopoulou, C. P.; Terzis, A.; of MAGPACK.!” Minimization was carried out with an adapted
Bakalbassis, E. G.; Perlepes, SAngew. Chem., Int. EA999 38,

983. (b) Papaefstathiou, G. S.; Perlepes, S. P.; Escuer, A.; Vicente,

R.; Font-Bardia, M.; Solans, XAngew. Chem., Int. EQ001, 40, 884. (12) Chaudhuri, PCoord. Chem. Re 2003 243 143.
(c) Boudalis, A. K.; Donnadieu, B.; Nastopoulos, V.; Clemente-Juan, (13) Milios, C. J.; Raptopoulou, C. P.; Terzis, A.; Lloret, F.; Vicente, R.;
J. M.; Mari, A.; Sanakis, Y.; Tuchagues, J. P.; Perlepes, 8nBew. Perlepes, S. P.; Escuer, Angew. Chem., Int. EQ2004 43, 210.
Chem., Int. Ed2004 43, 2266. (14) (a) Thorpe, J. M.; Beddoes, R. L.; Collison, D.; Garner, C. D,
(8) Winpenny, R. E. WJ. Chem. Soc., Dalton TrarZ)02 1. Helliwell, M.; Holmes, J. M.; Tasker, P. AAngew. Chem., Int. Ed.
(9) (a) Leuenberger, M. N.; Loss, Dlature2001, 410, 789. (b) Cavallini, 1999 38, 1119. (b) Chaudhuri, P.; Hess, M.; Rentschler, E.; Wey-
M.; Gomez-Segura, J.; Ruiz-Molina, D.; Massi, M.; Albonetti, C.; hermiler, T.; Florke, U. New J. Chem1998 553. (c) Zerbib, V.;
Rovira, C.; Veciana, J.; Biscarini, Angew. Chem., Int. EQ2005 Robert, F.; Gouzerh, B. Chem. Soc., Chem. Commuf894 2179.
44, 888. (15) Raptopoulou, C. P.; Sanakis, Y.; Boudalis, A. K.; Psycharis, V.
(10) (a) Friedman, J. R.; Sarachik, M. P.; Tejada, J.; ZioloPRys. Re. Polyhedron2005 24, 711.
Lett. 1996 76, 3830. (b) Thomas, L.; Lionti, F.; Ballou, R.; Gatteschi, (16) Earnshaw, A.; Figgis, B. Nl. Chem. Soc. A966 1656.
D.; Sessoli, R.; Barbara, Blature1996 383 145. (c) Gatteschi, D.; (17) (a) Borfa-Almenar, J. J.; Clemente-Juan, J. M.; Coronado, E.;
Sessoli, R.JJ. Magn. Magn. Mater2004 272—276, 1030. Tsukerblat, B. SInorg. Chem.1999 38, 6081. (b) Borfa-Almenar,
(11) Christou, G.; Gatteschi, D.; Hendrickson, D. N.; SessolMRS Bull. J. J.; Clemente-Juan, J. M.; Coronado, E.; Tsukerblat, B. Somput.
200Q 25, 1. Chem.2001, 22, 985.
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version of MINUIT 18 The error factoR is defined as

Table 1. Crystallographic Data fot-6MeCN and2-2MeCN-3H,0O

2 1-6MeCN 2:2MeCN-3H,0
_ (Xexp ~ Xcaid
R= 2—2 formula GooHssFesN10028 CeggH76Fe5N4031
Nxexp fw 2212.90 2020.63
space group P1 C2lc
whereN is the number of experimental points.”Mgbauer spectra T'; 25 A 25 A
were taken with a constant-acceleration spectrometer usif@oa i’ A §A3°2Kl‘é(g'7lo 73A) 2"108'?(8710 73A)
(Rh) source at room temperature and a variable-temperature Oxford ;' & 13_'87(1) 17.'93(1)
cryostat.!H-pulsed NMR experiments were collected on a Bruker ¢, A 17.04(1) 27.72(1)
MSL 200 spectrometer operating at 4.7 T (200.1 MHZfONMR). a, deg 105.79(2)
An Oxford 1200 CF continuous-flow cryostat was employed for ~ #: ggg ?61367%2()2) 111.70(2)
. . . Vs .

measu'reme_nts in the range of—_SOO K. TheT; spln—latpce V. A3 2578.17(2) 10070(10)
relaxation time was obtained using the standard saturation tech- 7 1 4
nique!® The relaxation recoveri(t), was generally a nonexpo- Pealcd Pmeasd § CMT3 1.425/1.41 1.333/1.32
nential function, mainly because of the many proton-nonequivalent Pé(l"go Ko), mn* 8'8%8’ (;3-0971276
nuclei, and the relaxation data were fitted to a modified stretched WR2 01876 01759

exponential function of the forff

(D) = ot t \n-1
(t) = MO exp{ T_l(l + T_l) ]

In the short time regimet, < T,, this model exhibits the desired
single-exponential behavior and has a finite time derivative at the
origin.

A ot t\n-1] ot
t=0: exp{ T1(1+Tl) ] exp{ T,

In the long time regimet > T;, the model exhibits the limiting
stretched-exponential behavior:

t t\n-1 t\n
oo ate) ] ed )]

Preparation of the Complexes. [Fg(us-O),(0,CPh);o(salox)-
(MeCONH,),]-6MeCN (1). FeCk-6H,0 (0.135 g, 0.50 mmol) was
added to a refluxing solution of4dalox (0.069 g, 0.50 mmol) and
sodium benzoate (0.216 g, 1.50 mmol) in acetonitrile (20 mL). The
color of the solution immediately turned to deep red. After 24 h of
reflux, a small amount of brown precipitate was filtered off, and it
was characterized abby FT-IR spectroscopy. The deep-brown
filtrate was sealed and left undisturbed for about 2 months. By that
time, X-ray-quality red crystals of had formed (yield: 0.02 g,
~11%). The crystals of were collected by filtration, washed with
cold MeCN, and dried in vacuo. The resulting powder was analyzed
as solvent-free. Anal. Calcd (found) foggEl;oFesN4Og: C, 53.75
(53.60); H, 3.59 (3.55); N, 2.85 (2.82).

[Fes(u3-0)x(O,CPh) (saloxp(H20),]-2MeCN-3H,0 (2). Method
A. Solid Hysalox (0.034 g, 0.25 mmol) was added to a refluxing
solution of “[Fey(us-0)(O.CPh)(H20)(OH)]” (0.082 g, 0.085
mmol) in MeCN (30 mL). The color of the solution immediately
turned from orange to deep brown. The reflux was stopped, and
the solution was placed in a closed vessel. After 3 days, X-ray-
quality red crystals had formed (yield: 0.064-¢80%). The crystals
were collected by filtration, washed with cold MeCN, and dried in
vacuo. The resulting powder was analyzed as solvent-free. Anal.
Calcd (found) for GsHssFesN2Ozg: C, 53.54 (53.40); H, 3.42 (3.30);

N, 1.49 (1.25).

(18) James, F.; Roos, M. MINUIT Program, a System for Function
Minimization and Analysis of the Parameters Errors and Correlations.
Comput. Phys. Commu975 10, 345.

(19) Fukushima, E.; Roeder, S. B. \Bxperimental Pulse NMRddison-
Wesley: Reading, MA, 1981.

(20) Peyron, M.; Pierens, G. K.; Lucas, A.; Hall, L. D.; Stewart, RJC.
Magn. Reson. A996 118 214.

aw = 1/[o4Fs? + (aP)2 + bP] and P = (max)F,4(0) + 2F?)/3. R1=
Y(IFol — IFc)/Z(IFol) and wR2= { F[W(Fo? — FAF/ 3 [W(Fo)Z} Y2 P For
3922 reflections with > 20(1). ¢ For 2607 reflections with > 20(1).

Method B. A quantity oflll (0.042 g, 0.042 mmol) div (0.071
g, 0.071 mmol) was dissolved in MeCN (30 or 20 mL, respectively),
and the resulting deep-brown solutions were refluxed for 5 h. The
brown precipitates that formed were filtered off, washed with cold
MeCN, dried in vacuo, and characterized2alsy FT-IR spectros-
copy. Characteristic IR data (cth KBr pellet): 1596,v(C=N);
1552,v,{COy); 1406,v(CO,) [A = 146 cnl]; 1295, »(N—Oyy);
482, v,{F&0). Yield: 0.03 g,~75%.
[Fes(us-0)(0O,CPh)s(salox)(MeOH),] (ll1). Hssalox (0.068 g,
0.50 mmol) was added to a refluxing orange solution of 5{kg
0)(O,CPh)(H20)2(OH)]” (0.164 g, 0.17 mmol) in MeOH (20 mL).
The reflux was continued overnight, and small amounts of a black
precipitate were filtered off. The resulting solution was left for slow
evaporation, and after a period of 1 week, deep-brown needles
formed and were filtered off, washed with cold MeOH, and dried
in vacuo (yield: 0.13 g/~80%). Unit-cell determination of the
needles identified them as complix [a = 19.85(3) A b= 27.17-
(@) A, c=19.88(2) A, = 98.88(3}, andV = 10590(10) A&].15
[Fes(us-O)(0,CPh)s(salox)(EtOH)(H.0)] (1V). Hjsalox (0.068
g, 0.50 mmol) was added to a refluxing orange solution of 3{Fe
(u3-O)(O,CPh)(H20),(OH)]” (0.164 g, 0.17 mmol) in EtOH (20
mL). The reflux was continued fal h more, and the deep-brown
solution was left for slow evaporation. After a period of 2 weeks,
deep-brown prismatic crystals formed and were filtered off, washed
with cold MeOH, and dried in vacuo (yield: 0.12g70%). Unit-
cell determination of the crystals identified them as compiéxa
= 15.12(2) A,b = 15.63(2) A,c = 20.18(3) A, = 95.32(3},
andV = 4750(10) &].15
X-ray Crystallography. A red prismatic crystal ofL (0.08 x
0.18 x 0.55 mm) and a red prismatic crystal 2{0.12 x 0.16 x
0.75 mm) were mounted in capillaries. Diffraction measurements
were made on a Crystal Logic Dual Goniometer diffractometer
using graphite-monochromated Maadiation. Significant crystal
data and parameters for data collection are reported in Table 1.
Unit-cell dimensions were determined and refined by using the
angular settings of 25 automatically centered reflections in the range
of 11° < 26 < 23°. Three standard reflections, monitored every
97 reflections, showed less than 3% intensity fluctuation and no
decay. Lorentz and polarization corrections were applied using
Crystal Logic software. The structures were solved by direct
methods usinGHELXS-88 and refined by full-matrix least-squares
techniques o 2 with SHELXL-97%2 In both structural cases, the
crystals had poor diffraction ability (despite their sufficient size)
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Scheme 1. Reaction Scheme for the Synthesis of Compouhd3
I, andIV
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and the data were collected in increasing shells, and in each

Raptopoulou et al.

According to the first approach, the reaction of''Fe
PhCQ /Hzsalox in a 1:3:1 respective molar ratio in alcoholic
media has afforded the trinuclear oxo-centered compounds
[Fes(us-0)(O,CPh)(salox)L!L? [L1 = L2 = MeOH (Il );

L! = EtOH, L2 = H,O (IV)].*® In both complexes, the
saloX~ ligand is coordinated through the comm@ny*:n:

n* mode, providing the possibility of further use of the
oximato O atom to bind to a second metal and to increase
the nuclearity of the derived complexes. By using the same
reaction “blend” in the weakly coordinating acetonitrile, this
possibility has been confirmed and the hexanuclear complex
1 has been isolated according to eq 1. In this case, it is
assumed that the source of thé"Gon is the HO from the
starting material and/or the solvent.

MeCN

6FeCl:6H,0 + 10PhCOONat 2H,salox
[Fe,0,(PhCQ),(salox)(MeCONH,),] + 10NaCl+
1

8HCI + 34H,0 (1)

The terminal MeCONHlligand is the hydrolysis product of
the acetonitrile solvent, which is favored in the presence of

case, the data collection was terminated when about 50% of thethe metal ior?® The above reaction afforded compouhih

collected shell data were unobserved. Nevertheless, the quality ofvery small quantities, making the study of its spectroscopic
the collected data was adequate to establish the structure of theand magnetic properties impossible.

complexes. Further experimental crystallographic details 1for
20max = 45°; scan speed, 3min; scan range, 1.6+ a0,
separation; reflections collected/unique/used, 5494/5Ri2 £
0.0348]/5212; 613 parameters refined/@)max = 0.003; Ap)may
(Ap)min = 0.657/-0.643 e/R; RIR, (for all data), 0.0987/0.2161.

H atoms were introduced at calculated positions as riding on bonded

atoms. All non-H atoms were refined anisotropically, except those
of the MeCN solvents, which were refined isotropically. The
assignment of the terminal ligand MeCOBHstead of MeCGH
(which can be the final hydrolysis product of MeCN in the presence

of metal ions) was based on H-bonding interactions between amide

By following the “building block” synthetic approach, the
1:1 reaction between basic iron benzoate 5{keO)(O,-
CPh)}(H20)2(OH)]” and Hsalox in MeCN has afforded the
hexanuclear comple® in good yield, according to eq 2.

MeCN

2[Fe,0(0,CPh)(H,0),(OH)] + 2H,salox
[Fe,0,(0,CPh)(salox),(H20),] + 2HO,CPh+ 2H,0 (2)
2

The same reaction mixture in alcoholic media has afforded

H atoms and the acetonitrile solvent molecules. Further experimentalthe trinuclear compound#l andIV, whose identities have

crystallographic details fa2: 20, = 40°, scan speed, 1°Bnin;
scan range, 1.6 o;0, separation; reflections collected/unique/
used, 4667/454%: = 0.0265]/4549; 571 parameters refined/ (
0)max = 0.001; Ap)mat(Ap)min = 0.558/~0.286 e/R; R/R, (for

been proved by unit-cell determination.

From the molecular structures of compouridisandIV,
it is evident that they might be used as “building blocks”
themselves by using the oximato O atom of the shlox

all data), 0.1451/0.2175. H atoms were introduced at calculated ligand to bind to a second metal, thus doubling the nuclearity
positions as riding on bonded atoms. All non-H atoms were refined of the complex. This possibility has been explored by

anisotropically, except those of the MeCN angDHsolvents, which
were refined isotropically.

Results and Discussion

Synthesis.Synthetic efforts to prepare polynuclear com-
plexes in a more or less rational way have mainly led to two

synthetic approaches. The first one concerns the in situ

reaction of metal salts with suitable ligands, in ratios that
favor the formation of polynuclear instead of mononuclear

complexes, whereas the second one involves the use of small-

nuclearity complexes, called “building blocks”, to produce

higher-nuclearity aggregates. In this work, we have employed

both synthetic routes, which are shown in Scheme 1.

(21) Sheldrick, G. MSHELXS-86: Structure Sehg Program University
of Géttingen: Gitingen, Germany, 1986.

(22) Sheldrick, G. M.SHELXL-97: Crystal Structure Refinemgkitni-
versity of Gdtingen: Gidtingen, Germany, 1997.
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dissolving compoundsll and/or IV in acetonitrile. The
brown precipitate formed was identified as compo@riay
FT-IR spectroscopy. Thus, it seems that, in the weakly
coordinating MeCN, the apical coordination positions previ-
ously occupied by ROH ifil andIV are now available for
coordination by salokX and subsequent dimerization, thus
increasing the nuclearity of the complex.

2[Fe,0(0,CPh)(salox)(EtOH)(HO)] ==~
v
[Fe;,0,(0,CPh)((salox)},(H20),] + 2EtOH (3)
2
In the IR spectrum ol, medium-intensity bands at 3063
and 2924 cm! are assigned to theCH)aromaticandv(CHs)

stretching vibrations, respectively. A strong-intensity band
at 1596 cm?! and a medium-intensity band at 1292 ¢m
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Figure 1. Partially labeled ORTEP plot df with ellipsoids drawn at the
30% probability level. For clarity, H atoms and phenyl rings have been
omitted. Primed atoms are generated by symmeétsy tx + 1, -y + 1,

—2).

are assigned to thgC---N) andv(N—Oy) vibrations of the
salicylaldoximato ligand, respectively The frequencies of
thev,{CO,) andv{CO,) bands of PhC@ at 1555 and 1408
cm1, respectively, differ by 147 cm, less than that of
NaO,CPh (184 cm?), as expected for the bridging modes
of benzoate ligatioA The two bands at 3365 and 3186 ¢m

Figure 2. Partially labeled ORTEP plot & with ellipsoids drawn at the
30% probability level. For clarity, H atoms and phenyl rings have been
omitted. Primed atoms are generated by symmeétry 0.5 — x, 1.5,
1-2.

2 (the corresponding table, Table S1, for compolisigiven

in the Supporting Information). Both compounds contain the
[Fes(us-O)(u2-OR)]*? core, whose topology consists of six
Fe' ions arranged as two centrosymmetrically relateg{Fe
(u3-O)] subunits bridged by two oximato O atoms (O1 and
01'). The structure of each triangular [ffes-O)] subunit is
quite similar to that of the precursor trinuclear compounds

are assigned to the NH stretching modes of the H-bonded|ll andIV. There are two pairs, Fel/Fe2 and Fe2/Fe3, which

NH_ group of the terminal MeCONJ while the carbonyl
absorption (amide | band) is observed at 1659 tth A
medium-intensity band at 480 ctin the spectrum ofl is
characteristic of the presence of the {E¢ moiety in the
structure. In the IR spectrum @ medium-intensity bands
at 3409 and 3063 cm are attributed to the(OH)n,0 and
v(CH)aromaticVibrations, respectively. A strong-intensity band
at 1597 cm?! and a medium-intensity band at 1295 ¢dm
are assigned to thgC-+-N) andv(N—0O,y) Vibrations of the
salicylaldoximato ligand. The frequencies of thgCO,) and
v(CQO;) bands of PhC@ are observed at 1552 and 1407
cm! (A = 145 cn1Y), respectively. Finally, a medium-
intensity band at 482 cm is assigned to the,{Fe&O)
vibration. In the IR spectra of bothand2, it is characteristic
that ther(N—Oy) vibration of the salicylaldoximato ligand
is observed at higher frequency with respectitoand|V,
as a result of theugpt:p®n* coordination mode in the
hexanuclear complexes versus thept:nt:nt coordination
mode in the trinuclear ones.

Description of the Structures.Compoundl crystallizes
in the triclinic space group1, and compoun@ crystallizes
in the monoclinic space groug2/c. The molecular structures
of 1 and2 are given in Figures 1 and 2, respectively, and
selected bond distances and anglesfare listed in Table

(23) Constable, E. QMetals and Ligand Reacity; VCH Publishers: New
York, 1996; pp 65-72.

(24) Alexiou, M.; Dendrinou-Samara, C.; Raptopoulou, C. P.; Terzis, A,;
Kessissoglou, D. Anorg. Chem2002 41, 4732.

(25) Deacon, G. B.; Phillips, R. Loord. Chem. Re 198Q 33, 227.

(26) Bellamy, L. JThe Infrared Spectra of Complex Molecul€hapman
and Hall: London, 1975.

are bridged through ongy-oxide and twou,-benzoato
ligands, while the pair Fel/Fe3 is bridged by gneoxide,
oneus-benzoato, and the oximato ligand. The sixth coordina-
tion position on Fe3, occupied by a terminal monodentate
ligand in the trinucleatll andlV, is in the case of and?2
occupied by au,-oximato O atom belonging to the cen-
trosymmetrically related [R€u3-O)] subunit, thus increasing
the nuclearity of the derived complex. The structure of
complex2 will be discussed in detail because compouhds
and2 have almost identical structures. The thred' Fens

in each [Fe(us-O)] subunit form an almost isosceles triangle
(see Table 2), and the closest-+Ee distance between the
two [Fes(us-0)] subunits is 3.274(5) A. The FeD, bond
distances are in the range of 1.884928 A, and the [Fe
(u3-O)] subunit is planar. lons Fe2 and Fe3 have an
octahedral O-rich coordination environment, while Fel has
a distorted octahedrals® coordination geometry. The two
salicylaldoximato ligands adopt the rargn*:n%#,* coordina-
tion mode, which has not only been observed EndIl 3
and in [M"(13-O)x(saloxy(u2-O,CR)(OH2)2(RCN)] (M =

Vit cr', Mo, Fe', RCO,” = PhCCQO,-, MesCCO;,
PhC(OH)CGO:, PhCQ -, CHsCO,)*2 but also in trinuclear
and tetranuclear complex&sThe Fe-OoximatobONd distances
are 2.025 and 2.099 A for the chelating and bridging modes,
respectively. The FEOpnenoxy@nd Fe-Noyimato DONd lengths
are 1.914 and 2.156 A, respectively. The whole salicylal-
doximato ligand is planar and forms an angle of 44s2th

the [Fe(us-O)] plane. The benzoato ligands are coordinated
in the common syn,synz:nt:n* mode, and the FEOcaroxyiato
bond distances are in the range of 1.921057 A. Although
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Table 2. Selected Bond Distances (A) and Angles (degidMeCN 3H,02

Distances

Fel-02 1.914(9) Fe2071 1.867(8) Fe3071 1.884(7)

Fel-071 1.928(8) Fe2051 2.017(10) Fe3042 2.004(9)

Fel-031 2.040(9) Fe2041 2.044(10) Fe3032 2.013(9)

Fel-011 2.023(9) Fe2012 1.991(9) Fe3052 1.999(9)

Fel-021 2.057(10) Fe2022 2.018(10) Fe301 2.025(7)

Fel-N1 2.156(10) Fe2061 2.116(9) Fe301 2.099(7)

Fel--Fe2 3.301(5) Fel-Fe3 3.274(5) Fe2-Fe3 3.260(5)

Fe3--Fe3 3.274(5)

Angles

02—Fel-0O71 169.7(4) O7tFe2-051 95.2(4) O7tFe3-042 96.2(4)
02—-Fel-031 93.8(4) O7+Fe2-041 95.6(4) O7+Fe3-032 92.2(4)
071-Fel-031 89.0(3) O51Fe2-041 91.4(4) 042 Fe3-032 84.7(4)
02—-Fel-011 92.3(4) O7tFe2-012 95.4(4) O71Fe3-052 95.6(4)
O71-Fel-011 97.8(3) O5%tFe2-012 169.4(4) 042Fe3-052 88.4(4)
031-Fel-011 86.8(4) 041 Fe2-0(12) 86.9(4) 032 Fe3-052 170.1(4)
02-Fel-021 87.3(4) O7%+Fe2-022 94.8(4) O7%Fe3-01 90.3(3)
071-Fel-021 90.8(4) 051 Fe2-022 89.8(4) 042 Fe3-01 173.0(4)
0O31-Fel-021 174.5(4) O4tFe2-022 169.4(4) 032Fe3-01 92.4(3)
0O11-Fel-021 87.8(4) 012Fe2-022 90.0(4) 052 Fe3-01 93.7(3)
02-Fel-N1 85.0(4) 071+Fe2-061 179.1(4) 074Fe3-01 165.2(3)
0O71-Fel-N1 85.0(4) 05+ Fe2-061 85.0(4) 042 Fe3-01 98.5(3)
031-Fel-N1 92.9(4) O41Fe2-061 83.6(4) 032Fe3-01 87.5(3)
011-Fel-N1 177.2(4) 012Fe2-061 84.4(4) 052 Fe3-01 86.6(4)
021-Fel-N1 92.6(4) 022-Fe2-061 86.1(4) O%Fe3-0O1 74.9(3)
Fel-O71-Fe2 120.9(4) FetO71-Fe3 118.4(4) Fe2071-Fe3 120.7(4)
Fe3-01-Fe3 105.1(3)

a Symmetry transformations used to generate equivalent atomss0.5 — x, 1.5—y,1 — z

Table 3. Structural Characteristics of the Triangular {s-O)] Unit in Chart 1. Schematic Diagram of Structures bandII
Compound2 and| —IV o
22 10 II be 1 ac Iva N |
\ /O
Distances (A) oL—NqO / 'Vi”
M1:--M3 3.274 3.163 3.157 3.253 3.199 fo) 0 N
M1---M2 3301 3258 3253 3222  3.298 \Mé/ \n// o/t
M2---M3 3.260 3.245 3.262 3.267 3.269 P Mn Mn
[ o7\ e ~
Angles (deg) N 0 / \ L// 0
M1-0—-M3 118.4 115.0 115.3 116.0 117.2 Mn / LN—O
M1-0—-M2 120.9 1211 120.5 121.9 119.3 o7 |
M2—0—M3 120.7 120.0 120.5 121.7 123.2 j
o
aM =Fé'. M = Mn'". ¢ Average values of the two crystallographically LII
H

independent molecules in the asymmetric unit.

similar, compound4 and?2 present different lattice structures (~121°). Moreover, the approach of a second triangulag{Fe
because of H-bonding interactions.Inthe amide H atoms  (us-O)] subunit in the hexanuclear compl&at ca. 3.3 A
of the MeCONH ligands are H-bonded to the acetonitrile does not seem to affect the structural characteristics of the
solvent molecules, leading to the formation of 1D polymeric [Fes(us-O)] triangle itself.
chains (Figure S1 in the Supporting Information). On the A comparison of the structural characteristics of the
other hand, no intermolecular H-bonding interactions are triangular [Ms(us-O)] subunit in the hexairon compléxwith
observed between the hexanuclear complexés leading those inl andll is also very interesting (for a graphical
to isolated species in the crystal lattice. representation of and Il, see Chart 1). The metal ion

A comparison of the structural characteristics of the topology in the three compounds is exactly the same, despite
triangular [Fg(us-O)] subunit in complexX2 with those of the different bridging modes observed in the triangular
the precursor trinuclear complexiéis andlV (for a graphical subunits. In the cases bfandll, there are two pairs, Mn1/
representation, see Scheme 1) shows equivalent trends foMn2 and Mn2/Mn3, bridged by ong,-oxide and one
the interatomic distances and angles between tHeifies oximato group, and one pair, Mn1/Mn3, which is bridged
in terms of the types of bridging interactions (Table 3). In by oneu,-oxide, oneu,-carboxylato, and one oximato group.
all three complexes, in the Fel/Fe3 pair, bridged byne In the latter pair, the MH ions are separated by3.16 A
oxide, oneu,-benzoato, and one oximato bridge;8.26-A and the MA-O—Mn angle is~115°, values which are the
separation is observed between the ferric ions, while the Fe smallest ones within the triangular subunit. The same trends,
O—Fe angle of~117 is the smallest one in the triangular i.e., the smallest metaimetal interatomic distance and the
unit. On the other hand, in the Fel/Fe2 and Fe2/Fe3 pairs,largest deviation of the MO—M angle from the ideal 120
bridged by oneu,-oxide and twau,-benzoato ligands, the  value, are also observed in the ferric compkexn the two
Fe--Fe distances are differentiated (Fefe2~3.32 A; Fe2 former pairs, the Mn-Mn separations are almost identical
-Fe3 ~ 3.27 A) despite the similar FeO—Fe angles  (~3.25 A) and the MR-O—Mn angles are-120°. The same

2322 Inorganic Chemistry, Vol. 45, No. 5, 2006



Hexanuclear Iron(lll) Salicylaldoximato Complexes

100.0
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99.24 Figure 4. Exchange-interaction pattern for compl2x
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Figure 3. Mossbauer spectrum from a powdered samplé af 295 K. % ,,,E
Solid lines represent theoretical simulations assuming two douletad "8 0.15- 4 §
B, with the parameters quoted in Table 4. o =
& &
Table 4. Mossbauer Parameters for Compx 0.10 )
ironsite  T(K) o(mms? AEg(mms?L Typ(mmsi 005 1 4
A(FeQy) 295 0.43(1) 0.55(1) 0.13/0.14 '
B (FeQN) 295 0.43(1) 1.36(1) 0.16/0.22 0.00 o
A (FeOy) 77 0.53(1) 0.62(1) 0.15/0.17 - — o T T T T —
B(FeON) 77 0.53(1) 1.23(1) 0.17/0.22 0 0 100 150 200 250 300
A (FeQs) 4.2 0.53(1) 0.64(1) 0.16/0.17 T/K
B (FEGN) 4.2 0.54(1) 1.27(1) 0.18/0.19 Figure 5. yv vs T andywT vs T experimental data for complexand the

S . heoretical cur n the Hamiltonian of eq 4 (solution a).
aT'y, values for the left and right lines. The doublets are giver'ds theoretical curve based on the Hamiltonian of eq 4 (solution 2)

Tk
i geneous @donor atom sets. On the other hand, the bond

trend is true for the FeO—Fe angles ir2, but the Fe--Fe lengths span the ranges 1.912156 A for Fel, 1.8672.116
distances are substantially differentiatedd(27 A). Overall, A for Fe2, and 1.8842.099 A for Fe3. Thus, Fel and Fe2
the triangular subunits i@, I, andll are best described as are characterized by a less symmetric environment than Fe3.
isosceles triangles, where fthe base defined by Fel/Fe2 These two competing factors should affect the electron-field
is directed toward the outside of the hexanuclear core while gradient around the iron nuclei and, therefore, the quadrupole
in | andll the corresponding base defined by Mn1/Mn3 is splittings. From_the relat_|ve area of t_he t_wo S|tesz the most
directed toward the inside of the hexanuclear core. reasonable assignment is that the minority douBlet due

Mdssbauer SpectroscopyMdsshauer spectra from pow- to Fel whereas doublét, representing the majority of the
dered samples d were collected between 4.2 and 295 K. species, is assignable to both Fe2 and Fe3. The conclusion,
These consist of two well-resolved quadrupole-split doublets therefore, is that ligand inhomogeneity is more influential
(sitesA andB) with Méssbauer parameters typical of high- to the quadrup_ole splitting than geometrical distortion. The
spin Fé' in octahedral O/N environments. A characteristic S&Me conclusion was drawn for complexiés and IV
Méssbauer spectrum at 295 K is shown in Figure 3. Fairly Previously studied> We note here the similarity of the
narrow lines are observed, indicating a large degree of SPectra between complex2sil, andIV,, which all exhibit
structural homogeneity. The asymmetry is attributed to two doublets at a 2:1 ratio. Small albeit discernible differ-
alignment of the crystallites in the sample holder. The €Nces for theAEq values of sitesA and B in the three
doublets exhibit similar isomer shifts but quite different COMPIlexes can be identified.

quadrupole splittingsAEqx < AEqg), which is indicative Magnetic Susceptibility Studies.The yuT product of2
of significant differences in the homogeneity and/or geometry at 300 K is 7.27 cthmol™ K, significantly lower than the
of the coordination spheres. theoretically expected value for six noninteracti®g= °/

The spectra can be simulated by assuming a 2:1 ratio for'onS (26.28 cri mol™* K), indicating antiferromagnetic
doubletsA and B, respectively. The derived Msbauer interactions (Figure 5). This is corroborated by the constant

parameters are presented in Table 4. An increase of thedroP Of theyuT product upon cooling, reaching a value of

isomer shift upon cooling is attributed to a second-order 0-63 ¢nf mol™ K at 2.2 K. The magnetic susceptibilityy,
Doppler effecg’ shows a constant increase upon cooling, which may be

associated with a number of factors such as a magnetic
ground state, low-lying magnetic excited states, or paramag-
netic impurities. This will be analyzed in detail below.

(27) Greenwood, N. N.: Gibb, T. QMéssbauer Spectroscopghapman Consideratign of the molecular geometry (Figure 4) WOU!d
and Hall: London, 1971; pp 148164. suggest that five exchange parameters have to be taken into

Examination of the structure reveals that Fel exhibits an
OsN donor atom set, whereas Fe2 and Fe3 exhibit homo-
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account in order to describe the magnetic behavi@: aja -20
= Jaz, Jg = o3 = oz, Jc = 12 = Jr2, o = Jiz= Jrz and
Je = Jiz = Jr3. However, a closer inspection of the molecular
structure allows for simplifications by considering the 30
following: (i) the Fel/Fe2 and Fe2/Fe3 pairs are bridged
by oneus-oxide and twau,-benzoates; the Fel/Fe3 pairis ~
bridged by one:,-oxide, oneu,-benzoato, and one oximato 5 %0
bridge; (ii) the Fe-O—Fe angles for the Fel/Fe2, Fe2/Fe3, :N
and Fel/Fe3 pairs, which define the main superexchange
pathways between ferric ions, are 120.95, 120.70, and
118.35, respectively; (iii) atoms Fel and Fe3 of the Fel/
Fe2/Fe3 triangle both participate in interactions with atoms
outside the triangle (Fé3and FellFe3, respectively),
whereas atom Fe2 is the only one that does not; Fe2 can be -6 = y T T
considered the apex of an isosceles triangle with side Fel/ oo S0 JA;) P ‘
Fe3 as its base. Because ofiii, interactionsJs andJc are 3/ om
grouped together. Fi_gqre 6. Surface error plot ofl; vs Jz (with g = 2_.00) revealing the
Thus, we can considely = Jy, Js = Je = Jo, Jp = s, minimaa andb for |J3| > |J;| and|J3| < |Jo|, respectively.
and Je = Js. The corresponding Hamiltonian is

-50

therefore, wondered if there could be a second solution with
A=-200585 +3,85+55+55 +55) +J, di_fferent relative strengths @k andJs, within the isosceles
(Asl% i élés) Iy (élss n élr%)] 4) triangle Fel/Fe2/Fe3. For that reason, the parameter space
4 of J, andJ; was explored by keepingj andJ, fixed to their
Because of the relatively large number of fitting param- Préviously defined values, and an error contour plakofs
eters, initial fitting attempts were carried out by considering J3 Was drawn (Figure 6). This verified the minimum
certain simplifications to verify that the problem is not Previously mentioneda) and revealed a second orig) @t
overparametrized. Exchange interactiaiis expected to be ~ J2 ~ —30 cnt* andJ; ~ —20 cnt™. Using those as initial
the weakest one because of the large-FE®3 separation condmon_s and b_y the release &fandJ,, a second solution
and because the magnetic interaction is mediated by aWas obtained, with parametels= —15.0 cnm?, J, = —38.2
diatomic oximato bridge. In additiod, andJ; are expected, €M & Js = —19.9 cm?, J, = —0.2 cn1?, g = 2.08, withR
on the basis of structural data, to be close in strength. Initial = 2-8 x 107 (solution b’). We observe that the relative
fitting attempts were carried out by consideridg= 0 and strengths have. now .been inversed, like in basic iron
J, = Js; however, these failed to yield an acceptable fit. carboxylates, withl, being stronger. However, the quality
Releasing only one of these two constraints resulted in of this fit _|5|nfer|0r; thus,_tr_us soIL_Jtlon is ruled out. An_other
marginal improvements. It was, therefore, decided that all ©0servation is that no minimum is found fér= J;, which
four exchange interactions are necessary for the interpretatioiUstifies our fitting strategy by which this constraint was

of the magnetic susceptibility data, wilh= 0 andJ; = Js. abolished. _
With those considerations, the best-fit parameters dere As a general conclusion, therefore, we may say that the
= —-19.7cm?, J, = —35.8 cnl, J3 = —63.8 cnTl, J, = complex retains some of the magnetic properties of simple

—4.99 cmrl, g = 2.07, withR= 1.3 x 104 One can deduce  basic iron carboxylates, which are, however, severely
from these results thak is indeed very weak, as expected, distorted because of the interaction of two triangular units.
and thatg is close to 2.0, which is reasonable for high-spin Specifically, although there are solutions for two pairs of
ferric ions. The ground state is characterized®y 0. The  J2/Js values, only one is satisfactory, unlike basic iron
first excited states are only 1.0 ct(S= 1) and 10.0 cm! carboxylates in which both are close in quality. In addition,
(S = 2) higher than the ground state, thus contributing to although the overall coupling is antiferromagnetic in both
the magnetic susceptibility, because of their thermal popula- types of complexes, the odd number of spins ig ¢testers
tion even &2 K (Figure S2 in the Supporting Information).  leads to half-integer spin systems (usudly '/), whereas

A point that we thought of as worth exploring concerns the even number of spins ihleads to an integer spin system
the structural relationship of the complex with triangular with S= 0.
basic iron carboxylates (see Description of the Structures). These results can be compared to a series of studies carried
The magnetic properties of those are normally interpreted out on hexanuclear ferric complexes containing two magneti-
through a 2 model, considering an equilateral triangle, in cally coupled [Fe(us-O)] triangular cores. It has been shown
which interactions along the sides of the triangle are that the spin of the ground state can greatly vary depending
associated with a parametgand those along its base with  on the coupling scheme and the relative strengths of the
a parameted'. It is common for thos® to present two best-  coupling constants. In one such cd&epmplexes [FgD.-
fit solutions, one withJ| > |J'| and one withJ| < |J'|. We,

(29) Christmas, C. A,; Tsai, H.-L.; Pardi, L.; Kesselman, J. M.; Gantzel,
(28) Boudalis, A. K.; Sanakis, Y.; Raptopoulou, C. P.; Terzis, A; P. K.; Chadha, R. K.; Gatteschi, D.; Harvey, D. F.; Hendrickson, D.
Tuchagues, J.-P.; Perlepes, SPBlyhderon2005 24, 1540. N. J. Am. Chem. S0d.993 115 12483.
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T T T ' ' At lower temperatures and particularly when the temper-

T ature is comparable to the magnetic exchange interadtion
(ksT =~ J), there is a growing of strong correlations in the

i fluctuations of the magnetic moments of the molecule. These
correlations manifest themselves as an enhancement of the
relaxation rate I/; at a temperature on the order of the
magnetic exchange constalifks. This behavior is similar

to the critical enhancement of relaxation in 3D magnetic

. systems at the transition temperature to long-range magnetic

o
oo

0o o o 000 D000 = order. In molecular clusters, because of the finite size of the
NIASAARAS . , spin system, the low-lying energy states are well separated
50 100 150 200 250 among themselves, and in this temperature range, the spin
T/K dynamics is governed by magnetic excitations between the

Figure 7. HT, spin—lattice relaxation time of compleR as a function ground state and the next excited state separated by an energy
of temperature (the open circles represent the experimental data, the dashed,.
line shows the temperature dependenceeF in arbitrary units, and the  differenceA. The appearance of the NMRTL/peak can be
solid line represents the fit to the experimental data according to eq 5). explained with the use of a semiphenomenological model
used in previous NMR studies in molecular rirfgfs3 In
(OH)(O.CMeho(hep}] [hep™ = anion of 2-(2-hydroxyeth-  particular, in this approach, the nuclear relaxation ralg 1/
yhpyridine] and [FEO(OH)(O.CMe)olz] [L = 2-(N- has contributions proportional to the probability of occupation
methylimidazol-2-yl)-2-hydroxypropane] with identical cou-  of the different energy levels. The first contribution comes
pling schemes proved to exhilst= 5 and 0 ground states, ~ from the first excited state exp(A\/ksT) weighted by the
respectively, because of differences in the relative coupling sum of all of the energy states (the partition function), and
strengths. In the case of a prismatic; EBister® anS= 1 the second contribution comes from the remaining states
ground state was found to be stabilized, whereas examplesapproximated by a continuum. Indeed, because the first
of other Fd's complexes withS = 5 ground states are excited states are 1.0 ch(S= 1) and 10.0 cm! (S= 2)
mentioned in ref 28. In this respect, compl2xs a new  higher than the ground state, as obtained from the suscep-
example of a spin-coupling scheme, which leads t@&an tibility data, it is expected that the nuclear relaxation rate
0 ground state because of its particular coupling features.will probe the energy differencA = 10 cn! = 14.4 K
Solid-State NMR Studies.T; spin—lattice relaxation in (with the energy difference of 1 crhbeing too small to be
paramagnetic and magnetic materials is a powerful tool to detected by NMR), and this is clearly demonstrated by the
investigate the electron-spin dynamics of the system becausexperimental NMR peak at15 K (Figure 7). According to

the nuclei under investigation probe the fluctuating local this simplified model, the expression for the NMR relaxation
magnetic fields induced at the nuclear sites through the can be written as

hyperfine interaction.
The!H T, spin—lattice relaxation time of complex was 1_ C exp(— A)Zl (5)
measured at a frequency of 200.145 MHz between room and T ksT,
liquid-helium temperatures. The nuclear relaxation rafe 1/ 0 ) N
as a function of temperature is shown in Figure 7. At high WhereZ = . D(E) exp(-E/keT) dE is the partition func-
temperatures, T exhibits a weak temperature dependence, tion, D(E) is the distribution of energy levels, ar@is a
while at low temperatures, a peak appears-a6 K. The constant.
appearance of a peak inTi/at a temperature on the order The experimental T4 data have been fitted to eq 5 using
of the magnetic exchange constdfiks has been frequently A = 15 K and assuming a Gaussian distribution for the
encountered in previousH NMR studies of molecular continuum of the remaining states with a mean energy of
clusters and ringd: 1200 K and a width of 220 K. The fit is shown as a solid
In particular, at high temperaturdgT > J), the magnetic ~ Curve in Figure 7, and it can be seen that it describes
moments in the cluster are weakly correlated and the system@dequately the experimental data.
behaves like a paramagnet at high temperatures. In this limit, Therefore, NMR relaxation data have been used to probe
the spin dynamics is dominated by the behavior of the static the nature of the low-lying states and in particular the energy
response function, and it can be shéhat in this limit separation between them, and the results are in accordance
1Ty ~ xmT, Whereyy is the uniform static susceptibility. ~ With the susceptibility data.
This proportionality is shown in Figure 7, where the

dashed line shows the temperature dependengg,ofin
arbitrary units. Further investigation of the F¢PhCQ /saloX~ reaction

system has provided conclusions on certain aspects of its

(30) /fhvteky, Id; Féerljci]e,k. EC rF1’apaesl‘th(}ilsr;ﬂs;c;ui 1% f(.):gessoli, R, Bino, J. chemistry. Specifically, the use of weakly coordinating
.; Lippard, S. JJ. Am. Chem. So 4 .
(31) (a) Lascialfari, A.; Jang, Z. H.; Borsa, F.; Gatteschi, D.; Cornial.A. MeCN as the solvent led to two hexanuclear complexe& [Fe
Appl. Phys1998 83, 6946. (b) Lascialfari, A.; Gatteschi, D.; Borsa,
F.; Cornia, A.Phys. Re. B 1997, 55, 14341. (33) Fardis, M.; Diamantopoulos, G.; Karayianni, M.; Papavassiliou, G.;
(32) Moriya, T.Prog. Theor. Phys1962 28, 371. Tangoulis, V.; Konsta, A. SPhys. Re. B 2001, 65, 14412.
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(us-O)o(OLPh)o(salox}(L) 2] xMeCN-yH,O [L = MeCONH;, different exchange coupling constants was required, leading
Xx=6,y=0(1); L =H0,x=2,y= 3 (2)], which can be to anS= 0 ground state. The first excited states were found
regarded as dimers of trimers. Their synthesis has beento be only 1.0 cm! (S= 1) and 10.0 cm! (S= 2) higher
achieved (i) by the F&/PhCQ /Hzsalox reaction mixture  than the ground state, a fact that has been confirmed by the
in MeCN, (i) by the reaction between “basic iron benzoate” presence of a significant enhancement of th& NMR

and Hsalox in MeCN, and (iii) by recrystallization of the  relaxation rate at-15 K attributed to the energy difference

previously characterized trinuclear precursor compléies  petween the ground and ti= 2 energy states.
andlV in MeCN, thus exploring the parameter space of this

reaction system. On the other hand, the use of strongly Acknowledgment. We thank the Greek General Secre-
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the trinuclear N/O-coordinated complexk and IV, the lographic files, in CIF format, fod and2, as well as a figure of
primary factor influencing the quadrupole splittings is the th.e polymeric chains ngormed by H-bonding interactions, a table
donor atom homogeneity of the coordination sphere. It was With selected bond distances and angles in compdyrahd the
thus possible to clearly distinguish between sites possessin%_nergy level plot for2. This material is available free of charge
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the magnetic susceptibility data, a model involving four 1C051945Q
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