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4-Hydroxypyridine-2,6-dicarboxylic acid (chelidamic acid, cdaH,) reacts with Mn(OAc),*4H.0 to form a 1D staircase
structure with dimeric Mn(ll) units connected by water clusters to form a 3D framework, { [Mn(cda),*4H,0]-4H,0} ,,
1, in aqueous pyridine at room temperature. The compound crystallizes in the triclinic space group P1 with a =
9.495(3), b =10.733(5), ¢ = 11.065(4) A, o. = 87.42(5), B = 74.14(5), y = 80.07(2)°, U = 1068.5(9) A3, Z =
2, peaca = 1.915gcm™3, T= 100 K, « = 1.28 mm~%, R; = 0.0453 (/ > 20(l)), wR, = 0.1046, GOOF = 1.282.
Upon removal of the water molecules by heating, the 3D structure breaks down. Thermogravimetric analysis,
infrared, X-ray powder diffraction studies, and X-ray crystallography were performed to characterize this compound.
Since the coordination polymer has diaqua-bridged Mn(ll) centers, it was subjected to variable-temperature magnetic
studies.

Bulk water exhibitsa fascinating array of properties, some characterization of water clusters of different nuclearity in
of which are considered anomalous. A large number of crystal hydrates. The advantage of clusters is the possibility
efforts have been made to develop model force fields in the to simply vary the size and to investigate the development
quest to achieve an accurate description of liquid water of properties of the condensed phase in a step-by-step
capable of explaining its properties besides getting an insightmanner. Moreover, the degree of structuring of a water
into the study of solvation, cloud and ice formation, cluster that can be imposed by its environment and vice versa
biological processes, and so forth. It is recognized that can be of importance in designing new metal-organic
hydrogen-bonding interactions, their fluctuations, and rear- framework (MOF) structure¥.
rangement dynamics determine the properties of bulk water.
But, none of the existing models can explain all of the
properties of water, even with considerable interpretation.
A major obstacléto fully comprehending its behavior is that
of correctly describing the cooperative nature of hydrogen-
bonding interactions among a collection of water molecules;
the key to tackling this will be the exploration of structural
and binding properties of small water clusters in different
surroundings. This realization has led to an upstitye the
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Mn(ll) Staircase Structures

Synthesis of MOFs with multidentate ligands may provide the polycrystalline sample at the Servei de Magnetmiga of the
voids to accommodate water clusters where both water Universitat de Barcelona, with a Quantum Design SQUID MPMS-
MOF and waterwater interactions determine the overall XL susceptometer apparatus working in the rang@@0 K under
structure. Any such exercise has the ultimate aim(s) of having@ Magnetic field of approximately 500 G20 K) and 1000 G
novel materials with useful applications. Metal-organic (35—300 K). Diamagnetic corrections were estimated from Pascal

hybrid structures of paramagnetic metal ions are particularly Tables. The EPR spectra have b_een r_ecorded ona _x-pand BrUker
. . . . . Spectrometer (ESR 300E), working with an oxford liquid helium
interesting as these may give rise to a series of novel

. . S ) X cryostat for variable temperature. Microanalysis data for the
framework structures with potential applications in the fields compound were obtained from CDRI, Lucknow.

of molecular magnetisth and material chemistidz. A
commonly used strategy in building such extended network Syntheses

structures is to employ bridging ligands capable of transmit- {[Mn 5(cda)4H,0]-4H;0}, 1. A solution containing
ting magnetic interactions in addition to propagate the Mn(OAC)4H.0 (0.25 g 1n;nm.ol) Bl
nquQrk.ZV\éedrep%rt h?re ar:j M(thl.’dbu'l.t fro% 4-hy|grc()jxy— (0.18 g; 1 mmol) dissolved in 25 mL of aqueous pyridine
pyridine-z,6-dicarboxylc act (chelidamic acid, cdgtdn (1:1 v/v) on slow evaporation at room temperature, affords
Mn(ll)-acetgtg salt. Eaf"e“ v@éapd other%‘ had used.closely light purple crystals ofl after 14 days in the form of a
related pyridine-2,6-dicarboxylic acid for generating novel rectangular parallelepiped in 55% yield. Anal. Calcd for
MOFs with transition- as well as lanthanide-metal ions. To CiHoN-OMn: C. 27.28' H. 3.56: N. 4.54%. Found: C
probe the effect of the hydroxyl group at the 4-position, 2;4122_ |_2| 2862_2',\] ekt Y

cdaH was used here to afford a stairlikelike coordination X-ray Structural Studies. Single-crystal X-ray data on
polymer built through carboxylate- and aquo-bridging. , . o' ollected at 100 K on a Bruker SMART APEX CCD

Discrete tetradecameric water clusters assemble these stair;. . . .
. L oo diffractometer using graphite-monochromated Ma radia-
cases via an intricate array of hydrogen bonding into an

overall 3D MOF. The water cluster takes the shape of a tion (/1.: 0.71073 A). The linear absorption coefflqlents,.
: . . ; scattering factors for the atoms, and the anomalous dispersion
hexameric chair buttressed on two sides by acyclic tetramers.

While no experimental report is available identifying a

tetradecameric water cluster either in inorganic or in organic

crystal hosts, theoretical calculations on,(hhs have
revealed® four energy minima corresponding to four struc-

tures arising from extensions of cuboids, pentagonoids, and
their combinations. The present contribution reports the
synthesis, crystal structure, thermal stability, and variable-

temperature magnetic susceptibility of the compound.

Experimental Section

Materials. The metal salt and 4-hydroxypyridine-2,6-dicarboxy-

lic acid (chelidamic acid) were acquired from Aldrich and used as

received.

Physical MeasurementsSpectroscopic data were collected as
follows: IR (KBr disk, 400-4000 cnt') Perkin-Elmer model 1320;
X-ray powder pattern (Cu & radiation at a scan rate of/anin,
293 K) Siefert ISODEBYEFLEX-2002 X-ray generator; thermo-
gravimetric analysis (heating rate of&/min) Mettler Toledo Star

corrections were taken from International Tables for X-ray
Crystallography. The data integration and reduction were
processed with SAIN® software. An empirical absorption
correction was applied to the collected reflections with
SADABS' using XPREPS The structure was solved by the
direct method using SHELXTE and was refined onFoy

full-matrix least-squares technique using the SHELXI2997

program package. Non-hydrogen atoms were refined aniso-
tropically. All hydrogen atoms were located in successive

difference Fourier maps, and they were treated as riding
atoms using SHELXL default parameters. The crystal and

refinement data are collected in Table 1.

Results and Discussion

The compound is air-stable and, once formed, is insoluble
in most solvents including water.The asymmetric unitlof
contains two cd&, two Mn(ll), and eight water molecules.
Each Mn(ll) ion exhibits heptacoordination with a distorted

System. Magnetic susceptibility measurements were carried out onpentagonal bipyramidal geometry where equatorial coordina-
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tion comes from the ring N and the carboxylates of &cda
ligand, one water, and one carboxylate from the neighboring
cda& ligand (NQ, donor set). Two water molecules occupy
the axial positions. The hydroxyl group at the 4-position of
cd&~ does not take part in metal coordination; it is involved
in hydrogen-bonding interactions with neighboring carboxy-
late O atoms. The lone equatorial and one of the axial water
molecules are involved in bridging another Mn(ll) ion, thus
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Table 1. Crystal and Structure Refinement Data for Table 2. Selected Bond Distances (A) and Bond Angl&sii 1

empirical formula G4H22N20:8MN; Bond Distances (A)
formula weight 616.22 Mn1—-Ow7 2.157(3) Mnt-Ow5 2.215(2)
temperature 100 K Mn1-04 2.234(2) MntN1 2.234(2)
radiation, wavelength Mo &, 0.71073 A Mn1-02 2.330(2) Mni-Ow8 2.413(2)
crystal system triclinic Mn1-0O4 2.432(2) Mn2-Ow?2 2.123(2)
space group P1 Mn2—N2 2.216(2) Mn2-0O7 2.232(2)
a, 9.495(3) Mn2—09 2.285(2) Mn2-Ow8 2.308(2)
b, A 10.733(5) Mn2—0w5 2.351(2) Mn2-O7 2.420(2)
c, A 11.065(4)
a(®) 87.425(5) Bond Angles {)
B) 74.143(5) Ow7—Mn1-0w5 171.03(10) Ow#Mnl-04 89.44(9)
() 80.076(2) Ow5—Mn1-04 84.49(8)  OwZMnl1-N1 91.18(11)
U A3 1068.5(9) Ow5—Mn1-N1 97.77(9)  O4Mnl—N1 136.95(8)
Z 2 Ow7—Mn1-02 80.77(9) Ow5-Mn1-02 101.60(8)
peale Mg/m2 1.915 04-Mn1-02 151.78(7)  N+Mn1-02 70.11(8)
4, mmr1 1.280 Ow7—Mn1-0Ows 97.50(10) Ow5Mn1—Ow8 75.18(8)
F(000) 628 04—Mn1-0w8 82.33(7) N+Mn1-Ow8 140.01(8)
refl. collected 5096 02—Mn1-0w8 72.91(7)  OwZMnl-04 96.90(10)
independent refl. 4949 Ow5—Mn1-04 8703(8) 04-Mn1-04 6855(8)
refinement method full-matrix least- N1-Mnl-O4 68.65(8)  O2-Mnl-04 138.64(7)
squares o2 Mn1—04—Mn1 111.45(8)  Ow8-Mnl—04 147.24(7)
GOOF 1.282 Ow2—Mn2—N2 104.52(9) Ow2Mn2—-07 85.61(8)
final Rindices R, = 0.0453 N2—Mn2—-07 137.59(8) Owz2Mn2—09 82.46(9)
[1 > 20(1)] WR, = 0.1046 N2—Mn2—-09 70.96(8) O7#Mn2—-09 151.28(7)
Rindices Ry = 0.0464 Ow2-Mn2—-Ow8  165.23(8)  Mn2Ow8—Mnl 100.40(8)
(all data) WR, = 0.1052 N2—Mn2—0w8 90.24(8)  O7-Mn2—0Ow8 83.78(7)
09—-Mn2—-0w8 102.25(8) Ow2Mn2—-0w5 93.80(9)
. L . . N2—Mn2—-0w5 135.68(8) OFMn2—-0w5 82.89(7)
propagating the coordination polymeric chain along the o9 Mn2—ows 72.00(7)  OW8Mn2—OWS5 74.73(8)
crystallographid-axis. Each Mn(ll) in the chain is further =~ ow2-Mn2-07 100.09(9)  N2Mn2—-07 69.01(8)
involved in making double carboxylate bridging with another ©7-Mn2-07 68.68(8)  09-Mn2—0O7 139.20(7)
) 2 ) . o OW8-Mn2—07 85.56(8) OW5Mn2—O7 147.02(7)
Mn(”) formlng a dimeric unit that forms a step in the stairlike Mn2—07—Mn2 111.32(8) Mnt0Ow5—Mn2 105.22(9)

coordination polymeric chain (Figure 1). All MrO and

Mn—N bond distances (Table 2) are somewhat longer tetradecameric cluster. Atom Ow6 or Owpresent at either
end of this cluster (Figure 2), is within a hydrogen-bonding
distance (2.702 A) from the terminal atom of the next cluster.
However, they are related by a center of symmetry, and so
their corresponding H-atoms are oriented either face to face
(that is, angle, ©H---H 177°) or away from each other and
are not considered hydrogen-bonded. The H separation
of 1.144 A is, however, shorter compared to the shortest
intermolecular H--H separation (1.949 A) found in the
polymorph A of 1,2,3,5-tetré®-acetylf-p-ribofuranose?
The repulsive interaction associated with this short distance
is compensated by strong nonbonding watdiOF interac-
tions. Also, atoms Ow5 and Ow8 show a distance of 2.827
A, although their H-atoms are pointing away from each other
leaving the two O atoms face to face and so are not
considered as hydrogen-bonded. Therefore, the group of 14
water molecules are regarded as a discrete water cluster.

_ . _ - These water clusters assemble the staircases along the

O oy ot b o v s e e crystallographia-axds (Figure 3) while other (4D) clusters

extend the polymeric chain in the crystallograpbiaxis to

compare@ to those found in several related species. The form an overall 3D structure (Figure 4). An approximate
bond angles involving a metal center are all different and distance of 9.50 A is maintained between the staircases by

deviate from an ideal pentagonal bipyramidal coordination these clusters acting as pillars.

geometry. Various nonbonding distances and angles relevant to the
One bridging and two nonbridging axial water molecules Water cluster are collected in Table 3. Its structure can be

belong to a staircase unit and are connected to a similar seflescribed as an ice-liké} hexameric chair with two acyclic

of water molecules belonging to another staircase through t€tramers dangling from two opposite ends (Figure 2). The

eight other intervening water molecules forming an overall hexameric part shows a wide variation in the-@ non-
bonding distances (Table 3) that range from 2.669 to 2.938

(21) (a) Tynan, E.; Jensen, P.; Kruger, P. E.; Lees, ACklem. Commun.
2004 23, 2660. (b) Marioni, P.-A.; Marty, W.; Stoeckli-Evans, H.;
Whitaker, C.Inorg. Chem. Actdl994 219 161.

(22) Bombicz, P.; Czugler, M.; Tellgren, R.; Kaén, A. Angew. Chem
Int. Ed. 2003 42, 1957.
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Figure 2. A perspective view of the (kD)4 cluster illustrating the hydrogen bonding scheme. The O atoms connected by blue-colored bonds are related
by center of symmetry and even though their distances lie within normal hydrogen-bonding distances, they are considered nonbonded as thenidtatoms are
pointing in the right directions.

Figure 3. A view showing a tetradecameric water cluster connecting two staircases.

Figure 4. A perspective view showing how the water clusters form the overall 3D MOF.

A compare@ to 2.759 A in icel, at —90° C or 2.85 A in widely with an average of 93.87that is considerably
liquid water. The &-O---O angles in the hexamer also vary different from the corresponding value of 1098 hexagonal

Inorganic Chemistry, Vol. 44, No. 11, 2005 3859



Table 3. Nonbonding Distances (A) and AngleY Pertaining to the
Tetradecameric Cluster

Nonbonding Distances (A)

Owl-+-Ow2 2.777(6)

Ow2---Ow3 2.669(4)

Ow3---Owl 2.938(4)

Ow3-+-Ow4 2.812(6)

Ow4:--Owb 2.696(6)

Ow4---Ow6 2.810(6)

Ow6r+-OW7 2.699(6)

Oowl-+-06 2.840(4)

Owl-+-08 2.727(6)

Ow4---05 2.770(3)

Owé6---03 2.811(4)

Oow7-+01 2.687(4)

Hlwl---Owl 0.826(4) Hilwi-08 1.929(3)

H2w1-+-Owl 0.826(3) H2wi:-06 2.050(4)

Hiw2---Ow2 0.834(4) Hiw2-Owl 2.017(4)

H2w2:--Ow2 0.849(2) H2w2-0OW3 1.824(2)

H1w3+-Ow3 0.855(1) H2w3-OW1 2.173(3)

H2w3-+-0w3 0.844(4) Hlw3-OW4 1.983(3)

Hiw4--Ow4 0.841(2) Hilw4-06 1.970(3)

H2w4-+-Ow4 0.828(3) H2w4-05 1.945(4)

H1w5-+-0Ow5 0.888(4) H1ws-06 1.794(2)

H2w5++-Ow5 0.841(1) H1w6-Ow6 0.781(4)

H2w6:--Ow6 0.821(3) Hiw?-Ow7 0.857(2)

H2w7---Ow7 0.841(4) H1lw4-OW4 1.865(3)

H2w6-++03 2.096(3) Hiw?--01 1.844(2)

Hlw7---OW6 1.863(3)

Angles )

Owl:+-H—0Ow2 151.2(2)  Owa-H—-Ow2 173.1(1)
Ow3+-H—0wl 150.7(2)  Ow4-H—Ow3 163.3(2)
Ow4++-H—0w5 169.4(2)  Ow6e-H—Ow4 177.0(2)
ow6:+-H—0ow7 172.2(2)  OwtH---06 159.9(1)
Owl—-H---08 161.9(2) Owé4H---05 174.6(2)
Ow6—H-+-03 1455(1)  Ow#H---01 167.1(2)
Owl++-Ow2+-Ow3  104.1(2)  Ow2-Ow3--Owl  102.5(1)
Ow3---Owl:--Ow2 739(3) Ow3-Ow4--Ow5 106.5(2)
Ow3++Owd-Ow6  113.6(2) Ow4-Owe--Ow7  111.7(3)

ice. Theoretical calculations on the water hexamer revéaled
the existence of several “cage”, “prism”, “book”, “boat”, and
“cyclic” conformers which are almost isoenergetic to within
~0.7 kcal mof?t. The “cage” conformer is the most stable
one at very low temperature and has been obsérved

vibration—rotation tunneling spectroscopy, while a quasi-

planar cyclic hexamer was detecteth a helium droplet.

Ghosh et al.

had been identified in an organic host constructed from
2,4-dimethyl-5-aminobenzb]-1,8-naphthyridine. A discrete
chair conformer has recently been folifidn the zigzag
voids of an MOF constructed from pyridine-2,6-dicarboxylic
acid and Ce(lll) or Pr(lll), while 1D chains consisting of
chair conformers connected by Zn(lIl) or Co(ll) have been
founc®! in the complexes, [M(kbiim)z(OH,)](ina),:4H,0
[M = Zn(ll) or Co(ll), Hzbiim = 2,2-biimidazole, ina=
isoniconate]. In the present structure, the chair conformation
is slightly different from the reported structures with respect
to the O-:-O distances or ©:0---O angles, and the
hydrogen-bonding interactions are strong and highly direc-
tional (Table 3) commensurate with the environment the
cluster is in. Each acyclic tetramer is bound to the hexameric
unit quite strongly (Ow3-0w4, 2.812 A), while the ©-0
distances in the tetrameric part span a wide range (2:696
2.810 A). It follows, therefore, that the structure of the cluster
is sufficiently flexible to be accommodated in the voids
between the polymeric chains and at the same time maximiz-
ing the interactions among water molecules themselves and
between water and carboxylate or hydroxyl O of the
coordination polymeric chains (Figure 3). Every O atom in
the cluster does not show four coordination just like water
molecule# at the surface of ice or liquid water. Theoretical
calculation®® for the (HO)4 cluster have revealed the
existence of four energy minima in the potential energy
surface corresponding to four different structures arising from
extensions of cuboids, pentagonoids, and their combinations.
The minimum energy structure is suggested to result from a
cube with two parallel pentamers sharing two edges of the
cube, while higher-energy structures include extended cuboid,
two edge-sharing cuboids, and two parallel fused pentamers
attached to a cyclic tetramer on one side (Figure 5). The
structure of the cluster described herein is very different from
these predicted ones due to the chemical environment.
Thermal gravimetric analysis dffurther corroborates the
existence of strong hydrogen-bonding interactions between
the MOF and the water cluster. Weight loss in air due to

However, the lattice of a crystal host offers an environment exclusion of water begid&only after 140°C, and the loss
where a higher-energy conformer can be stabilized via of 23.1% corresponding to all of the water (calculated 23.4%)

water-water and waterhost interactions, and chd!32.27
boat?® and plana® conformers have been characterized
crystal hosts.

takes place above 30. Complete decomposition of the
compound is achieved above 430. The FTIR spectrum
of 1 shows a broad band centered around 3405*emithout

Supramolecular association of water molecules to form a showing any resolution. This band is not seen in the spectrum
chair conformation and their self-assembly into a 1D tape taken after heating the compound under vacuum (0.1 mm)

(23) (a) Buck, U.; Huisken, FChem. Re. 2000 100, 3863. (b) Eisenberg,
D.; Kauzmann, W.The Structure and Properties of Watéxford
University Press: Oxford, 1969.
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Kim, K.; Jordan, K. D.; Zwier, T. SJ. Am. Chem. S0d.994 116,
11568.
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Clary, D. C.Nature 1996 381, 501.

(26) Nauta, K.; Miller, R. EScience200Q 287, 293.

(27) (a) Foces-Foses, C.; Cano, F. H.; Martinez-Ripoli, M.; Faure, R.;
Roussel, C.; Claramunt, R. M.; Lopez, C.; Sanz, D.; Elguero, J.
Tetrahedron Asymmetry199Q 1, 65. (b) Michaelides, A.; Skoulika,
S.; Bakalbassis, E. G.; Mrozinski,Qryst. Growth Des2003 3, 487.

(28) Ren, Y.-P.; Long, L.-S.; Mao, B.-W.; Yuan, Y.-Z.; Huang, R.-B.;
Zheng, L.-S.Angew. Chemnt. Ed. 2003 42, 532.

(29) Moorthy, J. N.; Natarajan, R.; Venugopalan,Ahgew. Chem.Int.

Ed. 2002 41, 3417.
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at 300°C for 4 h due to escape of water from the lattice.
Deliberate exposure to water vapor for 3 days does not lead
to reabsorption of water into the lattice as monitored by FTIR
spectroscopy. The powder X-ray diffraction pattern lof
simulated from the single-crystal data shows several promi-
nent peaks which match with the diffraction peaks on the
powdered sample before heatifigHowever, after water
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43, 6866.

(32) Gruenloh, C. J.; Carney, J. R.; Arrington, C. A.; Zwier, T. S,
Fredericks, S. Y.; Jordan, K. [5ciencel997 276, 1678.

(33) See Supporting Information.



Mn(ll) Staircase Structures

Figure 7. Schematic exchange interactions within

at 2 K. As shown in the Figure 1, the structure consists of
Mn(ll) ions linked by two 4-hydroxy-2,6-pyridynedicar-
boxylate groups and two asymmetric diaqua bridge alterna-
tively to give an alternating 1D system. Thus, two coupling
parametet; andJ, must be considered to interpret the two
possible magnetic interactions in this complex (Figure 7).
In the first approach and taking into account the above
consideration, the experimental magnetic data have been

Figure 5. Schematic representation of theoretically calculated low-energy fitted using the Drillon’s equaticfi based upon the spin

structures of (HO)u4 cluster. HamiltonianH = —J3:2($iSi+1) — J2(Si+1Si+2), Where the

s Mn(ll) ion and theJ; andJ; values are isotropic.

x = [INGBH3KTI[S(S+ D)][(X + uy + u, + uyuy)/
(1= uwuy)] (1)

Here,u;= coth[J;[S(S+ 1)]/KT] — kT/J[S(S+ 1)] andu,=
coth[J[S(S + 1)J/KT] — kT/J[S(S + 1)].
The J; andJ; are obtained by minimizing the functidR
= J[(xm)exp — (m)cald ¥Z[(xm)expl? The best-fit parameters
: o 10 %0 200 220 0 from 300 down ¢ 2 K are found as follows:.J; = —1.57
T/K cmi, J, = —1.17 cm}, andg = 2.05 with an erroR= 2.3
Figure 6. Plot of theywT vs T for complex1. The open points are the % 107°. The bridging angles involving carboxylate and water

experimental ones, and the solid lines correspond to the best fit obtained.; , : ; ; ;
Inset: Plot of the magnetization in 2S units measuteia (open circles). lie in the range 105110, Ieadlng to small ant|ferromagnet|c

Continuous line corresponds to the Brillouin function for an isolated COUpling. On the other hand, the diaqua bridging that gives
S=5/2. nonplanarity favors ferromagnetic coupliffgTaking these
two factors together, we can attribute the greater vajue
—1.57 cm?! to the double 4-hydroxy-2,6-pyridynedicar-
‘boxylate bridging with the large angle, MrD4—Mn2 =
111.44(8) and the lower valugl, = —1.17 cm! to the
asymmetric diaqua angle, MARDw2—Mn2 = 100.44(8j
Magnetic Properties and Mn}:-Ow4—Mn2 = 10526(9) On the other hand,
considering that the twd, andJ, values are weak and are

The existence of diaquo-bridged Mn(ll_) centers in the close in value, we have also interpreted the experimental
structure prompted us to carry out variable-temperature data to the reduced classical uniform chain, taking: U,
magnetic studies. The magnetic susceptibility measurements, | following the Fisher's equatiéh

were carried out from 300 to 2 K. Diamagnetic corrections

were e;timate’d frqm F_’ascal’s Table. The magnetic behavior ¢ = [NGOZ3KTI[S(S+ 1)][(L + u)/(1 — u)] 2)

of 1is illustrated in Figure 6 by means of a plotgfiT vs .

the temperature. At room temperaturgT gives a value of ~ With U= cothJ[S(S+ 1)J/KT] — kT[S + 1)]) andJ, =
4.37 cn? K mol~! which is as expected for one Mn(ll) ion  J2 = J. The new fitting leads to the following values: =
(4.375 cm mol K per Mn(ll) with g = 2.0). When the ~ —1.38 cnt!, g = 2.05, andR = 7.1 x 10°.

sample is cooled, thgyT decreases slowly; below ap- The weak, yet nonnegligible, antiferromagnetic interaction
proximately 100 K, it decreases more quickly and reaches between the Mn(ll) centers is confirmed by magnetization
0.271 cd K mol~! at 2 K. The yv value increases Mmeasurementd @ K up to anexternal field of 5 T. At higher

continuously on cooling to reach a maximum of 0.1595 cm

X,/ cm’mol”

expulsion by heating, a total change in the pattern is
observed, suggesting complete breakdown of the host lattice
This is expected, as the water cluster acts as a “glue” to
assemble the overall structure.

(35) Drillon, M. Inorg. Chem.1997, 36, 677.

-1 -1
mol~!at 7.5 K and decreases to a value of 0.1354 ol (36) Ruiz, E.. Alemany, P. Alvarez, S.. CanoJJAm. Chem. S0d997,
119 1297 and references therein.
(34) Kahn, O.Molecular MagnetismVCH: Weinheim, 1993. (37) Fisher, AJ. Phys.1964 32, 343.
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field, the magnetization corresponds to a nonsatur&ted environments are presently being investigated in our labora-
5/, system (Figure 4, inset). Comparison of the overall shapetory with the ultimate aim to know how the degree of
of the plot with the Brillouin plot for a fully isolate® = %/, structuring of a cluster can be imposed by its environment
system indicates slower magnetization, consistent with aand vice versa besides facilitating our understanding the
weak antiferromagnetic interaction. The solid-state EPR properties of liquid water in a stepwise manner.

spectrum ofl at room temperature exhibits an isotropic signal )
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