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Two mononuclear complexes [Mn(5-methylpyrazole)s(Ns);] (1) and [Ni(5-methylpyrazole)s(Ns)s] (2), as well as a
novel one-dimensional coordination polymer [Co(3-methylpyrazole),(5-methylpyrazole),(tp)], (3) (tp = terephthalate),
were characterized. The isostructural complexes, 1 and 2, display two-dimensional supramolecular networks formed
by hydrogen bonds between the N—H groups of 5-methylpyrazoles and the end N atoms of the azide ligands and
additional face-to-face sr—z interactions of the 5-methylpyrazoles. For 3, tp-bridged one-dimensional chains assisted
by intrachain hydrogen bonds among the N—H groups of methylpyrazoles and carboxylate oxygens are connected
with the help of interchain C—H---O hydrogen bonds, leading to a two-dimensional structure. The intra- and interchain
hydrogen bonds account for the coexistence of two unique coordination forms (5-methylpyrazole and 3-methylpyrazole)
of methylpyrazoles in the same coordination sphere. Weak antiferromagnetic interactions coupled with the spin—
orhit coupling effect are operative in 3 through the tp ligands.

Introduction construction of supramolecular assemblies with various struc-

The design of coordination polymers has been extensively tUres?* For instance, the use of 3(5)-methylpyrazole is able
explored recently because of promising applications in © prc_)dl_Jce one- and t_hree-dlmensmnal coordination pc_)lymers
molecule-based magnetic materials and redeganic frame- consisting of exclusively 5-methylpyrazole as a binding
works? To this end, the terephthalate- tp) ligand is one ~ Mode?
of the most frequently utilized spacers, whose diverse binding  In coordination chemistry, bridging and capping ligands
modes and facile intermolecular interactions (hydrogen including simple well-known units of SCN NO,~, CN~,
bonds, face-to-facee—x, and edge-to-face Ch-interac- and NO tend to be subject to linkage isomerism induced by
tions) are good sources for the formation of multidimensional external stimuli such as electrochemistry, pH, light, and
supramolecular entiti€s. Another essential ingredient to  pressuré.Interestingly, for the thiocyanate ion, the coexist-
control molecular structures is capping ligands that can fill ence of two coordination modes of the SCN group in
up coordination sites around metal centers. Among them, M—(SCN)(NCS), which occurs in an identical coordination
pyrazoles with binding capabilities arising from the N atom
for coordination to a metal atom, the-N group for hydro- (2) (a) Hong, C. S.; Yoon, J. H.; Lim, J. H.; Ko, H. HEur. J. Inorg.
gen bonding, and the planar aromatic ring for other inter- ﬂ‘fg_"(zc())o& ﬁ??%dﬁ)ﬁoﬂ‘éﬂgmf'oswéez?fé,“ﬁ?rgy'agﬂf%_lfﬁiﬁfé
molecular forces have been successfully employed for the 1999 402, 276. (d) Rowsell, J. L. C.; Yaghi, O. Mingew. Chem.,

Int. Ed. 2005 44, 4670. (e) James, S. IChem. Soc. Re 2003 32,
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sphere, was characterized structurallyiowever, such

examples are very scarce to date, and hence, to get insight

Choi et al.
Table 1. Crystallographic Data fot, 2, and3

1 2 3

into how to stabilize two coordination forms of capping 7, mua GHMnoeN,  CeHiNaNios  CioH1Co0eNiOs

ligands concurrently, suitable systems have been sought. fw 233.72 235.60 275.74
Herein, we report the synthesis and crystal structures of Crystsyst monoclinic _monoclinic _monaclinic

space group P2,/c P2i/c C2lc

two monomers, [Mn(5-methylpyrazolgNs).] (1) and a(A) 8.8530(10)  9.0340(17)  11.4804(2)

[Ni(5-methylpyrazole)Ns);] (2), which are extended to  b(A) 9.0560(10) 9.0935(7) 13.3369(2)

two-dimensional frameworks associated with hydrogen Z(é)eg) 1516884(2) 33-314(3) 91(?-8693(3)

bonds andr— interactions, and a novel Co(ll) compound 3 (deg) 104.67(2) 107.954(17)  94.5930(10)

[Co(3-methylpyrazole}5-methylpyrazole)tp)]. (3) bridged 7 (deg) 90 90 90

by tp and hydrogen bonds. It is worth noting that compounds ¥ A%) 1154-4(2) 41118-7(3) 82574-61(7)

1 and2 show the exclusive coordination mode of 5-meth- ¢, (g cm?) 1.345 1.399 1.423

ylpyrazole, whereas the Co metal centeBiaccommodates ~ « (mm™?) 0.605 0.902 0.713

two binding types of the capping ligand, 5-methylpyrazole g(g?fge (deg) B a8 9 ige  ane

and 3-methylpyrazole, in the coordination sphere at the ynique refins 1730 1898 3196

same time, Which_is a very unique example of the linkage gci-ac[Jlf Eaéaz?)s] 0%23%9 01025451 018252

isomerst® Magnetic studies or8 demonstrate that weak WR2 I >020(|)] 0.0551 0.1595 01153

antiferromagnetic interactions between Co spins exist through
the tp linkage, together with the sptrbit coupling effect.

Experimental Section

Reagent.All chemicals and solvents in the synthesis were of

2R1= 3 |[Fol — [Fell/Z|Fel. ®WR2 = [Fw(Fo® — FA) T W(Fo)T M2

Physical MeasurementsElemental analyses for C, H, and N
were performed at the Elemental Analysis Service Center of Sogang
University. Infrared spectra were obtained from KBr pellets with a

reagent grade and were used as received. All manipulations wereBomen MB-104 spectrometer. Magnetic susceptibility data3for

performed under aerobic conditions.

Synthesis.Caution: Perchlorate salts of metal compounds with
organic ligands are potentially explag. Only small amounts of
material should be handled.

[Mn(5-methylpyrazole),(N3),] (1). A 10 mL aqueous solution

were carried out at 0.1 T using a Quantum Design MPMS-7 SQUID
susceptometer. Diamagnetic correction8aefere estimated from
Pascal’s tables.

Crystallographic Structure Determination. X-ray data were
collected on an Enraf-Nonius CAD4TSB diffractometer foand

of manganese(ll) perchlorate hexahydrate (1.0 mmol) was treated2 and a Bruker SMART APEXII diffractometer fo8 equipped

with 3(5)-methylpyrazole (4.0 mmol) with stirring. A 10 mL aque-

with graphite-monochromated ModKradiation ¢ = 0.71073 A).

ous solution of sodium azide (2.0 mmol) was added to the resulting The reflection data were corrected for Lorentz and polarization
solution. The filtrate was allowed to stand undisturbed in the factors. The structures were solved by direct methods and refined

refrigerator, giving colorless crystals in a yield of 17%. Anal. Calcd by full-matrix least-squares analysis using anisotropic thermal

for CigH24MNN14: C, 41.12; H, 5.18; N, 41.95. Found: C, 41.09;
H, 5.20; N, 41.82.

[Ni(5-methylpyrazole)s(Ns)2] (2). A 10 mL aqueous solution
of nickel(ll) acetate tetrahydrate (1.0 mmol) was treated with 3(5)-
methylpyrazole (4.0 mmol) with stirring. A 10 mL aqueous solution
of sodium azide (2.0 mmol) was added to the resulting solution,
giving sky blue precipitate which was collected by filtration, washed
with water, and dried in air. The filtrate was allowed to stand
undisturbed, and blue crystals were deposited. Yield: 80%. Anal.
Calcd for GgHo4NwaNi: C, 40.79; H, 5.13; N, 41.62. Found: C,
40.67; H, 5.18; N, 42.03.

[Co(3-methylpyrazole)(5-methylpyrazole)(tp)], (3). Com-
pound3 was obtained by dropwise addition of 3(5)-methylpyrazole
(2.0 mmol) to an aqueous solution of cobalt(ll) perchlorate
hexhydrate (0.50 mmol). The resulting mixture was treated with
dipotassium tp (0.50 mmol) in water with 10 min of stirring. Slow
evaporation of the filtrate gave pink cryst&lg a 45% yield. Anal.
Calcd for G4H25CoNgO4: C, 52.27; H, 5.12; N, 20.32. Found: C,
52.29; H, 5.11; N, 20.21.

(4) (a) Lee, J.; Kovalevsky, A. Y.; Novozhilova, I. V.; Bagley, K. A,;
Coppens, P.; Richter-Addo, G. B. Am. Chem. So2004 126, 7180.
(b) Coronado, E.; Girmeez-Lgez, M. C.; Levchenko, G.; Romero,
F. M.; Garéa-Baonza, V.; Milner, A.; Paz-Pasternak, 31Am. Chem.
Soc.2005 127, 4580. (c) Johansson, O.; Lomoth, Rhem. Commun.
2005 1578. (d) Sisley, M. J.; McDonald, R.; Jordan Rliorg. Chem.
2004 43, 5339. (e) Kovalevsky, A. Yu.; King, G.; Bagley, K. A;
Coppens, PChem—Eur. J.2005 11, 7254.

(5) Kishi, S.; Kato, M.Inorg. Chem.2003 42, 8728.
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parameters for non-hydrogen atoms with the SHELXTL progfam.
The hydrogens on the aromatic rings of the methylpyrazole8 for
were refined isotropically. All hydrogen atoms except for the
aforementioned hydrogens were calculated at idealized positions
and refined with the riding models. Crystallographic data and the
details of data collection are listed in Table 1.

Results and Discussion

Synthesis and CharacterizationsThe treatment of M(Il)
ions (M= Mn, Ni) with 3(5)-methylpyrazole in the presence
of sodium azide gave the stable compouddand 2. The
binding pattern of methypyrazoles to metal ions is evident
from the IR spectra where the single broad-N bands
centered at 33181) and 3297 cm! (2) are observed, sug-
gesting the existence of one type of coordination mode. The
formation of the mononuclear compountisand 2 can be
favored by a bunch of hydrogen bonds of the Nl groups
in methylpyrazoles as ascertained by the broad IR signals
of the N—H vibrations and crystal structures described below.
For 3, a stoichiometric reaction of Co(Clp-6H,0, 3(5)-
methylpyrazole, and Kp in water produced pink crystals.

In the IR spectrum, the strong bands spanning from 3103 to
3185 cm?! with a broad background are typical of the

(6) Sheldrick, G. M.SHELXTL version 5; Bruker AXS: Madison, WI,
1995.
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Figure 2. ORTEP representation &fshowing the atom-labeling scheme.

presence of hydrogen-bonded-N groups. Unlike the IR
spectra inl and?2, the multiple peaks in the NH stretching
regime indicate that the coordination pattern of 3(5)-meth-
ylpyrazole to a metal ion is not identical but rather com-
plicated, implying the coexistence of different binding modes
of methylpyrazoles. The differenced) between antisym-
metric stretchings(CO,~) and symmetric frequenay(CO;")
range from 179 to 183 cm. The calculated\ values, which
are comparable with the reference value (170 Ynof
dipotassium tp, support the idea that the binding mode of
the carboxylate group of tp appears to be bridging via
coordination and hydrogen bondihgyhich is confirmed by
X-ray analysis.

Description of the Structures. [M(5-methylpyrazole)-
(N3)2]. The molecular views of M= Mn (1) and Ni @) are
represented in Figures 1 and 2 with the atom-labeling
schemes. They crystallize in monoclinic crystal systems with
the space group2,/c and are isostructural to each other.
The overall structural features fdt and 2 are almost
identical; therefore the molecular structured @fre described

(7) Nakamoto, K.Infrared and Raman Spectra of Inorganic and Coor-
dination Compounds: Part B: Applications in Coordination, Orga-
nometallic, and Bioinorganic Chemistrnbth ed.; John Wiley &
Sons: New York, 1997.

Table 2. Bond Lengths (A) and Angles (deg) far

Mn(1)—N(5) 2.210(2) Mn(1)N(1) 2.264(3)
Mn(1)—N(3) 2.2644
N(5)—Mn(1)—N(1) 92.01(11) N(5-Mn(1)—N(3) 94.85(7)
N(1)—Mn(1)—N(3) 89.56(6) N(6>N(5)—Mn(1)  133.0(2)
C(1)-N(1)-Mn(1)  129.4(2) N(2y-N(1)-Mn(1) 126.67(19)
C(5)-N(3)—Mn(1)  135.28(16) N(4rN(3)—Mn(1) 121.0
Table 3. Bond Lengths (A) and Angles (deg) f@r
Ni(1)—N(1) 2.105(2) Ni(1)-N(5) 2.121(3)
Ni(1)—N(3) 2.1250
N(1)—Ni(1)—N(5) 87.74(12)  N(1}Ni(1)—N(3) 90.35(6)
N(5)—Ni(1)—N(3) 93.74(8) N(6)-N(5)—Ni(1) 130.2(2)
C(1)—N(1)—Ni(1) 132.4(2) N(2-N(1)—Ni(1) 123.00(18)
C(5)—N(3)—Ni(1) 135.80(16)  N(4yN(3)—Ni(1) 119.7

in detail. Selected bond lengths and angles are summarized
in Tables 2 and 3. The M atom with an inversion center lies
in a distorted octahedral environment consisting of four
nitrogen atoms of the 5-methylpyrazole ligands and two axial
nitrogen atoms of the azide ligands (MN (av) = 2.25 A

and N=N (av) = 2.12(1) A). The M-N5—N6 angle is
133.0(2) for 1 and 130.2(2) for 2.

Hydrogen bonds are formed between the end N atoms of
azide ligands and theNH groups of 5-methylpyrazoles, as
shown in Figure 3 and Table 4. The minor structural disparity
betweenl and 2 is that all the N-H moieties of 5-meth-
ylpyrazoles in2 participate in hydrogen bonding to the two
end N atoms (N2:N7a=2.988 A, a= —x + 2,y + 1/2,
—z+ 3/2; N2+:N5 = 2.970 A; N4--N5b = 2.817 A, b=
X+ 2, -y, —z+ 2; N4-N7c=3.170 A, c=x, -y —

1/2, z + 1/2) concurrently, while the N2H2 group of
5-methylpyrazole inl is hydrogen-bonded only to the
terminal N atom (N7) of the azide ligand (N2N7a= 2.981

A a=x -y + 1/2,z — 1/2; N4--N7a = 3.056 A;
N4:-:N5b = 2.978 A, b= —x + 2, -y + 1, —z + 1). The
shortest intermolecular distance of-ivM via the multiple
hydrogen bonds is 8.711 A fot and 8.479 A for2.
Interestingly, the N3-containing 5-methylpyrazoles are stacked
through intermolecular—: interactions, and their distances
are in the range of 3.7£24.086 A for1 and 3.753-4.228

A for 2. The Mn--Mn separation along the contacts is
similar, corresponding to 9.056 A fdrand 9.094 A for2.

The noncovalent interactions thand?2 play a crucial role

in stabilizing the coordination mode of 5-methylpyrazole,
leading to the formation of two-dimensional supramolecular
entities. The layers are packed in a corrugated fashion and
the methyl groups of 5-methylpyrazoles are located outside
of the layer (Figure S1).

[Co(3-methylpyrazole)(5-methylpyrazolek(tp)], (3). An
ORTEP diagram o8 showing the atom-labeling scheme is
illustrated in Figure 4. Selected bond lengths and angles are
given in Table 5. The Co atom adopts a distorted octahedral
geometry composed of four nitrogen atoms of four meth-
ylpyrazoles and two oxygens of tp ligands. It deserves to be
noted that, as expected from the IR spectrum, there are two
binding types of methylpyrazoles, depending on the positions
of coordination sites, such as 5-methylpyrazole and 3-meth-
ylpyrazole, which are rare cases of the linkage isorhers.
The occurrence of the 3-methylpyrazole coordination mode

Inorganic Chemistry, Vol. 45, No. 15, 2006 5949
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Coordination mode |

5-methylpyrazole;
Coordination mode II ( viPy )

(3-methylpyrazole)

Figure 4. ORTEP representation d8. There are two coordination
modes, 5-methylpyrazole, including the N1 atom, and 3-methylpyrazole,
containing the N3 atom. Symmetry code=al — x,y, 1.5—z b= —x,

y, 15—z

Table 5. Bond Lengths (A) and Angles (deg) f&r

Co(1)-0(1) 2.1106(15) Co(BN(L) 2.144(2)
Co(1)-N(3) 2.155(2)

O(1)-Co(1)-N(1) 91.78(7)  O(LFCo(1-N(3)  91.66(7)

N(1)—Co(1)-N(3) 92.06(7) C(1yO(1)-Co(l)  143.44(15)
C(8)-N(1)-Co(1)  129.49(16) N(JN(1)-Co(1) 125.44(15)
C(11)-N@3)—Co(l) 135.50(16) N(4¥N(3)-Co(1) 119.90(14)

the aforementioned mononuclear complexes. For instance,
coordination polymers bridged by tp or azide ligands also
exhibit the exclusive coordination pattern of 5-methylpyra-
zole, which explains the stability of 5-methylpyrazole rela-
tive to 3-methylpyrazole because of the structural hin-
drance’® These steric consequences are reflected on the bond
Frigurte 3. t%%'g%“ff }‘1"'3(1";'3 f:‘nl ;‘(’)i;hdéa()dgﬂe‘let;lds% m{;g?:r?jiangiom distances between Co and the surrounding atoms, as the
zf Ziidceoﬂzands andyth)émggroups of 5-methylpyrazoles and (b)-7 “Co-N1 (5-methylpyrazole) bond length of 2.144(2) As
interactions between the N3-containing pyrazole rings (C, gray; N, blue; shorter than the CoiN3 (3-methylpyrazole) distance of
Mn, pink). 2.155(2) A. The dihedral angle) between the carboxylate
group and benzene ring of the tp ligand is 2.69(2)
positioned on a lower end among the tp-bridged coordination
compounds:® The tp ligand acts in a bis-monodentate

Table 4. Hydrogen Bonds fod—3 (A and deg)
D—H-+A dD-H) d(H-+A) d(D-+A)  O(D—H:--A)

N2—H2--N7a 0.860 21.3195 2981 1517 manner, linking two Co atoms with the shortest-€Go
N4—H4++-N7a 0.860 2412 3.056 1321 distance of 11.4804(2) A, which is in the normal range for
N4—H4---N5b  0.860 2.457 2.978 119.6 the tp bridge®®
2 The chain bridged by tp is also strengthened by the

“g::g:::mga 8.'88(‘358 225235 22.'3;33 111156.'(? incorporation of hydrogen bonding. The intrachain hydrogen
N4—H4--N5b 0.860 2274 2817 121.2 bonds are formed between the-N groups of methylpyra-
N4—H4---N7c 0.860 2.630 3.170 121.9 zoles and free carboxylate oxygen atoms {N22 = 2.818
20 050 13;6 J ot - A; N4.--02 = 2.780 A), as seen in Figure 5a. The chains
Nd—HA-02 0.92 o6 5730 174 are linked together _through ©2H9—C9 (3-methylpyra-
Co-H9--02c  0.96 533 3276 169 zole) hydrogen bonding (G902c=3.276 A, c=0.5— X,

A _ ] 15—y, 1— 2), giving rise to an extended two-dimensional

Symmetry code: & —y + 1/2,z— 1/2; b—x+2, -y + 1, —z +1. .

b Symmetry code: ax -+ 2,y + 1/2, 2+ 3/2: b—x + 2, =y, —z + 2; sheet (Figures 5b and S2). Suck-B-:-O hydrogen bonds
cx —y— 1/2,z+ 1/2.¢ Symmetry code: c 0.5 x, 1.5—y, 1 — z are not observed in systems coordinated by 5-methylpyra-

zoles?9Hence, the interchain hydrogen bonding, along with
seems quite unusual because the coordinating nitrogen (N3}he intrachain hydrogen bonds, would likely promote the
atoms in this binding pattern have severe steric congestion
because of the proximity of the methyl group to the metal (8) JCalan '\J/I lée Munrr]\_o, A(JB.;Cshanz, é L.; Sulitz, RT.; Fa;%%?JInglgret, Fs
. . . ulve, M.; Canescni, . em. S0c., Dalton lran ) .
ion. As a result, the binding mode of 5-methylpyrazole to (9) Hong, C. S.: Yoon, J. H.. You, Y. Snorg. Chim. Acta2005 358

the Co center is commonly encountered as exemplified in 3341.

5950 Inorganic Chemistry, Vol. 45, No. 15, 2006
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The overall diminution iny,T with lowering temperature
can be associated with antiferromagnetic interactions among
magnetic centers or with spirorbit coupling for Co(ll) ions
with a“T14 ground state in an octahedral field. The negative
6 value is correlated with a phenomenological consequence
of the former antiferromagnetic interactions. To assess the
latter effect, the magnetic data above 50 K were fitted by
the expression for an isolated hexacoordinated Co(ll}ion,
resulting in roughly estimated values b{spin—orbit cou-
pling constant) of-91 cnT?, consistent with the tp-bridged
Co(ll) dimerg and A (crystal field parameter= 1.5 for the
weak-field limit and 1.0 for the strong-field limit) values of
1.3.

Below 20-30 K a doubly degenerate level is only
populated, and the Co spin may be characterized as an
effective S = 1/2 spin with a largeg anisotropy’® The
magnetization at 1.8 K is almost saturated above about 3 T,
arriving at 2.69 I\ in 7 T, which is consistent with expected
values for Co(ll) (2-3 Nj3).1%11 The Brillouin equation with
S=1/2 andg = 5.38 reproduces the saturation magnetization
as depicted in the inset of Figure 6. The obtaigedlue is
a reasonable one for octahedral Co(ll) i6hJhe experi-
mental values in M(H) are lower than the calculated curve,
Figure 5. Extended view of3 with (a) a one-dimensional chain bridged qemonStratmg that ant!ferromagnetlc |.nteract|ons are Op?ra'
by tp and intrachain hydrogen bonds (dotted lines) and (b) a two-dimensional tive. To obtain an estimated magnetic exchange coupling
sheet showing €H-+-O interchain hydrogen bonds (dotted lines) (C, gray; constant J) fit of the magnetic data with the Ising chain
N, blue; O, red; Co, green). model at temperatures below 30 K was attempted and proved
. . . . . . to be unsatisfactorf:'t

The contribution of antiferromagnetic interactions in the
situation involved in spirorbit coupling effect can be
extracted by employing the Rueff expression

M (NB)

AmT = Aexp(—E,/KT) + B exp(—E,/KT)

x,T (cm’ K mol™)

14 . A best fit provides parameters éf + B = 3.3 cn? K
0 20000 40000 60000 80000 mol‘l, E1/|( = 33.3K, andEzlk = 0.15 K. The value oA +
HE B is close to the Curie constant (3.2 € mol™). The
b B0 10 1w 20 20 3% E_llk vs_;llue f_ound, attributable to the spﬂmrbit coupling and
T site distortion effects, agrees well with those reported for
one- and two-dimensional Co(ll) systeAid? The very

Figure 6. Plot of ymT vs T for 3. The magnetic data are fitted by the weak interactions €Exk = —0.15 K) mediated by the
magnetic expression for an isolated hexacoordinated Co(ll) ion including 2 ’

spin—orbit coupling and crystal-field parameters (dotted line) and the Rueff 10Ng tp bridge are estimated to Be= —0.30 K= —0.21
equation (solid line), respectively. The inset presents the field dependencecm ™ in relation with the Ising chain approximation gfT

of the magnetization at 1.8 K8, and the solid line denotes the simulated O exp(J/2k'D The calculated value is in good agreement
curve by the Brillouin function. . ) . . ; .
with those of tp-bridged dinuclear and two-dimensional

stability of the relatively unstable 3-methylpyrazole in the CO(Il) complexeg:*
crystal lattice. The shortest interchain €60 distance is Conclusions
10.2449(2) A.

Magnetic Properties. The magnetic susceptibility &, We have prepared two azide-bound M(ll) M Mn(1),

shown in Figure 6, was measured in the temperature range \/(2)] monomers capped by 5-methylpyrazole, resulting in
of 1.8-300 K. When cooled, thg,T value of 3.18 criK two-dimensional supramolecular assemblies formed by hy-

71 H
mol™ decreases SI9W|y and then more rapidly at low (10) Carlin, R. L.MagnetochemistrySpringer-Verlag: Berlin, 1986.
temperatures, reaching a value of 1.96°¢¢mol* at 1.8 (11) Kahn, O.Molecular MagnetismVCH: Weinheim, Germany, 1993.
K. To probe magnetic interactions between the Co(ll) centers, (12) (8) Rueff, J.-M.; Masciocchi, N.; Rabu, P.; Sironi, A.; Skoulios, A.

. . . . . Eur. J. Inorg. Chem2001, 2843. (b) Rueff, J.-M.; Masciocchi, N.;
the Curie-Weiss law was applied in the high-temperature Rabu, P.: S?roni, A Skolu"os, Ac(hém._Eur. 3.2002 8, 1813.

range (66-300 K), affordingC = 3.2 cn? K mol~tandf = (13) Raebiger, J. W.; Manson, J. L.; Sommer, R. D.; Geiser, U.; Rheingold,
_ : P A. L.; Miller, J. S.Inorg. Chem.2001, 40, 2578.
9.1 K. The Curie constant is in the usual range of (14) Manna, S. C.; Konar, S.; Zangrando, E.; Okamoto, K.-i.; Ribas, J.;

octahedral high-spin Co(ll) ions (2:8.4 cn? K mol1).10-12 Chaudhuri, N. REur. J. Inorg. Chem2005 4646.
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