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Transition-Metal Porous Coordination Polymers with a Podand Ligand:
Structure of Discrete Water Clusters and Variable-Temperature Magnetism
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The podand ligand tris(4-carboxy-2-phenoxyethyl)amine
(ptaHs) readily reacts with Co', Mn" and Ni salts at room
temperature to afford porous coordination polymers,
{Co(ptaH)-5H,0},, (1), {[Mn(ptaH)H,0)]-4H,0},, (2), and
{[Ni(ptaH)(4H,0)]-6H,0},, (3). Crystallographic studies per-
formed on these systems reveal that their structures are
based on infinite chains of interlinked metallacycles. The
bridging carboxylate groups extend the open framework
structures, with oval-shaped voids. Supramolecularly as-

sembled water clusters of different sizes, whose structures
are proportionate with the size and shape of the MOFs, fill
these voids. While discrete (H;0)1q clusters are present in 1
and 2, both (H,O), and (H,0),¢ clusters occupy the voids in
3. Magnetic susceptibility measurements, in the temperature
range 2-300 K, on 1 and 2 reveal that the metal centers are
antiferromagnetically coupled in each case.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Supramolecular association of water molecules in diverse
environments has been a subject of considerable current
interest.'3] This is because the key to test and calibrate
theoretical studies in order to understand the properties of
bulk water is the precise structural data of hydrogen-
bonded small water clusters in diverse environments. The
advantage of clusters is the possibility to simply vary the
size and to investigate the development of properties of the
condensed phase in a step by step manner. Bulk water exhi-
bits a fascinating array of properties, some of which are
considered anomalous, and this is due to tremendous fluc-
tuations in H-bonding interactions and rearrangement dy-
namics among the water molecules in a group. However,
this diversity of H-bonding interactions is very crucial in
the biological world as it can enforce a delicate balancel®!
between several possible conformations of enzymes essen-
tial for expressing their functional behavior. In the abiolog-
ical world, the degree of structuring of the water clusters
can influence the structure of metal-organic open frame-
works (MOF), where both water-MOF and water—water in-
teractions can be the driving force that affects the overall
structure. It follows, therefore, that an understanding of the
formation of water clusters is important from the perspec-
tive of stabilization and functioning of biomolecules, as well
as the structure of MOFs. In addition, they are of relevance
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in the study!”! of cloud and ice formation, solution chemis-
try, among others.

MOF structures of paramagnetic metal ions are particu-
larly interesting as these may give rise to a series of novel
framework structures with potential applications in the
fields of molecular magnetism®! and materials chemistry.!
A commonly used strategy in building such extended net-
work structures is to employ bridging ligands that are cap-
able of transmitting magnetic interactions in addition to
propagating the network.

We have initiated a research program to synthesize po-
rous coordination polymers with the ultimate goal(s) of
having new materials for magnetism, supramolecular stor-
age of guest molecules, and catalysis among other applica-
tions. We describe here the formation of three MOFs with
Mn", Co", and Ni"" metal ions and a tripodal ligand,!'"!
with an aromatic carboxylate group at each terminal. The
position of the carboxylate groups in the ligand excludes
the formation of a homoleptic metal complex and favors
the binding of more than one metal ion, which leads to a
carboxylate-bridged MOF structure. This ligand, therefore,
allows us to study the magnetic behavior of the MOF
formed, as well as the structure of the water clusters present
in the voids.

Results and Discussion

The MOFs once isolated are found to be stable in air
and insoluble in water or any common organic solvent. All
the compounds show strong IR absorption bands between
1350 and 1550 cm™' characteristicl'® of coordinated car-
boxylate groups.
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The structure of 1 consists of Co'" ions, a partially depro-
tonated ptaH?" ligand, and water molecules. Hexacoordina-
tion of the metal is fulfilled by four carboxylate groups
from four different ligand units (Scheme 1). Here, two car-
boxylate groups donate both their O atoms, one carboxylate
group donates one O atom (the other O atom is donated to
a different Co™ ion), while the fourth carboxylate is proton-
ated and donates a single O atom. This leads to a 2D coor-
dination polymer built from metallacycles that extend along
the crystallographic a axis (Figure 1). The bridging carbox-
ylate group extends the structure in the third dimension.
The position of the H atom attached to the carboxylate
group could not be located in the difference maps. In this
structure, Co—O(carboxylate) bond lengths span the range
2.018(2)-2.179(2) A and compare well with the distances
found in other octahedral Co'-carboxylate structures.!'!]
Bond angles around the metal do not deviate significantly
from the ideal octahedral coordination geometry. The over-
all structure of 1 is quite similar to the Cd complex reported
by us previously.['%! However, subtle differences remain be-
tween the two structures.
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Figure 1. Perspective view of the decameric water cluster in the
metallacyclic cavity in 1.

The coordination mode of Mn! in 2 is slightly different
from that of 1. Each Mn'" ion is bonded to four carboxylate
groups from four different ptaH?>  units and to one water
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Scheme 1. Bonding scheme for the compounds 1, 2 and 3.
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molecule. While one carboxylate group donates both its O
atoms, the remaining three donate one O atom each, and
the sixth coordination position is occupied by an H,O
molecule (Scheme 1). As in 1, the metallacycles propagate
along the crystallographic « axis (Figure 2).

L

Figure 2. The oval-shaped cavity in 2 with embedded discrete
(H>0),q cluster.

In 3, only two arms of ptaH?> are bonded to the Ni'l
ions, while the third arm is free. Each metal ion is hexacoor-
dinate, with ligation from two carboxylate O atoms from
two different ligands and four water molecules to form a
coordination polymeric chain extending along the crystallo-
graphic a axis. Two metal-bound water molecules from one
polymeric chain is H-bonded to the uncoordinated carbox-
ylate group of another chain to form an overall 2D struc-
ture (Figure 3) with cavities that are much larger than those
present in 1 and 2. As in the previous cases, the H atom
attached to one of the carboxylate groups of the ligand
could not be located in the difference maps.

Figure 3. A view of the hexadecameric water cluster inside the H-
bonded interlinked metallacycles in 3. Only the H atoms attached
to the water molecules are shown for clarity.

In 1, the metallacycles have two different dimensions. In
the first, two Co" jons exhibit a distance of 9.37 A, while
the distance between two bridgehead nitrogen atoms is
18.92 A. For the adjacent matallacycle, these dimensions
are 10.71 and 18.38 A, respectively. Similarly, in 2, in one
metallacycle, the Mn'--Mn!! distance is 9.98 A, while the
N-N distance is 18.67 A. For the adjacent metallacycle,
5428
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these distances are 11.15 and 17.81 A, respectively. It fol-
lows, therefore, that the cavity in 1 is narrower than that of
2. This difference is reflected in the structures of the
(H»0),( clusters present in the cavities of the two MOFs.
The (H,O);q cluster in 1 can be viewed as that derived
from a cyclic tetramer connected by acyclic trimers at the
two opposite ends (Figure 4a). The tetrameric unit is qua-
siplanar, similar to that predicted theoretically'? and found
in several crystal hydrates.'* The Ow---Ow distances (2.84—
2.76 A) and O-+H-O angles (158.5-169.1°) suggest strong
H-bonding interactions between the water molecules. The
atoms Owl, Ow2, Owl’ and Ow2’ act as H-bond donors
to the available carboxylate O atoms with Ow-+O (carbox-
ylate) distances in the range 2.76-2.82 A (Table 1), which
maintain strong water—-MOF interactions as well. The dis-
tance between OwS and OwS5’ is within H-bonding distance
(2.79 A). However, these atoms are related by a center of
symmetry, and their corresponding H atoms are oriented
either towards or away from each other and are not consid-
ered to be H-bonded. The H-+H separation of 1.07 A is,
however, shorter than the shortest intermolecular H---H
separation (1.949 A) found in the polymorph A of 1,2,3,5-
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Figure 4. Closer views of the water clusters in (a) 1, (b) 2, and (c)
3, showing the atom numbering scheme.
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tetra-O-acetyl-B-D-ribofuranose'*4l or in a Zn" com-
plex!!4®! that crystallizes in presence of nitrobenzene as the
guest. The repulsive interaction associated with this short
distance is compensated by strong nonbonding water-MOF
interactions.

Table 1. Non-bonding distances [A] and angles [°] for the water
clusters in 1-3.

1
Owl-Ow2 284(4)  Ow3-=OwS 2.78(3)
Owl--Ow2’ 276(4)  Owl=09 2.76(3)
Ow2--0w3 2794)  Ow2-02 2.82(4)
Ow3-Ow4 2773)  Owd—08 2.93(4)
Owl-~Ow2-+-Owl’  101.409)  Ow2-H-Owl'  161.9(1)
Owl-Ow2-+-Ow3 119.39)  Ow3-H-Ow2  169.1(2)
Owl’=Ow20Ow3  1362(9) Ow3 H-Owd  158.5(2)
Ow2--Ow3--Owd  1152(9) OwS-H-Ow3  165.5(6)
Ow2-+-Ow3-OwS5 107.7(8)  Owl-H--09 160.6(3)
Owd+-Ow3-OwS5 135809)  Ow2-H-02 160.6(2)
Owl-H-Ow2 168.4(2)  Ow4 H--O8 152.3(2)
2

Owl--Ow2 2758)  Owl=09 2.7509)
Ow2--0w3 2732)  Ow2-+09 2.73(7)
Ow3--Ow4 2.62(3)

Ow3--Owd’ 2.88(3)

Ow3-0w5 2.56(5)

Owl--Ow2--Ow3 110.1(5)  Ow2-H-Ow3  171.0(5)
Ow2--Ow3-+-Owd  92.6(6)  Owd-H-Ow3  143.3(8)
Ow2--Ow3--Owd’  153.7(7)  Owd'-H-Ow3  136.9(7)
Ow2--Ow3=-Ow5  959(1)  Ow3-H-—Ow5S  125.4(2)
Owd-Ow3Owd'  769(5)  Owl-H09 168.9(4)
Owl H-Ow2 156.3(4)  Ow2-H--09 162.4(1)
3

Owl-+Ow2 2.7609)  Owl+08 2.76(7)
Owl-Ow2’ 273(7)  Ow2-+05 2.82(9)
Ow2--0w3 2.82(6)  Owd~03 2.67(7)
Ow3-Ow4 271(1)  Ow5+09 2.82(8)
Ow3-+Ow6 278(6)  Ow6=06 2.67(8)
Ow3-0Ow7 2.96(9)  Ow7-+09 2.57(8)
Owd-Ow5 2718)  Ow8+03 2.72(8)
Owd-Ow8 27209) Ow9-+05 2.75(6)
Ow9--Ow10 27250 Owl0-O5 2.80(6)
Owl--Ow2.0wl’ 92.8(2)  Owl-H-Ow2'  148.5Q)
Ow2--Owl=-Ow2'  872(1)  Ow3-H=Ow2  134.7(2)
Ow2--Ow3+-Owd  111.92) Ow8 H-Owd  169.3(2)
Ow2--Ow3+0w6  112.82)  Ow9-H-Owl0  169.7(3)
Ow2--OwW3-Ow7 133.5(2)  Ow3-H-Owd  158.07(2)
Ow3vOW4-+Ow5 110.8(1)  Owd-H-Ow5  159.6(2)
Ow3--OwdOw8 108.52)  Ow6-H-Ow3  171.3(2)
Owl-H-Ow2 147.6(3)  Ow7-H-Ow3  162.7(2)
Owl-H-08 156.7(2)  Ow7-H--09 163.5(2)
Ow2-H-05 168.6(22)  Ow8 H-O03 162.2(2)
Owd4-H-03 170.03)  Ow9-H--05 161.6(2)
OwS5-H-+09 17592)  Owl0-H--05  159.2(2)
Ow6-H-06 172.4(2)

The water decamer in 2 has a different structure. The
cyclic tetramer is connected to two dimers at opposite ends,
where two single water molecules are also H-bonded (Fig-
ure 4b). This cluster of water molecules requires more space
than those present in 1 and therefore 2 has a larger void
space. The water molecules are quite strongly H-bonded to
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each other as evident from the O--O distances (2.54—
2.87 A) and O--H-O angles (136.9- 171.0°). It is to be
noted here that the H atoms attached to OwS5 could not be
located in the difference maps. As in the case of 1, Ow5 and
OwS5’ are within H-bonding distance (2.43 A). Since they
are related by a center of symmetry, they are not considered
to be H-bonded following the same argument as that made
for 1. This cluster is H-bonded to available carboxylate O
atoms with Ow-+O distances in the range 2.73-2.75A.
Buck et al. had suggested'*! that the minimum energy con-
formation for the decamer is an octameric cube with two
water molecules fused at one of the edges, while a more
recent calculation showed that two fused parallel pentamers
to be the energetically most stable from.['®) Whereas few
water decamers!!”! with different structures have been iden-
tified in metal-ligand hybrids or purely organic crystals, de-
camers in the form of two fused parallel cyclic pentamers
with staggered conformation have been characterized!'®! in
organic hosts. The structures of the (H,O), clusters in 1
and 2 are different from any of these and result from strong
water—-MOF and water—water interactions.

The large H-bonded cavity in 3 can accommodate higher
nuclearity clusters. Eight water molecules from each asym-
metric unit are supramolecularly connected to centrosym-
metrically related eight more molecules to form a (H,0)4
cluster that occupies the void between two polymeric chains
(Figure 3). The structure can be described as a tetrameric
core to which two hexameric units are attached at opposite
ends. A (H,0),4 cluster in a Cu'-containing MOF was
identified earlier!'] to resemble the shape and size of the
void for optimum MOF-water interactions. Theoretical cal-
culations on the (H,0),4 cluster’?” show a number of local
minima, including fused cubes derived from the D,; and S,
forms of the (H,O)g unit as well as five-membered rings,
two of which also contain one six-membered ring. A closer
view of the (H,O)4 cluster in 3 (Figure 4c) shows a wide
variation in the O-+O nonbonding distances (2.96-2.71 A)
relative to 2.759 A in ice I, or 2.85 A in liquid water.[2!]
The O-++O--0O angles also vary widely (133.5-87.2°) with an
average value of 110.3°. The shape of the cavity in 3 closely
follows the shape of the water cluster to maximize the
strength as well as the number of interactions with the
MOF.

Thermal gravimetric analysis of compound 1 in air shows
that weight loss begins at 60 °C, and the loss of 13.6%,
which corresponds to the loss of all water molecules (calcu-
lated 13.72%), takes place above 200 °C, and soon after, the
compound decomposes. The thermogravimetric curve of 2
shows a plateau, and weight loss begins at 60 °C, and the
loss of 13.7%, which corresponds to the loss of all water
molecules (calculated 13.80%), takes place beyond 200 °C.
Complete breakdown of the structure takes place at about
270 °C. Thermal gravimetric analysis of 3 in air shows that
the removal of water occurs in stages, beginning at 50 °C,
and the loss of 24 %, which corresponds to the loss of all
water molecules (calculated 24.1%), takes place above
150 °C. Complete decomposition is achieved above approxi-
mately 240 °C.
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Magnetic Studies

Since paramagnetic transition metal ions are present
with carboxylate bridges in both 1 and 2, magnetic suscep-
tibility studies were performed on 1 and 2. Variable-tem-
perature magnetic susceptibility data were collected for 1 in
the temperature range 2-300 K with an applied magnetic
field of 0.5 T. The susceptibility increases smoothly with
decreasing temperature (Figure 5a), and the change in
susceptibility as a function of temperature follows the Cu-
rie-Weiss law at temperatures above 200 K. The value of
the Curie constant (3.38 cm®Kmol™!) is consistent with
hexacoordinate high-spin Co'' ions (2.8-3.4 cm?*Kmol!)
[221: the Curie-Weiss constant has a negative value of
-23.71 K, which indicates antiferromagnetic interactions
between the metal centers. When analyzing the y 7 versus T
plot, the decrease observed is due to the depopulation of
the J = 5/2 state and the preferential population of the J =
1/2 state, in addition to any possible interaction between
the Co' ions. The x7 value of 3.14 cm?*Kmol™!' per Co!!
ion at 300 K is in agreement with the expected value for a
distorted octahedral Co' ion with strong spin-orbit coup-
ling. As the temperature decreases, so does the value for y 7,
until at 2 K, it reaches the value of 1.26 cm?Kmol™' per
Co'" ion. This value is significantly smaller than that ex-
pected for isolated Co'! centers (1.875 cm®Kmol!). The
magnetization versus field plot (Figure 5b) saturates at a
value of 2.06 at 5.0 T, as expected, which is significantly
lower than that predicted by the Brillouin law (Co' ion
with spin-orbit coupling S = 1/2 and g = 4.331); this
further supports a weak antiferromagnetic coupling be-
tween the Co'! ions in 1. In the 3D network, the Co!! ions
are grouped in pairs, bridged by two syn-, anti-carboxylate
arms of the ptaH?  ligands. This type of bonding leads to
weak antiferromagnetic interactions,>3l as observed in 1.

Figure 6 shows the temperature dependence of the mag-
netic susceptibility of compound 2 at an applied DC field
of 0.3 T in the temperature range 2-300 K and at 200 G
below 25 K. In the solid-state structure of 2, the Mn!! ions
are arranged in dimers, which, in turn, are organized into a
3D network by the ligands. The dimers are held at an
average distance of 10 A by the ptaH? ligand, and thus,
from a magnetic point of view, the sample has been treated
as isolated [Mn"], units. The y7 product at 300 K has a
value of 9.2 cm?®Kmol ™!, slightly above that expected for
two noninteracting Mn™ ions (4.375 cm®*K mol™! per Mn!l,
S = 5/2). As the temperature decreases, the y T product de-
creases very slowly to a value of 8.0 cm*Kmol! at 50 K
and then sharply decreases to 1.1 cm?* K mol! at 2 K, which
indicates weak antiferromagnetic coupling between the
manganese centers, leading to S = 0. The magnetization at
2 K rises continuously with the field to a value of 2.8 at 5 T,
without reaching saturation, and confirms the S = 0 value
predicted from the susceptibility versus 7 data. A simple
Van Vleck equation®¥ for a dimeric S = 5/2 system was
used to fit the experimental data. A good agreement be-
tween the experimental and calculated data was obtained
for / = —-0.70cm™' and g = 2.07, with a TIP of
5430
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Figure 5. (a) Temperature dependence of the magnetic suscep-
tibility of 1. y is shown as circles, y7 is shown as triangles. (b)
Magnetization plot for compound 1. The solid line is the Brillouin
function for a Co'! ion with spin-orbit coupling.

120 X 10°° cm*mol ™! over the entire temperature range. The
fit is shown in Figure 5 as a solid line. The weakness of the
coupling is easily explained, given the very long Mn—-Mn
separation: the only possible exchange pathways are two
syn-, anti-carboxylate groups from the ligand unit that hold
the Mn'" jons 3.86 A apart. Only very weak coupling can
be expected under these conditions, as confirmed by the
experimental data. We have recorded FTIR spectra of all
three compounds (see Supporting Information) to charac-
terize the vibrational stretching frequency of the O—H bond
of the water clusters. In each case, a broad peak appears
that centers around 3420 cm™!, which can be attributed to
the water cluster. The IR spectrum of icel'*) shows the O—
H stretching band at 3220 cm™', while this stretching vi-
bration in liquid water!'3! appears at 3490 and 3280 cm™!.
This suggests that the water clusters in 1-3 show O-H
stretching vibrations similar to that of liquid water. This
broad band significantly reduces on heating the compounds
under vacuum (0.1 mm), which suggests that the water
molecules escape from the lattice. Deliberate exposure to
water vapor does not lead to reabsorption of water into the

Eur. J. Inorg. Chem. 2007, 5426-5432
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lattice as monitored by FTIR spectroscopy. Powder X-ray
diffraction patterns of the compounds before and after de-
solvation show major changes in the peak positions as well
as in their intensities. Therefore, loss of water from the lat-
tice leads to the breakdown of the framework structure,
which supports the thermal analysis results.
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Figure 6. (a) Temperature dependence of the magnetic suscep-
tibility of 2. (b) Magnetization versus field plot at 2 K for com-
pound 2.

Conclusions

In conclusion, we have characterized three different
MOF structures of transition-metal ions with the tripodal
ligand. The large voids present in the MOFs contain supra-
molecularly bound water molecules of different nuclearity.
The size and shape of these water clusters closely follow the
available volume of the void spaces. These water clusters act
as a “glue” to reinforce the coordination polymeric chains
and to extend the open framework structures. Variable-tem-
perature magnetic susceptibility measurements on 1 and 2
reveal that the metal centers are anti-ferromagnetically cou-
pled.
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Experimental Section

Materials: The metal salts were obtained from Aldrich and used as
received. All other chemicals were procured from S. D. Fine Chemi-
cals, India. All solvents were purified prior to use.

Physical Measurements: Spectroscopic data were collected as fol-
lows: IR (KBr disk, 4004000 cm™') Perkin-Elmer Model 1320; X-
ray powder pattern (Cu-K, radiation at a scan rate of 3°/min,
293 K) Siefert ISODEBYEFLEX-2002 X-ray generator; thermo-
gravimetric analysis (heating rate of 5 °C/min) Perkin-Elmer Pyris
6. Microanalyses for the compounds were obtained from the Cen-
tral Drug Research Institute, Lucknow, India. Magnetic data were
collected at the Unitat de Mesures Magnétiques at the Universitat
de Barcelona by using crushed crystals of the sample on a Quan-
tum Design MPMS-XL SQUID magnetometer equipped with a
5 T magnet. Diamagnetic corrections were calculated using Pascal’s
constants, and an experimental correction for the sample holder
was applied.

Synthesis

The ligand tris(4-carboxy-2-phenoxyethyl)amine (ptaHs) was pre-
pared following the method described previously.[1%¢]

{[Co(ptaH)]'5H,0},, (1): The tripodal ligand ptaH; (0.13 g,
0.25 mmol) was dissolved in a thf solution (10 mL) containing tet-
raethyl ammonium hydroxide (1.2 mL). To this, an aqueous solu-
tion of Co(NOs3),6H,O (0.15 g, 0.51 mmol) was added dropwise,
and the reaction mixture stirred for 2 h at room temperature. Rec-
tangular pink crystals suitable for X ray diffraction were obtained
after 7d on slow evaporation of the filtrate. Yield approximately
60%. Cy7H35CoNOy: caled. C 49.39, H 5.37, N 2.13; found C
49.97, H 5.16, N 2.34.

{IMn(ptaH)(H,0)]-4H,0},, (2): The tripodal ligand ptaH; (0.13 g,
0.25 mmol) was dissolved in thf (10 mL) containing tetraethyl
ammonium hydroxide solution (1.2 mL) whilst continuously stir-
ring at room temperature. To this, an aqueous solution of
MnCl,4H,0 (0.10 g, 0.50 mmol) was added, and the reaction mix-
ture stirred for 2 h at room temperature. The resulting clear solu-
tion was allowed to evaporate at room temperature. Colorless, par-
allelepiped crystals of 2 were recovered after 10 d. Yield approxi-
mately 55%. Cy;H3sMnNOy,: caled. C 49.70, H 540, N 2.14;
found C 50.18, H 5.17, N 2.65.

{INi(ptaH)(4H,0)]-6H,0}, (3): Compound 3 was isolated as dark
green rectangular crystals following a similar method to that de-
scribed for 1, by using Ni(NO3),:6H,0 in place of Co(NO3);:6H,0
at room temperature. Yield approximately 60%. C,;H4sNNiOq
(746.36): caled. C 43.45, H 6.08, N 1.87; found C 43.68, H 6.21, N
2.04.

X-ray Structural Studies: Single-crystal X-ray data on 1-3 were col-
lected at 100 K with a Bruker SMART APEX CCD diffractometer
by using graphite-monochromated Mo-K, radiation (41 =
0.71073 A), and the structures were solved and refined as described
earlier.®?] The H-bonding distances and angles for the water
clusters in 1-3 are summarized in Table 1, and the crystal and re-
finement data are collected in Table 2. CCDC-646841 to -646843
for 1-3 contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccde.cam.ac.uk/
data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): IR, TGA, X-ray powder diffraction patterns are presented.
Additional figures showing structures of compounds 1-3 are also
included.
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Table 2. Crystal and structure refinement data for 1-3.

Empirical formula C,7H;35NO4Co (1)

Formula weight 656.49
Temperature 100(1)K
Radiation, wavelength Mo-K,, 0.71073 A
Crystal system triclinic

Space group Pl

a[A] 10.2111(9)

b[A] 11.3529(10)

¢ [A] 12.2940(11)

a[°] 93.265(2)

A1 97.981(2)

7 [° 94.308(2)

V [A3] 1404.1(2)

V4 2

Pcaled. [Mg/ms] 1.553

4 [mm!] 0.686

F(000) 686

Reflections collected 9243

Independent reflections 6077

Refinement method Full-matrix least squares on F?
GOF 1.143

Final R indices [/ > 2o(/)]
R indices (all data)

R1 =0.049, wR2 = 0.093
R1 =0.058, wR2 = 0.109

Cy7H35NO4Mn (2) C,7H,45NONi (3)

652.50 746.35

100(1)K 100(1)K

Mo-K,, 0.71073 A Mo-K,, 0.71073 A
triclinic triclinic

Pl Pl

10.743(5) 11.203(2)
12.614(5) 11.605(2)
12.659(5) 13.237(2)
104.354(5) 91.782(5)
114.121(5) 92.255(5)
94.527(5) 98.886(5)
1484.9(11) 1697.8(12)

2 2

1.459 1.460

0.515 0.653

632 788

9741 11411

5514 6386

Full-matrix least squares on 2 Full-matrix least squares on F?
1.046 1.146

R1 =0.079, wR2 = 0.116
R1 =10.097, wR2 = 0.171

R1 =0.060, wR2 = 0.098
R1 =0.082, wR2 = 0.124
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