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A new discrete hexanuclear, mixed-valence Mn oxide clus-
ter, [MngO4(O,CEt)19(H20)4] (1), has been prepared and used
as the building unit for the self-assembly of a rare pro-
pionato-bridged zigzag-like chain polymer, [MngO,(O,CEt)0-
(H2O)4]n (2), with the retention of the Mng core of 1. Both
complexes are characterized by single-crystal X-ray struc-
ture determinations and magnetic measurements. The dis-
crete complex 1-:3H,O crystallizes in orthorhombic space
group Pnna with a = 14.2089(6), b = 21.4910(11), and ¢ =

16.4247(6) A, whereas the polymeric complex 2-2nEtCO,H
crystallizes in orthorhombic space group Pbca with a =
13.651(4), b = 25.827(8), and ¢ = 30.312(10) A. Variable-tem-
perature magnetic susceptibility analyses show the presence
of moderately strong antiferromagnetic interactions within
the Mng cluster unit in both complexes.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

As witnessed by the activity in the past few decades, there
still remains considerable interest in metal-organic coordi-
nation polymers, mostly constructed from mononuclear
metal centers and organic ligands, owing to their intriguing
structural topologies and crystal packing motifs,[!l along
with potential applications as functional materials.’! More
recently, a certain amount of attention has been paid to the
use of multimetallic clusters as building units for the syn-
thesis of such polymeric materials, primarily driven by an
increasing knowledge that the metallic clusters may intro-
duce their inherent extraordinary physical properties to the
polymeric frameworks,®l and this usually exceptional sta-
bility of polymerized products makes them more promising
in applications than the metallic clusters themselves.[*!

The construction of metal-organic polymeric frame-
works based on metallic cluster building blocks still remains
a great challenge with regard to two interrelated aspects:
the judicious choice of both the cluster building blocks that
are stable enough to resist decomposition during the poly-
merization reaction and the linkers between the building
blocks that are not only capable of retaining and/or tran-
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smitting the inherent properties of the metallic cluster to the
extended system but that are also inactive towards inducing
transformation of the multimetallic cluster core into the
common single metal center structure. A few studies have
therefore been carried out to construct such polymeric
frameworks through the linking of large or intermediate-
sized, multinuclear, mixed-valence manganese oxide clusters
as building units,!*! although in many cases, unusual mag-
netic exchange interactions between oxo-bridged Mn ions
allow the Mn,O,-containing clusters to be attractive candi-
dates for the design of magnetic functional materials.[!

The magnetic properties of hexanuclear clusters of the
type [MngO,(RCO»);0L4], which exhibit spin frustration,
have well been documented.[®”] Replacement of the neutral
capping ligand L by an exo-bidentate 4,4'-bipyridine (bpy)
and a nitronyl nitroxide (NIT-Me) has afforded polymeric
complexes [MngO»(1BuCO,);o(1BuCO,H),(bpy)],>! and
[MngOspivig(thf),,o(NIT-Me), 5], (piv = trimethyl ace-
tate),’d respectively. The use of bpy with a long backbone
is not expected to transmit intercluster exchange interac-
tions, but was used for its linking ability,>! and the isola-
tion of the heterospin NIT-Me complexes was dependent
on the solvent used in the synthesis.>¥ These Mng clusters
therefore could be potential candidate building blocks for
polymeric materials with desired magnetic properties if suit-
able synthetic means could be developed to link them to-
gether.

Herein, we report a new propionato-bridged, zigzag-like
chain polymer, [MngO,(O,CEt);o(H,0)4],, (2), assembled
from newly prepared mixed-valence Mng oxide cluster
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building units [MngO,(0,CEt);o(H->0),] (1), which undergo
solvothermal treatment (Scheme 1). The discrete Mng clus-
ter 1 has a usual cagelike core, but with four water mole-
cules ligated peripherally, while the repeating unit in poly-
meric complex 2 not only features a similar Mng core as
in 1, but also retains the peripheral ligation of four water
molecules, which differs from the above-mentioned Mng-
based polymers [MngO,(tBuCO,),o(tBuCO,H),(bpy)], P>
and [MngO,pivo(thf),o(NIT-Me), 5],,.*4 In addition, com-
plex 2 displays a similar magnetic behavior to that of 1,
although the separation between adjacent Mng units coor-
dinatively linked by the propionato bridge is greatly short-
ened relative to that found in [MngO,(zBuCO,)c(tBu-
CO,H),(bpy)],.L>

H,0/MeOH

— [MngO,(0,CEY)19(H,0)4] (1)
air oxidation

MeOH

Mn?*, EtCO;

[MngO2(0,CEL);9(H0)4l, —
2) solvothermal recrystallization at
treatment  room temperature

Scheme 1. Preparation of 1 and its thermally induced conversion
into 2.

Results and Discussion

Syntheses and IR Spectra

The reaction between the Mn?* salt and the deproton-
ated propionic acid in MeOH/H,O mixed solution gave the
mixed-valent (four Mn" ions and two Mn"" ions) complex
[MngO,(O,CEt);9(H,0)4] (1), which is crystallographically
identified as 1-3H,O. It is clear that the Mn"" ions are
formed by oxidation in air while stirring, as observed by
the color change from pale yellow to black-red. The pres-
ence of the basic NaOMe reagent further promotes the oxi-
dation process, as is almost always the case in Mn cluster
chemistry. The relative stability of the Mng aggregate is
manifested by recrystallization as the original structure in
MeOH. The stable Mng aggregates are coordinatively
linked into the one-dimensional polymer [MngO,(O,CEt);(-
(H>O)4], (2) after solvothermal treatment. However, the
brown compound 1-3H,O decomposes into an unknown
Mn?*-containing species when heated under open, reflux
conditions, as observed by the occurrence of pale yellow,
turbid materials. This indicates that moderate heating under
sealed, autogenous pressure, and air-limiting and solvother-
mal conditions affords a suitable environment for polymeri-
zation of the discrete Mng clusters. Little work was carried
out previously that employed solvo(hydro)thermal methods
for the preparation of polymeric solids based on mixed-va-
lence Mn, oxide clusters, owing to the known instability of
these Mn clusters and proclivity to collapse when being
heated. The isolation of 2-2nEtCO,H, however, suggests
that the solvo(hydro)thermal treatment could also be devel-
oped to prepare Mn, oxide cluster-based coordination
polymers, provided that suitable strategies are adopted and
suitable Mn, oxide clusters are selected.
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Both complexes exhibit almost identical IR spectra, with
the exception that an additional, characteristic absorption
occurs at ca. 1716 cm ! in the IR spectrum of 2:2nEtCO,H,
which is assigned to the stretching vibration of the proton-
ated carboxyl group (COOH) of uncoordinated propionic
acid. On the basis of the results from the X-ray diffraction
analysis, all the propionic acid in 1:3H,O is deprotonated.
The strong characteristic peaks at ca. 1571 cm™' in both
spectra are attributed to the v,(COO) mode of all the car-
boxylate groups, while the peaks at ca. 1468 and 1422 cm !
may tentatively be assigned to the v{(COO) mode of certain
carboxylate groups (the bidentate and the tridentate, vide
infra). The medium broad bands at ca. 3430 cm™’
(3432 cm™! for 1-3H,0 and 3427 cm™! for 2:2nEtCO,H) in
the IR spectra of both complexes are characteristic of the
H-O-H stretching vibration of the water molecules, in ac-
cordance with that of the known structure.

Description of Structures for 1-:3H,O and 2-2zEtCO,H

Single-crystal X-ray diffraction analysis reveals that
1-:3H,0 contains one neutral discrete hexamanganese clus-
ter 1 and three solvate water molecules in each independent
crystallographic unit. The hexamanganese cluster 1 is lo-
cated on a twofold axis of symmetry, which passes through
the midpoint of O1-O1A along the crystallographic «a axis,
and hence half of cluster 1 is crystallographically indepen-
dent. As shown in Figure 1, the cagelike [MngO,] core can
be described as being constructed of two edge-sharing
[Mn2--Mn2A, 2.808(8) A] Mn,O tetrahedra, ie. (Mn2,
Mn2A, Mn3, MnlA, OlA) and (Mn2, Mn2A, Mn3A,
Mnl, Ol). The peripheral ligation is accomplished by ten
bridging propionato ligands (four each bridge three Mn
ions in the less common 1,1,3-bridging mode and the other
six each bridge two Mn ions in the common 3,3-bridging
mode) and four terminal water molecules, which completes
the distorted octahedral geometry around each of the Mn
centers (Table 1). Bond valence sum (BVS) calculations!®!
(Table S1) establish that the central Mn atoms are in the +3
oxidation state and that the other four Mn atoms in an
oxidation state of +2. The two Mn'" atoms (Mn2 and
Mn2A) exhibit Jahn-Teller (JT) distortion that is expected
for high-spin Mn" (d%) in a near octahedral geometry,
which is shown by axial elongation of the bonds with the
Ho-oxygen atoms (OS5 and O8, and O5A and O8A) of the
1,1,3-bridging propionato ligands occupying axial positions
[Mn-O = 2.217(2) and 2.235(2) A].

The adjacent clusters are strongly associated through in-
tercluster hydrogen bonding between the coordinated water
molecules and the carboxylate oxygen atoms of adjacent
clusters (Table 2) to form an interesting flat layer of a 4-
connected topology with the Mng units as nodes, as illus-
trated in Figure 2. The O--O distances of these hydrogen
bonds are within the range 2.792(2)-2.880(2) A. These hy-
drogen-bonded layers array parallel to each other to afford
an overall multilayer stacking 3D supramolecular frame-
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Figure 1. The structural view of 1 showing the selected atom label-
ing scheme (ellipsoids at 30% probability, symmetry operation: A:
x, =y + 3/2, -z + 1/2); both methyl groups of the propionato ligands
and hydrogen atoms, with the exception of those of the coordinated
water molecules, are omitted for clarity.

Table 1. Selected bond lengths [A] and angles [°] for 1-3H,0.
Bond lengths

Mn1-0O4 2.149(2) Mn2-O5A 2.217(2)
Mnl1-02 2.150(2) Mn2-0O8 2.235(2)
Mnl1-O7 2.174(2) Mn3-09A 2.146(2)
Mnl1-O13 2.191(2) Mn3-03A 2.156(3)
Mnl1-O1 2.2039(19) Mn3-010 2.163(3)
Mn1-O5A[ 2.246(2) Mn3-O1A 2.1887(18)
Mn2-O1A 1.8867(19) Mn3-012 2.203(3)
Mn2-O1 1.8967(19) Mn3-0O8 2.297(2)
Mn2-06 1.943(2) Mn2--Mn2A 2.8080(8)
Mn2-O11 1.966(2)

Bond angles

04-Mn1-02 101.12(10) 06-Mn2-O5A 92.75(9)
04-Mn1-07 167.32(10) O11-Mn2-O5A  84.4009)
02-Mnl1-07 83.25(10) O1A-Mn2-08 86.07(8)
04-Mn1-013 86.96(10) 01-Mn2-08 97.52(8)
02-Mnl1-013 93.90(10) 06-Mn2-08 85.35(9)
07-Mnl1-013 80.84(10) 011-Mn2-08 92.83(9)
04-Mn1-0O1 98.83(8) O5A-Mn2-08 176.71(8)
02-Mn1-0O1 94.23(8) 09A-Mn3-O3A  97.42(10)
07-Mn1-0O1 92.66(8) 09A-Mn3-010  166.74(11)
013-Mnl1-0O1 168.92(9) 0O3A-Mn3-010  90.52(11)
04-Mnl1-0O5A 91.80(9) 0O9A-Mn3-O1A  96.95(8)
02-Mnl1-0O5A 165.83(9) O3A-Mn3-O1A  90.21(8)
O7-Mnl1-0O5A 85.34(9) 010-Mn3-O1A  93.62(8)
013-Mnl-O5A  92.5509) 09A-Mn3-012  87.69(11)
O1-Mnl-O5A 77.90(7) 03A-Mn3-0O12  90.52(11)
O1A-Mn2-0Ol 84.16(9) 010-Mn3-012  81.61(11)
O1A-Mn2-06 171.31(9) O1A-Mn3-0O12  175.18(10)
01-Mn2-06 95.60(10) 09A-Mn3-08 87.75(9)
O1A-Mn2-O11  94.4509) 03A-Mn3-08 167.65(9)
0O1-Mn2-0O11 169.43(9) 010-Mn3-08 86.63(9)
06-Mn2-0O11 87.35(11) O1A-Mn3-08 78.00(7)
O1A-Mn2-O5A  95.89(8) 012-Mn3-08 100.93(11)
O1-Mn2-O5A 85.32(8)

[a] Symmetry code: A: x, —y + 3/2, —z + 1/2.

work in which the adjacent layers interact through possible
intermolecular hydrogen-bonding interactions involving the
uncoordinated water molecules (Figure S1).
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Table 2. Hydrogen-bonding parameters [lengths A, angles °] in
1-:3H,0 and 2:2nEtCO,H. [

D H-A dD-H) dH+A) +DHA dD-A)
1-3H,0

O12-H12D~014  0.828 2.012 139.63  2.697
O12-HI2E-~O2#1  0.849 2.051 165.14  2.880
O13-HI3A~03#2  0.830 2.014 155.88  2.792
O13-HI3B~09%#2  0.824 2.207 136.33  2.860
2:2nEtCO,H

03-H3B+022#3  0.836 2.119 17271 2.951
04 -H4A--O16#4  0.858 1.906 171.56  2.758
05-H5A--020#5  0.839 2.040 148.44  2.790
05 HS5B-O15#5  0.839 2.068 14570 2.802
06-H6A-O13#6  0.839 1.916 168.92  2.743
03-H3A--025 0.824 1.979 171.63  2.798
06-H6B-+028 0.825 2.121 141.69  2.816
027-H27A--08 0.820 1.878 175.77  2.696
04 H4B-029#4  0.855 1.877 174.89  2.730
030-H30A--O12#5 0.820 1.911 17548  2.730

[a] Symmetry codes: #1: x — 1/2, —y + 3/2, z — 1/2; #2: x + 1/2, y,
—Zz+ L #3x 12,y + 112, =z + 1; #4: x — 112, y, —z + 1/2; #5:
x+ 12,y —=z+ 1/2; #6: x + 1/2, -y + 1/2, —z + 1.

Figure 2. A view of part of the 2D 4-conneted topology layer
formed by intercluster hydrogen bonds in 1, extended along the ac
plane; both methyl groups of the propionato ligands and all the
hydrogen atoms are omitted for clarity; H-bonds are depicted as
black dashed lines.

Treatment of 1-3H,O in methanol under solvothermal
conditions affords a new 1D polymeric complex,
[MngO,(0,CEt)o(H,0)4],,:2nEtCO,H (2-2nEtCO,H). The
single-crystal X-ray diffraction analysis reveals that
2-2nEtCO,H contains neutral [MngO,(O,CEt)o(H,0)4],
(2) polymers and propionic acid solvate molecules in a mo-
lar ratio of 1:2. As shown in Figure 3, the repeating unit
in 2, which resides on a crystallographic general position,
possesses an almost identical cagelike structure to that of
the Mng cluster 1 (Table 3 and Table 4), with the exception
that one propionato ligand bridges two Mn centers belong-
ing to adjacent two Mng clusters; however, such a ligand in
cluster 1 fuses two intracluster Mn atoms. It is this bridging
difference that results in the evolution of a completely dis-
tinct structure for polymer 2. It is presumable that, under
solvothermal conditions, one propionato bridge, at least in

Eur. J. Inorg. Chem. 2008, 5274-5280
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a part, of the Mng cluster 1 is broken first, provisionally to
free one carboxylate oxygen atom and to leave one Mn cen-
ter coordinatively unsaturated. As the reaction continues,
the free end of the propionato ligand coordinates to the
unsaturated Mn center of the adjacent cluster, thus re-
sulting in the polymerization of the Mng clusters. During
the thermal treatment, partial decomposition of the Mng
cluster 1 occurs, with the release of some propionate li-
gands, as indicated by the presence of propionic acid as a
solvate in 2:2nEtCO,H. The H protons may derive from the
in situ oxidation of methanol to afford formic acid under
solvothermal conditions, especially in the presence of well-
known catalytic Mn"™' components® (although formic
acid was not isolated from the reaction system).

Figure 3. The structural view of a repeating unit in 2 with an adja-
cent propionato bridge showing the selected atom labeling scheme
(ellipsoids at 30% probability, symmetry operation: A: x — 1/2, —y
+ 1/2, —z + 1); both methyl groups of the propionato ligands and
hydrogen atoms, with the exception of those of the coordinated
water molecules, are omitted for clarity.

Table 3. Selected bond lengths [A] for 2-2#EtCO,H.

Mnl-Ol 1.889(4) Mn4-020 2.155(5)
Mnl-02 1.890(4) Mn4-O4 2.184(4)
Mnl-O7 1.952(4) Mn4-012 2.189(5)
Mnl-Ol1 1.971(4) Mn4-Ol1 2.189(4)
Mnl-09 2.202(4) Mn4-018 2.202(4)
Mnl-O18 2.240(4) Mn5-010 2.130(4)
Mn2-02 1.883(4) Mn5-024 2.167(5)
Mn2-Ol 1.894(4) Mn5-O1 2.180(4)
Mn2-023 1.947(4) Mn5-05 2.184(4)
Mn2-O14 1.958(4) Mn5-016 2.186(4)
Mn2-021 2.224(4) Mn5-021 2.295(4)
Mn2-019 2.269(4) Mn6-025 2.140(4)
Mn3-O17 2.123(4) Mn6-06 2.154(4)
Mn3-O26Al  2.133(4) Mn6-022 2.189(4)
Mn3-03 2.185(4) Mn6-08 2.244(4)
Mn3-013 2.191(4) Mn6-09 2.249(4)
Mn3-019 2.214(4) Mn6-02 2.267(4)
Mn3-02 2.288(4) Mnl--Mn2  2.8030(14)
Mn4-O15 2.153(4)

[a] Symmetry code: A: x — 1/2, -y + 1/2, —z + 1.
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Table 4. Selected bond angles [°] for 2:2rEtCO,H.

01-Mn1-02 84.17(16)  O15-Mn4-020  92.71(18)
O1-Mnl-07 168.83(17)  O15-Mn4-04 90.05(19)
02-Mnl-07 93.01(17)  020-Mn4-04 86.84(18)
O1-Mnl-O11  9546(17)  O15-Mn4-O12  87.78(18)
02-Mnl-O11  171.92(17) 020-Mn4-O12  171.06(18)
O7-Mnl-O11  88.84(18)  O4-Mn4-OI2 84.24(18)
01-Mn1-09 97.50(15)  O15-Mn4-Ol 93.90(16)
02-Mnl1-09 86.75(15)  020-Mn4-Ol 97.50(16)
07-Mnl1-09 93.12(16)  O4-Mn4-Ol 173.98(17)
011-Mnl-09  85.30(16)  O12-Mn4-Ol 91.37(16)
O1-Mnl-O18  84.39(15)  O15-Mn4-O18  171.28(16)
02-Mnl-OI8  99.44(15)  020-Mn4-O18  92.89(16)
O7-Mnl-O18  8542(16)  O4 Mn4-O18 96.93(17)
O11-Mnl-O18  88.54(17)  O12-Mn4-O18  87.71(17)
09-Mnl-O18  173.69(16) Ol-Mn4-O18 78.74(14)
02 -Mn2 Ol 84.24(15)  0O10-Mn5-024  165.8(2)
02-Mn2-023  169.40(17)  O10-Mn5-Ol 97.00(15)
O1-Mn2-023  96.24(17)  024-Mn5-Ol 92.25(16)
02-Mn2-O14  9391(16)  O10-Mn5-O5 87.04(17)
O1-Mn2-014  170.23(17)  024-Mn5-05 82.58(18)
023-Mn2-Ol4  87.3519) Ol -Mn5-O5 172.12(17)
02-Mn2-021  99.81(15)  O10-Mn5-O16  105.69(18)
Ol Mn2 021  84.94(15) 024 Mn5-016  83.93(18)
023-Mn2 021  90.78(17) Ol -Mn5-O16 95.83(15)
O14-Mn2-021 85.93(17)  O5Mn5-0O16 89.55(17)
02-Mn2- 019  86.02(14)  O10-Mn5-021  87.36(16)
O1-Mn2-019  9522(15)  024-Mn5-021  84.25(17)
023-Mn2-0O19  83.39(16) Ol -Mn5-021 77.12(13)
O14-Mn2 019  9422(16) 05 Mn5-021 96.37(16)
021-Mn2 019  174.15(15) O16-Mn5-021  165.98(16)
O17-Mn3- 90.41(17) 025 -Mn6-06 101.51(17)
026A1

O17-Mn3-03  100.17(17)  025-Mn6-022  99.88(17)
026A-Mn3-0O3 84.31(17)  O6-Mn6-022 89.04(18)
O17-Mn3-013  172.05(18)  025-Mn6-O8 84.39(17)
026A-Mn3-O13 83.28(17)  O6-Mn6-O8 82.06(17)
03-Mn3-0O13  84.07(17) 022 Mn6 08 170.77(17)
017-Mn3-019  92.22(16) 025 Mn6-09 165.61(15)
026A-Mn3-019 102.30(17)  O6-Mn6-09 88.52(16)
03-Mn3-019  165.97(16)  022-Mn6-09 90.49(16)
013-Mn3-019  84.44(16)  0O8-Mn6-09 86.85(15)
017-Mn3-02  99.54(15)  025-Mn6-02 90.50(14)
026A-Mn3-02  170.00(16)  O6-Mn6-02 160.84(16)
03-Mn3-02 92.96(14)  022-Mn6-02 103.68(15)
013 Mn3-02  86.88(14) 08 Mn6-02 84.35(14)
019-Mn3-02  78.40(13)  09-Mn6-02 77.27(13)

[a] Symmetry code: A: x — 1/2, -y + 1/2, —z + 1.

The two Mn'! atoms (Mn3 and Mn6) (Table S1) within
one Mn4O tetrahedron, with Mn3-02-Mn6 = 129.06(15)°,
connect to two adjacent clusters through the 3,3-bridging
propionato ligands, which results in a one-dimensional, zig-
zag-like chain network (Figure 4). The closest distance be-
tween two Mn atoms belonging to two Mng cluster units is
4.878(4) A, which is significantly shorter than those formed
by 4,4’-bipyridine-type linkers reported before.l’*>¢ To the
best of our knowledge, this polymer represents the first ex-
ample of a one-dimensional polymer constructed from
manganese oxide clusters held together by relatively short
carboxylate groups.

An interesting supramolecular network topology and
crystal packing motif are also observed in the crystal struc-
ture of 2-:2nEtCO,H. Neighboring polymeric chains con-
nect to each other by five hydrogen-bonding interactions
5277
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Figure 4. A view of the 1D zigzag chain of 2 extended along the a
axis; both methyl groups of the propionato ligands and all hydro-
gen atoms are omitted for clarity.

(Table 2) involving four coordinated water molecules and
the carboxyl O atoms (013, O15, 016, 020, and 022) of
symmetry-related chains to generate a two-dimensional,
wavelike supramolecular layer with a 4-connected topology
similar to that found in complex 1. (Figure 5). These supra-
molecular layers are stacked parallel to each other to afford
wavelike interlayer regions between which the uncoordi-
nated propionic acid molecules are sandwiched (Figure S2).

Figure 5. A view of part of 2D 4-conneted topology layer formed
by interchain hydrogen bonds in 2, extended along the ac plane;
both methyl groups of the propionato ligands and all hydrogen
atoms are omitted for clarity; H-bonds are depicted as black
dashed lines.

Magnetic Properties

Variable-temperature magnetic susceptibility data were
measured for both complexes in the temperature range 2.0—
310 K. The resulting plots of the effective magnetic moment
(uerr) and the inverse molar magnetic susceptibility (1/y,,)
vs. temperature (T) for complex 1-3H,O are given in Fig-
ure 6 (top). At 300 K, the effective magnetic moment is
11.8 ug per Mng unit, which is somewhat lower than the
spin-only value of 13.7 pg expected for a set of high-spin,
noninteracting Mn',Mn'™, ions. The u value decreases
gradually from room temperature down to about 70 K and
then begins to decrease abruptly to reach ca. 2.5 ug at
2.0 K, which indicates the presence of significant intramo-
lecular exchange interactions. The 1/y,, vs. T plot is essen-
5278
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tially linear above 50 K and obeys the Curie—Weiss law [y,
= CIT - 0)] with C = 18.5cm?K'mol and 0 = -31.6 K.
The negative Weiss constant of —31.6 K indicates prevailing
antiferromagnetic interactions between the manganese ions.
Complex 2-2nEtCO,H exhibits a similar magnetic behavior
to that of complex 1:3H,0, as shown in Figure 6 (bottom).
The least-squares fit of the data above 50 K to the Curie—
Weiss equation yields the Curie constant C =
19.3 cm?*K'mol and the Weiss temperature 0 = -33.2 K.
The magnetic behavior displayed by these two compounds
are consistent with that seen for [MngO,(O>CP)o(py)--
(MeCN),,[1 where the prevailing antiferromagnetic ex-
change interaction between the two central Mn'" atoms
within the [MngO,]'%" core was estimated to be 42 cm™'.

12

0 50 100 150 200 250 300
TIK]

43

0 50 100 150 200 250 300
TIK]

Figure 6. Plots of the observed effective magnetic moment ()
and the inverse molar magnetic susceptibility (1/y,,) vs. T for com-
plexes 1:3H,0 (top) and 2-2nEtCO,H (bottom) (the solid lines rep-
resent the calculated values).

In order to detect the possible existence of a weak ferro-
magnetic interaction, zero-field-cooled (ZFC) and field-co-
oled (FC) measurements in the temperature range 2-70 K
with a small applied magnetic field of 200 Oe have also been
carried out on 2:2nEtCO,H, and the resulting plots of the
temperature-dependent magnetization are shown in Fig-
ure S3. The ZFC and FC magnetization curves are almost
identical, both showing a maximum for the molar suscep-
tibility at around 16 K, which provides further evidence of
antiferromagnetic interactions between the magnetic cen-
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ters. These results indicate that the possibility of a weak
ferromagnetic contribution within the complex can be ex-
cluded.

Conclusions

In summary, we have demonstrated a new manganese
propionate zigzag-like chain coordination polymer,
[MngO,(0,CEt);o(H,0)4],, (2), aggregated from newly pre-
pared hexanuclear, mixed-valence Mn oxide cluster building
units, [MngO,(0O,CEt)o(H,0)4] (1), with the retention of
both the Mng core and the four peripheral ligated water
molecules of 1. Complex 2 can be regarded as a rare exam-
ple of the coordination polymer built from multinuclear,
mixed-valence Mn oxide cluster units, since the relative
frailness of mixed-oxidation-state Mn clusters and their in-
herent tendency to disproportionate make them prone to
decomposition and/or other structural transformations dur-
ing the polymerization process. Furthermore, the analysis
of the magnetic properties reveals moderately strong anti-
ferromagnetic interactions within the polymeric complex 2,
similar to those observed in the discrete cluster complex 1.
Thus, this study represents a preliminary successful attempt
with respect to the initially intended introduction of the
cluster properties to the polymeric framework. In order to
advance our goal of developing new cluster-based extended
systems with intriguing physical properties, it may be neces-
sary to tune both the cluster moiety as the building unit
and the bridge between the cluster units.

Experimental Section

General Remarks: All chemicals were of reagent grade and used as
received. Elemental analyses were performed with a Vario EL 111
CHNOS element analyzer. Infrared spectra were recorded on a
Magna-75 FTIR spectrophotometer by using pressed KBr pellets
in the range 400-4000 cm™'. Variable-temperature (2-310 K) mag-
netic susceptibilities were measured on a PPMS magnetometer
(Quantum Design) at an applied field of 10 kG with the crystalline
sample kept in the capsule for weighing. Diamagnetic corrections
were estimated with Pascal’s Table.

[MngO,(0,CEt),o(H,0)4-3H,0 (1-:3H,0): NaOH (30 mmol,
1.20 g) dissolved in H,O (20 mL) was added in portions to a solu-
tion comprising EtCO,H (30 mmol, 2.3 mL) in MeOH (20 mL)
over a period of 30 min. The resulting clear solution was mixed
with a solution of MnCl,4H,O (10 mmol, 1.98 g) in MeOH
(20 mL) while continuously stirring, followed by addition of solid
NaOMe (5 mmol, 0.27 g). After stirring overnight, the black-red
reaction mixture was filtered to remove a small amount of the
brown precipitate. The filtrate was allowed to stand undisturbed at
room temperature for about two months so that natural evapora-
tion could take place, during which time a few of brown prismlike
crystals of 1-:3H,O suitable for single-crystal X-ray diffraction were
produced. A large amount of the brown-red precipitate, which was
confirmed to have the same component as 1:3H,0O by elemental
analysis, was also produced. Yield: 1.30 g (64% based on Mn).
Recrystallization of the brown-red precipitate in MeOH at room
temperature also afforded single crystals of 1:3H,0. C30HgMngOs9
(1218.45): caled. C 29.57, H 5.29; found C 29.66, H 5.21. IR: V =
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3432 (br. s), 2980 (m), 2943 (m), 1571 (vs), 1468 (m), 1424 (s), 1385
(m), 1373 (m), 1301 (m), 1246 (w), 1080 (m), 1013 (w), 889 (w),
813 (w), 613 (m), 582 (m), 469 (w) cm .

[MngO,(0,CEt);o(H,0)4,-2nEtCO,H (2-:2nEtCO,H): The bulk
material of 1:3H,O (0.5 mmol, 0.61 g) dissolved in MeOH (15 mL)
was sealed in a 20 mL Teflon-lined, stainless-steel vessel, which was
then heated at 90 °C for 4 d under autogenous pressure, and then
cooled to room temperature. The resulting red-brown solution was
filtered, and the filtrate was allowed to stand undisturbed at room
temperature for several days so that natural evaporation could take
place, during which time brown, thin platelike crystals of
2:2nEtCO,H suitable for single-crystal X-ray diffraction were de-
posited. Yield: 0.24 g (37% based on 1-3H,0). C;34H,(Mn¢O5
(1312.56): caled. C 32.94, H 5.38; found C 33.02, H 5.32. IR: ¥V =
3427 (br. s), 2983 (m), 2943 (m), 1716 (s), 1571 (vs), 1468 (s), 1421
(vs), 1373 (s), 1302 (m), 1291 (m), 1247 (w), 1217 (w), 1081 (m),
1026 (w), 888 (w), 814 (w), 666 (m), 620 (s), 577 (m), 520 (w), 470
(w) cm ™.,

X-ray Crystallography: Intensity data of both complexes were col-
lected at 295(2) K on a Rigaku Mercury CCD area-detector dif-
fractometer with graphite monochromated Mo-K, radiation (4 =
0.71073 A). Data reduction and cell refinement were performed
with the SAINT program,'® and absorption correction was carried
out by using the SADABS program.['!l The structure was solved
by direct methods and subsequent difference Fourier syntheses and
refined on F? by full-matrix least-squares methods by using the
SHELXTL-97 program package.l'?l All non-hydrogen atoms were
refined anisotropically. Alkyl H atoms were placed in calculated
positions and treated as riding atoms, while the H atoms on both
the water molecules and the protonated carboxyl groups were lo-
cated from the different Fourier maps. In 1:3H,O, the water O14
atom was disordered over the inversion center, and the water O15
atom, located on a crystallographic general site, also displayed
some disorder, so no effort was made to add H atoms to them. The
methyl group carbon atoms of both one propionato ligand in
1-:3H,0 and six propionato ligands in 2-2nEtCO,H were disor-
dered, so no action was taken to introduce H atoms to them, and
the site-splitting treatments were performed on them accordingly.
CCDC-687840 and CCDC-687841 contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Crystal Data for 1-:3H,0: C;oHguMngO,9, Mr = 1218.45, ortho-
rhombic, space group Pnna, a = 14.2089(6), b = 21.4910(11), ¢ =
16.4247(6) A, V = 5015.54) A3, Z = 4, Deyed. = 1.614 glem 3,
F(000) = 2504, 1 = 1.551 mm 3, 36782 reflections collected, 5730
unique (R;, = 0.0316), 20,,., = 54.98°, GOF = 1.002, R = 0.0472
and Rw = 0.1341 [5069 observed reflections with 7> 2ao(7)] for 321
parameters and 5 restraints, largest residuals ppamin = 0.449/
—0.418 A,

Crystal Data for 2-2nEtCO,H: C34H;0MngO3o, Mr = 1312.56, or-
thorhombic, space group Pbca, a = 13.651(4), b = 25.827(8), ¢ =
30.312(10) A, ¥ = 10687(6) A3, Z = 8, Degea. = 1.632 glem3,
F(000) = 5408, u = 1.464 mm3, 64285 reflections collected, 9408
unique (Rjy = 0.0506), 20,,.« = 50.06°, GOF = 1.059, R = 0.0680
and Rw = 0.1987 [8199 observed reflections with /> 2c(/)] for 650
parameters and 29 restraints, largest residuals ppax/min = 0.673/
—0.792 e A3,

Supporting Information (see footnote on the first page of this arti-
cle): Bond valence sum (BVS) calculations for each Mn ion in both
complexes, two packing diagrams for the two complexes, and plots
of magnetization as a function of temperature for 2-:2nEtCO,H.
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