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Synthesis, Structure and Magnetic Properties of a Novel 2-D Supramolecular
Network Formed by the Fe;O Building Unit through Three Hydrogen Bonds

YANG Yu-Hua TIYi-Zhi WEI Ji-Cong YOU Xiao-Zeng WANG Tian-Wei BAI Jun-Feng*
(Coordination Chemistry Institute, State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)

A novel 2-D supramolecular network formed by the Fe30 building unit through three hydrogen bonds [Fe;O
(0,CCH,0C4H5)s(3H,0)INO5 < 2H,0 (1) are presented. The title complex crystallizes in monoclinic, space group
P2/n, with a=1.709 3(2) nm, 6=3.1529(3) nm, ¢=1.021 2(2) nm, V=5.503 5(14) nm’, Z=4, D,.,,=1.500 g-cm?, F
(000)=2564. Each Fe;O unit is connected by three NO; ions and inversely each NO;™ ion is surrounded by three
Fe;0 moieties. It shows that the well-known Fe;O unit is a potential three H-donors and may be able to be a
three-connected linker. This complex displays weak anti-ferromagnetic coupling between Fe(ll) centers. Electro-

chemical experiments were carried out to obtain the character of its redox reaction. CCDC: 222011.
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(1). Furthermore, its structure and magneto-chemical

properties have been investigated.
1 Experimental

1.1 Synthesis

Complex (1) was prepared as follows. To a solu-
tion of Fe(NO,);-9H,0(1.515 £,3.75 mmol) and phe-
noxy-acetic acid (0.19 g, 1.25 mmol) in water (10 mL),
a solution of NaOH (0.06 g, 1.5 mmol) in ethanol (10
ml) was added and a red precipitate appeared in-
stantly. 2 h later, the product was collected by filter,
washed with water (3x5 mL) and dried under vacuum.
Deep red crystals were obtained by slow evaporation
of the filtrate at room temperature over three weeks.
The yield is 28%. Anal. Caled(%): Fe;05CsHsN: C,
46.45; H, 4.62. Found(%): C, 46.42, H, 4.59. FT-IR
(KBr, 400~4 000 cm™): 3445.93 ¢cm™(w), 1 627.78 cm™
(vs), 1600.23 cm™(vs), 1 589.40 cm™(s), 1497.20 cm™
(m), 1466.03 em™(m), 1427.00 em™(m), 1384.26 cm™
(m), 1234.02 em™(m), 1071.77 em™(w), 725.51 cm™
(m), 582.77(m), FT-IR(KBr, 400~4 000 cm™) (Phe-
noxy-acetic acid): 2919.97(w), 1735.25 (s), 1699.80
(s), 1598.43 (m), 1499.62(m), 1437.64(ms), 1234.95
(s), 1094.12, 755.35(s), 688.90(s), 510.37(m).
1.2 Crystal Structure Determination

A well-shaped 0.2 mm x 0.3 mm x 0.2 mm indi-
vidual crystal was chosen for X-ray data collection
which performed on a SMART APEX CCD diffractome-
ter using graphite-monochromated MoKo radiation (A=
0.071 073 nm) at room temperature. The title complex
crystallizes in monoclinic, Space group P2)/n, with a=
1.709 3(2) nm, 5=3.1529(3) nm, ¢=1.021 2(2) nm, V=
5.503 5(14) nm?®, Z=4, D 4,=1.500 g-cm, F(000)=
2564. A total of 28 832 intensity data were collected
in the range 2.1°<6<26.0°, of which 10784 were u-
nique. The structure was solved by direct methods and
the all non-hydrogen atoms were refined anis-tropical-
ly by the full-matrix least-squares method. Hydrogen
atoms of water molecules were found in the Fourier
difference map and other hydrogen atoms were added

geometrically and were not refined. The finally R, and

wR, was 0.053 8, and 0.1300 respectively, w=1/[oX(F,?)

+(0.080 0P)*+1.550 OP] where P=(F?+2F2)/3. The key
crystallographic data and structure refinement for the
complex are given in Table 1.

CCDC: 222011.

Table 1 Crystal Data and Structure Refinement Details

for [Fe;O(0,CCH,OCHs)i(3H,0)INO;-2H,0

CyHsFe;05N
1242.46

formula
formula weight

crystal system monoclinic

space group P2//n (No.14)

a/ nm 1.709 3(2)

b / nm 3.152 9(3)

¢/ nm 1.021 2(2)

B/ 90.210(10)

V / nm? 5.503 5(14)

Z 4

Dy ! (g cm™) 1.500

w/ mm™ 0.869

F(000) 2 564

crystal size / mm’® 0.20 x0.20 x 0.30

temperature / K 293

BOrins Oue 1 (°) 2.1, 26.0

index range 21 <h < 18,
-38 < k < 38,
-2=sl<11

1 0784 (R,=0.038)
pbserved reflections [[>207(I)] 7 883

Ry, wR, R=0.053 8, wR,=0.130 0
GOF 1.06

reflections unique

2 Results and Discussion

2.1 IR Spectra and Description of the Structure
The A value (¥(C=0)-v(C-0)=27.55 cm™) of title

complex is smaller than that of free ligand anion

(35.45 cm™)

acid coordinates to Fe as the bi-chelating modeP. Fur-

which indicates that the phenoxy-acetic

thermore, the characteristic band at 582.77 cm™ iden-
tifies the existence of the Fe;O coreP.

The phenoxy group was introduced into this well-
known [Fe;O(RCOO)¢;]* species (where L is H,O or
pyridine and R is an alkyl or aryl group). The asym-
metry unit of the complex is depicted in Fig.1.

The complex is tri-nuclear with the central oxy-

gen atom O(7) lying approximately in the plane of the
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Fig.l1 ~Asymmetry unit structure of complex (1)
three irons. Every Fe atom is octahedral coordinated
by six O atoms in which one is the central O, the oth-
er from water molecules, and the next four from
bridging phenoxy-acetic acid groups. The average Fe-
0(7)-Fe angle is 120°, and distance is 0.192 5 nm.
The average values for the other four Fe(1,2,3)-O bond
distances are Fe(1)-0=0.203 1 nm; Fe(2)-0=0.200 2
nm; Fe(3)-0=0.203 5 nm; Fe(1)-01w=0.208 4 nm. The
bond angles of central O-Fe(n)-O from carboxylate group

are 94.81(9)° (Fe(1)), 95.05(9)° (Fe(2)) , 94.70(9)° (Fe

from the solvent molecules are all nearly 173.25 (9)°.
The average O-Fe-O (carboxylate group) angles are
144.89(9)° (0O-Fe(1)-O(carboxylate)), 116.03(9)° (O-Fe
(2)-0 (carboxylate)) and 116.39 (9)° (O-Fe (3)-O (car-
boxylate)) respectively. Bond lengths and angles with-
in the trinuclear cluster are consistent with values
found for other iron basic carboxylate structures®. The
other bond lengths and angles for the complex are list-
ed in the Table 2.

The most striking feature of this system is that
three iron-coordinated waters and nitrate ions form a
novel planar array the oxygen atoms of nitrate (071,
072, 073)and coordinated water (O1w, O2w, O3w) al-
most lie in the plane of the three irons by three
bonds, O03W-H3WA---073_§1, 0.2727(3) nm, 146.0°;
OIW-HIWA---072_%2, 0.2765 (3) nm, 121.4°;
02W-H2WA ---071_%3, 0.287 3(3) nm, 157.8°, re-
(Fig.2).

three NO;™ ions and inversely each NO;™ ion is sur-

spectively. Each Fe;O unit is connected by

(3)),respectively. The bond angles of central O-Fe-O rounded by three Fe;O moieties. This complex shows
Table 2 Selected Bond Lengths (nm) and Angles (°)
Fel-01W 0.208 4(2) Fel-07 0.198 2(2) Fel-O11 0.201 9(2)
Fel-032 0.200 3(2) Fel-042 0.203 4(2) Fel-061 0.207 0(2)
Fe2-02W 0210 3(2) Fe2-07 0.191 1(2) Fe2-012 0.201 7(2)
Fe2-021 0.199 1(2) Fe2-041 0.201 1(2) Fe2-052 0.198 7(2)
Fe3-03W 0.206 3(2) Fe3-07 0.188 3(2) Fe3-022 0.203 4(2)
Fe3-051 0.205 8(2) Fe3-031 0.204 8(2) Fe3-062 0.200 1(2)
O1W-Fel-07 174.49(10) 021-Fe2-052 95.54(9) O1W-Fel-O11 84.95(9)
041-Fe2-052 88.81(9) 01W-Fel-032 85.35(9) 03W-Fe3-07 172.88(9)
01W-Fel-042 83.88(9) 03W-Fe3-022 88.78(9) 01W-Fel-061 87.23(9)
03W-Fe3-031 82.1009) 07-Fel-011 91.00(9) 03W-Fe3-051 88.98(9)
07-Fel-032 98.16(9) 03W-Fe3-062 82.04(9) 07-Fel-042 92.88(9)
07-Fe3-022 96.23(9) 07-Fel-061 97.2009) 07-Fe3-031 92.97(9)
011-Fel-032 86.49(9) 07-Fe3-051 96.37(9) 011-Fel-042 96.52(9)
07-Fe3-062 93.23(9) 0O11-Fel-061 169.83(9) 022-Fe3-031 88.32(9)
032-Fel-042 168.51(9) 022-Fe3-051 86.25(9) 032-Fel-061 86.41(9)
022-Fe3-062 170.17(9) 042-Fel-061 89.08(9) 031-Fe3-051 169.65(9)
02W-Fe2-07 172.39(9) 031-Fe3-062 93.87(9) 02W-Fe2-012 86.87(9)
051-Fe3-062 90.06(9) 02W-Fe2-021 83.46(9) 02W-Fe2-041 90.00(9)
02W-Fe2-052 80.34(9) 07-Fe2-012 98.60(9) 07-Fe2-021 91.44(9)
07-Fe2-041 95.59(9) 07-Fe2-052 94.59(9) Fel-07-Fe2 120.32(11)
012-Fe2-021 87.66(9) Fel-07-Fe3 118.84(12) 012-Fe2-041 86.43(9)
Fe2-07-Fe3 120.80(11) 012-Fe2-052 166.35(9) 021-Fe2-041 171.42(9)
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Fig.2 View of the planar network of the complex (1) along the
b axis
(For clarity, the PhOCH, groups and the H atoms
except the Hlwa, Hlwb, H2wa, H2wb, H3wa, and
H3wb were omitted)
that the well-known Fe;O unit is a potential three H-
donors and may be able to be a three-connected link-
er.
2.2 Electro-chemistry
The cyclic voltammetry reveals a quasi-reversible
reduction process due to Fe-Fe couple (Fig.3) which

[6.7]

can be explained®” in terms of the simple equilibrium

shown in the equation.

[Fe ]]130(()2C(:H20(16H5)63Hz()]Jr

[Fe sze uO(()z(:CHz()(:461—15)63Hz()]+

+e
—€

Cyclic voltammogram of the complexes shows a
second oxidation wave close to 0.45 V as depicted in

Fig.3.
which has been confirmed by the graph of pure ligand

This may be the oxidation wave of the ligand

in acetonilrile.
2.3 Magetic Properties

The magnetic susceptibility data for complex (1)
were measured over the 75~300 K ranges. From the
Fig.4, it can be seen that y,,I" decreases on cooling
from 2.4 em*+K-mol™ at 300 K and tends to 0.8 cm’-

K-:mol™ at 75 K which indicates an overall anti-ferro-

1200

800

400+

0

T10°/A

-400-]

-800+

400 200 0 200

E/V(200mV-s™

600
Fig.3 (1) complex (1) in acetonitrile; (2) pure ligand in
acetonitrile
E,=0.196; E,=0.082; AE=0.114; E,,=0.139;
1,/1,=0.8655; AE=E,~E.; E\;=1/2(E,+E.,);
E,: anodic peak potential; E,: cathodic peak
potential
magnetic behavior in the higher temperature range. If
it is assumed that the three Fe(ll) ions are equivalent,
a theoretical expression for the molar magnetic sus-
ceptibility can be derived by using the Kambe vector-
coupling method and the Van Vleck equation. The ex-
change magnet constant J was fitted by eqs.1~2 which
are shown as follows:
_NgBA
Xo™"45TB
Where
A =1+20exp(3x)+105exp(8x)+210exp(15x)
+330exp(24x)+429exp(35x)+455exp(48x)
+340exp(63x),
B=1+4exp(3x)+9exp(8x)+10exp(15x)+10exp(24x)
+9exp(35x)+7exp(48x)+4exp(63x),
x=J/ kT and

, X
X = , 2 2,
1-(2zJ'INg B )x,,

4.38
7

considers inter-cluster interaction with

@)

2)

where "=, (1-p)+p
Equation (2)

molecular field model®  which involves inter-cluster
coupling constant zJ' and impurity like monomer para-
magnetic impurity by the percents p. The fitting gave the
results that /=-59.14 cm™, g=2.10, p=0.081, zJ'= -3.07

exp cal 2

em™ and R=2.05x107 (R= ¥ (. ~x.) 1 2 ("))
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Fig.4 Temperature dependence of x,, T’

and the fitting line was shown in Fig.4.

In conclusion, we have reported a novel planar

supramolecular network based on the Fe;O cluster,
demonstrated that the Fe;O cluster can be utilized as
a 3-connected linking unit to construct supramolecule

arrays by hydrogen bond. In addition, its magnetic

property has been investigated in details.
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