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Synthesis and Crystal Structure of Iron(Il) Coordination Polymer Composed of 1D Chains
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Abstract: A coordination polymer, namely [Fe (DPPZ) (dipic)], (1) (DPPZ =dipyrido[3,2-a:2",3" -c|phenazine and
H.dipic =pyridine-2,6-dicarboxylic acid), has been obtained by using hydrothermal synthesis method. The crystal

structure was determined by X-ray single crystal structure analysis with the following data: Monoclinic, P2/c, a=
0.79495(16) nm, b=3.601 1(7) nm, ¢=0.734 32(15) nm, B=106.07(3)°, V=2.020 0(7) nm*, Z=4, M,=503.25, D.=1.655
g-em™, F(000)=1 024, u(Mo Ka)=0.795 mm™', R=0.038 5 and wR=0.081 0. Complex 1 has octahedral coordination

geometry and forms 1D zigzag coordination chains that organize into an unusual 3D supramolecular motif through

noncovalent bonds, such as 7-7 stacking interactions and C—H --- O hydrogen bonds. The result of TG analysis

indicates that the title complex is stable till 290 C. CCDC: 716602.
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0 Introduction

Coordination polymers have attracted much interest
from chemists by their intriguing structural diversities
and molecular topologies, and also their potential
applications as functional materials in magnetism,
luminescence, molecular recognition, catalysis and

chirality etc!"®. Much attention in this area has been

Wi H #7.2008-10-07, WiEdidis H #1.2008-12-18

focused on the design and construction of novel
topological structure and the relationships between
their frameworks and properties”. Building blocks
derived from the appropriate modification of 1,10-
phenanthroline (phen) have hitherto been extensively
explored, as ligands in different transition metal comp-
lexes® ", Dipyrido[3,2-a:2",3" -c]phenazine (DPPZ) as

an important derivative of phen has been widely used to
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construct metal-organic complexes due to its excellent
coordinating ability and further capacity to provide
potential supramolecular recognition sites for -7
aromatic  stacking interactions ".  Furthermore,
coordination polymers based on DPPZ in combination
with nitrogen-containing heteroaryldicarboxylate ligand,
such as pyridine-2,6-dicarboxylic acid (H,dipic) have
not been studied. As an extension of our study, we
adopt hydrothermal techniques and successfully synth-
esize a new 1D coordination polymer: [Fe(DPPZ)(dipic)],
(1), building from iron(Il) ion and the mixed ligands.
Herein, we present the synthesis, structural and
thermal property of complex 1 and supramolecular
interactions such as -7 stackings and C—H---O hyd-
rogen bonds responsible for the extended networks are

also discussed.
1 Experimental

1.1 Materials and general methods

With the exception of the ligand DPPZ, which was
synthesized by the method of the literature!", all chem-
icals purchased were of reagent grade and used without
further purification. FTIR spectra (KBr pellets) were
taken on a Perkin-Elmer 2400LSII spectrometer. The
C, H, N elemental analysis was carried out with a
Perkin-Elmer  240C
thermogravimetric analysis
NETZSCH STA 449C analyzer.
1.2 Synthesis of the title compound

A mixture of FeSO,-4H,0 (0.1120 g, 0.5 mmol),

element analyzer, whereas

(TG) was conducted on a

DPPZ (0.141 0 g, 0.5 mmol), H,dipic (0.083 0 g, 0.5
mmol), NaOH (0.008 0 g, 0.2 mmol) and H,O (15 mL)
were placed in a 25 mlL Teflon-lined stainless steel
vessel and then heated to 160 °C for three days and the
reactant was cooled at a rate of 5 °C +h™. The brown
crystals were obtained with a yield of 70.2% based on
Fe. Elemental analysis: caled. for 1(%): C, 59.67; H,
2.60; N, 13.92. Found(%): C, 59.64; H, 2.62; N, 13.93.
Main IR bands (cm™): 3 109s, 1 625s, 1 570s, 1 447w,
1408w, 1365m, 1 123m, 737s.
1.3 Crystal structure determination

Single crystal X-ray diffraction data of complex 1
was collected on a Bruker Smart Apex CCD diffracto-
meter at 292(2) K with Mo K« radiation (A=0.071 073
nm). A total of 17 260 reflections were collected in the
range of 2.26°<60<26.05°, of which 3979 were unique
with R;,=0.053 9 and 2 843 with />20(I) were consider-
ed as observed. Empirical absorption corrections were
applied using SADABS!™. The structure was solved by
direct methods with SHELXS-97 program™ and refin-
ed by full-matrix least-squares techniques on F? with
SHELXL-97™". All non-hydrogen atoms were refined
anisotropically and hydrogen atoms isotropically. The
final R=0.038 5 and wR=0.081 0 (w=1/[0*(F,})(0.034 5
P)*+0.856 6P), where P=(F+2F?)/3). S=1.030, (Ap) =
464 and (Ap),in=-389 e ‘nm~ and (A/0),.=0.001.
Further details for crystallographic data and refine-
ment conditions are summarized in Table 1. Selected
bond distances and angles are listed in Table 2.

CCDC: 716602.

Table 1 Crystal data and structure parameters for the title complex

Empirical formula CosH3NsOLFe Absorption coefficient / mm™ 0.795

Formula weight 503.25 F(000) 1024

Temperature / K 292(2) Crystal size / mm 0.332x0.272x0.238

Crystal system Monoclinic 01/ 2.26~26.05

Space group P2/c Limiting indices Osh<9-42<k=s44-9<[<9
a/ nm 0.794 95(16) Reflections collected / unique (R;,) 17 260 / 3 979 (0.053 9)

b/ nm 3.601 1(7) Refinement method Full-matrix least-squares on F
¢/ nm 0.734 32(15) Data / restraints / parameters 3979/0/316

B/ 106.07(3) Goodness of fit on F* 1.03

V /[ nm® 2.020 0(7) Final R indices [I>20(])] R=0.038 5, wR»=0.081 0

D./ (g-cm™) 1.655 Largest diff. peak and hole / (e-nm™) 464, -389
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Table 2 Selected bond lengths (nm) and bond angles (°) for compound 1

Fe-N(1) 0.214 6(2) Fe-N(2)
Fe-0(4) 0.213 71(19) Fe-0(1)
N(5)-Fe-0(4) 97.39(8) 0(1)-Fe-0(4)
N(5)-Fe-N(1) 172.16(8) 0(1)-Fe-N(1)
0(4)-Fe-N(1) 88.63(8) N(5)-Fe-0(3)
0(1)-Fe-0(3) 149.75(7) 0(4B)-Fe-0(3)
N(1)-Fe-0(3) 110.78(8) N(5)-Fe-N(2)

0.217 9(2) Fe-N(5) 0.207 4(2)
0.213 15(19) Fe-0(3) 0.216 86(18)
97.02(8) 0(1)-Fe-N(2) 85.08(8)
99.01(8) N(1)-Fe-N(2) 76.40(8)
74.48(8) 0(4)-Fe-N(2) 165.02(8)
89.09(8) 0(3)-Fe-N(2) 96.55(8)
97.48(8) N(5)-Fe-O(1) 75.35(8)

Symmetry transformations used to generate equivalent atoms: ' x, y, z+1/2.

2 Results and discussion

2.1 Crystal structure of the title complex

The crystal structure reveals that complex 1
exhibits a unique zigzag chain structure consisting
of [Fe(DPPZ)(dipic)] entities. As shown in Fig.1, each
Fe (I) atom is coordinated by three N atoms [Fe-
N(1)=0.214 6(2) nm, Fe-N(2)=0.217 9(2) nm, Fe-N(5)=
0.207 4(2) nm] from one chelating DPPZ ligand and one
dipic* ligand, three O atoms [Fe-0(1)=0.213 15(19) nm,
Fe-(03)=0.216 86(18) nm, Fe-0(4)'=0.213 71(19) nm]
from two dipic®” ligands, residing in a distorted octahe-
dral environment. In 1, each dipic ligand adopts
tridentate coordination mode, the pyridine nitrogen
atom and two oxygen atoms of two carboxylic groups
chelates a Fe(ll) ion, while the others two oxygen atoms
adopt the monodentate and noncoordinated mode,
respectively. On the basis of these connection modes,
the Fe ions are linked by bridging dipic ligands to form
a distinctive zigzag chain running along the [001]

Fe distance of 0.596 2

nm across the single dipic*” bridge. Here, the chains are

direction, with the shortest Fe---

decorated with DPPZ ligands alternately at two sides
(Fig.2). The predominant face-to-face -7 stacking
interactions between the DPPZ ligands of adjacent

Fig.1  Crystal structure of compound 1

chains occur in two different directions with the shortest
centroid-centroid distance being 0.348 1 nm, so a 3D
framework structure is formed. In addition, the C—H---
O hydrogen bonds involving the hydrogen of aromatic
rings and the carboxylic groups of dipic*™ ligands
further stabilize the structure [C(1)-H(1)---O(4): 0.093,
0.256, and 0.309 7(4) nm, 117°, symmetry code: «x,
12—y, 172+4z; C(2)-H(2)---0(2): 0.093, 0.244, and
0.326 6(4) nm, 149°, symmetry code: 1+x, y, 1+z; C(15)
—H(15)---O(1): 0.093, 0.247, and 0.335 1(4) nm, 159°,
symmetry code: x, y, —1+z; C(21)-H(21)---O(3): 0.093,
0.259, and 0.3300 (4) nm, 134°, symmetry code: —1+x,
12—y, =1/2+z).

The symmetry code: ' x, —y+1/2, z+1/2; " X, ¥, z+1;

x, —y+1/2, z+

312,V w, y, 2425V x, —y+ 112, 245025 Y x, y, 2435 T x, —y+1/2, 2472

Fig.2  One dimensional chain of 1 viewed from ¢ axis,

the DPPZ were omitted for clarity

2.2 Thermal analysis

Thermogravimetric experiment of complex 1 was
performed to explore its thermal stability. Complex 1
exhibits two steps of weight losses: the first weight loss
of 33.01% from 290 to 370 °C displays the loss of
dipic®” ligands (caled 32.80%); the second weight loss
of 55.93% from 390 to 470 °C is ascribed to the loss of
DPPZ  (caled 56.06%). The final product may be FeO.
The analysis result indicates that complex 1 is stable at

ambient conditions.
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