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ABSTRACT 
 

A new metal-organic compound, [Fe(Pydc)(DMSO)(H2O)Cl], (where Pydc is pyridine-2, 6-
dicarboxylate and DMSO is dimethyl sulfoxide), has been synthesized and characterized by single 
crystal X-ray diffraction, TGA/DTA, IR and Raman spectroscopy. Green-yellow crystals, 
crystallized in the monoclinic system, space group P21/n, a = 7.2461(4) Å, b = 10.3018(4) Å, c = 
17.7667(10) Å, α = 90°, β = 90.014°(5), 1329.54(12) Å3, Z = 4 and R = 0.0317. In the molecule of 
the crystallized compound Fe ion is sixfold coordinated with distorted octahedral geometry and 
the structure is stabilized by O-H…O hydrogen bonds. 
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INTRODUCTION 
The design and synthesis of metal-organic 
compounds have received extensive interest due 
to their intriguing structural topologies as well as 
a potential application as functional materials. 
Complexes of the pydc, benzentetracarboxylate 
and a few other carboxylates ligand with a mono-
, bi- and trivalent lanthanide and transition 
metals have been investigated, synthesized and 
characterized by different researchers [1-4]. In 
these complexes, pydc acts as an N- and O-atom 
donor ligand, forming coordination polymers in 
the solid state. The titled compound 
[Fe(Pydc)(DMSO)(H2O)Cl]  

structure was reported in 2006 [5]. In this 
research compound 1 has been characterized 
using single crystal X-ray diffraction, powder X- 
 

 
 
ray diffraction, DTA-TGA, IR and Raman 
spectroscopy.   
 
EXPERIMENTAL 
2.1. Materials and methods 
All chemicals purchased were of reagent grade 
without further purification. The 
thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) was 
performed on a Netzsch STA 409, 
thermogravimetric analyzer under atmospheric 
environment at a heating rate of 10°C/min. The 
inferared spectrum was recorded within the 400-
4000cm-1 region on a Bruker FT-IR spectrometer 
using KBr pellets. Raman spectra of the samples 
were collected using Thermo Nicolet Almega 
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dispersive micro-Raman scattering spectrometer 
operating by a 532 nm laser line in a back-
scattering configuration with a laser power of 
about 30 mW with the spectral resolution of 4 
cm-1.  The powder  X-ray  pattern of compound 1  
investigated using Philips X-pert pro instrument. 
 

2.2. Synthesis 
The H2pydc solution (0.7 g, 4.2 mmol) was 
dissolved in 20 ml of DMSO solution, and 1.135 
gr (4.2 mmol) of FeCl3.6H2O was dissolved in 40 
ml of water. The first solution was added to 
aqueous solution with gentle stirring and 
refluxed for 5h in 70°C. The consequent pale-
yellow solution evaporated at room temperature 
up to reaching to gel state. The consequent gel 
was dissolved in 20 ml of acetonytryl and left at 
room temperature for 6 months, forming green-
yellow prismatic crystals (70.2%) with melting 
point of 216°C. 
 

2.3. X-ray crystal structure determination 
The X-ray diffraction measurements were made 
on a STOE IPDS-II diffractometer with graphite 
monochromated Mo-Kα radiation. For 
[Fe(Pydc)(DMSO)(H2O)Cl], a green-yellow 
prismatic crystal with a dimension of 0.60 × 0.45 
× 0.31 mm was mounted on a glass fiber and 
used for data collection. Cell constants and an 
orientation matrix for data collection were 
obtained by least-squares refinement of 
diffraction data from 4048 unique reflections. 
Data were collected at a temperature of 293(2) K 
to a maximum 2θ value of 61.08° and in a series 
of ω scans in 1° oscillations and integrated using 
the Stoe X-AREA [I] software package. The 
numerical absorption coefficients, µ, for Mo-Kα 
radiation are 1.512 mm-1. A numerical absorption 
correction was applied using X-RED [II] and X-
SHAPE [III] software's. The data were corrected 
for Lorentz 

and Polarizing effects. The structures were 
solved by direct methods [IV] and subsequent 
difference Fourier map and then refined on F2 by 

 
 
 
 
 
 
 

a full-matrix least-squares procedure using 
anisotropic displacement parameters [IV]. 
All of hydrogen atoms were located in a 
difference Fourier map and then after refined 
isotropically. 

Subsequent refinement then converged with R 
factors and parameters errors significantly better 
than for all attempts to model the solvent 
disorder. Atomic factors are from International 
Tables for X-ray Crystallography [V]. All 
refinements were performed using the X-
STEP32 crystallographic software package [VI]. 
 
I. Stoe & Cie, X–AREA, vesion 1.30: Program 
for the acquisition and analysis of    
      data; Stoe & Cie GmbH: Darmatadt, 
Germany (2005). 
II. Stoe & Cie, X–RED, vesion 1.28b: Program 
for data reduction and absorption  
      correction; Stoe & Cie GmbH: Darmatadt, 
Germany (2005). 
III. Stoe & Cie, X–SHAPE, vesion 2.05: 
Program for crystal optimization for      
      numerical absorption correction; Stoe & Cie 
GmbH: Darmatadt, Germany (2004). 
IV. G. M. Sheldrick, (1997), SHELX97. Program 
for crystal structure solution and       
      refinement. University of Göttingen, 
Germany. 
V. International Tables Foe X-ray 
Crystallography, Vol C, Kluwer Academic  
      Publisher, Doordrecht, The Netherlands 
(1995). 
VI. Stoe & Cie, X-STEP32, Version 1.07b: 
Crystallographic package; Stoe & Cie  
      GmbH: Darmstadt, Germany  (2000). 
 
Crystallography data, atomic coordinate, bond 
lengths and angles, anisotropic displacement 
parameters, Hydrogen coordinates and torsion 
angles are presented in Tables 1 to 6 
respectively. 
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RESULTS AND DISCUSSION 
3.1. Structure description 
The metal coordination environments of title 
compound 1 are shown in Fig. 1. The 
coordination of the Fe atom in (I) is a distorted 
octahedral. The site occupied by O atoms of the 
pydc ligand show a distortion in the equatorial 
plane. The O1-Fe1-O3 angle is distorted from 
linaerity by about 28.73°. The angle of S1-O5-
Fe1 is 118.91(8). These observed large angles 
may belong to the steric hinderances induced by 
methyl groups of DMSO and lone pairs on 
oxygen of DMSO with Fe atom environment. 
According to experimental geometry data for 
DMSO-bond angles are: CSC: 96.5° and CSO: 
106.5°. At this complex the bond angles of 
DMSO ligand are: e.g. C8-S1-C9: 100.44(4)°; 
O5-S1-C9: 102.74(10)° and for O5-S1-C18: 
103.92(10) °. Therefore they almost have not 
been changed. The other four sites around the Fe 
atoms are occupied by two O atoms of dimethyl 
sulfoxide and water molecules in vertical 
direction, one N atom of the pydc ligand and one 
Cl atom in equatorial direction, producing a 
square skeleton with slightly distortion to 
tetracarboxylate section. The Fe-Cl, Fe-N as well 
as Fe-O bond lengths are in aggrement with the 
corresponding ones in 
[Fe2(pydc)2(H2O)6].2pydcH2 [3]. The crystal 
structure is stabilized by intermolecular O-H . . 
.O hydrogen bonds, where linking the molecules 
in chains. 

 
 
Fig.1. The molecular structure of 1 with the atom 
numbering scheme. Displacement ellipsoids are 
drawn at the 50% probability. 
 

3.2. Thermogravimetric analysis 
Thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) curves have 
been obtained in air for titled compound in the 
temperature range of 35-1000°C (Fig. 2). The 
TGA curve exhibit four well-separated weight 
loss stages in the temperature ranges of 184.2°C 
to 220°C with 7.36% weight loss, 220°C to 
300°C with 28.98% weight loss, 300°C to 450°C 
with 16.10 weight loss and 450°C to 640°C with 
28.10 weight loss. From this point a black stable 
phase Fe2O3 remain constant, indicating an 
80.06% weight loss. 
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Fig.2. DTA/TGA curves of 1 recorded in air. 
 
3.3. Raman Spectroscopy 
Typical recorded Raman spectra of the sample 
have been illustrated in Fig. 3. In the Raman 
spectra four distinct regions can be clearly 
distinguished. 
Region a: The high frequency region which is 
mainly in the spectral region of 2800-3100 cm-1 
and are assigned as the C-H symmetric and 
asymmetric stretching vibrational modes. 
Region b: The medium frequency region located 
in the spectral region of 1400-1700 cm-1 
corresponding to C-C and C=O modes. 
Region c: This region, which is located in the 
400-1400 cm-1, is assigned as the internal lattice 
modes of the compound such as the internal 
modes of the Fe-Cl, Fe-N and Fe-O bonds. 
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Region d: The low wavenumber region in the 
Raman spectral region below 400 cm-1 has been 
assigned as the external lattice modes of the 
structure mainly due to external lattice 
vibrations, librations and backbone deformations. 
 
 

 
 

Fig.3. Raman spectra of compound 1. 
 
3.4. FT-IR spectroscopy 
The IR spectrum of compound 1 (Fig. 4) shows 
the characteristics bands in 2900 to 3300cm-1 
which is attributed to the vibration of O-H of 
water molecule coordinated with iron [8]. The 
absorbance band at about 1633cm-1 and of 
363cm-1 are assigned to ν(S=O) and Fe-
O(DMSO) correspondently [9].  
The absorbance band at 389cm-1 is attributed to 
ν(Fe-OH2) and Pw(H2O)=575cm-1 [9] and bands 
of 1292cm-1, 1429cm-1 and 1620cm-1 are 
assigned to ν C-O [8], νsymCOO and 
νasymCOO respectively [9]. Absorbance band of 
C=N pyridine's ring appears in 1590cm-1. 
In the literature absorbance bands of 260cm-1 
attributed to vibration of Fe-N [11], while those 
of 286cm-1 and 299cm-1 related to Fe-Cl 
vibration [12-13]. Absorbance band of 440cm-1 
and 681 assigned to deformational modes of 
pyridine's ring  as well as to M-O bands[9a&9b]. 

 

 
Fig.4. IR spectrum of compound 1. 
 
3.5. Powder X-ray pattern 
The sample were powdered by mortar and pestle 
and prepared on zero background Si-cut sample 
holder. The powder X-ray pattern of compound 1 
investigated using Philips x-pert pro instrument. 
The difractogram and table of lines, and intensity 
presented in Table (7) and Fig. (5). 
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Fig.5. Diffractogram of compound 1.  
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CONCLUSION  
In summary, we have successfully synthesized 
and characterized a new metal-organic molecule 
of aquachloro (dimethyl sulfoxide-kO) (pyridine-
2, 6-dicarboxylato-k3O,N,O')iron(III), in which 
pydc acts as an N- and O-atoms donor ligand, 
forming coordination polymers in solid state. 
 
Supplementary material 
Crystallographic data for structural analysis have 
been deposited with the Cambridge 
Crystallographic Data Center with the deposition 
No. of CCDC. 
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