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A novel oxo-centred, trinuclear iron nicotinato complex: 
Fe3(O)(C6NO2H5)6(H2O)3·3H2O·7Cl
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Hydrothermal reaction of FeCl3 and nicotinic acid gave a novel, trinuclear metal-nicotinato complex Fe3(O)(C6NO2H5)6

(H2O)3·3H2O·7Cl. An X-ray crystal structure analysis reveals that it features an isolated structure. The crystal belongs 
to the rhombohedral, space group R–3c with a = b = 19.9410(6) Å, c = 30.505(1) Å, V = 10504.9(6) Å3, Z = 6, 
C36H42Cl7Fe3N6O19, Mr = 1278.46, Dc = 1.213 g cm−3, S = 0.980, µ(MoKα) = 0.936 mm−1, F(000) = 3894, R = 0.0694 and wR2 
= 0.1579. The iron atom has a slightly distorted octahedral geometry, coordinated by six oxygen atoms. All three 
octahedrons interconnect to each other via corner-sharing an oxygen atom, yielding an oxo-centred, trinuclear 
iron cluster. The [Fe3(O)(C6NO2H5)6(H2O)3]7+ species, lattice water molecules and chloride ions are held together 
via hydrogen bonds to construct a three-dimensional (3-D) open framework, with a large void space (2803.9 Å3) 
corresponding to 26.7% of the unit-cell volume (10504.9 Å3). 
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Supramolecular chemistry is of great interest in the design 
of new solid materials because it takes advantage of self-
assembly to synthesise new materials by virtue of weak coop-
erative interactions such as aromatic π–π stacking interactions, 
ion–ion interactions, hydrogen bonding, dipole–dipole inter-
actions, and ion–dipole interactions to connect subunits 
together and many supramolecular materials have been pre-
pared.1,2 Zeolitic materials with open framework have gained 
increasing attention in supramolecular chemistry due to their 
variable applications as molecular sieves, catalysts, biosen-
sors, etc.3 Especially, organic and coordination zeolitic 
materials have gained much interest because they exhibit some 
specific functions that are not available with inorganic zeolitic 
materials. However, only a few zeolitic materials with 3-D 
open frameworks have been documented.4 Therefore, the 
design and preparation of such materials are still a challenge. 
We have been exploring methods to prepare new coordination 
zeolitic materials by hydrothermal reaction, which is a power-
ful technique in such syntheses. Furthermore, nicotinate anions 
are quite interesting tectons in constructing supramolecular 
and extended structures because they are unsymmetrical diver-
gent ligands that can link two metal centres by coordinating to 
one metal centre with the nitrogen atom and, to the other one, 
with one or two carboxylato-oxygen atoms.5 We report here 
the hydrothermal synthesis and crystal structure of an oxo-
centred, trinuclear, iron nicotinato-complex: Fe3(O)(C6NO2H5)6

(H2O)3·3H2O·7Cl (1), which possesses a 3-D supramolecular 
open framework. 

Experimental 

All reactants of A.R. grade were obtained commercially and used 
without further purification. 

Fe3(O)(C6NO2H5)6(H2O)3·3H2O·7Cl (1): Prepared by mixing FeCl3 
(1 mmol, 162.2 mg), nicotinic acid (2 mmol, 246.2 mg) and distilled 
water (10 mL) in a 23 mL Teflon-lined stainless steel autoclave 
and heated at 200 °C for 10 days. After being slowly cooled to room 
temperature at 6 °C/h, yellow crystals suitable for X-ray analysis were 
obtained; yield 70%.

X-ray structure determination: A yellow single crystal with approx-
imate dimensions of 0.24 × 0.17 × 0.16 mm was placed on the top of 
a glass fibre and mounted on an X-ray diffractometer. The intensity 
data were collected on a Rigaku Mercury CCD X-ray diffractometer 
equipped with a graphite monochromated Mo-Kα radiation (λ = 
0.071073 nm) by using an ω scan technique at 293 K. CrystalClear 
software was used for the data reduction and empirical absorption cor-
rections.6 The structure was solved by direct methods with Siemens 

SHELXTLTM Version 5 package of crystallographic software.7 The 
different Fourier maps based on these atomic positions yielded the 
other non-hydrogen atoms. The structure was refined by full-matrix 
least-squares refinement on F2. All non-hydrogen atoms were refined 
anisotropically. The positions of hydrogen atoms were generated 
symmetrically, except for those of the lattice water molecules, which 
were allowed to ride on their respective parent atoms and included in 
the structure factor calculations with assigned isotropic thermal 
parameters but not refined. The summary of crystallographic data and 
structure analysis is given in Table 1. The selected bond lengths and 
bond angles are listed in Table 2.

Crystallographic data for the structural analysis have been depos-
ited with the Cambridge Crystallographic Data Centre, CCDC No. 
734863. Copies of this information may be obtained free of charge 
from the Director, CCDC, 12 Union Road, Cambridge CBZ 1EZ, UK 
(Fax: +44 1223 336033; E-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc. cam.ac.uk).

Results and discussion

The hydro(solvo)thermal method in the presence of organic 
components is a well known versatile technique in the synthe-
ses of solid-state complexes with a variety of structural motifs. 
When superheated, water shows large differences from what is 
observed under normal conditions. The drastically lowered 

Table 1 Summary of crystallographic data and structure 
analysis

Empirical formula C36H42Cl7Fe3N6O19

Formula weight 1278.46
X-ray MoKα
Crystal system Rhombohedral 
Space group R-3c 
Unit cell dimensions a = b = 19.9410(6) Å

c = 30.505(1) Å
Z 6
V 10504.9(6) Å3

Dx 1.213 Mg m−3

Absorption coefficient 0.936 mm−1

Crystal size 0.24 × 0.17 × 0.16 mm
No. of reflections collected/unique 20653/2502 [R(int) = 0.0389]
Goodness-of-fit on F2 0.980
Final R indices R1 = 0.0694, wR2 = 0.1579
R indices (all data) R1 = 0.0985, wR2 = 0.1696
Index ranges –26 ≤ h ≤26, –26 ≤ k ≤ 26, 

–40 ≤ l ≤ 40
Measurement Rigaku mercury CCD 

diffractometer
Monochromator graphite
Structure determination Siemens SHELXTL
(∆/σ)max 0 

http://www.ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk
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viscosity, for example, increases the extraction of solids into 
solution and the diffusion rate of the reagents, as well as the 
rate of crystallisation. Moreover, different solubilities of the 
inorganic and organic ingredients are easily overcome.

Complex 1 was synthesised from the reaction of FeCl3 and 
nicotinic acid by the hydrothermal method. X-ray diffraction 
analysis reveals that the structure of 1 is characterised by an 
isolated structure, based on the [Fe3(O)(C6NO2H5)6(H2O)3]7+ 
species, lattice water molecules and chloride ions, as shown in 
Fig. 1. All the crystallographically-independent atoms except 
for Fe1, O1, O1W, O2W and Cl2 are in general positions. 
The iron atoms have a slightly distorted octahedral geometry, 
coordinating with six oxygen atoms. There is an oxo-centred 
triangular arrangement of three iron ions, forming a Fe3O 
plane, as shown in Fig. 2. A crystallographic three-fold axis of 
symmetry exists in the Fe3O plane. The triply-bridging oxygen 
atom O1 resides at a site of crystallographically symmetry-
related centre, with the iron atoms and the nicotinato-ligands 
located on the crystallographic three-fold axes. The bond 
length of Fe1–O1triply bridging is 1.9179(4) Å, comparable with 
those reported.8–10 The bond length of Fe1–O1W is 2.020(3) Å, 
comparable with those documented.11,12 The bond lengths of 
Fe–Onicotinato range from 1.993(2) to 2.032(2) Å, comparable 
with those previously reported.13 The bond angle of Fe–O–Fe 
is 120°, exactly that of a regular triangle. 

Bond valence calculations indicate that the iron atom is in 
the +3 oxidation state (Fe1: 3.163).14 There is no π…π stack-
ing interaction found between the pyridyl rings of the nicotin-
ato- moieties in the title complex. However, some O-H…Cl, 
C–H…O and C–H…Cl hydrogen bondings interconnect the 

Table 2 Selected bond lengths and bond angles (Å, °)

Fe(1)–O(1) 1.9179(4) O(1)–Fe(1)–O(2) 93.37(5) 
Fe(1)–O(1W) 2.020(3) O(3)#1–Fe(1)–O(2) 86.50(7) 
Fe(1)–O(2) 2.032(2) O(3)#2–Fe(1)–O(2) 92.96(7) 
Fe(1)–O(2)#3 2.032(2) O(1W)–Fe(1)–O(2) 86.63(5) 
Fe(1)–O(3)#1 1.993(2) O(1)–Fe(1)–O(2)#3 93.38(5) 
Fe(1)–O(3)#2 1.993(2) O(3)#1–Fe(1)–O(2)#3 92.96(7) 
O(1)–Fe(1)–O(3)#1 94.55(5) O(3)#2–Fe(1)–O(2)#3 86.50(7) 
O(1)–Fe(1)–O(3)#2 94.56(5) O(1W)–Fe(1)–O(2)#3 86.62(5) 
O(3)#1–Fe(1)–O(3)#2 170.9(1) O(2)–Fe(1)–O(2)#3 173.3(1) 
O(1)–Fe(1)–O(1W) 180.0 Fe(1)–O(1)–Fe(1)#1 120.0 
O(3)#1–Fe(1)–O(1W) 85.45(5) Fe(1)–O(1)–Fe(1)#4 120.0 
O(3)#2–Fe(1)–O(1W) 85.44(5) Fe(1)#1–O(1)–Fe(1)#4 120.0 

Symmetry codes: #1 –x+y+1, –x, z; #2 y+2/3, x–2/3, –z–1/6; #3 x–y–1/3, –y–2/3, –z–1/6; #4 –y, x–y–1, z.

Fig.  1 ORTEP drawing of 1 with 30% thermal ellipsoids. Lattice 
water molecules, isolated chloride ions and hydrogen atoms 
were omitted for clarity. (Symmtry codes: A –0.33333+x–y, 
–0.66667–y, –0.16667–z; B 0.66667+y, –0.66667+x, –0.16667–z; 
C 1–x+y, –x, z).

Fig.  2 Polyhedral perspective of 1 showing the oxo-centred, 
trinuclear iron cluster.

[Fe3(O)(C6NO2H5)6(H2O)3]7+ cations, lattice water molecules 
and chloride anions to yield a 3-D supramolecular open frame-
work. Therefore, the hydrogen bondings and the electrostatic 
interactions between the [Fe3(O)(C6NO2H5)6(H2O)3]7+ cations 
and the chloride anions contribute to the stabilisation of the 
crystal packing of 1 (Fig. 3). To our knowledge, complex 1 is 
the first oxo-centred, trinuclear iron nicotinato-complex, 
although many other oxo-centred, trinuclear iron complexes 
have been documented thus far.15,16 

A search from the CCDC shows that there are hundreds of 
nicotinato-complexes. However, among these compounds 
there are only two complexes containing iron metal.13,17 There-
fore, complex 1 is only the third example consisting of both 
iron and nicotinato-moieties.

In conclusion, by using hydrothermal reactions of FeCl3 and 
nicotinic acid, a novel complex that possesses a 3-D supramo-
lecular open framework was obtained. It is the first example of 
an oxo-centred, trinuclear, iron-nicotinato complex. The scope 
for the syntheses of new coordination zeolitic materials with 
novel structures and properties appears to be very large, and 
further systematic experimental and theoretical investigations 
on this system are in progress.
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