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A new chromium (III) complex containing 4ʹ-hydroxy-2,2ʹ:6ʹ,2ʺ-
terpyridine (tpyOH) has been prepared by the reaction of CrCl3. 6H2O 
with tpyOH in the presence of metallic zinc to afford the new complex 
[CrCl3(tpyOH)] (1).  The complex 1 was used as a suitable precursor for 
the preparation of Cr2O3 nanoparticles by the simple calcination method at 
three different annealed temperatures of 400, 600, and 800 ˚C.  The struc-
tures of the products have been fully characterized by IR, powder X-ray 
diffraction (XRD), field emission scanning electron microscopy (FESEM) 
and energy-dispersive X-ray spectroscopy (EDX).  The average particle size 
using Scherrer’s equation is calculated to be about 27-36 nm.  The results 
suggest that temperature is an effective way to tailor the morphology and 
crystallinity of the prepared nanoparticles.  The photophysical properties 
and thermal gravimetric analysis (TGA) of the complex 1 have also been 
investigated.  The emission of 1 exhibits the high-energy intense π→π* in-
traligand and low-energy MLCT transitions in DMSO solution.  The TGA 
results show the stability of the complex up to 400 ̊ C after stepwise decom-
position of the coordinated ligands.

                           This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

INTRODUCTION
Terpyridine ligands act as the suitable ligands 

for a large variety of transition metal ions since 
they have three distinct pyridyl groups [1-5].  The 
terpyridine structural features provide impetus for 
chemists to design and synthesis of coordination 
complexes with a wide range of applications from 
medicine to material science [6-11].  The terpyridine 
complexes of chromium(III) mainly have been 
synthesized using anhydrous CrCl3 in the present 
of granulated Zn due to the kinetically inert nature 
of Cr3+ ion [12-15].  Notably, the lability of Cr(III) 
ion has been observed in the basic aqueous and 
methanol solutions of homoleptic and heteroleptic 
bis-terpyridine complexes of Cr(III) [13].

Preparation of nano-materials is of particular 
interest because the physical and chemical 
properties depend on the particle size.  
Interestingly, the metal coordination compounds 
have been used as a precursor to prepare the 
nano metal or metal oxides [16-19].  Thermal 
decompositions of these compounds led to the 
preparation of a variety of nanoparticles having 
different morphologies [20-23].  For example, the 
structure of the precursor complexes of hydroxyl-
terpyridine has influenced on the morphology of 
the resulting nanoparticles.  The mono terpyridine 
complexes of cobalt resulted in the spherical 
structures; however, the bis-terpyridine complex 
of cobalt affords the hexagonal structure [21].  
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On the other hand, the average particle size of 
zinc oxide nanoparticles was increased in the 
higher calcination temperatures using zinc nitrate 
as the precursor [22].  Numerous methods have 
been adopted for the preparation of metal oxide 
nanoparticles such as hydrothermal, solvothermal, 
precipitation and sol-gel methods [21, 24-27].  
Nano metal oxides exhibit drastically different 
properties compared to the corresponding bulk 
ones due to their different sizes and shapes which 
has been resulted in the distinctive quantum 
features [28].  Cr2O3 (chromium sesquioxide) is an 
important technological material which has been 
attracted increasing interest in recent years due to 
its properties and applications such as catalysis [29], 
humidity sensing [30] and advanced colorant [31].

Herein, we report the preparation and 
characterization of the new complex [Cr(tpyOH)
Cl3].2H2O (1).  The Cr2O3 NPs have been prepared 
using complex 1 as the new precursor.  The heat 
treatment of 1 in three different temperatures 
were done to study the effect of the calcining 
temperature on particles size and morphology.  
The results show that the morphology and size 
of resulting Cr2O3 NPs is dependent upon the 
thermolysis temperature. In addition, the thermal 
and luminescence behaviors of the complex 1 
were investigated.

MATERIALS AND METHODS
General Remarks

Elemental analysis was performed by Thermo 
Finnigan Flash Ea 1112 elemental analyzer.  IR 
spectra in the 4000-400 cm-1 were recorded on 
KBr pellets using ABB Bomem Model FTLA200-100 
spectrophotometer.  The electronic absorption 
spectra were recorded on a PerkinElmer Lambda 
25 UV-Vis spectrophotometer, using a 1 cm 
path length cell.  The luminescence property 
was performed using a Perkin-Elmer LS55 
luminescence spectrometer.  Experiments were 
carried out at room temperature.  The excitation 
and emission band pass (slit) was 10 nm with 
the scan rate of 1000 nm/min.  The electric 
conductivity (EC) of complex was measured 
by a 4520 bench conductivity meter using a 
conductivity cell for manual sampling which was 
purchased from Azar Electrode (Urmia, Iran).  TGA-
DTA data was collected by SHIMADZU TGA-50 at a 
heating rate of 10 K min-1 under N2 atmosphere.  
The XRD patterns were recorded in the 2θ range of 
10-80˚ using a PHILIPS PW1730 by CuKα radiation, 

kα = 1.5406Å.  Field emission scanning electron 
microscopy (FESEM) images were obtained using 
a TESCAN MIRA II (Scanning Electron Microscope) 
device, operating at an accelerating voltage 10 kV, 
equipped with energy dispersive spectroscopy 
(EDX). 4’-Hydroxy-2,2’:6’,2”-terpyridine (tpyOH) 
was prepared according to the literature [32].

Synthesis of [Cr(tpyOH)Cl3]. 2H2O (1)
CrCl3. 6H2O (27 mg, 0.10 mmol) and tpyOH (25 

mg, 0.10 mmol) were suspended in MeOH (10 
mL).  The reaction mixture was heated to reflux 
and then granulated zinc (19 mg, 0.26 mmol) was 
added.  After a few minutes, the mixture turned 
dark brown and a green precipitate formed. The 
reaction mixture was then heated at reflux for 6 
h, after which it was filtered, leaving excess zinc in 
the reaction flask.  Then the green precipitate of 1 
was collected by centrifugation and washed with 
methanol.  Yield: 65 %; m.p. 254-256 ºC (dec.).  
Anal. Calc. for C15H11Cl3CrN3O.2H2O: C, 40.61; H, 
3.41; N, 9.47.  Found: C, 41.00; H, 3.28; N, 7.03.  
Selected IR data (KBr, cm-1): 3543 (O-H), 2720 (=C-
H), 1627 (C=N, C=O), 1261 (C-O), 1156, 862, 792, 
612.  UV-vis (DMSO): λmax/nm (ɛ/M-1 cm-1); 276, 310, 
324.  TGA: calc. by formula C15H11Cl3CrN3O.3H2O: 
3H2O % = 11.71, 1Cl % = 7.68, 2Cl % = 15.36, tpyOH 
% = 54.00.  Determined: 3H2O % = 10.53, 1 Cl % = 
9.63, 2 Cl % = 13.03, tpyOH % = 54.09.

Preparation of Cr2O3 nanoparticles
The complex 1 was subjected to heat treatment 

at 400, 600, and 800˚C in air, respectively.  After 2h, 
they were allowed to cool to room temperature to 
form green Cr2O3 nanoparticles.

RESULTS AND DISCUSSION
The reaction of CrCl3. 6H2O with tpyOH in 

methanol affords the green complex of [Cr(tpyOH)
Cl3] (1) as shown in Fig. 1.  The product has been 
characterized by elemental analysis, IR, UV- visible 
and fluorescence spectroscopy.  

The results of elemental analysis of the complex 
are in good agreement with the proposed formula.  
However, there are two probable structures for the 
complex 1, according to the elemental analysis; 
[Cr(tpyOH)Cl3] or ionic complex [Cr(tpyOH)Cl2]

+Cl-.  
The results of the electric conductivity of a DMSO 
solution of complex 1 were below 0.4 μs which 
suggests the presence of the neutral structure for 
the complex [Cr(tpyOH)Cl3] (1). 

It has been shown that the terpyridine metal 
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complexes exhibit d-d transitions in DMF solution 
in the visible region and intra-ligand transitions 
in the UV region [14].  The d3 chromium(III) ion 
in a perfect octahedral geometry is expected to 
has three absorption bands due to the electron 
transitions from 4A2g as the electronic ground 
state to the 4T2g, 4T1g(F), and 4T1g(P) as the excited 
states.  Usually, the d-d bands originating from 
4A2g→ 4T2g, 4A2g→ 4T1g(F) fall in the visible region 

and 4A2 → 4T1(P) in the UV region [14].  The complex 
has a pseudo octahedral geometry with a lower 
symmetry than normal octahedral.  Therefore, the 
splitting of the orbitally degenerate terms could 
be possible.  Accordingly, the lower symmetry of 
the complex led to the observation of three bands 
in the UV-Vis spectrum at 277, 310, and 325 nm, 
respectively, as shown in Fig. 2.  The lowest energy 
band is originating from the 4A2g →4T2g (from Oh 
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Fig. 1. Preparation of [Cr(tpyOH)Cl3]. 2H2O (1).

2 
 

 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

250 270 290 310 330 350 370 390 410 430

A
bs

or
ba

nc
e

Wavelenght (nm)

(a)

0

0.5

1

1.5

2

2.5

340 360 380 400 420 440 460 480 500 520 540 560

In
te

ns
ity

 (a
.u

.)

Wavelenght (nm)

λexc = 362  nm372 nm

428 nm

(b)

Fig. 2.  (a) UV-Vis and (b) emission spectrum of a DMSO solution of complex 
1 upon the excitation at λex = 362 nm at room temperature.
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symmetry) transition, which directly corresponds 
to 10Dq [33].

The fluorescence spectra of complex 1 and 
the free ligand of tpyOH have been investigated 
at room temperature in DMSO solution with a 
concentration of 1 × 10−5 M.  The complex exhibits 
a strong emission at 372 nm upon the excitation at 
λexc = 362 nm as well a broad emission band at 428 
nm, as illustrated in Fig. 2.  The emission at 372 nm 
is due to the ligand based intramolecular emission 
π→π* (IL).  Such a similar band was observed at 
358 nm for a DMSO solution of the free tpyOH 
ligand upon excitation at λexc = 330 nm.  On the 
other hand, there is a broad emission band at 428 
nm could be assigned to the metal to ligand charge 
transfer (MLCT) [14, 34].  Such a bathochromic 
shift has been observed in the formation of 
hydroxyterpyridine complex of cobalt relative 
to the free tpyOH ligand [35].  The outstanding 
luminescence properties of terpyridine ligands 
along with their ability to coordinate to a large 
number of metal ions have driven these kind of 
ligands to be use as a suitable receptors for design 
of metal chemosensors [10].

The thermal property of the complex 1 was 
studied and the results are shown in Fig. 3.  There 
are four major steps in TGA curve of the complex 
1 as shown in Fig. 3.  The first weight loss occurs 
at 51-97 ˚C and it could be corresponded to 
evaporation of three adsorbed water molecules 
with calculated amount of 11.71 % in contrast 
with the experimental amount of 10.53 % for this 
step.  The second step with 9.63 % weight loss 
is in the temperature range of 122-147 ˚C and it 
could be referred to the loss of the first chloride 
moiety with calculated amount of 7.68 %.  Further 
decomposition of the complex at 254-286 ˚C 

(13.03 %) could be due to the loss of the other two 
coordinated chlorides with calculated amount of 
15.36 %.  The final step at 454-467 ˚C is the largest 
weight loss in the curve (54.09 %) and it could be 
corresponded to loss of tpyOH moiety (calc. 54.00 
%).  The TGA curve indicates that the weight loss 
of terpyridine is observed in higher temperatures 
relative to the other steps which could be raised 
due to the higher bond dissociation energies of 
the chromium-nitrogen bonds.  The IR spectrum 
of the complex shows an absorbance band at 1627 
cm-1 which could be assigned to the presence of 
tpyOH as well as the ν = (O-H) at 3543 cm-1 (Fig. 
4) [14].

Formation and characterization of metal oxide 
nanoparticles

The thermal decomposition of the complex 1 
led to preparation of Cr2O3 nanoparticles.  In order 
to find the effect of the calcination temperature 
on the nanoparticle sizes and morphologies, 
the calcination process was carried out in three 
different temperatures of 400, 600, and 800 ˚C, 
respectively.

The FTIR spectra of Cr2O3 nanoparticles are 
shown in Fig. 4.  The broad bands at 3434 and 
3440 cm-1 are assigned to both ʋs(H–O–H) and 
ʋas(H–O–H) of adsorbed water molecules in the 
structure of prepared nanoparticles at 400 and 
600˚C, respectively.  Metal oxide Cr2O3 generally 
reveal absorption bands below 1000 cm-1 due to 
the inter-atomic vibrations.  Two sharp bands 
in the region of 500 and 600 cm-1 attributed to 
the Cr-O stretching modes.  This results further 
approved the formation of Cr2O3 nanoparticles 
by simple thermal decomposition of complex 1 
[36].
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Fig. 3.  Thermal analysis of [Cr(tpyOH)Cl3] (1).
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 Fig. 4. The IR spectra of (a) [Cr(tpyOH)Cl3] (1) and prepared Cr2O3 nanoparticles at (b) 400 ˚C, (c) 600 ˚C and (d) 800 ˚C.
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Fig. 5.  The XRD patterns of prepared Cr2O3 nanoparticles at (a) 400, (b) 600 and (c) 800 ˚C.
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The XRD patterns of the as-synthesized powders 
at 400, 600, and 800 ˚C have been shown in Fig. 
5.  The diffractograms indicate the presence of 
prominent peaks corresponding to (0  1  2), (1  0  
4), (1  1  0), (1  1  3), (0  2  4), (1  1  6), (2  1  4), (3  
0  0), (1  0  10) and (2  2  0) plans the mineral Cr2O3 
(eskolaite).  Therefore, it confirms the synthesis 
of pure and crystalline Cr2O3 in accordance with 
Ref-code 98-004-5808.  The crystallite sizes were 
calculated from the diffraction peaks due to the 
Scherrer formula as shown in eq. (1) [37].

𝑑𝑑 =
𝜅𝜅𝜅𝜅

𝛽𝛽  𝑐𝑐𝑐𝑐𝑐𝑐 𝛳𝛳
                                                       (1)

Where κ is a constant (ca. 0.9); λ is the X-ray 

wavelength used in XRD (1.5418 A˚); ϴ the Bragg 
angle and β is the pure diffraction broadening 
of a peak at half-height.  The peak broadening 
suggests very small crystallites. In fact, applying 
Scherrer’s relation to the XRD peaks indicates that 
the average crystallite sizes are 34, 27, and 36 nm 
for the as-prepared nanoparticles at 400, 600 and 
800 ˚C, respectively.  

The morphology of the resulting powders was 
investigated by FESEM as shown in Fig. 6.  The 
FESEM image of Cr2O3 nanoparticles treated at 
400 ˚C reveals the spherical shapes particles 
with apparently agglomerates (Fig. 6a).  By 
enhancing the calcination temperature to 600 
˚C, the morphology of nanoparticles changes to 
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Fig. 6.  The FESEM images of prepared Cr2O3 nanoparticles at (a, b) 400, (c, d) 600, 

and (e, f) 800 ˚C.
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uniform spherical shapes (Fig. 6b).  The calcination 
temperature of 800˚C reveals that the as-prepared 
nanoparticles have the same morphology as the 
prepared nanoparticles at 600˚C.  However, it 
can be seen that the particles possess a spherical 
shaped morphology with the small agglomeration.  
To investigate the atomic percentage of the 
nanoparticles, the chemical composition is 
checked by energy dispersive X-ray diffractograms 
which are shown in Fig. 7a-7c, respectively.  The 
results show the presence of elemental Cr and O 
and it confirms the successful synthesis of Cr2O3 
nanoparticles.

CONCLUSION
In conclusion, a new complex of 4ʹ-hydroxy-

2,2ʹ-6ʹ,2ʺ-terpyridine of chromium(III) was 
synthesized and used as a new precursor for 
the preparation of Cr2O3 nanoparticles.  The 
photophysical properties of the complex in 
DMSO solution at room temperature shows two 
emissions resulting from the π-π* intraligand 

and MLCT interactions.  The IR spectra of all 
nanoparticles show the absorption bands of Cr-O 
stretching modes as well as the O-H stretching 
modes about 3400 cm-1 for the resulting 
nanoparticles at 400 and 600 ˚C.  The XRD pattern 
of the nanoparticles revealed the pure and 
crystalline Cr2O3 (eskolaite).  However, the finest 
nanoparticles were obtained at 600 ˚C calculated 
Scherrer’s relation (27 nm).  The nanoparticles 
increased in size in the calcination temperatures of 
400 and 800 ̊ C.  The morphology of nanoparticles 
is also dependent on the calcination temperature.  
Thus, the agglomeration was observed at 400 ˚C 
and by increasing the temperature to 600 ˚C, 
the morphology of nanoparticles changed to 
uniform spherical shapes.  Accordingly, the EDX 
results show the presence of elemental Cr and O 
which confirms the successful synthesis of Cr2O3 
nanoparticles. Moreover, the results show that 
the Cr2O3 nanoparticles with smaller size and 
better morphology can be obtained at calcination 
temperature of 600 ˚C.
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Fig. 7. The EDX pattern of prepared Cr2O3 nanoparticles at (a) 400, (b) 600 and (c) 800 ˚C.
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