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Abstract
Synthesis, spectral assignments, and magnetic susceptibility of a new chromium(III) complex were described. This
complex was prepared via the reaction of chromium chloride (CrCl 36H2O) with thiamine hydrochloride (thiOHHCl) in
an alkaline media to afford the new complex [Cr(thiO)2(Cl)(H2O)]4H2O in which thiO is a deprotonated hydroxyl group
in the thiamine chelate. The Cr(III) complex was characterized by molar conductance, infrared (IR) and electronic
spectroscopic methods, magnetic moment, X-ray diffraction (XRD), and elemental analysis. The magnetic moment for the
complex was equal to 3.87 B.M. with an octahedral environment around the chromium atom. The synthesized Cr(III)
complexwas used as a suitable eco-friendly bio-precursor for the preparation of Cr2O3 nanoparticles via the calcination
method at annealed temperature of 800 oC. IR spectroscopy, powder XRD, transmission electron microscopy (TEM), and
energy-dispersive X-ray (EDX) techniques were used to characterize the solid Cr2O3 product. TEM and XRD results
showed that the resulting Cr2O3 nanoparticles had a high degree of crystallinity with an average size of 30 nm.
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1. INTRODUCTION
Thiamine hydrochloride (thiOHHCl) is an eco-friendly,
inexpensive, non-toxic, stable chemical compound. Its
chemical structure is given in Figure 1, which indicates that
it includes thiazole and a pyrimidine rings attached via a
methylene bridge. Thiamine is a member of a wider group of

water-soluble nutrients and is commonly known as vitamin
B1. The human body cannot synthesis vitamin B1, so it must
be acquired through dietary sources [1]. Thiamine and its
compounds have an essential role in many biological
systems and as a coenzyme for many enzymes, such as like
transketolase and carboxylase, which catalyze the formation
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of α-ketols or the decarboxylation of α-ketoacids [2,3].
Malandrinoset al.[4] did a detailed study of the mechanism
of thiamine enzymatic actions in the presence of bivalent
metal ions. In the literature, several thiamine complexes
generated with bivalent metals as ionic salts of the types
[ThH]2+[MX4]2- (M: Zn, Co, Cd or Hg) have been reported
[5–8] and include [ThH]2+([MX3]-)2 (M: Pt or Pd) [9] and
([Th]+)2[MX4]2- (M: Pt or Pd) [9–11], which do not have
direct metal-ligand bonding. Th was assigned to the positive
charge location on the thiamine molecule and facilitates
protonation of the NH2 in the pyrimidine ring [12].
Hadjiliadiset al.[9] reported that the thiamine molecule
formed metal complexes with Pd(II) and Pt(II) ions through
a M-S linkage. Hu et al.[13] reported that organic–inorganic
hybrid compounds were formed from the interaction of the
polymeric halogen cadmate anions with the thiaminium
cation. Synthesis of nanoparticles using sustainable synthetic
methods provide benign alternatives to removing or reducing
the production and use of the hazardous chemicals and
substances. Wine phenols, tea, vitamin C, and vitamins B2
and B1 act as both capping and reducing agents [14–17].
These compounds offer extremely simple one-pot green
synthetic approaches for producing bulk quantities of metal
nanoplates, nanoballs, aligned nanobelts, nanowires,
nanorods, and nanospheres in water without the need for
large amounts of insoluble templates [14–19]. Considerable
attention has been focused on the preparation of metal oxides
in the nanoscale range due to their unusual properties and
potential applications in magnetic, catalytic, and electronic
materials [20, 21].Several techniques, such as thermal
decomposition, alcohol reduction, micro-emulsion, solvent
extraction, and photolytic, have been reported for the
preparation of nanostructured metal oxides [22–27].
Recently, chromium sesquioxide (Cr2O3), which is an
important technological material, has attracted much interest
due to its properties and applications such as catalysis,
humidity sensing, and advanced colorant [28–30]. Based on
the interesting properties of thiamine metal complexes, two
results are reported: (1) the synthesis and spectral
characterization of a new Cr(III)thiamine complex using
conductance, magnetic moment, IR, and electronic
spectroscopy, powder XRD, and elemental analysis
techniques and (2) the decomposition of the synthesized
Cr(III) complex at 800 C to produce a high-quality
nanostructured Cr2O3, which was characterized by IR,
powder XRD, TEM, and EDX physical methods.
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Figure 1.Chemical structure of thiOHHCl.

2. EXPERIMENTAL/MATERIALS AND METHODS
2.1. Chemicals and Preparations

All chemicals used in this work were Sigma-Aldrich (USA)
Chemical Company products and were of analytical grades
reagents. Synthesis of the Cr(III) thiamine complex was
performed as follows: A 25 mL methanolic solution
containing one mmole of Cr(III) chloride hexahydrate was
mixed well with a 25 mL methanolic solution containing two
mmole of thiamine hydrochloride (thiOHHCl). The mixture
solution was adjusted at pH = 8, filtered to remove any
solids, and then heated at reflux (65o C) for 3 hours.The
resulted leaf green precipitate of [Cr(thiO)2(Cl)(H2O)]4H2O
was collected by filtration and washed several times with
methanol. Elemental analysis results for the product;
C24H42Cl3CrN8O7S2 (yield 78%); Found: C, 36.97; H, 5.38;
N, 14.31; Cr, 6.60%. Cal.; C, 37.09; H, 5.45; N, 14.42; Cr,
6.69%. Figure 1 showed the proposed chemical structure of
the product.Preparation of the Cr2O3 nanoparticles was
performed
as
follows:
the
[Cr(thiO)2(Cl)(H2O)]4H2Ocomplex was annealed at 800o C
in air for 3 hours, and then the resulted oxide was left to cool
at room temperature to form the green Cr2O3 nanoparticles.

Cl-

N+
S
O
N

NH2

N

Cl
Cr

H2O

H2N

N

N

O

S
N+

.4H2O

Cl-

Figure
2.Proposed
chemical
[Cr(thiO)2(Cl)(H2O)]4H2Ocomplex.

structure
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2.2. Measurements
A Magnetic Susceptibility Balance model (Sherwood
Scientific, Cambridge Science Park Cambridge, England)
was used to calculate the magnetic data at room temperature.
A Bruker FT-IR Spectrophotometer (4000-400 cm-1) was
applied to record the IR spectra, where the electronic spectra
were recorded with a UV2 Unicam UV/Vis
Spectrophotometer. A Jenway 4010 conductivity meter was
used to determine the molar conductivity of freshly prepared
solutions with concentrations of 1.0×10-3 M in DMSO,
where contents in (%) of nitrogen, hydrogen and carbon
were collected with a Perkin Elmer CHN 2400. A X 'Pert
PRO PANanalytical with copper target was applied to scan
the XRD spectrum of the prepared Cr2O3 nanoparticles,
where the transmission electron microscopy (TEM) images
of these particles were pictured with a JEOL 100s
microscopyequipment.
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3. RESULTS AND DISCUSSION
3.1. Molar conductance data and magnetic susceptibility
The obtained elemental data of the Cr(III) complex were in
good consistent with the proposed formula. The probable
structure for the Cr(III) complex, according to the elemental
data; it suggests the presence of the neutral structure for the
[Cr(thiO)2(Cl)(H2O)]4H2O complex.The magnetic moment
value (μeff) of the complex is equal to 3.87 B.M, and this
value was close to the predicted value for three unpaired
electrons in the metal ion, and suggests the octahedral
geometry for the synthesized Cr(III) complex [31]. Molar
conductivity was performed to observe the geometrical
structure of the prepared Cr(III) complex.The molar
conductance (M) of the complex dissolved in DMSO
(1103 M) was obtained, and the value was equal to 18
Ω−1cm2mol−1in consistent with a non-electrolyte property
[32]. This outcome proposed that the synthesized Cr(III)
complex behaves as a 1:2 non-electrolyte having one
chloride ion inside the coordination sphere.

complex, suggests that the CS participated in the celation
process. The new vibration bands appeared at 679 and 565
cm-1 are due to the ν(CrO) vibrations [33]. These results
confirmed that the coordination occurs between Cr(III) metal
ion and thiamine through oxygen and sulfur atoms of
hydroxyl group and thiazole ring.
3.3. IR spectrum of the Cr2O3 material
The
thermal
decomposition
of
the
[Cr(thiO)2(Cl)(H2O)]4H2O complex at 800o C led to the
production of nanostructured Cr2O3. The IR spectrum of
Cr2O3 nanoparticles is shown in Figure 4. The weak broad
absorption bands appeared at 3190, 1670 and 1045 cm1 in
the IR spectrum of the complex were resulted from the
bending and stretching vibrations of the water molecules
absorbed by the samples. The stretching vibrations mode of
Cr–O exhibited two strong bands at 640 and 580 cm1.

3.2. Electronic and IR spectra of the Cr(III) complex
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Figure 3. IR spectrum of the [Cr(thiO)2(Cl)(H2O)]4H2O
complex.
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The electronic spectrum of the Cr(III) complex in DMSO
solution exhibited intra-ligand transitions in the UVregion
and d-d transitions in the visible region [32]. The d3 Cr(III)
ion in agreement with an octahedral geometry is expected to
had three absorption bands due to the electron transitions
from 4A2g as the electronic ground state, and to the 4T2g,
4
T1g(F) and 4T1g(P) as the excited states. The d-d bands
generating from 4A2g→4T1g(P) fall in the in the UV region,
and from 4A2g→4T1g(F) and 4A2g→ 4T2g, found in the visible
region [32]. The Cr(III) complex had an 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 Cr(III)
complex led to the observation of three bands in the UV-Vis
spectrum at 275, 285 and 392 nm.The assignments of IR
spectrum of the free thiamine HCl chelate (Table 1) included
some characteristic bands for the stretching vibration
motions of ethyl alcoholic group (CH2OH) at 1066 cm-1,
(685, 699, 752) cm-1, (1247, 1287, 1380) cm-1, and 3630 cm-1
which were attributed to the ν(CO), out-of-plane bending,
in-plane bending, and ν(OH) vibrations, respectively [33].
Bands observed at (1031, 1044) cm-1, 1650 cm-1, 3266 cm-1,
and (3431, 3497) cm-1 were attributed to the ν(CN),
δ(NH2), νs(NH) and νas(NH) vibrations of amino group
(NH2), respectively [33]. The stretching vibration bands of
ν(CS), ν(C=C), and ν(C=N) were located at 773 cm-1, 1464
cm-1 and (1660, 1607, 1544) cm-1, respectively [32].
Regarding
the
IR
spectrum
of
the
[Cr(thiO)2(Cl)(H2O)]4H2O complex (Figure 3 and Table 1),
the stretching vibration bands due tothe ν(C–O) and ν(OH)
of hydroxyl group were no longer observed. The stretching
and bending vibration motions of the NH2 group; νas(NH),
νs(NH), δ(NH2) and ν(CN) were unshifted, suggests that
the NH2 group didn't participated in the coordination with
Cr(III) ion. The vibration band due to the ν(CS) vibration
of thiazole ring was not observed in IR spectrum of the

100

80

70

60
4000

3500

3000

2500

2000

cm

Figure 4. IR spectrum of Cr2O3.
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Table 1.IR band assignments of free thiOHHCl and
[Cr(thiO)2(Cl)(H2O)]4H2O complex.

thiOHHCl

[Cr(thiO)2(Cl)(H2O)]4H2O

Assignments

3630
1380,1287, 1249
752, 699, 685
1066
3497, 3431
3266
1650
1044, 1031

-1385, 1224
--3434
3275
1658
1055

ν(O-H); alcoholic group
OH; inplane bending
OH; outofplane bending
ν(CO)
νasym.(NH); NH2
νsym.(NH); NH2
(NH2)
ν(CN)

1660,1607, 1544, 1464

1604, 1544

ν(C=C) + ν(C=N)

773

--

ν(CS)

--

679, 565

ν(CrO)

Intensity (arb. units)

The
XRD
profiles
of
the
synthesized
[Cr(thiO)2(Cl)(H2O)]4H2O and Cr2O3 are shown inFigure 5.
The XRD patterns of the [Cr(thiO)2(Cl)(H2O)]4H2O
complex (Figure 5A) indicated the amorphous nature of the
complex. The XRD patterns of Cr2O3 showed the reflection
planes (220), (300), (214), (116), (024), (110), (104), and
(012) at 2θ 82, 69, 66, 55, 49, 38, 32 and 25, respectively,
which indicate the presence of the rhombohedral structure
[35]. The Debye–Scherrer’s formula (D= 0.9λ/βcosθ) was
used to calculate the average crystallite diameter (D) for
Cr2O3 in nanometer, where θ is the Bragg angle, β is the line
sharpness at half the maximum intensity in radians, and λ is
the X-ray wavelength. The calculated average crystallite for
Cr2O3 was found to be 29 nm. To investigate the atomic
percentage of the Cr2O3 nanoparticles, the chemical
composition was checked by energy dispersive X-ray
diffractograms (EDX), and the obtained spectrum is shown
in Figure 6. The results show the presence of elements Cr
and O, and it confirms the successful synthesis of
nanostructure Cr2O3 material. The TEM image of Cr2O3
material synthesized at 800o C revealed the formation of
spherical shape particles with nearly uniform morphology,
small agglomeration, and an average diameter of 30
nm(Figure 7).
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3.4. XRD patterns, EDX and TEM of the Cr2O3 material
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Figure 6. EDX spectrum of the synthesized Cr2O3
nanoparticles.

Figure 7. TEM image of Cr2O3 nanoparticles.

4. CONCLUSION
A new metal complex containing Cr(III) ion and thiamine;
[Cr(thiO)2(Cl)(H2O)]4H2Owas
synthesized
and
characterized by physicochemical and spectroscopic
techniques. The direct thermal decomposition of this
complex leads to a Cr2O3 material that had a high degree of
crystallinity, rhombohedral structure, and their particles
nanoscale-sized (30 nm).

REFERENCES
[1] Combs GF. The vitamins: Fundamental Aspects in
Nutrition and Health. 3rd ed. Ithaca, NY: Elsevier Academic
Press 2008.

[2] Hadjiliadis N, Markopoulos J. Reactions of hydrogenated
thiamine derivatives with K2[MX4], where M is PdII or
PtII and X is Cl or Br. J Chem Soc, Dalton Trans 1981; 7:
1635-1644.
[3] Breslow R, McNelis E. Studies on Model Systems for
Thiamine Action. Synthesis of Reactive Intermediates, and
Evidence on the Function of the Pyrimidine Ring. J Am
Chem Soc 1959; 81 (12): 3080-3082.
[4] Malandrinos G, Dodi K, Louloudi M, Hadjiliadis N. On
the mechanism of action of thiamin enzymes in the presence
of bivalent metal ions. J InorgBiochem 2000; 79(1-4): 21-24.
[5] Schellenberger A. Structure and Mechanism of Action of
the Active Center of Yeast Pyruvate Decarboxylase. Angew
Chem 1967; 6(12): 1024-1035
[6] Talbert PT, Weaver JA, Hambright P. Zinc(II) and
cobalt(II) halide interactions with vitamin B1 and certain Nsubstituted thiazolium salts. J InorgNucl Chem 1970; 32(7):
2147-2152.
[7] Richardson MF, Franklin K, Thompson DM. Reactions
of metals with vitamins. I. Crystal and molecular structure of
thiaminiumtetrachlorocadmate monohydrate. J Am Chem
Soc 1975; 97(11) 3204-3209.
[8] Adeyemo AO. Synthesis and characterization of novel
vitamin B1 metal complexes. Inorg Chem Acta 1981;
55:177-178.
[9] Hadjiliadis N, Markopoulos J, Pneumatikakis O, Katakis
D, Theophanides T, Interaction of thiamine and its phosphate
esters with Pt(II) and Pd(II). InorgChim Acta 1977; 25: 2131.
[10] Hu NH, Aoki K, Adeyemo AO, Williams GN. Metal
ion and anion coordination in the thiamine–
[PtII(NO2)4]2− system. Structures of a metal complex,
Pt(thiamine)(NO2)3, and
two
salts,
(Hthiamine)[Pt(NO2)4]·2H2O
and
(thiamine
monophosphate)2[Pt(NO2)4]·2H2O. InorgChim Acta 2001;
325(1-2): 9-19.
[11] Louloudi M, Hadjiliadis N, Laussac JP, Bau R.
Transition and group IIB metal complexes with “active
aldehyde” derivatives of thiamine. Metal-Based Drugs 1994;
1 (2-3): 221-231.
[12] Louloudi M, Hadjiliadis N, Jin-An F., Sukumar S, Bau
R. Interaction of Zn2+, Cd2+, and Hg2+ with 2-(αhydroxybenzyl)thiamin
and
2-(α-hydroxy-αcyclohexylmethyl)thiamin. Crystal structure of the complex
Hg(2-(αq-hydroxybenzyl)thiamin)Cl3.H2O. J Am Chem Soc
1990; 112 (20) 7233-7238.
[13] Hu N-H, Jia H-Q, Xu J-W, Aoki K, Interactions of thiamine with polymeric halogenocadmate anions in the organicinorganic hybrid compound (thiaminium)[Cd3Br4.4Cl3.6].
Acta Cryst 2005; C61: m538-m541.
[14] Nadagouda MN, Varma RS. Microwave-Assisted
Shape-Controlled Bulk Synthesis of Ag and Fe Nanorods in
Poly(ethylene glycol) Solutions. Cryst Growth Des 2008;
8(1): 291-295.
[15] Nadagouda MN, Varma RS. A Greener Synthesis of
Core (Fe, Cu)-Shell (Au, Pt, Pd, and Ag) Nanocrystals Using
Aqueous Vitamin C. Cryst Growth Des 2007; 7(12): 25822587.

133
137

[16] Nadagouda MN, Varma RS. Green synthesis of silver
and palladium nanoparticles at room temperature using
coffee and tea extract. Green Chem 2008; 10(8): 859–862.
[17] Baruwati B, Varma RS. High Value Products from
Waste: Grape Pomace Extract— A Three-in-One Package
for the Synthesis of Metal Nanoparticles. ChemSusChem
2009; 2: 1041-1044.
[18] Varma RS. Greener approach to nanomaterials and their
sustainable applications. Curr Op Chem Eng 2012; 1(2):
123-128.
[19] Anandan S, Lee G-J, Wu JJ. Sonochemical synthesis of
CuO
nanostructures
with
different
morphology.
UltrasonSonochem 2012; 19(3): 682-686.
[20] Toshima N, Yonezawa T. Bimetallic nanoparticles—
novel materials for chemical and physical applications. New
J Chem 1998; 22: 1179-1201.
[21] Belloni J, Mostafavi M, Remita H, Marignier J-L,
Delcourt M-O. Radiation-induced synthesis of mono- and
multi-metallic clusters and nanocolloids. New J Chem 1998;
22: 1239-1255.
[22] Hodak JH, Henglein A, Hartland GV. Photophysics of
Nanometer Sized Metal Particles: Electron−Phonon
Coupling and Coherent Excitation of Breathing Vibrational
Modes. J Phys Chem B 2000; 104: 9954-9965.
[23] Brust M, Walker M, Bethell D, Schiffrin DJ, Whyman
R, Synthesis of thiol-derivatised gold nanoparticles in a twophase Liquid–Liquid system. J Chem Soc Chem Commun
1994; 801-802.
[24] Mohammadi-Samani S., Miri R, Salmanpour M,
Khalighian N, Sotoudeh S, Erfani N. Preparation and
assessment
of
chitosan-coated
superparamagnetic
Fe3O4 nanoparticles for controlled delivery of methotrexate.
Res Pharm Sci 2013; 8(1): 25-33.
[25] Mojahedian MM, Daneshamouz S, Samani SM,
Zargaran A. A novel method to produce solid lipid
nanoparticles using n-butanol as an additional co-surfactant
according to the o/w microemulsion quenching technique.
Chem Phys Lipids 2013; 174: 32-38.
[26] Hah HJ, Koo SM, Lee SH. Preparation of Silver
Nanoparticles
through
Alcohol
Reduction
with
Organoalkoxysilanes. J Sol-Gel Sci Technol 2003; 26: 467471.
[27] Chin SF, Pang SC, Tan CH. Green Synthesis of
Magnetite Nanoparticles (via Thermal Decomposition
Method) with Controllable Size and Shape. J Mater Environ
Sci 2011; 2(3): 299-302.
[28] Singh KK, Senapati KK, Borgohain C, Sarma KC.
Newly developed Fe3O4–Cr2O3 magnetic nanocomposite for
photocatalytic decomposition of 4-chlorophenol in water. J
Environ Sci 2017; 52: 333-40.
[29] Jayamurugan P, Mariappan R, Premnazeer K, Ashokan
S, Subba Rao YV, Seshagiri Rao NVSS, et al. Investigation
of Annealing Temperature on Structural and Morphological

Properties of Cr2O3 Nanoparticles for Humidity Sensor
Application. Sens Imaging 2017; 18: Article Number 22.
[30] Li P, Xu H-P, Zhang Y, Li Z-H, Zheng S-L, Bai Y-L.
The effects of Al and Ba on the colour performance of
chromic oxide green pigment. Dyes Pigments 2009; 80(3):
287-291.
[31] Lever ABP. Electronic spectra of dn ions Inorganic
electronic spectroscopy. 2nd ed. 1984.
[32] El-Habeeb AA, Refat MS. Synthesis, structure
interpretation, antimicrobial and anticancer studies of
tranexamic acid complexes towards Ga(III), W(VI), Y(III)
and Si(IV) metal ions. J Mol Struct; 2019; 1175: 65-72.
[33] Nakamoto K. Infrared and Raman Spectra of Inorganic
and Coordination Compounds. fourth ed. Wiley: New York
1986.
[34] Cullity BD, Stock SR. Elements of X-ray Diffraction.
3rd ed. New York: Prentice Hall 2001.
[35] Al-Saadi TM, Hameed NA. Synthesis and structural
characterization of Cr2O3 nanoparticles prepared by using Cr
(NO3)3.9H2O and triethanolamine under microwave
irradiation. Adv Phys Theor Appl 2015; 44: 139-148.

