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AbstractSolid state synthesis of some new Mx-CuSb2O6-CuSb2O4 (Mx=None, Fe, Ni, Ce and Yb) nanocomposites
was introduced in the present research study. The physicoelectrochemical properties of synthesized nanocomposites
were investigated by different techniques, such as XRPDT, Rietveld, FTIR, FESEM, UV-Vis, VSM, CV and EIS. Riet-
veld analysis data revealed that all of the synthesized samples display the monoclinic crystal phase with the space group
of P21/n. The estimated direct band gap energy of the obtained nanocomposites was in the range of 2.0 to 2.7 eV,
which confirms that are active in ultraviolet-visible region. The VSM data indicated that the maximum magnetic
behavior was found for Ni doped - Cu-Sb-O nanocomposite. Also, the catalytic performance of nanocomposites to
synthesis 2-amino-4H-benzochromenes under ultrasonic and microwave was investigated. The considered parameters,
such as solvent type, catalyst amount and reaction time, influencing the yield of the 4H-benzochromene reaction were
studied. The maximum yield for the synthesizing of the 4H-benzochromene compounds was obtained when EtOH
was used as the reaction solvent. The catalyst amount and reaction time were 15 mol% and 8 min, respectively, under
ultrasonic conditions, while benzaldehyde was used as an aldehyde derivative.
Keywords: CuSb2O6-CuSb2O4, Nanocomposite, Magnetic Property, Electrochemical Property, 2-Amino-4H-benzo-

chromenes

INTRODUCTION

In the past decades, copper oxide as a p-type semiconductor has
attracted much research attention due to its potentially application
in antibacterial, gas sensing, magnetic and catalytic properties. The
magnetic behavior of copper oxide is attributed to the unpaired
electron of Cu2+ [1-4]. Magnetic Cu2+ ions are treated as spin-only
and the effect of their unquenched orbital moment is included in
an isotropic electron g tensor [5-8]. Examples of quasi-1D magne-
tism are found in materials that crystallize in the trirutile structure
with chemical formula AB2O6 (A=magnetic, B=non-magnetic cat-
ions) [9-11]. CuSb2O6 is known to be a paramagnetic binary com-
pound. CuSb2O6 is an exciting candidate exhibiting unusual magnetic
behavior [12-14]. It crystallizes in monoclinically distorted trirutile
structure type at room temperature. There are two polymorphs for
CuSb2O6 including -CuSb2O6 with tetragonal crystal system and
the space group P42/mnm with Z=2, lattice parameters of a=b=
4.63 Å, c=9.29 Å, and monoclinic crystal system with the space
group P21/n and unit cell parameters of a=4.6349 Å, b=4.6370 Å,
c=9.2931 Å and =91.124(2). The high-temperature -CuSb2O6

phase shows slightly compressed CuO6 octahedra along the 1D chain
direction, while the -CuSb2O6 phase shows elongated octahedral.

Besides, CuSb2O6 grows in monoclinic crystal structure with the
space group P121/c1 (14) and the lattice parameters of a=4.6200 Å,
b=4.6200 Å, c=9.2800 Å and =88.500o [15-18]. CuSb2O4 also crys-
tallizes in a tetragonal crystal structure and space group of P42bc.
with The fitted lattice parameters are a=b=8.7396(3) Å and c=
5.7853 Å, Z=4 [19-22]. Several works have reported synthesis of
CuSb2O6 and CuSb2O4 nanomaterials, including solid state at 1,200 oC
at 30MPa pressure [23], solid state, using CuO and Sb2O3 at 1,000 oC
[24], chemical vapor transport [25,26], flux method [27], solid state
at 950 oC for 4 h using Sb2O3 and CuSO4 [6], reflux [7,28], thermal
decomposition of complexes [8], solid state at 900 oC for 24 h, then
pelleting and 1,000 oC for 48 h [29], solid state at 1,000 oC under
pure oxygen follow [15], solid state at 750 oC for 24 h and then
800 oC for 48 h [30], solid state at 950 oC for 12 h and then 1,000 oC
for 12h [19] and hydrothermal [31]. It is well known that the doping
with metallic and nonmetallic elements is a traditional method to
enhance the catalytic activity of semiconductor nanostructures. How-
ever, to date, only cobalt has been reported as dopant type for doping
into CuSb2O6 or CuSb2O4 crystal systems [32]. Thus, in this work the
effect of other dopants such as Fe, Ni, Ce and Yb on properties of
CuSb2O6-CuSb2O4 composite has been investigated.

Chromene compounds are heterocycles main components of
many naturally produced products. Chromene compounds are inter-
esting because of their uses as cosmetic agents, food additives, and
potential biodegradable agrochemicals. Also, chromene compounds
show several pharmacological activities, including anti-HIV, anti-
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cancer, antileukemic, anticoagulant, diuretic, antibacterial, antitu-
mor, antimalarial, antianaphylactic, and antimalarial applications.
Also, chromene materials are components of various natural prod-
ucts like calophyllolides, calanolides, and calanone, the compounds
are used in several diseases such as cognitive boosters for the cure
of neurodegenerative diseases, such as Down syndrome, Parkin-
son’s, Alzheimer’s, etc. [33,34]. In the present study, microwave and
ultrasonic conditions are used to synthesize the chromene deriva-
tives. Microwave heating enhances the catalyst activity, where the
polar reactant molecules have faster rotation rates and enter the
transition state more rapidly than in a conventional heating sys-
tem, resulting in increased reaction rates [35]. Ultrasonic irradia-
tion on reaction mixture generates a huge number of cavitation
bubbles that grow rapidly and subsequently undergo vigorous col-
lapse, which results in the formation of micro-jets that can produce
fine emulsion between the reactants [36].

The current experimental study describes the one-pot solid state
synthesis of Mx-CuSb2O6-CuSb2O4 (Mx=None, Fe, Ni, Ce and Yb)
nanocomposites. The physicoelectrochemical properties of synthe-
sized nanocomposites were investigated by different techniques,
such as XRPDT, FTIR, FESEM, UV-Vis, VSM, CV and EIS. The
main crystal phase and space group types were determined by
refinement of the XRPD patterns by Rietveld analysis. Besides, the
efficiency and performance of the samples for the production of 2-
amino-4H-benzochromene derivatives were focused. The novel-
ties of the present work are synthesis of a new class of Mx-Cu-Sb-
O mixed metal oxides by solid state method, introducing the syn-
thesized samples as capacitor confirmed by EIS and CV analysis.
Also, excellent catalytic performance of the Mx-Cu-Sb-O nanocom-
posites for chromene reactions is introduced for the first time in
the present work.

EXPERIMENTAL

1. Materials and Methods
All reagents used in this work were pure and purchased from

commercial Sigma Aldrich company. The materials were applied
without any re-purification. The crystal structure of synthesized
materials was characterized by powder X-ray diffraction (XRD)
technique (Siemens D5000, Germany) with CuK


 radiation. Field

emission scanning electron microscopy (FESEM) was applied to
investigate the morphology and elemental analysis of samples (Philips
XL30, Netherlands) The investigation of the optical properties to
estimate the band gap energy of samples involved a UV-visible spec-
trophotometer (Shimadzu-UV-1650 PC, Japan). Fourier-transform
infrared spectroscopy (FTIR) spectra of the samples were investi-
gated by a Tensor 27 spectrometer (Bruker Corporation, Germany).
A vibrating sampling magnetometer was applied to study the mag-
netic assets of the nanocomposites (VSM-7400-LakeShore). The
heating of the reaction combination was carried out using an oil
bathtub. Microwave irradiation was done at 1,000 W by a Yusch
Heating Microwave oven.
2. Solid State Synthesis of Mx-CuSb2O6-CuSb2O4 (Mx=None,
Fe, Ni, Ce and Yb) Nanocomposites

Mx-CuSb2O6-CuSb2O4 (Mx=None, Fe, Ni, Ce and Yb) nanocom-
posites were produced by mixing 0.21 g (1.0 mmol) of CuCl2 (Mw=

211.62g mol1) and 0.15g (1.0mmol) of Sb2O3 (Mw=197.87g mol1).
After the powders were ground together in a mortar, the mixed
homogeneous powder which had been transferred to a 25 mL cru-
cible was annealed in an electrical furnace at 800 oC for 8 h [S1]
and 1,000 oC for 10 h [S2] under normal atmosphere. To synthe-
size the doped nanocomposites, the synthesis procedure was done
according to S2 using 0.01 mmol of Fe(NO3)3·9H2O (MW=404
gmol1) [S3], Ni(NO3)2·6H2O (MW=290.8 gmol1) [S4], Ce(NO3)3·
6H2O (MW=434.2 gmol1) [S5] and Yb2O3 (MW=394.1 gmole1)
[S6]. In a typical experiment, 0.10 g of CuCl2, 0.15 g (1.0 mmol) of
Sb2O3 and 0.01 mmole of Fe(NO3)3 were mixed together, ground
and heated at 1,000 oC for 10 h. After the reaction was completed
at the desired condition, the furnace was turned off and the sam-
ples normally reached room temperature.
3. General Remarks for Fabricating 2-Amino-4H-chromene
Compounds

To investigate the catalytic activity of nanocomposites under
microwave illumination, malononitrile (2, 1 mmol), aromatic alde-
hydes (1, 1 mmol), -naphthol (3, 1 mmol) and nanocatalyst (15
mol%) were mixed in a 5 mL solvent and put in a microwave oven.
The reaction mixture was illuminated by microwave irradiation
for a particular time (for example, 12 min) until the reaction was
done. The final touch of the reaction was acknowledged with the
assistance of thin layer chromatography (TLC) (n-Hexane :Ethyl ace-
tate 6 : 4). When the reaction was completed, hot ethanol (10 mL)
was added into the reaction solution to dissolve the product. To
separate the catalyst layer, the alcoholic mixture was poured onto a
Buchner funnel covered by a Whatman filter paper until the satis-
factory solution was passed and the catalyst was marinated on the
filter paper. Chromene products were recovered by the alcohol evap-
oration and then recrystallized from ethanol.
4. Working Electrode Fabrication for Electrochemical Prop-
erties

In this work, the working electrode was fabricated by the miss-
ing of graphite powder, silicon oil and CuSb2O4-CuSb2O6 nanocom-
posite in the ratio of 10 : 80 : 10 (w/w). In each experiment, the
mixture was homogeneously combined in a mortar, and the final
paste was tightly packed into a glass tube to eliminate air content.
A copper wire was inserted through the center of one side of the
paste packed glass tube without any crack to make the electrical
contact. After a run for the electrochemical test, the side that was
in contact with the electrolyte solution was polished mechanically
using a butter sheet to renew and shine the surface of the working
electrode.

RESULTS AND DISCUSSION

1. Characterization
Figs. 1(a)-(d) and 2(A)-(D) represent the XRPD patterns of the

as-fabricated nanocomposites. Rietveld analysis data confirmed
the production of the described samples. The red dots are the ob-
served intensities, while the black lines are the calculated data by
the Rietveld analysis. The Bragg reflection positions are indicated
by green bars, which correspond to the crystal phases. The blue line
under the green bars is the difference between the observed and
calculated data: YobsYcalc. The data shown in Fig. 1(a) reveals that
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the compounds are mixtures of CuSb2O4 and CuSb2O6 crystal
phases. However, it seems that the crystalline nature of the com-

Fig. 1. XRPD patterns and the Rietveld refinement data of (a) S1,
(b), (c) and (d) S2 with the space group of (b) P21/n, (c) P121c1
and (d) P42/mnm space groups.

Fig. 2. XRPD patterns and the Rietveld analysis data of (A) S3, (B) S4, (C) S5 and (D) S6 in which (a), (d), (g), (j) P21/n, (b), (e), (h), (k) P121c1
and (c), (f), (i), (l) P42/mnm space groups.

pound is not so good, and broad peaks with low intensity are ob-
served. So, the higher reaction temperature was used to synthesize
the target. It was found that the XRD peak intensity of the materials
was increased when the reaction temperature was increased. Fig.
1(b)-(d) presents a comparison among the reported space groups
in which CuSb2O6 can be crystallized. Table 2 presents Rietveld
refinements parameters values for the fabricated samples when the
three different space groups are used in the refinement process. The
values of 2, for S2, representing the goodness of Rietveld analysis
refinement are 1.59, 1.78 and 2.60, respectively, for P21/n, (b) P121c1,
and (c) P42/mnm space groups. The data show that the preference
of the space group can be P21/n. The data shown in Table 2 reveal
that the analysis of the XRPD patterns with P42/mnm resulted in a
bad refinement. However, the refinement with P21/n and P121/c1
showed similar behavior and no considerable difference was found
in same cell parameter values conditions. The Miller indices for the
main peaks of CuSb2O6 with P121/c1 space group are 20.07o (110),
35.05 (013), and 38.72 (220). The Miller indices for the main peaks
of CuSb2O4 with P121/c1 space group are 27.46o (211), 38.60 (212),
52.33 (402), and 53.44 (412).

Lattice volume (V) was calculated by the below formula for the
monoclinic crystal phase system:

The D values of the as-fabricated compounds were measured by

V   a.b.c.  sin
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Scherrer equation using the data obtained by Rietveld analysis (Table
1):

Dislocation density () parameter value is calculated by the below
formula:

The value of strain () parameter is from the below equation:

The strain value decreases by purity increasing of the crystal nature
that is caused by the crystallite degree improving of the fabricated
compounds. Table 1 presents the calculated data indicating the influ-
ence of the reaction temperature and doping on the D, , and 
values.

To calculate the d values, we used the Bragg equation and com-
pared the obtained data with the d value calculated by the follow-
ing equation:

The 2 and  values are included in Table 1. The (hkl) value for S1

and S2 is (-202), and for S3-S6 is (012) and =91.12o, respectively, for
the monoclinic crystal system. It is known that sin (91.12)=0.9998
and cos (91.30)=0.0195.

for S1 and S2, and

for S3-S6.
The X-ray density (x) value included in Table 1 is calculated by

the below formula:

In the formula, the molecular weight of CuSb2O6 (MW=403 gmol1)
is defined by M, the Avogadro number is defined by N, formula
unit number per lattice for -CuSb2O6 (Z=2) is defined by Z, and
the lattice parameter is defined by a, b, c. The calculated values for
x reveal that the x values are small and do not show consider-
able change by changing the conditions of the synthesis reactions
and/or introducing the metal ions into the host crystal system.
Besides, as can be found from the data, it shows that no observable
change caused by the intercalation of the metal ions, with various
atomic weight and density, is found when the synthesis reaction
conditions are changed.

The specific surface area (SSA) per lattice volume is a compound
property affecting the physical, chemical, and photochemical effi-
ciency/properties. The parameter SSA is obtained by measuring xrd

and grain size (D) by the below equation:

2. Morphology Analysis
FESEM images of the as-produced S1 to S6 nanocomposites,

respectively, are shown in Fig. 3a-f. As can be found from Fig. 3a,
the morphology of the S1 is particle. The particle size of the sam-
ple is about 20-30 nm. It is found that the other compounds’ mor-
phology is particle. However, the particles are in the range of micron

D  
K

B1/2 cos
--------------------

  
1

D2
------
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hkl cos

4
-------------------
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-----  

1
sin2


------------

k2sin2

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-----------------   

l2
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----  
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x  
ZM
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SSA  
6,000
Dxrd
-------------

Table 1. Unit cell, crystallite size (D), dislocation density (), strain (), X-ray density (x), specific surface area (SSA), CuSb2O4/CuSb2O6 crys-
tal phase ratio and counts data of the synthesized CuSb2O6 nanocomposites
2 B1/2 a b c V (Å3)  D  ×103 d (Å) x SSA ×103 CuSb2O4 ratio Counts

S1 43.2 0.015 4.51 4.68 9.74 205 91.27 13 5.9 2.23 0.59 7.8 2.6 1.3 075
S2 43.3 0.007 4.61 4.69 9.35 202 91.12 21 6.6 2.07 0.66 4.3 2.8 1.5 076
S3 27.2 0.004 4.52 4.68 9.40 199 91.12 34 2.4 3.25 0.67 2.6 1.7 0.6 087
S4 27.3 0.003 4.61 4.66 9.28 199 91.15 44 2.4 3.27 0.67 2.0 1.7 0.7 149
S5 27.3 0.003 4.68 4.63 9.32 202 91.19 44 2.4 3.27 0.66 2.0 1.7 0.4 128
S6 27.2 0.003 4.66 4.64 9.28 201 91.12 44 2.4 3.27 0.67 2.0 1.7 0.4 148

Table 2. Rietveld refinement parameters values for the synthesized samples

Parameters
P21/n P42/mnm P121c1

RF RBragg  2 RF RBragg  2 RF RBragg  2

S1 1.930 2.93 2.47 3.56 4.73 2.30 2.98 3.31 3.26
S2 0.534 1.08 1.59 1.39 2.77 2.60 0.93 1.21 1.78
S3 1.680 1.94 1.54 3.73 3.83 1.84 1.73 2.01 1.68
S4 1.310 2.48 1.61 2.31 3.48 1.61 1.18 2.76 1.66
S5 1.240 2.27 1.93 4.94 6.17 2.97 1.64 2.40 2.18
S6 1.720 2.99 2.07 6.42 9.61 1.96 1.45 2.45 2.22
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Fig. 3. FESEM images of a) S1, b) S2, c) S3, d) S4, e) S5 and f) S6.

Fig. 4. EDX graphs of (a) S3, (b) S4, (c) S5, and (d) S6.
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size. Besides, it is found that the particles are in multigonal shape.
The particle sizes are in the ranges of 250 nm to 1m.
3. Elemental Analysis

As shown in Fig. 4, to determine the amount of the dopant into
the samples, EDX technique was applied. According to the analy-
sis, the intercalation percent (A%) of Fe3+, Ni2+, Ce3+ and Yb3+ in
the composites was 0.013, 0.016, 0.011, and 0.012, respectively.
4. Magnetic Properties

VSM analysis was used to investigate the magnetic behavior of
the as-fabricated compounds. As shown in Fig. 5(a) and (b), the
magnetic hysteresis (M-H) curves of the as-produced nanocom-
posites display ferromagnetic property at 273 K. According to Fig.
5(a), the saturation magnetization (Ms) amount changes from 0.05
to 0.20 emu/g. The Ms amount increases by introducing Ni2+ into
the host crystal system (S4). Remanence magnetization, Mr, param-
eter is defined by magnetization strength of a compound, where the
magnetization is not eliminated by eliminating the external mag-
netic field (H=0) [37]. Fig. 5(b) shows the magnified M-H curve.
It shows that S1 has the most saturation remanence (Mr) values
(0.014). Ms value for S1 is 0.1 emu/g. The squareness ratio (Mrs=

Fig. 5. Room temperature M-H graphs of the as-fabricated nanocomposites.

Fig. 6. (a) UV-Vis spectra and (b) direct band gap energy values of the as-produced compounds.

Mr/Ms) value is obtained by the dividing the remanence by satura-
tion magnetization. A compound has a squareness ratio smaller
than 0.5 when the magnetization distribution of a particle is iso-
tropical and uniform without intergrain interactions. The observa-
tion is related to the formation of multi-domain structure. In the
current experimental study, it is shown that Mrs is 0.14 for S1. So,
no preferred magnetization direction is observed for the as-fabri-
cated compounds.
5. Optical Properties

Fig. 6(a) and (d) show the UV-Vis absorption and the direct opti-
cal band gap energy graphs of the as-produced nanocomposites.
According to Fig. 6(a), the absorption of light in the ultraviolet-
visible region suggests fantastic photoactivity under ultraviolet and
visible light irradiations. The absorption coefficient and the energy
of the incident wavelength are related together by (h)2=A(h
Eg) for Eg, where, A and Eg are constant and direct band gap energy
value, respectively. The extrapolation of the linear part of the curve
to the energy axis is considered as Eg value. It can be seen from
Fig. 6(b) that the band gap energies of pure and doped samples
are in the range of 2.05-2.9 eV. This figure indicates that the S6



1798 S. Shafaati et al.

July, 2023

sample displays the smallest Eg with the value of 2.7 eV. However,
the previously reported Eg value for the pure CuSb2O6 was 3.3 eV
[8]. The decrease in the value of the band gap energy can be due
to the composite nature of the as-prepared samples.

FTIR spectra of the as-produced nanocomposites are shown in
Fig. 7. The main bands are centered at 580, 735, 820, 2,370 and
3,460 cm1. The band at 580 cm1 is related to symmetric bending
vibration of Sb-O [38]. The band at 735 cm1 is assigned to Cu-O-
Sb vibration [39]. The band at 820 cm1 is also attributed to Sb-O
stretching vibration. The broad band at about 3,460cm1 was assigned

Fig. 7. FTIR spectra of the as-produced nanocomposites.

Fig. 8. a) galvanostatic charge–discharge, b, c) Nyquist, d-h') CV, and i) i-t plots of the as-produced nanocomposites.

to stretching vibration of the O-H bonds [40].
6. Electrochemical Properties

An electrochemical system composed of a three-electrode cell
including working electrode, reference electrode, and counter elec-
trode was used to study the electrochemical property of the as-pro-
duced nanocomposites by cyclic voltammetry (CV). The galvano-
static charge/discharge measurement (V-t curves) at a stable cur-
rent intensity is presented in Fig. 8a showing a symmetric triangu-
lar shape revealing no considerable iR loss. The observation indicates
a good capacitive behavior of the compound. So, the data shows
that the nanocomposite is useful for making capacitor electrode.
The voltage-time plot of the as-produced compounds indicates an
ideal linear figure and no deviation is found for the compound. So,
no quick faradaic reaction caused by the existence of excess oxy-
gen-containing functional groups was found [41]. But, when the
scan rate increases, the charge/discharge time is reduced. The elec-
trochemical impedance spectroscopy (EIS) graph of the as-fabri-
cated compounds is presented in Fig. 8b and c. The data related
the overall conductivity of the cell and its impact on the power
and the discharge behavior of the sample. As could be found from
the data, it is clear that the Z values are about 25 to 60/cm2 for
the synthesized samples. It is clear that the smallest value belongs
to S5. The area of semicircle region for S5 is less than that of the
other samples. The observation is due to the higher electron and
charge transfer rate for S5. Weak ion and electron transport results
from the relatively observed high EIS values of the capacitors. Besides,
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the graphs slopes are near to 90o showing the good capacitor prop-
erty of the samples, which is in agreement with the CV results [42].

Fig. 8d-h presents the cyclic voltammograms of the as-produced
compounds in 1 molL1 NaOH aqueous solution between 0 and
+1.5 V at different scan rates. The CV curves of the nanocompos-
ites do not show a typical rectangular shape. This phenomenon
confirms that there no capacitive behavior is caused by pure elec-
tric double layer and oxidation-reduction reactions for the work-
ing electrode at the cell potential range. The electrochemical window
(EW) is defined for materials in which no oxidation-reduction
reaction is observed in a certain cell potential range. The magni-
fied CV graphs shown in Fig. 8f-h indicate that the compounds
have wide potential windows, and so the nanocomposites are sta-
ble against oxidation/reduction reaction. Aans c be seen from the
plots, the data indicate that the current density values are in the
ranges of 0 to +0.6, 0 to 0.9, 0 to 0.70, 0 to 0.8 and 0 to 0.8 V,
respectively, for S2, S3, S4, S5 and S6. Besides, a weak broad shape at
about 0 V reveals a small pseudocapacitive property of the com-

pounds. The observations show that the samples present a good
onset potential and more current density in the CV curve, imply-
ing a larger capacitance when the dopant types are intercalated
into the host crystal system [43]. As can be found from Fig. 8d-h,
the magnified plots show that the samples suffer a very small oxi-
dation-reduction reaction at the potential range. It shows that the
samples can be used as electrocatalyst applications. The i-t curve is
shown in Fig. 8i; it shows that the peaks exist at the lower time
when the scan rate increases.

The charge discharge specific capacitance is calculated by the
below equation [44]:

In the equation, the applied current is i, the discharging time is dt,
the mass of the active material coated on to the electrode is m, and
the working potential window is (VfVi). In the present experimen-
tal study, m is 0.01 g and i is 0.05 A/cm2. The dt (s) values are 172,

C  
i dt

m Vf  Vi 
-------------------------

Fig. 8. Continued.
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89, 48 and 47, respectively, for 0.005, 0.01, 0.015 and 0.02 V/s scan
rates.
7. Catalytic Study

The fabrication of 2-amino-4H-benzochromenes under ultra-
sonic and microwave conditions by the as-prepared nanocompos-
ite (S2) is presented in the current work. Some reaction parameters
affecting the chromene manufacturing yield, which includes reac-
tion time, catalyst quantity, and solvent kind, have been studied to
obtain an excessive yield. Scheme 1 shows the standard reaction
way for the fabricating of the chromene compounds below micro-
wave illumination. The reaction yield was 98% when R=H and
EtOH as a solvent, at 45 oC for 8 min by using 15 mol% catalyst.

The reaction time, solvent type, temperature, and catalyst amount,
in different reaction conditions including microwave and ultrasonic,
are studied in Tables 3-6, respectively. The data presented in Table
3 show that the maximum reaction yield of 98% was obtained
under ultrasonic conditions when the radiation frequency, tempera-
ture and reaction time were 50 (kHz), 45 oC and 8min, respectively.

Scheme 1. Catalytic reaction route for the fabrication of 2-amino-4H-benzochromenes by Cu-Sb-O nanostructure.

Table 3. Influence of the temperature and the reaction time on the
reaction yield of the typical reaction

Temperature (oC) Frequency (KHz) Time (min) Yield (%)
Ultrasonic

25 10 18 80
30 20 15 83
35 30 12 87
40 40 10 90
45 50 8 98
50 60 8 93

Microwave
Temperature (oC) M.W power (W) Time (min) Yield (%)

30 40 22 71
35 50 17 79
40 60 13 85
45 70 9 90
50 80 5 97
55 90 5 92

benzaldehyde (1 mmol), -naphthol (1 mmol), malononitril (1 mmol)
and 15 mol% of catalyst (S1) in EtOH.

Table 4. Influence of the solvent on the reaction time and yield of
the typical reaction

Entry Solvent Time (min) Yield (%)
Ultrasound

1 - 120 -
2 H2O 20 64
3 EtOH 8 98
4 H2O/EtOH(1 : 1) 16 83
5 H2O/EtOH(1 : 2) 13 88
6 CH2Cl2 26 45
7 DMF 28 50
8 (C2H5)2O 25 42
9 CH3CN 26 49

Microwave
1 - 44 23
2 H2O 17 55
3 EtOH 5 97
4 H2O/EtOH(1 : 1) 13 60
5 H2O/EtOH(1 : 2) 10 62
6 CH2Cl2 22 46
7 DMF 20 50
8 (C2H5)2O 24 45
9 CH3CN 20 49

benzaldehyde (1 mmol), -naphthol (1 mmol), malononitril (1 mmol)
and 15 mol% of catalyst (S1) in 50 oC and 80 W microwave power.

Besides, when the microwave power, time, and temperature were
80 W, 5 min, and 50 oC, 97% yield was obtained. Additionally, the
impact of solvent type on the 4H-benzochromene reaction yield is
presented in Table 4. The observation shows that the maximum
reaction yield is achieved when EtOH is used as the reaction sol-
vent. As could be found from the Table, the time amount to reach
the maximum yield for each reaction condition is different. How-
ever, the reaction yield is about zero when solvent-free condition is
applied. The catalyst amount effect on the reaction yield was also
studied in Table 5. It was found that a high yield was obtained when
15 mol% of S2 was used in the reaction mixture.

The catalytic reaction yields with the melting point of the recrys-
tallized compounds using S2 as catalyst are presented in Table 6.
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The values included in Table 6 confirm that the most catalyst effi-
ciency was obtained when the reaction time was lower than 10min,
for ultrasonic and microwave conditions.

Tables 7 and 8 present the catalytic efficiency of the as-prepared

Table 5. Influence of the catalyst amount on reaction yield of the
typical reaction

Entry Catalyst (mol%) Time (min) Yield (%)
Ultrasound

1 - 30 9
2 5 22 54
3 10 16 73
4 15 8 98
5 20 6 94

Microwave
1 - 20 66
2 5 9 90
3 10 7 94
4 15 5 97
5 20 5 95

benzaldehyde (1 mmol), -naphthol (1 mmol), malononitril (1 mmol)
and various amount of catalyst (S1) in EtOH, 50 oC and 80W micro-
wave power.

Table 6. Production of 2-amino-4H-benzochromenes under microwave and ultrasound irradiation

Entry Aldehyde Product
Microwave conditionsa Ultrasonic conditionsb

Time (min) Yield (%) Time (min) Yield (%)
1 C6H5CHO 4a 5 97 8 98
2 4-FC6H4CHO 4b 7 94 6 96
3 4-ClC6H4CHO 4c 6 96 6 95
4 4-BrC6H4CHO 4d 7 95 7 96
5 3-ClC6H4CHO 4e 6 94 7 94
6 4-MeC6H4CHO 4f 9 92 8 93
7 4-OMeC6H4CHO 4g 7 90 10 89
8 3-NO2C6H4CHO 4h 4 98 4 98
9 4-OHC6H4CHO 4i 10 89 9 90

aAldehyde derivatives (1 mmol), malononitrile (1 mmol), -naphthol (1 mmol) and catalyst (S1) 15 mol% in EtOH and power of 80 W in 50 oC.
bAldehyde derivatives (1 mmol), malononitrile (1 mmol), -naphthol (1 mmol) and catalyst (S1) 15 mol% in EtOH and 50 kHz frequency in 45 oC.

Table 7. Catalytic performance of S1, S3, S4, S5 and S6 at the optimum conditions under microwave illumination
Entry Aldehyde Product Y(%) S1 Y(%) S3 Y(%) S4 Y(%) S5 Y(%) S6

1 C6H5CHO 4a 95 94 92 93 93
2 4-FC6H4CHO 4b 93 91 90 89 90
3 4-ClC6H4CHO 4c 94 92 91 90 91
4 4-BrC6H4CHO 4d 93 91 90 89 90
5 3-ClC6H4CHO 4e 93 92 91 91 90
6 4-MeC6H4CHO 4f 91 90 88 89 89
7 4-OMeC6H4CHO 4g 88 87 86 86 85
8 3-NO2C6H4CHO 4h 97 95 94 93 94
9 4-OHC6H4CHO 4i 87 86 85 84 84

samples for the Chromene reactions at the optimum conditions
under ultrasonic and microwave conditions. As could be found
from the data, it was found that the catalytic efficiency of the sam-
ples under the two conditions is comparable. However, it is clear
that a bit weak in the efficiency of the catalysts is found when doped
samples were used in the reaction mixture. The FTIR and NMR
data are included in the supplementary file.
8. Reusability of Catalyst

The reusability test of the applied catalyst in the Chromene reac-
tion mixture was studied under microwave condition. According
to the data, considerable reaction yield was obtained until run=3.
The deactivation of the catalyst after run 3 can be due to the satu-
ration of the active sites of the catalyst by organic compounds and/
or decomposition of the catalyst after three times of the catalytic
process. The XRD pattern of the catalyst after three times reac-
tions is also shown in Fig. 9(b). It is clear that the count value of the
catalyst has decreased considerably. Also, the proportion of CuSb2O4

in the product mixture has decreased. According to the data we
can conclude that the main reason for the decrease of the catalyst
performance is decomposition and reducing the crystalline nature
of the catalyst. The data are demonstrated by the refs. [45,56].

Table 9 presents the comparison study for the catalytic synthesis
of Chromene compounds. As could be found from the data, it is clear
that the efficiency of the as-prepared nanocomposites for the pres-
ent catalytic reaction is comparable with the other reported works.
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CONCLUSION

A facile solid state procedure was used to prepare Mx-CuSb2O6-
CuSb2O4 (Mx=None, Fe, Ni, Ce and Yb) nanocomposites. The
physicoelectrochemical properties of synthesized nanocomposites
were investigated by different techniques, such as XRPDT, Riet-
veld, FTIR, FESEM, UV-Vis, VSM, CV and EIS. The UV-Vis data
indicated that the Yb-doped CuSb2O6-CuSb2O4 sample exhibited
the smallest band gap energy with the energy of 2.7 eV. Besides, the
VSM data confirmed that the highest magnetic property was found
for Ni-doped CuSb2O6-CuSb2O4 nanocomposite. CV data revealed
that the synthesized samples had capacitor behavior; however, a
very weak electrochemical active oxidation/reduction reaction was
observed. Cu-Sb-O nanocomposites were used as a reusable nano-

catalyst for the synthesis of 2-amino-4H-chromenes under ultrasonic
and microwave illumination. The maximum yield for the prepara-
tion of the 2-amino-4H-benzochromenes was obtained at 97% when
H2O was used as the reaction solvent; the catalyst amount, reaction
time and temperature, and illumination frequency were 15 mol%,
12 min, 70 oC, and 50 kHz, respectively, while benzaldehyde was
used as aldehyde derivative.

SUPPORTING INFORMATION

Additional information as noted in the text. This information is
available via the Internet at http://www.springer.com/chemistry/
journal/11814.
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FTIR and NMR Spectroscopies Analyses
The FTIR and 1H-NMR spectroscopies analyses data of com-

pounds 4a-i are given below:
3-Amino-1-phenyl-1H-benzo[f]chromene-2-carbonitrile (Entry

1):
White solid; M.p.(Obsd.) 285-288 oC; M.p.(Lit.). 285-287 oC; IR

(KBr, v, cm1): 3,451, 3,351, 2,179, 1,669, 1,600, 1,540, 1,501, 1,190,
1,081; 1H NMR (DMSO-d6):  7.93-7.82 (m, 2H, Ar), 7.85 (d, J=
6.1 Hz, 1H, Ar), 7.44-7.15 (m, 8H, Ar), 6.93 (bs, 2H, NH2), 5.30 (s,
1H, CH); CHN (C20H14N2O) calc. (%): C (80.53), H (4.69), N (9.39);
observed (%): C (80.21), H (4.50), N (9.02).

3-Amino-1-(4-fluorophenyl)-1H-benzo[f]chromene-2-carboni-
trile (Entry 2):

Light yellow solid; M.p. 237-240 oC; M.p.(Lit.). 239-241 oC; IR
(KBr, v, cm1): 3,405, 3,339, 2,191, 1,632, 1,572, 1,400, 1,256, 1,109,
1,033, 804, 757; 1H NMR (DMSO-d6):  7.91-7.89 (m, 2H, Ar),
7.87-7.80 (m, 1H, Ar), 7.44 (d, J=6.1 Hz, 2H, Ar), 7.32-7.21 (m,
2H, Ar), 7.19 (d, J=8.5 Hz, 1H, Ar), 7.04 (t, 2H, Ar), 6.95 (bs, 2H,
NH2), 5.28 (s, 1H, CH); CHN (C20H13FN2O) calc. (%): C (75.94),
H (4.11), N (8.86); observed (%): C (75.42), H (4.08), N (8.29).

3-Amino-1-(4-chlorophenyl)-1H-benzo[f]chromene-2-carboni-
trile (Entry 3):

White solid; M.p. 211-213 oC; M.p.(Lit.). 210-212 oC; IR (KBr, v,
cm1): 3,408, 3,332, 2,190, 1,640, 1,572, 1,408, 1,248, 1,100, 1,044,
801, 755; 1H NMR (DMSO-d6):  7.85 (d, J=8.0 Hz, 1H, Ar), 7.47
(d, J=8.2 Hz, 1H, Ar), 7.43-7.28 (m, 3H, Ar), 7.15 (d, J=8.1 Hz,
2H, Ar), 6.94 (d, J=8.5 Hz, 2H, Ar), 7.10 (d, J=8.3 Hz, 1H, Ar),
7.01 (bs, 2H, NH2), 5.30 (s, 1H, CH); CHN (C20H13ClN2O) calc.
(%): C (72.18), H (3.90), N (8.42); observed (%): C (71.89), H
(3.56), N (8.14).

3-Amino-1-(4-bromophenyl)-1H-benzo[f]chromene-2-carbo-
nitrile (Entry 4):

White solid; M.p. 219-221 oC; M.p.(Lit.). 220-222 oC; IR (KBr, v,
cm1): 3,400, 3,333, 2,192, 1,647, 1,570, 1,401, 1,256, 1,107, 1,052,
800, 769; 1H NMR (DMSO-d6):  7.90-7.83 (m, 2H, Ar), 7.75-7.70
(m, 1H, Ar), 7.46-7.39 (m, 3H, Ar), 7.33-7.26 (m, 1H, Ar), 7.24-
7.11 (m, 2H, Ar), 7.10 (d, J=8.1 Hz, 1H, Ar), 7.00 (bs, 2H, NH2),
5.28 (s, 1H, CH); CHN (C20H13BrN2O) calc. (%): C (63.67), H
(3.44), N (7.42); observed (%): C (63.32), H (3.17), N (7.20).

3-Amino-1-(3-chlorophenyl)-1H-benzo[f]chromene-2-carboni-
trile (Entry 5):

White solid; M.p. 210-212 oC; M.p.(Lit.). 211-213 oC; IR (KBr, v,
cm1): 3,437, 3,350, 2,179, 1,656, 1,600, 1,562, 1,518, 1,500, 1,317,
1,270, 1,060, 765; 1HNMR (DMSO-d6):  8.00 (s, 1H, Ar), 7.96 (d,
J=8.1 Hz, 1H, Ar), 7.94 (d, J=7.5 Hz, 1H, Ar), 7.90 (d, J=7.0 Hz,
1H, Ar), 7.82 (d, J=8.0 Hz, 1H, Ar), 7.53 (d, J=7.6 Hz, 1H, Ar),
7.50-7.47 (m, 1H, Ar), 7.40-7.45 (m, 2H, Ar), 7.33 (d, J=8.0 Hz, 1H,
Ar), 7.10 (bs, 2H, NH2), 5.66 (s, 1H, CH); CHN (C20H13ClN2O)
calc. (%): C (72.18), H (3.90), N (8.42); observed (%): C (72.09), H
(3.54), N (8.21).

3-Amino-1-(p-tolyl)-1H-benzo[f]chromene-2-carbonitrile (Entry
6):

White solid; M.p. 268-270 oC, M.p.(Lit.). 269-271 oC; IR (KBr, v,
cm1): 3,440, 3,320, 2,946, 2,166, 1,662, 1,607, 1,526, 1,499, 1,262,
1,175, 1,069, 744; 1H NMR (DMSO-d6):  7.90 (d, J=7.1 Hz, 2H,
Ar), 7.88-7.80 (m, 1H, Ar), 7.40 (d, J=7.6 Hz, 2H, Ar), 7.28 (d, J=
8.2 Hz, 1H, Ar), 7.26-7.11 (m, 4H, Ar), 6.85 (bs, 2H, NH2), 5.17 (s,
1H, CH), 2.15 (s, 3H, CH3); CHN (C21H16N2O) calc. (%): C (80.76),
H (5.12), N (8.97); observed (%): C (80.39), H (4.88), N (8.57).

3-Amino-1-(4-methoxyphenyl)-1H-benzo[f]chromene-2-carbo-
nitrile (Entry 7):

Pale yellow solid; M.p. 189-191 oC; M.p.(Lit.). 191-193 oC; IR
(KBr, v, cm1): 3,422, 3,318, 2,975, 2,170, 1,664, 1,600, 1,525, 1,509,
1,293, 1,230, 1,180, 1,075, 762; 1H NMR (DMSO-d6):  7.87 (d,
J=8.1 Hz, 2H, Ar), 7.60 (t, J=7.1 Hz, 1H, Ar), 7.32-7.21 (m, 2H, Ar),
7.13 (d, J=8.0 Hz, 1H, Ar), 7.01 (d, J=8.0 Hz, 2H, Ar), 6.88 (d,
J=8.3 Hz, 2H, Ar), 6.80 (bs, 2H, NH2), 5.20 (s, 1H, CH), 3.59 (s,
3H, OCH3); CHN (C21H16N2O2) calc. (%): C (76.82), H (4.87), N
(8.53); observed (%): C (76.44), H (4.39), N (8.22).

3-Amino-1-(3-nitrophenyl)-1H-benzo[f]chromene-2-carboni-
trile (Entry 8):

White solid; M.p. 231-233 oC; M.p.(Lit.). 233-235 oC ; IR (KBr,
v, cm1): 3,444, 3,350, 2,182, 1,666, 1,607, 1,579, 1,520, 1,500, 1,322,
1,271, 1,063, 760; 1HNMR (DMSO-d6):  8.00 (s, 1H, Ar), 7.89 (d,
J=8.0 Hz, 1H, Ar), 7.90 (d, J=7.2 Hz, 1H, Ar), 7.86 (d, J=7.5 Hz,
1H, Ar), 7.74 (d, J=8.4 Hz, 1H, ArH), 7.54 (d, J=7.6 Hz, 1H, Ar),
7.50-7.41 (m, 1H, Ar), 7.38-7.30 (m, 2H, Ar), 7.26 (d, J=8.0 Hz,
1H, Ar), 7.05 (bs, 2H, NH2), 5.66 (s, 1H, CH); CHN (C20H13N3O3)
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calc. (%): C (69.97), H (3.79), N (12.24); observed (%): C (69.43),
H (3.21), N (12.07).

3-Amino-1-(4-hydroxyphenyl)-1H-benzo[f]chromene-2-carbo-
nitrile (Entry 9):

White solid; M.p. 287-289 oC; M.p.(Lit.). 289-291 oC; IR (KBr, v,
cm1): 3,440, 3,352, 2,186, 1,669, 1,601, 1,579, 1,522, 1,500, 1,327,

1,271, 1,060, 764; 1HNMR (DMSO-d6):  7.93-7.90 (m, 2H, ArH),
7.89-7.83 (m, 1H, Ar), 7.40 (d, J=6.0 Hz, 2H, Ar), 7.37-7.20 (m,
2H, Ar), 7.19 (d, J=8.6 Hz, 1H, Ar), 7.08 (t, 2H, Ar), 7.00 (bs, 2H,
NH2), 5.40 (s, 1H, CH), 10.20 (s, 1H, OH), CHN (C20H14N2O2)
calc. (%): C (76.43), H (4.45), N (8.91); observed (%): C (76.22), H
(4.08), N (8.33).
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