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Article Info ABSTRACT 
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Research Article 
Synthesis of Yb2V2O7 nano-powders was reported by solid state reactions using Yb2O3 and 

Na2VO4 at stoichiometric 1:1 Yb:V molar ratio as raw materials for the first time. Powder X-

ray diffraction (PXRD) technique was used to characterize the as-prepared nanomaterials. 

Crystal phase change due to changing the reaction time was studied by FullProf program. The 

results showed that the patterns had a main cubic Yb2V2O7 crystal structure with a space 

group of Fd3 ̄m. As could be found from the XRD data, the synthesized Yb2V2O7 sample was 

stable at the reaction temperature until 400 ºC. It was found that increasing the reaction 

temperature had a reverse effect on the stability and so purity of the synthesized samples. 

FESEM images showed that the synthesized Yb2V2O7 particles had sphere morphology with 

homogeneity in size and morphology. Ultraviolet–visible spectroscopy (UV-Vis) analysis 

showed that the synthesized Yb2V2O7 nanopowder had strong light absorption property in 

the ultraviolet-visible light region. The catalytic performance of the synthesized Yb2V2O7 

nanomaterial was studied for the fabrication of 2-amino-4H-chromene compounds under 

solvent condition. The reaction parameters affect on the reaction yield such as reaction time, 

solvent type and catalyst amount were studied. The maximum yield for the synthesis of the 

Chromene compounds was obtained (94%) when H2O was used as reaction solvent, the 

catalyst amount, reaction time and temperature, and illumination frequency were (10 mol%), 

12 min, 70 ˚C and 50 kHz, respectively, while benzaldehyde was used as aldehyde derivative. 
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1. Introduction 

Pyrochlore materials with general formula A2B2O7 are 
related to the fluorite structure and the nature of this 
relationship is discussed in the crystallography of this 
compounds [1]. There are few compounds that have 
simultaneously ferromagnetic and semiconductor 
properties. One of the compounds is Yb2V2O7. Rare 
earth ortho vanadates are important class of inorganic 
functional materials studied extensively for their 
structural and chemical properties. Yb2V2O7 has 
pyrochlore type structure. According to reported 
researches conducted on Yb2V2O7 materials, it has been 
found that Yb2V2O7 crystallizes in cubic crystal system 

with space group Fd3̄m . These compounds have 
unique physical properties such as catalysis [2-5], 
electronic [6], magnetic properties [7,8], optical 
properties [9] and are applied in solid oxide fuel cells 
(SOFC) [10]. Also, the compound has the 
ferromagnetic property with the highest value of TC, so 
they can be ideal option for use on different device from 
computer to high temperature sensors. There is a major 
magnetic data have been reported for Yb2V2O7 
nanomaterials [11,12]. Some routes are introduced for 
the preparation of Yb2V2O7 nanomaterials such as solid 
state using VO2 and Yb2O3 [13], floating – zone [14-
16], and heating REVO4 [17], flux growth [18-20], 
hydrothermal [21], liquid – phase [22, 23], melt-mode 
[24], precipitation [25], pressing the sample to 25 GPa 
and aging at room temperature [26] and solid-phase 
synthesis [27]. Chromene compounds are heterocycles 
chief components of many naturally produced products. 
Basically, Chromene compounds are interested because 
of their uses as cosmetic agents, food additives, and 
potential biodegradable agrochemicals. Besides, 
Chromene compounds show several pharmacological 
activities such as anticancer, anticoagulant, anti-HIV, 
diuretic, antimalarial, antitumor, antibacterial, 
antileukemic, antimalarial, and antianaphylactic 
applications. Also, Chromene materials are 
components of various naturally produces products like 
calanone, calanolides, and calophyllolides. Moreover, 
the compounds are used in several diseases such as 
cognitive enhancers for the treatment of 
neurodegenerative disease, including amyotrophic 
lateral sclerosis, Alzheimer’s disease, Parkinson’s 
disease, Huntington’s disease, AIDS-associated 
dementia, and down syndrome as well as for the 
treatment of myoclonus and schizophrenia [28-30]. The 
microwave portion of electromagnetic radiation is 
emerged a significant area in the acceleration of 
chemical reactions. There are three main reasons for its 
special place of microwave (MW) assisted synthesis. 
The first point is high heating efficiency caused by MW 
energy, which reaches and absorbed directly by 
substance. The second is selectivity i.e. having 
dielectric polar molecule will absorb this energy. And 
thirdly enhancement of chemical syntheses by the MW 

effect or non-thermal effect. In other sense, the 
microwave irradiation energy acts as internal heat 
source, which is able to heat the target compounds 
without heating the entire furnace or oil bath, 
consequently, saves time and energy. It produces more 
uniform heating. In this regard Microwave heating 
technique has blossomed in a variety of applications in 
Organic Synthetic methods. Although the initial 
synthetic work was performed in domestic Microwave 
ovens but recently most organic reactions are carried 
out in dedicated high speed specialized Microwave 
equipment with appropriate pressure and temperature 
control. Besides, organic/inorganic hybrid functional 
materials. In this process, a direct reaction in one step 
is used for the preparation of inorganic parts while the 
organic component works as surface capping material 
or template [31-33]. For the mentioned reasons, we 
used microwave energy source and one-pot method for 
the fabrication of Chromene compounds. 

In the present work, solid state method is used for the 

synthesis of Yb2V2O7 nanostructures. Crystalline phase 

growth of the synthesized materials in different conditions 

is investigated using Rietveld analysis. Physical properties 

of the fabricated samples are investigated by FESEM, 

(UV-Vis) spectroscopy, BET and BJH methods. Besides, 

the performance of the synthesized samples for the 

preparation of Chromene derivatives is investigated. 

2. Experimental 

2.1. Materials and instruments 

Yb2O3, Na3VO4, aromatic aldehyde derivative, 

malononitrile, β-naphtol and the used solvents were 

purchased from commercial sources (Merck and Sigma 

Aldrich Companies) with synthesis grade and used 

without further purifications. The crystal structure of 

as-prepared materials was recorded on a X-ray 

diffraction (XRD, Ultima IV, Rigaku) with Cu-Kα 

radiation at a scan rate of 0.1o·s-1 with 2θ degree range 

from 10o to 80o. Rietveld analysis was performed by 

FullProf software. A field emission scanning electron 

microscope (Hitachi FE-SEM model S-4160) was used 

to determine the morphology of the obtained samples. 

The fabricated sample was dispersed in water and cast 

onto a copper grid to study the size and morphology of 

the synthesized materials by TEM (Transmission 

Electron Microscope) using a Philips – CM300 - 150 

KV microscope. BET and BJH data were collected on 

a Beckman Coulter SA3100 Surface Area Analyzer. 

Ultraviolet (UV)–visible spectra were acquired with U-

3900H Spectrophotometer (Hitachi). Microwave 

irradiation was applied by a Yusch Heating Microwave 

oven (1000 W) under atmospheric pressure. 
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2.2. Solid State synthesis of Yb2V2O7 
nanomaterial 

In a typical synthesis experiment, 0.5 mmol of Yb2O3 

(MW = 394.08 g mol-1) and 1 mmol of Na3VO4 (Mw = 

183.907 g mol-1) with Yb:V molar ratio of 1:1 were 

ground in a mortar until an almost homogenous powder 

was obtained. A 25 mL crucible was used as a container 

for the obtained powder. The contained powder 

crucible was transferred into an electric furnace that 

had already reached to a desired temperature at S1= 300, 

S2 = 400 ̊C, S3 = 500 ̊C, and S4 = 600 C̊ and treated 

thermally for 8 h. The crucible was then allowed to cool 

down to the room temperature in the furnace. 

2.3. General remarks to fabricate 2-amino-
4H-chromene compounds 

In a typical experiment, aromatic aldehyde derivative 

(1, 1 mmol), malononitrile (2, 1 mmol), β-naphtol (3, 1 

mmol) and nanocatalyst (10 mol%) were mixed in a 5 

mL solvent and putted into a microwave oven. The 

reaction mixture was illuminated by the microwave 

radiation for a certain time (for example 12 min) until 

the reaction was completed. The completion of the 

reaction was confirmed by TLC (Ethyl acetate:n-

Hexane 4:6). When the reaction was completed, 10 mL 

of hot ethanol was added to the reaction mixture to 

dissolve the product and filter the nanocatalyst. To 

separate the catalyst, the alcoholic mixture was poured 

onto a Buchner funnel covered by a Whatman filter 

paper until the fine solution was passed and the catalyst 

was marinated on the filter paper. Chromene product 

was recovered by the alcohol evaporation and 

recrystallized in ethanol. 

3. Results and Discussion 

3.1. Characterization 

The phase identification of the synthesized 

nanomaterials was performed by powder X-ray 

diffraction technique. Figure 1 shows the XRD analysis 

of the obtained samples in the 2θ range of 10-90° 

associated with the structural analyses done by 

the FullProf program. Profile matching mode in 

Rietveld analysis with constant scale factors was used 

to identify the crystal phase type and growth of the 

obtained samples. The observed intensities are shown 

by red lines; The calculated data are indicated by black 

lines; the blue lines are the difference between the 

observed and calculated lines. The Bragg positions 

shown by blue bars are corresponded to the cubic phase 

of 𝑌𝑏2𝑉2𝑂7. The Rietveld data indicate that the PXRD 

patterns of the synthesized compounds at the reaction 

temperatures in the range of 300 to 600 °C are related 

to main cubic Yb2V2O7 crystal structure with space 

group Fd3̄m [11, 12, 14]. It is clear that the reaction 

temperature is a key factor affected the crystal phase 

compositio. The impurity phases revealed in the 

product mixture V2O5 (red bar) (3%) and Yb2O3 (green 

bar) (16%). The amounts of Yb2O3 in the product 

mixture are 4, 6, 9, and 16% for S1, S2, S3 and S4, 

respectively.  

 
Figure 1. XRPD patterns associated with Rietveld analysis of a) 𝑆1, 
b) 𝑆2, c) 𝑆3 and d) 𝑆4. 

The PXRD patterns of the fabricated samples 

reveal that a cubic Yb2V2O7 crystal structure is 

obtained by heat treatment the raw materials up to 600 

° C. The crystallite size values of the synthesized 

compounds calculated by Scherrer equation (equation 

1) at different reaction temperatures are included in 

table 1. Also, interplanar spacing was measured by 

Bragg's law (𝒏𝛌 = 𝟐𝐝𝐬𝐢𝐧⁡(𝜽)). The data included in 

table 1 reveal that increase in the reaction temperature, 

decreases the crystal growth and purity of the 

synthesized samples. 

𝑫 (nm)= Kλ/Bhkl cosθ    (1) 

The dislocation density (δ) value is calculated by 

the below relationship. The amount is corresponded to 

crystal defects values. 

𝛿 =
1

𝐷2
   (2) 

The data presented in table 1 showed that δ 

decreased by increase in the reaction temperature that 

was due to the improvement of the crystal nature of the 

obtained sample. So, the change in the δ value is 

because of the change in D value of the synthesized 

material because of the change in the reaction condition. 

The strain () value obtained by the below formula 

is a function of the purity of the synthesized material. 

The value of the parameter is included in table 1. The 

data presented in table 1 indicate that the reaction 

temperature affects on the crystallite size, strain and 

dislocation density values. 

𝜀 =
𝛽ℎ𝑘𝑙⁡𝑐𝑜𝑠𝜃

4
   (3) 

Table 1. Crystallographic parameters data for Yb2V2O7 
nanomaterials.  

Data 2θ θ 
B1/2 

(°) 

B1/2 

(rad) 
cosθB 

D 

(nm) 
δ ε Counts 

S1 29.65 14.82 0.19 0.0037 0.9667 40 0.000625 0.894198 1100 
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S2 29.70 14.85 0.38 0.0066 0.9665 23 0.001890 1.594725 900 

S3 29.65 14.82 0.32 0.0023 0.9667 24 0.001736 0.555853 850 

S4 29.58 14.79 0.38 0.0057 0.9668 24 0.001736 1.37769 450 

Rf, RB and χ2 values included in table 2 confirm the 

goodness of the fittings. The reaction temperature is the 

main factor on the crystal phase growth and the purity 

of the obtained materials. It is clear that when the 

reaction temperature is increased to 600 ºC, the phase 

purity is decreased (S1-S4). 

Table 2. Lattice parameter and interplanar spacing (d) data for 
Yb2V2O7 nanomaterials. 

Sample a (Å) Rf Rb χ2 Count 
d( 

Å) 

phase 

purity 

(%) 

S1 10.427138 1.8 1.9 1.9 1114 3.01 85 

S2 10.431505 1.9 2.6 1.9 900 3.00 84 

S3 10.427916 2.3 1.7 1.9 915 3.00 82 

S4 10.449037 1.1 1.5 2.1 427 3.02 80 

3.2. BET and BJH analysis 

The surface area, average pore size and average pore 

volume data of the as-prepared samples are studied by 

BET and BJH analysis. The samples were degassed at 

170 °C for 100 min in the nitrogen atmosphere before 

starting the N2-physical adsorption measurement. By 

doing the experiment, the specific surface area (SBET) 

of the obtained materials was determined by 

adsorption-desorption isotherms of N2 at 77 K. The 

surface area, pore volume and average pore diameter of 

the synthesized Yb2V2O7 nanomaterials are presented 

in table 3. According to table 3, it is found that the 

average surface area and pore volumes are about 5.9016 

m2 g-1 and 0.06651 cm3 g-1 for S3, 4.2351 and 0.0612 

cm3 g-1 for S4. Also, the average nanoparticles sizes are 

45 and 57 nm for S3 and S4, respectively. The BET data 

show that the specific surface area, and pore volume of 

the synthesized nanomaterials decreases by increase the 

reaction temperature. Also, the textural properties of 

the as-prepared materials are also included in table 4. 

The data summarized in table 4 shows that the specific 

surface area and pore volume and pore size of S3 is 

more than the other samples. The observations of the 

BET and BJH measurements suggest that the surface 

area of S3 is more than the other samples.  

Table 3. Surface area, pore volume and average particle size for 
Yb2V2O7 samples obtained by BET method. 

Sample 
BET surface 

area (m2g-1) 

Pore volume  

(cm3g-1) 

Average particles 

size (nm) 

S3 5.9016 0.066514 45.082 

S4 4.2351 0.061208 57.811 

Table 4. Surface area, pore volume and average pore sizes for 
Yb2V2O7 samples obtained by BJH method.  

Property S3  S4  

surface area of pores 6.3745 4.0091 

volume of pores  0.0668 0.0611 

average pore width (4V/A) 41 61 

3.3. Morphology analysis 

FESEM images of the as-synthesized 𝑌𝑏2𝑉2𝑂7 

compounds are shown in figures 3. İt is obvious in 

figure 3 a that when the reaction temperature is 300 °C, 

the morphology of this materials is sponge. İt is 

indicated that the diameter size of the particles formed 

the sponge are in the range of 30 - 80 nm. Figure 3b 

show FESEM image of sample 𝑆2. The image shows 

that the morphology of the obtained material is sponge. 

Besides, TEM image of S1 is also presented in figure 3. 

It shows that the oparticle sizes are about 40 to 90 nm. 

 
Figure 3. FESEM images of a) S1, b) S2, c) S3, d) S4, and e) TEM 
image of S1. 

3.4. Optical properties 

Figurs 4 shows the Eg data of the synthesized Yb2V2O7 

samples. The optical direct band gap enegries of the 

synthesized samples were obtained by the relation 

(αhν)2 = A(hν - Eg), where A and Eg are a constant and 

the direct band gap energy, respectively [34]. The Eg 

values were obtained from extrapolating the linear part 

of the curve to the hυ axis. The Eg values of the 

Yb2V2O7 nanomaterials were in the range of 2.4 to 4.5 
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eV for S1 to S4, respectively. As could be found from 

the data, Yb2O3 and V2O5 band gap energy values are 

about 4.9 eV [35] and 1.7 eV [36], respectively. So, it 

can be concluded that the increase in Eg value can be 

due to increase in Yb2O3 proportion in the product 

mixture. 

 
Figure 4. Plots of Eg values for a) S1, b) S2, c) S3, d) S4. 

3.5. Catalytic study 

The fabrication of 2-amino-4H-chromene compounds 

under microwave irradiation by the as-prepared 

Yb2V2O7 nanocatalyst is presented in the current work. 

Some reaction parameters affecting on the Chromene 

production yield including catalyst amount, reaction 

time and solvent type were studied to obtain the 

maximum yield. Scheme 1 presents the reaction 

pathway for the fabrication of the Chromene 

compounds. The reaction yield was 94% when R=H, 

H2O is solvent, at 70 ºC for 12 min by using 10 mol% 

catalyst. 

 
Scheme 1. Catalytic reaction rout for the fabrication of Chromene 
compounds by Yb2V2O7 nanostructure. 

The reaction time, temperature and solvent type 

effects on the Chromene reaction yield are studied in 

figure 5 a-d. The data presented in figure 5 a show that 

the reaction time and temperature and irradiation 

frequency are 12 min, 70 ˚C and 50 kHz. It was found 

that the maximum yield is obtained when 10 mol% of 

the Yb2V2O7 was used as catalyst in the Chromene 

reaction mixture. The effect of solvent type on the 

Chromene reaction yield is presented in figure 5 b. The 

observation shows that the maximum reaction yield is 

achieved when H2O is used as reaction solvent. 

However, it is clear that the reaction yield is about zero 

when the solvent free condition is applied and or CHCl3 

and or (C2H5)2O are used as the reaction solvent. The 

reusability property of Yb2V2O7 nanocatalyst in the 

Chromene reaction is presented in figure 5 c. The 

reaction kinetic study of the present Chromene 

reactions is important part to study the effect of the 

parameters on the reaction rate. The kinetic data 

indicate that the linear dependence of the graphs at the 

time range among 0 to 25 min follows a first-order 

kinetic model for the two samples. The slope of the line 

shows the apparent rate constant (Kapp). The amounts of 

Kapp and R2 are 0.126 min-1 and 0.957, under 

microwave irradiation (figure 5 d).  
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Figure 5. a) Plot of Catalyst amount effect on the reaction yield at 
70 ºC for 12 min, b) Solvent type effect on the reaction yield at (10 
mol%) and 70 ˚C for 12 min, c) Reusability of Yb2V2O7 nanocatalyst 
at (10 mol%) and 70 ˚C for 12 min, d) Plot of ln (C0/C) versus 
reaction time for the fabrication of Chromene compounds. Reaction 
condition: aldehyde 1 (R = H) (1 mmol), malononitrile 2 (1 mmol), 
β-naphtol 3 (1 mmol), nanocatalyst (10 mol%). 

3.6. Mechanism 

A plausible reaction mechanism for the synthesis of 2-

amino-4H-chromenes is shown in Scheme 1. Firstly, 

aldehyde (1) is activated by catalyst to generate 2-

arylidenemalononitrile (3), which is formed by 

Knoevenagel condensation of the activated aldehyde 

with malononitrile (2). When 2-arylidenemalononitrile 

is activated by catalyst, it undergone nucleophilic 

attack by β-naphthol (4) to generate activated 

intermediate (5), which is simultaneously aromatized 

(6), activated, undergoes Michael cyclization (7) and 

the catalyst is recovered to give the product (8). 

 
Scheme 1.  A plausible reaction mechanism for the synthesis of 2-
amino-4H-chromenes. 

The reaction yields associated with the measured 

melting point of the recrystallized products are 

presented in table 5. The values of the reaction yields 

reveal that the maximum yield is observed when R=H, 

2-NO2 and 4-NO2. It is found that when the aldehyde 

compounds are electron withdrawing group, the 

maximum reaction yield is obtained. Besides, it is 

found that the reaction time for the mentioned groups 

is below 20 min showing the proper reaction rate at the 

conditions. 

Table 5. Fabrication of Chromene compounds using 10 mol% 
Yb2V2O7 nanocatalyst at 70 ºC. 

Entry R Yield(%)/Time(min) 
Observed 

m.p.(˚C) 

Reported 

m.p.(˚C) 

1 H 94/12 279 278-280[37] 

2 2-Cl 88/18 262 259-261[38] 

3 3-Cl 93/18 212 211-213[39] 

4 4-Cl 92/18 210 208-210[40] 

5 4-Br 91/20 241 241-243[41] 

6 4-F 90/19 234 232-234[42] 

7 4-Me 88/35 183 182-184[43] 

8 
3-

OMe 
85/30 166 162-164[44] 

9 
4-

OMe 
87/40 181 182-183[45] 

10 3-NO2 312 233 232-234[46] 

11 4-NO2 93/15 188 188-190 [47] 

12 3-OH 81/35 283 281-283[47] 

13 4-OH 80/40 292 290-292[47] 

3.7. FTIR and NMR Spectroscopies analyses 

The FTIR and NMR spectroscopies analyses data of 

some of the prepared organic compounds are given 

below: 

3-Amino-1-phenyl-1H-benzo[f]chromene-2-

carbonitrile (Entry 1): 

White solid; M.p. 279 oC; IR (KBr, v, cm-1): 3455, 3351, 

2183, 1669, 1600, 1539, 1502, 1193, 1080; 1H NMR 

(DMSO-d6): δ 7.93–7.85 (m, 2H, ArH), 7.84 (d, J = 6.2 

Hz, 1H, ArH), 7.45–7.15 (m, 8H, ArH), 6.97 (bs, 2H, 

NH2), 5.30 (s, 1H, CH); CHN (C20H14N2O) calc. (%): 
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C (80.53), H (4.69), N (9.39); found (%): C (80.36), H 

(4.57), N (9.22). 

3-Amino-1-(2-chlorophenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 2):  

White solid; M.p. 262 oC; IR (KBr, v, cm-1): 3433, 3350, 

2181, 1664, 1608, 1571, 1520, 1507, 1325, 1272, 1066, 

768; 1HNMR (DMSO-d6): δ 5.72 (s, 1H, CH), 6.97 (s, 

1H, ArH), 7.00 (s, 2H, NH2), 7.14 (t, J = 3.0 Hz, 2H, 

ArH), 7.31 (d, J = 8.1 Hz, 1H, ArH), 7.35–7.42 (m, 3H, 

ArH) 7.63 (d, J = 8.0 Hz, 1H, ArH), 7.92–7.98 (m, 2H, 

ArH); CHN (C20H13ClN2O) calc. (%): C (72.18), H 

(3.90), N (8.42); found (%): C (72.09), H (3.65), N 

(8.13). 

3-Amino-1-(3-chlorophenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 3):  

White solid; M.p. 212 oC; IR (KBr, v, cm-1): 3439, 3356, 

2180, 1662, 1600, 1575, 1523, 1500, 1321, 1271, 1064, 

760; 1HNMR (DMSO-d6): δ 8.02 (s, 1H, ArH), 8.00 (d, 

J = 8.1 Hz, 1H, ArH), 7.97 (d, J = 7.8 Hz, 1H, ArH), 

7.94 (d, J = 7.6 Hz, 1H, ArH), 7.85 (d, J = 8.1 Hz, 1H, 

ArH), 7.63 (d, J = 7.8 Hz, 1H, ArH), 7.60–7.55 (m, 1H, 

ArH), 7.46–7.49 (m, 2H, ArH), 7.40 (d, J = 8.2 Hz, 1H, 

ArH), 7.15 (bs, 2H, NH2), 5.72 (s, 1H, CH); CHN 

(C20H13ClN2O) calc. (%): C (72.18), H (3.90), N (8.42); 

found (%): C (72.01), H (3.71), N (8.24). 

3-Amino-1-(4-chlorophenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 4):  

White solid; M.p. 210 oC; IR (KBr, v, cm-1): 3409, 3329, 

2192, 1640, 1578, 1403, 1245, 1103, 1040, 803, 757; 
1H NMR (DMSO-d6): δ 7.91 (d, J = 8.4 Hz, 1H, ArH), 

7.52 (d, J = 8.3 Hz, 1H, ArH), 7.47–7.31 (m, 3H, ArH), 

7.11 (d, J = 8.2 Hz, 2H, ArH), 6.99 (d, J = 8.5 Hz, 2H, 

ArH), 7.10 (d, J = 8.2 Hz, 1H, ArH), 7.02 (bs, 2H, NH2), 

5.38 (s, 1H, CH); CHN (C20H13ClN2O) calc. (%): C 

(72.18), H (3.90), N (8.42); found (%): C (71.98), H 

(3.69), N (8.33). 

3-Amino-1-(4-bromophenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 5):  

White solid; M.p. 241 oC; IR (KBr, v, cm-1): 3411, 3332, 

2189, 1644, 1571, 1404, 1252, 1100, 1057, 802, 759; 
1H NMR (DMSO-d6): δ 7.94–7.82 (m, 2H, ArH), 7.80–

7.76 (m, 1H, ArH), 7.47–7.42 (m, 3H, ArH), 7.36–7.34 

(m, 1H, ArH), 7.33–7.18 (m, 2H, ArH), 7.16 (d, J = 8.5 

Hz, 1H, ArH), 7.03 (bs, 2H, NH2), 5.36 (s, 1H, CH); 

CHN (C20H13BrN2O) calc. (%): C (63.67), H (3.44), N 

(7.42); found (%): C (63.49), H (3.38), N (7.30). 

3-Amino-1-(4-fluorophenyl)-1H-benzo[f]chromene-

2-carbonitrile (Entry 6): 

Light yellow solid; M.p. 234 oC; IR (KBr, v, cm-1): 

3411, 3333, 2192, 1636, 1573, 1400, 1251, 1103, 1041, 

802, 757; 1H NMR (DMSO-d6): δ 7.95–7.91 (m, 2H, 

ArH), 7.91–7.82 (m, 1H, ArH), 7.46 (d, J = 6.5 Hz, 2H, 

ArH), 7.35–7.24 (m, 2H, ArH), 7.23 (d, J = 8.6 Hz, 1H, 

ArH), 7.11 (t, 2H, ArH), 7.00 (bs, 2H, NH2), 5.34 (s, 

1H, CH); CHN (C20H13FN2O) calc. (%): C (75.94), H 

(4.11), N (8.86); found (%): C (75.52), H (4.08), N 

(8.49). 

3-Amino-1-(p-tolyl)-1H-benzo[f]chromene-2-

carbonitrile (Entry 7): 

White solid; M.p. 183 oC, IR (KBr, v, cm-1): 3440, 

3326, 2940, 2160, 1665, 1602, 1526, 1497, 1260, 1174, 

1067, 742; 1H NMR (DMSO-d6): δ 7.90 (d, J = 7.1 Hz, 

2H, ArH), 7.91–7.83 (m, 1H, ArH), 7.44 (d, J = 7.4 Hz, 

2H, ArH), 7.36 (d, J = 8.2 Hz, 1H, ArH), 7.32–7.06 (m, 

4H, ArH), 6.96 (bs, 2H, NH2), 5.26 (s, 1H, CH), 2.21 

(s, 3H, CH3); CHN (C21H16N2O) calc. (%): C (80.76), 

H (5.12), N (8.97); found (%): C (80.53), H (4.98), N 

(8.75). 

3-Amino-1-(3-methoxyphenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 8): 

White solid; M.p. 166 oC; IR (KBr, v, cm-1): 3439, 3354, 

2180, 1662, 1609, 1578, 1522, 1506, 1320, 1275, 1064, 

761; 1HNMR (DMSO-d6): δ 8.04 (s, 1H, ArH), 8.00 (d, 

J = 8.3 Hz, 1H, ArH), 7.93 (d, J = 7.8 Hz, 1H, ArH), 

7.91 (d, J = 7.5 Hz, 1H, ArH), 7.80 (d, J = 8.4 Hz, 1H, 

ArH), 7.65 (d, J = 7.3 Hz, 1H, ArH), 7.62–7.55 (m, 1H, 

ArH), 7.43–7.46 (m, 2H, ArH), 7.40 (d, J = 8.0 Hz, 1H, 

ArH), 7.19 (bs, 2H, NH2), 5.72 (s, 1H, CH), 3.60 (s, 3H, 

OCH3); CHN (C21H16N2O2) calc. (%): C (76.82), H 

(4.87), N (8.53); found (%): C (76.60), H (4.54), N 

(8.16). 

3-Amino-1-(4-methoxyphenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 9): 

Pale yellow solid; M.p. 181 oC; IR (KBr, v, cm-1): 3422, 

3317, 2978, 2170, 1662, 1605, 1521, 1504, 1295, 1232, 

1185, 1079, 764; 1H NMR (DMSO-d6): δ 7.91 (d, J = 

8.6 Hz, 2H, ArH), 7.63 (t, J = 7.6 Hz, 1H, ArH), 7.35–

7.21 (m, 2H, ArH), 7.13 (d, J = 8.8 Hz, 1H, ArH), 7.02 

(d, J = 8.0 Hz, 2H, ArH), 6.96 (d, J = 8.5 Hz, 2H, ArH), 

6.82 (bs, 2H, NH2), 5.27 (s, 1H, CH), 3.65 (s, 3H, 

OCH3); CHN (C21H16N2O2) calc. (%): C (76.82), H 

(4.87), N (8.53); found (%): C (76.45), H (4.62), N 

(8.27). 

3-Amino-1-(3-nitrophenyl)-1H-benzo[f]chromene-

2-carbonitrile (Entry 10): 

White solid; M.p. 233 oC;  IR (KBr, v, cm-1): 3440, 

3357, 2181, 1661, 1601, 1576, 1520, 1502, 1322, 1277, 

1065, 761; 1HNMR (DMSO-d6): δ 8.06 (s, 1H, ArH), 

8.01 (d, J = 8.0 Hz, 1H, ArH), 7.96 (d, J = 7.6 Hz, 1H, 

ArH), 7.93 (d, J = 7.9 Hz, 1H, ArH), 7.83 (d, J = 8.2 

Hz, 1H, ArH), 7.65 (d, J = 7.6 Hz, 1H, ArH), 7.61–7.57 

(m, 1H, ArH), 7.45–7.48 (m, 2H, ArH), 7.41 (d, J = 8.5 

Hz, 1H, ArH), 7.18 (bs, 2H, NH2), 5.70 (s, 1H, CH); 

CHN (C20H13N3O3) calc. (%): C (69.97), H (3.79), N 

(12.24); found (%): C (69.70), H (3.31), N (12.07). 

3-Amino-1-(4-nitrophenyl)-1H-benzo[f]chromene-

2-carbonitrile (Entry 11): 

White solid; M.p. 188 oC; IR (KBr, v, cm-1): 3443, 3359, 

2185, 1665, 1604, 1579, 1524, 1506, 1327, 1277, 1069, 

766; 1HNMR (DMSO-d6): δ 7.94–7.95 (m, 2H, ArH), 

7.95–7.83 (m, 1H, ArH), 7.50 (d, J = 6.0 Hz, 2H, ArH), 

7.39–7.26 (m, 2H, ArH), 7.28 (d, J = 8.5 Hz, 1H, ArH), 

7.15 (t, 2H, ArH), 7.02 (bs, 2H, NH2), 5.35 (s, 1H, CH); 

CHN (C20H13N3O3) calc. (%): C (69.97), H (3.79), N 

(12.24); found (%): C (69.73), H (3.40), N (11.99). 
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3-Amino-1-(3-hydroxyphenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 12): 

White solid; M.p. 283 oC; IR (KBr, v, cm-1): 3411, 3333, 

2192, 1636, 1573, 1400, 1251, 1103, 1041, 802, 757; 
1H NMR (DMSO-d6): δ 5.33 (s, 1H, CH), 6.50 (t, J = 

12.1 Hz, 2H, ArH), 6.62 (d, J = 7.1 Hz, 1H, ArH), 6.90 

(s, 2H, NH2), 7.00 (t, J = 15.1 Hz, 1H, ArH), 7.35 (d, J 

= 8.5 Hz, 1H, ArH), 7.40–7.44 (m, 2H, ArH), 7.80 (d, 

J = 7.3 Hz, 1H, ArH), 7.90 (t, J = 8.1 Hz, 2H, ArH), 

10.03 (s, 1H, OH); CHN (C20H14N2O2) calc. (%): C 

(76.43), H (4.45), N (8.91); found (%): C (76.21), H 

(4.34), N (8.75). 

3-Amino-1-(4-hydroxyphenyl)-1H-

benzo[f]chromene-2-carbonitrile (Entry 13): 

White solid; M.p. 292 oC; IR (KBr, v, cm-1): 3441, 3356, 

2182, 1662, 1602, 1578, 1522, 1504, 1325, 1279, 1067, 

763; 1HNMR (DMSO-d6): δ 7.96–7.92 (m, 2H, ArH), 

7.93–7.84 (m, 1H, ArH), 7.49 (d, J = 6.2 Hz, 2H, ArH), 

7.37–7.25 (m, 2H, ArH), 7.26 (d, J = 8.7 Hz, 1H, ArH), 

7.13 (t, 2H, ArH), 7.03 (bs, 2H, NH2), 5.37 (s, 1H, CH), 

10.16 (s, 1H, OH), CHN (C20H14N2O2) calc. (%): C 

(76.43), H (4.45), N (8.91); found (%): C (76.16), H 

(4.19), N (8.62). 

The spectra images of the some of the synthesized 

compounds are included in supplementary file for more 

information. 

4. Conclusion 

In this work, the Yb2V2O7 nanomaterials were 

synthesized successfully via a low temperature and one 

step solid state method. PXRD analysis confirmed the 

successful synthesis of Yb2V2O7 material. The Rietveld 

analysis showed that the reaction temperature played an 

important effect on the phase purity and crystal growth. 

FESEM image indicated that the as-synthesized 

nanomaterial had a mixture of sponge and circle 

morphologies. It was found that the reaction 

temperature had a main effect on the morphology of the 

nanomaterials obtained. Yb2V2O7 was used as a 

reusable nanocatalyst for the fabrication of 2-amino-

4H-chromene compounds under microwave irradiation. 

The maximum yield for the synthesis of the Chromene 

compounds was obtained (94%) when H2O was used as 

reaction solvent, the catalyst amount, reaction time and 

temperature, and illumination frequency were (10 

mol%), 12 min, 70 ˚C and 50 kHz, respectively, while 

benzaldehyde was used as aldehyde derivative.  
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