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Abstract: The present study reports an eco-friendly and biogenic synthesis of Tin Oxide Nanoparticles 

(SnO2 NPs) using aqueous sunflower leaf extract. The synthesized SnO2 NPs were characterized using 

advanced analytical techniques such as X-day diffraction spectroscopy, UV-Visible spectroscopy, FT-

IR spectroscopy, and Electron Microscopy. After observing the formation of SnO2 NPs by UV-Vis 

spectroscopy, the crystalline nature of SnO2 NPs was confirmed by powder XRD analysis. Fourier 

Transform Infrared Spectroscopy (FT-IR) analysis was used to check the attached functional groups on 

the surface of SnO2 NPs due to the capping of phytochemicals during the reduction and stabilization of 

NPs by the plant's secondary metabolites. Size, crystallinity, and morphology were measured by High-

resolution transmission electron microscopy (HR-TEM) analysis. The prepared SnO2 NPs were used as 

a catalyst for synthesizing the novel 4H-chromene compounds via a multicomponent reaction of 

salisaldehydes, acetylacetone, and 4-Hydroxy coumarin by microwave method. All the compounds 

were characterized by 1H and 13C NMR spectroscopy. All the compounds and SnO2 NPs were further 

screened for antioxidant activity using DPPH radical assay. All compounds showed a good percentage 

of inhibition with respect to standard ascorbic acid. 

Keywords: sunflower leaves; SnO2 NPs; phytochemicals; DPPH assay; 4H-chromenes; antioxidant 

activity. 

© 2023 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 
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1. Introduction 

Researchers have paid more attention to the synthesis of small-size nanoparticles in the 

past decades to advance numerous technical applications in various fields. Among various 

metal oxide nanoparticles that have been performed in the last few decades, tin oxide 

nanoparticles (SnO2 NPs) are one of the well-studied semiconducting NPs known for their 

enormous applications in biology, environmental monitoring, energy storage, supercapacitor, 
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etc. [1-5]. By taking advantage of these properties, synthesis methods of nanomaterials mainly 

focus on modifying the surface area of the nanoparticles through natural reducing and capping 

agents, which remains still challenging. Nevertheless, nanoparticles generated by green 

chemical agents such as plant extract must possess high stability and smaller size [6,7]. 

Moreover, green synthesized nanomaterials have been used in different research fields, such as 

environmental sciences, synthetic chemistry, nanotechnology, and material chemistry [8]. 

Earlier reports show that the nanoparticles have a significant effect on the application of 

photocatalytic activity [9], electrochemical sensors [10], anti-corrosion properties [11], and 

antituberculosis activity [12]. However, among various nanomaterials, SnO2 NPs are 

considered an alternative source for catalytically active materials for organic transformation 

[13,14]. 

Chromene and its analogs are important heterocyclic compounds generally found in 

natural products and biologically active compounds. The chromene compounds have excellent 

pharmacological and biological applications like anti-inflammatory [15], potential succinate 

dehydrogenase inhibitors [16], anti-gastric cancer activity [17], antimicrobial and 

antiproliferative activity [18], antibacterial [19], tyrosinase inhibitory [20], anticancer [21], 

antituberculosis [22], antidiabetic [23], anticholinesterase [24], antioxidant [25], antiepileptic 

[26], anti-HIV activity [27], and raw materials in making of dyes and pigments [28]. Due to 

the high potential activity of 4H-chromenes, several methods have been employed for their 

synthesis. Chitreddy and Shanmugam reported the synthesis of 4H-chromene derivatives by 

using CAN catalyst via multicomponent reaction of 2-hydroxy benzaldehydes, 

acetoacetanilides, and 4-hydroxy coumarins under solvent-free conditions [29]. Yu and co-

workers reported Ni(II) complex and p-toluene sulfonic acid (PTSA) catalyzed one-pot 

synthesis of 4H chromenes from ortho-quinone methide and di-carbonyls [30]. Gaikwad and 

Kamble reported the synthesis of 4H-chromenes under microwave conditions in an aqueous 

hydrotropic medium via a three-component reaction of aromatic aldehydes, malononitrile, with 

1- naphthol and 2-naphthol [31]. Li and his group reported the synthesis of 4H-chromenes via 

a three-component reaction of ketoesters with naphthols by using bismuth trifluoromethane 

sulfonate [Bi(OTf)3] [32]. Although the published reports are efficient for the functionalized 

4H-chromenes via three-component reactions, they are facing some harsh conditions like 

difficult workup procedures, reaction time, reaction yield, and expensive solvents and catalysts. 

In continuation to our efforts to synthesize biologically important 4H-chromenes we developed 

a new synthetic pathway in solvent-free conditions byKnoevenagel-Michael reaction of 

salisaldehydes, acetylacetone with 4-hydroxycoumarin under microwave conditions in good to 

excellent yields. 

2. Materials and Methods 

2.1. Materials and methods. 

Tin(II) chloride dihydrate (SnCl2 .2H2O) salt was purchased from Sigma-Aldrich, India. 

The sunflower leaves were collected from the Tungabadra river area, Elamandyam village, 

Andhra Pradesh, India. All analytical grade chemicals were used. Distilled water was used as 

a solvent throughout this study. The completion of the reaction was monitored using TLC. The 

λmax values were calculated by UV-Visible spectrophotometer (Shimadzu, model-UV-1601), 

and FT-IR spectrophotometer (Shimadzu model- IR-Affinity) was used for characterization of 
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functional groups attached to SnO2 NPs' surfaces. The Bruker-400 MHz NMR was used for 

recording Chemical shift values in CDCl3 solvent. 

2.2. Preparation of the leaf extract. 

Sunflower leaves were collected from the Tungabadra river area, washed with running 

tap water, followed by distilled water to remove the unwanted waste and dust particles, and 

dried at room temperature for 7 days. Then the dried leaves were ground by an eclectic mixer 

and sieved through 100 mesh sieve standards. The extract was prepared after mixing 3 g of 

dried sunflower leaves fine powder in 100 mL of distilled water on a hot plate for 60 min at 80 

°C. The extract was filtered using Whatman No.1 filter paper and stored at 4 °C for further use. 

2.3. Green synthesis of SnO2 nanomaterials from sunflower leaf extract. 

To prepare tin oxide nanoparticles, 0.564 g of tin chloride (0.05M) was dissolved in 50 

mL of distilled water and then followed by the addition of 50 mL of aqueous sunflower flower 

leaves extracts and mixed simultaneously, stirred thoroughly at 80 °C, 3 h reflux condition and 

after 30 min, the change of color was observed to light yellow from milky white. Finally, the 

collected colloidal mixture was centrifuged for 30 min at 6000 rpm. To reduce the impurities 

and large biomolecules, the yellow precipitate was washed thoroughly with ethanol solvent, 

followed by distilled water. Once again, the centrifuged process was repeated with the same 

condition till the fine pellet was obtained and then transferred to a 50mL beaker, followed by 

heating on a hotplate at 60 °C  temperature. The resultant precursor was crushed into powder 

form, followed by annealing at 500 °C for 3h. Consequently, the fine powder of SnO2 NPs was 

collected and stored for further use. 

2.4. Characterisation of the tin oxide nanomaterials. 

UV-Visible spectroscopy was used for the characterization of SnO2NPs' optical 

properties. The Ultrasonic bath (make-Enertech) was used for SnO2NPs' dispersion in water, 

and the dispersion was used for absorbance measurement. The band gap energy of NPs was 

detected by UV-Vis-NIR spectrophotometer (make-JASCO v-670). The functional groups of 

sunflower leaf extract and biogenic SnO2NPs were detected by FTIR spectroscopy (make-

Shimadzu) using KBr pellets. The X-ray diffraction analysis was carried out after coating SnO2 

nanoparticles onto the XRD grid and recording Bragg's reflections in the ranges of 10-90° with 

a 4°/min scanning rate. The size and morphology of SnO2NPs were characterized by HR-TEM 

(make-JEOL, JEM 2100 USA) using a Cu grid with a resolution of 0.1nm and voltage of 200 

kev. 

2.5. DPPH radical scavenging activity of SnO2 NPs and 4H-chromene compounds. 

The DPPH scavenging activity was conducted per the reported method with minor 

modifications. In brief, 1 mL of 0.1mM DPPH solution was added to 3 mL of the synthesized 

SnO2NPs' dispersion, and 4H-chromene derivatives (4a-e) were added at different 

concentrations, such as 1, 2, 3, and 4 µM. The samples were incubated for 30min in dark 

conditions. Afterward, the test and control samples were recorded at 517 nm by using a UV-

Visible spectrophotometer. Ascorbic acid was used as standard. The % of inhibition and IC50 

values were measured by the following formula. 

% of inhibition = [Ac-At/Ac] x 100 
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where, Ac is the absorbance for the control sample, At is the absorbance of the test sample. 

2.6. General method for synthesis of 4H-chromenes (4a-e). 

The three-component mixture of 2-hydroxybenzaldehydes 1(a-b) (1 mmol), 

acetylacetone2(a-b) (1mmol), 4-hydroxycoumarin 3 (1mmol), and 25mole % of SnO2 NPs was 

taken into 100 mL round bottom flask under neat condition and was exposed to microwave 

irradiation at 200W for 4 min. Then the mixture was cooled to room temperature, followed by 

crushed ice to get the solid product infiltration.  

3. Results and Discussion 

3.1. UV-visible analysis. 

The optical properties of SnO2 NPs and their band gap energy were calculated by UV-

Visible spectroscopy, which is represented in Figure 1. The strong absorption band at about 

256.42 nm confirms the formation of SnO2NPs (Figure 1A). A similar result was reported for 

the synthesis of SnO2Quantum dots using ParkiaSpeciosaHassk Pods aqueous extract; 

however, they noticed an absorption band shoulder peak at 270 nm [33]. UV-Vis diffuse 

reflectance mode (UV-Vis-DRS) study was carried out to determine the band gap energy of 

SnO2NPswitha wavelength range of 200-800 nm. The band gap energy was calculated by using 

the following formula as (αhυ)2 = A(hυ-Eg)n
, where α is the absorption coefficient, A is the 

constant, hʋ is the photon energy, and n=2 for direct transition and Eg is the band gap energy. 

Figure 1(B) shows the graphical plot of hʋ vs. (αhʋ)2 by using origin 8.5 software, and the Tauc 

plot gives the optical band gap energy of 3.37 eV. 

 
Figure 1. Optical properties of SnO2NPs by UV-Visible spectroscopy: (A) absorption band and (B) band gap 

energy of SnO2NPs. 

3.2. XRD analysis. 

X-ray diffraction (XRD) analysis was carried out to investigate the crystalline nature of 

the SnO2NPs as well as their phase purity. Figure 2A describes the XRD pattern of SnO2NPs. 
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The diffractogram shows the appearance of nine characteristic diffraction peaks at hkl values 

of 110, 101, 200, 211, 220, 310, 112, 202, and 321, corresponding to the reflection at 2θ values 

of 26.57o, 33.63o, 37.93o, 51.75o, 54.64o, 61.91o, 64.99o, 71.39o, and 78.67o respectively. The 

lattice plane with hkl(110) value is more intense, indicating the formation of a small crystallite 

size of SnO2NPs (JCPDS N0: 96-152-6638).  

 
Figure 2. (A) XRD pattern of SnO2 NPs annealing at 500°C and (B) XRD diffraction pattern match with the 

Match3 software (SnO2NPs). 

The XRD diffraction pattern of SnO2NPs matches with the Match3 software (Figure 

2B). The obtained diffraction pattern corresponds to the tetragonal rutile structure of the 

synthesized SnO2NPs. The average crystallite size was calculated by Scherrer's equation as 

D=kλ/βcos (θ), where D is the average crystallite size, K is the Scherrer's coefficient (0.891), 

λ is the X-ray wavelength (λ=1.5406 Å), β is the full width at half maximum intensity (FWHM) 

in radians, and θ is Bragg's angle. The calculated crystallite size of SnO2 NPs was 12.34 nm. 

A similar type of SnO2 NPs was synthesized using Piper betel leaves; however, the average 

crystalline size of the synthesized SnO2NPs was 12 nm, which was determined by Scherrer's 

equation. Our result is in good agreement with them [34]. 

3.3. FT-IR analysis. 

Figure 3 represents FT-IR spectra of sunflower leaf extract and SnO2NPs recorded at 

4000-500 cm-1. The spectrum shows a strong absorbance peak at 3368.56 cm-1, corresponding 

to the –OH stretching vibration of polyphenols capped on the NPs' surfaces during synthesis. 
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Figure 3. FT-IR spectra of SnO2NPs and sunflower leaves aqueous extract. 

The absorption band located at around 2935.48 cm-1 and 2863.94 cm-1 can be attributed 

to symmetric as well as asymmetric –CH stretching vibration of the methyl group, respectively. 

The strong absorption band at 1621.75 cm-1 for –N–H stretching vibration of the amine 

functional group, a strong band at 1386.26 cm-1 could be assigned to –C–O–C– stretching 

vibration of the ester functional group, a small band at 1309.14 cm-1 could be assigned to –C–

N stretching vibration of ester functional group, while a weak absorption band at 1064.99 cm-

1 is associated with the –C–O–H bending vibration and band at 594.89 cm-1 for –C–H bending 

vibration of alkane. Figure 3 shows the FTIR spectrum of SnO2NPs. The new stretching 

vibration peak appeared at 437.84 cm-1, corresponding to metal, oxygen, and metal (O–Sn–O) 

stretching vibration. No other peaks appeared, indicating the purity of the synthesized 

SnO2NPs. Narasaiah et al. (2022) reported [35] the presence of various functional groups in 

agro-waste cotton boll peel aqueous extract, which was responsible for the synthesis of SnO2 

NPs, and all bands appeared within 4000-500 cm-1, which indicated the presence of 

polyphenols such as phenolic acids, cellulose, terpenoids, flavonoids, alkaloids, and proteins 

compounds. 

3.4. TEM analysis. 

The morphology and size of the synthesized SnO2NPs were confirmed by high-

resolution transmission electron microscopy (HR-TEM). Figure 4 A-D describes the TEM 

images of SnO2NPs at different magnifications, such as 10 nm, 20 nm, 50 nm, and 100 nm. 

Figure 4E shows a selective area electron diffraction (SAED)pattern, which gives clear 

information on the polycrystalline nature of SnO2NPs. Figure 4A-C shows the particle 

distribution at various magnifications of SnO2NPs, and it is observed that most of the NPs are 

spherical without any agglomeration with a size range between 3-9 nm. The average particle 

size is calculated as 6.58 nm. Figure 4D represents the d-spacing of SnO2NPs, and its value is 

0.325 nm, which is in good agreement with the XRD result. 

Figure 4E shows a selective area electron diffraction (SAED) pattern, which gives clear 

information about the crystallinity nature of SnO2NPs. From the obtained results size and 

lattice planes of SnO2NPs are in good agreement with the XRD data results. An earlier similar 

result was reported by Chang et al. [36]. Figure 4F shows the elemental composition of 

SnO2NPs obtained from the energy dispersive X-ray spectroscopy (EDAX) study, which 
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suggests that the atomic percentage and atomic weight percentage of tin and oxygen elements 

in NPs are tin (wt%21.79, Atamicwt%15.59) and oxygen (wt%10.60, atomic wt%56.27) 

respectively, while the remaining atomic peaks in SAED pattern are due to copper grid which 

confirms the purity of SnO2NPs. From the above data, we can conclude that the SnO2 NPs are 

pure and crystalline.  

 

Figure 4. (A-C) TEM images of SnO2NPs at different magnifications of 20 nm, 50 nm, and 100 nm, (D) inter 

planer distance (d-spacing value), (E) SAED pattern, (F) elemental analysis of SnO2NPs. 

3.5. Synthesis of 4H-chromenes. 

Initially, the multicomponent reaction was carried out to synthesize the 4H-chromene 

compound 4a (Figure 5); we took 2-hydroxybenzaldehyde 1a (1mmol), acetylacetone 2a 

(1mmol) and 4-hydroxycoumarin 3(1mmol) at 110°C for 8h in a round bottom flask under 

solvent and catalyst-free conditions and there was no progress of the reaction (Table 1, entry 

1). Later the reaction was performed without a catalyst with DMF as a solvent, and the product 

was not formed(Table 1, entry 2). Using base catalyst piperidine at 100°C under the neat 

condition, we observed an increased yield of product 4a (Table 1, entry 3). Based on the 

piperidine base's experimental results, we used different base catalysts, such as triethylamine 

and pyrrolidine, which afforded the desired 4H-chromene product 4a in 41% and 33% of yield, 
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respectively (Table 1, entry4-5). The 39% of the product yield was achieved by using strong 

base NaOH at 100°C for 10h (Table 1, entry 6). However, with PTSA, we observed increased 

product yield(Table 1, entry 7). When we carried out the reactions in the presence of organic 

catalysts, i.e., DMAP, DABCO, and CAN, at 100°C for 6h, the obtained product 4H-chromene 

were 51, 53, and 61%, respectively (Table 1, entry 8-10). When the reaction was tried with an 

L-proline catalyst for 3h at 80°C under neat conditions, product 4a was in 65% yield (Table 1, 

entry 11). 

 
Figure 5. synthesis of 4H-chromenes. 

After several reactions with different catalysts, the product yield of 4H-chromenes was 

moderate. It is observed that better product yields (70-73%) were obtained with SnO2 NPs as 

a catalyst due to the increased electrophilicity at the carbonyl group of carbon represented in 

Figure 7. From the results, we could not find better yields using conventional methods. To 

improve the product yield, we tried the reaction with a non-conventional energy source, 

microwave irradiation. We started the reaction at 100w for 3 min (Table 1, entry 1) in the 

absence of the nanocatalyst with a trace of product 4a. The same reaction was carried out in 

the presence of the nanocatalysts, which provided the product with a 45% of yield (Table 1, 

entry 2). 

Table 1. Optimizing the conventional method for synthesis of compound 4aa. 

Entry Catalyst (25%) Time (h) Temperature (°C) Yield (%) 

1 -- 8 110 NR 

2 DMF 10 100 NR 

3 Piperidine 10 100 14 

4 Pyrrolidine 8 100 33 

5 Triethylamine 10 100 41 

6 NaOH 10 100 39 

7 PTSA 5 100 57 

8 DMAP 6 100 51 

9 DABCO 6 100 53 

10 CAN 6 100 61 

11 L-Proline 3 80 65 

12 SnO2 NPs 2 100 70 

13 SnO2 NPs 2 120 73 

14 SnO2 NPs 3 120 73 
aAll the reactions were carried out in 1:1:1 ratio of substrates 1, 2, and 3 under neat conditions. 

To stabilize the reaction condition for the synthesis of 4H-chromenes, reaction 

parameters such as microwave irradiation power, the mole ratio of the substrates, and time were 

considered. Thus, a reaction of the same mole ratio of compounds with 100w for 5 min in 

microwave power yielded a product of 45% (Table 2, entry 3). Later we increased the power 

to 150w for 2 min; the yield of the product(52%) was increased significantly(Table 2, entry 4). 

61% of the product yield was recorded at a constant power of 150 w for 4min (Table 2, entry 

5). The reaction yield with 200w for 4 min was increased to 90% (Table 2, entry 6). To optimize 

the conditions with a different mole ratio of substrates afforded 90% of desired product 4a 
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(Table 2, entries 7-8). It indicates that lower power decreased the product yield compared to 

reactions that were carried out at high microwave power. Increased microwave power and 

irradiation time caused the product yield 4a with no improvement or lower yield (Table 2, 

entries 9-10). Hence, conditions shown in entry 6 of Table 2 were found to be optimum for 4H-

chromene derivatives, as shown in Figure 6. 

Table 2. Optimizing the MW method for synthesis of 4H-chromene compound 4a a,b. 

Entry Substrates ratio MW power (watt) Time (min) Yield (%)c 

1 1:1:1 -- 3 Traces 

2 1:1:1 100 3 45 

3 1:1:1 100 5 45 

4 1:1:1 150 2 52 

5 1:1:1 150 4 61 

6 1:1:1 200 4 90 

7 1:2:1 200 4 90 

8 2:1:1 200 4 90 

9 1:1:1 300 4 88 

10 1:1:1 300 6 84 
aAll reactions were conducted on CEM to discover 300 MW synthesizer without solvent 

bMode 50psi at 100°Cc Isolated product yielddOptimized condition. 

 

Figure 6. Diversity of synthesized 4H-chromene derivatives. 

 
Figure 7. A plausible mechanism for the formation of 4H-chromenes. 

3.6. Spectral data of the synthesized 4H-chromene derivatives (4a-e). 

3-(3-acetyl-2-methyl-4H-chromen-4-yl)chromane-2,4-dione (4a) 

https://doi.org/10.33263/BRIAC136.521
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC136.521  

https://biointerfaceresearch.com/ 10 of 14 

 

Yellow solid; Mp: 148-150°C; 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 7.6 Hz, 1H), 

7.53-7.49 (m, 2H), 7.30-7.26 (m, 2H), 7.20-7.16 (t, 1H), 6.98-6.91 (m, 2H), 4.59 (d, J= 2.0 Hz, 

1H), 3.38 (d, J=2.4Hz, 1H), 2.34 (s, 3H), 2.06 (s, 3H); 13C NMR (100 MHz , CDCl3) δ 202.57, 

161.66, 158.82, 152.45, 150.43, 132.16, 128.69, 127.74, 125.11, 124.05, 123.09, 121.94, 

116.60, 116.26, 114.62, 102.12, 99.11, 77.35, 77.04, 76.72, 49.61, 30.39, 29.93, 24.48. 

Ethyl 4-(2,4-dioxochroman-3-yl)-8-methoxy-2-methyl-4H-chromene-3-carboxylate 

(4b) 

Yellow solid; Mp: 140-142°C; 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J= 6.8 Hz, 1H), 

7.52-7.48 (t, 1H), 7.28-7.27 (m, 2H), 7.13 (d, J=6.8 Hz, 1H), 6.93-6.89 (t, 1H), 6.79 (d, J= 

7.2Hz, 1H), 4.61 (s, 1H), 4.17-4.16 (q, 2H), 3.86 (s, 3H), 3.29 (s, 1H), 2.19(s, 3H), 1.25-1.22 

(t, 3H); 13C NMR (100 MHz , CDCl3) δ 168.24, 161.52, 158.31, 152.46, 147.68, 139.86, 

131.96, 126.09, 123.94, 123.07, 121.95, 119.70, 116.55, 114.65, 111.07, 103.18, 98.99, 61.52, 

56.04, 43.74, 30.57, 24.92, 13.98. 

Methyl 4-(2,4-dioxochroman-3-yl)-2-methyl-4H-chromene-3-carboxylate (4c) 

White solid; Mp: 152-154°C; 1H NMR (400 MHz, CDCl3): δ 7.87 (d, J= 6.8 Hz, 

1H),7.52 (d, J= 6.8Hz, 1H), 7.29-7.28 (m, 2H), 7.19-7.15 (t, 1H), 6.98-6.91 (m, 2H), 4.60 (s, 

1H), 3.73 (s, 3H), 3.29 (s, 1H), 2.12 (s, 3H); 13C NMR (100 MHz , CDCl3) δ 168.74, 161.52, 

158.12, 152.46, 150.56, 131.99, 128.56, 127.78, 125.02, 123.97, 122.96, 122.00, 116.61, 

116.06, 114.70, 103.24, 98.94. 

Ethyl 4-(2,4-dioxochroman-3-yl)-2-methyl-4H-chromene-3-carboxylate (4d) 

Yellow solid; Mp: 144-146°C; 1H NMR (400 MHz, CDCl3): δ 7.87 (d, J= 8.0 Hz, 1H), 

7.52-7.48 (m, 2H), 7.29-7.25 (m, 2H), 7.19-7.15 (t, 1H), 6.98-6.90 (m, 2H), 4.6 (s, 1H), 4.19-

4.14 (q, 2H), 3.27 (s, 1H), 2.12 (s, 3H), 1.25-1.22 (t, 3H); 13C NMR (100 MHz , CDCl3) δ 

168.27, 161.56, 158.17, 152.43, 150.53, 131.98, 128.55, 127.80, 125.03, 123.98, 122.95, 

121.98, 116.60, 116.06, 114.68, 103.27, 99.00, 77.36, 77.04, 76.72, 61.53, 43.80, 30.63, 24.96, 

14.00. 

3-(3-acetyl-8-methoxy-2-methyl-4H-chromen-4-yl)chromane-2,4-dione (4e) 

White solid; Mp: 147-149°C; 1H NMR (400 MHz, CDCl3): δ 7.87 (d, J= 8.0 Hz, 1H), 

7.53-7.49 (t, 1H), 7.30-7.26 (m, 2H), 7.14 (d, J=8.0 Hz, 1H), 6.95-6.91 (t, 1H), 6.80 (d, J= 8.0 

Hz, 1H), 4.6 (s, 1H), 3.87 (s, 3H), 3.40 (s, 1H), 2.34 (s, 3H), 2.13 (s, 3H); 13C NMR (100 MHz 

, CDCl3) δ 202.52, 161.63, 158.96, 152.47, 147.83, 139.76, 132.14, 126.14, 124.02, 123.21, 

121.91, 119.61, 116.55, 114.58, 111.12, 102.03, 99.09, 56.05, 49.51, 30.32, 29.92, 24.44. 

3.7. Antioxidant activity of SnO2 NPs and 4H-chromenes. 

The DPPH radical scavenging activity of SnO2 NPs and 4H-chromene derivatives (4a-

e) was evaluated with DPPH assay. It is a good radical scavenger with an absorbance maximum 

of 517 nm in methanol. Its solution color is deep violet (λmax 520 nm), but it becomes more 

stable and turns yellow after receiving hydrogen or electrons with lower absorbance. The IC50 

values of the synthesized SnO2 NPs and 4H-chromene compounds are demonstrated in Table 

3. All the synthesized compounds show good antioxidant activity (Figure 8) when compared 

to standard antioxidant ascorbic acid. 
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Figure 8. DPPH radical scavenging activity of SnO2 NPs and the synthesized 4H-chromenes. 

Table 3. IC50 values of 4H-chromene compounds. 

Entry Compound 
% of inhibition at different concentrations (mM) 

IC50 
0.001 0.002 0.003 0.004 

1 4a 51.73 58.62 69.13 75.82 0.843 

2 4b 50.61 59.72 68.23 74.52 0.857 

3 4c 50.68 58.52 70.12 72.54 0.904 

4 4d 51.58 57.63 68.75 73.54 0.865 

5 4e 52.18 58.58 69.25 74.84 0.781 

6 SnO2 NPs 53.58 60.12 72.14 78.58 0.678 

7 Ascorbic acid 57.92 65.93 76.12 90.12 0.424 

4. Conclusion 

Successfully synthesized SnO2 NPs using an aqueous extract of sunflower leaves were 

characterized by XRD, and the crystal structure was tetragonal with an average crystallite size 

of 12.34 nm. In addition, the NPs were characterized by FTIR and UV-Vis spectroscopy. FT-

IR analysis confirmed the capping of phytochemicals on the NPs' surface, while UV-Vis 

analysis calculated the optical band gap energy of 3.37 eV. HR-TEM images exhibited 

spherical shapes of SnO2 NPs with an average size of 6.58 nm. A series of 4H-chromenes were 

synthesized by using SnO2 NPs as nanocatalysts and were characterized by using 1HNMR and 
13C NMR studies. The 4H-chromenes compounds were screened for antioxidant activity using 

a DPPH assay. All the compounds showed good antioxidant activity with respect to standard 

ascorbic acid and could be used in biomedical applications as well as antioxidants. 
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