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The present study reports an eco-friendly preparation of mesoporous carbon-supported tin oxide nanocomposite from agro-
waste (Cyperus corymbosus grass stem). The CCSAC - SnO2 prepared by greener method successfully utilizing Cyperus 
corymbosus waste. The prepared CCSAC-SnO2 nanocomposite was characterized using advanced analytical techniques 
such as Fourier Transform Infrared spectroscopy (FTIR), X-ray diffraction analysis (XRD), Field Emission Scanning 
Electron Microscopy (FE-SEM), Raman spectroscopy, Brunauer-Emmett-Teller (BET) analysis, X-ray photoelectron 
spectroscopy (XPS) analysis, and Thermogravimetry Differential Thermal Analysis (TG-DTA). The amorphous and 
crystalline nature of Cyperus corymbosus stem-activated carbon (CCSAC) and Cyperus corymbosus activated carbon 
supported tin oxide nanocomposites (CCSAC-SnO2 nanocomposite) was confirmed using powder XRD analysis. FT-IR 
analysis was used to identify the surface functional groups attached to the CCSAC and CCASC-SnO2 nanocomposite. The 
element composition of CCSAC and CCSAC-SnO2 nanocomposite was confirmed by EDX analysis. BET analysis 
confirmed the CCSAC-SnO2 nanocomposite mesoporous nature. XPS and TG-DTA analysis confirmed the elemental 
composition and thermal stability of the CCSAC-SnO2 nanocomposite. The CCSAC-SnO2 nanocomposite was used as a 
nanocatalyst in a three-component reaction. This study highlights the potential of utilizing plant waste to prepare valuable 
mesoporous CCSAC-SnO2 nanocomposite, highlighting both environmental sustainability and catalytic efficiency. 
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1. INTRODUCTION∗ 
In recent years, biomass from waste products, 

agricultural residue, and agro-based industries worldwide 
has been claimed to be included in the eco-friendly source 
of carbon precursors. [1] The transformation of agro-waste 
into carbon-based products is both environmentally friendly 
and promising. Carbon material derived from biomass can 
be used in various applications, including water treatment, 
catalyst, catalyst support, hydrogen storage, and CO2 
capture. With its large surface area, activated carbon (AC) 
is utilized to support catalysts in heterogeneous catalysis. 
Specifically, porous AC is the most commonly employed 
material since it easily archives very high catalyst 
dispersions and strong catalytic activity [2]. Conventional 
heterogeneous catalysts often exhibit poor catalytic activity 
due to the limited accessibility of reactants to active sites. 
[3]. However, this limitation can be overcome by utilizing 
carbon, which disperses the catalyst [4, 5, 6]. Recently, 
carbon-based materials have been used as catalysts as they 
offer several advantages such as good stability in acidic and 
basic mediums, good thermal stability, ease of availability 
compared to conventional catalysts, and easy recoverability 
from reaction mixtures [7, 8], due to their higher surface 

 
∗ Corresponding author. Tel.: +91-93-81325813.  
E-mail: venugopalt@gcesalem.edu.in (V. Thiruvengadam) 

area and porosity compared to traditional catalyst supports 
such as alumina and silica [9, 10, 11]. 

A heterogeneous acid catalyst is better than a 
homogeneous acid catalyst because of its reusability, ease 
of separable from the reaction mixture, selectivity, 
environmental friendliness, and cost-effectiveness [12]. 
Acid catalysts are among the most important types used in 
chemical industry reactions. Reactions such as Friedel crafts 
acylation and alkylation, aromatic nitration, isomerization, 
and halogenation are typically catalyzed by H2SO4, or 
Lewis’s acids like BF3 and AlCl3 [13]. These reagents are 
toxic and difficult to separate producing toxic and corrosive 
waste [14]. The development of eco-friendly sustainable 
heterogeneous acid catalysts aims to overcome these 
problems [15]. Organic transformation using nanocatalysts 
has been a rapidly emerging trend for decades and is crucial 
in the area of sustainable chemistry [16]. Among 
nanoparticles, SnO2 is notable due to its unique properties. 
SnO2 is highly stable, optical transparency, and thermal 
stable [17, 18, 19]. Due to its excellent acidic properties, it 
acts as an effective heterogeneous catalyst in organic 
reactions [20]. 

Cyperus corymbosus grass stems produced in the local 
mat-making industry, Tiruchirappalli were used as biomass 
for the preparation of activated carbon through 



carbonization under an inert atmosphere [21]. Cyperus 
corymbosus grass is cultivated extensively in 
Tiruchirappalli district, Tamil Nadu for mat production. A 
survey reported that approximately 14 tons per hectare of 
korai waste produced in this area per harvest is typically 
burnt [22]. Burning of such large quantities of biomass from 
the two annual harvests would lead to environmental 
problems [23]. 

In general, SnO2 nanoparticles have been produced 
using various chemical, physical and green methods 
including hydrothermal [24], sol-gel [25], precipitation 
[26], thermal decomposition [27], mechanochemical [28], 
micro-microemulsion methods [29]. The methods for the 
preparation of nano tin oxide involve the use of various 
chemical solvents, reagents, and surfactants, in chemical 
methods, which creates a serious environmental impact and 
health hazards [30]. In contrast, the physical methods are 
challenging due to the requirement for high temperature and 
pressure, complex equipment, and skilled manpower [31]. 
Therefore, it is highly important to develop methods that are 
eco-friendly, efficient, cost-effective, and greener. Many 
researchers have to focus on developing green methods for 
preparing tin oxide nanoparticles as a solution. In green 
chemistry strategies, plants and micro-organisms, can be 
used as alternatives to conventional physical and chemical 
methods [32]. The plant-mediated preparation of 
nanoparticles is preferable to conventional methods because 
it is free from toxic chemicals and acts as a natural capping 
agent as well reducing agent. Additionally, plant-mediated 
preparation of nanoparticles is eco-friendly and 
straightforward, requiring no high temperature and pressure 
or costly equipment, and results in stable nanoparticles with 
varying sizes and shapes [33, 34]. 

Multicomponent reactions (MCRs) are efficient and 
high bond-forming methods in organic synthesis [35] to 
produce heterocyclic compounds with cost benefits such as 
minimal purification process, reduced operational steps, and 
single reaction conditions. [36] Tetrahydrobenzo[b]pyrans 
units, found in many natural products, synthetic origin [37] 
has considerable biological and pharmacological properties 
such as diuretic, spasmolytic [38], anti-HIV [39], apoptosis 
inducer [40], antitubercular [41], antifungal [42], 
antibacterial, anticancer [43], anti-inflammatory properties 
[44]. Tetrahydrobenzo[b]pyrans are synthesized through a 
three-component reaction involving cyclic 1,3-diketones, 
aldehydes, and malononitrile in the presence of various 
homogeneous and heterogeneous acid/base catalysts such as 
KF/Alumina [45] silica gel-supported polyphosphoric acid 
[46] hexadecyl trimethyl ammonium bromide (HTMAB) 
[47], guanidine supported on magnetic nanoparticles Fe3O4 
[48], Silica-bonded S-sulfonic acid (SBSSA) [49], 
magnesium oxide (MgO) [50], triethanolamine [51],  
4-dimethylaminopyridine (DMAP) under microwave 
conditions [52] and L-proline [53]. However, these methods 
have drawbacks such as tedious catalyst preparation, toxic 
and expensive reagents, odorous catalysts, non-recyclable 
catalysts, long reaction times, and extensive manpower 
requirements for work-up procedures [54]. Therefore, the 
development of a greener and more efficient catalyst in the 
synthesis of Tetrahydrobenzo[b]pyrans could overcome 
these drawbacks. 

To address drawbacks, this work is to develop an 
effective, eco-friendly, and cost-effective heterogeneous 
catalyst for various organic transformations and MCRs. 
Specifically, the preparation of CCSAC-SnO2 
nanocomposite from agricultural waste used as a catalyst in 
synthesizing Tetrahydrobenzo[b]pyrans is reported.  

2. MATERIALS AND METHODS 
2.1. Chemicals and materials 

Tin chloride pentahydrate was purchased from Loba 
Chemie Pvt. Ltd, India. Cyperus corymbosus (korai grass) 
was collected from local mat manufacturers in 
Tiruchirappalli, Tamil Nadu, India. The tubers of Ruellia 
tuberosa were collected from farmland in Salem, Tamil 
Nadu, India. 4-nitro benzaldehyde, malononitrile, and 
dimedone were purchased from Sigma-Aldrich Chemicals 
Private Limited. TLC plates, Silica gel 60 F₂₅₄ was 
purchased from Sigma-Aldrich Chemicals Private Limited.  
2.2. Preparation of CCSAC-SnO2 nanocomposite. 

Preparation of activated carbon from Cyperus 
corymbosus stem (CCSAC) 

Activated carbon was prepared from the waste of 
Cyperus corymbosus (korai grass) stems by using a method 
Ting Zhang et al., with a slight modification [55]. Firstly, 
the dried Cyperus corymbosus stem (CCS) was chopped into 
small pieces, washed with distilled water (DW), and dried 
at 80 °C for 10 hours. The fully dried CCS pieces were 
soaked in 1 M KOH for 24 hours, then filtered, and dried at 
80 °C for 10 hours. The fully dried CCS pieces were 
carbonized in a muffle furnace for about 3 hours at 700 °C 
an inert atmosphere. After washing the carbonized CCS 
with 1 M HCl, it was then dried at 80 °C for 5 hours. Finally, 
KOH was successfully removed to obtain CCSAC.  
2.3. Preparation of CCSAC-SnO2 nanocomposite. 

Preparation of Ruellia tuberosa fresh root 
extract 

About 50 grams of fresh Ruellia tuberose root were 
chopped into small pieces, transferred to a 500 ml beaker 
containing DW, and boiled for 2 hours. After boiling, the 
extracts were filtered using filter paper, and stored in a 
refrigerator for further use. 
2.4. In situ preparation of CCSAC-SnO2 

nanocomposite catalyst 
0.1 M of stannous chloride (500 ml) was stirred with a 

magnetic stirrer at room temperature. After one hour, 
100 ml of Ruellia tuberose root extracts were added drop by 
drop to the solution, and then the temperature was increased 
to 60 °C [56]. A white precipitate was formed, and 
0.2 grams of CCSAC was added to the solution. The entire 
mixture was stirred for about 4 hours, during which water 
evaporated, and the remaining residue calcinated in the 
furnace at about 700 °C for three hours. 
2.5. Catalytic activity. General procedure of the 

three-component reaction 
A mixture of 4-nitro benzaldehyde (1) (1 mmol), 

malononitrile (2) (1.06 mmol), and dimedone (3) (1 mmol), 
ethanol 2 mL were refluxed and stirred. Thereafter, 



CCSAC-SnO2 nanocomposite (0.3 mg) was added as a 
nanocatalyst. The progress of the reaction was monitored by 
Thin Layer Chromatography (TLC) using ethyl acetate and 
hexane (3:4) as eluent. Upon completion of the reaction, the 
obtained solid was recrystallized in ethanol. 

3. CHARACTERIZATION 

The surface was analyzed by using FT-IR spectroscopy 
(IR Affinity-1, Shimadzu, Japan, IIT Jammu) employing the 
KBr pellet method. XRD was tested using a Rigaku Dmax-
rc X-ray diffractometer with Ni-filtered Cu Kα 
(λ = 1.54059 ˚A) radiation at IIT- Jammu. Morphology was 
examined using a Field Emission Scanning Electron 
Microscope (FESEM) (FESEM, JSM 7900F, JEOL) at the 
Central Instrumentation Facility (SAPTARSHI), IIT 
Jammu. Energy dispersive X-ray analysis was carried out by 
SEM-EDS (TESCAN BRNO, 62300) to analyze the 
elemental composition. Raman spectra were analyzed using 
a Raman spectrometer (RENISHAW, UKRENISHAW 
BASIS SERIES WITH 514 LASERS, at the Sophisticated 
Analytical Instrumentation Centre (SAIC), Tezpur 
University). Porous size and surface area were analyzed 
using a Brunauer-Emmett-Teller method (BET), 
(Quantachrome Corporation) at the Material Analysis, and 
Research Centre, Bengaluru. X-ray Photo-electron 
Spectroscopy was obtained using a Thermos Scientific, 
NEXA Surface analyzer, CIF, IIT, Jammu. Thermo 
gravimetric/differential thermal analysis was conducted at 
SAIF, Roorkee (EXSTAR, SII 6300 EXSTAR). Proton 
nuclear magnetic resonance (1H NMR) spectra were 
recorded using a Bruker Avance III 400 MHz spectrometer 
at the Vellore Institute of Technology, India. 

4. RESULTS AND DISCUSSION 

4.1. IR analysis of CCSAC and CCSAC-SnO2 
nanocomposite 

The FT-IR spectrum of CCSAC is presented in Fig. 1 
The absorption band at approximately ~ 3451 cm–1 is 
attributed to O-H stretching vibrations of hemicellulose, 
absorbed water molecules, pectin, lignin, and cellulose. 
Absorption bands at ~ 2920 cm–1 and ~ 2854 cm–1 are 
observed due to C-H stretching vibrations in the lignin 
polysaccharides, such as hemicellulose and cellulose [57]. 
The peak at ~ 1384 cm-1 is assigned to the bending 
vibrations of –CH3 and the C=O stretch is due to the 
carbonyl group.  

 
Fig. 1. FT-IR spectrum of CCSAC 

The vibration peak appearing near ~ 800 – 600 cm−1 
belongs to the peak of bending out of the plane C–H [58]. 

Fig. 2 shows the FT-IR spectrum of CCSAC-SnO2 
nanocomposite with some characteristic major vibrational 
frequencies at ~ 3411 cm-1 related to free OH peaks. The 
peaks around ~ 850 cm−1 and ~ 541 cm−1 are assigned to Sn-
O-Sn stretching mode due to surface bridging oxide formed 
by the condensation of adjacent surface hydroxyl groups. 
The presence of these characteristic bands confirms the 
formation of SnO2 nanocomposite [59]. 

 
Fig. 2. IR spectrum of CCSAC-SnO2 nanocomposite 

4.2. XRD analysis of CCSAC and CCSAC-
SnO2NPs 

The chemical composition of CCSAC was analyzed 
using XRD analysis. Fig. 3 displays the XRD patterns of 
CCSAC, which show two peaks at ~ 24.2 and ~ 43.2. These 
peaks are assigned to the (002) and (100) planes of 
crystalline carbon in the samples (JCPDS 00-041-1487), 
indicating the predominance of carbon in the hexagonal 
phase. Additionally, a broad amorphous region is observed 
in the range of 2θ = 20° [60, 61]. The average grain size of 
the carbon was calculated by the Scherrer equation,  
D = Kλ/(βcosθ) where K = 0.89 is the shape factor, k is the 
X-ray wavelength of CuKa radiation (0.15406 nm), h is the 
Bragg angle, and b is the experimental full width at half 
maximum (FWHM) of the respective diffraction peak (in 
units of radians). Using the Scherrer formula, the average 
grain size CCSAC is approximately 7 nm. 

 
Fig. 3. XRD pattern of CCSAC 

The XRD of the CSAC-SnO2 nanocomposite, as shown 
in Fig. 4, exhibits four well-distinguished peaks located at 



2θ = 26.7°, 33.9°, 38.1°, and 51.8°. These peaks correspond 
to the (110), (101), (200), and (211) reflection planes of a 
tetragonal SnO2, respectively, as indicated by the standard 
data file (JCPDS No. 41-1445). All the indexed peaks 
corresponded to pure tetragonal SnO2 and are in good 
agreement with the standard card. Notably, the 
characteristic peak of carbon at 24.2° not be observed in the 
CCSAC-SnO2 nanocomposite, as it overlaps with the peak 
corresponding (110) plane of SnO2 nanoparticle in the 
composite. [62] The very small size of the tin oxide 
nanoparticle is indicated by the broadening and low 
intensity of the peaks. The average crystalline size of the 
CCSAC-SnO2 nanocomposite is approximately 2 nm. 
Nanocomposites with small grain size (2 nm) have a very 
high surface area to volume ratio. The high surface area 
provides a more active site for the catalytic reaction, which 
can significantly enhance catalytic activity. 

 
Fig. 4. XRD pattern of CCSAC-SnO2 nanocomposite 

4.3. FE-SEM images of CCSAC-SnO2 
nanocomposite 

The morphologies of the CCSAC-SnO2 nanocomposite 
were observed by FE-SEM, as shown in Fig. 5. 

 
a b 

 
c d 

Fig. 5. FE-SEM images of CCSAC: a – 5,000; b – 10,000; 
c – 15,000; d – 50,000 

The images reveal a non-homogeneous distribution of 
particles with a minimum particle size of 100 nm, indicating 
significant agglomeration. The prepared CCSAC exhibits a 
particle size within the nanometre range and resembles 
straw with a porous. The FESEM images of CCSAC at 
different kV and magnification Fig. 5 a at 5,000, b at 10,000, 
c at 15,000, and d at 50,000 respectively. The morphologies 
of the CCSAC-SnO2 nanocomposite were observed using 
FE-SEM, as illustrated in Fig. 6. 

 
a b 

 
c d 

Fig. 6. FE-SEM images of CCSAC-SnO2 composite: a – 20,000; 
b – 25,000; c – 25,000; d – 40,000 

The FESEM images of the CCSAC-SnO2 
nanocomposite were captured at different kV and 
magnifications Fig. 5 a at 20,000, b at 25,000, c at 25,000, 
and d at 40,000 respectively. The images indicate a non-
homogeneous distribution of particles, within a minimum 
particle size of approximately 100 nm in Fig. 5 d where 
most particles appear agglomerated. The size of the 
prepared CCSAC-SnO2 nanocomposite suggests that the 
particle is within a nanometer range and exhibits a porous 
structure resembling straw. Because the preparation of 
CCSAC-SnO2 did not alter the CCSAC morphology, it 
indicated the stability of carbon. It also makes this 
nanocomposite well-stable during the catalytic process. 

4.4. EDX analysis of CCSAC and CCSAC-SnO2 

nanocomposite 
The elemental composition of CCSAC and CCSAC-

SnO2 nanocomposite was analyzed using the energy-
dispersive X-ray analysis as shown in Fig. 7. The EDX 
spectrum of CCSAC displayed sharp peaks corresponding 
to oxygen (O) and carbon (C) along with some trace 
amounts of silica. The presence of silica indicates that 
Cyperus corymbosus plant is one of the silica accumulators 
[63]. In the case of the CCSAC-SnO2 nanocomposite, the 
intensity of the oxygen peak is notably higher than that in 
CCSAC, which can be attributed to the presence of SnO2. 
This indicates an increased oxygen content in 
nanocomposite due to the incorporation of tin oxide 
nanoparticles. 



 
a 

 
b 

Fig. 7. a – EDX spectrum of CCSAC; b – EDX spectrum of 
CCSAC-SnO2 nanocomposite 

4.5. Raman spectra of CCSAC and CCSAC-SnO2 

nanocomposite 
Fig. 8 shows the Raman spectra of CCSAC. The G band 

was observed at 1590 cm-1, D band appeared at a Raman 
shift of 1359 cm-1. The G band corresponds to the in-plane 
stretching of the sp2 carbon-carbon bond in the CCSAC. D 
band indicates the amorphous regions within the activated 
carbon. The G and D bands suggest the CCSAC contains 
both amorphous and ordered graphite regions in carbon 
structures. The intensity of the G band is notably higher than 
that of the D band, indicating a more ordered structure. 

 
Fig. 8. Raman spectrum of CCSAC 

Raman spectra of the CCSAC-SnO2 nanocomposite are 
shown in Fig. 9. In general, the distorted (D), and graphite 
(G) bands are the two characteristics of carbon. The D band 
commonly appears in the range of 1300 – 1400 cm-1 and is 
associated with distorted or amorphous carbon while the G 
band is strong, and usually appears in the range 
1565 – 1595 cm-1. The G band arises from the plane 
tangential stretching of C-C bonds in carbon. The 
characteristic four major Raman modes originated from 
SnO2 nanoparticles which are designated as A1g, B1g, B2g, 

and Eg [64]. The peak at 476.5 cm-1 assigned to Eg mode is 
related to the vibration of oxygen in the plane. The Raman 
peaks at 631 and 768 cm−1 can be attributed to the A1g and 
B2 g symmetry vibration modes of Sn-O bonds [65]. 

 
Fig. 9. Raman spectrum of CCSAC-SnO2 nanocomposite 

4.6. BET analysis of CCSAC-SnO2 nanocomposite 
In Fig. 10, the Brunauer-Emmett-Teller (BET) method 

is utilized to determine the specific surface area, pore 
volume, and pore diameter of the CCSAC-SnO2 
nanocomposite. According to the N2 adsorption-desorption 
isotherms, CCSAC-SnO2 nanocomposite possesses a 
specific surface area of 36.951 m²/g and a pore volume of 
0.113 cc/g with an average pore diameter of 3.718 nm. The 
total pore volumes were obtained at a relative pressure of 
about 0.99. In Fig. 10, a distinct hysteresis loop can be seen 
at relative pressures of 0.4 – 1.0 suggesting the presence of 
a mesoporous structure and a relatively high surface area. 
The BET analysis results revealed the CCSAC-SnO2 
nanocomposite is suitable for a three-component reaction. 
The mesoporous properties should allow for efficient 
adsorption, diffusion, and response of the multiple 
substrates, leading to potentially high catalytic efficiency. 

 
Fig. 10. N2 adsorption-desorption isotherms of CCSAC-SnO2 

nanocomposite 

The nitrogen isotherms were consistent with the 
representative type IV isotherm, which suggested the 
existence of mesopores in carbon-supported tin oxide [66]. 

4.7. XPS analysis of CCSAC-SnO2 nanocomposite 
The XPS spectra in Fig. 11 a show the existence of C, 

O, and Sn, indicating the presence of three elements in the 
CCSAC-SnO2 nanocomposite. Fig. 11 b shows C 1s 
deconvoluted spectra of carbon-supported tin oxide. The 
binding energies at 284.7 eV are due to C=C [67]. The peak 
located at 281.4 eV with low binding energy indicates the 



formation of the C-Sn bond in the CCSAC-SnO2 
nanocomposite. The peak is located at around 533.2 eV and 
is assigned to the O 1s (Fig. 11 c). Specifically, the core-
level XPS of Sn for CCSAC-SnO2 nanocomposite shows the 
presence of Sn 3d5/2 (487.3 eV) and Sn 3d3/2 (495.8 eV) 
(Fig. 11 d), which is contributed to Sn (IV). Moreover, the 
binding energy of Sn 3d 5/2 is centered at 487.5 eV, which is 
assigned to Sn4+ in SnO2 [68]. 

 
a b 

 
c d 

Fig. 11. XPS spectra of CCSAC-SnO2 nanocomposite: a – full 
XPS spectrum; b – C 1 s; c – O1s; d – Sn 3d 

4.8. TG-DTA of CCSAC-SnO2 nanocomposite 
TG-DTA, as shown in Fig. 12 a, was used to investigate 

the thermal properties and texture properties of the prepared 
CCSAC-SnO2 nanocomposite in argon gas. 

 
a 

 
b 

Fig. 12. a – TG analysis of CCSAC-SnO2 nanocomposite; b – DTG 
analysis of CCSAC-SnO2 nanocomposite 

Water loss was observed between 0 – 300 °C and carbon 
decomposition of CCSAC was noted after a drastic weight 
loss of 15.9 wt.% at 600 °C. Thus, the content of SnO2 in 
the composites is evaluated to be 84.1 wt.%. [69]. In 
Fig. 12 b, the DTA curve showed an exothermic peak at 
378 °C, which is accompanied by a weight loss of 8.79 % 
that is related to the evolution of volatile components by 
thermal decomposition of CCSAC [70]. 

4.9. The catalytic activity of CCSAC-SnO2 

nanocomposite 
CCSAC-SnO2 nanocomposite was used as a 

nanocatalyst for the reaction involving  
4-nitrobenzaldehyde, malononitrile, and dimedone in 
ethanol under refluxed conditions (Fig. 13). A background 
reaction was examined with 4-nitro benzaldehyde, 
malononitrile, and dimedone in the absence of CCSAC-
SnO2, resulting in no expected product formation. In this 
context, the solid CCSAC-SnO2 nanocomposite 
nanocatalyst was used as a substitute for conventional 
methods for this three-component reaction. Parameters such 
as amount of catalyst, effect of temperature, and effect of 
solvents were optimized to achieve the maximum catalytic 
activity and good conversion of the desired product. The 
synthesized compound 4 was confirmed by 1H NMR, as 
shown in Fig. 14. 

 
Fig. 13. The CCSAC-SnO2 nanocomposite catalyzed the three-

component synthesis of 2-amino-7,7-dimethyl-4-(4-
nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile 

 
Fig. 14. 1H NMR spectrum of 2-amino-7,7-dimethyl-4-(4-

nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile 

4.10. Effect of the catalyst amount, solvent, and 
temperature on the synthesis of 4 

The effect of the catalyst amount, solvent, and 
temperature on the preparation of product 4 under different 



reaction conditions is illustrated (scheme 1, Table 1). The 
temperature effect was studied across various temperature 
ranges, from room temperature to reflex conditions. It was 
observed that increasing the temperature results in higher 
product yields and reduced reaction time. In the case of 
ethanol reflux, only a trace amount of yield was obtained 
(entry 1). The amount of catalyst and different temperatures 
were optimized (entry 10 – 19). As shown in Table 1, at a 
lower catalyst amount of 0.1 mg, only 47 % conversion of 
the product was achieved after 120 min (entry 10). 
Increasing the catalyst amount to 0.2 mg yielded only 61 % 
conversion after 120 min (entry 11) while, 0.3 mg, resulted 
in 68 % conversion after the same duration (entry 12). An 
increased amount of catalyst and the temperature provided 
more catalytically active sites leads to increased conversion 
of product.  

Table 1. Effect of the catalyst amount, solvent, and temperature on 
the synthesis of product 4 

Entry Catalyst, 
mg Solvent T, °C Time, 

min 
Yield, 

% 

1 No 
catalyst Ethanol Reflux 90 trace 

2 0.1 Ethanol  RT 150 35 
3 0.1 Water  RT 200 23 
4 0.1 toluene RT 350 20 

5 0.1 Ethyl 
acetate RT 400 14 

6 0.1 acetonitrile RT 450 18 
7 0.1 DMSO RT 320 20 
8 0.1 Chloroform RT 250 30 
9 0.1 Methanol  RT 189 40 
10 0.1 Ethanol  RT 120 47 
11 0.2 Ethanol  RT 120 51 
12 0.3 Ethanol  RT 120 58 
13 0.1 Ethanol  45 120 65 
14 0.2 Ethanol  45 90 75 
15 0.3 Ethanol  45 112 78 
16 0.1 Ethanol  65 120 81 
17 0.2 Ethanol  65 90 86 
18 0.3 Ethanol  65 112 87 
19 0.4 Ethanol  65 112 87 
20 0.1 Ethanol  Reflux 45 83 
21 0.2 Ethanol  Reflux 35 91 
22 0.3 Ethanol  Reflux 20 96 

T = temperature 

However, when the catalyst amount exceeded 0.4 mg, 
no noticeable change in conversion was observed (entry 19). 
The reaction was also performed in various solvents 
including ethanol (EtOH), methanol (MeOH), acetonitrile 
(CH3CN), dichloromethane (CH2Cl3), ethyl acetate, toluene, 
and DMSO (entries 2 – 9). Table 1, indicated that good yield 
was achieved at reflex condition was found as 0.3 mg in 
ethanol. Additionally, experiments with different amounts 
of catalysts at reflux conditions demonstrated favorable 
yields (entry 19 – 22), with an optimum condition resulting 
in the highest yield and short reaction time observed in 
entry 22. Due to the acidic properties of tin oxide combined 
with its mesoporous structure, the 2 nm CCSAC-SnO2 
nanocatalyst offers a greater number of accessible sites [71]. 
It increased the catalytic efficiency, enabling faster turnover 
and improved reaction conversion, resulting in higher 

yields. Additionally, the temperature increased, and the 
reaction yield increased with less time. 

4.11. Catalytic reusability of CCSAC-SnO2 

nanocomposite 
The reusability of the CCSAC-SnO2 nanocatalyst was 

measured through the three-component reaction of 4-nitro 
benzaldehyde (1) (1 mmol), malononitrile (2) (1.06 mmol), 
and dimedone (1 mmol) in 2 mL ethanol under refluxed 
conditions and stirring (CCSAC-SnO2 
nanocomposite/0.3 mg as a catalyst). The formation of 
product 4 was monitored by TLC. After completion of the 
reaction, 5 mL of hot ethanol was added to the reaction 
mixture and then filtered to separate catalysts. The obtained 
catalyst was washed several times with ethanol and dried at 
100 °C. The nanocatalyst was used for 10 cycles, and results 
showed an insignificant loss of catalytic efficiency from 98 
to 88 %. 

4.12. Possible mechanism of reaction 
A proposed mechanism for forming product 4 in the 

presence of CCSAC-SnO2 nanocomposite is shown in 
Fig. 15. The Knoevenagel condensation occurs between 
malononitrile and activated aldehyde, resulting removal of 
water molecules. This process generates an intermediate of 
arylidenemalononitrile (intermediate I). In the next step, the 
tautomerization of dimedone to form enolized dimedone (II) 
reacts with the arylidenemalononitrile intermediate (I) (as a 
Michael acceptor) to form product (III). Ultimately, 
intramolecular cyclization and rearrangement occur, leading 
to the formation of product 4. 

 
Fig. 15. Possible mechanism of reaction 

5. CONCLUSIONS 
The mesoporous activated carbon was prepared from 

the stem of Cyperus corymbosus a sustainable source. The 
CCSAC-SnO2 nanocomposite was prepared using a green 
protocol with root extract from Ruellia tuberosa. The 
prepared CCSAC-SnO2 nanocomposites were characterized 
by FT-IR, XRD, FE-SEM, EDX, Raman, BET, XPS, and 
TG-DTA. CCSAC contains crystalline carbon with an 



amorphous hexagonal phase with an average 
nanocomposite size is about 7 nm. The prepared CSAC-
SnO2 nanocomposite average grain size of approximately 
2 nm. FE-SEM images revealed that the CCSAC-SnO2 
nanocomposite was spherical with aggregated fish scale-
shaped carbon. The CCSAC-SnO2 nanocomposite 
demonstrated a specific surface area of 36.951 m²/g, a pore 
volume of 0.113 cc/g, and an average pore diameter of 
3.718 nm, indicating is mesoporous. TG-DTA analysis 
confirmed the high thermal stability of the prepared 
CCSAC-SnO2 nanocomposite. The CCSAC-SnO2 
nanocomposite serves as a reusable, cheap nanocatalyst 
derived from agro-waste. Consequently, it was applied to 
the three-component reaction, demonstrating efficacy as a 
heterogeneous nanocatalyst with a yield of 96 % yield under 
reflux conditions and high purity within a minimal time 
frame, using a greener solvent. 
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