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ABSTRACT. The aqueous extract of Sapindus rarak (S. rarak) was  produced by heating its rinds in demineralized water at 
80 °C. The main experiment was conducted at room temperature by mixing a solution of sodium thiosulfate with the extract 
obtained previously. After adding dilute hydrochloric acid (10%), fine granules gradually formed in the solution and 
precipitated when the reaction was stopped and allowed to stand for 24 h. The analysis results showed the consistency of 
the X-ray diffraction (XRD) peak of the obtained material with sulfur standards. When looked at the surface using scanning 
electron microscopy (SEM), sulfur was found to be cube-shaped. The formation of cuboidal elemental sulfur possibly occurs 
due to the covering of thiosulfate ions and elemental sulfur during and after the reaction. Organic compounds were found 
covering sulfur through elemental and functional group analyses using energy-dispersive X-ray (EDX) and Fourier-transform 
infrared (FTIR) spectroscopy, respectively 
 
Keywords: Cubic form, natural surfactant, Sapindus rarak, saponin, sulfur 

 
INTRODUCTION 

The properties and utility of elemental sulfur have 
encouraged many researchers to modify the reaction 
conditions for a specific target regarding shape and 
size and to develop various interesting applications 
(McCue, & Anderson, 2014; Nguyen 2017; Ragab, & 
Saad-Allah, 2020; Saedi et al, 2020). Considerable 
focus has been placed on developing the green 
synthesis of elemental sulfur, including sulfur 
nanoparticles (SNPs), using plant and animal extracts 
(Suleiman et al., 2013; Paralikar and Rai, 2018). This 
is because certain organic compounds in plant extracts 
could significantly affect the reaction conditions, 
especially their reaction intermediates, ultimately 
providing specific characteristics to the corresponding 
SNPs (Ghotekar et al., 2020). 

Some interesting results have been reported in this 
field. For example, the SNPs with a specific size were 
successfully synthesized using Ficus bengalensis at 
room temperature, with the as-prepared sulfur useful 
in reducing Cr (VI) to Cr (III) (Tripathi et al., 2018). 
Other plant extracts have been used as a medium for 
SNP synthesis (average size = 50 nm), with the 
obtained SNPs effectively increasing the growth and 
health of certain plants (Salem et al., 2016). 
Additionally, the number of hatched Drosophila 

melanogaster larvae has been effectively reduced with 
the SNPs synthesized using specific plant extracts (Araj 

et al., 2015). Allium sativum aqueous garlic extract has 
also been found to help synthesize the SNPs. When the 
extract is used, the particle sizes in the SNPs are more 
evenly distributed than when the extract is not used 
(Khairan and Jalil, 2019). 

Certain surfactants have also been reported for 
their effect on the characteristics of the produced 
sulfur. For example, Triton X-100 and butanol are 
effective as surfactants and co-surfactants in forming 
monoclinic sulfur particles from a sodium polysulfide 
solution (Soleimani et al., 2013), respectively. The 
further research of the effects of the surfactants was 
conducted by modifying sulfur surfaces using water-
soluble polyelectrolyte/surfactants (Turganbay et al., 
2019). Interestingly, saponin, a natural surfactant 
extracted from Acanthe phylum bracteatum, was also 
employed in synthesizing monodispersed SNPs 
(Kouzegaran and Farhadi, 2017). However, all these 
studies show that reported reaction conditions produce 
irregularities or spherical sulfur forms. 

Meanwhile, the application of elemental sulfur as 
a catalyst was investigated in several important 
reactions, such as the oxidative trimerization of 
phenylacetonitriles (Nguyen and Retailleau, 2019), the 
coupling of dibenzyl disulfides with amines (Nguyen et 

al., 2019), the stereo- and regioselective synthesis of 
heteropropellanes (Nguyen and Retailleau, 2019), 
and the reduction of hexavalent chromium (Tripathi et 
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al., 2018). Interestingly, elemental sulfurized 
graphene was effective for the catalytic reduction of 4-
nitrophenol to 4-aminophenol (Wang et al., 2014). 

Based on the literature review on the importance of 
alternative synthesis methods in obtaining unique 
sulfur characteristics, this report proposes another 
alternative in elemental sulfur synthesis, using 
Sapindus rarak (S. rarak) rind extract, that produces 
cubic sulfur. The proposed alternative may also 
influence the choice of certain applications. The 
research is considered important because natural 
surfactants are continuously being developed to 
support sustainable chemistry, as natural surfactants 
are renewable and biodegradable. This is consistent 
with the principles of green chemistry, especially from 
two perspectives: whenever it is technically and 
economically possible, (1) a raw material or feedstock 
should be renewed instead of depleted, and (2) 
synthetic methods should be designed to use and 
make substances that are not harmful to people or the 
environment. 
 
EXPERIMENTAL SECTION 

Dried S. rarak fruits were peeled carefully and 
subsequently subjected to a juice mixture to form a 
sticky powder, of which 50 g was dispensed into boiled 
demineralized water (250 mL). The mixture was then 
heated for 1 h at 80 °C, cooled to room temperature, 
and slowly filtered to remove unwanted particles using 
Whatman® No. 1 filter paper. Approximately, 4.8 g 
of Na2S2O3 salt was added to 80 mL of the as-
prepared S. rarak extract in a beaker, with magnetic 
stirring subsequently performed for 10 min. The 
mixture was further stirred for 1 h, after which 150 mL 
hydrogen chloride (HCl, 10%) was added dropwise to 
the mixture until fine white particles appeared. 
Additional stirring was performed for 2 h, and the 
mixture was left to stand for 24 h to allow the fine 
sulfur particles to be deposited at the bottom of the 
beaker. The mixture was then separated using a 
centrifuge at a speed of 4600 rpm for 15 min before 

being washed with demineralized water. This process 
was repeated three times. Scanning electron 
microscopy (SEM) and energy-dispersive X-ray 
spectroscopy (EDX) (JEOL JSM 6510 LA), as well as a 
Fourier-transform infrared (FTIR) spectrometer 
(Compact FT-IR Alpha 2, Bruker) and an X-ray 
diffractometer (XRD) (XRD MiniFlex, Rigaku), were used 
to investigate the crystalline phase, morphology and 
elemental composition, and functional groups of the 
produced sulfur. 

 
RESULTS AND DISCUSSIONS 

The synthesis of the current sulfur particles was 
performed using S. rarak rinds (Figure 1a) and sodium 
thiosulfate (Na2S2O3) (Figure 1b). The reaction 
between the S. rarak extract and Na2S2O3 solutions 
was performed in the presence of diluted HCl, which, 
acting at room temperature without any additional 
compounds, produced fine yellow particles (Figure 1c). 
This result shows that the presence of the S. rarak 

extract could not prevent the reaction between the 
precursors, Na2S2O3 and HCl. Instead, the presence 
of the extract  made the resulting particles able to 
retain their particle form and struggle to form 
agglomerations. 

The 2θ and intensity data of the XRD measurement 
were processed on an XRD diffractogram using 
Origin-2018 software. The XRD analysis results (Figure 
2) showed that the peaks generated at 2θ = 15.5°, 
23.1°, 25.9°, 27.8°, 28.7°, 34.2°, 42.7°, 51.3°, 
among others, on the XRD diffractogram of the as-
prepared sulfur correspond with the 
diffraction pattern (Joint Committee on Powder 
Diffraction Standards, JCPDS No-34-0941) for 
standard monoclinic phase sulfur (Salem et al., 2016) 
and are consistent with the ICDD PDF card number 
00-008-0247 (Suzanowicz et al., 2022). Based on 
the calculation using the XRD software (Integrated X-
ray powder diffraction software: Rigaku PDXL2), the 
crystallite size was 37 nm and the crystallinity was 63%. 

 

 

Figure 1.  Schematic of sulfur particle synthesis using S. rarak rind extract (a) S. rarak fruits 
(b) Na2S2O3 precursor (c) Sulfur particles 
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Figure 2. XRD pattern of as-prepared sulfur particles in S. rarak aqueous extract. 

 
 

 
Figure 3. SEM pattern of as-prepared sulfur particles in S. rarak aqueous extract 

 
SEM was used to investigate the sulfur morphology 

that had been obtained. The results are shown in 
Figure 3, which shows four types of magnification 
observed under an electron microscope. Figure 3a 
(magnification 1000×) shows that the sulfur particles 
are obtained as fine grains, which are difficult to detect 
and look like a mixture of spheres and other irregular 
shapes. However, when the observations were 
enlarged from 3000× to 10,000× (Figure 3b–3d), the 
results showed the presence of cuboidal sulfur 

particles. Therefore, Figure 3 shows that the as-
prepared sulfur was in cubic form with a particle size 
of ~3 µm. 

These particle forms are different from the reported 
sulfur, which was synthesized without any additional 
extract, in which the produced sulfur was not uniform, 
and the particle size was a bit large (Khairan and Jalil, 
2019). Moreover, other studies show that synthetic 
surfactants, such as Triton X-100, sodium dodecyl 
sulfate, cetyl trimethylammoniumbromide, and 
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sodium dodecyl benzene sulfonate, play an important 
role in mediating the formation of the spherical shapes 
of sulfur products (Chaudury et al., 2010). 
Furthermore, previous studies have explained the 
formation of the spherical shape of sulfur using other 
plant extracts that do not specifically contain natural 
surfactants (Paralikar et al., 2018; Ghotekar et al., 
2020). Comparing the reported and current results 
showed that under the current reaction conditions, 
using the extract of S. rarak, which contains natural 
surfactants, can provide an alternative to obtaining 
sulfur particles in cubic form. 

Further analysis was performed to determine the 
composition of the obtained products, including some 
impurities that were possibly attached to the main 

target material. Therefore, the sample was also 
subjected to EDX measurement, and the results are 
shown in Figure 4.  

Figure 4 shows that the current procedure produces 
sulfur with high purity, judging by the clean 
appearance of the sulfur peak in the EDX analysis. 
However, carbon is also detected in the sample. The 
carbon could come from compounds in the S. rarak 
rind extract that were possibly attached to the as-
prepared sulfur surface. This explanation is supported 
by other research results that used other plant extracts 
and found organic molecules in the sulfur product 
when EDX analysis was performed (Tripathi et al., 
2018). Further analysis using FTIR spectroscopy 
afforded a spectrum as shown in Figure 5. 

 

 
Element K(eV) % mass 

C  0.277 39.58 
S 2.307 60.42 

Figure 4. EDX pattern and elemental composition of as-prepared sulfur particles in S. rarak aqueous extract. 
 

 

Figure 5. FTIR pattern of as-prepared sulfur particles in S. rarak aqueous extract 
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Figure 6. Plausible mechanism of elemental sulfur formation in the presence of S.rarak extract 
 

Some peaks are typical for organic molecules 
(Figure 5), which might come from the S. rarak extract 
covering the produced sulfur surface. It is already 
known that aqueous extracts of S. rarak contain 
saponin-type surfactants (Wisetkomolmat et al., 2019; 
Rai et al., 2021). A peak at 3419 cm−1 indicated the 
characteristics of O–H, and that at 2923 cm−1 was for 
C–H. A peak at 1652 cm−1 was observed for the C=C 
functional group, and one at 1049 cm−1 was 
consistent with C–O–C aglycone of sapogenin. These 
peaks are consistent with the reported FTIR analysis of 
the S. rarak extract 3421, 2934, 1638, and 1047 
cm−1 for O–H, C–H, C=C, and C–O–C sapogenin, 
respectively (Aryanti et al., 2021). These data confirm 
that the produced sulfur is still covered by saponin 
from S. rarak. This fact is consistent with the EDX 
analysis results. The appearance of various small 
peaks below 1000 cm−1 is predicted to correspond to 
elemental sulfur peaks (He et al., 2009; Tripathi et al., 
2018; Bajpai and Dubey, 2021). Although the FTIR 
spectrum did not show the sulfur peaks clearly, it 
should be noted that the current material is elemental 
sulfur based on the XRD and EDX analyses. 

The general reaction of the sulfur formation is 
shown in equation 1. Furthermore, HCl plays a major 
role in the disproportionation reaction of Na2S2O3 to 
produce sodium chloride salt, which is soluble in the 
reaction mixture and partly produces sulfur dioxide 
gas. Correspondingly, sulfur particles slowly form at 
the bottom of the reaction vessel. The solid sulfur is 
separated easily from the reaction mixture using a 
centrifugation technique.    
                               (1) 

Although there is no clear evidence for the absolute 
reaction mechanism, the plausible mechanism of the 
current reaction was developed following the 
mechanism inspired by other research results (Tripathi 
et al., 2018; Ghotekar et al., 2020) and is 
summarized as shown in Figure 6. 

Overall, based on Figure 6, the synthesis of 
elemental sulfur in this study begins with the covering 
of thiosulfate ions (S2O3

2−) in the solution by organic 
molecules present in the aqueous extract of S. rarak. 
The presence of HCl in the reaction mixture causes an 
attack on S2O3

2− ions, which slowly produces grains of 
elemental sulfur, and the organic molecules switch 
from covering the S2O3

2− to covering the resulting 
sulfur particles. This covering produces these fine 
particles, which are thought to produce cuboidal sulfur 
while simultaneously inhibiting the agglomeration 
process of these grains so that they remain as fine-
sized particles. Saponins and other compounds in S. 

rarak primarily act as capping agents and affect the 
reaction between S2O3

2− and dilute HCl. Finally, the 
reaction system results in the formation of sulfur cubes. 
 
CONCLUSIONS 

In this study, the role of S. rarak extract in 
influencing the stability of sulfur particles resulting 
from the reduction of Na2S2O3 using dilute HCl was 
studied. The presence of the S. rarak extract affected 
the formation process of elemental sulfur in the 
reaction mixture by covering S2O3

2− and the produced 
elemental sulfur. The covering of S2O3

2− is thought to 
be one of the steps that affect the direction of the 
process toward the cube shape of the resulting sulfur. 
The fact that the obtained material is elemental sulfur 
was confirmed by XRD analysis and supported by EDX 
analysis, showing that the current sulfur was 
incorporated by organic molecules from S. rarak. The 
presence of organic molecules was also confirmed by 
FTIR analysis. This study found a new way to easily 
make sulfur cube-shaped. 
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