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Improving the morphological, optical, and photocatalytic properties of 
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A B S T R A C T   

This study reports the successful synthesis of high purity Zn2SnO4 with octahedral microstructures through a 
green approach using Garcinia mangostana fruit peel extract. X-ray diffraction (XRD) patterns confirmed an 
enhanced crystallinity of the resulting sample. Meanwhile, morphology observation ascribed the formation of 
octahedral Zn2SnO4 by the using of 4% extract concentration. The results showed an increment in band gap 
energy from 3.26 eV to 3.38 eV. However, the synthesized Zn2SnO4 evidently favoured the improvement of 
photocatalytic performance for methylene blue (MB) degradation in terms of crystalline nature, grain size, and 
surface area expansion compared without the extract. These conclusions demonstrate the appropriate amount of 
extract applied possibly provides an effective additive in the control of crystallinity, morphology, and optical 
properties.   

The unique properties of zinc tin oxide (Zn2SnO4), including wide 
band gap (3.6 eV), high electron mobility (10–15 cm2 V− 1s− 1), superior 
electrical conductivity (~104 Scm− 1), attractive optical features, and 
low visible absorption confirm the known significance of the material 
[1–3]. Under these circumstances, the compound has been used in 
several widespread applications involving photocatalysts [4], gas sen-
sors [5], DSSCs [2], and anodes for lithium-ion batteries [6]. 

Various synthetic techniques have been developed to improve 
Zn2SnO4 characteristics, including co-precipitation [7], solvothermal 
[8], hydrothermal [9], and sol gel [10]. In addition, separate mineral-
izers to increase crystallization, such as NH4OH [10], NaOH [11], 
Na2CO3 [12], ethylamine, n-butylamine, n-hexylamine, and n-octyl-
amine [13] have been employed. This prompts the necessity to control 
physicochemical and optoelectronic attributes for improved perfor-
mance [14]. Therefore, two main influencing factors including 
morphology and size are achieved by applying additives. Previous re-
ports indicated the use of hexadecyl trimethyl ammonium bromide 
(CTAB) (Ji, 2010) [11] and L-tryptophan (Li, 2012) [15] as capping/-
stabilizing agents. Subsequently, both studies formed hexagonal nano-
plate octahedral Zn2SnO4 with an edge size of 2–4 μm and 3 μm, 
respectively. However, excessive use of these chemicals appears dis-
turbing due to ecological concerns. Hence, it is important to develop 
environmentally friendly methods for nanoparticle synthesis, e.g., green 

approach. 
The green synthetic approach using plant extract has been rigorously 

extended to metal/metal oxide nanoparticle blends as a result of 
biomass and molecular abundance coupled with the ease of use [16–18]. 
In addition, primary compounds believed to be responsible for this 
blending process include amino acid, flavonoids, phenolics, heterocy-
clics, enzymes, tannins, saponins, polysaccharides, etc. [17]. Each 
compound shows the existence of separate active groups e.g. amino, 
–C–O–C–, –C–O–, –C––C–, and –C––O– [19,20], estimated to act 
collaboratively in metal ion reduction and surface stabilization [21,22]. 
For instance, phenolic compounds are believed as a substantial agent in 
metal/metal oxide synthesis. These compounds possess several active 
groups such as catechol, hydroxyl, and carbonyl which have capability 
in protonating and chelating or absorbing metal ion and reduce it into 
nanoparticle [17,23]. 

Various species and components of plants contain separate com-
pounds targeted to determine the potential reduction and stabilizing/ 
capping particles, hence the resulting metal/metal oxide shows dissim-
ilar morphology, size, and activity [24]. Labanni et al. reported that 
silver nanoparticles prepared using Uncaria gambir leaf extract as 
reducing agent generated spherical shaped particles with size ranging 
between 6 and 39 nm [25]. However, silver nanoparticles prepared 
using Garcinia mangostana steam extract obtained agglomerated 
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particles [26]. More analysis utilized Garcinia mangostana [27] and 
Citrus aurantifolia [28] fruit peel extracts both as reducing and capping 
agent to synthesize spherical and polyhedral shaped ZnO with average 
size of 21 nm and 9.7 ± 3 nm, respectively [27,28]. However, these 
representations are insufficient, especially in the synthesis of Zn–Sn–O 
material. The article on ZnSnO3 synthesis using Aspalathus linearis pro-
duced quasi spherical shapes [29]. Subsequent synthesis outlined the 
use of glucose, sucrose, and starch as capping agent [30]. The applica-
tion of three different-structured sugars resulted in Zn2SnO4 with 
different morphology and size. Furthermore, the nanoparticles prepared 
with glucose and sucrose were in the size range of 30–250 and 30–100 
nm, respectively, but starch delivered nanoplates with thickness <100 
nm. 

This work is originally reported in an environmentally friendly 
process using plant extract in Zn2SnO4 synthesis. The paper further 
outlines an innovative approach by applying aqueous extract of Garcinia 
mangostana (mangosteen) fruit peel to obtain octahedral Zn2SnO4. 
Mangosteen peel contains highly phenolic compounds (xanthone) and a 
few other powerful biomolecules (flavonoids, benzophenones, and 
anthocyanin) that play important roles as capping/stabilizing agents for 
the synthesis of metal/oxide nanoparticles [26,27,31]. This work covers 
an attempt to prepare octahedral Zn2SnO4 with narrow size distribution 
and further investigated the effect of weight variation on crystallinity, 
morphology, and optical properties. Photodegradation ability towards 
MB was employed to evaluate photocatalytic performance. 

These fruit peels were washed using tap and deionized water. The 
fruit peels were dried for 1 week, blended and then filtered using a 
Retsch test sieves (125 μm mesh size) to obtain a fine powder. Subse-
quently, aqueous extract was prepared by adding deionized water up to 
a total volume of 100 mL (2%, 4%, 6%, and 8% (w/v)) to the dust. The 
mixture was then stirred for 1 h and filtered using Hyunday paper No 10. 
Then, the entire extracts were stored in a refrigerator and prepared for 
Zn2SnO4 synthesis. 

The samples were synthesized by the hydrothermal process. In 
addition, 10 mL of 0.1 M Zn(CH3COO)2⋅2H2O (Merck, purity ≥99,5%) 
was mixed with 10 mL of 0.2 M SnCl4 (Sigma Aldrich, purity 98%), and 
stirred at 800 rpm for 10 min. Then, 5 mL of aqueous extract was added 
and stirred for 10 min following the introduction of 20 mL of 0.4 M 
NaOH (Merck), and was left for 30 min (molar ratio of Zn+2:Sn+4:OH−

was 2:1:8). The final mixture volume of 45 mL was poured into a 100 mL 
Teflon lined stainless steel autoclave. This was heated at 185 ◦C for 18 h 
and left to cool at room temperature. The resulting sample was then 
filtered and washed repeatedly with deionized water. Finally, the 
product was dried at 85 ◦C for 16 h. 

The crystallinity and phase of samples were studied by XRD (PAN 
analytical) with Cu Kα radiation at λ = 1.5406 Å. The morphology was 
scanned using scanning electron microscopy (SEM, FEI (Inspect-S50)) 
and transmission electron microscopy (TEM, JEM-1400). Subsequently, 
the optical absorption spectrum was characterized by UV–Vis Spectro-
photometer (Analytik Jena, Specord 210), while surface area and pore 
size of prepared samples were calculated by the gas sorption analyzer 
using Quantachrome Instrument (Autosorb iQ Station 1) with BET and 
BJH methods. 

The photocatalytic performance was measured by MB degradation in 
aqueous solution at room temperature. This experiment was conducted 
under three varying conditions, (i) without catalyst under UV light 
irradiation (blank) (ii) with catalyst in the absence of UV light irradia-
tion (dark) (iii) with catalyst under UV light irradiation. Furthermore, 
50 mg of synthesized Zn2SnO4 was added into 100 mL of 20 mg L− 1 MB 
and stirred in dark for 30 min before irradiation to establish adsorption- 
desorption equilibrium. Then, the suspensions were exposed under a UV 
lamp (16 W, λ = 365 nm) where 3 mL of solution was withdrawn for 
every 15 min and centrifuged. Also, the absorption spectra were moni-
tored using a T70 UV–Vis Spectrophotometer. These examinations were 
carried out in triplicate and all the data presented as mean ± standard 
deviation. Moreover, the significance of photodegradation efficiencies 

of Zn2SnO4 prepared with and without extract was determined by one- 
way ANOVA test by Analysis Toolpak program in Microsoft Excel. 

X-ray diffraction patterns of Zn2SnO4 powder prepared in the pres-
ence and lack of extract corresponds to JCPDS standard (No. 01-074- 
2184). This was indexed to face centered-cubic spinel structured char-
acterized by Fd3m space group of Fd3m (Fig. 1). The Zn2SnO4 prepared 
with extract showed a higher intensity and sharper peaks compared to 
samples without extract, indicating higher crystallinity, as shown in 
inset image of Fig. 1. In addition, the highest crystallinity was achieved 
by the sample prepared with the use of extract concentration at 4%, 
observed to decline as the extract quantity intensifies. The presence of 
impurities, including ZnO and SnO2 were found in the sample prepared 
using 8% of extract. These results confirmed the mangosteen peel extract 
significantly influences the crystallinity and phase. The biomolecular 
functional groups such as the hydroxyl, have the ability to actively 
chelate Zn+2 and Sn+4 ions in well-defined sites, preventing agglomer-
ation and crystal growth [22,32] in an effort to improve the crystallinity 
of the product. However, xanthones as major bioactive compounds are 
speculated to be more responsible for this situation. 

Fig. 2 indicates the morphology of the synthesized Zn2SnO4 samples 
which were investigated by SEM and TEM. SEM images of the sample 
prepared using extract with concentration of 2% showed agglomerated 
particles in various forms (Fig. 2a). The particles with octahedral shape 
were discovered in the sample prepared using 4% of extract (Fig. 2b), 
while the samples using 6% of extract were slightly agglomerated 
spherical in shape (Fig. 2c). TEM images ensured the Zn2SnO4 particles 
were in an octahedral shape (Fig. 2d and e), as the formation of octa-
hedral structure with edge length of 0.6–0.9 μm, was clearly observed to 
be similar with SEM. The hexagonal form was acquired by an electron 
beam focused on a triangle surface along the [001] zone axis of the 
octahedron (Fig. 2e) [14]. These results were compared with Zn2SnO4 
prepared without extracts to further affirm the importance of applying 
extracts. However, the removal of the extract prompts the formulation of 
Zn2SnO4 with irregularly agglomerates, larger grain size, and no octa-
hedron shaped particles (Fig. 2f). This shows the use of mangosteen 
peels with appropriate weight played a crucial role in octahedral for-
mation. Therefore, the sample prepared using 4% extract was further 
analyzed by UV-DRS and the photocatalytic activity was examined 
through MB degradation. 

Although the exact mechanism is still unknown, but literatures 
suggest that bioactive compounds contained in extract were responsible 
for the formation of octahedral Zn2SnO4. The active sites (hydroxyl, 
ketone, etc.) of biomolecules selectively bind with Zn (II) and Sn (IV) 
ions on the {1,1,1} termination surface, indicating a more positive 
surface {1,0,0} known to impede the reaction rate during the nucleation 
and particle development. This mechanism results in faster particle 

Fig. 1. XRD patterns of as-obtained Zn2SnO4 with various concentrations 
of extract. 
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Fig. 2. (a–c) SEM images of Zn2SnO4 prepared using 2%, 4%, 6% of extract, respectively, (d,e) TEM images of octahedral Zn2SnO4, (f) SEM images of Zn2SnO4 
prepared without extract. 

Fig. 3. (a) UV–Vis absorbance spectrum of as-synthesized Zn2SnO4, (b) Plot (αhυ)2 vs hυ.  
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growth along {1,0,0} compared to {1,1,1}, hence generates Zn2SnO4 
with octahedral structure [14]. In addition, the other bioactive com-
pounds stabilize the particle surfaces resulting in octahedral Zn2SnO4 
[21,22]. 

The UV–Vis DRS measurement of octahedral Zn2SnO4 exhibited a 
strong absorption spectrum slightly shorter in the range 300–400 nm 
compared without the extract (Fig. 3a). The steep curve of both samples 
indicated the light absorption originated from a band gap transition 
without interference from the impurity transition level. The optical band 
gap of octahedral Zn2SnO4 using Tauc’s formula was known to increase 
by 3.38 eV compared to Zn2SnO4 prepared without extract, i.e. 3.26 eV 
(Fig. 3b). This increase is possibly due to changes in grain size initiated 
by improved morphology of octahedral Zn2SnO4 as shown in SEM im-
ages [30]. The band gap values of both samples were lower compared to 
the fundamental band gap of bulk Zn2SnO4 (3.60–3.70 eV). However, 
the resulted band gap of both samples ranged between several previous 
results, termed 3.2–3.9 [9,33,34]. Furthermore, the heat treatment 
applied tend to narrow the band gap to 3.25 due to the formation and 
incorporation of excess Zn in Zn2SnO4 matrix [35]. 

Fig. 4a shows the evolution of absorption spectra of MB solution 
during photodegradation by octahedral Zn2SnO4 under UV light at 

irradiation time interval. This observes the intensity of typical absorp-
tion peak of MB around 664 nm declined consecutively as the irradiation 
time increased. After 90 min, this peak highlighted low intensity due to 
the expiration of MB concentration. The rate of decrease in MB con-
centration at treatment time by using Zn2SnO4 octahedron was faster 
compared without the extract (Fig. 4b), indicating better photocatalytic 
performance. In addition, the photodegradation efficiencies of octahe-
dral Zn2SnO4 and samples without extract after 90 min irradiation were 
85.94 ± 2.24% and 78.93 ± 2.87%, respectively. These results showed 
the photodegradation efficiency of octahedral Zn2SnO4 was significantly 
increased (p < 0.05), probably due to higher crystallinity of octahedral 
Zn2SnO4 prepared using extract. The improvement of crystallinity leads 
to a decrease in probability of electron-hole recombination known to 
induce higher radical concentration and promote MB photodegradation. 
In addition, the morphology also plays a crucial role, where octahedral 
Zn2SnO4 with well aggregated and faceted particles observes higher 
specific surface area (Table 1). This provides more active surface sites in 
adsorbing the organic molecule, H2O2, OH− , and O2 [36,37] and these 
factors generated an increase in photodegradation efficiency and finally 
improve the photocatalytic activity. Fig. 4b also shows that the degra-
dation rate of MB in absence of catalyst (blank) and dark condition was 

Fig. 4. (a) Degradation spectra of MB using Zn2SnO4 octahedron under irradiation of UV light (b) Degradation rate of MB with error bars of standard deviation as a 
function of irradiation time in different condition, in which C and Co are concentration of MB after and before treatment, respectively. 
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very slow and practically negligible. This result confirms the removal of 
MB was only caused by the degradation effect from prepared Zn2SnO4 
under irradiation of UV light. 

Conclusively, high purity Zn2SnO4 octahedron was synthesized 
through an environmentally friendly method by using Garcinia man-
gostana fruit peel extract. The use of extract with concentration of 4% 
instigates the formation of high crystallinity of the material with parti-
cles ranging from 0.6 to 0.9 μm. Meanwhile, the optical band gap of 
octahedral Zn2SnO4 was increased due to changes in grain size as a 
result of improved morphology. Based on analysis, the MB photo-
degradation efficiency using octahedral Zn2SnO4 was significantly 
higher compared to Zn2SnO4 without the extract due to crystallinity and 
morphology improvement and is significantly influenced by extract 
concentration. These results revealed the aqueous extract of Garcinia 
mangostana fruit peels as potential natural additives that further play an 
important role in Zn2SnO4 formation equipped with specific character-
istics to enhanced the morphology, optical, and catalytic properties. 
Furthermore, the growth mechanism of octahedral Zn2SnO4 using Gar-
cinia mangostana fruit peel extract deserves further investigation. 
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