
Vol:.(1234567890)

Journal of Materials Science: Materials in Electronics (2018) 29:3722–3729
https://doi.org/10.1007/s10854-017-8305-4

1 3

Biosynthesized zinc oxide using Lycopersicon esculentum peel extract 
for methylene blue degradation

C. A. Soto‑Robles1 · O. J. Nava1 · A. R. Vilchis‑Nestor2 · A. Castro‑Beltrán3 · C. M. Gómez‑Gutiérrez1 · E. Lugo‑Medina4 · 
A. Olivas5 · P. A. Luque1 

Received: 8 September 2017 / Accepted: 20 November 2017 / Published online: 22 November 2017 
© Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract
This work presents a study on the effects of different peel extract weight percentages in the biosynthesis of zinc oxide (ZnO) 
for its application in the photocatalysis. Zinc nitrate was used as a source of the zinc ions, while Lycopersicon esculentum 
(tomato) contributed the peels for the extracts to be used as a reductant and stabilizing agent. The synthesized samples were 
studied and characterized through Fourier transform infrared spectroscopy, X-ray diffraction, scanning electron microscopy, 
high resolution transmission electron microscopy and UV–Vis spectroscopy. The morphology of the surface of the material 
showed that samples vary in size and shape distribution depending on the amount of extract used. The band gap values were 
of 3.08, 3.1 and 3.18 eV for the 1, 2 and 4% concentrations, respectively. The photocatalytic properties of the ZnO were 
evaluated through methylene blue degradation and the results presented a 97% dye degradation in 150 min, which is more 
efficient than comparable commercial ZnO.

1 Introduction

An increase in the production of harmful colorants in 
wastewater [1, 2] has recently brought forth a need for 
newer, more efficient treatments designed to reduce pol-
lutant concentration. Photocatalysis has been intensively 
studied due to its simplicity, low toxicity, good chemical 
stability, and high degradation efficiency [3]. Photocata-
lytic activity of this type of material has been correlated 
with bandgap, crystal structure, surface area, and parti-
cle size [4]. ZnO is considered one of the best photocata-
lysts for the degradation of organic pollutants due its high 

photosensitivity, low cost, and non-toxic nature [5]. It is 
also one of the most exploited n-type semiconducting metal 
oxide materials, due to its characteristic wide direct band 
gap of 3.37 eV and excitation energy of 60 meV [6]. There 
are several methods available for the synthesis of ZnO 
nanoparticles such as evaporation [7], solvothermal meth-
ods [8], precipitation, electrodeposition [9], hydrothermal 
[10] and sol–gel [11], to name a few, these methods, how-
ever, involve long and tedious processes that also generate 
toxic waste. Recently, biological synthesis methods have 
demonstrated to be more advantageous over chemical and 
physical methods as they are more cost efficient and eco-
friendly [12]. Biosynthesis has been applied in the syn-
thesis of inorganic nanoparticles using biological materi-
als, such as microorganisms, marine organisms, and plant 
extracts, as stabilizers and reductant agents to control the 
crystalline growth, favoring production of specific desired 
materials [13]. Some authors have developed ZnO with 
plant extracts and biological materials for photocatalytic 
activities; Cassia fistula [14], Nephelium lappaceum L. 
[15], Camellia sinensis [16], Euphorbia prolifera [17], 
Plectranthus amboinicus [18], Poncirus trifoliate [19], 
Corymbia citriodora [20], Calotropis procera [21]. To 
our knowledge, studies on the effects of using different 
Lycopersicon esculentum (tomato) peel extract concentra-
tions on the growth of ZnO for its use in the degradation 
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of methylene blue (MB) have not yet been reported. In this 
work, we study the biosynthesis of ZnO, made while vary-
ing the L. esculentum extract concentrations, for evaluation 
in the photocatalytic degradation of methylene blue.

2  Experimental

2.1  Materials

The materials used were: the peels of L. esculentum (tomato); 
zinc nitrate (Zn(NO3)2·6H2O), purchased from Sigma-Aldrich; 
and de-ionized water as extract and synthesis medium.

Fig. 1  Reaction mechanism for the formation of ZnO nanoparticles with Lycopersicon esculentum peel extract
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2.2  Preparation of peel extracts

To start the extraction process, the tomatoes were peeled as 
thinly as possible and the peels were then placed in a food 
drier until completely dry. The dried peels were ground into 
a fine powder and macerated in three different mixtures at 1, 
2 and 4% by weight using de-ionized water for 3 h in agita-
tion. The mixtures were placed in sous-vide at 90 °C for 1 h. 
The resulting slurries were then filtered and stored in inert 
atmosphere glass containers for later use.

2.3  Synthesis of ZnO nanoparticles

The ZnO synthesis procedure starts with 2 g of zinc nitrate 
with the extract (1, 2 and 4% by weight of peels of L. escu-
lentum), to make three different samples (M1, M2, and M3, 
respectively). The mixtures were stirred for 60 min then 
placed in sous-vide at 60 °C until each mixture presented a 
glassy caramel consistency. The mixtures were then calci-
nated at 400 °C for 1 h. The resulting samples were ground 
down into fine white powders and individually stored.

2.4  Photocatalytic activity

To study the photocatalytic activity of the resulting samples, 
containers with 200 mL of methylene blue (MB) at a con-
centration of 15 mg/L were prepared. The containers were 
left stirring for 30 min then exposed to a 10 W UV light 
bulb at 18 mJ/cm2. At that point, samples of 2 mL were 
taken every 30 min for 2.5 h. The MB concentration was 
determined by measuring the absorption intensity through 
UV–vis spectroscopy.

2.5  Characterization

The samples were characterized via: Fourier transform infra-
red (FTIR), to study the chemical state; X-ray diffraction 
(XRD), to analyze the crystalline structure; scanning elec-
tron microscopy (SEM); and high-resolution transmission 
electron microscopy (HRTEM), for the study of the mor-
phology of the samples; and ultraviolet–visible (UV–Vis) 
spectroscopy was used to analyze the photocatalytic activity.

3  Results and discussion

3.1  Possible reaction mechanism of ZnO 
nanoparticles

The reaction mechanism in the biosynthesis of ZnO is shown 
in Fig. 1, where the interactions between the nutritional and 
the functional components of the tomato can be observed; 

among these are carotenoids, ascorbic acid (vitamin C), 
vitamin E, folic acid, flavonoids and potassium [22]. The 
flavonoid compounds in particular are found in both fresh 
and processed tomatoes, with 98% of them being specifically 
found in the skin (peel) of the tomato [23].

3.2  FTIR

Figure 2 shows the FTIR spectra of the synthesised ZnO NPs 
with different percentages (1, 2 and 4%) of the L. esculentum 
peel extract. The bands are observed at 1381 and 1632 cm−1 
are in the transmittance ranges of different organic molecular 
vibrations, present due to the organic compounds in the L. 
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Fig. 2  FTIR spectra of the ZnO samples
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Fig. 3  XRD pattern of the ZnO samples
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esculentum extract [24, 25], remainders after the synthesis 
process. The spectra from all the samples showed a band at 
618 cm−1 which is characteristic of the Zn–O bond, confirm-
ing the nature of the resulting material [26].

3.3  XRD and structural study

The analysis of the XRD patterns in Fig. 3 present diffraction 
peaks for all samples at 31.64, 34.31, 36.23, 47.44, 56.58, 

62.79 and 67.85, indexed to the (100), (002), (101), (102), 
(110), (103) and (112) crystal planes respectively which 
belong to the wurtzite crystalline phase (PDF # 65-3411, 
Hexagonal) of ZnO [27]. A few unassigned peaks were also 
noticed in the vicinity of the characteristic peaks. These 
sharp Bragg peaks might be due to the organic content in the 
higher extract weight percentages acting as capping agents 
in the synthesis reaction [28]. Scherrer’s formula, that is 
τ = Kλ/βcosθ, was used to calculate the average crystal size 
of each sample, where: τ, the mean size of the crystalline 

Fig. 4  SEM micrographs of ZnO acquired at ×2000 and ×10,000 for M1 (a, b), M2 (c, d), and M3 (e, f) samples, respectively
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domains; K, a dimensionless value of 0.9; λ, X-ray wave-
length; β, full width at half maximum intensity; and θ, the 
Bragg angle [29]. The sizes of the crystals calculated from 
the XRD spectra were 20, 12 and 7 nm for M1, M2 and M3, 
respectively.

3.4  Morphological study

The SEM micrographs in Fig. 4 show the effects of the dif-
ferent extract concentrations on the surface morphology of 
the ZnO material. Here, the difference made by the extract 

can be appreciated as the material changes when more 
extract is used; from agglomerates in Fig. 4a, to largely 
porous structures in Fig. 4b, c that shows structures where 
pores superimpose each other, creating a web like struc-
ture, which in turn could give the material a higher surface 
area. In accordance with the SEM results, the transmis-
sion electron microscopy micrographs, shown in Fig. 5, 
show that the samples with a weight percentage of 1% 
had an average size of (M1) 6.54 ± 4.5 nm, as seen in his-
togram a of Fig. 5c, and an undefined morphology. At 
higher percentages by weight of the tomato peel extract 
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used during the biosynthesis, the samples presented a bet-
ter distribution of size and a more homogeneous growth 
of its particles, which generated a better morphological 
control, as seen in Fig. 5f, as well as an increase in the 

average size of the ZnO crystals with a narrower stand-
ard deviation (10.75 ± 2.9 nm), that is to say a better size 
distribution. Lastly, although the sample with a weight 
percentage of 4% (M3), observed in Fig. 5i, presented par-
ticles with a larger average size (> 24 ± 7.9 nm), it also 
presented the best morphological control by means of the 
size distribution of the synthesized particles. This means 
that the sizes of the particles in sample M3 were closer 
to the average size for that sample when compared to the 
particles in samples M1 and M2 and their respective aver-
age particle sizes. The HRTEM micrographs in Fig. 5b, 
e, h clearly show lattice lines (101), for the three samples 
with an interplanar space of 2.4 å, indicating the hexago-
nal structure of the ZnO particles. The Insets in Fig. 5a,d 
and g show the selective area electron diffraction patterns 
(SAED), which reveal diffraction rings corresponding to 
reflections (101), (100), and (002), which can be related 
to the hexagonal crystal structure of the zinc oxide. The 
diffraction rings are associated with the polycrystalline 

Fig. 6  Energy dispersive spectra of the ZnO nanoparticles
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nature of the three different samples, and are in agree-
ment with the X-ray diffraction signals, indexed on the 
basis of the wurtzite crystal structure of zinc oxide (pdf 
# 65-3411).

3.5  Energy dispersive spectra of ZnO nanoparticles

In Fig. 6, the results of the study of the elemental compo-
sition by means of EDS are observed. All three samples 
showed a similar composition, and only a small increase 
in the amount of the potassium ions was observed with the 
increase in the weight percentage of the peel extract. Addi-
tionally, the presence of ZnO and other elements commonly 
found in tomato peel extract were corroborated [30].

3.6  UV–Vis diffuse reflectance spectra of ZnO 
nanoparticles

The materials synthesized with L. esculentum were analyzed 
through UV–Vis to determine the band gap, as shown in 
Fig. 7. The materials exhibited absorption at the 395, 390 
and 400 nm wavelengths. The determination of the values 
of each material was made by means of the Eg = hc/outset 
equation, where Eg is the band gap, h is the Planck constant, 
c is the speed of light (hc = 1240 eV nm) and outset is the 
value in which the wavelength intersects the X-axis [31]. 
The band gap values presented by the synthesized materials 
were 3.08, 3.1 and 3.18 eV for the concentrations of 1, 2 and 
4% of the extract, respectively. These values are similar to 
those previously reported for ZnO nanoparticles [32]. The 
small changes in the energy gap are associated with the size 
of the nanoparticles; the smaller the particle, the greater the 
band gap. As the change in the percentage of mass in the 
biosynthesis of the materials had an effect on the size of the 
nanoparticles, as in the greater the W%, the smaller the size, 
this indirectly affected the values of the band gap. In addi-
tion to the particle size, these band gap values may also vary 
due to the presence of K ions in the ZnO samples; affect-
ing the interactions of the electrons between the conduction 
band and the valence band. Here, a co-relation between the 
band gap energy and the K ion content was observed, that 
is, the band gap values increased as did the concentration of 
K ions in the sample [33].

3.7  Catalytic activity

Figure  8 shows the MB degradation photocatalytic 
under UV irradiation and degradation rate constants 
(K) of the biosynthesized ZnO nanoparticles. As shown 
in Fig. 8a, sample M1 exhibits a degradation of around 
45% at 90 min, while, the other samples show a higher 

photocatalytic activity at around 78 and 85% at 90 min for 
M2 and M3, respectively. Figure 8b shows the degrada-
tion rate constants (K) values at around 0.0057, 0.0160 
and 0.0187 for M1, M2 and M3, respectively. With all of 
this, we can appreciate that the ZnO material of sample 
M3, made with a L. esculentum extract concentration at 
4% by weight, has both a better degradation performance 
and a higher K when compared with the other samples, 
possibly due to the better size distribution of the particles 
[34], resulting in a higher performance, more noticeable 
yet when compared to chemically synthesized commercial 
NPs that only display a 37% degradation at 120 min [35].

4  Conclusions

This work shows a green approach to the synthesis of ZnO 
through green chemistry via the use of different L. escu-
lentum extract amounts. The crystalline size and homoge-
neity of the resulting material seems to be influenced by 
the amount of extract used during the synthesis. The photo-
catalytic activity for the sample with 4% extract by weight 
presented a MB degradation of 92% at 120 min, which is 
an improvement when compared to similar commercially 
available material.
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