
Nano Select

REVIEW

Green Synthesis of Nano-Sized Metal Oxides (Ag2O, CuO,
ZnO, MgO, CaO, and TiO2) Using Plant Extract for a
Sustainable Environment
Sanjana Afrin Disha1,2 Md. Sahadat Hossain1 Md. Lawshan Habib2 Samina Ahmed1

1Institute of Glass & Ceramic Research and Testing, Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka, Bangladesh 2Department of
Applied Chemistry and Chemical Engineering, Bangabandhu Sheikh Mujibur Rahman Science and Technology University, Gopalganj, Bangladesh

Correspondence:Md. Sahadat Hossain (saz8455@gmail.com) Samina Ahmed (shanta_samina@yahoo.com)

Received: 20 June 2024 Revised: 5 January 2025 Accepted: 10 February 2025

Funding: This study received no particular grants from public, commercial, or non-profit funding entities.

Keywords: FT-IR | green synthesis | metal oxide | nanoparticle | particle size

ABSTRACT
The demand for green synthesis of metal oxide nanomaterials is increasing tremendously to achieve sustainable development
goals and for a clean environment. Simultaneously, metal oxides hold significant importance across various fields, such as
catalysis, semiconductors, ceramics, photocatalysis, sensors, medicine, and energy storage, and so forth. The green synthesis
process eliminates the use of toxic chemicals in the synthesis process. Different natural solvents (plant extracts) are widely
utilized to synthesize metal oxides while maintaining a green environment. The extensively used plant extracts are Lawsonia
inermis, Centella asiatica, Azadirachta indica, Moringa olifera, Papaya leaves, Paeonia emodi, Pavetta indica, Cyathea nilgiriensis,
Callistemon lanceoletus, Rhaamnus virgata, Daphena alpina, Zephyranthes rosea, Common hops, Gloriosa superba, Thymus
vulgaris, Ixoro coccinea, Cassia auriculata, Lanata camara, and so forth, for green synthesis of Ag2O, CuO, ZnO, MgO, CaO,
and TiO2 nanoparticles (NPs). The synthesis process and the reaction parameters are very crucial for tuning the properties of
nanomaterials. In this review, the synthesis process using plant extract is explored along with the reaction parameter’s effects on
the morphology of the final product. And Fourier Transform Infrared (FTIR) spectroscopy was evaluated for the metal oxides to
show the importance of FTIR in inorganic compound analysis.

1 Introduction

Nanomaterials have numerous practical applications, ranging
from electronics and medicine to environmental remediation [1,
2]. A nanometer can be visualized by imagining a line which
ranges from 1 to 100 nm [3, 4, 5]. Richard Adolf Zsigmondy
first used the term nanometer in 1914 where “Nano” was driven
from the Greek term “Dwarf” meaning “A billionth.” Thus, one

billionth of a meter is known as one nanometer. Moreover, due
to size reduction, nanoparticles (NPs) at nanoscale become more
crucial [6, 7]. Nanomaterials can be manufactured using physical
methods including laser ablation [8, 9], pyrolysis, sputtering [10],
arc discharge [11], and evaporation [12], as well as chemical
methods like sol-gel process [13], CVD [14, 15], colloidal approach
[16, 17], and spray pyrolysis [7]. NPs can be synthesized based on
these categories also: top-down approaches (mechanical milling
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FIGURE 1 Method of producing Ag2O from green plants.

[18], mechanochemical processing [19], electroexplosion [20],
lithography [20], aerosol based techniques [21], electrospinning
technique [22, 23] etc.) and bottom-up approaches (chemical
vapor deposition [24, 25], plasma arcing [26], wet chemical
methods [27, 28], solvothermal synthesis [29], reverse micelle
[30], sol-gel [31]). Nanomaterials can also be synthesized from
membrane-based process [32] and green synthesis method [33,
34].

Metal oxide NPs can be synthesized through solution-based
[35], vapor state [36, 37], and biological methods [38–40]. When
contemplating solution-based synthesis of nano metal oxide,
the following methods are commonly used: sonochemistry [41,
42], co-precipitation [43, 44], solvothermal [45], sol-gel [46],
microwave-assisted [47–49], and microemulsion [50, 51]. Aside
from these approaches, laser ablation [52], chemical vapor based
methods [53], and combustion [54] are commonly utilized for
vapor based procedures. Finally, biosynthesis [55, 56] is used for a
variety of objectives.

Plant extracts, rich in biomolecules, are extracted frommedicinal
plants mostly using methods like filtration, soxhlet, and serial
exhaustive methods with various solvents. Optimal extraction
requires solvents of different polarities. Ethyl acetate, hexane,
dichloromethane, chloroform, acetone, butanol, or their proper
combinations are suggested for effective antimicrobial results
[57]. Plant extracts are used in various purposes, such as:
improving animal productivity [58], potential mosquito larvicides
[59], medicinal cases [60, 61], synthesis of carbon nanotube [62],
corrosion inhibitors [63], and so forth.

While considering metal oxide synthesis, green technology
[64] is used for such following important purposes like waste
prevention, renewability, derivatization steps reduction, degrad-
ability, safety concern, use of common solvents, maximum
product yield, and low toxicity of used chemicals and yield
product [65]. There are lots of beneficial properties of using
plant extract, these are: fragrance, antioxidant properties, skin
whitening ability, anti-inflammatory properties, wound healing
ability, antimicrobial activity, and so forth [66]. Besides this,
various plant extract methods are useful for not only giv-

ing huge toxic products but also manufacturing safe quantity
[67].

In this review, green synthesis and characterization of different
metal oxides such as Ag2O, CuO, ZnO, MgO, CaO, and TiO2
NPs were explored based on the green synthesis process where
different types of plant extract were used.

2 Ag2O Nanoparticle Synthesis

Ag2O is one of the most important metal oxides for its versatile
applications. In general, for the green synthesis of the metal
oxide, collected plant parts need to be washed and then dried
in sunlight. Dried plant part weighing 1–20 g is then grinded
and mixed with a sufficient amount of water (generally 100–
250 mL DW) with suitable parameters such as: pH range of
4.2–10, temperature range 4–80◦C and time span of 5 min–10
days. Then the solution is filtered sometimes after centrifuging
at 3000–5000 rpm and then cooled at room temperature in a
place. For example, 100 mL of DI water was used to dissolve
0.1 MAgNO3, which was added as a precursor to the plant extract
at 80◦C–160◦C for 60 min. Finally, the metal oxide nanoparticle
was obtained at color change, which was then dried (60–1100◦C,
2 h) and preserved either at room temperatures or less than 5◦C
[68–80]. A general schematic flowchart is visualized in Figure 1.
Different plant extracts can be used to synthesize Ag2O NPs
which are given in the following section. Table 1 registers the
synthesis conditions and size of Ag2O NPs [81], whereas Table 2
represents the peaks for functional groups of green synthesized
nanoparticles.

2.1 Crocus sativus (Saffron)

Abdalameer et al. used 100 mL of DI water to prepare both
0.1 M AgNO3 and 1 g of saffron. Saffron solution was put on
the magnetic jacket at 60◦C for 10 min. The mixture was filtered
after centrifuging (4000 rpm for 15 min) and then placed in a
cool place. AgNO3 solution was gradually added to the plant
extract with continuous stirring at 80◦C, and the temperature
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TABLE 1 Silver metal oxide NPs synthesis using different plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions Size (nm) Refs.

pH Time Temperature

Ag2O AgNO3 Lawsonia inermis — 1 h 75◦C 34.7 [83]
— 24 h Room temperature 46 ± 5 [33]
10 2 h Room temperature 20–100 [69]
— 1–3 h 37◦C 3–30 [92]

AgNO3 Centella Asiatica — 5–10 min 600 ± 10◦C 11–12 [76]
— 15 min 50◦C 20–40 [93]

AgNO3 Callistemon lanceoletus 1–3 h 37◦C 3–30 [77]
AgNO3 Zephyranthes rosea — 30 min 80◦C 10–30 [74]

Si(OC2H5)4 Azadirachta indica 8 48 h 60◦C < 50 [94]
AgNO3 Lippia citriodora — 5–10 min 600 ± 10◦C 20 [73]
AgNO3 Helleborus odorus — 24 h Room temperature [73]
AgNO3 Papaya leaves — 8 h Room temperature 40 [70]
AgNO3 Paeonia emodi — 50 min 90◦C 38.29 [78]
AgNO3 Cyathea nilgiriensis — — 600◦C Below 100 [75]

TABLE 2 FTIR peaks of green synthesized silver metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main peaks Other peaks

Ag2O Lawsonia inermis 670, 2076, 3412, 3495 [33]
715 3255, 2360, 1647, 3268, 1616, 2342 [83]

492, 445 3450, 2392, 1035, 2971, 2392, 1652, 1463, 1102, 1049, 806,
694, 445

[69]

Centella asiatica 2916, 2850, 1730, 1590, 1019, 600 [93]
Callistemon lanceoletus 588 2918, 2882, 1647, 1489, 1382, 1230, 1105, 970, 850, 721, 626 [77]

Paeonia emodi 885, 676 3162, 1050 [78]
Papaya leaves 671 3447, 1634, 2360, 1438 [70]

Rhamnus virgata 582, 587 973, 983.9, 1091.56, 1101.69, 1585.31, 1523.23, 3424, 3451, [68]
Cyathea nilgiriensis 574 3449, 1629, 1383, 823 [86]
Daphne alpina 886, 665, 525 3544.68, 3530, 3367, 1388, 1521 [72]

Zephyranthes rosea — 1622, 1433, 1383, 1024, 882, 826, 3093, 2925, 2854 [74]

was slowly raised to 160◦C and left for 60 min. Here, nanoscale
formation of silver (Ag/Ag2O) was confirmed by the color change
[82].

2.2 Lawsonia intermis (Henna Leaves)

According to Fayyadh et al., dust-free henna leaves were chopped
and dried using air-dry method. Dry leaves were then powdered
using a mechanical grinder. Using a hot plate stirrer, 2 g of henna
powder was added in 100 mL of DW (pH 4.2) for 1 h at 50◦C.
Then the henna solution was filtered and stored for further use.

Onemole of aqueous AgNO3 solutionwas prepared (100mLDW)
at 700 rpm and 75◦C for 1 h. To the obtained solution, 100 mL of
henna plant extract was slowly added, with continuous stirring
and heating at 75◦C for 1 h. The appearance of dark brown color
confirmed the synthesis of Ag2O NPs [83]. Whereas, Daghian
et al. used another method, where after adequately drying, the
leaves were extracted in powder form and weighted. For 24 h,
10 g powder and 100 mL DW were shaken. After every 20 min,
the mixture was immersed in an ultrasonic bath at decreasing
pressure, followed by 5 min of radiation microwave on 320 W.
It was next filtered, centrifuged, and preserved at 4◦C. In 45 mL
of extract, 5.28 mL of 0.05 M AgNO3 solution was combined,
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rapidly agitated at 25◦C for 2 h, and then refluxed for 6 h at 130◦C.
To isolate the raw product, DW and C2H6O were used to wash,
and following centrifugation, accelerate the elimination of any
remaining ions and contaminants. Ultimately, Ag2O was oven
dried at 70◦C for 1 h [84].

2.3 Azadirachta indica (Neem Leaves)

Neem leaves were collected, washed, and dried to store in the
form of powder according to Dorairajan et al., and then 1% of it
was used tomake a thick plant extractwith the required deionized
water, followed by both incubation (30 min) and centrifugation
(5000 rpm, 30 min) at room temperature. Filtration was the most
necessary step and the leftover solutionwas used for the reduction
of silver ions (Ag+) to silver NPs (Ag). AgNO3 (0.17% of 1 M)
salt was added as a precursor to the prepared plant extract. In
another literature, clean neem leaves were dried for 10 days. Five
grams of powdered leaves were taken in 100 mL of DI water,
which was stirred for the next 24 h at room temperature and
then filtered. Forty-five milliliters of 0.04 mM aqueous AgNO3
were taken to prepare a solution using 5 mL plant extract, which
caused the reduction of Ag+ ions. The color change indicated the
synthesis of silver NPs [85]. In another similar method reported
by Mohanaparameswari et al., 20 g of dust-free neem leaves were
boiled (80◦C, 20 h) in 100 mL water and then filtered. A 1 × 10−1
M solution was prepared with 1.52 g of AgNO3. Ten milliliters of
plant powder and AgNO3 solution were stirred for 20 min, which
gave a dark brown color. The mixture was centrifuged (3000 rpm
for 10 min) to separate the NPs, which were sintered at 1100◦C for
3 h [86].

2.4 Lippia citriodora (Lemon Beebrush plant)

According to Wang et al., collected plant leaves were dried (in
an autoclave), grind, and then a standard amount was mixed
with AgNO3 in a silica crucible with continuous stirring for 5–
10 min (with minimal water presence). The mixture was placed
in a muffle furnace at 600 ± 10◦C. The reaction ended with a
colorless powder [73].

2.5 Acorus calamus (Sweet Flag Rhizomes)

According to Rajagopal et al., 1% of dried plant powder was used
to prepare a 100 mL solution, which was centrifuged (5000 rpm,
25◦C, 30 min) after incubation for 30 min. The solution was
filtered and then used for the reduction of silver ions (Ag+) to
silver NPs (Ag). One mole AgNO3 metal ion solution was taken
and added to the prepared plant extract [87].

2.6 Humulus lupulus (Common Hops)

According to Rabiei et al., 250 mg of blended waste hops pellet
was mixed with 100 mL of 40% C2H5OHwith continuous stirring
for 5–7 min and then filtered after storing it at 4◦C for 48 h
for maceration. The mixture was concentrated using a rotary
evaporator and stored at 4◦C. Fixed (1, 2.5, 5, and 10mM) solutions
were prepared using diluted hops extract and 20 mMAgNO3 and

kept at room temperature for different time periods (0, 2, 4, 6,
8, 10, 12 h) for the synthesis of NPs, which were obtained by
centrifugation and finally freeze-dried, giving dry powdered NPs
[88].

2.7 Aloe barbadensis (Aloe vera)

According to Flores-Lopez and Tamanna et al., the fresh
Aloe vera leaves were washed and dried at room tempera-
ture. Twenty percent of chopped leaves were taken to prepare
an extract which was maintained at 80◦C for 20 min. The
obtained extract was filtered and stored at 5◦C until further use
[89, 90].

2.8 Syngonium podophyllum Leaf (Arrowhead
Plant)

Naaz et al. prepared a solution of 2.5 g of fine powder by constant
warming for 30 min and then filtering. AgNO3 solution (1 L of
1mM)was preparedwith continuous stirring at 25◦C temperature
and pH∼7. A golden yellowish to dark brown color confirmed the
formation of silver NPs which were next centrifuged (10 000 rpm
for 15 min), washed, and dried at 60◦C after aging for 2 h at 25◦C
[91].

3 CuO Nanoparticle Synthesis

The desired plant was collected and washed multiple times.
Around 2–350 g plant part was then cut to boil at 80◦C–90◦C
for 10–30 min with 80–700 mL DW. This yielded a solution with
a colorful texture, which was filtered and then centrifuged at
1500–10000 rpm at 80◦C or room temperature for 15 min–6 h.
Then only 5 mL of green extract was added with a precursor
and the remaining part was stored at 4◦C–10◦C. The solution
was continuously heated and stirred (pH: 7–12, temperature:
30◦C–100◦C) for 10 min–2 h. This homogeneous solution was
precipitated after adding 0.1 M NaOH and then stirred and
centrifuged up to 10 000 rpm at room temperature for a
maximum of 1 day. C2H5OH was also used besides water for
multiple washings. Particles were first dried (50◦C–70◦C, 12–
24 h) and then calcined (55◦C–800◦C for 10 min–6 h), which
gives CuO NPs [95–103]. The synthesis process by Abderrhmane
et al. [104] is visualized in Figure 2. Table 3 registers the
synthesis conditions and size of CuO NPs, whereas Table 4
represents the peaks for functional groups of green synthesized
nanoparticles.

3.1 C. sativus (Saffron)

Two grams of fresh saffron flowers were washed, cut, and
boiled by Naaz et al. to produce a strong red-colored solution.
The solution obtained was filtered and centrifuged to eliminate
impurities and stored. In a prepared 2% Cu(CH3COO)2 solution,
5 mL of the flower extract was added dropwise to create dark CuO
NPs. Continued heating and stirring resulted in a homogeneous
solution. Subsequent dropwise addition of 0.1 M NaOH led
to black precipitate formation, which was stirred and then

4 of 23 Nano Select, 2025



FIGURE 2 Raw CuO synthesis from different types of green plants.

TABLE 3 Copper metal oxide synthesis using various plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions Size (nm) Refs.

pH Time Temperature

CuO Cu(NO3)2 Gloriosa superba — 10 min 400 ± 10◦C 8–17 [95]
Cu(NO3)2 Pterospermum

acerifolium
— 5min 400◦C 212.6–634.4 [98]

CuCl2.2H2O Thymus vulgaris — 5min 60◦C — [97]
CuSO4.5H2O Ixoro coccinea — Overnight Room

temperature
80–110 [110]

Cu(NO3)2 Aloe vera — 24 h 100–120◦C 20 [111]
Cu(CO2CH3)2.H2O Azadirachta indica — 2.5 h 55◦C 40 ± 5 [112]

CuSO4 Cassia auriculata — 1 h 80◦C 23.17 [113]
CuSO4.5H2O Momordica

charantia
11 Till color

changes brown
50◦C 61.48 ± 2 [114]

Cu(NO3)2.3H2O Tinospora cordifolia 5 min 400 ± 10◦C 6–8 [115]
Cu(CH3COO)2 Lantana camara 12 2 h 65◦C Below 10 [116]

CuSO4 Bauhinia tomentosa — 4 days Room
temperature

— [117]

CuSO4 Adiantum
lunulatum

9 1 h 37◦C 6.5 ± 1.5 [118]

centrifuged to remove impurities. The CuO NPs were dried
(70◦C for a day), calcined (400◦C for 15 min), and pulverized
after multiple washings. This comprehensive process involved
multiple steps, including extraction, synthesis, and purification,
to obtain the final CuO NPs for further analysis [91].

3.2 Ananus comosus (Pineapple)

Fardood et al. purchased pineapple (A. comosus L. cv. Phuket)
from a major fruit market, which was then crushed into pineap-
ple peels (30 g), and 100 mL of DDI water was poured. The
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TABLE 4 FTIR peaks of green synthesized copper metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main peaks Other peaks

CuO Pterospermum
acerifolium

3310.7 1700–1000, 1611.2, 1342.3, 1038.0, 9–700 [98]

Thymus vulgaris 3393, 3406 2926, 1661, 1442, 1300, 1000, 1435, 1622 [97]
Ixoro coccinea 488, 658 1026, 1479, 1524, 1380–1640, 700, 1300, 2930, 2815 [110]
Aloe vera 529, 350 1100, 3450, 1600, 2350 [111]

Cassia auriculata 600, 668 1720, 3385, 1612, 1033, 2922, 1720 [113]
Momordica charantia 590.4–628.2 459–487.3, 1087.2–1125, 1377.9–1434.6, 1612.8–1668.2, 2071.8,

2700–2954, 3384–3534.3
[114]

Bauhinia tomentosa Near 507 3284, 2921, 2850, 1725, 1656, 1521, 1236, 1073 [117]
Adiantum lunulatum 525, 580 3253, 2948, 2356, 1439, 1538, 1651, 1600, 1240–1280, 1076,

900–700
[74]

Cordia sebestena 400–600 624, 816, 1072, 1180, 1265 [119]
Acalypha indica 526 3362, 1675, 1030, 1404 [120]

sample was filtered before being centrifuged at 10 000 rpm
for 15 min. Furthermore, 30 g crushed pineapple peels were
added to 100 mL water and heated (80◦C, 2 h) using the
magnetic stirrer heater. The extract was centrifuged and filtered
under the same circumstances. CuSO4 (0.02 M) was dissolved
in deionized water to provide a blue solution for copper NPs.
Furthermore, it was dissolved in water by 0.1 M H(OC2H4)nOH
6000 (PEG 6000) and added to an aqueous solution containing
a heavily mixed copper salt that changes color from blue to
white. CuSO4 solution with PEG 6000 was newly extracted from
pineapple peels and was eventually mixed with 0.1 M NaOH,
resulting in a color change from blue to green in cold settings.
Furthermore, when stored at 80◦C on the water bath, it gives
reddish-brown color, which confirm the growth of CuO NPs
[105].

3.3 L. inermis (Henna)

Eighty milliliters of water and 1 g Henna powder were cooked by
Fardood et al. for 30 min. After centrifugation for 30 min at room
temperature, the mixture was filtered before being stored (5◦C–
10◦C). CuO NPs were synthesized utilizing a Henna extract. CuO
NPs were made by stirring the mixture of 2 g of Cu(NO3)2.3H2O
and 20 mL of distilled water for the next 10 min. The mixture
gave green powder after placement in water bath and continuous
stirring at 80◦C for 12 h. CuO NPs were achieved after calcining it
in air for 4 h at various temperatures (400◦C–800◦C) [105].

3.4 A. barbadensis (Aloe vera) Leaves

Fresh Aloe vera leaves were collected, weighed (25 g), washed,
crushed, and boiled by Sharma et al. for about 15 min in DW
(100 mL) which was then stored after filtering. Cu(CH3COO)2
monohydrate aqueous solutions of 5, 10, and 50 mmol/kg were
produced in distilled water. The Aloe vera leaf extract was added

to these solutions dropwise (5 mL/min) while constantly stirring
at 70◦C. After around 15 min, a freshly produced 0.2 mol/kg KOH
solution was added to keep the pH 11.5. The presence of CuO
NPs gave brownish to black precipitates, which were collected
and cleaned with DW/C2H5OH after 4 h of stirring. Next, NPs
were oven-dried at 55◦C–60◦C before storing [106]. In another
synthesis method, Gunalan et al. used 25 g of Aloe vera leaves to
boil (80◦C for 5min) in 100mLofDIwater and filtered the stock of
CuONPs. Fivemilliliters ofAloe vera and 50mLofCu(NO3)2 were
mixed at 100◦C–120◦C with constant stirring of 24 h which gave
dark crimson in two stages. The mixture of CuO NPs was then
centrifuged (10,000 rpm, 10 min, room temperature) and dried in
a watch glass, which gave black precipitate for further analysis
[106]. Another research publication documented the synthesis of
CuO using Aloe vera, where a solution of Aloe vera (350 g) and
water was prepared by cooking for 10 min, maintaining 1:2 ratio,
before being filtered and stored. Aloe leaf extracts were diluted
by adding 250 mL water. CuSO4 was taken to dissolve in the aloe
extract solution and kept for 7 h at 130◦C with steady stirring and
then cooled. The achieved black solid product was centrifuged
twice (3500 rpm, 20 min) and dried at 120◦C, 6 h, which gave the
dry precursor as CuO NPs [107].

3.5 CuO–A. indica (Neem)

According to Ahmad et al., fresh neem was shade, dried, and
sterilized (0.1% HgCl2, 20 s). Fifteen grams of neem powder and
200 mL of double DW were shaken for 6 h at 80◦C and 1500 rpm.
The extract was separated after agitation and filtered. Finally,
100 mL of pure extract was recovered [99]. A solution of 50 g
neem leaves was made by boiling it in 500 mL of DI water
and filtered. Hundred milliliter of water was mixed to dissolve
Cu(NO3)2.3H2O, and plant extract was added using a magnetic
stirrer before boiling at 100◦C until aqua blue turned into dark
green. It gave yield of black precipitate as CuO NPs after heating
at 400◦C for 10 min [99].
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3.6 CuO–Punica granatum (Pomegranate)

Siddiqui et al. air-dried pomegranate for 4–5 days in the shade
and ground it into fine powder. Four hundred milliliters of
sterile DI water was used to boil 10 g of powder on a Soxhlet
apparatus at 55◦C for 30 min, which turns into brown yellow
color. The sol-gel process was used to create CuO NPs from the
filtered extract. The extract was added dropwise to the prepared
Cu(CH3COO)2 solution and gave a brown solution of pH∼10
at 60◦C. After 4 h of continuous stirring at 80◦C, the filtered
precipitate was washed using C2H5OH and water and then dried
at 50◦C for 12 h. After 3 h of heating at 300◦C it gave black CuONP
powder [96].

3.7 CuO–Stigmaphyllon ovatum (Amazonvine)

Elemike prepared a mixture of 50 mL of amazonvine extract with
250 mL of 2 mM CuSO4.5H2O. After 4 h of continuous heating at
80◦C–90◦C, two distinct doses of the Au-CuO nanohybrid were
generated by adding 50 mL of the leaf extract to: (i) 250 mL of
1 mM HAuCl4 and (ii) 250 mL of 2 mM CuSO4.5H2O for 1 h
at 80◦C–90◦C. Under the same circumstances, the solution was
swirled for another 1 h. The NPs that resulted were centrifuged,
dried, and characterized [108].

3.8 CuO–C. sativus (Saffron)

Shashanka et al. boiled 2 g of fresh C. sativus (saffron) flowers
at 80◦C for 15–20 min in 100 mL of DI water until the solution
turned a vivid crimson color. After filtering, the solution was
centrifuged. A 2% dark green colored Cu(CH3COO)2 solution
was prepared from 4 g of Cu(CH3COOH)2 powder with constant
stirring for 15 min at 25◦C. Five milliliter of red colored extract
was added into the copper acetate solution while stirring at 80◦C
for 10 min, and thus, heating was continued for 10 min. The
solution was centrifuged at 7500 rpm for the next 10 min. The
yielded NPs were centrifuged after washing properly. Moreover,
0.1 M NaOH solution was added to get a black precipitate,
which was agitated, washed, and then again centrifuged with
the same parameters. Dark black CuO NPs were oven-dried
at 70◦C and calcined in an open furnace at 400◦C for only
15 min. The yielded NPs were ground and stored for further
use [109].

4 ZnO NP Synthesis

Collected plants were dried, powdered (70◦C), sieved, and stored.
Another process used was heating (80◦C, 15–20 min) collected
plants and then crushing them after filtering and storing them
at 10◦C. The zinc solution was then prepared with a suitable
precursor. Then, 2.9 g suitable zinc precursor was added to
the plant extract solution while continuously stirring at 25◦C–
150◦C for a few minutes to 6 h. The addition of NaOH solution
maintained its pH (∼10) while set on an orbital shaker at 100 rpm
for 3 h to give zinc composite. The Zinc-containing composite was
then centrifuged to 4500–8000 rpm for 10–20 min and also oven
dried at 80◦C for 2–24 h. In the last step, ZnONPswere calcined at
400◦C for 15 min–1 h [121–130]. The synthesis process [131–139] is

visualized in Figure 3. Table 5 registers the synthesis conditions
and size of ZnO NPs whereas Table 6 represents the peaks for
functional groups of green synthesized NPs.

4.1 A. barbadensisMiller (Aloe vera)

BAV and WAV were dried, powdered, and then 5 g of the product
was agitated in 100 mL water at 100 rpm for 15 min at 70◦C
temperature by Dar et al. before filtering. A solution of 2.9 g
Zn(CH3CO2)2.2H2O in 50 mL of water was stirred continuously
for 1 h at 25◦C. After adding 50 mL plant extract, the flask was
covered for 1 h by adding NaOH solution. An orbital shaker was
maintained at 100 rpm for 3 h. After 1 h, the yellow-colored ZnO
nanocomposites formed by centrifuging were dried for 2 h in
an oven at 80◦C [140]. In another research by Sangeetha et al.,
250 g of Aloe vera leaves were cooked with water on medium
heat, filtered, and crushed. A thin paste of Aloe vera gel with
a suitable amount of water was preserved at 10◦C for future
studies. A volume of 250 mL was prepared from Aloe vera gel
as well as broth. At 150◦C temperature, the extract solution was
mixed in Zn(NO3)2 under constant stirring for 5–6 h. Several
washes gave a white solution, which was centrifuged twice at
4500 rpm for 15 min and later dried at 80◦C for 7–8 h [141].
Jose et al. explain a similar type of method where Aloe vera was
cooked until the color changed to pale yellow and then filtered
carefully. After filtering, the leaf extract was transferred to a clean
container and refrigerated. 30 mL of 1 M Zn(NO3)2 solution was
prepared where 30 mL of leaf extract was then added for 2 min
agitation. Moreover, pH∼10 was maintained by adding NaOH
(5 M) solution. The agitated (1 h) solution was filtered, washed
with ethanol and water, and lastly oven dried at 80◦C [142].
Similarly, 30 g Aloe vera leaf in 100 mL of DI was swirled by Rasli
at 60◦C for 10 min and then filtered. Aloe vera plant extract was
mixed with a suitable precursor (Zn(NO3)2) which gave the dry
precipitate at 80◦C [143].

4.2 Terminalia arjunaNuts (Arjuna Fruit)

Dar et al. placed 5 g of dried plant material arjuna fruits in
100 mL of distilled water and agitated it (100 rpm) on a hot plate
(15 min, 70◦C) before filtering. Zn(CH3CO2)2 (2.9 g) and water
(50 mL) were stirred for 1 h. Adding 50 mL of plant extract,
the suspension was left undisturbed for 1 h after mixing NaOH
solution. The orbital shaker was set at 100 rpm for 3 h and left
for another 30 min, which thoroughly gave yellow-colored ZnO
nanocomposite. The ZnO composites were dried for 2 h at 80◦C
[140].

4.3 C. sativus (Saffron)

Two grams of saffron flower in 100 mL of water was heated
by Dar et al. for 20 min at 80◦C until it turned into a bright
red-colored solution and then filtered. A solution of 0.1 M zinc
nitrate hexahydrate was prepared and agitated for 5 min on a
magnetic stirrer. Five milliliters of saffron flower extract was
mixed into the salt solution dropwise with continuous stirring for
30 min at 80◦C until it became yellow. Moreover, 0.1 M NaOH
solution was also added dropwise until it showed a pale-yellow
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FIGURE 3 A schematic diagram of zinc oxide extraction from different types of green plant.

TABLE 5 Zinc metal oxide synthesis using plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions Size (nm) Refs.

pH Time Temp (◦C)

ZnO Zn (NO3)2.6H2O Thyme leaf 8 3 h 80 39.4–51.86 [121]
Zn(NO3)2 Solanum nigrum — 2 h 400 29.79 [147]

Zn(NO3)2.6H2O Azadirachta indica — 2 h 400 18 [146]
Zn(CH3CO2)2.2H2O Carica papaya 8 2 h 60 50 [127]

Zn(NO3)2.6H2O Calotropis procera — 3 h 400 24 [148]
Zn(CH3CO2)2.2H2O Laurus nobilis 12 3 h RT 21.49, 25.25 [125]

Zn(NO3)2 Lawsonia inermis 48 h 70 — [124]
Zn(NO3)2.6H2O Phoenix roebelenii palm 2 h 500 15.6 [149]

Zn(NO3)2 Euphorbia hirta 60 to 90 [130]
Zn(CH3CO2)2 Syzygium cumini 7 2 h 400 10–12.6 [150]
(Zn (NO3)2 Cassia fistula 5 min 400 ± 10 5–15 [151]
Zn(CH3CO2)2 Juglans regia 24 h 60 45–64 [123]

precipitate. Continuous stirring at 80◦C for 1–2min gave complete
precipitation. The resulting precipitatewas centrifuged for 10min
at 7500 rpm, thus yielding pale yellow/white ZnO NPs, which
were dried (70◦C overnight) and calcined (400◦C, 15 min) before
being cooled for further characterization [140].

4.4 Acalypha fruticose (Birch-Leaved Cat Tail)

Vijayakumar et al. soaked 10 g fresh Birch-Leaved Cat Tail in
100mLwater for agitation (60◦C, 20min) and filtered. To 50mLof
plant extract solution, 0.1 M of Zn(CH3CO2)2 was added, and the
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TABLE 6 FTIR peaks of green synthesized zinc metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main peaks Other peaks

ZnO Thyme leaf 421 2929, 1521, 1421, 1261, 1056, 1076, 817, 1411, 777, 707, 628 [121]
Solanum nigrum 400–800, 605 3429, 2924, 1126, 1030, 1404 [147]
Azadirachta indica 457 3352, 2924, 1647, 1452, 1251, 1045, 663, 1734, 1386, 3739,

3429, 2931, 1637, 1452,1056, 875
[146]

Carica papaya 422, 557 1387, 1640, 906, 650 [127]
Calotropis procera 500–700 1045, 663, 1630, 2106, 3237–3465, 1600, 2900, 3400 [148]
Laurus nobilis 600, 450 1634, 3300 [125]

Phoenix roebelenii palm 450 2850, 1627, 1238, 1020, 853, 726, 1300, 1648 [149]
Euphorbia hirta 513 3438, 2926, 2235, 1384, 1620 [130]
Syzygium Cumini 400–750 3440, 2949, 1450, 1272, 800 [150]

Matricaria chamomilla 532, 534, 553,
445, 446, 447

3407, 3417, 3405, 1643, 1651, 1395, 1396, 1061, 1062 [152]

resulting mixture was stirred for 1 h until it yielded a pale yellow
solution. After 24 h, a clear precipitate was noticed, which was
separated by centrifuge (8000 rpm, 20min) and then dried at 80◦C
hot air for 24 h. Lastly, in amuffle furnace, the NPs yielded within
1 h at 400◦C [144].

4.5 A. indica (Neem plant)

In a study by Sosail et al., excess aqueous NaOH solution (pH–11)
was added to powdered plant material and continuously stirred
with appropriate heating for 12 h. For precipitation and filtration,
10 mL of aqueous HCl solution (pH∼1) was added to the extract.
After pre-extractionwithC4H8O2 (5–6h), 1M22mLof an aqueous
solution containing ZnSO4.7H2O and a natural surfactant was
mixed with 4 M 12 mL NaOH. The mixture was agitated at
25◦C before being placed in a microwave oven for 1 min. The
resulting ZnO-NP precipitates were dried at room temperature
[145]. In another work, Elumailai et al. cooked dried neem leaves
in 100 mL of water for 20 min at 60◦C, which gave a pale yellow
solution. The yellow-colored extract was filtered before being
refrigerated. Later, 2 g of Zn(NO3)2 crystal, a precursor, wasmixed
with 20 mL of A. indica extract solution and cooked at 60–80◦C
until a deep yellow paste was revealed. The product was then
heated in a furnace (400◦C, 2 h), yielding a subsequent amount
of ZnO NPs [146].

5 MgO NP Synthesis

Green plant parts were first dried and then freeze-dried (−40◦C,
0.133 mBar) for storage. A 200 mL solution was prepared by
combining 5–20 g dried powder, 100 mL water, and 100 mL
C2H5OH with continuous stirring and heating (450 rpm, room
temperature, 24 h) and then filtered. Later, a magnesium precur-
sor was added very slowly in 90 mL plant extract, maintaining
some parameters (80◦C, 30min–4 h) and refined at 600◦C for 2 h.
Moreover, the solution was set in water bath at 50◦C, which gave

MgO NPs [153–166]. The synthesis process [167] is visualized in
Figure 4. Table 7 registers the synthesis conditions and size of ZnO
NPs, whereas Table 8 represents the peaks for functional groups
of green synthesized NPs.

5.1 A. barbadensisMiller (Aloe vera)

The latex from Aloe vera leaves was kept in a bio-dryer for a
day and then in a freeze-dryer at −40◦C and 0.133 mBar. A
solution of 20 g of latex powder, 100 mL DW, and 100 mL ethanol
was prepared by Jeevanandam et al. with continuous stirring at
450 rpm for 24 h at room temperature. The extraction purification
process gave residues (solid-state) and filtrate (aqueous state),
using a water bath (50◦C) for MgO nanoparticle synthesis [160].
In another work, Umaralikhan boiled 10 g of Aloe vera leaves in
100 mL of water for 5 min at 40◦C–50◦C and then filtered. Ninety
milliliters of leaf extract were added to 1 mM ofMgNO3 in 100mL
solution while stirring for 30 min at 80◦C until the supernatant
evaporated. The final product was pulverized and refined for 2 h
at 600◦C [162].

5.2 A. indica (Neem)

Five grams of dried neem leaves were boiled and dried for 1 h
in 200 mL of DW at 100◦C. Five milliliters of leaf extract were
heated to 60◦C by adding 20 mL of DW. At 80◦C, 5 g of MgNO3
was added to the extract with constant stirring for 4 h. The
MgNO3 ions were converted toMgONPs by employing Neem leaf
extract, which caused the solution to change color from yellow to
yellowish-brown [156].

5.3 Psidium guajava (Guava)

Moorthy et al. boiled 5 g of fresh guava leaves at 40–50◦C using
100 mL of water for 5 min and then filtered. In a magnetic stirrer,
90 mL of leaf extract was added to 1 mM 100 mLMgNO3 solution
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FIGURE 4 A schematic diagram of MgO NPs from different green plant parts.

TABLE 7 Synthesis of magnesium metal oxide using plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions Size (nm) Refs.

pH Time Temperature

MgO Mg(NO3)2.6H2O Costus pictus D. Don — — 500◦C 50 [151]
Mg(NO3)2.6H2O Azadirachta indica — 4 h 80o C 43 [156]
Mg(CH3COO)2 Lawsonia inermis 4 h 200◦C 20, 24 [159]

NaOH Ziziphus mauritiana 2 h 450◦C 22 [157]
Mg(NO3)2.6H2O Dalbergia sissoo 3.2 30 ± 2◦C — [165]
MgCl2.6H2O Moringa olifera 24 h 70◦C — [170]

Mg(NO3)2.6H2O Camellia sinensis — 30 min 450◦C 80 [165]
Mg(NO3)2.6H2O Persimmon 10–12 3 h 400◦C 25.6 [153]
Mg(NO3)2.6H2O Calotropis gigantea 9 ± 0.2 2 h 450 C 48.3 [155]

Cu(CH3CO2)2, MgSO4,
FeCl3

Clematis orientalis — 3 h 350◦C 13–53 [171]

Carica papaya — 2 h 400◦C 20–100 [158]

at 80◦C. The yield product was refined at 600◦C for 2 h after
pulverization [162].

5.4 Moringa oliefera (Moringa)

M. oleifera leaves were refluxed by Moorthy et al. at 70◦C for 40
min on the heatingmantle and then filteredmany times. At 25◦C,
leaf extract, MgCl2.6H2O solution, and a few drops of NaOH as a
precipitating agent were added at a maintained pH which gave
a yellowish tint after 6 h of precipitation. The yellowish solution

was then centrifuged (4000 rpm, 15 min) as well as rinsed with
both water and ethanol numerous times to make it contaminant-
free. The yield product Mg(OH)2 was dried at 70◦C before being
calcined for 3 h upto 700◦C, and thus it finally gave white-colored
MgO NPs [156].

5.5 Camellia sinensis (Tea Tree)

Akshaykranth et al. cooked 5 g of dried leaves of tea tree with
200 mL of DW for 1 h at 100◦C and then filtered the solution.
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TABLE 8 FTIR peaks of green synthesized magnesium metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main peaks Other peaks

MgO Costus pictus D. Don 653.51–825.42 3447.11, 1265.21, 1381.20–1590.22, 1057.70, 2390.15,
1590.22

[151]

Azadirachta indica 588, 694 3416, 1615,1481, 3686 [156]
Lawsonia inermis 524.6 3429.2–3628, 2985,1582.4,1132.5 [159]

Ziziphus mauritiana 584.9 1474.7, 3600–2500 [157]
Moringa olifera 442, 438 3433,3452, 1636, 1034 [168]

Calotropis gigantea 873 3247, 2930, 1575, 1402, 1000–1100, 3690, 3373, 2162,
1462, 1113, 2284, 1977

[155]

Carica papaya 500–300 3553, 3414.10, 3236.66,2239.43,1631.83 [158]
Chromolaena odorata 608, 404 3409, 1454, 1628, 2347, 1110 [169]
Eucalyptus globulus 400–800 3319.46, 3316.48, 1982.02, 1947.81, 2162.46, 2170.81,

1538, 1675, 1636, 1627
[160]

The wet chemical approach was used to create MgO-NPs. Ten
milliliters of green tea extract were added dropwise into a 0.1 M
Mg(NO3)2.6H2O solution and swirled for 2 h at 80◦C. NaOH was
utilized to maintain pH∼10–12. After 10 min in centrifugation (10
000 rpm), MgO NPs got precipitated. After 8 h of drying (40◦C)
and 30 min of calcining (450◦C), the muffle furnace gave MgO
NPs [168].

5.6 Tecoma stans (Yellow bells)

In the study by Khan et al., 10 g of fresh yellow bells flowers (F),
barks (B), and leaves (L) were mixed with 100 mL of double DW
and filtrated. The combination was centrifuged at 5000 rpm for
20 min, and 90 mL of plant extracts were added with 2 M 10 mL
of Mg(NO3)2 solution while stirring at 90◦C. One mole NaOH
solution was slowly added to the flask for 2 h at 90◦C before being
centrifuged (5000 rpm) for 15 min. Final material was calcined at
550◦C for 6 h to produce MgO NPs [165].

5.7 Lawsonia inermis (Henna Plant)

Akshaykranth et al. placed 15 g of dried henna leaves in 150 mL
water on a hot plate at 90◦C for 1 h to get a light crimson
solution. After filtration, the extract solution was kept in 0.5 M
Mg(CH3COO)2 at 80◦C until NPs formed. Finally, the formed NP
powder was calcined at 200◦C for 4 h, which gave grey MgO NPs
[159].

5.8 Manihot esculenta (Cassava)

Essien et al. boiled 48 g of dried powder with 250 mL of water for
15 min in a thermostatic water bath and then filtered it. To 50 mL
of a 0.1 M solution of Mg(NO3)2⋅6H2O kept under a constant
stirring condition for 12 h, 250 mL of extract solution was added,
and the infusion was centrifuged at 7000 rpm for 10 min. The

precipitate was washed several times. Furthermore, it was oven-
dried (70◦C, 2 h) and then calcined (500◦C, 3 h), which gave MgO
NPs after being sonicated at 40◦C for 1 h [169].

6 CaO NP Synthesis

Around 100 g of dried powder was boiled for 30 min and
then filtered. 2–120 mL leaf extract was combined with 50 mL
precursor and stirred at 50–60◦C for 1 h, which showed color
change. The solution was filtered after precipitation and washed
several times for better results. The solid particles thus obtained
were dried and sonicated for around 25–30 min, the product was
next passed in a muffle furnace at 400◦C–5000◦C for 3 h, from
which CaO NPs were collected [172–177]. The synthesis process is
visualized in Figure 5. Table 9 registers the synthesis conditions
and size of CaO NPs, whereas Table 10 represents the peaks for
functional groups of green synthesized NPs.

6.1 Piper betel (Betel Plant)

Yoonus et al. added 10 g of dried Piper betel leaves to 150mL ofDW
and placed them in a microwave at 100 W for 30 min. The filtrate
was obtained after the mixture was filtered. Fifty milliliters of
0.1 M aqueous Ca(NO3)2 solution were taken to mix 120 mL of
leaf extract with continuous stirring for 1 h, and the color changed
to dark brown. The brown precipitate-containing liquid was then
sonicated for 30 min before being filtered, washed, and dried.
To obtain the CaO NPs, the dried precipitate was next heated at
600◦C for 3 h [174].

6.2 M. oleifera (Moringa Leaves)

Jadhav et al. collectedMO leaves that were oven-dried at 80◦C for
2 h and then ground into powder. Two grams of MO leave powder
were cooked using the required amount of DI water for 25 min at
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FIGURE 5 Green synthesis of CaO from different plant extract.

TABLE 9 Synthesis of calcium metal oxide using plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions

Size
(nm) Refs.

pH Time Temperature

CaO NaOH Rhododendron arboretum — 3 h 500◦C — [173]
Ca(NO3)2.H2O Moringa olifera — 3 h 400◦C 32 [176]
Ca(NO3)2 Azadirachta indica —

Overnight
80◦C 100 [179]

NaOH Papaya — 3 h 500◦C 24 [177]
NaOH Broccoli 12 2 h 650◦C 32–45 [172]
— Piper betel — 3 h 600◦C 24.9 [174]

CaCl2 Cissus quadrangularis — 1 h 80◦C 58 [180]
NaOH Cuminumcyminum — 3 h 450◦C [181]
— Punica granatum — 72 h 80◦C — [182]

TABLE 10 FTIR peaks of green synthesized calcium metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main peaks Other peaks

CaO Rhododendron arboreum 876, 600 3242, 2514, 2138, 1797, 1635, 1430, 1156, 1074, 876, 600 [173]
Moringa olifera 437.98 3430, 2918, 1624, 1442, 1062, 2933-2915, 3600–3450,

1620–1655, 1150–1390, 1120–1065
[176]

Papaya 712 3783, 2926, 1796, 1429 [177]
Broccoli 868 3635, 3661, 3643, 3438, 2931, 1587, 1591, 1078, 1632, 1017 [172]
Piper betel 875 1050, 1439, 3461 [174]

Cuminumcyminum 642.30–
567.07

711.73, 873.75, 1396.46, 1795.3, 2364.73, 2513.25, 2926.01 [181]

Punica granatum 865.9 3735.1, 3643.1, 1419.5, 1068.5, 865.9, 626.8 [182]
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60◦C and yielded a light brown solution. The solutionwas filtered
and then boiled at 50◦C–60◦C. A few drops of 2 MNaOH solution
were used and 2 g of Ca(NO3)2.xH2O (x = 3, 4, 6) was boiled after
adding the extract solution to get a yellow paste. The mixture was
filtered and heated at 400◦C for 3 h to achieve the white powder
indicating the MO-CaO NPs [176].

6.3 Carica papaya (Papaya Leaves)

Ijaz et al. cooked 100 g papaya leaves in 200 mL of DW for
30 min before being strained. Tenmilliliters of Ca(NO3)2 solution
and 10 mL of papaya extract were combined while continuously
stirring. Thirty minutes later, NaOH was added, which resulted
in a white precipitate that was oven-dried for 1 h after filtering it.
The dried powders were calcined for 3 h at 500◦C [175].

6.4 Mentha pipertia (Peppermint)

Ijaz et al. prepared a solution of leaf extract using DW to filter.
Next, 10 cm3 of the filtrate was added to 250 cm3 (1M) CaCl2 while
continuously stirring for 3 h. The solution turned light green. The
mixture was filtered, and the precipitate gave CaO NPs [175].

6.5 C. sinensis (Green Tea Leaves)

In the study by Abukhadra et al., 10 g of green tea leaves were
boiled for 30 min. A beaker of 10 mL of CaCl2 solution and
10 mL of green tea extract were taken, where NaOH was added
dropwise while stirring, and it created CaCl2 white precipitate.
The precipitate was oven dried and after that calcined for 3 h at
5000◦C [178].

6.6 Brassica oleracea (Broccoli Vegetables)

Osuntokun et al. cooked about 12 g of broccoli leaves at 60◦C for
15 min and added them to a 0.1 M 50 mL CaCl2 solution after
cooling the filtered liquid. After that, the infusionwas agitated for
40 min before the addition of 2 M NaOH to adjust the pH∼12 and
was agitated again for the next 2 h. This agitation created a white
milky precipitate of Ca(OH)2, which takes 15 min to complete the
centrifugation at 4000 rpm. It almost took 8 h to get CaO NPs in
dried form at 90◦C [172].

6.7 A. indica (Neem)

Jagadeesh et al. 50 g of powdered neem was taken in 100 mL of
water to heat the solution (around 1 h) until the color changed
to dark brown. The solution of extract was filtered and stored.
10 min was enough to dissolve the extract solution in 100 mL
of DW. Moreover, 5 g of CaCl2 and 10 mL NaOH were added
sequentially at 25◦C for 3 hwith continual stirring.After filtration,
the overnight-held precipitated solution was washed and dried
at 80◦C overnight. Ca(NO3)2 was completely converted into CaO
during drying [179].

7 TiO2 NP Synthesis

After collecting the required plant sample, 10–20 g of leaves
were taken to prepare a solution of leaves and water. Next, the
solution underwent a heating process with following parameters:
temperature: 50◦C–80◦C, and time: 10–40 min. Then the solution
was filtered and some precursors (around 5 mL) were added in
filtered leaf extract (5 mL) for further processing. A color change
appeared after 3 h of continuous stirring at 25◦C, which ensured
the completion of the first step of synthesis of TiO2. Hence, the
solution was washed properly using ethyl alcohol after filtering
and then dried in air. Next, a muffle furnace was used at 400◦C–
450◦C for 3–24 h to obtain powdered TiO2 NPs [183–189]. The
synthesis process [190] is visualized in Figure 6. Table 11 registers
the synthesis conditions and size of CaO NPs, whereas Table 12
represents the peaks for functional groups of green synthesized
NPs.

7.1 Jatropha curcas (Purging Nut)

Drummer et al. heated 20 g of fresh leaves in 100mLofwater 80◦C
for 40 min before filtering them. At 25◦C, 80 mL of 0.50 M TiCl4
and 80 mL of filtered leaf extracts were mixed with continuous
stirring, and the color changed to whitish-brown, which signaled
the completion of the green synthesis of TiO2 NPs. At 25◦C, the
NP solution was stirred with 15 mL of NH4OH. The precipitate
was then filtered and air dried before being calcined at 450◦C for
3 h, resulting in the formation of powdered formof TiO2 NPs [191].

7.2 P. betel (Betel Leaves)

Pushpamalini et al. mixed 20 g fresh betel leaves with 100 mL
water, swirled the solution for 30 min at 50◦C, and then filtered
the extract. Five milliliters of water and 5 mL of Ti{OCH(CH3)2}4
were added to 25 mL of leaf extract of P. betel at 70◦C for 3 h. After
that, the separated white residue was calcined for 3 h at 400◦C,
which was TiO2 NPs [192].

7.3 Ocimum tenuiflorum (Holy Basil)

Pushpamalini et al. mixed 20 g of dried holy basil plant with
100 mL of DW and then filtered it. Twenty-five milliliters of
double DWwere taken to dilute themixture of 5mL of leaf extract
and 5 mL of Ti{OCH(CH3)2}4 at 70◦C for 3 h. After chilling it to
30◦C, a white residue (separated) was calcined at 400◦C [192].

7.4 M. oleifera (Moringa Leaves)

Pushpamalini et al. made a 100 mL solution of 20 g MO plant
powder, which takes nearly 30 min at 50◦C and then filtered it.
Five milliliters of leaf extract, 5 mL Ti{OCH(CH3)2}4, and 25 mL
double DW were mixed in a beaker to make a solution and set
at 70◦C for 3 h to obtain a white residue. After that, the contents
were cooled to room temperature. At 400◦C, the white residue
was separated and calcined in a furnace for 3 h [192].
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FIGURE 6 A schematic diagram of production of TiO2 NPs from various green plants.

TABLE 11 Synthesis of titanium metal oxide using plant extract.

Metal
oxide Precursor Plant extract Synthesis conditions Size (nm) Refs.

pH Time Temp.

TiO2 Ti{OCH(CH3)2}4 Carica papaya — — 400◦C 15.6 [195]
Ti{OCH(CH3)2}4 Mentha arvensis — 5 h 500◦C 20–70 [99]

TiCl4 Jatropha curcas 3 h 450◦C 13 [187]
Ti{OCH(CH3)2}4 Acorus calamus 7 3 h 600◦C 15–40 [189]

TiO(SO4).xH2SO4.yH2O Trigonella foenum 8 3 h 700◦C 20–90 [184]
Ti{OCH(CH3)2}4 Phyllanthus niruri 6 24 h 80◦C 20 [196]
Ti{OCH(CH3)2}4 Jasmine flower — 2 h 500◦C 31–42 [188]
Ti{OCH(CH3)2}4 Mentha aquatica — 2 h 500◦C 69 [197]

TiO2 Azadirachta indica — 1 h 60◦C 25–87 [185]
NH4OH, HCl Aloe vera 9 4 h 500◦C 13–22 [198]
TiO(OH)2 Jatropha curcas — 12 h RT 25–100 [199]

— Orange peel 7 4 h 500◦C 17 [183]

7.5 Coriandrum sativum (Coriander)

Pushpamalini et al. swirled 20 g coriander powder for 30 min at
50◦C before being filtered. At 70◦C, 25 mL of water, 5 mL of leaf
extract, and 5 mL of Ti{OCH(CH3)2}4 were agitated for 3 h. After
cooling, the generated white residue was placed for calcining in a
furnace for 3 h at 400◦C [192].

7.6 Coleus aromaticus (MexicanMint Leaves)

Akshaykranth et al. combined 10 g pulverized Mexican mint leaf
powder with 100 mL DW, and heated the mixture at 60◦C for
10min. At 25◦C, 40mL of the aqueous extract and 160mL of 1mM
TiO2 were agitated for 1 day, which led to color change, indicating
the creation of TiO2 NPs [159].
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TABLE 12 FTIR peaks of green synthesized titanium metal oxides.

Metal
oxide Plant extract FTIR peaks (Wavenumber, cm−1) Refs.

Main Peaks Other peaks

TiO2 Carica papaya 660 1070, 1365, 1544, 1642, 1796–1725, 2926, 1646,
2368

[195]

Mentha arvensis 596, 977 3371.36, 1634, 1445.26, 1382.63, 1124.82, 1043.94,
800.46, 626.18

[99]

Jatropha curcas 652 2330, 1757, 681, 1680, 1640, 3400, [187]
Acorus calamus 756 3260, 2096, 1583, 1400, 1305, 1066, 1200, 3339,

1627,
[189]

Trigonella foenum 598, 975 3475, 1630 [184]
Phyllanthus niruri 662.10 3453.20, 2928.38, 2837.18, 2370.64, 1454.55,

1114.10,
[196]

Jasmine flowers 900 3709–3712, 1513–1516, 1269–1278, 1057–1055, 460 [188]
Azadirachta indica 709.62 3581.96, 1166.92, 1091.86 [185]

Aloe vera 555 1383, 3435, 1631 [198]

7.7 Mentha arvensis (Wild Mint Leaves)

Ahmad et al. produced an ethanolic leaf extract where 25 g of
dried leaf powderwasmixed in 250mL of C2H5OH at 50◦C for 8 h,
where a rotary evaporator was used to evaporate ethanol. After
5 h of continuous stirring of 50 mL Ti{OCH(CH3)2}4 and 20 mL
ethanolic leaf extract at 50◦C, the color changed towhitish brown,
indicating the creation of TiO2 NPs. These NPs were centrifuged
at 5000 rpm for 15 min and dried at 500◦Cwithin around 5 h [99].

7.8 O. tenuiflorum (Holy Basil)

Bhat et al. cooked 25 g of plant powder for 2 h at 90◦C, and 5 h later
holy basil solution was filtered. One normality of TiCl4 solution
was combinedwith 25mL of holy basil plant leaf extract dropwise
for 1 day while preserving pH (5.1–5.3). The TiO2 NPs were dried
overnight at 90◦C and then calcined for 5 h at 200◦C [193].

TiCl4 + 𝑥H2O→ Ti(OH)𝑥Cl4−𝑥 + 𝑥HCl

Ti(OH)𝑥Cl4−𝑥 → TiO2 + (4 − 𝑥)HCl + (𝑥 − 2)H2O

7.9 Calotropis gigantea (Giant Calotrope Plant)

Roy et al. dried 25 g of calotrope plant and cooked it for 2 h at 90◦C
in 100mL of water, and 5 h later, it was filtered. TiCl4 solutionwas
made to add in 25mL of calotrope plant leaf extract and preserved
for 1 day maintaining pH (2.2–2.4). The TiO2 NPs were rinsed
multiple times until the pH∼7. After overnight drying, TiO2 NPs
were placed for calcining for 5 h at 200◦C [194].

TiCl4 + 𝑥H2O→ Ti(OH)𝑥Cl4−𝑥 + 𝑥HCl

Ti(OH)𝑥Cl4−𝑥 → TiO2 + (4 − 𝑥)HCl + (𝑥 − 2)H2O

7.10 Trigonella foenum (Methi)

Subhapriya et al. swirled dried methi leaves within 20 min
using 50 mL of millipore water and then filtered the plant
extract. Fifteen milliliters of leaf extract and 0.5 M solution
of TiO(SO4).xH2SO4.yH2O were agitated for 15 min. One mole
NaOH was mixed to the agitated solution to maintain pH∼8.
After precipitation, the products were sintered at 700◦C for 3 h
to achieve TiO2 NPs [184].

7.11 C. papaya (Papaya Plant)

Kaur et al. 10 g of leaf powder was taken in an adequate amount
of water to heat it for 60 min at 50◦C–600◦C and then filtered.
Under continuous stirring (650 rpm), 40 mL of 0.5 M TTIP was
mixed with 40 mL of extract maintaining 1:1 (v/v) ratio. Titanium
ions (Ti+4) were reduced after 30 min. Eight milliliters of NH3
was added to themixture dropwise, andwashed precipitates were
calcined at 400◦C, yielding the required NPs [195].

7.12 A. barbadensis (Aloe vera Leaves)

Panneerselvam et al. boiled 25 g of leaves powder in 100 mL
water for 2 h and then filtered it. To preserve pH∼7, 1.0 N of
TiCl4 solution was mixed drop by drop with continuous stirring.
Four hours later, a clear precipitation was noticed and then
filtered. After overnight drying at 100◦C and calcination for 4 h
at 500◦C, NPs were obtained [196].

8 Discussion

Metal oxide NPs, different from metal NPs, widely used for
research purposes having the advantage of providing large surface
area to volume ratio, low concentration, easily separable after
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treatment, and good transport performance with the limiting
effect of nanoscale. Metal oxides nanostructures have become
an important class of materials with several rich properties
and potential applications, especially in microelectronic circuits,
coatings against corrosion, sensors, bioimaging, biosensor, piezo-
electric devices, drug delivery, fuel cells, tumor ablation, tissue
generation, and electrochemical water decomposition field, and
so on [200]. Moreover, metal oxides Ag2O, CuO, ZnO, MgO, CaO,
and TiO2 were selected according to their availability and their
potential uses in different sectors such as pigments in paints,
environmental remediation, pollutant sensing, plastics, and so
on.Hence, thesemetal oxides also give improved catalytic proper-
ties, stability, biocompatibility, photocatalytic and antimicrobial
activity, and so on. Several methods got affected while synthe-
sizing NPs such as pH, temperature, particle size, environment,
pressure, time, pore size, and proximity. Furthermore, green
synthesis uses plants to convert metal ions into metallic atoms,
resulting in ecologically beneficial NPs that differ from other
conventional synthesis procedures [201]. Using plant extracts
in diverse nanoparticle production develops several features
such as antidiabetic, anticancer, antiacne, biocompatible, cardio-
protective, non-toxic, and antihypertensive. Green synthesis [202]
also adds extra benefit to the environment by reducing the
discharge of toxic chemicals in the ecosystem [202]. Thus, from
the viewpoint of environmental and property tuning, the plant
extract-based synthesis process is one of the most chosen for the
synthesis of nano-metal oxides. Though plant extracts have some
limitations like insolubility in water, unstability, short biological
half-life, poor permeability and absorption, contamination issues,
and so forth, green synthesis methods are commonly employed
in both metal and metal oxide NPs because they are easy,
convenient, cost-effective, and ecologically friendly ways that
reduce the usage of harmful chemicals [203]. Furthermore,
they can reduce and stabilize metal NPs. Plant extracts serve
a variety of roles, including antioxidants, antibacterial agents,
flavoring agents, coloring agents, enzymes, nutrient enhancers,
packaging additives, texturizers, chemical replacements, bio-
preservers, inflammatory regulators, and so on. In future, plant
extracts can be a great source for the medical (tissue engineering)
and environmental sectors [204].

9 Conclusion

This review examines various syntheses of metal oxides derived
from different green plants. The synthesis of metal oxides from
green plants is gaining increasing popularity due to their avail-
ability, cost-effective methods of synthesis, and ease of handling.
This study reviews the synthesis of NPs such as Ag2O, CuO, ZnO,
MgO, CaO, and TiO2 from several plants, including saffron, Aloe
vera, neem, henna, and moringa. Among all the methods for
synthesizing thesemetal oxides, the production of Ag2O and TiO2
NPs is identified as the simplest. The document covers various
types of NPs, noting their sizes: 3–100 nm for Ag2O, 6.5–634.4 nm
for CuO, 13–51 nm for ZnO, 13–100 nm for MgO, 24–100 nm for
CaO, and 13–100 nm for TiO2. The smallest particle size recorded
is 3 nm for Ag2O, achieved using henna and lemon beebrush
plants. The green synthesis method eliminates the necessity of
toxic substances during the synthesis process. Additionally, using
plant extracts can sometimes enhance various properties. This
study highlights the importance of selecting a suitable plant

extraction method to ensure that the solvent can be processed
efficiently and reused. FTIR is suggested as one of the most
effective techniques for investigating chemical bonds in inorganic
compounds and for measuring the wavelengths of absorbed light.
This review aims to assist researchers in understanding the
process of nano metal oxide synthesis using green solvents and
to observe changes in peak positions using the FTIR technique.
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