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ABSTRACT
Nanotechnology is the most emerging branch of science and technology leading to the
development of devices starting from electronics to biomedical devices. It is thus desired that the
students should have basic idea of this new emerging technology during their school education.
Experimental demonstration of simple experiments of synthesizing nanomaterials and demonstration of
its properties are very much important in motivating the students to learn this new technology. Wet
chemical synthesis method is a simple and cost-effective method that can be adopted in the chemistry
laboratory of higher secondary level school education in India. This hands-on experience will encourage
the students to enter more into this nanotechnology.
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1. INTRODUCTION
Nanomaterials are of great interest to the researchers because of their unique optical,
electrical, thermal and magnetic properties compared to their bulk microstructure [1-8]. This
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change in properties are mostly due to two phenomena-enhanced surface to volume ratio and
quantum confinement. When a bulk/micro-structured material is crushed into nano form, in the
same volume, the surface area increases by a large amount. Hence the number of surface atoms
are more leading to more surface reactivity, better catalytic property, more adsorption and better
sensing response to gas and chemicals [9-12]. The second and most important feature of the
nanomaterials is the quantum confinement which is responsible for modification in electronic
and transport properties [13-15].
In nanostructured materials, the particle size being very small, motion of electrons is
restricted leading to the change in energy band structure and density of states of the system.
These are very interesting physical mechanism that can be taught in higher secondary level
course of physics and chemistry in India. Besides demonstration and hands-on of various simple
methods of synthesizing nanomaterials will also motivate the students to take nanotechnology
as their career. Amongst the various synthesis methods reported in literature, wet chemical
method is the simplest method that can be adopted in the high-school chemistry laboratory.
Besides, it does not require large infrastructural facilities and maintenance of rigorous
experimental conditions like high temperature, low pressure, career gas flow as essential in case
of gas phase synthesis processes [16, 17].
Here, in this paper we have discussed the wet chemical method of synthesizing
nanostructures (especially ZnO) and their morphological and structural characterization. This
type of demonstration experiments should be adopted in the high-school level laboratory
especially for class XI-XII students to motivate them towards research in nanoscience and
nanotechnology.

2. OBJECTIVES
The main objective of the demonstration of chemical synthesis of nanomaterials is to
make the students familiar with the state of art of the chemical method used for materials
synthesis. However, the specific objectives are:
a) Introducing the concept of nanoscience and nanotechnology to the high school
students.
b) Making the students about various synthesis processes involved in preparing
nanomaterials.
c) Hands-on experience on the chemical synthesis of nanomaterials to grow their
interests in the subject.
d) Understanding the kinetics and thermodynamics of chemical reaction.
e) Making them interested to take nanotechnology as their carrier.

3. MATERIALS REQUIRED FOR LABORATORY SET UP
Chemical synthesis method, amongst the other synthesis method is most popular and costeffective technique of synthesize wide varieties of nanostructures especially metal and metal-
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oxide nanostructures. This method does not require the maintenance of extreme experimental
conditions like- low pressure, high temperature, controlled flow of carrier gases as required in
case of vapour phase synthesis process of nano materials. It is a simple table-top experiment
quite suitable to adopt in any general chemistry laboratory of high school. Following are the
list of minimal equipment required for chemical synthesis of nanomaterials by chemical
method-(a) Magnetic stirrer (with hot plate if required), (b) magnetic beads, (c) 200 ml or 500
ml Conical flask (1 pc minimum), (d) 100 ml beakers (2 pcs minimum), (e) weight balance, (f)
measuring cylinder (50 ml/100 ml, 1 pc), (g) filter paper, (i) methanol/ethanol, (j) chemicals as
per the choice of the material to be synthesized, (k) de-ionized water, (l) thermometer, (m) pH
paper and (n) small bottle (20-50 ml, 10 pcs).

4. CHARACTERIZATION FACILITIES REQUIRED
After preparation of the nanomaterials by chemical method, its characterization is very
much essential for confirming the composition of the materials and understanding its properties.
For characterization facilities can be accessed from the nearby colleges, universities and
research laboratories. Following are some basic characterization facilities required in case of
studying semiconductor materials:
a)
b)

Structural characterization-X-ray diffraction (XRD)
Surface morphology study-Scanning electron microscope (SEM), Transmission
electron microscope (TEM)

5. DEMONSTRATION OF CHEMICAL SYNTHESIS METHOD
Stoichiometry of a chemical reaction is the most important in governing the rate of
reaction and final end product. For this purpose, first the chemical reaction should be designed
with suitable choice of precursor chemicals. Then one has to design the appropriate possible
reaction and understand the reaction mechanism. Here, for example, we shall discuss about the
chemical synthesis of zinc oxide (ZnO) nanostructures. This can be prepared starting with
various precursors.
5. 1. Nitrate based chemical reaction
In this case the initial precursors are zinc nitrate hexa-hydrate and sodium hydroxide
(NaOH). Although one can choose lithium hydroxide (LiOH) also instead of NaOH. The
reaction may occur in both water or alcoholic media. Here is a typical nitrate-based reaction to
produce ZnO [18].

Zn( NO3 ) 2 .6 H 2O  2 NaOH  Zn(OH ) 2  2 NaNO3  6 H 2O

Zn(OH )2  2H2O  Zn2  2OH   2H2O  Zn(OH )42  2H 
Zn(OH )24  ZnO  H2O  2OH 
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This reaction easily occurs at room temperature in both aquatic or alcoholic media. In our
earlier report we disucssed a simple wet chemical synthesis of ZnO nano-rods employing nitrate
base aquatic chemcial reaction method. The details of the method can be found elsewhere in
[19].
In brief, 1M of NaOH solution was prepared by dissolving predetermined amount of
NaOH in de-ionized water. Zinc nitrate solution of 0.5 M was also prepared by similar way.
Under constant stirring of NaOH solution, so prepared zinc nitrate solution was added dropwise for fifteen minutes. The reaction was continued magnetic stirring for 3 hours. A white
precipitate was found at the end of the rectaion. The preciptate was then filtered and washed
several times using de-ionised water and finally dried in an ordinary furnace for further
characterization. In this method we were able to synthesize high quality pure ZnO nanorods of
average length 150 nm and diameter ~30 nm (see Fig. 1).

Figure 1. SEM image of chemically synthesized ZnO nanorods. Reproduced under CCBY
license from [18].

Nitrate base synthesis of ZnO nanorods are also reported in [20-22]. The growth of the
nanostructure by chemical method can be modulated by various factor like temperature, growth
duration, pH of the solution, use of surfactant, application of ultrasonication and microwave
exposure. Hu et al. had reported the synthesis of ZnO nanorods by sonochemical and
microwave-assisted chemical synthesis method [23]. In this proces they were able to synthesize
single crystalline ZnO nanorods of length ~ 1 μm and diameter ~ 200 nm.
Singh et al. had showed the efect of pH on the morphology and property of ZnO
nanostructures [24]. They showed that by increasing the nitrate concentration from 1 M to 5 M,
the nanoflake like structure was transformed into nanorods. Similar studies are also reported in
Amin et al. (see Fig. 3) [25].
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Amin et al. had also reported that the morphology of the ZnO nanomaterials strongly
depends on the pH of the solution [25]. The synthesized wide morphological variety of ZnO
structures like nanotetrapod, nano-flower and urchin-like microstructure grown at pH between
8 to 12.5, on decreasing the pH below 8, nanorods were observed.
The also reported that erosion of the nanorods starts when the pH of the solution reduces
below 4.6. in case of ZnO, it is well established that growth of ZnO occurs at high pH values
while the morphological quality starts degrading on reducing the pH of the solution below 7
(see Fig. 4).

Figure 2. (A-C) Transmission microscope image of the grown nanorods. (D) The SAED
pattern of the nanorods. Reproduced from [19].
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Figure 3. SEM images of ZnO NSs on Si substrate with different precursor concentrations of
the growth aqueous solution (a) at 25 mM; (b) 50 mM; (c) 100 mM; (d) 300 mM. Inset shows
the magnified view of the ZnO NSs (scale bar = 100 nm). Reproduced under CCBY license
from [25].
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Figure 4. (a) shows the AFM image of the seed layer and the corresponding height profile;
(b) SEM image of ZnO NSs on Si substrate grown with different aqueous solutions of pH value
1.8; (c) at pH value of 4.6; (d) at pH value of 6.6; (e) at pH value of 9.1; (f) at pH value of 10.8;
(g) at pH value of 11.2.The insets show enlarged SEM images of ZnO NSs (scale bar = 100
nm). Reproduced under CCBY license from [25].

Growth temperature is also an important factor in determing the morphology and
dimension of the nanostructures. Besides, at elevated temperature, atomic rearrangement occurs
leading to a more ordered and defect free growth of nanostructures. Higher the growth
temperature, larger will be the dimension of the nanostructure (see Fig. 5) [25].
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Figure 5. SEM images of ZnO NSs on Si substrates for the growth temperatures (a) 50 °C;
(b) 70 °C; (c) 90 °C; (d) 110 °C for 5 hrs and at 100 mm concentration. The inset is the
magnified image (scale 100 nm) of single rod. Reproduced under CCBY license from [25]

5. 2. Acetate based chemical reaction
In the case of acetate-based growth of ZnO nanostructures one should start with zinc
acetate di-hydrate and sodium hydroxide (NaOH) as the initial precursors. There are several
reports of the synthesis of ZnO nanostructures by chemical decomposition of zinc acetate into
ZnO and the readers are advised to look into the details of various kinds of ZnO nanostructure
by this method elsewhere in [26-28]

-22-

World Scientific News 148 (2020) 15-26

X-Ray diffraction study can be performed to study the crystallinity of the synthesized
material. It may not be possible for a high-school in India to have X-Ray diffractometer. But
the facility can be accessed from nearby universities or research institutes.
Figure 6 is the X-Ray diffraction (XRD) pattern of ZnO nanorods synthesized by wet
chemical method reported elsewhere in [18.] By analyzing the XRD pattern the students can
calculate crystallite size, strain, dislocation density, unit cell, lattice parameters and growth
anisotropy. Details of these analysis procedure can be found elsewhere in [29-32] for advanced
level students.

Figure 6. XRD pattern of chemically synthesized ZnO nanorods. Reproduced under CCBY
license from [18].

6. CONCLUSIONS
Nanotechnology is the future of all industry starting from electronics to medicine
including food processing and agriculture. Hence students should aware of this technology and
there are lots of career opportunities for their future. Incorporation of some basic concepts of
nanoscience and nanotechnology along with some simple experimental and characterization
demonstration in XI-XII high-school level will motivate the students in this direction. Chemical
method is a cost-effective and very much effective to adopt in general chemistry laboratory.
Through this method the students can chemically synthesize nanomaterials. Besides
morphological and structural study can be performed bay collaborating with nearby universities
and research institutes. This will build the research aptitude among the students also.
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