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Abstract
The main objective of this study was to investigate the lowering of the band gap energy and

optical properties of ZnO doped with alkaline earth metals (Ca®*, Sr?*, Mg?*). ZnO nanoparticle

Vii



was synthesize by adding Zinc acetate to aqueous NaOH solution and subjected to ultrasonic
irradiation for 2 hr after that a white precipitate was obtained which was filtered and washed with
ethanol and de-ionized water and dried in an oven at 60°C for 3 hr. The dried white powder was
then calcined at 400°C for 2 hr and subjected to UV-Vis spectrophotometer used to characterize
the synthesized ZnO nanoparticle and the band gap energy of ZnO undoped and doped with
alkaline earth metals (Ca?*,Sr?*,Mg?*) was determined. From all dopants 0.006 M Mg?* doped
ZnO nanoparticles was found to be narrowing band gap more.
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1. Introduction

1.1 Background of the study

Zinc oxide is an inorganic compound with the formula ZnO. It is a white powder that is insoluble
in water, which is widely used as an additive in numerous materials and products. Zinc oxide is
amphoteric, that is it reacts with both acids and alkalis. Zinc oxides is a II-VI compound
semiconductor with a wide direct band gap of 3.37 eV and a large exciton binding energy of 60

meV at room temperature 1,

Nanocrystalline materials have attracted a wide attention due to their unique properties and
immense potential application in nano device fabrication. Zinc oxide (ZnO) has a direct wide
band gap (3.4 eV at Room temperature), which is n -type semiconductor. In the present work
undoped and Ni doped ZnO nanoparticles were synthesized by using chemical co precipitation
method, which is robust and reliable to control the shape and size of particles without requiring

the expensive and complex equipments 2,

ZnO has been effectively used as a gas sensor material based on the near-surface modification of
charge distribution with certain surface-absorbed species. ZnO nanorods would provide
significant enhancement in sensitivity due to high surface-to-volume ratio. ZnO is also
piezoelectric, and is used in surface acoustic wave devices. As with any semiconductor, 1-D ZnO
nanostructures provide an attractive candidate system for fundamental quantization and low-
dimensional transport studies. The large surface area of the nanorods and bio-safe characteristics
of ZnO makes them attractive for gas and chemical sensing and biomedical applications, and the
ability to control their nucleation sites makes them candidates for micro-lasers or memory

arrays 3.

Transparent conducting oxides (TCO) like ITO, SnO2, CdO, ZnO, ZnSnO4, NiO, etc., have been
widely studied due to their interesting optical and electrical properties. Among these transparent
conducting materials, zinc oxide is the most attractive because of its non-toxicity, low cost,
chemical stability and facility to doping with a wide variety of ions. ZnO is an n-type, direct
band gap3.30 eV semiconductor with high optical transmittance in the visible and near infrared
spectral regions and low electrical resistivity (102 to 10* Q cm) “.

ZnO is a technologically important and environmental friendly semiconductor with many

remarkable properties, such as a direct wide band gap of 3.37 eV, large excitonic binging energy,


http://en.wikipedia.org/wiki/Inorganic_compound
http://en.wikipedia.org/wiki/Chemical_formula

high electron mobility, large piezoelectric constants, high nonlinear optical coefficients, and
radiation hardness. ZnO is promising for many potential applications including thin film
transistors, sensors, light emitting diodes, UV photo detectors ,UV lasers, and piezoelectric
power generators. Many potential applications rely on the delicate control over the doping of

ZnO materials®.

Zinc oxide is a llb—VI compound semiconductor. The 11b—VI semiconductors and semimetals
comprise the binary compounds of Zn, Cd, and Hg with O, S, Se, and Te and their ternary or
quaternary alloys. ZnO is a wide-gap semiconductor with a direct gap around 3.4 eV, i.e. in the
near-UV and crystallizes preferentially in the hexagonal wurtzite-type structure. It occurs in
nature with the mineral name “zincite”. The mineral contains usually a certain amount of Mn and
other elements and is of yellow to red color. The ZnO used for the investigations and
applications below is exclusively synthetic material. Due to its large band gap pure ZnO is

colorless and clear®.

Due to the ability of absorbing ultra-voilet light because of large and wide band gap, ZnO has
found huge applications in sunscreens and also in varistors and pigments. ZnO possess
hexagonal wurtzite structure where there is a tetrahedral coordination of Zn atoms with four
oxygen atoms. Introducing impurities by an appropriate method in ZnO not only provides an
insight into the study of its electronic properties, but also provides a great interest in studying its

optical properties’.

The alkaline earth metals are high in the reactivity series of metals, but not as high as the alkali
metals of Group I. The metals of Group Il are harder and denser than sodium and potassium, and
have higher melting points. These properties are due largely to the presence of two valence

electrons on each atom, which leads to stronger metallic bonding than occurs in Group 12 .

The UV-Vis spectra are usually measured in very dilute solutions and the most important
criterion in the choice of solvent is that the solvent must be transparent within the wavelength
range being examined. In general, when measuring UV-Visible spectra, we want only
absorbance to occur. UV-Visible spectra generally show only a few broad absorbance bands.
Although UV-Visible spectra do not enable absolute identification of an unknown, they

frequently are used to confirm the identity of a substance through comparison of the measured



spectrum with a reference spectrum. UV-Visible spectroscopy can be used to determine many
physicochemical characteristics of compounds and thus can provide information as to the

identity of a particular compound?®.

Alkaline earth metals have received great interest due to their attractive electronic, optical and
thermal properties as well as catalytic properties and potential applications in the fields of
chemistry, physics, biology, medicine, and material science and their different interdisciplinary
fields and therefore, the synthesis and characterization of ZnO doped with alkaline earth metals
have attracted considerable attention from a fundamental and practical point of view. This work
is aimed for a band gap narrowing by doping into ZnO by alkaline earth metals (Mg?*,Ca%*,Sr?").
UV-Vis experiments were carried out for ZnO undoped and doped with alkaline earth metals. By
measuring UV-Vis spectra of the resulting Zn1xMxO, (x=0.001, 0.003 and 0.006) we tried to
investigate how a material’s composition affects its electronic band structure and optical

properties. And finally we obtained a metal ion which lowers more to the band gap energy.



2. Review of Related Literature

2.1. Doping

Doping is the process of adding some impurity atoms in the semiconductors. These impurity
atoms are known as dopants. In semiconductor production, doping intentionally introduces
impurities into an extremely pure also referred to as intrinsic semiconductor for the purpose of
adjusting its electrical properties. The impurities are dependent upon the type of semiconductor.

Lightly and moderately doped semiconductors are referred to as extrinsict?.

2.1.1. N-type Doping

ZnO with a Wurtzite structure naturally deviates from its stoichiometry, thus automatically forms
an N-type semiconductor due to presence of intrinsic defects such as O vacancies and Zn
interstitials. However, undoped ZnO produced by most methods is intrinsically n-type and n-type
doping in ZnO is easier to achieve and produces samples with better conductivity than p-type

doping. To n-type dope ZnO, aluminum, gallium, and indium are commonly used dopants*? .

2.1.2. P-type Doping

It is very difficult to obtain p-type doping in wide-band-gap semiconductors such as GaN, ZnO
and ZnSe. The difficulties to form shallow acceptor level arise mainly from low solubility of the
dopant in the host material, compensation of dopants by low energy native defects, like Zn
interstitials or O vacancies or background impurities and deep impurity level. P-type samples are
made using nitrogen, phosphorus, lithium, or sodium as dopants. To overcome those difficulties,
one would expect that the P-type doping in ZnO may be possible by substituting either group 1A
elements for Zn sites or group-V elements as N, P, and As for O sites'>4,

2.2. Optical properties

Optical property of a material is defined as its interaction with electro-magnetic radiation in the
visible. Materials are classified on the basis of their interaction with visible light into three
categories. Materials that are capable of transmitting light with relatively little absorption and
reflection are called transparent materials. Translucent materials are those through which light is
transmitted diffusely i.e. objects are not clearly distinguishable when viewed through. Those
materials that are impervious to the transmission of visible light are termed as opagque materials.

These materials absorb all the energy from the light photons?®.



2.3 Effect of doping on band gap energy

The band gap for pure ZnO is found to be Eq =3.35 and for V doped ZnO samples of 1, 5 and 9
% V, it is 3.24, 3.25 and 3.30 eV, respectively. The band gap of all the VV doped samples is
lower than the pure ZnO sample. The reason for this decrease in band gap may be explained on
the basis of alloying effect between ZnO and V20s. The band gap ofV.Osis 2.3 eV and ZnO is
3.37 eV. When V-0sis doped in ZnO, mixed oxide of ZnV-0 is formed and causes the decrease
in the band gap®®.

For Ni doped ZnO films, the energy gap decreases from 2.95 to 2.72 eV as the [Ni]/[Zn] ratio
increases from 0 to 0.02 and then increases to reach 3.22 eV for [Ni]/[Zn] = 0.04. The decrease
of the band gap is attributed to the formation of defect energy level of Ni. It is established that Ni
acts as donor impurity, which produces a shallow donor level below the conduction band,
reducing the band gap of ZnO. On the other hand, the increase of the band gap energy when the
[Ni]/[Zn] ratio varies from 0.02 to 0.04 is resulted to the reduction of the tail in the valence and

conduction bands?’.

The value of the band gap energy of undoped nanocrystalline ZnO nanoparticles was 3.26 eV
and increased by incorporation of Sb doping as it was 3.309 eV for doping 1% Sb, 3.318 eV for
3% Sb and 3.329 eV for 5% Sh. This enhancement in band gap is due Sb incorporation and the
high carrier concentration that moved the optical absorption edge towards lower energy and

broadened the energy gap®®

The measured direct band gap energy of the ZnO films with different Ni concentrations at 3, 5,
and 7 % were, 3.06, 2.99 and 2.98 eV, respectively. The band gap value for pure ZnO was found
to be 3.23 eV. The absorption edges of the films with increasing Ni concentration shows red shift
i.e. decrease in the band gap. The optical absorption at absorption edge corresponds to the
transition from valence band to conduction band, while the absorption edge shifting to the lower
energy relates to some local energy levels caused by some intrinsic defects. The possible reason
for decrease in band gap is put as follows: the impurity states of d-electrons of Ni split under the
influence of tetrahedral field of ZnO giving rise to lower energy eq doublet and higher energy t>g
triplet states. The triplet states hybridize with valence p-states forming t{bonding} and t{ant

bonding} states®®.



Zinc oxide is a main component of very interesting and technologically important powder and
ceramic materials that have been extensively studied and used for decades. Due to its interesting
physicochemical properties zinc oxide is a material of wide applications in many fields of
industry such as pharmaceutical, ceramics, and rubber production. Among the most studied
metal oxides nanoparticles, ZnO stands out due to its exceptional opto-electronical properties,
low cost of synthesis, environmentally friendly and highly versatile device fabrication based on

the bound magnetic polarons®.

Zinc oxide (ZnO) has a wide direct band gap energy which makes it transparent in visible light
and is a promising candidate for blue and ultraviolet light emitting devices (LEDs) and lasers. In
general, ZnO with a wurtzite structure is an unintentional n-type semiconductor due to the
deviation from stoichiometry. The background free electrons essentially arise from the shallow
donor levels associated with the presence of intrinsic defects such as oxygen vacancies and/or

zinc interstitials?L.

One interesting feature of ZnO is the ability to band gap tuning by its alloying with magnesium
oxide (MgO, E¢~7.7 eV) or cadmium oxide (CdO, Eg= 2.3 eV). Namely, band gap energy of 3.9
eV (MgxZn1x0, x = 0.33) can be achieved by doping with Mg?*, while Cd?* decreases the band
gap energy to 2.99 eV (CdyZn1yO, y = 0.07). In addition, the large exciton binding energy of 60
meV of ZnO is of interest to achieve excitonic stimulated emission for the realization of low-
threshold lasers at room temperature and even higher temperatures?2,

Based on the results, contrary to the alkaline metal doping, the electronic properties of the ZnO
tube are much more sensitive to alkali metal doping so that it is transformed from intrinsic
semiconductor with HOMO-LUMO energy gap of 3.77 eV to an extrinsic semiconductor with
the energy gap of 1.11-1.95 eV. The doping of alkali and alkaline metals increases and decreases
the work function of the ZnO tube, respectively, which may influence the electron emission from

the ZnO tube surface? .

Nanosized particles of alkaline metals have received great interest due to their attractive
electronic, optical, and thermal properties as well as catalytic properties and potential application
in the fields of chemistry, biology, medicine and material science and their different inter

disciplinary fields and therefore, the synthesis and characterization of ZnO have attracted



considerable attention from a fundamental and practical point of view. The small size is not the

only requirement to form nanoparticle?*.

The preparation of ZnO doped with alkaline earths generally involves the chemical reduction of
metal salt in aqueous phase. However, the high surface energy of ZnO makes them extremely
reactive, and most system under go aggregation without protection of their surfaces.Thus,special

precautions have to be taken to avoid their precipitation?>.

ZnO are promising for a wide range of applications due to the combination of unique
multifunctional nature and remarkable solution processability. Doping is an effective approach of

enhancing the properties of colloidal ZnO nanocrystals in well-controlled manners?®.

In the traditional semiconductor industry, doping generally means the introduction of trace
amount of impurities into extremely pure semiconductors to tailor the electrical properties. From
a synthetic chemistry point of view, doping for colloidal nanocrystal simply refers to the
modification of compositions by the incorporation of dopant atoms into the crystal lattices. The
purpose is to enhance the properties, that is, optical, magnetic, or other properties rather than
restricted to electrical properties of the nanocrystals. Doping of ZnO films with certain elements
(Ga, In and Mg) leads to an increase in the band gap width as well as an increase in the

activation energy of donor center and to their stability 7.

Analyzing an optical and luminescence property of ZnO studied about the oxygen in ZnO,
oxygen vacancy is responsible for the intraband luminescent at 510 nm (2.3eV). As studied ZnO
crystal energy is transformed from excitons to oxygen vacancies. Under the action of the incident
UV radiation, neutral oxygen vacancy which contains two electrons passes to an excited singlet

state and then relaxes to an exited triplet state from the center of luminescence? .

It was shown that vacancy oxygen centers are analogs of F-center which have been well studied
in ionic crystals CaO, BaO, SrO, MgO. As his interpretation the result of the theoretical work
which was shown that the formation energy of oxygen vacancy is high and there amount in ZnO
can not be large. ZnO is the most attractive because of its non-toxicity, low cost, chemical
stability and facility to doping with a wide variety of ions. ZnO is an n-type, direct band gap
semiconductor with high optical transmittance in the visible and near infrared spectral regions

and low electrical resistivity?® %,



These characteristics have made ZnO thin films very adequate for several promising
applications. They can be used as gas sensors, transparent electrodes in optoelectronic and solar
cells devices, laser diodes and light emitting diodes. However, all these applications are very
dependent of intrinsic defects or additional impurities. The conduction of pure ZnO is attributed

to native defects or oxygen vacancies and zinc interstitials .

The optical band gap of Sr doped ZnO nanorods as prepared, 300°C, 400°C and 500°C annealed
temperature was found to be 3.65 eV, 3.45 eV and 3.10 eV respectively. The band gap was found
to decrease from 3.65 eV to 3.10 eV, with the increase of annealing temperature from 300°C to
500°C. The decrease in band gap of ZnO films may be attributed to the improvement in the
crystalline quality of the films along with the reduction in porosity and increase in grain

size3?,



2.4. Statement of the problem
The electronic and optical property of zinc oxide is not suitable due to it is large band gap but
doping with selective elements of alkaline earth metals offers an effective method to enhance and
control the electrical and optical properties of zinc oxide by lowering it. This study was to
answer the following questions.
e Which alkaline earth metal (Mg?*,Ca2*,Sr?*) is suitable for band gap narrowing of zinc
oxide?
e What lowest concentration can be used to lower band gap by doping alkaline earth metals
with(Mg?*,Ca?*,Sr?*) zinc oxide.
2.5. Objective of study
2.5.1. General objective
The objective of this work is to band gap narrowing of ZnO using Mg?*,Ca?*,and Sr?*
ions by varying concentration and to discuss optical property.
2.5.2 Specific objectives
e To study the band gap narrowing by doping.

e To know the lower band gap by using different concentration of Mg?*,Ca?*, and Sr** ions
with ZnO.

e To examine the optical property of ZnO doped with Mg?*,Ca?*, and Sr?* ions.

2.6. Significance of the study

In it is normal form zinc oxide is an n-type semiconductor, i.e., conductivity by electrons. Zinc
oxide doped with alkaline earth metals improves the conductivity of materials in the area of
technology which is used as a charge collector in the solar cells. Doping of ZnO with alkaline
earth metals would be a good candidate for the starting materials in solar cell. It can also be a

source for future researchers.



3. Materials and Methods
3.1. Experimental Site
The study was conducted in Analytical and Physical chemistry laboratory at Jimma University.

3.2 Chemicals
Magnesium nitrate (Nice,98%) Calcium nitrate (Nice,98%), Strontium nitrate (Finken,99%),
Ethanol (Hylux,98%) & Sodium hydroxide (Finken,97%), Zinc acetate di hydrate (Finken,98%).

All chemicals for this research were used as received without any treatment.

3.3 Instruments

The following materials were used for this work. Oven (Model GENLAB WIDNES, England),
Magnetic stirrer, Centrifuge, Hot plate, Ultrasonic wave irradiation and UV-Vis
spectrophotometer (JENWAY 6705 UV-Vis Spectrophotometer) with single beam cell holder.

3.4 Procedure

3.4.1 Preparation of ZnO nanoparticles

The 50ml of aqueous solution of 0.2 M Zinc acetate Zn(CH3COOH)2.2H,0 was added to 10ml
of 0.2M aqueous NaOH solution and subjected to ultrasonic irradiation for 2hr.The obtained
white precipitate was filtered and washed with ethanol and de ionized water and dried in an
oven at 60°C for 3 hr. Then the sample was calcined at 400°C for 2 hr.

3.4.2 Preparation of Mg?* Ca?*, Sr?* doped ZnO nanoparticles

In a typical synthesis, 10 ml of Mg,?* Ca?*, Sr>* Solution (0.006 M) were added to 0.05 g of
calcined ZnO. The sample was heated at 110°C for 30 min. The powder cooled to room
temperature, and again calcined at 400°C for 2 hrs. The product obtained was labeled as Mg?*,
Ca?" and Sr?* doped ZnO. The above procedure was repeated for 0.003M and 0.001M Mg?*

Ca?*, Sr?* doped ZnO nanoparticles

3.4.4 Band gap and Optical property determination
The measurement of the absorption spectrum leads to determination of the optical band-gap
energy. The optical band gap of the nano powders was determined by applying the Tauc’s
relationship is given by;

(ahv) = (hv - Eg)"

10



Where; a is the absorption coefficient (a,=2.303A/t, A is the absorbance and t is the thickness of
the cuvett), Eg is the energy band gap, hv is the energy of the radiation (photon energy), The
value of n= %%, 3/2, 2, or 3 depending on the nature of the electronic transition responsible for
absorption and n= % for the direct band gap of semiconductor 33,

3.4.5. Characterization of the ZnO Nanoparticles.
The prepared ZnO nanoparticles were characterized for their optical and nano structural
properties. The optical absorption spectra of ZnO, dispersed in water were recorded using UV-

VIS Spectrophotometer 34,

11



4. Result and Discussion

4.1. Characterization of ZnO nanoparticles

The size of the nanoparticles plays an important role in changing the entire properties of
materials. Thus, size evolution of semiconducting nanoparticles becomes very essential to
explore the propertiesof the materials. UV-Visible absorption spectroscopy was widely being
used technique to examine the optical properties of Nanosized particles. It exhibits a strong
absorption band at about 380nm. The average particle size in a nanoparticle can be calculated
from the absorption onset from UV-Vis absorption spectra by using effective mass model where
the band gap E can be approximated by *°

R 1 18  0.124¢> ( 1 1 )"
B =E +2er2 mm +m*m 4 B2 S
.m, .M, wee,r  h°(4meg,)”\ m;m, m.m,

Where E}"is the bulk band gap expressed in eV, h is Plank’s constant, r is the particle radius,

me is the electron effective mass, my is the hole effective mass, mo is free electron mass, e is the
charge on the electron, ¢ is the relative permittivity, and «o is the permittivity of free space. Due
to the relatively small effective masses for ZnO (me = 0.26, mp= 0.59, mo = 9.11x103!Kg, & =
8.85x10*2 F/m, ¢ = 8.5, Charge of electron = 1.602x107°C, planks constant = 6.626x103*
m2kg/s) band gap enlargement is expected for particle radii less than about 4 nm. The following
equation was derived from the effective mass model given above with small mathematical

simplification which is used to find the size of the particle from the absorbance spectra,

-0.3049+ \/-26.23012+10240'72

r (nm) = i

2483.2

-6.3829+

p
where A, is peak absorbance wavelength in nm. The prepared ZnO nanoparticles exhibit an
absorbance peak at about 380 nm which corresponds to the particle size of 3.6 nm.

4.2 UV-Visible spectroscopy and Optical properties of ZnO nanoparticle

UV-visible absorption spectroscopy is a powerful technique to explore the optical properties of
semiconducting nanoparticles. The absorbance is expected to depend on several factors such as
band gap, oxygen deficiency, and impurity centers. The sample absorbs the radiations in the UV
range up to 380 nm and almost all the visible spectrum radiations are transmitted by the ZnO

12



nanoparticles. Figure 1, shows the absorbance as a function of wavelength. The exciton

absorption is at about 380 nm.

0.65 - Aoy = 380 nm
0.6 4

0.55 +

Absorbence

0.3 T T T 1
200 300 400 500 600

A(nm)

Figure 1: UV-Vis absorption spectrum of ZnO nanoparticles

The band gap energy of the ZnO nanoparticles was obtained by extrapolating the curve drawn
between (hv) and (ahv)2.The band gap energy is obtained by extrapolating the straight line
portion of the plot to zero absorption coefficient. The band gap energy of ZnO nanoparticles was
found to be 3.263 eV.

13



40 -

354
30
(ahv)*(evicm)?
25 /
20
15 3.263 ev

32 34 36 38 40 42 44 46 48

hv(ev)

Figure 2. Extrapolation curve for band gap determination of synthesized ZnO nanoparticles.

The band gap energy of the synthesized ZnO nanoparticles was ~3.263 eV and an absorption
band of 380 nm.The band gap of bulk ZnO was 3.37 eV and an absorption band of 368 nm.%®

4.3 UV-Visible spectroscopy and Optical properties studies of doped ZnO nanoparticles
UV-Visible spectra of Mg?*, Ca?* and Sr?* doped ZnO nanoparticles were obtained by doping
different concentration of metal ions in Zn1xMxO (M= Mg?*,Ca?*,and Sr?* ; x = 0.001, 0.003,
0.006) ¥.

Figure 3. shows the UV-Vis spectra of Mg?* doped ZnO nanoparticles along with undoped it can
be seen from the figure that the absorption peaks position changes from 380 nm to 390 nm for
0.001M, 391 nm for 0.003M and 393 nm for 0.006M. With increase in Mg?* concentration, the
optical absorption edge slightly shifts towards the longer wave length region which may be

attributed to the increase in particle size of ZnO. 3®
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Figure 3. Plots of absorbance vs wavelength of (a) undoped ZnO, (b) Mdo.001 Zno.age O (C)
Mgo.003 ZNo.g97 O , (d) Mgo.006 ZNo.994 O

Figure 4. illustrates that the absorbance plot for various concentrations of Ca®". It can be
observed from the plot that the maxima changes compared from ZnO. The changes of maxima
are 386,387 and 389 nm for 0.001, 0.003 and 0.006 M respectively. This small shift in absorption
band may be due to the doping effect of Ca?* in to ZnO *.

0.65+
0.60 4
0.55+
0.50 4
0.45-
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0.35+
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0.25
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wavelength (nm)

Figure 4: Plot of absorbance vs wavelength of (a) undoped ZnO, (b) Cao.o01Zno.gse O, (C)
Ca0.003ZNn0.997 O, (d) Ca0.006ZN0.9940
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UV-Visible spectra for Sr¥*doped ZnO can be seen from Figure 5. ZnO nanoparticles shows the
absorption peak at 380 nm and the Sr?* doped ZnO nanoparticle with different concentration of
Sr?* shows the absorption peaks at 382,383 and 385 nm respectively. The optical absorption edge
corresponds to the transition from valence band to conduction band, while the absorption edge

shifting to the lower energy relates to some local energy levels caused by some intrinsic

defects*.
0.65-
0.60 -
0.55- \
g 0504 o .
= )KC
8 045{
.§ 0.40 ~ \\<j“""*a
< 0.35- //J . I
0304
025 . d
300 350 400 450 500
wave length(nm)
Figure 5: Plot of absorbance vs wavelength of (a) undoped ZnO, (b) Sro.001ZNo.9990 (C)

Sr0.003ZN0.9970 (d) Sro.006 ZNo.9940.

Table 1 demonstrates the absorption maxima for doped ZnO nanoparticles.

Table 1: Absorption maxima for doped ZnO

Dopants | 0.001 M 0.003 M 0.006 M
Mg?* 390 nm 391 nm 393 nm
Ca? 386 nm 387 nm 389 nm
Sr 382 nm 383 nm 385 nm
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4.4 Comparative study of effect of doping on band gap energy of undoped ZnO

nanoparticles.

Optical energy plot of pure and Mg?*, Ca?* and Sr?>* doped ZnO at 0.001M shown in Fig. 6. The
absorption coefficient o were calculated and plotted for the direct transmission of the ZnO
undoped and doped Mg?*, Ca?* and Sr?* at 0.001M concentration. The value of band gap energy
of undoped ZnO nanoparticle was 3.263 eV. The band gap of a 0.001M Mg?*, Ca?* and Sr?*
doping was 3.179, 3.212 and 3.245 eV respectively. It can be seen that Mg?* doped narrows the

band gap of undoped zinc oxide nanoparticle more than Ca®* and Sr?* 41,

0.001 M

15.0
14.5

1 14.0 -
34 zno nanoparticle 13.5] Mg*
27 13.0 /
307 12.5-
28 -| 12.04
26 11.5
244 11.04

— 224 10.5
§ ] \ 10.0]
SRR 9.5 g
2 ] 3.263 ev 9.0 ] 3179 ev
B 32 34 36 38 40 42 44 46 48 32 34 36 38 40 42 44 46 48
® 15.0-
14.5] 30
14.0 ca* 28] o /

13.5]

13,0 26+
12.5- 24
12.0

11.5 ] o 22

11.0 20

100]

9:57 3.212 ev 16

90] 3.245 ev

14

32 34 36 38 40 42 44 46 48 3.0 32 34 36 3.8 40 42 44 46 48 50

hv(ev)

Figure 6. Optical energy plot for undoped ZnO, Mgo.00 ZNo.9990, Ca0.001ZN0.9990, Sr0.001ZN0.9990.

The band gap energies were determined by taking the extrapolated lines from the linear vertical
regions near the band edge as shown in Figure 7. The band gap energy for pure ZnO was found
to be 3.263 eV. The measured direct band gap energy of ZnO with 0.003M concentration of
Mg?* , Ca?" and Sr?* was 3.17, 3.203 and 3.22 eV respectively. In a 0.003M of Mg?*, Ca?* and
Sr>*  doped ZnO nanoparticle a band gap of Mg?* with 3.17 eV narrows the band gap of
undoped ZnO nanoparticle than that of a 3.203 eV of Ca?* doped ZnO nanoparticle and a 3.203
eV of Ca?* doped ZnO nanoparticle narrows the band gap undoped ZnO than that of a 3.22 eV of
Sr?* doped ZnO nanoparticles *2.
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Figure 7. Optical energy plot for undoped ZnO, Mgo.003 ZNo.9970, Ca0.003ZN0.9970, Sro.003ZN0.9970

The UV-Vis absorption spectra of the pure and 0.006M Mg?*, Ca?*, Sr?* doped ZnO nanoparticle
were investigated at room temperature. As shown in Fig 8 we can find that the optical absorption
spectra changes after doping of Mg?*, Ca?*, Sr?*. In order to evaluating the band gap presents the
dependence of a as a function of hv for the pure and Mg?* Ca?*, Sr?* doped ZnO nanoparticle.
The band gap obtained by extrapolation from the Figure 8 for 0.006M concentration was 3.154,
3.187 and 3.237 eV respectively. Since the band gap of Mg?* was small compared to the band
gap of Ca?* and Sr?*, it narrows the band gap of undoped ZnO nanoparticle, So Mg?* is a suitable
dopant for ZnO nanoparticle and it conducts electricity more than that of Ca?* and Sr?*. A band
gap of 3.187 eV of Ca?" narrows the band gap of undoped Zinc oxide nanoparticles than that of
3.22 eV Sr?* doped ZnO nanoparticle 4.
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Figure 8: Optical energy plot for undoped ZnO, Mgo.006ZN0.9940, Ca0.006ZN0.9940, Sr0.006ZN0.9920

Fig 9. Illustrated that the difference in band gap energy for each (Mg?*, Ca?*, and Sr?*) ion with
the concentration starting from 0.001M,0.003M and 0.006 M shows variation decreasing of
band gap linearly as the concentration increases to 0.006 M however, when the concentration of

the dopant raised to 0.007 M the band gap becomes increased slightly .
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Figure 9 Optical energy plot for undoped ZnO, Mgo.007ZN0.9930, Ca0.007ZN0.9930, Sr0.007ZN0.9930
The band gap of Mg?* doped ZnO for different concentration was around 3.179, 3.17 and 3.154

eV respectively. As the Mg?* concentration increases the absorption edge slightly shifts towards
the longer wave length region which may be attributed to the decrease in band gap. This decrease
of the band gap after doping of Mg?* was probably related to the difference in ionicity between
Zn?* and Mg?* bonds table 2. Moreover, since ZnO and Mg?* atoms have strong mismatch in
electro negativity was a reason for decrease of the band gap. It was seen that the energy band gap
decreases with the increase dopant conc. of Mg?* which can be explained as the narrowing of
band gap energy is possibly due to the existence of more Mg?* impurities in the ZnO crystallites,

which induces the formation of new recombination centers with lower emission energy*.

The band gap of Ca?* doped ZnO for different concentration was around 3.212, 3.203 and 3.187
eV respectively. With increase in the Ca®* concentration the optical absorption edge shifts
slightly towards the longer wavelength region which may be attributed to the slightly decreases
band gap. The reason for the decrease in the band gap may be explained on the basis of alloying
effect between ZnO and Ca?*. %

Table 2: Summary of band gap energy for different concentrations of Mg?*, Ca?* and Sr?* doped

ZnO nanoparticles.

Metal | Electro- | lonic Size Band gap (eV)

ion negativity | (pm) 0.001M | 0.003M | 0.006M | 0.007M
Mg?* 131 65 3.179 3.17 3.154 3.162
Ca?* 1 99 3.212 3.203 3.187 3.195
Sr2t 0.95 113 3.245 3.237 3.22 3.228
Zn?* 1.65 74 - - -
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4.4. Comparison of the obtained results with reported values

The obtained result for Ca?* and Sr** were compared with other reported values for ZnO thin
films and nanorods doped with Ca?* and Sr?* was shown in Table, 3. The band gap energy of
Ca?* doped with ZnO thin films were higher than undoped thin films. But, in this study it was
observed that the band gap energy of ZnO nanoparticles has narrowed when it doped with
different concentration of either Ca?*or Sr?*. In general the findings of the present study revealed

that use of alkaline earth metals as dopant for ZnO nanoparticles exhibited reduction of the band

gap energy.
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Table 3. The obtained result for Ca?* and Sr?* as compared with other reported values for ZnO

thin films and nanorods doped with Ca?* and Sr?*

Conc. (M) band gap (eV) | dopant | type Ref
undoped ZnO | 3.30
1% 331
2% 3.32 Ca (Zn0:Ca) thin film
3% 3.33 44
Temp.(°C)
undoped ZnO | 3.88
300 3.65

(ZnO: Sr) nanorods
400 3.45 Sr
500 3.10 32
Conc.(M)
undoped ZnO | 3.263
0.001 3.212

(Zn0O:Ca) nanoparticle
0.003 3.203 Ca

This work

0.006 3.187
0.001 3.245
0.003 3.237 Sr (ZnO: Sr)nanoparticle
0.006 3.220
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Conclusion

ZnO nanoparticles were successfully synthesized by addition of aqueous solution of zinc acetate
dihydrate with aqueous sodium hydroxide. The UV-Visible spectra for ZnO nanoparticle
synthesized in aqueous media exhibited excitonic absorption peak at 380 nm. The band gap
obtained for the synthesized of ZnO nanoparticles was determined by extrapolation to the X-axis
was ~3.263 eV. From all dopants Mg?* doped ZnO nanoparticles were showing narrowing more
band gap energy compared to Ca®* and Sr?* doped ZnO nanoparticle. As the concentration
increases, the band gap slightly decreases. This decrease in band gap energy after doping of
Mg?* was related to difference in ionicity between ZnO and Mg?*. It may also due to a strong
mismatch of electronegativity in ZnO and Mg?*. The existence of more Mg?* impurities in ZnO
crystallites which induces the formation of new recombination centers with lower emission

energy.
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