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ABSTRACT 
Zinc Oxide nanorods (ZnO NRs) were bio-synthesized by co-precipitation and bacterial inoculation. 
Fourier Transform Infra-Red (FTIR) spectroscopy analysis was carried out to identify the elemental 
constituents of the ZnONRs, the composition of which were analyzed using Energy Dispersive 
Spectroscopy (EDX). Its structural and morphological properties were studied using X-ray Powder 
Diffractometer (XRD) pattern and Scanning Electron Microscopy (SEM) images respectively. 
Impedance Spectroscopy studies were carried out on the ZnONRs for frequency domain responses (10 
Hz – 13MHz), impedance related functions, admittance, Immittance and modulus functions. From the 
results obtained, the dielectric constant, ε/ of the biosynthesized ZnONRs is very high (750), it decreases 

with increasing frequency and then reaches a constant value. The dielectric loss Ԑ// also decreases with 

increasing frequency. The dielectric loss angle, σ for the sample decreases continuously with increase in 
frequency. Finally, it was observed that the resistance and capacitance values depend on temperature and 
frequency. 
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INTRODUCTION 

Impedance Spectroscopy (IS) is becoming a 

popular analytical tool in materials research 

and development because it involves a 

relatively simple electrical measurement that 

can readily be automated and whose results 

may often be correlated with many complex 

materials variables: from mass transport, rates 

of chemical reactions, corrosion, and 

d i e l e c t r i c  p r o p e r t i e s ,  t o  d e f e c t s ,  

microstructure, and compositional influences 

on the conductance of solids. IS can predict 

electrons behavior of the performance of 

chemical sensors and fuel cells, and it has 

been used extensively to investigate 

membrane behavior in living cells. It is useful 

as an empirical quality control procedure, yet 

it can contribute to the interpretation of 

fundamental electrochemical and electronic 

processes. (Evgenij and Macdonald, 2005) 

A lot of factors contribute to the experimental 

value of dielectric constant of a sample. These 

include method of synthesis, macroscopic 

quantities – bulk resistance, capacitance, 

dielectric effect and a few microscopic 

quantities such as ion/charge effect - 

homogeneous reactions associated with 

dissociation and recombination of charges 

present, electronic effects usually at high 

frequency range while different polarization, 

interfacial, atomic, ionic etc usually occur at 

low frequency range. ZnO is one of the most 

promising materials for electrical devices, 
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including transparent conductive films, light 

emitting diodes and photocatalyst, flat panel 

displays, photodetectors, gas sensors and 

solar cells. (Latif, 2012, Amrut, et al. 2013) 

Although extensive work has been done on 

doped or hybrid ZnO NRs, much work has not 

been done on dielectric performance of bio-

synthesized ZnO NRs. Moreover, synthesis 

method could have significant effect on 

dielectric performances of ZnO NRs. Hence, 

this work presents impedance spectroscopic 

(IS) studies on biosynthesized ZnO NRs 

considering its responses in frequency 

domain, impedance related functions, 

admittance, immittances and modulus 

functions. 

EXPERIMENTAL 

Zinc acetate dihydrate, sodium hydroxide, 

were purchased from HiMedia Laboratories 

Private Limited, 23 Vadhani Industrial Estate, 

LBS Rd, Mumbai, India. All other reagents 

are of analytical purity grade and have been 

received from commercial sources. ZnO 

nanostructures were prepared by co-

precipitation method. 0.02 M aqueous 

solution of zinc acetate dihydrate was put into 

50 ml of distilled water under vigorous 

stirring. After 10 min stirring, 1.0 ml of 

Bacterial Inoculum (prepared from Bacto 

Yeast Nitrogen Base and glucose in 

demineralized water by a method of broth 

culture until turbid) was added into the above 

solution. After addition of Inoculum, 2.0 M 

NaOH aqueous solution was introduced into 

the above aqueous solution, resulting in a 

white aqueous solution at pH 12, which were 

then placed on magnetic stirrer for stirring for 

2 hr. The precipitate was then taken out and 

washed repeatedly with distilled water 

followed by ethanol to remove the impurities 

for the final products. Then a white powder (of 

ZnONRs) was obtained after drying at a 

constant 60 0C overnight in a Mophorn 

Vacuum Drying Oven 0.9 Cu Ft . 

The elemental composition of the ZnO NRs 

was analyzed using Energy Dispersive 

Spectroscopy (EDX) - BRUKER-X Flash 

6130, and Fourier Transform Infra-Red 

(FTIR) spectroscopy - by SHIMADZU - IR 

TRACER 100 using KBr pellet method at 

room temperature through the wave range 400 

- 4000 cm-1. The structural properties were 

characterized using X-Ray Diffraction (XRD) 

machine - D8 advance ECO XRD systems 

with SSD160 1D Detector, with Cu-Kα1 and 

Kα2 radiation of wavelength 1.5406 and 

1.54438Ǻ. The Scanning electron microscope 

(SEM) - ZEISS-EVO 18 Research was used to 

investigate the surface morphology of the 

samples while the optical properties of the 

samples were studied using VISIONlite 

061408  UV –  VIS  (1600  se r i e s )  

spectrophotometer. For dielectric studies, 

ZnO NRs powdered sample was compressed 

into pellets of 13.01 mm diameter and 0.082 

mm thickness by using a very high pressure (5 

Ton). The pelletized ZnO NRs was 

characterized by an alternating current (AC) 

Impedance Spectroscopy (HIOKI 3532 – 50 

LRCHiTESTER model) measurements were 

obtained in the 40 Hz to 10 MHz frequency 

range, a constant  voltage (1.0V) and different 

temperatures 100 - 155 ℃. 
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RESULTS AND DISCUSSION 

Energy Dispersive X-ray Spectroscopy 

Energy dispersive X-ray spectroscopy (EDX) 

was used for the elemental analysis of the 

sample. The EDX spectrum in fig.1revealed 

that only zinc (Zn), and oxygen (O) signals 

were detected and no other signal of 

secondary phase or impurity was detected. 

This implies the high purity chemical 

composition of the ZnO NRs 

Fig. 1 EDX spectrum of Bio-synthesized ZnO nanoparticles 

Fourier Transform Infrared Spectroscopy 
(FTIR) 
The FTIR measurement was carried out using 
KBr pellet method at room temperature 
through the wave range 400 - 4000 cm-1 as 
shown in Fig. 2. This was done to identify the 
possible biomolecules responsible for 
capping and stabilization of the bio-
synthesized zinc oxide nanoparticles. It is also 
to indicate the reduction of metal (zinc) ions 
by the used bacteria. The spectral peaks 

-1 -1observed are 871.82 cm , 987.55 cm , 
-1 -1

1097.50 cm , 1529.55 cm-1, 1550.77 cm , 
-1 -1 1

2358.94 cm , 2881.66 cm , 3664.75 cm- , 
-1 -13701.40 cm  and 3726.47 cm . The stretch for 

-1
ZnO nanoparticles was at 871 cm  which was 

-1found to be around 860 - 900 cm  aromatic 
ring -1,3- distribution of metal. (Coates, 2000, 

-David, 2011). The peak around 925 – 1005cm
1
 gives C-C vibration from methyne, The 

-1peaks around 1050 – 1260cm leads to C-O 
stretching alcohols, carboxylic acids, esters, 
ethers. Here the C-O stretching alcohols, 

carboxylic acids, esters, ethers show the peak 
-1

at 1097.5 cm . The peaks between 1485- 
-11555cm leads to -C=N- stretch and  

–NH bend of aromatics nitro compounds. 
Here, the -C=N- stretch and –NH bend 
primary amines show peaks at 1529.55 and 

-1 -11550.77 cm . The peak at 2358.94 cm  
indicates aromatic combination bands of 
methyl group –CH  and aliphatic nitrile of 3

=C=O. (David, 2011). The peak 2881.66 
3

indicates Sp  C-H stretching vibration from 
aldehydes. 

The peaks observed around 3000 - 3700 are at 
-13664.75, 3701.40 and 3726.47 cm  leading -

OH and -NH stretching for primary, 
secondary amines, amides. Hence, the FTIR 
analysis of the bio-synthesized ZnO nanorods 
confirmed the participation of biological 
molecules in bio-reduction reactions, 
formation, capping and stabilization of ZnO 
nanoparticles. 
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Fig 2.   FTIR spectra of ZnO nanoparticles synthesized by biological method 

X-Ray Diffraction Analysis 

Fig.3 shows the X-ray Diffraction (XRD) 

pattern of the bio-synthesized ZnO nanorods. 

The ZnO NRs diffraction peaks shows highly 

oriented and crystalline structure of zinc 

oxide nanorods. The sharp and narrow 

diffraction peak positions with 2θ values of 

31.84, 34.50, 36.34, 47.65, 56.73, 63.02, 

66.54, 68.12, 69.26, 72.76, 77.16, 81.61, 

89.87 were indexed as (100), (002), (101), 

(102), (110), (103), (200), (112), (201), (004), 

(202), (104) and (203) hkl crystal planes. The 

peak intensity profiles were in good 

agreement with those of powder ZnO 

obtained from the International Center of 

Diffraction Data card (JCPDS) card No. 75-

0576 (from ICDD 12 Campus Boulevard 

Newtown Square, PA. 19073-3273). This 

confirmed the formation of a crystalline 

hexagonal wurtzite structure of the ZnO NRs. 

It is also observed that there is no extra 

diffraction peaks of other phases, which 

implies its phase purity. The average grain 

size of the synthesized ZnO NRs was 

calculated to be 6.67 nm by using Debye-

Scherrer's Eq. (1). 

Fig. 3: The XRD Spectral of Bio ZnO NRs 
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Fig. 4: The SEM Micrograph Image of Bio ZnO NRs 

Frequency Domain Responses

The applied ac voltage signal is given by
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//From fig. 8 (a) the imaginary Impedance, Z  
/

plotted against real Z  shows a semicircle from 
which the resistance R and capacitance C 
values may be obtained. The intercepts on the 

/Z  axis give the value of R, while the value of 
C can be  calculated  by  applying  equation            
                               to the frequency at the 
peak of the semicircle. In this sample – ZnO 
NRs, the value of the resistance is 4.125 (MΩ) 
as shown in the characteristic graph Fig. 5. 
The capacitance value is calculated to be 7.79 

-11 Fx 10  or 0.78 p . This value is for the bulk 
capacitance of a sample. Hence, this may be 
interpreted in terms of the bulk response of the 
sample and a single parallel RC element. 
There is no 'electrode spike' in the curve at low 
frequency. Therefore, there was no 
impedance barrier to charge transfer between 
the metal electrode and the sample, so the 
conducting species were electrons. (John, et 
al. 1990; Ziaul, et al. 2011) 
The variation of the real part of impedance Z 
with frequency at different temperatures is 

/shown in fig. 8 (c). The curves show that Z  
becomes independent' value of about 50,000 

/(add units). In particular, at 155o, Z  decreased 
most rapidly from 200,000 to 50,000 (add 
units) between corresponding frequencies of 
about 2000 Hz to 3000 Hz (Tripathi, et al. 
2009, Baljinder, et al. 2016).
 
CONCLUSION 
In this study, zinc oxide nanoparticles have 
been successfully synthesized by co-
precipitation and bacterial inoculation. The 
crystallite size of the ZnO NRs was calculated 
to be 6.7 nm by using Debye-Scherrer's 
formula. The SEM and XRD spectrum 
confirmed the formation of a crystalline 
hexagonal wurtzite structure of the ZnO NPs 
while the EDX spectrum revealed its purity. It 

/
is observed that dielectric constant (Z ) 
decreases with increase in frequency (f), 
indicating its enhancement by polarization 

//
due to oxygen vacancy. Dielectric loss (Z ) 
reduced drastically in this sample which 
makes it desirable for applications as 
inductive and capacitive materials as well as 
microwave absorbers. The alternating current 
(a.c.) conductivity (σ) increases with increase 

in frequency as well as increase in 
temperature. This shows that hopping 
electrons are responsible for electronic 
polarization in the biosynthesized ZnO NPs. 
The relaxation is observed as an increase in 
conductivity as frequency increases within 
the whole range of frequency. 
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