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Abstract
Room temperature dielectric and antibacterial behavior of thiosemicarbazide capped low dimension Silver 
and Gold nanoparticles were studied. The effect of size on the properties, by capping silver (Ag) and gold (Au) 
nanoparticles by thiosemicarbazide (TSC) was investigated. The nanoparticles were synthesized by chemical 
reduction method. The structural formation, surface morphology, phase stability and crystalline nature 
were characterized by UV-Vis spectroscopy, Fourier transform Infra Red (FT-IR) spectroscopy, Differential 
scanning calorimeter (DSC), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy 
(TEM) and Powder X-ray diffraction (PXRD). Room temperature dielectric and Impedance spectroscopy 
were performed to understand the electrical transport behavior and the results indicated that TSC capped 
Ag nanoparticles have demonstrated better electrical properties. Also, antibacterial studies were performed 
on human pathogenic bacteria by agar well diffusion method which attested TSC capped Ag nanoparticles 
have better antibacterial properties.

Key words: Anti bacterial; Capping; Dielectric; Impedance spectroscopy; Silver and Gold nanoparticles; 
                     Thiosemicarbazide.

INTRODUCTION
Metal nanoparticles (Ag, Au) have renowned 

applications in basic sciences due to their 
distinct optical, electrical and photo thermal 
applications [1-8]. Silver and Gold nanoparticles 
showed conductivity, chemical stability, catalytic, 
antibacterial activity and also act as an ideal 
candidate for molecular labeling because of 
their large operative scattering cross section 
and surface plasmon resonance [9-12]. It is well 
studied that silver nanoparticles were extensively 
utilized to exploit their novel properties such 
as antibacterial, catalysis and bio-sensing and 
their toxicity and possible cancer risk [13-20]. 
The flexibility in synthesizing the Ag and Au 

nanoparticles makes them attractive candidates 
for research. Metal nanoparticles were generally 
synthesized by different protocols such as 
chemical [21], electrochemical [22], chemical 
vapor deposition [23], photochemical, molecular 
beam epitaxy [24] and chemical reduction [25, 
26] by various stabilizing agents. It is important 
to note that, the interaction of metal precursor 
ions with reducing agents and capping agent 
can greatly affect the size, shape, stability 
and physiochemical properties of the metal 
nanoparticles [27, 28]. Therefore the selection of 
an appropriate capping agent is a constraint for 
stabilizing nanoparticles. Capping agents can work 
by a variety of mechanisms, including electrostatic 
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stabilization, steric stabilization, hydration forces, 
depletion stabilization and stabilization using 
van der Waals forces [29] and the combination 
of these mechanisms. Apart from stabilizing 
the nanoparticles, capping agents can play the 
additional role of reducing metal nanoparticles. 

Literature rich studies on the silver and gold 
nanoparticles with different stabilizing and 
capping agents such as thiols [30-32], amine 
functionalized compounds [33], acids [34], 
alcohols [35] and different polymer capping 
agents [36]. For example silver nanoparticles 
were stabilized by cysteine at pH >8 but at pH < 
7 causing silver nanoparticles aggregation [37, 
38]. Thiosemicarbazide (TSC) and its derivatives 
were showing better chelating ability. Apart from 
stabilizing the metal nanoparticles, the thiol and 
amine groups may from different side products in 
their synthesis. So it was necessary to understand 
the metal and capping agent interactions to derive 
the most suitable mechanism for the formation of 
stable metal nanoparticles. 

Hence, it was focused on synthesizing stable 
silver and gold nanoparticles by stabilizing with 
TSC. In this study, the synthesis and morphology 
of thiosemicarbazide-capped silver and gold 
nanoparticles were achieved by utilizing a simple 
chemical reduction of metal iodide employing 
sodium borohydride. The advantage of this method 
was ease of preparation, convenience in use and 
especially, the obtained nanoparticles were uniform 
in their shape and size. UV-vis spectroscopy, SEM 
and TEM were employed to monitor the formation 
process of metal nanoparticles. This may be helpful 
in understanding the growth of nanoparticles 
and creates a new dimension in controlling the 
shapes of nanoparticles. Furthermore, room 
temperature electrical impedance spectroscopy, 
room temperature dielectric behavior and their 
antibacterial properties on three different human 
pathogenic bacteria species were investigated.

EXPERIMENTAL
Synthesis of Thiosemicarbazide capped Silver 
nanoparticles

A total of 2.5 mL of 10-2 M AgNO3 was added to 
75 mL of triply distilled organic-free water. A total 
of 5 mL of 10-2 M thiosemicarbazide (dissolved in 
hot water) was added as stabilizer to the above 
solution with stirring. After 10 min of mixing, 2.5 
mL of 10-2 M potassium iodide (KI) was dropped 
into the solution slowly, yielding a green yellow 

AgI colloid. A total of 20 mg of NaBH4 was added 
to AgI colloidal solution, and the reaction mixture 
was continually stirred for about 20 min. The silver 
colloid was finally obtained. During the whole 
reaction, colour of the colloidal solution changed 
from green-yellow to nut-brown at beginning, 
then to brown, and finally to black.
 
Synthesis of Thiosemicarbazide capped Gold 
nanoparticles

A total of 2.5 mL of 10-2 M Chloro Auric acid 
was added to 75 mL of triple distilled organic-free 
water. A total of 5 mL of 10-2 M thiosemicarbazide 
(dissolved in hot water) was added as a stabilizer 
to the above solution with stirring. After 10 min 
of mixing, 2.5 mL of 10-2 M potassium iodide (KI) 
was dropped into the solution slowly, yielding 
a green yellow AuI colloid. A total of 20 mg of 
NaBH4 was added to the AuI colloidal solution, 
and the reaction mixture was continually stirred 
for about 20 min. The gold colloid was finally 
obtained. During the whole reaction, the colour of 
the colloidal solution changed from yellow to dark 
red at the beginning, then to brown, and finally to 
black.

Antimicrobial studies and Determination of Zone 
of Inhibition 

Anti-bacterial studies are performed on 
Salmonella typhi, Vibrio cholera, Shigella dysentery; 
species are collected and isolated from blood and 
fecal samples of infected patients at King George 
Hospital, Visakhapatnam. Microscopic observations, 
cultural characteristics, and biochemical tests were 
performed for organism identification [39, 40]. 

Zone of inhibition was determined by agar well 
diffusion method [41]. Sterilized agar medium 
(MHA for bacteria, SDA for dermatophyte) poured 
into Petri plate with inoculum by subsurface pour 
plate method. A 6mm well was cut in the center 
of each plate using a sterilized cork borer. 50 μl 
of compound and Antibiotic (Griseofulvin) for 
dermatophyte fungi, Ciprofloxacin for bacteria 
as positive control were placed into the wells. 
Bacteria inoculated plates were incubated at 
340C for 24 hours. Fungal inoculated plates were 
incubated for 5 days at 28 0C for the observation 
of zones of inhibition. Zone of inhibition was 
expressed in milli meter with Himedia zone 
reader. The experiments were conducted 
according to Clinical and Laboratory Standards 
Institutes [42, 43].
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Impedance spectroscopy
Electrochemical Impedance Spectroscopy (EIS) 

studies were carried out on Novocontrol Alpha A 
Impedance Analyzer under the frequency range 
1Hz-1 MHz with 10 mV applied ac voltage at room 
temperature. The synthesized powders were 
made into pellets 10 mm (TSC-AgNp) and 6 mm 
(TSC-AuNp) and then connected in parallel to the 
electrode with conductive silver paint on both 
sides. 

RESULTS AND DISCUSSIONS
At first, the nanoparticles formation was 

identified by the absorption spectra. They results 
were presented in Fig. 1. The spectra were 
recorded in distilled water medium. The optical 
absorption spectra of metal nanoparticles were 
dominated by surface Plasmon resonances (SPR), 
which shift to longer wavelengths with increasing 
particle size [44]. After addition of precursor salt 
solution to potassium iodide solution, the colour 
of the solution changes from colourless to light 
yellow (for AgNO3 solution) and golden yellow to 
lemon yellow (for HAuCl4 solution) indicated the 
nucleation of the metal particle at the infancy. 
After adding the thiosemicarbazide and NaBH4, 
the reaction started and the colour of the solution 
turned into black which confirmed the formation 
of nanoparticles. From UV data, the surface 
plasmon absorption of silver nanoparticles have 
shorter wavelength band in the visible region at 
432 nm and for the gold nanoparticles the band 

appeared at 535 nm indicated the polydispersion 
of formed metal nanoparticles with the reduction 
in its size [45].

Further structural analysis was performed 
by DSC analysis and the results were presented 
in Fig. 2. An endothermic peak can be observed 
by increasing the temperature in the DSC 
thermograms of the samples obtained by thermal 
treatment of thiosemicarbazide. In addition, the 
DSC measurement provided a confirmation for the 
presence of thiol-capped silver nanoparticles into 
the prepared samples. The DSC thermogram of the 
sample obtained by thermal decomposition of TSC 
capped Ag showed three different endothermic 
peaks. The peak at the lower temperature 
corresponded to the collapse of –NH2 groups 
present in the organic capping layer, whereas 
the second peak at the higher temperature can 
be attributed to the collapse of the interaction 
between thiol & amine groups on neighbor 
nanoclusters. Table 1 lists the temperature range 
of the endothermic peaks and the enthalpy values 
in the examined phase transitions. The FTIR 
spectrum (presented in ESI) of the nanocrystals 
provides additional information about the local 
molecular environment of thiosemicarbazide. It 
was noted that there was an observable change 
in the C=S, -NH2 vibrations which confirmed us 
that the metal nanoparticles were attached to 
the sulfur and amine group especially which is 
supported by the DSC data in which the breaking 
of C=S, amine groups occurs at high temperature. 

1 
 

 
 

Fig. 1: UV-Visible Spectral studies of thiosemicarbazide capped silver & gold nanoparticles 
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Fig. 1: UV-Visible spectral studies of thiosemicarbazide capped silver & gold nanoparticles.
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The reason for the intensity difference 
between the spectra was believed to be the 
thiolate molecules on the nanoparticles forming a 
relatively closely packed thiol layer and molecular 
motion being constrained [46, 47]. Thus, this 
steric constraining effect on the transverse mode 
was stronger than that on the longitudinal mode. 
Therefore, the change of the peak intensity in 
the longitudinal modes is smaller than that of 
the transverse mode. The noted IR vibrations 
for –NH2, C=S, C–S groups in TSC, TSC capped Ag 
and TSC capped Au nanoparticles are 3374, 3424, 
3445; 1626, 1614, 1546, 800, 842 and 875 cm-1 
respectively. 

Fig. 3 represented the XRD pattern of powder 
silver and gold nanoparticles. The presence of peaks 
at 2θ values 38.1, 46.40 and 64.5 corresponds to (1 
1 1), (2 0 0) and (2 2 0) planes of silver respectively 
and 38.31, 47.68 and 67.74 corresponds to (1 1 
1), (2 0 0) and (2 2 0) planes of gold respectively. 
Thus the XRD spectrum confirmed the crystalline 
structure of TSC capped metal nanoparticles. The 
other peaks were organic impurities. All the peaks 
in XRD pattern can be readily indexed to face-
centred cubic structure of silver as per available 

in literature. The average size of the nanoparticles 
was calculated from XRD data according to the 
line width of the maximum intensity reflection 
peak by using the Scherrer’s equation. It is well 
known that with diminishing crystallite size, the 
measured XRD pattern exhibits broadening, and 
very often overlapping reflections. The broadening 
of the reflections is inversely proportional to the 
crystallite size (i.e. size of coherently diffracting 
domains). From the obtained spectrum the size 
of the silver nanoparticles were calculated as 15.2 
nm. The average size of the gold nanoparticles was 
calculated from the XRD data according to the line 
width of the maximum intensity reflection peak by 
using the Scherrer’s equation and it is 20 nm. 

The SEM images for gold & silver nanoparticles 
were presented in Fig. 4a, 4b respectively. Form 
these figures it was observed that the formed 
nanoparticles were crystalline in nature with 
certain degree of porosity. It was observed that 
the silver nanoparticles were scattered over the 
surface and no aggregation was noticed but gold 
nanoparticles were aggregated over the surface. 
Silver & Gold nanoparticles were further examined 
using transmission electron microscopy (TEM). 

Fig. 2: DSC-thermograms of samples obtained by thermal decomposition of thiosemicarbazide capped AgNp & AuNp.
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Fig. 2: DSC-thermograms of samples obtained by thermal decomposition of thiosemicarbazide capped AgNp & AuNp 
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Table 1: DSC analysis of thiosemicarbazide capped Agnp & Aunp 

 

S.No Sample Order-Disorder Temperature ( oC) Δh(J/g) 

1 TSC cappedAgNp 
103-112 1.51 
126-143 14.84 
177-181 4.40 

2 TSC capped AuNp 102-111 1.55 
 

 

  

Table 1: DSC analysis of thiosemicarbazide capped Agnp & Aunp.
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Fig. 3: XRD patterns of TSC capped AgNp and AuNp 

 

  

Fig. 3: XRD patterns of TSC capped AgNp and AuNp.
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Fig. 4: a) SEM image of TSC-AgNp. b)SEM image of TSC-AuNp 
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Fig. 4: a) SEM image of TSC-AgNp, b)SEM image of TSC-AuNp.
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The TEM images of synthesized silver and gold 
nanoparticles were recorded and presented in 
Fig. 5a, 5b. The average size of silver and gold 
nanoparticles was in agreement with Scherer’s 
equation.

Room temperature dielectric Studies
The dielectric studies of the materials are very 

important to know the transport mechanism 
and lattice dynamics of the crystalline material. 
It also provides information about the nature of 
the atom, ion, bonding and their polarization 
mechanism. According to the IR and DSC studies, 
the nanoparticles were expected to bind to 
the sulfur group and the terminal -NH2 group 
of thiosemicarbazide and thus stabilized.  The 
dielectric constant (ɛ’) value of a material depends 
on the amount of mobile (polarizable) electrical 
charges in it and the degree of mobility of these 
charges. When a current flows across the two-
material dielectric interfaces, charges accumulate 
at the interface with different relaxation times. This 
is possible because of the presence of a moderate 
number of charge centres and carrier centres on 
the surface, which forms a capacitor network to 
store energy. From Fig. 6a, it was observed that 
the ɛ’ of the TSC caped AgNp is higher than that 
of the TSC caped AuNps. This may be attributed 
to the tendency of dipoles. If the dipoles were 
oriented in the direction of applied frequency, 
they show better dielectric behaviour. In this 
case, dipoles of TSC caped AgNp and AuNp were 
oriented in the low-frequency range.  It was also 
noted that the ɛ’ value has two different regions: 
the first, representing an exponential increase in 

a low frequency below 1000 Hz, and the second 
showing a linear relation between the frequency 
and the ɛ’ value in the range of high frequency 
above 1000 Hz. This was related to the rotational 
movement of functional groups in the samples, 
which can be decelerated at a higher frequency. 
According to Maxwell-Wagner polarization 
theorem, the material with large grain boundaries 
can affect the electric conduction [48]. Therefore, 
grain boundary volume/ grain boundary interfacial 
polarization controls the behaviour of dielectric 
constant at low frequencies. A material with low 
dielectric loss can be used as better capacitors 
in energy storage. The dielectric loss factor was 
presented in Fig. 6b, the TSC caped AuNp’s showed 
low dielectric loss than TSC capped AgNp’s. These 
results were in good agreement with the dielectric 
constant. The behaviour of dielectric loss in the 
low-frequency range depends on many factors like 
defects, the size of the crystallite. Hence, in TSC 
caped AgNp’s and AuNp’s the crystallite possess 
a lesser number of electrically active defects. This 
kind of phenomena was observed in non-linear 
optical materials.  

Furthermore, EIS experiments were performed 
in the frequency range between 1 Hz and 
1MHz with AC voltage amplitude of 10 mV on 
Novocontrol Alpha A Impedance Analyzer at room 
temperature. Initially, the powdered materials 
were made into pellets by using the hydraulic 
pressure machine. The diameters of the silver and 
gold pellets were 10 mm & 6mm respectively. The 
thicknesses of silver & gold pellets were found 
by using venire calipers as 0.61mm & 0.32 mm 
respectively.  
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Fig. 5: a) TEM image of TSC-AgNp. b) TEM image of TSC-AuNp 
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Fig. 5: a) TEM image of TSC-AgNp, b) TEM image of TSC-AuNp.
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Fig. 7 showed the Nyquist plots of impedance 
at room temperature in the frequency range 
1Hz-1MHz. The EIS was used to investigate the 
electron transfer ability of AgNp’s and AuNp’s.  
From the Fig. 7, it was observed that the imaginary 
impedance (Z”) versus the real impedance (Z’) 
showed a semicircle and the diameter of TSC caped 
AgNp impedance graph was lower than that of 
TSC capped AuNp suggests that TSC capped 
AgNp ( 161032349.0  mmhoX  

161027797.0  mmhoX  

) have better 
electrical conductivity than TSC capped AuNps 
(

161032349.0  mmhoX  
161027797.0  mmhoX  ). Besides that, it was 

also confirmed that charge transfer resistance 
was reduced on the TSC and AgNp surface. 
Therefore these results can be applied to a 
modified sensor for electrochemical analysis 
systems.  

Antibacterial Studies
Further, the in vitro antibacterial activity of 

the TSC capped silver & gold nanoparticles was 
performed on three different bacterial strains 
viz., Salmonella typhi, Vibrio cholera and Shigella 
dysentery at three different concentration levels 
(25, 50 and 100 μg/ml) with Ciprofloxacin as a 
positive control.  The activity was reported by 
measuring the diameter of inhibition zone in mm. 
and the results were presented in Table 2. From 
the table, it was observed that thiosemicarbazide 
capped silver nanoparticles were showing better 
potency than gold nanoparticles. The antimicrobial 
activity of thiosemicarbazide capped silver & gold 
nanoparticles, thiosemicarbazide indicated the 
size effect on the antibacterial effects. However, 
the mechanism is still unlocked.
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Fig. 6: Room temperature dielectric behaviour of TSC capped AgNp’s and TSC capped AuNp’s 

 

  

Fig. 6: Room temperature dielectric behaviour of TSC capped AgNp’s and TSC capped AuNp’s.
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Fig. 7: Nyquist plots of TSC capped Silver and Gold nanoparticles at room temperature  

   

 

Fig. 7: Nyquist plots of TSC capped Silver and Gold nanoparticles at room temperature.
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 CONCLUSION
In this scientific paper, synthesis of 

thiosemicarbazide capped silver and gold 
nanoparticles was achieved by chemical reduction 
method and the particles were well characterized 
by advanced spectral techniques UV-Visible, FT-
IR, PXRD, SEM and TEM.  In addition, electrical AC 
impedance studies revealed the conductive nature of 
the TSC capped materials. The results demonstrated 
that the conductivity was through grains and 
synthesized materials exhibit semiconductor 
phenomena which can have application in the field 
of nonlinear optical devices and in electrochemical 
sensors. Further, the antimicrobial activity of the 
synthesized nanoparticles was examined and the 
results showed that TSC capped silver nanoparticles 
exhibited moderate activity than its gold companion. 
These results support the effect of size and nature 
of capping on the functional behavior.  However, 
to understand the capping effect on surface 
modifications on the functional properties of the 
materials, further investigations are required. 
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