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ABSTRACT

Nano-sized Eu3?-doped ZnS particles were prepared by chemical precipitation

method using polyethylene glycol as capping agent. The structural and mor-

phological studies of ZnS:Eu3? nanoparticles were carried out using X-ray

diffraction (XRD), transmission electron microscopy (TEM), Fourier transform

infrared spectroscopy (FTIR), and scanning electron microscopy (SEM). XRD

results show that ZnS:Eu3? nanoparticles have a cubic structure for all Eu3?

concentrations. Dependence of doping concentration on the photoluminescence

(PL) of ZnS:Eu3? nanophosphor was studied for excitations at 395 nm and

465 nm. At 395-nm excitation, emission colors of ZnS:Eu3? nanophosphor lie in

blue, green, yellow, and red regions of chromaticity diagram for different

doping concentrations. But for all doping concentrations we got red emission

when the excitation wavelength was 465 nm and the color purity was 92% for

0.03 M doped sample.

1 Introduction

The present day scientific and technical awareness in

nano-sized semiconductor crystals is originated from

the view of production of new materials with novel

optoelectronic properties. Semiconductor nanophos-

phors have the opportunities for property modifica-

tion and applications due to color purity,

luminescence quantum efficiency, high optical gain,

and photostability arising from the large surface-to-

volume ratio and quantum confinement effect [1–8].

Continuing the work of Bhargava et al. [1] on

ZnS:Mn, ZnS nanoparticles doped with different rare

earth metal ions and transition metals ions (e.g., Ni,

Tb, Cu, Co, Ag, and Au) have been prepared using a

variety of synthesis methods and studied their

properties [9–13]. The narrow peaks in the excitation

and emission spectra are characteristic features of the

rare earth ions and their relative intensities provide

information about its local environment and point
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group symmetry [14]. Since the trivalent europium

exhibit intense sharp emissions due to 5D0–
7Fj tran-

sitions (j = 0–6) from the excited 5D0 state to the

j levels of the ground state 7Fj, Eu3? is the most

exciting dopant among the rare earth metal ions.

Since its 4f orbital is shielded by outer orbitals which

declines its coupling with the nearby ligands the

emissions are stable and sharp. The interaction of the

rare earth ions with the electric field and the magnetic

field component of the light lead to electric and

magnetic dipole transitions. With respect to an

inversion center the electric dipole operator possesses

odd transformation properties under inversion.

Hence intra-configurational electric dipole transitions

like 4f–4f transitions are forbidden. The transitions

such as the 5D0–
7F1 transition has magnetic dipole

character and even transformation properties under

inversion and hence the transitions between these

states are allowed [15].

Since the ionic radius of Eu3? is large (0.95 Å) in

comparison with Zn2? (0.74 Å) the incorporation of

Eu3? in the ZnS lattice is difficult and hence Eu3?

locates on the surface or trapped in the matrix. Nor-

mally the Eu3? ions are well isolated in the ZnS

matrix and hence the energy transfer is not possible.

Besides this, the charge imbalance and higher coor-

dination of Eu3? ion make it difficult to incorporate

them in ZnS. In the past few years, Eu3?-doped ZnS

nanoparticles have been synthesized by various

researchers using different techniques [16–22].

ZnS:Eu-based AC thin film electroluminescent device

for white emission has been reported [23]. In all these

reports intensity of PL emission in the blue region

due to ZnS host is greater than intensity of transitions

between the Eu3? energy levels. In some cases there

is evidence of energy transfer from ZnS host to Eu3?,

but the characteristic emissions due to Eu3? are either

very weak or not clearly observed. Here, we report a

low-temperature cost-effective chemical precipitation

technique for the synthesis of PEG (polyethylene

glycol)-capped ZnS:Eu3? nanoparticles with different

Eu3? concentrations and their structural and optical

properties. We observed the synergistic effect of host

sensitized and localized luminescence.

2 Experimental

Nano-sized ZnS:Eu3? was synthesized by chemical

precipitation method using zinc acetate, europium

acetate [Eu(CH3COO)3], and sodium sulfide [Na2S].

For the synthesis, solvent used was the mixture of

deionized water and ethanol in 1:1 ratio. ZnS:Eu3?-

nanoparticles with Eu concentration of 0.01 M,

0.02 M, 0.03 M, 0.04 M, and 0.05 M have been pre-

cipitated from a mixture of acetates of zinc and

europium with sodium sulfide in 1:2 M ratio of Zn:S.

To the above solution PEG was added with constant

stirring at 70 �C. The precipitate thus obtained was

washed many times with water–ethanol solution.

Afterward, the filtrate was dried for 11 h at 80 �C to

get PEG-capped ZnS:Eu nanoparticles. The same

procedure was used to prepare the undoped ZnS

nanoparticles.

Bruker AXS D8 Advance X-ray diffractometer was

used for the X-ray diffraction (XRD) studies. Mor-

phology and compositional analyses of the prepared

samples were carried out by JEOL JSM 6390 LV

scanning electron microscope with EDS (energy-dis-

persive analysis) attachment. Varian Cary 5000 UV–

Vis–NIR spectrophotometer was used for diffuse

reflectance spectral (DRS) studies. FTIR analysis was

done by Shimadzu IR Affinity-1 spectrophotometer.

Photoluminescence (PL) spectra of the samples were

taken with Horiba Fluromax 4C research

spectrofluorometer.

3 Results and discussion

3.1 Structural and morphological study

The structure of the obtained undoped ZnS and

doped ZnS:Eu3? (x mol%) (x = 1, 2, 3, 4, and 5)

nanoparticles was determined by XRD (X-ray pow-

der diffraction). The XRD patterns (Fig. 1a) of ZnS

and Eu-doped ZnS nanoparticles show a single phase

having three diffraction peaks consistent with (111),

(220), and (311) diffraction planes of cubic ZnS

(JCPDS file No. 65-0309). Eu doping in ZnS has not

altered the actual phase and no trace of secondary

phase was observed, indicating high purity of the

samples. The intensity of the diffraction planes

increases with increase of Eu concentration indicating

improved crystallinity. This may be due to the pres-

ence of zinc vacancies in the host lattice. Europium
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atoms occupying empty zinc sites contribute to

diffraction intensity. From the diffraction peaks, the

grain size was estimated using Scherrer equation [24].

The reduced grain size and the strain which cause the

broadening of diffraction peaks were calculated from

the Williamson–Hall (W–H) method. By this method

the crystallite size and the lattice strain [25] are cal-

culated using the relation,

b cos h ¼ 0:9k
D

þ 2n sin h;

where b is the FWHM of the diffraction peak, k is the

X-ray wavelength, h is the Bragg’s angle, and n is the

lattice strain. The W–H plot of the synthesized sam-

ples is given in Fig. 1b. The lattice strain and the

crystallite size are obtained from the slope and from

the intercept value of the plot. The mean grain size

obtained from the Scherrer equation and W–H plot

and the lattice strain are tabulated in Table 1. Using

the Bragg equation [24], the lattice constants of the

ZnS:Eu3? (x mol%) (x = 1, 2, 3, 4, 5) nanoparticles

were calculated (see Table 1). The accurate values of

lattice constants can be determined using Nelson–

Riley (N–R) plot (Fig. 1c), and the plot between cal-

culated lattice constants from XRD pattern and the

error function [25] is given by,

fðhÞ ¼ 1

2

cos2 h
sin h

þ cos2 h
h

� �
:

The lattice constants of the doped samples (Table 1)

are greater in comparison with the undoped sample

due to the change in ionic radius of the Eu3? ion

(0.95 Å) and Zn2? ions (0.74 Å). A shift in diffraction

angle toward left can be observed on doping which is

also due to this mismatch in ionic radius. Williamson

and Smallman relation, d ¼ 1
D2 [20], was used to cal-

culate dislocation density (d), and it is given in

Table 1.

Figure 1d depicts the FTIR spectra of ZnS and

ZnS:Eu3? nanoparticles. Since PEG have absorptions

peaks similar to primary alcohol they consist of

bending and stretching vibrations corresponding to

C–H bending, C–O stretching, C–C stretching, and C–

H stretching [26]. The spectral band in the region

3575 cm-1 is due to the stretching vibration of OH

group [26]. The stretching mode around 2890 cm-1

was due to methylene group in PEG. The bending

vibration of –CH2 was seen at 1408 cm-1 [27]. The C–

C stretching mode is seen at 938 cm-1 [26]. The

spectral band at 1024 cm-1 and 1115 cm-1 are

derived from the C–O stretching mode [26, 28]. The

Fig. 1 a XRD, b W–H plot, c N–R plot, and d FTIR spectra of ZnS:Eu nanoparticles
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band at 667 cm-1 is due to the ZnS stretching vibra-

tions [10].

The crystallite size and morphology of ZnS:Eu3?

(0.03 M Eu3?) nanoparticles were analyzed by TEM

technique (Fig. 2). The particles are distributed with

less aggregation and size of particles range from 3.5

to 7 nm with maximum number of particles at size

5 nm (Fig. 2a). Inset of Fig. 2a is the particle size

distribution and the average particle size is 5.8 nm.

The SAED (selected area electron diffraction) dia-

gram (Fig. 2b) shows fine-crystallized diffraction

pattern with a central halo and concentric rings.

These rings are indexed to the reflections from (1 1 1),

(2 2 0), and (3 1 1) planes ensuring the cubic phase of

the ZnS:Eu3? nanoparticles. HRTEM image of

ZnS:Eu3? given in Fig. 2c shows that the lattice

spacing is around 0.28 nm, consistent to the (111)

plane spacing of cubic ZnS indicating the nanoparti-

cles grow preferentially along the [111] direction.

Table 1 Structural parameters of ZnS and ZnS:Eu3? nanoparticles calculated from XRD

Eu3? concentration Crystallite size,

D (nm)

Lattice parameter

calculated (Å)

Lattice parameter

by N–R plot (Å)

Strain (n) 9 10-3 Dislocation density

(d) 9 1017/m2

Band gap (eV)

ZnS 3 5.367 5.343 8.6 1.16 3.73

ZnS:Eu3? (0.01 M) 3 5.417 5.368 9.7 0.84 3.61

ZnS:Eu3? (0.02 M) 4 5.432 5.374 11.5 0.62 3.60

ZnS:Eu3? (0.03 M) 5 5.440 5.376 19.6 0.80 3.56

ZnS:Eu3? (0.04 M) 6 5.430 5.407 21.2 0.34 3.50

ZnS:Eu3? (0.05 M) 7 5.425 5.397 28.0 0.22 3.48

Fig. 2 a TEM image,

b SAED pattern, and

c HRTEM image of ZnS:Eu3?

(Eu3? = 0.03 M)

nanoparticles (inset particle

size distribution)
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3.2 Diffuse reflectance analysis

Diffuse reflectance spectroscopy (DRS) was used

(Fig. 3a) to study the optical properties of the

ZnS:Eu3? nanocrystallites synthesized at different

doping levels. Absorption spectra (Fig. 3b) were

plotted using Kubelka–Munk function,

FðRÞ ¼ k

s
¼ ð1� RÞ2

2R
;

where k, s, and R represent the absorption, scattering,

and the reflection coefficients. It is seen that the

absorption edge of ZnS:Eu3? samples gets red shifted

in comparison with undoped sample and the shift

increases with the increase of doping concentration.

The band gap energy was calculated from the DRS

studies by plotting energy (hm) vs. [F(R)hm]2 and

extrapolating the linear portion of the graph (Fig. 3c)

onto the energy axis. For pure ZnS sample the band

gap is greater than bulk (3.54 eV) due to confinement

effects. On doping, crystallite size increases and band

gap decreases which can be attributed to size effects.

But it goes below that of bulk ZnS as the doping

concentration increases above 3 at.% although the

crystallite size is small. Hence this may be due to the

formation of band tails or shallow defect levels

within the band gap [28].

3.3 Photoluminescence study

Figure 4a elucidates the dependence of Eu3? doping

on luminescence of undoped and Eu3?-doped ZnS

nanoparticles at an excitation wavelength of 395 nm.

This corresponds to the 7F0–
5L6 transition of Eu3?. For

undoped ZnS nanoparticles, this excitation is to some

defects near the band edge and the observed blue PL

emission consists of an asymmetric broad emission

due to the convolution of emissions from point

defects such as sulfur vacancies and zinc interstitials

in the lattice [29]. On doping, the characteristic

emissions of the Eu3? ions at 591, 616, 644, 696, and

747 nm due to 5D0–
7Fj (j = 1 to 6) transitions of 4f6

Fig. 3 a Diffuse reflectance spectra (DRS), b F(R) vs. wavelength plot, c (hm) vs. (F(R)hm)2 plot, and d variation of band gap and particle

sizes with doping concentration for the ZnS:Eu3? nanoclusters
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configuration were also observed. When Eu3? ion

inhabits the sites without an inversion center, electric

dipole transitions are allowed but magnetic dipole

transitions are forbidden [30]. The emissions at 616,

696, and 747 nm belong to electric dipole transition

and that at 591 nm belongs to magnetic dipole tran-

sition [30, 31]. The emission at 747 nm is forbidden

and results from medium j mixing. The emission at

644 nm caused by 5D0–
7F3 transition is forbidden for

both electric dipole and magnetic dipole transitions

and it is made possible through j mixing by crystal

field potential [32]. Various interpretations were

given to the less intense green emission band seen in

ZnS:Eu3? nanoparticles. This green emission at

534 nm in ZnS:Eu3? may be due to the occurrence of

some self-activated luminescent centers, possibly due

to elemental sulfur species on the surface of ZnS [33].

As the doping concentration is increased we can

clearly observe a suppression of blue emission due to

the ZnS host and an enhancement in yellow and red

emissions due to Eu3? ions up to 0.03 M sample. This

is due to energy transfer mechanism from the defect

level in ZnS to 5L6 level of Eu
3?. Here the excitation is

at 395 nm corresponding to which there is a defect

level in ZnS host and an energy level in Eu3? ion (5L6)

as evident from the excitation spectra of pure ZnS

and ZnS:Eu3? (Fig. 6). So resonance energy transfer is

possible from defect level in host to 5L6 level of Eu
3?.

We can infer that the high luminescence intensity in

0.03 M sample is due to the synergistic effect of

energy transfer from host and direct excitation in

Eu3? ions in ZnS lattice. For 0.04 M sample there is a

reduction in intensity of emissions from Eu3? levels

due to concentration quenching as a result of energy

transfer between Eu3? ions as they become closer.

Thereafter, at 0.05 M concentration of Eu3?, blue

emission due to host reappears which means that

energy transfer from host to activator is reduced. A

shift in the broad blue emission due to ZnS can also

be observed which is due to change in band gap and

concentration of defect states in the lattice. Overall

emission color changes depending on the relative

intensities of blue, green, yellow, and red emissions.

Points in the chromaticity diagram lie around the

white region from bluish green to red and then to

blue as the doping concentration is varied from 0.01

to 0.05 M (Fig. 4b). Red emission is obtained for

0.03 M Eu3? concentration.

Figure 5a represents the PL emission spectra for an

excitation of 465 nm corresponding to 7F0–
5D2 tran-

sition in Eu3?. It exhibits all Eu3? emissions similar to

the excitation at 395 nm except the broad emission

due to ZnS host. In this case also red emission

intensity is maximum for 0.03 M concentration of

Eu3?. For higher concentrations, spacing between the

Eu3? ions decreases and hence its pairing causes the

chance of energy transfer. Hence the excitation

energy is shared among the Eu3? ions, resulting in

quenching of emission intensity. Overall emission

color is red for all the samples and it is represented

by the chromaticity diagram (Fig. 5b). Chromaticity

coordinates of all samples for excitations at 395 nm

and 465 nm are listed in Table 2. For 0.03 M and

0.04 M Eu3?-doped samples chromaticity coordinates

lie very close to that of CRT red phosphor (0.65, 0.35).

The shortest distance between adjacent Eu3? ions

to bring about the concentration quenching called

critical distance (Rc) can be calculated by the equation

[34].

Fig. 4 a PL spectra and

b chromaticity diagram of

pure and Eu3?-doped ZnS

nanoparticles for an excitation

of 395 nm
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Rc ¼ 2
3V

4pNxc

� �1
3

;

where V and N are the volume and number of cations

in the unit cell and xc is the critical concentration. For

ZnS, V = 155.37 Å, N = 4, and xc = 0.03. So for Eu3?

ions in ZnS:Eu3? the critical distance is about 13.5 Å.

But the exchange interaction is valid only for critical

distance RC less than 5 Å. Hence, concentration

quenching in PL intensity in the ZnS:Eu3? nanopar-

ticles is due to multipole–multipole interaction.

According to the Dexter’s theory nature of multipolar

interaction among the activators ions [35, 36] is cal-

culated using the relation

I

x
¼ k 1þ b xð Þ

N
3

h i�1
;

where I is the intensity of PL emission with doping

concentration (x), k and b denotes constants of host

matrix and N represents the nature of interaction and

it is equal to 6 for dipole–dipole interaction, 8 for

dipole–quadrupole interaction and 10 for quadru-

pole–quadrupole interaction, respectively. From the

slope of the graph of log(x) against log(I/x) (Fig. 5c),

N can be calculated. In this case slope of the graph =

- 3.29 = - N/3, i.e., N * 9.87. It shows that the

energy transfer that leads to concentration quenching

phenomena of Eu3? ions is due to quadrupole-

quadrupole interaction.

Fig. 5 a PL spectra of ZnS:Eu nanoparticles for different Eu3? concentrations (kex = 465 nm), b chromaticity diagram, and c logx vs.

logI/x plot

Table 2 CIE color coordinates of ZnS:Eu3? nanoparticles for

different Eu3? concentrations

Eu3? concentration (M) Color coordinates

kex = 395 nm kex = 465 nm

0 (0.21, 0.33) (0.33,0.44)

0.01 (0.21, 0.33) (0.58, 0.42)

0.02 (0.51, 0.31) (0.6, 0.39)

0.03 (0.58, 0.32) (0.65, 0.34)

0.04 (0.41, 0.25) (0.64, 0.35)

0.05 (0.2, 0.18) (0.64, 0.36)

Fig. 6 PLE spectra of ZnS at 465 nm and ZnS:Eu3? (0.03 M

Eu3?) for different emission wavelengths
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In order to recognize the performance of ZnS:Eu3?

nanoparticles as red phosphors it is necessary to

know the colour purity of the synthesized samples. It

is the weighted average of the x, y coordinates com-

parative to the CIE white illuminant and the coordi-

nate of the wavelength which is dominant, can be

calculated using the equation [37].

Colour purity ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxs � xiÞ2 þ ðys � yiÞ2

q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxd � xiÞ2 þ ðyd � yiÞ2

q � 100%;

where (xi, yi) and (xs, ys) is the CIE coordinates of the

white illuminant and the corresponding sample and

(xd, yd) is the co-ordinate corresponding to the

dominant wavelength. The calculated values of col-

our purity for ZnS:Eu3? (0.03 M) nanoparticles is

92%.

In order to understand luminescence mechanism in

doped ZnS nanoparticles excitation spectra is also

taken (Fig. 6). Pure ZnS shows excitation peaks at 333

and 361 nm and a shoulder peak at 395 nm. The peak

at 333 nm corresponds to the excitation to conduction

band edge whereas the peaks at 361 and 395 nm are

due to some intrinsic defects. When monitoring the

excitation spectra of ZnS:Eu (0.03 M) nanocrystallites

for different emission wavelengths (Fig. 6) the exci-

tation spectra are almost similar. It contains the dis-

tinguishing excitation peaks of the Eu3? ions related

to the straight excitation from the ground level to

higher excited levels of the doped Eu3? ions. The

main excitation peaks are observed at 395, 465, 414

and 535 nm. The extreme peak at 395 nm corresponds

to the 7F0–5L6 and the excitation peaks at 465 nm and

414 nm are due to 7F0–5DJ (J = 2, 3) transition. The

peak at 535 nm is attributed to 7F1–5D1 transitions of

Eu3? ions [38, 39].

4 Conclusion

In summary ZnS doped with different europium

concentrations have been synthesized using a simple

chemical precipitation method with PEG as capping

agent. Different emission colours have been obtained

on exciting ZnS:Eu3? nanophosphor at 395 nm for

different doping concentrations. For the excitation

wavelength of 465 nm the emission colour is red and

comparable with the CRT coordinates, at a doping

concentration of 3 at.%. Obtained results from PL

analysis showed that present ZnS:Eu3? phosphor

have potential applications for lighting and display

phosphors.
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WHAT EXPLAINS IPO UNDERPRICING IN INDIA?  
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Dr. Sreeja Sukumar K.(Corresponding Author) 
Assistant Professor, P.G. Department of Commerce and Research Centre, St. Peter‘s College, 

Kolenchery, Ernakulum, Kerala 

Abstract 

This research article examines the initial return of 120 IPOs listed on the National Stock Exchange 

during the five-year period from April 2015 to March 2020 and the factors explaining initial return. 

Compared to the previous studies which concentrates only on the returns on the listing day, this paper 

considers the return on 5
th

 day of trading also, in order to test the consistency of initial return.  The 

results of the study clearly indicate the under-pricing of IPOs and the existence of ‗Winners Curse‘ in 

the Indian stock market. It also found that the average initial return is substantially increasing on the 

5
th

 day of listing. The study found significant association between subscription rates and level of 

under-pricing on the listing day as well as on the fifth day, in line with the previous empirical 

findings.   

Keywords: under-pricing, initial return, market adjusted average return, subscription rates 

Introduction 

Underpricing literally mean selling or offering something lower than its original value. In the capital 

market underpricing implies the positive closing of a scrip on the listing day (compared to issue price) 

in a stock exchange. Among the common anomalies discussed in IPO literature, underpricing isthe 

prominent one. Under-pricing is evident in all markets, both developed and emerging. Most of the 

studies concentrated on U S market and all reported considerable amount of underpricing with 

different magnitude for different time periods. Underpricing from the point of view of issuers, is an 

opportunity cost. Researchers argue underpricing as an indirect compensation to underwriters 

(Loughran & Ritter, 2002).They also argue that issuers are not worrying about the money left on the 

table because of the sudden increase in their personal wealth (prospect theory). Another reason could 

be the superior knowledge advantage of the investment banker over the issue firm that cause to 

underprice the issue (Baron, 1982).There are well established empirical findings for underpricing in 

various capital markets around the world. In India, initial underpricing had been documented by 

various researchers. [See (Dhamija & Arora, 2017; Krishnamurti & Kumar, 2002; Madhusoodanan & 

Thiripalraju, 1997; Ranganathan & Saraogi, 2021; Shah, 1995)].  Unfortunately, there are few studies 

that concentrates on under-pricing with comprehensive set of variables and the survival of initial 

return up to 5 days of listing except studies conducted by (Puri, 2012; A. K. Singh & Kalra, 2019) in 

India who found initial returns on listing day and on subsequent critical days. In this study we 

examine the initial under-pricing and the 5
th

 day return on Indian capital market and measure the 

relationship of average initial returns with some important determinants such as subscription rates, 

firm‘s age and issue size.   

 

 

21

PRATHIBHA P H
Highlight

PRATHIBHA P H
Highlight

PRATHIBHA P H
Highlight

PRATHIBHA P H
Highlight



SOUTH INDIA JOURNAL OF SOCIAL SCIENCES 

 ISSN: 0972 – 8945 

 Vol. XX, July – December 2022, No.4 

                                                                                                                           40 

 

Degree of under-pricing and its causes in the U. S Market 

The reasons explaining underpricing include asymmetric information models of (Baron, 1982) and 

(Rock, 1986) where the former explains disproportionateness of information between the issuing 

firmand investment bankers and the latter explains this asymmetry between Informed and uninformed 

investors. (Michaely & Shaw, 1994)  reports the relation between underwriters‘ reputation and the 

degree of underpricing and supportsasymmetric information hypothesis of Rock.  Jay R Ritter (Ritter, 

1991) documents the short run and long run performance of IPOs with specific hypothesis and 

reported thatlong run under performance and initial underpricing are inversely related.(Jain & Kini, 

1994)examined the difference in working efficiency of firms when they become public from private. 

Their study found no substantial evidence to establish relationship between degree of underpricing 

and post issue performance rather reported decrease in the Market to Book ratio, Price Earnings Ratio 

and EPS after the IPO.   

Studies from emerging markets and from India 

The short run underpricing is a common phenomenon in emerging market as well.(Hermin & 

Murhadi, 2015)found significant relationship between underpricing and auditor‘s reputation, 

underwriter‘s reputation and return on equity among the IPOs listed on Stock Exchange during 2004-

14 with 204 samples in Indonesia. In the study of French IPO market, Aissia and Hellara (Aissia & 

Hellara, 2019)examined the leverage and idiosyncratic volatility of IPO firms and report that industry 

and macro-economic variables are the important predictors of IPO underpricing.Rakibul Islam 

studied the existence of underpricing theories in Bangladesh stock market in explaining the reasons 

for underpricing and the predictive power of variables (R. Islam, 2014). (Adjasi et al., 2011) finds a 

significant underpricing of Nigerian market at 43.1%. In Pakistan,(Mumtaz et al., 2016) found 

robustness of variables used for explaining underpricing. They found only 6 significant variables out 

of 15 and the study supports the investors sentiment theory but no significant relationship to explain 

ex ante uncertainty. In a recent study,(Ahmad-Zaluki & Badru, 2020) found significant relationship 

between underpricing and the intended use of IPO proceeds in the prospectus in Bursa Malaysia.In 

India, studies which report wide spread underpricing in India include (Bansal & Khanna, 2012; 

Hawaldar et al., 2018; Pande & Vaidyanathan, 2007; Sahoo & Rajib, 2010; Seth et al., 2019) and they 

tried to establish the relationship of different explanatory variables with the underpricing. 

(Sabarinathan, 2010) examined the Indian IPO market during 1993 to 2009 and found significant 

changes in IPO firms include the offer size, firm size (in terms of post issue paid up capital), the 

method of pricing, firm‘s age, type of Industry and intended stock exchanges for listing. Anchor 

investor‘s role in underpricing has documented by (Kumar & Sahoo, 2021).   This study tries to fill 

this gap by concentrating on the following objectives. 

 To measure the initial returns of Indian IPOs on the day of listing and on the 5
th
 day of listing on NSE. 

 To examine the factors explaining initial performance of IPOs,specifically, Issue  size, Age of the firm, 

and the Overall subscription rate. 

 Materials and methods 

The study focuses on examining the initial return of IPOs listed on National Stock Exchange during 

the five-year period from April 2015 to March 2020 and the factors explaining initial return.The 

closing share prices of companies are elicited from the official website of National Stock Exchange 

(NSE) (https://www1.nseindia.com) which are also supplemented with information available on the 

website https://www.chittorgarh.com. For collecting data of firm‘s age and issue details like issue 

sizeand oversubscription rate, we referred the prospectus and also use the information supplemented 
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by NSE and Chittorgarh. The data were compiled and arranged using M S Excel in proper form. For 

data analysis, we use EViews 9.0 software.  

 

Table1. Year wise details of number of companies listed on NSE during 2015-2020 

Year Total Number of 

mainstream IPOs 

Listed on NSE 

Included in 

Sample 

Excluded Sample 

(%) 

2015-16 24 20 4 16.67  

2016-17 28 26 2 21.67  

2017-18 45 41 4 34.16  

2018-19 20 18 2 15.00 

2019-20 15 15 0 12.50  

Total 131 120 11 100  

Source: www1.nseindia.com and compiled by the authors.  

Variables and Hypothesis Development -Dependent variable- Underpricing (MAAR) 

In line with previous literatures (A. Ljungqvist, 2007, Krishnamurti & Kumar, 2002)Market Adjusted 

Average Return (MAAR) on listing day is taken as a measure of  under-pricing.    

The process of computing the value of dependent variable (MAAR) is: 

First, the return on security i is calculated: 

  RRi = P1- P0 /P0 

Where, 

RRi= Absolute return of i
th

 share (Bruson, 2019) 

  P1= Closing share price on the listing day 

  P0 = Offer price of the security  

 Secondly, Market return (Mi) (Nifty 50 as benchmark) for the corresponding date of the IPO issue 

for each security is computed (closing value of Nifty on the listing day and Nifty on Offer closing 

day). 

Mi=(M1-Mo)/Mo 

MAAR = {(1+RRi/1+Mi)-1} *100) 

Where, MAAR = Market Adjusted Average Return. 

Dependent variable- Market Adjusted Average Return on 5
th

 day of listing (MAAR5) 

The above same procedure is followed for computing 5
th

 Day RR (RR5) and Fifth Day Market 

Adjusted Average Return. (MAAR5) 

Independent Variables 
The Average return (MAAR) is regressed across 3 Independent Variables, the firm‘s age, issue size 

and subscription rate. To make standardisation and to avoid heteroskedasticity, the values of all 

independent variables were converted into their natural log. 

Firm’s Age 

In many previous literatures (Vetsuypens & Muscarella, 1989), (Clark, 2002), (Boehmer & 

Ljungqvist, 2004), (Bansal & Khanna, 2012);  the ‗firm‘s age‘ is taken as the time gap (in years) 

between the year of founding of the company and the year of IPO issue. Older the company, 

assuming good popularity and track record, lesser is the chance for information asymmetry, leading to 
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less chance for under-pricing. Hence, there is an inverse relation between these two variables. Hence 

the null hypothesis can be stated as: 

Hypothesis 1: There is no significant relationship between Firm’s Age and the level of underpricing 

Issue size  

The log values of Issue size are used as an independent variable. Studies show that large sized issues 

have lower underpricing as the number of bidders (prospective investors) will be high (Beatty & 

Ritter, 1986), (Megginson & Weiss, 1991),(Bansal & Khanna, 2012)(Chhabra et al., 2017; Dhamija 

& Arora, 2017). Therefore, an inverse relationship is expected between degree of under-pricing and 

issue size. 

Hypothesis 2: There is no significant relationship between issue size and the level of under-pricing 

Oversubscription rate 

Oversubscription rate represented in the model by the log (the number of times the issue is subscribed 

in terms of offer size), is used as another IV to explain the level of underpricing. Oversubscription 

indicate the investor‘s demand to new securities (Dhamija & Arora, 2017). So, a direct relationship is 

anticipated between oversubscription and level of under-pricing. 

Hypothesis 3: There is no significant relationship between overall subscription rate   

  and the degree of under-pricing. 

Hence, the regression model is: 

MAAR= α+β1 lnissuesize + β2 lnsubsc +β3 lnage + εi ……… (1) 

Where, 

MAAR= Market Adjusted Average Return 

lnissuesize = Log of size of issue 

lnsubsc = Log of overall subscription rate (Number of times) 

lnage = Log of firm‘s age 

εi = Error term. 

Similar to above, hypothesis for establishing relationship between MAAR5 with the three independent 

variables are:  

Hypothesis 4: There is no significant relationship between Firms Age and the Market   

  Adjusted Average Return on day 5(MAAR5) 

Hypothesis 5: There is no significant relationship between Issue size and the Market   

  Adjusted Average Return on day 5(MAAR5) 

Hypothesis 6: There is no significant relationship between overall subscription rate   

  and the Market Adjusted Average Return on day 5(MAAR5) 

Hence the regression equation is: 

MAAR5 = α+β1 lnissuesize + β2 lnsubsc +β3 lnage + εi…………. (2) 

 Where: 

MAAR5= Market Adjusted Average Return on 5
th

 day of Listing.     (All 

Independent variables as explained above) 

Empirical results and discussion 

Descriptive statistics 

The difference between Raw Return (RR 15.94 %) and the Market Adjusted Average Return 

(MAAR) (16.07%) is only negligible at 0.13%. Other research studies also point towards similar 

findings Loughran &Ritter, 2002and Beatty&Ritter, 1986 (Beatty & Ritter, 1986). This is also in line 

with the findings of Hawaldar et al (Hawaldar et al., 2018) who reported the difference as attributable 

to stringent measures imposed by SEBI with respect to listing delay. Similarly, the Raw Return is 

21.07% and MAAR is 21.26% on 5
th

 day of listing. These findings underpin the under-pricing in 

Indian IPOs during 2015 to 2020. However, the level of initial under-pricing during this period is 
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much lesser compared to the findings of (Shah, 1995) which reported an initial under-pricing of 

105.6% during 1991 to 1995.   

Initial return on Listing Day and on the 5
th

 Day 

The year wise comparison of data revealed that underpricing was lowest in the year 2018-19 and the 

highest initial return was during the year 2016-17. The poor initial performance of IPOs during 2018-

19 was mainly attributable to the increased volatility in the Indian capital market along with other 

markets in the world. (SEBI Annual report 2018-19, pp.no.65 

Figure 1 Market Adjusted Average   Figure 2 MarketAdjusted Average Return on 

Return on the listing day   theFifth day of listing
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Figure  shows the variability of returns of various IPOs during the study period. Among the IPOs 

67.5% (81 IPOs) are under-priced (return >0) and 39 (32.5%) are overpriced (return<0). The average 

under-pricing for the period is 16.07% and 21.26% respectively. 

Test of Year wise Initial returns 

In order to test the statistical significance of year wise initial returns and the whole period returns 

(significantly different from zero or otherwise), t test is being used.   

All the‗t‘ values are significant except in the year 2018-19 means that the MAAR and MAAR5 in all 

the years are significantly different from zero. This finding is consistent with all of the previous 

studies which shows significant average underpricing in Indian Capital market.(Bansal & Khanna, 

2012; A. K. Singh & Kalra, 2019) 

Multiple Regression Results- MAAR 

The Raw Return (RR) and Market adjusted Average Return (MAAR) on the listing day and 5
th

 day 

was regressed with all the three independent variables. Since the difference between RR and MAAR 

is negligible, in line with previous literatures, this study reports only MAAR on the listing day and 

MAAR on 5
th

 day of listing.  

 Since the data are cross sectional, the residuals are tested for homoscedasticity and multi 

collinearity. The result using Breusch-Pagan-Godfrey Test shows heteroskedasticity among residuals 

and the presence of collinearity (Uncentered VIF >10) in the case of Firm Age and Issue size. 

Therefore, Whites Heteroscedasticity Consistent standard errors for Estimation, which is BLUE (Best 

Linear Unbiased Estimate) is used. The result of regression is presented in Table3 

  Table 2 Multiple Regression Results- MAAR 

White heteroskedasticity-consistent standard errors & covariance 

Variable Coefficient Std. Error t-Statistic Prob.   

C 5.221880 16.09707 0.324399 0.7462 

LNISSUESIZE -1.120868 2.123964 -0.527725 0.5987 

LNSUBSC 12.01806 1.399211 8.589168 0.000* 

LNAGE -3.222722 2.039387 -1.580241 0.1168 

     
R-squared 0.528180     Mean dependent var 16.06956 
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Adjusted R-squared 0.515977     S.D. dependent var 29.40867 

Prob(F-statistic) 0.000000     Wald F-statistic 28.21190 

Prob(Wald F-statistic) 0.000000    

          
 Out of the 3 IVs, only the subscription rate is significant (0.000). Therefore, the H3: There is 

no significant relationship between overall subscription rate and the degree of under-pricing”, is not 

accepted at 5 % level of significance. This result is in line with the findings of (Rock, 1986; P. Singh 

& Kumar, 2008). It can be inferred that there is a strong positive relationship between the overall 

Subscription rate and the level of initial under-pricing. 

  Table 3 Subscription Rates and Initial Returns for separated data 

Category No. of 

sample 

Percentage Average Mean 

subscription in 

no. of times 

(Median) 

MAAR-

Listing 

Day 

% 

MAAR- 

5
th

 Day 

% 

Under-priced 81 67.5 51.17 

 (32.05) 

27.13  35.76 

Over-priced 39 32.5 4.22 

 (1.9) 

-6.91  -8.85 

Total 120 100    

Source: Secondary data compiled by authors. *Median values are shown in parenthesis. 

 For better understanding, the data was bifurcated into two sets; one set representing the under-

priced issues and the other, the overpriced (Table 4).  Out of the total sample of 120 IPOs, 81 IPOs 

(67.5 %) are under-priced and the average subscription rate of under-priced IPOs is 51.17 times of 

offer size whereas, that of over-priced IPOs (32.5%) is 4.22 times of offer size. Whereas, the initial 

return in under-priced section on listing day and 5th day of listing is 27.13% and 35.76% respectively 

and for overpriced section, the respective negative returns were -6.91% and -8.85%. Similar 

inferences were found in several international research studies(Rock, 1986; Vong &Trigueiros, 2009). 

Accordingly, there are two categories of investors, informed and uniformed. Informed investors will 

be crowded across the when the  issues are good and they do not invest in bad issues since they have 

better information about the future growth prospects of the company. Whereas, the uninformed 

investors fail to recognise good issues and bad issues (Rock, 1986). The informed will get majority of 

good issues and the uninformed will get smaller portions in good issues and larger portion in bad 

issues and they will lose in terms of first day return, popularly referred to as ―winners curse‖. Thus, 

higher subscription is found in case of underpriced issues than those of overpriced issues. These 

resultsunderlined the findings of Hong Kong IPOs  (Vong &Trigueiros, 2009).  

Relationship of Firm Age and Issue size with the level of under-pricing 

The study analysed the relationship of Firm Age and Issue size with the level of under-pricing. Table 

3 shows that firm‘s age is inversely related with the degree of under-pricing (t value -3.222722), even 

though not significant. This expectation of a inverse relationship between age and degree of 

underpricing is consistent with (Vetsuypens & Muscarella, 1989) ,(P. Singh & Kumar, 2008)and 

(Bansal & Khanna, 2012, 2013) but contradict to the findings of (Islam et al., 2010) they found a 

significant positive relationship between Firm’s age and the level of under-pricing in Bangladesh 

market.  Even though the sign is negative,  there is no evidence of significant relationship between 

level of under-pricing and issue size, which is also contrary to the findings of (Islam et al., 2010). 
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The model has overall significance at 5% (F, 0.0000) and the adjusted R
2 

is 0.516 indicates that 51.6 

% of the variability in level of underpricing in Indian IPO market is explained by issue size, firm age 

and subscription rate. This finding supports the theory of ex ante uncertainty as we could not predict 

the IPO returns with 100% accuracy. The uncentered VIF for Age and Issue size (Uncentered VIF is 

17.24 and 33.03 respectively) is comparatively smaller. Besides, White heteroskedasticity-consistent 

standard errors and covariance for estimation makes the model valid.  

 Consistency of Under-pricing on the Fifth Day (MAAR5) 

 It is found that the MAAR5 (21.26 %) is higher than that of the MAAR on the listing day 

(16.06%). A multiple regression was run to identify the factors explaining the MAAR on 5
th

 day. 

Table 4 Multiple Regression Results-MAAR5 

Variable Coefficient Std. Error t-Statistic Prob.   

C 45.52696 34.44890 1.321579 0.1889 

LNISSUESIZE -3.147644 4.245138 -0.741470 0.4599 

LNSUBSC 13.76931 2.795305 4.925869 **0.0000 

LNAGE -12.16847 6.719193 -1.811001 *0.0727 

R-squared 0.198445     Mean dependent var 21.26017 

Adjusted R-squared 0.177715     S.D. dependent var 58.62788 

F-statistic 9.572874     Durbin-Watson stat 2.045561 

Prob(F-statistic) 0.000011    

 

The analysis show that Subscription rate is the most significant factor explaining initial return on the 

5
th

 day of listing (Table 5). The null hypothesis 6 rejected at p value 0.0000 which is highly 

significant at 5% level. This result sheds some light on the continuous demand of the shares from the 

investors who are ready to buy shares even on the 5
th

 day of listing as indicated at the time of floating 

through high oversubscription rate. TheFirm’s Ageis negatively related with level of under-pricing 

and is significant at 10%. Our results failed to accept null hypothesis 4 at 10% and are consistent with 

many previous studies which have reported inverse relationship between initial returns and firm‘s age 

(P. Singh & Kumar, 2008).Similar to the regression results of MAAR on listing day and in line with 

previous literatures, there is anegative relationship between level of underpricing and the issue size 

[see (Madhusoodanan & Thiripalraju, 1997)]. Even though the sign is negative, the null hypothesis 5 

is accepted and concluded that there is no significant relationship between level of under-pricing and 

Issue size. 

The residuals are checked for heteroscedasticity and the null hypothesis is acceptedand concluded that 

residuals are Homoscedastic. The model has overall significance at 5 % (Since F test-P value is 0.00) 

and the adjusted R
2 

is 0.178 indicates that 17.8 % of the variability in MAAR5 is explained by the 

independent variables.  

Conclusion 

The empirical evidence of IPO underpricing is an international phenomenon. The present study 

focused on examining the initial return of IPOs listed on National Stock Exchange during the five-

year period from April 2015 to March 2020 and the factors explaining initial return. Apart from the 

previous studies which concentrates only on the returns on the listing day, here, the return on 5
th

 day 

of trading is also taken into consideration in order to test the consistency of initial return just after 

listing. The initial under-pricing is 16.07 % and MAAR on 5
th

 Day is 21.26 %. The observed level of 

underpricing in this study is lesser than the findings of most of previous studies which were done in 

pre- book building era and this could be attributable to the stringent measures by SEBI to reduce 

27



SOUTH INDIA JOURNAL OF SOCIAL SCIENCES 

 ISSN: 0972 – 8945 

 Vol. XX, July – December 2022, No.4 

                                                                                                                           46 

information asymmetry. The under-priced issues were oversubscribed substantially when compared 

with the average overpriced IPOs. The results of the study clearly indicate the underpricing of IPOs 

and the existence of ‗Winners Curse‘ in the Indian Capital market. It is found that the average initial 

return is substantially increasing on the 5
th

 day of listing, therefore, the investors will be benefitted if 

they wait to exit from their investment on the 5
th

 day of listing rather than on the listing day. Above 

all, the association of subscription rates and level of under-pricing is highly significant, on the listing 

day as well as on the fifth day, in line with the previous empirical findings. Further research on Indian 

capital market needs to be made by including more industry related and emerging market factors to 

shed more lighton the capital market anomalies. 
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Abstract 

Women’s struggles in the context of contemporary Indian society, to find and preserve her 

identity as wife, mother and most important of all, as human being is Shashi Deshpande’s major 

concern as a creative writer, and this appears in all her important stories. This is truly applicable 

to her novels as well. Our society considers women as ideally sympathetic, gentle, warm, 

passive and dependant. Domestic life and the work patterns evince the concept that women 

should be subordinate to and dependent on men. Through the character of Indu, in Roots and 

Shadows, Shashi Deshpande has very exquisitely portrayed the inner struggles and sufferings 

of the new class of Indian women, who have raised many questions regarding modern women 

who are tooted and shaped by the Indian customs but influenced by the Western wold.  

Key words: Identity, Existence, Root, Realization 

The emergence of women novelists in Indian English literature took place as early as 

the last quarter of the nineteenth century.  But it was only after independence, that they could 

make solid contribution to Indian English fiction. The post-independence period, has brought 

to the forefront a number of noted women novelists who have enriched Indian English fiction 

by a creative release of feminine sensibility. The woman has been the focus of many literary 

works in this period and the major writers who have achieved recognition in the last decade 

of the 20th century are Kamala Markandaya, Nayantara Sahgal, Ruth Prawer Jhabvala, Anita 
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Desai, Shashi Deshpande and the life through the eyes of women writers, one gets a glimpse 

of a different world till now not represented in literature. Women, who were treated as second 

class citizens were assigned their due place in these writings. 

 Shashi Deshpande is one of the famous contemporary Indian novelists in English. 

Deshpande’s novels deal with the image of women in general. The writer with most sustained 

achievement in feministic fiction, has to her credit eight novels, six collections of short 

stories, and four children’s books. Her writing is clearly a part of Indian literature, and 

emerges from her rootedness in middle class Indian society. G.S. Amur aptly remarks: 

“Women’s struggles in the context of contemporary Indian society, to find and preserve her 

identity as wife, mother and most important of all, as human being is Shashi Deshpande’s 

major concern as a creative writer, and this appears in all her important 

stories“(SD,Tlo,10)This is truly applicable to her novels as well. Our society considers 

women as ideally sympathetic, gentle, warm, passive and depended. Domestic life and the 

work patterns evince the concept that women should be subordinate to and dependent on 

men. 

The protagonist of Roots and Shadows is a young woman who has rebelled against her 

authoritarian and traditional joint family. This work comes out with its feministic approach in 

Indu’s, the protagonist’s, exploration into herself. Indu left home as a teenager to study in a 

big city, and is now a journalist, she has married the man of her choice. But she realizes that 

her freedom is illusory; she has exchanged the orthodoxy of the village home for the comforts 

of the smart youngest of the city, where material well-being has to be assured by sacrificing 

principles, if necessary. She returns to the family home after an absence of twelve years when 

her great aunt, a childless widow dies, leaving her wealth to Indu. As the heroine takes charge 

of her legacy, she comes to realize the resilience of the village woman she had dismissed as 

weak. 
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Indu traverses the road of self-realization and her destination is the point of 

comprehension of the mystery of human life. The struggle of such women gives shape and 

meaning to their individual existence in a sexist society. According to Deshpande, no amount 

of theorizing will solve women’s problems- especially in the Indian context. Through Indu, in 

Roots and Shadows, a woman’s attempt to assert her individuality and freedom is depicted. 

This work can also be called as a novel which explores the inner struggle of Indu, who 

represents a set of modern women who are educated and are very much in contact with the 

society, dealing with the critical problems like love, sex, marriage, settlement and 

individuality. 

 The story of this novel revolves around Indu. She broke away from her family out of 

resentment and married for love in order to assert her freedom. The four generations of the 

family lived together in the ancestral house built years ago by Indu’s great-grandfather. It was 

an ancient family over which Akka ruled like an inconsiderate tyrant, ruthless and 

dominating. She was so dominating that she could reduce Kaka to a “red-faced stuttering 

school boy by her venomous tongue”, even after he had become a grand-father. Living in the 

family was so close and so entangled with one another that if anyone moved, the other was 

bound to get hurt. Therefore, an undercurrent of tension was always present even during 

times of great rejoicing. There were intrigues, jealousies, rivalries and malicious words. Thus 

there were many diverse conflicts 

The conflict between individual freedom and social obligation is evident mainly in the 

character and destiny of Indu. Her life functions simultaneously as the story of an individual 

as well as an institution. The institution to which she is actively related is the joint family 

system. The institution of marriage also figures significantly in the novel. Indu is engaged in 

a quest for freedom and self-identity. Her quest is at first frustrated by her joint family and 

later by her marriage with Jayant. Right from her childhood, Indu had seen that women 
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occupied a secondary place in the family. As a child she had been told to be obedient and 

unquestioning, as a girl she had been told to be weak and submissive.  When she had 

gathered the courage to ask why, she had got the answer that this was the only way a female 

could live and survive. She is forced to accept everything, even defeat, gracefully and her 

intelligence was only a burden for her and she is not supposed to think. Indu, finds dominant 

Akka and her family, a great hindrance to achieve her goal. When at college, Akka did not let 

her meet boys and cultivate friendship with them.  

Women like Mini, Indu’s cousin, are always involved in the fetishes of traditions and 

home hold work. They have no other option but to remain satisfied with the things provided. 

Even Akka herself represents another facet of deprived womanhood. She is the youngest 

sister of Indu’s grandfather. Akka returns to her parental home as a rich widow after the death 

of her husband. At the age of twelve she got married and became a victim of the evils of 

patriarchal practices. Her soul of child withers away when she has had to tolerate the scathing 

and bestial sexual advances of her husband. Indu gathers all these from Narmada – Atya. 

Akka’s personality gets changed when her husband faces a stroke .Now Akka learned the 

technique of domination. She knew that the world was made up of two types of people, the 

powerful and the weak and the powerful always ruled the weak. 

Women are toned or conditioned to merge their aspirations and desires with those of 

their family. The instance of Mini before her, makes Indu understand that the very objective 

of educating a girl child was not to give her an independent stand but to get a good match. 

Later she leaves home and marries Jayant, a man of her choice .She leaves her parental house 

and enters the house of her husband to achieve freedom and completeness but soon realize 

the futility of her doings and decisions, “Jayant and I.....I wish I could say we have achieved 

complete happiness. But I cannot fantasize” (Deshpande 14). She continues, “This is my real 

sorrow that I can never be complete in myself. Until I met Jayant I had not kown it....that was 
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somewhere outside me, a part of me without which I remained incomplete. Then I met Jayant 

and lost ability to be alone” (Deshpande 34). It appears that marriage has taught her the 

lesson of deception, “Her desire to assert herself had driven her from affection to hypocrisy” 

(Deshpande 33). Indu herself feels “I had learnt to reveal to Jayant nothing but what he 

wanted to see... I hid my response as if they were bits of garbage” (Deshpande 41).All these 

touching facts of losing her identity into her husband’s, frightens her. Gradually Indu found 

that Jayant had not only expected her to submit but had also taken her submission for granted. 

She, unaware of it, submitted herself to him step by step on the altar of love. When she met 

the reality, she found that it was not love but an adjustment, as she never wanted strife in her 

married life .She bears everything only to show her victory over her parents. Indu resented all 

this suppression. She had sworn that she would never be a hypocrite and so she had been 

rebellious since birth. She had thought that womanhood was a beautiful world, but it was 

thrust upon her so brutally and harshly that she had received a rude shock and started 

resenting the fact that she was a woman.  

The novelist presents a veritable state of women in which modern women are bound to 

live between tradition and modernity is revealed through Indu. She mocks the very word 

‘love’, “I love a book, a word, or a sari, a curry, a child, a man” (Deshpande 97).The 

experience that love has no place in her life and drives her to the extreme stance of seeing 

only stratagem and betrayal, all around . She feels how sex becomes an emblem of power and 

authority.  Marriage proves to be another trap and woman feels like a caged animal. Thus she 

willingly surrendered herself to Jayant even before he pressurized her to do so. She who had 

considered herself to be so independent, intelligent, clever and so proud is not seen anywhere. 

She who had set out to reform Indian womanhood has fallen into the trap waiting for her. She 

even wanted to get off leaving Jayant and living alone for that seemed to be the only way of 

becoming herself. 
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Indu felt uneasy not only about her marriage but also about work too. What her editor 

said and what was acceptable to the public did not matter her. But she had not voice there too. 

When she voiced her doubts, Jayant answered that one person cannot change the whole 

system, therefore, there was no point in making herself an object of ridicule. It also worried 

Indu to realise that she had deserted her family only to become a part of success oriented 

patriarchal society. Of course she now belonged to the smart young set but was often 

depressed. She regrets that she had left her family for this hypocritical life. Her mother had 

died giving birth to her, but the family had never let her feel a motherless child. She felt that 

her wish to assert herself had stemmed from hypocrisy and assurance. 

Akka is the eldest and the guardian of the family. She does not approve of Indu’s 

marriage with Jayant. Nor do the family members dare approve and invite them. Akka 

believes that love marriage does not work. Love marriage could involve different castes and 

perhaps different languages. Kaka is also afraid of Akka and does not invite Indu. She 

marries Jayant who belongs to a joint family but prefers and moves to a nucleus family. Later 

on Indu moves back to the joint family as she has been made an heir to Akka’s family. 

Financial power is very crucial in a joint family. When Indu feels unhappy with her conjugal 

life she is made heiress to the whole property. Thus she gets an opportunity to be away from 

Jayant. It was after ten years since she left her family. Jayant discouraged her decision. 

However, it was only when she reached her parental home that she realised how much it 

meant to her. She felt so comfortable and so much at home that she realised where she 

belonged to. As she is alone in Akka’s house, she develops an intimate relationship with 

Naren. But soon she wished that she had listened to Jayant’s advice and not come back. This 

was a very huge and unwanted responsibility for Indu as she had always wanted to be 

completely detached and not involved with the family.  
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Indu found herself in an unenviable position for there were so many people and all of 

them wanted her to do different things. Some of them are Narendra Atya, who had been 

widowed in her childhood, Sunanda Atya who had an irresponsible and jobless husband and 

the like. Finding herself in a state of dilemma Indu was tempted to follow Jayant’s advice, 

who had written her that there was no need to be involved in other people’s problem. As all 

the possibilities were going through her mind, she had the opportunity to reconsider her 

relationship with her husband. At the same time she was greatly attracted to Naren. He was 

also attracted to her and she gave herself to him twice, but the very next day her mind was in 

turmoil of matters of sin, crime, right and wrong. But she does not take love making as a sin 

or crime. Later she feels ashamed of herself and tells Naren, “...When you tried me, I 

thought… this is Jayant. So that’s all I’m Naren. Not a pure woman. Not a too faithful wife. 

But as an anachronism. A woman who loves her husband too much, too passionately and is 

ashamed of it” (Deshpande 192). 

She is also ashamed of herself for not being a virgin woman. Therefore, she hates her 

womanhood. After realizing her failure in married life, she looks down upon marriage as a 

trap, “A trap? Or a cage? ... a cage with two trapped animals glorifying hatred at each other” 

(Deshpande 67). This sheds a light on Indu’s awareness of her autonomy and realization that 

she is a being, and not a dependent on her husband. Jayant never tried to understand her 

feelings.  Thus there is no real communication between them, “Love, that’s a word I don’t 

really understand. It seems to me an overworked word... sometime I wonder if I will leave 

him.... the only way in which I can be, myself, my whole self again” (Deshpande 97). 

Because of this thought, instead of leaving Jayant, she goes back to him with the vain hope 

that things will change the situation “... go back to Jayant. What kind of a life can you build 

on a foundation of dishonesty.... Now I would go back and see that home could stand the 

scorching touch of honesty? Nevertheless, I knew I would not tell Jayant about Naren and 
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me” (Deshpande 205). According to Jasbir Jain, Indu’s “... adulterous relationship does not 

lead to a sense of guilt, instead it liberates the psyche from false restrictions” (Deshpande 15-

16).  But this is not fair. We cannot agree with Jain’s theory of “liberating the psyche from 

false restriction” because how can anyone bring in the physical relationship with someone 

other than the husband as a liberation of psyche from false restriction. Then if men also start 

thinking like this there will not be any respect to the institution of marriage. 

Indu’s profession, namely writing, after marriage too was one that she undertakes to 

support her family expenditure as she got married without parents’ permission. She expresses 

her on writing thus, “I no longer have any desire to mould people, to change them, to reform 

society. There is only one thing I know I can do... I can write…” (Deshpande 15). By this she 

asserts that she has no desire in reforming the society through her writings. While in the 

process of writing too she feels tired and wants to abandon it. Indu’s failure in all these fields 

shows that she is dishonest in her endeavours. She is always in a chaotic state of psyche and 

combating with circumstances to reach final solution. According to Indu, one should listen to 

the dictates of one’s own conscience and be true to oneself in speech and action. But 

unfortunately, she herself had failed to do so either for fear of failure or some other reason. 

She wanted to show her family that her marriage was a success and she had lied and 

compromised all along losing her identity. Indu who had proudly thought that she would 

never pretend had actually pretended before Jayant by not revealing her whole self to him, 

thereby wronged to Jayant, Naren and herself too. Indu had believed firmly that she should be 

detached and will not be involving in any unnecessary matters. But her relation with Naren 

revealed her concept to be wrong. She realized that Jayant would be shattered if she were to 

reject him, unlike Naren. Naren remains unaffected by Indu’s rejection because he was a 

totally detached person, he was no body’s husband or lover and he loved music to such an 

extent that he could completely lose himself in it. This made Indu realise that love was not a 
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restricting but a uniting bond and life meant depending, on each other. The only way in which 

she could bring harmony in her married life was to stop pretending and to reveal her whole 

self, her weakness and strength, her virtues and vices.  

The author employs the technique of withdrawal as a tool for self-realisation for her 

protagonist. Indu withdraws away from her suffocating life situations. Unable to adjust to the 

social demands on her she attempts a temporary psychological as well as sociological 

withdrawal. This renders her freedom and ensures a place for her in both family and the 

society. All of a sudden Indu’s vision becomes clear and she knows what she has to do. Now 

she realizes that Akka had been a pillar of strength, rather than an interfering old woman as 

she perceived. She has chosen Indu as her heiress because she believed that Indu was capable 

of showing the same indomitable courage and strength. Whatever freedom she wanted, Indu 

had to find within the bounds of her obligations and responsibilities and within them one is 

free to do what one wants. 

Through the character of Indu, Shashi Deshpande has very exquisitely portrayed the 

inner struggles and sufferings of the new class of Indian women, who has raised many 

questions regarding modern women who are tooted and shaped by the Indian customs but 

influenced by the Western world. In ancient times, Indian woman was hailed as ‘Pativrutha’ 

or ‘Sati’ and now she is a changed person. Now she is aware of her conscience, her quest, her 

identity, her place and role in the family and society. Indu represents such a woman.  The 

society can either reject and condemn her or encourage and co-operate with her in efforts to 

establish a new image. Shashi Deshpande generally as the female protagonist and employs a 

kind of stream-of-consciousness techniques. Almost all her novels deal with crisis in the 

heroine’s life. Through the protagonists’ consciousness-raising voice, struggling to assert her 

femininity, the author gets to the root of existence and gives vent to a kind of female 

subjectivity which refuses to reconcile and identify herself with the patriarchal and male- 
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dominated society. Roots and Shadows reflects the turmoil of modern existence with its 

divergent demands and pressures by delineating the crisis of human personality and human 

relationships. This is confined within the parameters for home and family. 
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Abstract: The objective of this extract is to go through of the some of the reflections on our great Indian 

culture. We often hear the phrase “Indian Culture“. But when we speak of that, certainly we do not have in 

mind the details of our culture. We have a vision, a view point which is unique to Indian culture. It is a culture 

which rejects narrow mindedness. Indian culture means sympathy and compassion. It adores the heart as 

well as the intellect. Mother earth is the one who forgives all our wrongs to her. She is very generous. Indian 

culture tell us that the earth is like our mother and should not be neglected at any cost.. 

  

Keywords: Indian culture 

 

I. INTRODUCTION 
Culture is the sum total of man’s thoughts, expressions and actions. Hindu culture is understood from the Vedas, Ithihasas, 

Puranas etc. Consideration for the feelings of others, for the rights of others and for the faults of others are the highest 

marks of culture and without this man would be uncultured. Indian culture has tried to build an intimate ties with animals, 

birds, trees and shrubs. Indian culture has given to all these a loved place in the human family. Man’s power is limited. 

But Indian culture teaches man to use that limited power in the best possible way. It is not in our power to care for all the 

animals in nature. We cannot have a loving relationship with every single animal in nature. But let us at least create bonds 

of affection with some of the animals. 

In man’s moral philosophy, the whole of creation should be considered, whether animate of inanimate. If man cares only 

for the human species, he would be on the same level of animal’s and birds. Man will prove supreme in creation only is 

he loves and looks after non-human creation, only if he establishes a close relationship with non-human nature. The real 

greatness of man lies in his being able to say that he loves everything in nature, rather than in his ability to destroy the 

rest of creation. The cow, in our traditional culture, is not merely regarded as an object of utility. It is true that in the 

beginning man saw the cow’s importance mainly because of the numerous ways in which she can be useful.  

But once a cow enters our courtyard she becomes a member of our family. Indian culture does not recommend that cows 

and bullocks, when they became old, should be sent off the butcher. The cow gave us an abundant supply of milk for ten 

or fifteen years. She produced oxen who plough our fields and do their jobs for us. If we abandon such a cow because 

she has now grow old, would be sheer ingratitude. Man does not live by utility alone. He has noble feelings which give 

value to his life. If we kill our loftier feelings with the weapon of utilitarianism, our worth as human beings will be 

reduced to zero that is what is our tradition teaches us and we must always remember this.  

In the cultural tradition of India, the cow is to be regarded as a member of the family. We set aside a portion of food for 

the cow before beginning our meal. Serve the cow first and then eat : such is the practice. Through cow we worship all 

the other animals. Homage to cow is considered as homage to the entire animal kingdom. The cow is omnipresent in 

Indian culture. But now we know that the modern man due to their slavery, ignorance or poverty treats them in a brutal 

way and our life had become mechanical. Just as we can establish a relationship with the entire animal kingdom through 

the cow, we have to come close to birds too. With our limited strength we may not be able to relate to all birds of the 

entire world.  

But we do remember the few species of birds that dwell near our houses. Before starting our meals we used to welcome 

crows and gives them a few crumbs of food in the past. Crows and sparrows are part of our surroundings and we remember 

them often. As an example we may notice how the grandmothers used to feed their younger one’s calling the birds and 

giving them too a share of the food. The crows and sparrows in whose company our children grow up surely deserve our 

gratitude. By beckoning them we can express our interest in the entire kingdom of birds. Much value is given to birds in 

Indian culture. Peacock, kokil, parrot etc were our favorite birds and we used to give their names to our children. The 

relationship such birds and their masters is an example of the deep longing of the human soul to establish close kinship 
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with the rest of creation. Trees, shrubs, creepers, grass and reeds -- like animals and birds - are bought into intimate 

relationship with man. Such has been the Indian cultural tradition. It is obvious that man cannot look after the whole of 

the vast vegetative world. That is the function of the clouds in the sky.  

But we do make an arbour for the tulsi plants. We look upon tulsi plant as a representative of the vegetation. we worship 

tulsi plant, we water it before other plants in the garden. To remember tulsi is to remember all other shrubs and plants. In 

our culture we see a deep love for bushes, climbers and creepers. If we look at the poetical dramas of Kalidas, we can see 

this love expressed in many ways. Shakuntala arranges the marriage of a mango tree with atimukta creeper. In our great 

epic Ramayana, Rama was banished into the forest for twelve years. But to him, life in the forest was not as an ordeal. 

Ram preferred the creepers and arbours of the forest to his marble palace in Ayodhya. He loved forests and groves. The 

moment we think of Rama, the image of Panchavati comes before us. Rama, Sita and Lakshmana spent many happy days 

in the shade of giant banyan trees in the Panchavati ashram. Sita planted trees around the little thatched hut where they 

lived. She fetched water from Godavari river to water them. We have ascribed human feelings and sensations to trees and 

shrubs. In the summer, a sun-shade is built over the tulsi plant toprotect it from the heat. We abstain from plucking flowers 

and fruits in the evening, after dark. It is also customary not to dig grass after dark. The feeling is that trees and shrubs 

are asleep at night so we should not disturb them in their sleep.  

In this way, Indian culture has created for man an affectionate relationship with animals and birds, trees, shrubs and 

creepers. It is assumed that animals, birds and trees are not only alive but are also endowed with consciousness and 

feelings. They are born, and they die. They experience both pleasure and pain. Such is the Indian way of looking at life 

in general. When we see a river, greet her. We are indebted to rivers in many ways so worship them. Worship mountain 

because it is covered with vegetation which sustains us, that is what our tradition says. We addresses rivers as mothers. 

Their life-giving water sustains us. We may be able to do without m other’s milk, but not without the water offered to us 

by Mother River.  

The entire creation teaches us Advaita. The clouds give away all their water, the trees give their fruits, the rivers their 

moisture, the flowers their fragrance the sun and the moon give their light. Their message is: whatever exists is for 

everyone, let every thing be enjoyed together. The stars in the firmament are for everyone. The life-giving breeze that 

God gives us are for one and all. But man builds walls of separation and marks out his own property.  And the earth, the 

greatest of all. Mother Earth is the one who forgives all our wrongs to her. She is very generous. we prick her with   our 

ploughshares and she comes with corn foe us. We throw rubbish upon her we jump and dance upon her body. But Mother 

Earth does not get angry. She forgives all her children, Indian culture tells us that the earth is like our mother and should 

never be neglected. In our mythology, the earth is visualized as wearing the dress of ocean. The sun, the Moon and the 

stars are the flowers with which she adorns her hair. She has a garland of flowers with which she adores her neck. The 

mythical serpents, Sheshanaga and Vasuki, are considered as her anklets on her feet. Getting up in the morning, we 

apologize to Earth for the disrespect we would be showing her throughout the day and for trod on her. With boundless 

love for the whole of creation, animate and inanimate expressing gratitude towards all, we begin our day. Such is our 

Indian Culture. Let us attune ourselves to its music. Let us try to understand the ideal of this culture, its goal, its intention 

and its longing. We may carry forward into the future the great vision of our ancestors who created this culture.  
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a b s t r a c t

A simple and efficient method is developed to incorporate nanosilica (NS) into styrene-butadiene rubber
(SBR) without using any coupling agents. Sodium isopropyl xanthate modified nanosilica (SIPX-NS) is
homogeneously dispersed into SBR to give a better filler-rubber interaction. The SIPX-NS accelerates sul-
phur vulcanization leading to excellent mechanical properties for SBR composites. An obvious improve-
ment in overall properties of SBR by the incorporation of nanosilica modified with a vulcanizing
accelerator is showcased in this work. This brings new opportunities for the rubber composites with
high-performance applications. The tensile strength and thermal stability of SBR 6SIPX-NS composite
has been improved by 53% and 11 �C respectively compared to SBR gum composite.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advances in Materials Science.

1. Introduction

The elastomer composite technology is in a paradigm shift as
silica occupies the place of carbon black. The environmental and
economic advantages of silica technology overcome the difficulty
in processing of rubber with silica. It also minimises the use of
expensive coupling agents. The easy incorporation of silica in the
elastomeric composites without the use of coupling agents will
lead to a quantum leap in the elastomer composites technology
in future. Nanosilica has several properties like strong adsorption,
surface activity, unsaturated valence bonds and electron tunnelling
[1]. However, silica particles tend to agglomerate because of high
surface energy [2]. Besides, abundant hydroxyl groups present on
nanosilica surface result in hydrophilic nature and that causes
incompatibility with elastomers [3–6]. To facilitate the interface
bonding between polymer chains and nanosilica particles, silica
modification is essential [7]. Different methods used for silica mod-
ification include chemical, thermal, electrochemical methods and
also treatment with coupling agents [8–11]. Among the coupling
agents, silane coupling agents are mainly used in rubber industry

in order to get better dispersion of silica in rubber composites.
The reinforcing efficiency of silica is enhanced by the reaction of
functional groups present on silane coupling agents with rubber
and silica [12]. Silane coupling agents can act as good in-situ mod-
ifying agents because of its ability to toughen the filler-polymer
matrix via the development of covalent bonding between SBR
and nanosilica particles [13,14].

In this work, the reinforcement effect of sodium isopropyl xan-
thate (SIPX) modified nanosilica on SBR composites is studied in
detail. Thermal characteristics of pristine and modified nanosilica
SBR vulcanizates were evaluated by TGA. The variations in chemi-
cal interactions of SBR vulcanizates were assessed from the cross-
link density.

2. Experimental

2.1. Materials

Emulsion grade SBR (24% styrene content) was purchased from
Reliance Industries, India. Nanosilica of 520 m2/g. surface area was
synthesized in our laboratory [15] and modified using SIPX by a
refluxing method [16]. Commercial grade of sulphur (S), Tetram-
ethylthiuram disulphide (TMTD), N-cyclohexyl-2-benzothiazole

https://doi.org/10.1016/j.matpr.2021.12.568
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sulphenamide (CBS), styrenated phenol (SP), stearic acid, and Zinc
oxide (ZnO) were used. Toluene and diethylene glycol (DEG) were
purchased from Merck Specialties Private Limited, India.

2.2. Methods

2.2.1. SBR/nanosilica composites preparation
The SBR/nanosilica compounds were prepared as per ASTM D

3184 standard on Thermo Haake Polylab for 8 min at 70 �C. Masti-
cation of SBR was carried out for 3 min and then ZnO, stearic acid,
nanosilica and DEG were added. After three minutes, CBS, TMTD
and sulphur were added. The mixing was continued for another
two minutes to obtain a homogeneous dispersion of ingredients.
After thorough mixing, the compound was sheeted out 5 times in
a laboratory mixing mill and finally at a nip gap of 3 mm. This com-
pound was kept for maturation for one day at room temperature
before moulding. The formulation of SBR mixes are shown in
Table 1. Our previous work showed that the SBR composite with
5phr nanosilica (SBR 5NS) loading [15] provides better perfor-
mance. Hence in this work accelerator modified nanosilica varied
from 5 phr to 7phr. The compounds were moulded at 160 �C and
150 kg/cm2 pressure at optimum cure time in a hydraulic press
with 1 feet platen size.

2.3. Characterization methods

The microstructure of tensile fractured surfaces was analyzed
by JOEL (Model JSM 8390 LV) scanning electron microscope. TA
instruments (model Q-50) Thermogravimetric Analyser was used
to perform the thermogravimetric analysis. The cure characteris-
tics of rubber compounds were determined on Rubber Process
Analyser (RPA 2000) as per ASTM D 5289. Instron make Universal
Testing Machine was used for the stress–strain analysis of samples
according to ASTM D 412. ASTM D 624 standard was used to mea-
sure tear strength of composites. The hardness of samples were
measured using Durometer (Shore A type) as per ASTM D 2240.
Bariess make DIN abrader was employed for abrasion loss analysis
as per ASTM D 5963. Densimeter was used to determine the speci-
fic gravity of composites as per ASTM D 297. Compression set of
vulcanizates was studied as per ASTM D 395 standard. Goodrich
flexometer, Dynisco, USA was used to determine the heat build-
up analysis as per ASTM D 623. ASTM D 7121 standard was used
to measure the rebound resilience using Dunlop Tripsometer.
Swelling of the samples were studied using toluene as solvent.
Flory-Rehner equation was used to calculate the crosslink density
of the vulcanizates [17].

3. Results

3.1. Cure parameters of SBR nanocomposites

Fig. 1 shows the cure behaviour and Table 2 shows the cure
parameters of SBR nanocomposites. According to Mathew et al.
[18], the cure parameters of the nanocomposites are influenced
by the concentration and surface nature of silica. From Fig. 1, the

optimum cure time and scorch time of SBR 5NS composite showed
higher value owing to the absorption of curatives by nanosilica
particles. However, both the scorch and optimum cure value for
SBR SIPX-NS composites are lower than SBR 5NS composites. This
is due to the adsorbed accelerator molecules of SIPX over the sila-
nol hydroxyl groups on nanosilica after the modification, which
enhances the accelerating effect of vulcanization. Ismail et al. sug-
gested that an increase in the filler concentration causes a decrease
in scorch time due to the higher amount of heat development dur-
ing mixing [19]. Lower scorch time of SBR SIPX-NS composites
indicates its poor processability. Maximum torque (MH), a measure
of crosslink density and polymer-filler interactions increases lin-
early with SIPX-NS addition.

3.2. Stress strain properties

High interfacial interaction as well as uniform dispersion of
SIPX-NS have a significant influence on the mechanical properties
of SBR composites. Fig. 2 shows the dependence of tensile strength
on filler content. The maximum tensile strength is attained for SBR
6SIPX-NS composite compared to other SBR composites. This is due
to better filler-rubber interaction. Higher loading of nanosilica
causes poor filler-rubber interaction due to silica aggregation
[20]. Higher concentration of nanoparticles causes its agglomera-
tion, which reduces the stress transfer within the composite and

Table 1
Formulation of SBR mixes.

Ingredientsa

(phr)b
Mix Names

SBR Gum SBR 5NS SBR 5SIPX-NS SBR 6SIPX-NS SBR 7SIPX-NS

NS 0 5 0 0 0
SIPX-NS 0 0 5 6 7

a SBR 100, ZnO 5.0, stearic acid 1.5, DEG 10% of filler, SP 1.0, TMTD 0.2, CBS 0.8 and sulphur 2.0 were similar to all formulations.
b Parts per hundred rubber.

Fig 1. Cure characteristics of SBR composites.

Table 2
Cure parameters of SBR composites.

Sample name TS2 (Minutes) T90 (Minutes) MH-ML (dNm)

SBR gum 5.85 15.52 34.81
SBR 5NS 4.55 14.99 34.2
SBR 5SIPX-NS 1.30 10.27 28.18
SBR 6SIPX-NS 0.64 9.64 28.53
SBR 7SIPX-NS 0.64 9.92 30.09
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leads to the reduction in tensile strength [21]. Where as at lower
concentration (5SIPX-NS), the filler content is not sufficient to rein-
force the SBR matrix. SBR 6SIPX-NS shows an increase of 53% and
10% respectively in tensile strength than SBR gum compound and
SBR 5NS composite.

Table 3 indicates tensile strength, elongation at break, modulus
at 200% and tear strength of SBR vulcanizates. As the filler concen-
tration increases, the elongation at break subside as the non-
deformable nanosilica particles restricts the mobility of the poly-
mer chains [22]. The improvement in tear property and modulus
at 200% elongation with silica loading indicates the reinforcing
effect of nanosilica. Dispersion of nanosilica, its size and concentra-
tion are the key factors that influence modulus and tensile prop-
erty of SBR vulcanizates. There is no significant changes in
modulus at 200% elongation for SBR 5NS and SBR/SIPX-NS compos-
ites. Increase in SIPX-NS concentration does not affect the modulus
of the composites due to its better dispersion and interaction with
SBR matrix. The tear strength increases with increasing SIPX-NS
concentration in SBR matrix. This results also supports the cross
link density of the SBR/SIPX-NS composites [23].

3.3. Other mechanical parameters

Table 4 indicates the mechanical properties of all vulcanizates.
The hardness of SBR nanocomposites increases with filler concen-
tration. This is related to the rise in cross link density [24] and
modulus of composites. SBR 7SIPX-NS showed maximum hardness
because of the increase in rigidity of the modified filler. The abra-
sion loss of SBR vulcanizates is presented in Table 4 column 3. The
results showed that abrasion loss decreases with nanosilica con-
centration. Abrasion loss is evaluated as a function of volume loss
[25]. Rubber vulcanizate’s abrasion resistance depends on factors
such as surface activity, filler size, structure, and rubber filler inter-

actions [26]. The abrasion resistance of composites is controlled by
their modulus and friction coefficient [15]. Vulcanizates with bet-
ter abrasion resistance possess a lower friction coefficient and
higher modulus. Also, a composite with uniform filler dispersion
have superior wear property compared with non-uniform filler dis-
persion. Lower abrasion loss of SBR SIPX-NS composites is due to
the uniform dispersion and interaction of filler in the SBR matrix,
which enables better service life of the composite.

The compression set resistance depends on the capability of the
structure to recover from a continuous forced strain. The dynamic
compression set percentage and compression set percentages are
increasing marginally with SIPX-NS concentration as silica filler
is considered as a non-resilient material [27]. When the modulus
of composites increases, the polymer chain mobility is restricted
even after the applied stress is removed. This shows that there
exists a direct relationship between modulus and compression
set values. Heat buildup is the measure of heat dissipated through-
out the cyclic deformation [28]. The rise in heat build-up of vulcan-
izates with filler concentration leads to fatigue failure and poor
mechanical properties [29]. Heat build up of SBR 5SIPX-NS com-
posite is lower than that of unmodified nanosilica composite due
to the reduced friction of uniformly distributed SIPX-NS particle
in the SBR matrix. The rebound resilience reduces with the increase
of SIPX-NS content as silica is a non deformable material. There is
no substantial difference in rebound resilience and heat build-up
values of SBR 5NS and SBR SIPX-NS composites because the mod-
ification of the filler improves the dispersion in the SBR matrix.

3.4. Morphology of SBR nanocomposites

Fig. 3 shows the SEM images of tensile fractured surfaces of SBR
5NS and SBR 6SIPX-NS nanocomposites. Fig. 3(a) indicates the non-
uniformly dispersed nanosilica in SBR with higher agglomerates
due to the hydrogen bonding between surface silanol groups
[30]. Nanosilica agglomerates were reduced after the modification
as the silanol hydroxyl groups were reacted with SIPX [31]. Hence
the SIPX-NS particles were uniformly dispersed in the SBR matrix
at a nanoscale level as shown in Fig. 3(b). Homogeneous distribu-
tion of filler materials into the matrix increases the overall perfor-
mance of the composites while the non-homogeneous dispersion
of the fillers decreases the characteristic properties by creating
stress concentrated spots [32].

3.5. Thermal characteristics of composites

Fig. 4 shows the TG and DTG curves of SBR gum, SBR 5NS and
SBR 6SIPX-NS composites. All these samples showed a two-step
degradation. In TG curves, the first weight loss at 150–250 �C is
due to the degradation of small molecular additives and unstable
crosslinking agents. The second degradation in the temperature
range of 300–500 �C is due to the degradation of SBR [33]. Table 5
represents the thermal degradation characteristic data of SBR vul-
canizates. The onset degradation temperature of SBR gum and SBR
5NS is 357 �C, whereas for SBR 6SIPX-NS the Ton is increased to
11 �C. The 50% degradation temperature (T50) increases to 5 �C
for SBR 6SIPX-NS composite. The thermal degradation of SBR com-

Fig. 2. Stress strain curves of composites.

Table 3
Tensile and tear properties of SBR composites.

Sample name Tensile strength (MPa) Elongation at break (%) Modulus at 200% elongation (MPa) Tear strength (N/mm)

SBR gum 1.81 ± 0.10 369 ± 11 1.1 ± 0.05 34.90 ± 0.9
SBR 5NS 2.51 ± 0.15 280 ± 17 1.5 ± 0.10 43.62 ± 1.2
SBR 5SIPXNS 2.56 ± 0.10 339 ± 08 1.5 ± 0.08 41.71 ± 1.4
SBR 6SIPXNS 2.76 ± 0.14 360 ± 14 1.5 ± 0.03 45.94 ± 1.5
SBR 7SIPXNS 2.23 ± 0.16 291 ± 08 1.5 ± 0.06 46.15 ± 1.8
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posites altered based on nature and type of metal ion, xanthate
concentration etc. [34]. Lower xanthate concentration has no sub-
stantial effect on the thermal characteristics of SBR SIPX-NS com-

posite. Because of lower potential energy of SBR surface, higher
temperature forces the nanosilica to move on to the composite sur-
face that produce SBR-nanosilica char which acts like a thermal
obstruction for saving SBR from further disintegration [35].

3.6. Solvent barrier properties of composites

The cross link density was determined by a swelling method.
When vulcanized rubbers are immersed in solvents, they swell to
equilibrium degrees [36]. The cross link density is influenced by
rubber filler interaction and chemical crosslinks of vulcanizates
[37]. The cross link density of SBR nanosilica composites are pre-
sented in Table 6. The swelling ratio slowly decreases with increas-
ing SIPX-NS content. Uniformly distributed SIPX-NS particles in the
SBR matrix restricts the solvent transport and hence an increase in
cross-link density of SBR SIPX-NS composites [38].

4. Conclusion

SBR composites with nanosilica (5phr) and SIPX modified
nanosilica (5–7 phr) were prepared. Improved cure and mechanical
properties were obtained for the composite containing 6SIPX-NS.
TGA of SBR 6SIPX-NS showed an 11 �C increase in onset degrada-
tion temperature. SEM analysis revealed improved rubber-filler
interaction in SBR composite with 6 phr modified nanosilica. Mod-
ification of nanosilica with SIPX showed improved crosslink
density.
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Table 4
Mechanical properties.

Sample name Hardness (Shore A) Abrasion loss (cc) Compression set (%) Dynamic compression set (%) Rebound resilience (%) Heat build up (�C)

SBR gum 43 ± 1 0.28 ± 0.01 25.6 ± 0.2 2.3 ± 0.1 65 ± 1 16 ± 2
SBR 5NS 44 ± 0.5 0.26 ± 0.02 28.4 ± 0.1 4.65 ± 0.1 55 ± 2 30 ± 1
SBR 5SIPX-NS 45 ± 1.0 0.24 ± 0.05 29.7 ± 0.25 6.5 ± 0.2 57 ± 1 27 ± 2
SBR 6SIPX-NS 46 ± 0.5 0.23 ± 0.01 34.91 ± 0.17 7.2 ± 0.2 56 ± 1 32 ± 1
SBR 7SIPX-NS 46.5 ± 0.5 0.21 ± 0.01 35.48 ± 0.2 7.1 ± 0.3 55 ± 1 33 ± 1

Fig. 3. SEM image of tensile fractured surfaces (a) SBR 5NS (b) SBR 6SIPX-NS.

Fig. 4. TG and DTG curves of SBR gum, SBR-5NS and SBR 6SIPX-NS composites.

Table 5
Thermal degradation characteristics.

Sample name Onset degradation
temperature (Ton, �C)

Temperature at 50%
degradation (T50, �C)

Residue at
750 �C (%)

SBR Gum 357 431 5.06
SBR 5NS 357 434 8.8
SBR 6SIPX-NS 368 436 9.02

Table 6
Cross link density of SBR composites.

Sample name SBR gum SBR 5NS SBR 5SIPXNS SBR 6SIPXNS SBR 7SIPXNS

Cross link density (10�5 mol/g) 12 ± 0.15 13 ± 0.1 13 ± 0.1 14 ± 0.05 14 ± 0.1
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Gender and Livelihood Patterns  
in the Context of Migrant Women  
Labourers to Kerala

Navas M. Khadar* & Sudhakaran K.M.**

Abstract
According to the Kerala Economic Review 2021, unemployment in Kerala is 10 

per cent, compared to the national average of 4.8 per cent. In 2013, a report of the 
Labour Department of Kerala showed that 2.5 million non-state workers worked in 
Kerala, which is suffering from the same level of unemployment. In the enumeration 
of non-state workers in Kerala, only males engaged in development work in cities are 
included. But women migrant workers working in rural areas are not included. Many 
migrant women workers work in small businesses, hotels, factories, brick-making units, 
agriculture, and as domestic helps. Women migrant workers do not get enough 
consideration in the academic setting where various studies of migrant workers in 
Kerala are being conducted. It is doubtful whether the constitutional provisions and 
associated policy directives on discriminating against workers based on gender are 
implemented among unorganized workers. Since the 1990s, there have been major 
changes in Kerala’s labourer situation, mainly a lack of skilled and unskilled labour 
and widespread migration from Kerala to the Gulf countries. Studies are being done 
about the wage exploitation faced by migrant workers in Kerala. But most of it is done 
in large manufacturing units, or among workers engaged in direct employment. The 
conditions of male dominance in the field of work also exist among migrant workers. 
Even the government lacks a clear vision of women’s work or their sufferings in the 
industry. The fact that agents in Kerala operate brothels using migrant workers as 
middlemen suggests a more tangible form of exploitation.

In the new migration situation in Kerala, the presence of women workers is 
increasing. A large section of interstate workers find employment in informal sectors 
like brick kiln industry, the construction sector, beauty parlours, the plantation sector, 
garment industry, plywood manufacturing units, and other fields. Migrant women 
workers who previously came only with their families are now coming alone in search 
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the scope of the interstate worker act of 1979. They are constantly subjected to 
exploitation and human rights violations in society and at work. This paper presents 
the human rights violations in the everyday experiences of migrant women workers 
who live in precarious living and working conditions.

Key Words:  Labour Force, Interstate Women Migration, Gender Exploitation, 
Human Rights

Methodology

According to the Planning Board’s estimate for 2021, there are 28 lakh to 34 
lakh migrant workers in Kerala. It was also mentioned that most migrant workers 
(28 per cent) live in Ernakulam district. According to the official figures of the 
Government of Kerala, the total number of migrant workers in Kerala is 5,16,320. 
The largest number (1,15,053) of migrant workers reside in Ernakulam district. If 
we look at the number of female migrant workers, according to the data of the Kerala 
Govt., Ernakulam district has the highest number of female migrant workers (9986). 
Therefore, Ernakulam district was chosen for the study of women workers. In the 
first phase of the investigation, pockets of migrant women workers were found in 
84 panchayats of Ernakulam district, and out of that, Vengola, Kizhakkambalam, 
Rayamangalam, Sreemulanagaram, Aikaranad, Asamannur, Kaladi, Kumbalangi, 
Ramamangalam panchayats and Perumbavoor Municipality were selected for data 
collection for writing this article. This article is written by taking currently published 
research reports, articles and government regulations as secondary data.

Migration to Kerala: Changing Trends

Even before the independence of India, the first group of people had arrived in 
Kerala. According to studies of the Tamil migrant population that arrived in South 
Travancore and North Malabar in the 1940s for agriculture, Kerala is a good 
migration ground. During the period when agriculture was given priority, those who 
came for agricultural work were later made permanent residents of Kerala. As with 
post-independence migration, migration to Kerala was motivated by a desire for a 
better job. The period 1950–60 marks the history of the migrant population who 
arrived for brickyard work, carpentry, and plantation work. That is what the history 
of people who migrated from Karnataka and Andhra Pradesh to Wayanad suggests. 
Even after 50 years, they are still living in Kerala as a migrant population, which can 
be understood as an unsolved problem in governance. The 1970s were a period that 
saw a huge increase in migration to Kerala. When the youth of Kerala migrated to 
the GCC countries on a whim, all the traditional sectors of Kerala faced awful shortage 
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.of workers. In the 1970s, migration to various sectors such as agriculture, fishing, 
factory work, goldsmithing, construction, and carpentry intensified. Most of the 
migrants came from the states of Tamil Nadu, Andhra Pradesh, Karnataka, and 
Maharashtra.

As part of the industrial revolution and neo-liberal policies, various factories 
sprang up in many parts of the country. There were changes in the pattern of 
migration. Migration from rural to urban areas has increased significantly. New 
industries started in Kerala. More jobs were created in the manufacturing sector, 
and the Assam Deforestation Act revitalised the Kerala timber industry. Changes in 
immigration arrival states have occurred since 2000. According to the 2011 census, 
the interstate workers coming to Kerala were earlier from Tamil Nadu, Karnataka 
and Andhra, but now they are coming from Assam, Bengal, Bihar and Haryana. This 
shift in migration also led to changes in the arrival of women. Women who used to 
come only with their husbands are now looking for work on their own. They go to 
work alone at different workplaces. They try to live together and tend to earn more 
money.

This research paper explores the phenomenon of migration to Kerala, a state 
in South India, and its impact on the state’s social, economic, and cultural landscape. 
The study highlights that migration to Kerala has been prevalent for centuries and 
is motivated by factors such as agriculture, industries, and employment opportunities. 
The Tamil migrant population arrived in South Travancore and North Malabar in 
the 1940s for agricultural work, leading to the formation of a migrant population 
that still exists in Kerala today. Post-independence, migration to Kerala was 
motivated by a desire for better job opportunities, with the youth of Kerala migrating 
to the Gulf Cooperation Council (GCC) countries. Changes in the economy brought 
about changes in migration patterns, with migration from rural to urban areas 
increasing significantly.

The study also highlights the impact of migration on gender relations. Women 
who used to come only with their husbands are now looking for work on their own, 
leading to the emergence of new forms of female labour that challenge traditional 
gender roles in Kerala. However, migration also poses challenges to migrants, 
including discrimination and social exclusion. The study emphasizes the need for 
the state government to provide basic amenities to migrants and ensure that they 
are not exploited by employers. Overall, migration has played a significant role in 
shaping the social, economic, and cultural landscape of Kerala. While it has enriched 
the cultural diversity of the state, it has also challenged traditional ways of life and 
raised issues of citizenship and marginalisation. The study calls for a comprehensive 
approach to migration that addresses the needs of migrants and promotes their 
integration into the local society.
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One particular group of migrants that has gained significant attention in recent 
years is women migrants who migrate from other Indian states to Kerala. The state 
has a long history of migration, both internal and external. The first wave of migration 
to Kerala was from the neighbouring state of Tamil Nadu, followed by labour 
migration from other parts of India and the Middle East. According to the 2011 
Census, Kerala had a total population of 33.4 million, of which 2.2 million were 
migrants from other states.

Interstate women migration to Kerala has been on the rise in recent years. 
Women from states like West Bengal, Odisha, Assam and Bihar migrate to Kerala 
in search of better employment opportunities, higher wages and better living 
conditions. According to a study conducted by the Centre for Development Studies 
in Thiruvananthapuram, the number of interstate women migrants in Kerala 
increased from 1.5 lahks in 2001 to 5.5 lakh in 2011. The study also found that women 
migrants were concentrated in the construction, hospitality and domestic work 
sectors.

Although academic studies have addressed the migrant worker issue, the women 
workers are found often excluded from such studies. The research gap in this study 
is that this article about women migrant workers is being made invisible. According 
to a study conducted by the Kerala Institute of Labour and Employment (KILE) 
(2020), for which they interviewed 536 migrant women, most women are reluctant 
to come out. Women from Tamil Nadu, Assam, Odisha, Jharkhand and Bengal are 
among the first to arrive from other states. Discussions, studies, and academic 
research on migrant workers currently tend to visualize only male workers. Even in 
studies of migrant workers, women migrant workers are exploited and excluded. 
Within the slums, the physical presence and labour contribution of women are not 
acknowledged, and government policies and academic research that are aimed at 
them, fail to bring to light the real facts. This article attempts to study the status of 
migrant women workers in Kerala.

The KILE (2020) report indicates that the vast majority of women migrant 
workers to Kerala are young and a quarter of them are illiterate. According to the 
information obtained from the fieldwork, female migrant workers are mostly found 
in the plantations, fishing sector, and textile manufacturing. Apart from this, they 
are also actively engaged in work in beauty parlours and hotels, and also as domestic 
workers. The number of migrant women workers working in plywood and plastic 
manufacturing sectors, and brickyards is also relatively high. 

The primary reason for interstate women’s migration to Kerala is economic. 
Women from other states come to Kerala in search of better job opportunities and 

69



169

Gender and Livelihood Patterns in the Context of Migrant Women 

N
av

as
 M

. K
ha

da
r &

 S
ud

ha
ka

ra
n 

K
.M

.higher wages. The minimum wage in Kerala is higher than that in most other states, 
making it an attractive destination for migrants. The state’s construction and hospitality 
sectors also provide employment opportunities that are not available in their home 
states. Another factor driving women’s migration to Kerala is social. Women from states 
with more conservative and patriarchal societies come to Kerala to escape gender-based 
discrimination and violence. Kerala is known for its progressive social policies, and 
women migrants feel safer and more secure in the state.

The information about the inflow of female migrant workers gathered from 
fieldwork on the arrival of women workers in Kerala is shared here. Migrant women 
come to Kerala mainly in five ways. This does not include students who come to 
study. 

1.   Those arriving due to marriage

2.   Those that come with the help of relatives

3.  Those arriving at the contractor’s discretion

4.  Those who reach out through community organisations

5.  Those arriving alone.

Female migrant workers who come to Kerala due to marriage later turn to work. 
The arrival of women workers in Kerala began with the migration of Tamil people 
to Kerala. In the 1950s and 1960s, Tamil male labourers migrated to Kerala along 
with their wives. Their main occupation was domestic work, plantation work, and 
working in plantation areas. In the 1990s, migration from North Indian states to 
Kerala increased, stemming the flow of migration from South Indian states. As such, 
their wives started arriving with the men who had migrated to Kerala.

They moved away from domestic work and started working in manufacturing 
units. During this time, women began to do the same jobs as men. The number of 
women workers who come with their relatives is increasing exponentially. Migrant 
women come with both men and women. Reports (Resmi, 2009) indicate an increase 
in sexual harassment among women, accompanied by men. During the fieldwork in 
the area of ‘Vallam’ in Kerala’s Ernakulam district it was discovered that some 
sanctuaries are operating in this area where women have  been engaged as sex 
workers and majority of the them had come with their relatives for work in Kerala.

Women migrant workers in many manufacturing units have been classified as 
contractors under the 1979 Act. It was learned that they started working within 15 
days of their arrival in Kerala. Based on interviews with the women working in the 
plywood sector, it was understood that the principal employer is providing 
accommodation for them. But unsanitary living conditions and substance abuse are 
causing them various health problems.

70



170

Indian Journal of Politics and International Relations

V
ol

. 1
5 

N
o.

 2
  2

02
2 The migration facilitated by community organisations came to light after the 

police jeep attack at Kitex Garments company at Kizhakkambalam gram panchayat 
in Ernakulam district on December 26, 2021. During the Christmas celebrations 
there, a section of the workers of the company, under the influence of alcohol 
assaulted the policemen, who came to control the noisy partying following a 
complaint registered by the locals, and set the police jeep on fire (Shajan 2023). The 
police have arrested all the accused in connection with the incident. From newspaper 
reports after their arrest, it was understood that all the accused were converted 
Christians. To understand the truth of this, ten women working from the  company 
were selected for interviews (finding and interviewing them was very difficult). All 
of them had identified that they were part of a special community organisation. This 
type of migration is also common in the plywood industry pockets in Kerala. In the 
fieldwork, we realised that people belonging to the Muslim community were getting 
jobs in the plywood sector quickly.

The number of women coming to work alone is increasing. Those who come 
with the aim of seeing Kerala have been provided accommodation by their friends. 
Through interviews, we understood that those who have passed the 10th Class are 
the ones who have reached the state this way. Among the solo entrants there were 
some aspirants looking for professional jobs. And they work in beauty salons, spas, 
baji shops, and paan shops. 

Interstate women migration presents both challenges and opportunities. One 
of the important challenges is the lack of social support systems. Migrant women 
often face discrimination and exploitation, and the absence of social networks 
exacerbates their vulnerability. They are also at risk of physical and sexual abuse, 
and their access to justice is limited. However, interstate women migration also 
presents opportunities for the state. Migrant women contribute to the state’s 
economy by working in low-skilled sectors, and their remittances provide a significant 
boost to their home state’s economy. The influx of migrants also brings diversity to 
Kerala’s society, enriching its cultural fabric. The state government should work 
towards creating a conducive environment for migrant women, which includes access 
to education, healthcare and legal aid. Additionally, there is a need for greater 
awareness and sensitivity towards the rights of migrant women and the contribution 
they make to society.

The Health of Women Migrant Workers

In-depth interviews with women migrant workers based on their work, living 
conditions, and health systems were conducted as part of this study. In the study 
conducted in Ernakulam district, based on talking to 100 women from 10 workplaces, 
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.it was understood that most of the migrant women do jobs without mental 
satisfaction. Among those who spoke directly, women in the age group of 18 to 40 
faced health-related problems. The important reason for these health-related 
problems is that they do not have clear knowledge about health and hygiene. Vaginal 
and sexually transmitted diseases are becoming more common in women, but non-
hospitalization exacerbates the problem. Talking to migrant women who suffer from 
malnutrition, it becomes clear that they have been malnourished since childhood. 
Lack of rest in non-time-bound work in Kerala worsens their health condition. 

The health issues of migrant women workers do not appear to be generally 
discussed. The Interstate Migrant Workmen Act (1979) clearly states the 
requirements to be followed by the contractor or employer in the living arrangements 
of migrant workers. But when we saw their real condition, we realized that 60 per 
cent of the contractors were not providing the basic facilities. The Migration Act 
applies to all migrant workers. But when we see their current working methods, it 
becomes obvious that they are working without any consideration for women 
workers. The contractors often fail to address the problems of women suffering from 
menstrual problems and assume that they will somehow cope with it. The main 
reason why these issues have not yet been addressed is the lack of space for menstrual 
hygiene practices in the areas they work in and the lack of research on these at the 
workplace level. As a result, it is critical to conduct health awareness programmes 
for female migrant workers in their institutions. 

Kerala’s Labour Department and Local Self-Government system do not collect 
accurate information about the status of women in the workplace. The lack of specific 
social security schemes for migrant workers at the panchayat level (Khadar, 2020) 
can also be considered a fundamental shortcoming. The Department of Labour puts 
the total number of migrant women workers at 26,516 (Labour Commissionerate 
2023). But the actual facts are not in agreement with the government’s estimates 
based on fieldwork. However, the Kerala Planning Board Report (2021) provides 
figures that are more realistic.

The living conditions of women migrant workers in Kerala are often 
substandard. They are often forced to live in cramped spaces, such as small rooms 
or dormitories, with minimal or no ventilation. This can lead to respiratory problems 
and other health issues. Lack of access to clean drinking water and sanitation facilities 
further exacerbates the problem, making them prone to infections. The work 
environment of women migrant workers can also be hazardous. In many cases, they 
are employed in industries such as construction, manufacturing or agriculture, which 
involve physical labour and exposure to chemicals and other harmful substances. 
This puts them at risk of occupational hazards such as musculoskeletal disorders, 
skin problems and respiratory diseases. In addition, women migrant workers often 
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not even be aware of the healthcare facilities available to them. Even if they do have 
access to healthcare, language barriers and cultural differences can make it difficult 
for them to communicate their health concerns effectively.

Women migrant workers in Kerala are often employed in low-paying jobs with 
long working hours. They may work in industries such as construction and 
hospitality, or as domestic worker, where they are paid lower wages than their male 
counterparts. They may also be forced to work overtime without compensation, 
which can lead to exhaustion and burnout. In many cases, women migrant workers 
do not have job security or access to social protection. They may be employed on a 
contract basis, which means that they can be dismissed at any time without any 
notice or compensation. This lack of job security can lead to stress and anxiety, which 
can have an impact on their mental and physical health. Women migrant workers 
in Kerala also face discrimination and harassment at  workplaces. They may be 
subjected to verbal abuse, sexual harassment, or exploitation by their employers or 
colleagues. This can lead to a hostile work environment, which can have a significant 
impact on their well-being and productivity. The health and job conditions of women 
migrant workers in Kerala are a cause for concern. These women are vulnerable to 
a range of health problems due to their living conditions and the nature of their 
work. It is important for the government, employers, and civil society organisations 
to work together to address these issues. Measures such as providing access to 
healthcare, improving living conditions, and enforcing labour laws can help protect 
the health and well-being of women migrant workers. In addition, efforts to promote 
gender equality and prevent discrimination and harassment can help create a more 
inclusive and supportive work environment for these women.

Application of Labour Force and Social Conditions 

Migrant women workers are employed in Kerala at a higher rate than indigenous 
women workers (Anjali, 2016). In India, women who migrate after marriage are 
found to have increased their access to employment by 10 per cent (Neetha, 2019). 
Studies indicate that migrant women workers arriving in Kerala are getting physically 
abused at workplaces due to overwork, restless work, and sexual harassment (Resmi, 
2009). An industry employs a disproportionate number of female workers compared 
to the number of male workers. Therefore, Prasad (2017) indicates, in his work that 
is based on the information found through fieldwork, it is the employer who ignores 
them and pretends not to see them. In Kerala, we have seen the struggle for the 
rights of women workers at workplaces. The struggles for the rights of women 
workers, such as the sit-in strike, were successful to some extent through organised 
movements. But not a single labour organisation is ready to address the problems 
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.of migrant women workers in Kerala in an organised manner. Working long hours 
without rest, working on roads in extremely hot and humid weather, working at 
places where there is no place to sit or rest, and not being able to conduct proper 
health check-ups are all can be considered a violation of human rights. Through the 
field visit, we have been convinced that it is imperative that the employer and the 
local self-government bodies jointly organise medical camps at workplaces every 
month to study and address the health problems being faced by women workers, 
and it is also necessary to educate women workers about their rights and sensitise 
them to the exploitative nature of the workforce under the leadership of the Labour 
Department.

Wage discrimination at workplaces is a major problem being faced by women 
workers. Even indigenous women workers do not get the same wages as men for 
doing the same work. In this social situation, the demand for justice for migrant 
women workers comes from a human rights perspective. The Payment of Wages Act 
(1936), the Minimum Wages Act (1948), and the Equal Remuneration Act (1976) 
exist in India, but the fact that those laws still fail to protect the migrant women 
workers can be seen as a denial of rights.

One of the major issues being faced by women migrant workers in Kerala is 
low wages. Most of these women work in the informal sector and are paid meagre 
salaries. This is mainly due to the fact that they are not covered under any labour 
laws and are not entitled to any benefits such as paid leave or health insurance. In 
addition, they are often subjected to long working hours and are not provided with 
proper working conditions, which further exacerbates their vulnerability.

Another major issue faced by women migrant workers in Kerala is the lack of 
social protection. They are often subject to various forms of abuse, including physical 
and sexual abuse. Despite this, many of them are afraid to report such incidents, as 
they fear retaliation from their employers. In addition, they are often denied access 
to basic amenities such as healthcare and education, which further perpetuates their 
vulnerability. Moreover, women migrant workers in Kerala also face various forms 
of discrimination based on their gender, caste and ethnicity. They are often treated 
as second-class citizens and are subjected to various forms of harassment and 
violence. This is especially true for women from marginalised communities, who 
face multiple layers of discrimination based on their gender, caste and economic 
status.

The application of labour laws and social conditions in the context of women 
migrant workers in Kerala are complex issues that require a multifaceted approach. 
It is important to address the systemic issues that lead to the exploitation of these 
women, including the lack of social protection, the absence of labour laws, and the 
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important to provide these women with access to basic amenities such as healthcare 
and education and to empower them with the knowledge and skills required to 
demand their rights and fight against exploitation. Only then can we create a more 
equitable and just society, where women migrant workers are treated with dignity 
and respect.

Migrant Female Workers and Social Security Programmes

The issue of migrant female workers and social security programmes in Kerala 
is complex and multifaceted. While Kerala has made significant strides in providing 
social security to its citizens, including migrant workers, there are still significant 
gaps in the system, particularly in the context of female workers. One of the key 
challenges being faced by migrant female workers is access to social security 
programmes. Many migrant workers, particularly those working in the informal 
sector, may not be aware of the various programmes available to them or may face 
language and cultural barriers that prevent them from accessing these programmes. 
This can leave them vulnerable to exploitation and abuse, particularly in situations 
where they are working without legal documentation.

Even when migrant female workers are aware of social security programmes, 
they may face additional barriers to accessing them. Another key issue is the lack of 
adequate protection for migrant female workers at workplaces. This can include 
issues such as wage theft, discrimination, and sexual harassment. Without adequate 
protections in place, migrant female workers may be hesitant to report abuses, 
particularly if they fear retaliation from their employers.

Overall, while Kerala has made progress in providing social security to its 
citizens, more needs to be done to ensure that migrant female workers are not left 
behind. This may include increasing awareness on social security programmes among 
migrant workers, providing additional support to help them access these 
programmes, and strengthening workplace protections to prevent abuse and 
exploitation. Additionally, there may be a need to re-evaluate the design of social 
security programmes to ensure that they are accessible to all workers, regardless of 
their background or employment status.

There are currently three schemes for migrant workers in Kerala. Interstate 
Migrants Welfare Scheme (2010), Awas Health Insurance (2017) and Apna Ghar 
(2019). All three of these schemes are for the entire population of migrant workers 
in Kerala. But only one-third of its total beneficiaries are females. According to the 
Kerala Labour Commissioner, women account for less than 7 per cent of the total 
Awas health insurance enrollees in Kerala.
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.In other words, it has to be understood that the registration system is male-
centric or that government officials have failed to draw women to registration 
processes. Apna Ghar Scheme is a dormitory housing scheme for migrant workers. 
Discrimination against women begins with dorm registration. A total of 1,140 
beneficiaries are living in the dormitory accommodation facility, which has already 
started functioning at Kanjikode and Kinalur. But the fact that there is not even a 
single migrant woman worker among them is proof of the marginalisation of women 
in the scheme. Apna Ghar is only available to migrant workers in industries located 
in Kanjikode and Kinalur. The reason why women workers are not getting the benefit 
of this government scheme should be subjected to further studies. 

Conclusion

The participation of women migrant workers in the labour force in Kerala has 
been on the rise in recent years. However, the government’s estimation of less than 
seven per cent of female migrant workers living in Kerala is incomplete and 
unsatisfactory. The data collection process does not adequately include migrant 
women workers, making them invisible in official statistics. This exclusion highlights 
the urgent need for better representation and inclusion of migrant women workers 
in the data collection process.

Furthermore, the labour sector in Kerala does not follow the legal provision of 
equal pay for equal work in the case of women workers. Women migrant workers 
are subjected to harsh working conditions, unsanitary accommodation, and sexual 
exploitation at their workplaces, which, in turn, violate their basic human rights. 
These issues are prevalent not just in Ernakulum district but in all the 13 districts 
of Kerala. Therefore, it is imperative that efforts be made to extend this study’s 
findings to all the districts in Kerala to help understand and address the situation.

It is also necessary to scale up awareness programmes on health among migrant 
women workers. The local self-government bodies and principal employers should 
work together to make health and hygiene accessible to all women at work and 
organise medical camps for the purpose. This step will help migrant women workers 
access medical facilities and provide them with basic healthcare services.

The exclusion or non-consideration of women migrant workers in government 
schemes are contrary to the Constitutional values. Kerala’s employment situation 
heavily relies on migrant workers, and women workers are often marginalised and 
excluded from employment and social status. Therefore, the government must take 
proactive measures to make women workers more aware of exploitation and human 
rights violations.
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force, and their contribution is invaluable. However, their exclusion from official 
statistics and data collection processes is a matter of great concern. Addressing the 
issues of unequal pay, miserable working conditions, and human rights violations 
is essential to ensure the protection and well-being of women migrant workers. The 
government should take proactive steps to improve the situation and create a more 
inclusive and equitable environment for all migrant workers in Kerala.
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a b s t r a c t

ZnS nanoparticles doped with 1 mol.% of Tb have been prepared at 70 �C by simple chemical precipitation
method using poly ethylene glycol (PEG) as capping agent. The synthesized nanoparticles have been anal-
ysed using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), photoluminescence
(PL) and UV–Vis absorption spectroscopy. From X-ray diffraction analysis, it was found that nanostruc-
tured ZnS:Tb particles exhibited cubic structure with an average crystallite size of 2.75 nm. Room tem-
perature photoluminescence (PL) spectrum of the doped sample exhibited broad emission in the
visible region with multiple peaks at 395 and 412 nm due to 5D3 ?7F6 and 7F5 transitions and 492,
536, 600, 653 and 680 nm due to 5D4 ?7F6, 7F5 ,7F4,7 F1and 7F0 transitions.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Second International
Conference on Recent Advances in Materials and Manufacturing 2020.

1. Introduction

Researchers have been taking enormous interest to synthesize
semiconductor nano materials because of their size-dependent
optoelectronic properties. Zinc sulphide (ZnS) is an important II-
VI semiconductor material with remarkable optical properties
due to its wide optical band gap of �3.65 eV. The ZnS nanomate-
rials are non-toxic, with high temperature stability, chemical sta-
bility and exhibit good biological compatibility. Due to wide band
gap ZnS is a suitable host material for the doping of RE and tran-
sition metal ions. ZnS doped with these optically active lumines-
cent materials finds its applications in displays, LEDS, lasers, etc.
[1–4]. It is known that ZnS doped with the rare-earth elements
could be more valuable in amending the luminescence properties
of ZnS due to their special 4f-4f intra-shell transitions. Hence ZnS
nanocrystals doped with various RE ions can be used in producing
efficient phosphor materials with a range of colors in red, blue,
and green [5]. Therefore, the development of rare-earth activated
luminescent materials has been the subject of wide research
recently. Among the rare earth elements trivalent terbium ion
(Tb) is well recognized as the highly competent green phosphor

[6]. The trivalent terbium metal ion has 4f8 electronic configura-
tion in ground state and 4f7, 5d1 electronic configuration in the
excited state. After the absorption of energy, the excitation hap-
pens and intraelectronic transitions take place from 4f8 to 4f7

5d1. When terbium ion comes to its 7Fj ground level from 5D4

and 5D3lowest excited levels, the characteristic f-f emission tran-
sitions takes place. The green emission produced from 5D4?

7 F5
transition in Tb provides a four-level laser system with a lower
threshold pump power compared with that of Er3+ ions makes
the Tb a promising ion for green lasing applications. Besides, Tb
doped phosphors are environmentally friendly and more energy
saving than mercury-containing fluorescent lamps [7–9]. Thus,
terbium doped phosphors are appropriate for many technological
applications like fluorescence lamps, cathode ray tubes, field
emission displays and for many others [10–14]. Considering the
wide applications of Tb doped materials, in this work we report
the synthesis of 1 mol% Tb doped ZnS nanoparticles by the chem-
ical precipitation method using poly ethylene glycol (PEG) as cap-
ping agent and its characterization by the X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FTIR), UV–vis and PL
spectroscopy.
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2. Experimental

ZnS:Tb nanoparticles were prepared by chemical precipitation
method using zinc acetate [Zn(CH3COO)2], terbium nitrate [Tb
(NO3)3] and sodium sulphide [Na2S] with 1:2 M ratio of Zn:S. The
solvent used for the preparation was the deionized water- ethanol
mixture of equal volume. The PEG (1 ml) was added in the above
solution with constant stirring at 70 �C. The obtained precipitate
was washed with de-ionized water–ethanol mixture for several
times and filtered. Finally, the filtered powders were dried for
11 h at 80 �C and grinded to obtain PEG capped ZnS:Tb
nanoparticles

The X-ray diffraction studies of the sample was carried out on
Bruker AXS D8 Advance X-ray diffractometer. The absorption spec-
trum of the sample was recorded with a UV–Vis spectrophotome-
ter (Shimadzu UVPC 2401). Shimadzu spectrophotometer was used
for the FTIR analysis. The PL properties of the sample were mea-
sured using Horiba Fluromax 4C research spectrofluorometer with
xenon lamp as the excitation source.

3. Results and discussion

3.1. XRD analysis

Fig. 1 shows the XRD pattern of Tb doped ZnS nanoparticles
which shows major reflections from (111), (220) and (311) planes
of the cubic phase ZnS nanoparticles as per JCPDS data file No: 65–
0309 The average size of the nanocrystallites was estimated from
the line broadening of the XRD peaks using Debye –Scherrer’s
equation [15],

d ¼ ð:9kÞ=ðbCoshÞ ð1Þ
where D is the average diameter of the nanocrystallites, k is the
wavelength of the Cu-Ka (1.5405 A�) radiation, b (in radian) is the
full width at half maximum (FWHM) and h is the Bragg angle. The
average crystallite size of PEG capped ZnS:Tb nanoparticles was
found to be 2.75 nm. The lattice parameters of cubic zinc blend
were determined using the relation

d2
hkl ¼

a2

h2 þ k2 þ l2
ð2Þ

where dhklis theinterplanar separation corresponding to Miller
indices h, k, and l. The value of lattice parameter for ZnS:Tb
nanoparticles was found to be a = b = c = 5.367 A� which is less than
the bulk for which lattice parameter is 5.400 A�. An error function, f
(h) was introduced by Nelson and Riley for the determination of cor-
rection in lattice parameter (a) given by [16]

f hð Þ ¼ 1
2
ðcos

2h
sinh

þ cos2h
h

Þ ð3Þ

From the NR plot [Fig. 1(b) f (h) versus calculated lattice con-
stant values], the corrected lattice parameter is calculated as
5.342A�.

The diffraction line broadening caused by the strain and small
crystallite size were analyzed using Williamson-Hall (W-H)
method. The W–H plot for the ZnS:Tb is shown in Fig. 1(c). The
relation used for the calculation of lattice strain and crystallite size
[17,18] is

cos h ¼ kk
D

þ 2n sin h ð4Þ

where n represents the lattice strain and other parameters have the
same meaning as in Scherrer’s eqn. From the W–H plot, the average
lattice strain and crystallite size were found to be 0.0099 and
3.2 nm, respectively.

3.2. Optical studies

Fig. 2 shows the FTIR spectrum of the ZnS:Tb nanoparticles. The
spectrum has been recorded in the 400–4000 cm�1. It is used to
recognize the functional groups or adsorbing species existing on
the surface of the nanoparticles and enable us to notice the molec-
ular impurities. The spectral bands between 500 and 690 cm-1are
related to Zn–S stretching vibrations [17,19]. The peak at
970 cm�1 is due to C–H bending or due to the C–C vibration,
related to the interaction between ZnS:Tb and PEG [17,19]. The
C-O stretching and O–H bending frequencies are found at
1028 cm�1 and 1577 cm�1 [20]. The band centered at 1200 cm�1

originates from C- O- C bands of PEG [21]. The intense peak at
1419 cm�1 was related to the C–O–H bending [18]. The spectral
bands at 2120 cm�1 and 2348 cm�1 can be assigned to the C–H
stretching vibration [17,22]. The broad peak in the range of
2500–3600 cm-1is attributed to the stretching vibration of –OH
group which indicate the presence of adsorbed water on the ZnS
surface [20].

UV–Vis absorption spectrum of the ZnS:Tb nanoparticles is
given in Fig. 3. We could find that the absorption region is from
300 to 400 nm and the direct band gap energy (E) is calculated
from the Taucplot(shown in inset of Fig. 3, a plot of (ahm)1/2 versus
photon energy (hʋ)) using the relation

aht ¼ A ht� Eg
� �n ð5Þ

where A is a constant, a represents the absorption coefficient and
n = 1/2 for the allowed direct band gap. It can be seen from the Tauc

Fig. 1. (a) XRD pattern and (b) Nelson and Riley plot (c) Williamson–Hall plot of ZnS:Tb nanoparticles.
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plot that the band gap of ZnS:Tb is 3.46 eV by extrapolating the lin-
ear region of the plot to the x- axis.

The room-temperature photoluminescence (PL) spectrum of
ZnS:Tb nanoparticles recorded with an excitation wavelength of
370 nm is shown in Fig. 4(a). This spectrum consists of a broad
emission band in the range of 470–575 nm. The recombination of
electron–hole pairs at defect sites leads to the change in the local
charge distribution, which modifies the equilibrium bond length
and affects strong vibrational transitions, produces a broad emis-
sion band in the PL spectrum. It consists of several bands associ-
ated transitions from the 5D3 (blue emissions) and 5D4 (green–
red emissions) levels to the 7FJmultiplets. The emission peaks at
395, 412,492, 536 and 600 nm correspond to 5D3?

7F6,5D3?
7F5,

5D4 ?7F6, 5D4 ?7F5 and 5D4 ?7F4 transitions [23–27]. The peaks
at 653 and 680 nm which are rarely reported, are due to 5D4

?7F1and 5D4 ?7F0 transitions of the trivalent Tb ions [7] Among
them, the 5D4?

7F5 band is responsible for the green emission.
Since this green emission dominates overall emissions, it is called
hypersensitive transition and its intensity is influenced by the
nature of the surrounding environment. Hence his band finds
applications in green lasers and optical amplifiers [28]. Photolumi-
nescence excitation (PLE) spectrum is a useful method to investi-
gate the electronic transitions of materials with high sensitivity
compared to absorption measurements. Fig. 4 shows the PLE spec-
tra of the ZnS:Tb for the emission wavelength at 535 nm (5D4?

7 F5
transition). The spectrum peaks at 332 nm(7F6?5D1), 358 nm
(7F6?5L9, 5D2, 5G5), 388 nm (7F6?5D3), 412 nm(7F5?5D3), 449 nm
(7F5?5D3), 466 nm (7F3 ?5D4), 490 nm(7F6?5D4) respectively [29].

To evaluate the effectiveness of ZnS:Tb phosphor to be used in
light sources, CIE chromaticity coordinates are calculated. The cal-
culated colour coordinates for the emission spectra are (0.38, 0.42)
[Fig. 4(c)]. From CIE coordinates it is found that characteristic light
from the ZnS:Tb ions is greenish-yellow.

4. Conclusion

Terbium doped zinc sulphide nanophosphor with average crys-
tallite size 2.75 nm was prepared by chemical precipitation
method using polyethylene glycol as stabilizing agent. On near
band edge excitation, the sample exhibited greenish-yellow emis-
sion with high intensity so that it can be further explored for sev-
eral luminescence applications.

Fig. 2. FTIR spectrum of ZnS:Tb nanoparticles.

Fig. 3. Absorption spectrum of ZnS:Tb nanoparticles [Inset Tauc plot].

Fig. 4. (a) PL & (b) PLE spectrum (c) CIE Chromaticity diagram for the nanocrystalline ZnS: Tb.
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OCCUPATIONAL STRESS MANAGEMENT DURING 
COVID PANDEMIC 

Dr. Resmi R. 
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Valayanchirangara, Kerala 

E-mail: resmir@ssvcollege.ac.in 

ABSTRACT 
Occupational stress results from various interactions of the worker and the 

environment of the work they perform their duties. Location, gender, 
environment, and many other factors contribute to the buildup of stress. Job stress 
results from the interaction of the worker and the conditions of work. Views differ 
on the importance of worker characteristics versus working conditions as the 
primary cause of occupational stress. Some stress is normal. In fact, it is often 

what provides us with the energy and motivation to meet our daily challenges both 

at home and at the workplace. Stress in these situations is the kind that heips us 
"rise" to a challenge and meet our goals such as deadlines, sales or production 
targets, or finding new clients. Some people would not consider this challenge a 
type of stress because, having met the challenge, we are satisfied and happy 
However, as with most things, too much stress can have negative impacts. When 
the feeling of satisfaction turns into exhaustion, frustration or dissatisfaction, or 
when the challenges at work become too demanding, we begin to see negative 
signs of stress. In this juncture occupational stress related problems are more 
complexparticularly in the covid 19 pandemic situations. So the investigator here 

tries to introduce a quiz adapted from the Canadian Mental Health Association of 
Ontario to identify employees stress levels and suggest some mental fitness tips to 
overcome occupational stress. 
Keywords: Occupational stress, EAPprogrammes, Mental health 

INTRODUCTION 
Occupational stress is stress involving in workplace. Fear ofjob redundancy, 

layoffs due to an uncertain economy, increased demands for overtime due to staff 

cutbacks act as negative stressors. Employees who start to feel the "pressure to 
perform" can get caught in a downward spiral of increasing effort to meet rising 
expectations with no increase in job satisfaction. The Covid 19 pandemic 

augment the situations more serious. The relentless requirement to work at 
optimum performance takes its toll in job dissatisfaction, employee turnover, 

reduced efficiency, illness and even death. Absenteeism, illness, alcoholism, 
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Abstract   

This project represents the various constraints faced by Small Rubber  Growers In Kottayam District Of Kerala 
State. Kerala has a long tradition in the  cultivation of Plantation Crops. India is a Country where agriculture 
directly  shapes the daily lives and hopes of the majority of people. The Rubber  plantations occupy 0.4 Percent 
of the Gross cropped areas and Contribute  0.19 Percent to the National GDP. One who grows Rubber is known 
as Rubber  Growers. For the purpose of the study one who registered in the Rubber  Producers Society is 
considered as Rubber Growers.  

Key Words : Agriculture, Constraints of Small Rubber Growers, Rubber  

1. INTRODUCTION   

Kerala has a long tradition in the cultivation of Plantation Crops. The  plantation sector comprising Rubber, Tea, 
Coffee, Cardamom is the highly cash-rich segment within the agricultural sector in Kerala. The State  accounts 
for 45percent of the total and under plantation crops to the  country and together Account for 28 percent of the 
net cropped area  of the State. Nearly 14 lakhs families are dependent on the Plantation Sector for  livelihood. 
Rubber is the most critical , strategic and versatile raw  material in the modern world.Demand and Prices of 
Rubber positively linked to  
economic growth. The Low Prices will have a critical bearing on planting and  replacing decisions and future 
availability of Natural Rubber (NR) The Indian  Rubber Plantations sector is dominated by small holding, which 
accounts for  almost 93 percent of the total Rubber Production in the country.  
 
2. LITERATURE REVIEW   

Shahul Hameedu (2014) In an article stated that India is one of the largest  producers and consumers of Natural 
Rubber. Natural Rubber is used  extensively in many applications and products.   
Giridhara Gowda K And Suresh Ramana Mayya (2016) in their findings from a  survey of Rubber Planters of 
Dakshina Kannada District of Karnataka. stated  that the calculated value of significantly In Harvesting Cost 
between different  regions = 8. 011. The table value of F at 5 percent level of significance 5.14.  The calculated 
value is more than the Table Value and hence the Null  Hypothesis is rejected which leads us to conclude that 
there is significant  difference in the harvesting cost in different regions.  
Kobayashi, Et Al. (2014) In their study indicated that additional water use  reduces discharges from the basin 
of its storage. Variations in transpiration  of Rubber Plantation with age and over the seasons have been 
reported  from Central Cambodia.  
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3. Objectives of the Study   
 
⮚  To identify the constraints faced by Small Rubber Growers 
 
⮚  To suggest measures to overcome the problems of Rubber Growers  
 
 
4. Research Methodology   

The researcher interviewed a total of 459 sample members. For determining  the constraints of rubber growers 
the Overall Sample respondents have has  
been covered under three categories. viz 107 Respondents under upto 2 acres category;209 Respondents under 
2.1 to 4 acres category, and 143 respondents above 4 acres category. The constraints are analysed with Garrett 
ranking technique  and the computed mean scores. Primary data has been collected by conducting  direct 
interviews using structured questionnaires.  
Secondary data collected from books, journals and the internet.  
 
 
5. Analysis   

Analysis is done on the basis of Garett ranking technique and computed mean  scores.It is also done according 
to the landholding size of sample respondents  

5.1 Analysis of Constraints Experienced by the Members  

Table 1  

Experience of constraints sample members  

Religion  Up To 2 Acres  2.1 to 4 Acres 2.1 To A Acr AbAbove 4 Acres  Total  

Yes  65  
(60.7) 

137  
(65.6) 

92  
(64.3) 

294  
(64.1) 

No  42  
(39.3) 

72  
(34.4) 

51  
(35.7) 

165  
(35.9) 

Total  107  
(100.0) 

209  
(100.0) 

143  
(100.0) 

459  
(100.0) 

 
 
It is understood from Table 1 that 60.7 per cent of up to 2 acres category  members, 65.6 percent of 2.1 to 4 acres 
category members, and 64.3 percent  of above 4 acres category members have experienced the constraints from  
Rubber Producers Societies while producing rubber. Overall the constraints are  experienced by 64.1 percent of 
members. It is evident from the study that out  of 459 members, 165 members constituting 35.9 per cent have not 
experienced  any constraints from the Rubber Producers Societies.  
Further in this study, an attempt is made to analyze the experiences of constraints faced by the small rubber 
growers whale producing rubber.The constraints were categorized into poor input distribution, poor technical 
assistance,poor financial assistance , poor storage facility,political influence and other constraints. The constraints 
experienced by the members of Rubber Producers Societies are analysed with the help of Garrett's ranking 
technique. The ranks assigned to each constraint by the sample members were converted into percent by using the 
following formula: 
Percent position = 100(Rij-0.5) 
                                         Nj 
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Where 
Rij= Rank given by the jth member for the ith constraints 
Nj= Number of reason ranked by the jth member 
The percent position of each rank thus obtained was converted into scores by referring to the table given by 
Garett. The scores of all respondents for each constraint was then added together and divided by the number of 
respondents experiencing that particular constraint.The mean scores of each constraint thus arrived and ranks 
were allotted. This procedure is adopted for all three types of landholdings.The results are explained in the 
following tables. 
 
 
5.2 Constraints Experienced by the up to 2 acres category members . 

 Table 2 

Results of Garrett’s ranking technique of up to 2 acres category members’  constraints  

Constraints  Mean  
Score  

Rank  No. Of Members  
Responded  

Percentage To   
Constraints   
Experienced(92)  

Poor input   
distribution 

50.08  iv  53  81.54 

Poor technical   
assistance 

56.11  lll  51  78.46 

Poor financial   
assistance 

57.23  l  61  93.84 

Poor storage facility  56.76  ll  58  89.23 

Political influence  41.28  vi  52  80.00 

Other constraints  41.33  v  49  75.38 

 
 
The results given in Table 2 reveal that the most important constraint  experienced by the up to 2 acres category 
members in rubber production is  'poor by poor storage facility' (mean score= 56.76) and 'poor technical  assistance' 
(mean score = 56.11). These constraints have been ranked second  and third respectively and the percentage of 
response is 89.23 and 78.46  percent. The other constraints such as poor input distribution, other constraints  and 
political influence have been ranked fourth,fifth and sixth respectively.  
5.3Constraints Experienced by 2.1 to 4 acres category Members  
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Table 3  

Results of Garrett’s ranking technique of 2.1 to 4 acres category members’  constraints 

Constraints  Mean   
Score  

Rank  No. Of   
Members   
Responded  

Percentage To   
Constraints   
Experienced(137)  

 
 

Poor input   
distribution 

56.50  ll  101  73.72 

Poor technical   
assistance 

49.11  lll  94  68.61 

Poor financial   
assistance 

59.32  l  122  89.05 

Poor storage facility  48.93  lv  86  62.77 

Political influence  41.93  vl  84  61.31 

Other constraints  44.54  v  85  62.04 

 
 
Table 3 exhibits the final results of the Garrett's Ranking technique of 2.1 to 4  acres category members. The 
constraints experienced were responded to by more  than 60 percent of members. The study points out that the 
most important  constraint experienced by the members is 'poor financial assistance' which  scored a mean score 
of 59.32. Based on this mean score, the first rank has been  assigned to this constraint. Next to this, the constraint 
'poor input distribution'  got a mean score of 56.50 and ranked in the second position. The third rank has  been 
assigned to the constraint 'poor technical assistance' which has a mean  score of 49.11.  
 
 
5.4 Constraints Experienced by the above 4 acres Category Members  

Table 4  

Results of Garrett’s Ranking Techniques of above 4 Acres Category Members’  Constraints 

Constraints  Mean   
Score  

Rank  No. Of   
Members   
Responded  

Percentage To   
Constraints   
Experienced(92)  

 
 

Poor input   
distribution 

55.95  ll  84  91.30 

Strad Research

VOLUME 8, ISSUE 9, 2021

ISSN: 0039-2049

http://stradresearch.org/

https://doi.org/10.37896/sr8.9/016

121 107



Poor technical   
assistance 

53.00  lv  79  85.87 

Poor financial   
assistance 

56.92  l  86  93.48 

Poor storage facility  53.74  lll  81  88.04 

Political influence  39.63  Vl  77  83.70 

Other constraints  45.03  v  74  80.43 

 
 
The results shown in table 4 highlight that the most important constraint  experienced by the above 4 acres 
category members in rubber farming is poor  financial assistance with a mean score of 56.92. These constraints 
have been  responded to by 93.48 percent members. Thus first rank has been secured by this  constraint.it is 
followed by poor input distribution and poor storage facility. The  computed mean score is 55.95 and 53.74 
respectively and ranked second and  third respectively. The percentage of responses to these constraints are 91.30  
and 88.04. The other three constraints are placed in the order of priority based  on the mean score.  
 

 

5.5 Analysis of consolidated views of constraints experienced. 

Table 5  

Consolidated views of team-wise analysis 

Constraints  Up To 2 Acres  2.1 To 4 Acres  Above 4 Acres  

Poor input   
distribution 

lv  ll  ll 

Poor technical   
assistance 

lll  lll  lv 

Poor financial   
assistance 

l  l  l 

Poor storage facility  ll  lv  lll 

Political influence  vl  Vl  vl 

Other constraints  v  v  v 

 
 
From table 5 it is clear that the constraint poor financial assistance has been  experienced as the first constraint by 
all landholding category members.  
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6. Findings   

1 Poor financial assistance has been experienced as the first constraint  landholding category member   

2) The constraint, poor storage facility has been considered as the second  constraint by ‘upto 2 acres’ Category 
members and same was ranked as third  by the ‘above 4’ acres category and fourth by '2-1 to 4 acres’ category 
memberi  respectively.  

3) The ‘2.1 to 4 acres’ category and ‘above 4 acres’ category members ranked  constraint ‘poor input 
distribution’ as the second and it is ranked as fourth by  the ‘up to 2 acres’ category members.  

4) Regarding the constraint poor technical assistance The Up To 2 Acres and 2.1 to 4 Acres category members 
experienced as their third choice and above  4 acres category members considered it as their fourth choice.  

5) All the sample respondents irrespective of their land ranked the  constraints, Viz other constraints and 
political influence, as their fifth and  sixth ranks respectively. 

 
7. Conclusion and Recommendations   
   
The researcher comes to the conclusion that the majority of respondents feel that  the Rubber Producers Societies 
are not fully assisting the members towards  their financial requirements. Hence they pointed out the constraint 
‘poor  technical assistance’ as their first constraint. Much attention is needed from the  rubber Producers societies 
towards this constraint for further improvement in  future. 
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Abstract  
 

Since the IT industry depends on knowledge workers, they may be considered as the’ raw 

material’ of the industry. While several problems affect the workforce in the IT industry, 

stress has emerged as the most significant problem, causing the employees to 

underperform and thereby leading to productivity loss. This study takes a close outlook at 

the stress-related issues facing the employees working in various IT companies and 

analyses the factors responsible for the same. 

 

Keywords; IT employees, occupational stress,  

 

1. Introduction  

The IT industry accounted for 8% of India’s GDP in 2020. Exports from the Indian IT 

industry are expected to increase by 1.9% to reach US$ 150 billion in FY21. In 2020, the 

IT industry recorded 138,000 new hires. India is the topmost offshoring destination for IT 

companies across the world. Having proven its capabilities in delivering both on-shore and 

off-shore services to global clients, emerging technologies now offer an entire new gamut 

of opportunities for top IT firms in India. The industry is expected to grow to US$ 350 

billion by 2025 and BPM is expected to account for US$ 50 55 billion of the total revenue. 

The Indian IT industry has been steering the growth of the Indian economy in the past 

decade, unlike any other industry by generating jobs, pushing up exports, increasing  FDI, 

creating wealth, thereby boosting the forex reserves, and also by other visible and invisible 

ways. This sterling performance of the IT industry was largely on account of its human 

resources. This industry has also been much affected by the pervasive forces of 

globalization and by the persistent growth of information technology. These changes have 

in turn affected the way firms compete and specifically the way they are managed.  The 

increased complexity of global competition has exerted tremendous pressure on workers 

and thus imposed considerable stress on them. Thus, job stress becomes a  common problem 
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faced by employees in many organizations today. It affects employee’s mental and physical 

health and in the long run, affects the company’s performance. This study attempts to 

identify the sources of stress and its prevalence among employees in the  IT industry in 

Ernakulam District.  

2. Literature Review 

 
In the eighteenth and nineteenth centuries, stress is denoted as “force, pressure, strain, or  

strong effort’, with reference now also to objects but still primarily to a person or  person’s 

organs on mental power (Hinkle, 1973). Continued and prolonged stress may  result in 

fatigue, anxiety, tension and extreme irritability. If severe and prolonged it will  result in 

exhaustion and may cause depression and anxiety (Seyle, 1946). Later studies of  stress 

indicate more of a person-fit environment rather than biological effect of stress as  indicated 

by Seyle .  

Stress is seen as a dynamic condition in which an individual is confronted with an  

opportunity, constraints or reward related to what he or she desires for which the outcome  

is perceived to be both uncertain and important. Mc Grath (1970) defines stress as a  

perceived substantial imbalance between demand and response capability, under  conditions 

where failure to meet demand has important perceived consequences. It is also  the closest 

to the popular ‘person environment fit’ formulation by French (1974). Stress is  always 

mistaken as bad, and negative. It must be noted that it also has a positive value. It  is an 

opportunity when it affects potential gain (Boswell et al, 2006). Positive stress may  result 

in stimulating and enhancing work performance. Excessive stress may result in  negative 

effects and hence affect the worker’s health and work performance. This directly  affects 

the company’s performance. A small amount of stress may positively encourage  workers 

to work harder. Excessive stress may result in negative effects. Stress is also  associated 

with constraints and demands. Constraints are forces that prevent individuals  from doing 

what they design, where damage and to loss of something designed. Two  conditions are 

important for potential stress to become actual stress (Schuler, 1980).  There must be 

uncertainty over the outcome and outcome must be important.  

3. Objective of the Study  

 
The general objective was to investigate the effect of job characteristics and the 

organizational working environment on the employee’s stress in the BPO industry.  

The specific objectives of the study are :  

1. To identify how prevalent is the stress among managers and executives  

2. To study the major sources of stress among managers and executives  
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3. To find the stress dimensions contributing to stress in the industry  

 

4. Research Methodology  
 

Primary data were collected from 60 respondents(including 22 managers and 38  

executives) from 10 various IT companies located in Ernakulam district through random 

sampling.56 respondents representing a 94% response rate have been obtained. The 

secondary data were collected from books, journals, and websites. 

 
5. Analysis  

The research objective of the study was to provide an insight into the causes of stress 

among employees in the BPO industries in the Ernakulam district.   

 

5.1 Profile of Respondents  
 

Most of the respondents are in the age group of 31 to 40 (34%) and 41 to 50 (31%). 

Among the respondents, the highest gender group is male which stands at 60.4% 

compared to females at 29.6%. On ethnicity, 64.2% of the respondents are postgraduates 

compared to graduate 26.4%. Further, most of the respondents are married with or 

without children. The total married respondent stands at 58.50% (Married without 

children at 13.2% and married with children at 45.3%, this total up to 58.5%)Majority at 

least 10 years of working experience (at 35.8%) and at least 3 to 6 years of length of 

services in the same company.  

 

5.2 Reliability  
 

The Cronbach’s Alpha reliability test shows a score of 0.7 and the coefficients 

across the variables, and since the figure is considerably high, the data is then 

reliable for analysis.   
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5.3 Table No 1 : Respondents’ feeling of stress  

Overall I find my present job stressful  

Item  Frequency  percentage 

Strongly disagree  2  3.77 

Disagree  11  18.87 

Neither agree or  

disagree 

25  41.51 

agree  19  32.08 

Strongly agree  2  3.77 

Total  58  100 

Source: compiled from field survey 

Table 1 illustrates that 41.51% of the respondents neither agree nor disagree. 

However, by comparing the two total figures of agreement and disagreement, we 

noticed the overall perception of stress is high (35.9% agree that job is stressful 

compared to 22.7 disagree. 

 

5.4 Sources of Stress  

Table No 2 : Sources of stress  

Sources  Mean  Standard deviation 

Unrealistic objectives  3.29  1.002 

Time pressure and deadlines  3.21  0.981 

My relationship with my  

colleagues 

3.11  1.126 

Unsympathetic boss  3.00  0.935 

Interpersonal relations  2.97  0.993 
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My relationship with my  

subordinates 

2.89  1.019 

Performance related  

compensation 

2.89  1.079 

Taking my work at home  2.89  0.934 

Incompetent boss  3.21  0   0.854 

 

 

Table No 2 shows the “Unrealistic objectives” have a higher mean score of 3.29  followed 

by “Incompetent Boss” at 3.21 and “time pressure and deadline” at 3.21. The high mean 

scores reflected negative perceptions and thus these are the main sources of stress to the 

respondents in the organization. All other factors of stress have a score value ranging from 

2.89-3.11 which affects negativity.   

 

Competition among organizations requires every firm to pursue innovations and find 

new technology, and thus necessitate management to construct new planning and 

improve objectives. Sometimes, the changes could be unrealistic. These changes can 

make the current employee skills and experiences obsolete in a short time and thus this 

innovation is a threat to many people and causes them stress. There is also the issue of 

organizational leadership which represents the managerial style of the organization’s 

senior executives.  Some leaders do not acquire the expertise, skills, nor the right 

knowledge to assist them in making good decisions. This could create cultures of fear, 

anxiety, and tension among the subordinates and consequently, stress. There is also the 

issue of task and role demands of the organization on the personal job. It includes the 

design of the individual job,  working conditions, and the physical work layout. An 

excessive demand causes stress to the worker. At times, the individual is given more 

jobs than he or she can perform. 

 

5.5 Predictors of Stress  
 

The stepwise multiple regression analysis was used to test the relationship of overall stress 

level as dependent variables and the job and organizational climate characteristics as the 

independent variables. From the analysis, as shown in table no.3, only 5 dimensions have 

been entered into the regression equation. They are adaptability, job security,  conflict, 

support, and integrity. These 5 dimensions explained the variability in the overall stress level 

of employees. Nevertheless, by looking at the R-square value, all these factors when taken 
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into consideration explained 25.7% of the variability in the level of stress. 

Table No 3 : Predictor for Stress  

 Factors of stress  Sig*  Beta 

A  Integrity  0.001  -0.441 

B  Conflict  0.000  0.229 

C  Job security  0.005  0.320 

D  Adaptability  0.008  0.218 

E  Support  0.039  0.161 

 
 

*p<0.05  

From Table No 4, it can be concluded that stress are inversely related to integrity (Beta= 

-0.441) and positively related to conflict (Beta=0.229) ,to job security (Beta=0.320), 

adaptability (Beta=0.218) and support (Beta=0.161). The beta value closest to one would 

present the strongest correlation. In this study, the Beta for stress relationship with 

integrity is highest, which implies that as integrity increases, stress would be reduced. 

Other predictors, however, have a lower correlation with stress.  

 

6 .Major Findings  
 
1. Most of the respondents are in the age group of 31 to 40 (34%) and 41 to 50 A(31%). 

Among the respondents, the highest gender group is male which stands at 60.4%. 

2. Table 1 illustrates that 41.51% of the respondents neither agree nor disagree. 

However, by comparing the two total figures of agreement and disagreement, we 

noticed the overall perception of stress is high (35.9% agree that job is stressful 

compared to 22.7 disagree compared to females at 29.6%.  

3.From Table 2, “Unrealistic objectives” have a higher mean score of 3.29 followed by 

“Incompetent Boss” at 3.21 and “time pressure and deadline” at 3.21. The high 

mean scores reflected negative perceptions and thus sources of stress to the respondents 

in the organization.  

4.From Table 4, it can be concluded that stress are inversely related to integrity (Beta= 

-0.441), positively related to conflict (Beta=0.229) ,to job security (Beta=0.320), 

adaptability (Beta=0.218) and support (Beta=0.161). The beta value closest to one 
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would present the strongest correlation. In this study, the Beta for stress relationship 

with integrity is highest, which implies that as integrity increases, stress would be 

reduced. Other predictors, however, have a lower correlation with stress.  

 

7. Conclusion and Recommendations  
 
The research objective of the study was to provide an insight into the causes of stress among 

employees in the BPO industries in the Ernakulam district. Overall the study indicated that 

35.85% of the respondents feel they are stressed at work. The main sources of stress were 

unrealistic objectives, the issue of the incompetent boss, time pressure, and deadlines. From 

the study, the five major predictors of stressors found in the BPO  industries are support, 

adaptability, job security, conflict, and integrity. These are all the potential elements 

affecting job stress. In addition, integrity has an inverse relationship and the highest 

correlation towards stress. To stay competitive and cost-effective, the management in the 

BPO industry has to be sensitive towards employee’s perceptions. In the era of hyper-

competitiveness, every effort should be made to maximize our resources to stay 

competitive.  

 

Human resources are one of the strategic company resources which can help a company to 

move ahead of others. Individuals, particularly organizational leaders need to take initiative 

to learn about themselves and their careers, to pick up new skills, develop self-motivation 

and acquire the expertise needed to make decisions. The breakdown of integrity among 

employers and employees can be a major cause of stress if not carefully monitored.  

 

On the societal level, there is a need to make society and organizations more humane and 

caring. More emphasis should be on fitting organizations to people and not the other way 

round. A company should provide greater economic security and psychological security in 

the form of training in survival skills in today’s fast-changing society. In terms of 

adaptability, stress management advice at the organizational level may help the reduction 

of stress to a tolerable level. Person-environment misfits can be corrected either by 

placement, appraisal, and training or job redesign, enlargement, and rotation at the 

organizational level. The ultimate hope of this study is to help the BPO industry to grow 

within the context of an enhanced level of competitiveness brought about by the forces of 

globalization and advancement in information technology. It is hoped that the findings in  

This study can create awareness as well as help companies develop strategies for the 

development of their human resources.  
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    Supernaturalism is perhaps the broadest classification of religious practices encompassing any belief system dealing with 

supernatural forces. Supernaturalism asserts the existence of forces beyond human comprehension that frequently interfere 

for better or worse in human affairs. 

    Some supernatural creatures have good aspect which is related to Divine Beings usually called Gods and Goddesses. 

There are also Demigods. Some others have evil aspect. They are ghosts, demons and vampires. All these supernatural 

creatures never fade from popular awareness. Even though their form may vary, they seem to be embedded in our 

consciousness. They appear repeatedly in literature around the world, in movies, advertisements, video games and modern 

books. 

    Sreemad Bhagavatham is considered to be one of the Mahapuranic texts of Hindu literature. It consists of many stories 

renowned in Hindu tradition. It focuses on the incarnations of Lord Vishnu particularly human form. ie Sreekrishna , who 

established the rule of dharma and moral order through his several supernatural incarnations. Supernatural deeds of Lord 

Krishna in Sreemad Bhagavatham teach us to live in harmony with nature to keep ecological balance. 

    Ancient Hindu battles depict great heroes, demons, celestial weapons and beings, magic and the supernatural. Wars are 

waged with the purpose of upholding Dharma over Adharma. The major Hindu Gods often engage in war either in the form 

of Avatars or in their form. They and many Hindu heroes use astra, celestial weapons, with fearsome supernatural power, 

to aid them in battle. 

    Sreemad Bhagavatham is the most complete and authoritative exposition of Vedic knowledge covering everything from 

the nature of the self to the origin of the universe. It is the literary incarnation of God. It is meant for the ultimate good of 

all people. The purpose of this fifth Vedam is to encourage one to understand that one is not an independent entity but a part 

of a universal body that depends on many supernatural forces. 

    Lord Krishna is the greatest hero of all times. In the long history of the world there has been no equivalent to such a great 

hero like Sree Krishna in India or even elsewhere on this Earth. Sreemad Bhagavatham delineates His supernatural power. 

Before the birth of Sree Krishna His parents were kept in jail by the king Kamsa. But the moment Krishna was born, the 

doors of the jail suddenly opened and was safely shifted to Gokulam. 

    Lord Krishna performed innumerable supernatural things during His incarnation. Lord Vishnu enters this world in 

different yugam in different form to restore balance whenever his presence is needed.  

    Mother Earth once burdened as she was too many sinners, could bear the pain no more. She assumed the form of a cow 

and approached Lord Vishnu and told him how much she was suffering on account of the adharmam which was rampant. 

The sinful kings were polluting her. Vishnu consoled her and has decided to take a human form and name. He has decided 

to live on the face of the earth till her troubles are over. Lord Vishnu incarnated as Sree Krishna in the form of human being 

to destroy the callousness in wicked men and transform them into pure men without asking any weapon.  

    At the very beginning of His life on the earth, SreeKrishna left the city of Madhura in order to live in the forest with the 

cowherds. Krshna spent His childhood among the twelve forests of vrindavan. The trees were His friends. SreeKrishna 

brought forward the cows and played on His flute through the forest of Vrindavan which was full of flowers, vegetables and 

pasturing grass. There were chirping birds, clear water and lakes with water that could relieve one of all fatigues, sweet 

flavoured breeze always refreshing the mind and body. 

    One day in summer season Krishna along with the cowherd boys, cows, and calves went to the bank of the river Yamuna 

as usual to graze the cattle. Since summer was very severe all boys, cows and calves became very thirsty. All began to drink 

the water of the river Yamuna. But all of them fell down unconsciously because the river was polluted with the poison of 
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the great snake Kaliya. Krishna glanced mercifully at them. At time all regained their consciousness. Thus they were rescued 

by Krishna.  

    16th chapter of 10th scandham brings into light that Krishna purified the water of Yamuna by driving away the great 

serpent Kaliya, which was very poisonous, to the island Ramanakam . The water of Yamuna became vain on account of this 

poison. Even if a bird happened to pass over the river, it would fall down and die as a result of this severe poison emanated 

from the mouth of Kaliya. Most of the trees and creepers around the lake dried up on account of the poisonous atmosphere. 

Immediately Krishna climbed up a big kadamba tree grown on the bank of Yamuna and jumped in to the lake. Kaliya 

actually wanted to bite Krishna. But Krishna jumped, moved and danced around all the hoods. He performed 

Kaliyamardhanam. Thereby the serpent became very tired and lost its strength. Heavy blood oozed from the mouth. Krishna 

ordered kaliya to leave this lake and go to the island Ramanakam. 

    Tenth scandham chapter 18 depicts the protection of cowherd boys and cows from the forest fire by Krishna. Once the 

cowherd boys were engaged in playing in the forest vrindavan. Some boys along with cows entered the forest known as 

Isikatavi. Then they saw fire engulfing the forest. They were enveloped by forest fire which was very ferocious and all of 

them could not escape from this situation. Krishna with His mystic power swallowed up all the blazing fire and protected 

them from this threatening danger. 

    Sree Krishna inspires Vasudevar, His father, to exchange Him with the daughter of maharaja Nandagopar at gokul. By 

his influence the door keepers fall asleep and the doors are opened automatically. Vasudevar carries the child Krishna across 

the river Yamuna. It was raining with mild thunder. River Yamuna gave way for Vasudevar to cross and Ananthanaga 

followed him with hoods opened to shelter them from rains. Vasudeva reaches gokulam and replaces Krishna with the 

daughter of Nandagopa. Thereafter come back and bound his legs with iron shackles as before. 

    When SreeKrishna turns three months old, mother Yasotha perform uthana ceremony. She was busy with the uthana 

ceremony and put his child Krishna to a bed under a handcart, which contained vessels full of milk and curd, in the courtyard 

at gokul. After sometimes Krishna woke up and demanded mother’s milk. Yasotha didn’t hear His cry. when no one notices, 

He angrily kicked the cart with His little legs and overturned the handcart scattering the various utensils here and there. The 

gopis and gopas were struck with wonder. They could not believe this wonderful phenomenon. 

    SreeKrishna had supernatural powers right from the day He was born. He was born with full powers and all these powers 

were used to set things right. During His child hood, one day, mother Yasotha saw in His mouth the whole Universe 

including the sky, higher planetary system, earth, sun, moon, fire, air, seas, mountains, rivers, forests and all kinds of living 

entities. Yasotha became astonished and afraid. Another incident was that the playmates of Krishna complained Yasotha 

that Krishna has eaten mud. Yasoyha came and asked Him to open His mouth wide. Krishna opened His mouth and showed 

the entire Universe in His mouth. 

    During His childhood while SreeKrishna was playing with cowherd boys, a demon called Bakasura assumed the form of 

a gigantic duck and swallowed Krishna. SreeKrishna became hot like fire inside the mouth of the demon and made the 

demon throw Him out. There after holding the two ends of the beak of the duck, Krishna stretched the mouth of the duck, 

split it and killed the demon. 

    In the 10th scandham chapter 25 SreeKrishna told villagers that they were farmers and should do their duty and concentrate 

on farming and protection of their cattle. They were suggested not to conduct sacrifice for natural phenomenon. They 

therefore did not proceed with the special pooja. Indra became angry when offering of sacrifice for him was stopped. He 

poured the rain incessantly for seven days. They could not tolerate the worst situation of incessant rain. The inhabitants 

approached Krishna to rescue them from the wretched atmosphere. Abruptly Krishna lifted the Govardhana Hill easily on 

the little finger of his left hand as picking up a mushroom by a child to protect all the inhabitants under this umbrella. 

Thereby He has got the name Govardhanadhari. 

    Once after observing the dwadashi vrata king Ambreesh was about to break his fast. Just then sage Durvasav reached 

there. The king requested his distinguished guest to have food with him. Durvasav accepted the invitation and went off to 

the river for morning ablutions. Only twenty minutes were left for breaking it. The king wetted his lips with a few drops of 

water purified with tulsi leaves. Durvasav became angry and created a demon to kill him. SreeKrishna killed Kritiya using 

His supernatural weapon Sudarshanachakram. 
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    Lord Vishnu is willing to assume any form or shape for the welfare and well-being of His dear devotees. When His people 

become the victims of distress, tyranny and torture, Lord Vishnu descends to the Earth in diverse manifestations and 

incarnations in order to destroy sin, ignorance and devilish forces from the face of Mother Earth. 

     An asura named Hayagreeva was causing great sufferings to the whole world. Vishnu has decided to free the world of 

his menace. He intended to destroy all such perverse people by a deluge. The whole world was covered with water. As man 

would be very weak in water and unable to do much in order to do good, He had taken the manifestations of fish to fulfil 

his purposes. 

    The world had lost many precious things in the great flood. To get precious things Lord Vishnu resolved to churn the 

Ocean of Milk. During the churning Vasuki lost its grip on the mountain. The mountain Mandhara began to sink. 

Mahavishnu incarnated in the form of Koorma and reached there to lift it up and held it in that position.  

The demon Hiranyaksha hid the world in the bottom of the sea. Hiranyaksha was proud of his strength. Hiranyaksha started 

searching for lord Narayana to fight with him. Lord took the form of Varaha with terrible curved tusks thousands of miles 

long came out of Brahma’s nostril. The Varaham grew very fast and became a gigantic figure. Varaham plunged in to the 

ocean looked for and found Mother Earth. He then lifted earth on His tusks and began swimming upwards. Varaham killed 

the asura and placed Mother Earth in her original place. He killed the evil force and saved the mankind and the earth from 

its tyranny. 

    Hiranyakashipu prevented people from doing good deeds on the earth. He has decided to annihilate good people. He 

began torturing and killing the pious and saintly. Nobody can tolerate his atrocities. He became arrogant and forgot the 

Supreme Power pervades the Universe. He was a man of adharmam. To annihilate this callous man from this Universe in 

order to maintain ecological balance Lord Vishnu incarnated in the form of Narasimham. The end of Narasimhavatharam 

is to destroy wicked thoughts of man and to lit the good thoughts in man’s mind to make the man the owner of good thoughts. 

Mahabali was the mightiest of emperors. He was Lord of earth and heaven. Nobody dared to oppose his will. He ruled his 

subjects kindly and well, but made them rely on themselves and not on dharma or karma. The Vedas were neglected, 

religious rites were not performed and men cared only for their pleasures. Everyone had some food and material comforts. 

People led a gay and carefree life. If it goes on, the world will sink in to materialism. It is necessary to save the world from 

Mahabali. So Lord Vishnu descended down in to the world as Vamana to maintain dharma and reinstate order.  

    The world was once overburdened with kings and warriors who were fighting with each other and creating disturbance. 

The Prithvi was overburdened by adharmam, corruption and the Brahmin and the Vedas began to disappear. The duty of 

the rulers of society is to protect religious principles. When they failed to do it they became burden on the land. There had 

no happiness in the society ruled by such men. Lord Vishnu incarnated as Parasurama as the son of Jamadgni to annihilate 

these fighting men.  

    Lord Vishnu took the opportunity to be born as SreeRama in the world to achieve His three-fold ends namely to ride men 

of fear, mostly of fear of the rakshasas, to show men by His own rule how a land should be ruled and to show men a unique 

and unforgettable ideal of monogamy by the love of Rama and Sita for each other. 

    If the number of callous persons is increased on the earth, it will increase burden on the earth. Mother Earth could not 

tolerate the burden and atrocities committed by these callous persons. Balarama supported SreeKrishna to alleviate the 

burden on the earth by annihilating these wicked men. Balarama subdued a wicked man by name Pralamba and killed him. 

Lord Balarama dragged and brought theYamuna river in hundred streams with the tip of his plough to fertilize the land and 

for irrigation. 

    The incarnation of SreeKrishna is said to be Poornavatharam. Aim of His incarnation was to complete all the things which 

cannot be completed by human beings. At the end of Kali yugam, when adharmam is predominant and vice has the upper 

hand and virtue has disappeared and men have become demons, sunk in every form of debauchery, vice and wickedness are 

eagerly destroying one another, Lord Vishnu will incarnate again as Kalki, the son of Brahmin chief in order to reinstate 

dharmam. He will travel everywhere on the earth with a sword in hand riding on his horse Devadatha and kill all the bad. 

Good people will be purified by the dust rising from horse’s hooves. 

    His astonishing, supernatural and miraculous activities were for the establishment of permanent peace for the turmoil 

world. ‘Loka samastha sughino bhavandhu’.Thus Avatharam is a descent of God for the ascent of man. Lord Vishnu 

descends on the earth with supernatural powers to keep up the harmony of the universe. The works done by the avathars 

and their teachings produce a benign spiritual influence on human beings. It comes to reveal the divine nature in man and 
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makes him rise above the petty materialistic life of passion and egoism. Many avathars have discharged one function, but 

SreeKrishna has carried out many supernatural activities. That is why SreeKrishna is called Poorna Avatharam. 
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Effect of Dopant Precursor Solutions on the Structural
and Optical Properties of ZnS:Cu Nanophosphors

K. R. Bindu1 and E. I. Anila2�∗
1Sree Sankara Vidyapeetom College, Valayanchirangara 683556, Kerala, India

2Union Christian College, Aluva 683102, Kerala, India

Nanoparticles of ZnS doped with Cu (ZnS:Cu) were prepared at room temperature by wet chem-
ical method without any capping agent using two dopant precursor solutions-aqueous: (i) Copper
acetate [ZnS:CA] and (ii) Copper nitrate [ZnS:CN] solutions. The characterization of the samples
was carried out for the structural, surface morphological and optical properties. XRD analysis results
revealed the formation of cubic structure ZnS:Cu particles with an average size of 2.5 nm. From
diffuse reflectance spectral (DRS) studies the band gap was found to be higher than bulk due to
quantum confinement effect. In Photoluminescence (PL) spectra a sulphur vacancy related blue
emission around 432 nm and a green emission from the recombination between the shallow donor
level and the t2 level of Cu were observed. The ZnS:CN nanoparticles showed enhanced lumines-
cence property compared with that of ZnS:CA nanoparticles.

Keywords: Nanophosphors, Capping Agents, Photoluminescence, Stress.

1. INTRODUCTION
Transition and rare earth metal ions doped ZnS nanopar-
ticles are used as prominent phosphor materials for dis-
play, lighting, sensors and lasers. It is well known that
among the transition metal ions Mn can be incorporated
into nano ZnS host in large proportions without altering
the crystal structure. Hence, studies on the growth and
optical properties of ZnS:Mn have been conducted by sev-
eral researchers. Because of its excellent luminescence
properties, bulk ZnS:Cu phosphors are also well-studied
luminescent materials. Since CuS precipitates earlier than
ZnS during the synthesis, studies of nano ZnS:Cu have
not been carried out as widely as ZnS:Mn nanoparti-
cles. Most of the synthesis methods of nanophosphors
with capping agents or surfactants cause undesirable lumi-
nescence centers; subsequently the PL emission process
becomes more complex. Hence, it is advantageous to
attain efficient PL emission from uncapped nano ZnS:Cu.
Many researchers reported the PL emission of ZnS:Cu
nanoparticles in different ways [1–4]. In our present
work, for the excitation wavelength of 340 nm, we have
observed the two emissions-blue emission around 432 nm

∗Author to whom correspondence should be addressed.

and green emission around 522 nm. This paper dis-
cusses the preparation of uncapped ZnS:Cu (ZnS:CA and
ZnS:CN) nanocrystals from two dopant precursor solu-
tions by wet chemical method and has been characterized
by X-ray diffraction (XRD), scanning electron microscopy
(SEM), energy dispersive X-ray spectroscopy (EDS), dif-
fuse reflectance spectroscopy and photoluminescence (PL)
techniques.

2. MATERIALS AND METHODS
2.1. Chemicals
Zinc acetate [Zn(CH3COO)2, Spectrum Reagents, 98%],
copper acetate [Cu(CH3COO)2, Sigma Aldrich, 99%], cop-
per nitrate [Cu(NO3�2, Sigma Aldrich, 99%] and sodium
sulphide [Ns2S, Merck] were used as received, without
additional purification.

2.2. Synthesis
Two different dopant precursor solutions viz; aqueous cop-
per acetate and aqueous copper nitrate solutions were
attempted for the preparation of ZnS:Cu nanocrystals.
These nanoparticles were synthesized by wet chemical
method similar to our previous work [5]. In the procedure,
25 ml of 0.0005 M dopant precursor solution was added
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to 25 ml of 1 M zinc acetate [Zn(CH3COO)2] solution,
under strong stirring. 25 ml of 1 M Na2S solution was
introduced into the above solution and then the mixture
solution was stirred for 20 minutes. The resulting white
colloidal suspension was filtered and the obtained precip-
itate was washed with distilled water and dried at 70 �C.
Following the same procedure, ZnS:Cu nanoparticles for
0.001 M Cu was also prepared.
The phase and structure of the synthesized samples were

identified with X-ray diffraction (XRD) patterns, recorded
by Bruker AXS D8 advance X-ray diffractomter with Cu
(1.5405 Å) as X-ray source. Morphological analysis was
carried out using scanning electron microscopy (SEM)
with EDS attachment using Jeol model JSM 6390 LV. Dif-
fuse reflectance measurements of dry powders were per-
formed for energy gap determination, using Varian Cary
5000 UV-Vis-NIR spectrophotometer with a spectral band-
width of 2 nm. FTIR analysis was done in the range of
4000–400 cm−1 by Fourier transform infrared spectropho-
tometer (Shimadzu). Horiba Fluromax 4C research spec-
trofluorometer with a 150 W ozone free xenon lamp was
used for Photoluminescence (PL) studies.

(A) (B)

(C) (D)

Figure 1. (A) X-ray diffractogram (∗denotes CuS phase) (B) Williamson-Hall plot (C) Nelson-Riley plot and (D) FTIR spectra of nanostructured
ZnS:Cu—(a) ZnS:CA and (b) ZnS:CN.

3. RESULTS AND DISCUSSION
3.1. Structural Characterization: XRD, SEM and

FTIR Analysis
Figure 1(A) shows the XRD patterns of ZnS:Cu
nanoparticles synthesized at room temperatures with
0.001 M of copper nitrate [ZnS:CN] or copper acetate
Cu(CH3COO)2 [ZnS:CA]. The three broaden diffraction
peaks in the XRD patterns indicate nanocrystalline nature
and correspond to the lattice planes (111), (220) and (311)
of the cubic zinc sulphide structure (JCPDS file No. 65-
0309). The shoulder peaks on the diffraction peak corre-
sponding to (111) plane in the ZnS:CA sample are due
to the formation of CuS (JCPDS File No. 831463). The
grain size measurements were carried out from the full
width at half-maximum of the three main peaks of XRD
pattern using Scherrer formula D = 0�9�/� cos�, where
D is the average grain size, � is the half peak width at
full maximum (FWHM), � the wavelength of the Cu-K�
used and � is the glancing angle. The strain and crystallite
size were calculated by Williamson-Hall (W-H) method by
which � cos� = k�/D+ � sin �, where k = 0�9 known as
the crystallite shape constant and other parameters have
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the same meaning as in Scherrer equation [6]. The slope
(�) of the plot of sin � versus � cos� (Fig. 1(B)) gives
the average internal strain, and from the intercept 0.9�/D
the crystallite size can be determined. The mean crys-
talline domain size calculated from Scherrer equation and
W-H plot have been estimated to be around 2.4 nm and
2.6 nm for ZnS:CA and ZnS:CN respectively. The lat-
tice strains were found to be −0.05611 and −0.01756 for
ZnS:CA and ZnS:CN respectively. Here the negative sign
shows compressive strain in the samples. Since the sam-
ples were in cubic phase, the lattice parameters were cal-
culated using the relation, d2

hkl = a2/	h2+k2+ l2� where
dhkl is the interplanar separation corresponding to Miller
indices h, k, and l. The corrected values of lattice parame-
ters can be determined using Nelson Riley plot (N-R plot).
The N-R curve (Fig. 1(C)) is plotted between the calcu-
lated ‘a’ for different planes and the error function, f 	��=
1/2
cos2 �/sin �+ cos2 �/��. The stress and strain that are
developed during the crystal formation leads to changes in
lattice parameters from the bulk counterpart. The intrinsic
stress developed during the formation of nanoparticles was
calculated using the relation [7] � = Y 	a−ao�/	2ao�,
where Y is the Young’s modules of ZnS (75 GPa), ao is
the bulk lattice parameter (0.5400 nm), a is the lattice con-
stant measured from the XRD and  is the Poisson’s ratio
which is 0.28 for ZnS. Using Williamson and Smallmans
relation �= 1/D2, dislocation density in the samples was
determined [8]. The calculated values of grain size (D),
lattice parameter (a), dislocation density (��, stress and
strain (�� are given in Table I below.

FTIR spectra (Fig. 1(D)) of the samples were recorded
in the wave number range 400–4000 cm−1. However, the
spectra were identical and the bonds were strong in the
sample ZnS:CN. The vibrational frequencies of the various
bonds present in the materials can be assigned by observ-
ing the peak position in the spectrum (Table II, below).

In order to analyze the image morphology and the com-
position of the materials, the synthesized doped nanopar-
ticles were examined by SEM and EDAX. The shape
and size distribution of the synthesized nanoparticles were
characterized by SEM image (Figs. 2(a) and 3(a)).

In fact, because of the agglomeration, particles could not
be distinctly visualized and hence exact calculation of the
size of particles using SEM images was somewhat diffi-
cult. But, as is clear from the SEM images, the formed par-
ticles of ZnS:CA are small in comparison with the ZnS:CN

Table I. Structural parameters of ZnS:Cu nanoparticles calculated
from XRD.

Mean
crystallite Stress Dislocation
size (D) acalculated acorrected Strain (�) density (�)

Sample nm (Å) (Å) (�) ×1012 N/m2 ×1017/m2

ZnS:CA 2.4 5.375 5.432 −0.0561 −0.62 1.7
ZnS:CN 2.6 5.383 5.40 −0.0176 −0.42 1.6

Table II. IR peaks and their assignments.

Wave number (cm−1) Assignment

1036 Zn–S vibration [9, 10]
664 Zn–OH bending mode [11]
3435 O–H stretching mode [12, 13]
1572 C O stretching modes [14]
1215 C–O stretching [15]
1420 C–O–H bending [16]
2345 C–H vibration [17, 18]
912 Out-of-plane band due to O–H stretching [19]

particles. The EDX spectra of both samples exhibit the
peak related to elemental Cu and (Figs. 2(f) and 3(f)) con-
firmed the composition of elements (Zn, S and Cu) in the
samples. From the elemental maps it appears that Zn, S
and Cu maps correlate exactly. The concentration of cop-
per in the ZnS:CA and ZnS:CN samples are 2.46 at.% and
2.34 at.% respectively. But the Cu/Zn ratio in both samples
is almost equal to 0.033 and 0.032 for ZnS:CN, ZnS:CA
respectively.

3.2. Optical Characterization: DRS and
PL Spectroscopy

From the diffuse reflectance spectra (Fig. 4), the
absorbance was calculated using the Kubelka-Munk func-
tion F 	R� = 	1−R�2/2R = k/s, where k and s are
absorption and scattering coefficients [20, 21]. The opti-
cal absorption spectra of the two ZnS:Cu samples
obtained from the diffuse reflectance values are shown in
Figure 5(a). It can be seen from the figure that the two
samples show sharp absorption edge at 330 nm which
reflects the approximate band gap of nanoparticles.
The exact band gap energy values was determined

using the conventional method of extrapolating the straight
line portion of the h� versus [(k/s)h�]2 plot to k/s = 0
(Fig. 5(b)). The band gap thus obtained for ZnS:CA and
ZnS:CN are 3.76 and 3.74 eV. There is a blue shift in band
gap values in comparison with the bulk value of 3.65 eV
which may be attributed to quantum confinement effect.
Based on this, the band gap of nanocrystallites is given by
Brus equation [22],

E∗ ≈ Eg +
h2

8R2

{[
1
me

]
+
[
1
mh

]}
− 1�8e2

4��0�rR

Where Eg is the band gap of the bulk, me and mh are
electron and hole effective masses and R is the radius of
nanoparticles. Substituting Eg , me, mh and �r the above
equation reduces to

E∗ ≈ Eg −
0�3
R

+ 1�5
R2

The calculated particle radii are 2.57 and 2.74 nm for
ZnS:CA and ZnS:CN respectively.
To find out the effect of dopant solution on lumi-

nescence, we have recorded the room temperature PL
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Figure 2. (a) SEM, (b–e) EDS maps and (f) EDS spectrum of ZnS:CA with 0.001 M of Cu2+.

Figure 3. (a) SEM, (b–e) EDS maps and (f) EDS spectrum of ZnS:CN with 0.001 M of Cu2+.

emission spectra of the two ZnS:Cu samples—[ZnS:CA]
and [ZnS:CN], synthesized for two Cu concentrations of
0.0005 M and 0.001 M at an excitation wavelength of
340 nm, as shown in Figure 6(A). It was found that
PL emission of ZnS:CN sample (Figs. 6(A(c and d))) is
more intense than that of ZnS:CA (Figs. 6(A(a and b)))

Figure 4. Diffuse reflectance spectra of ZnS:Cu nanoparticles—
ZnS:CA and ZnS:CN.

for both Cu concentrations. For the doping concentration
of 0.001 M Cu, the emission is 7 times more intense
than that of ZnS:CA. Even though the amount of Cu
in ZnS:CA (2.46 at.% by EDAX) is more than that of
ZnS:CN (2.34 at.%), the Cu/Zn ratio in ZnS:CN (0.033)
and ZnS:CA (0.032) are almost equal. But in ZnS:CA, the
majority of the Cu ions are not incorporated in ZnS host
lattice by replacing the Zn ions and hence the lumines-
cence centers of Cu2+ ions are not formed but leads to
the formation of CuS. Therefore the decreased intensity
in ZnS:CA is due to CuS formation which is confirmed
by its peaks in XRD pattern. The PL emission spectra
of both samples (Fig. 6(A)) consist of a broad emission
band in the range 450–550 nm. Due to the broad and
unsymmetrical nature of PL spectra, they are deconvo-
luted and it was found that both the samples have similar
peaks. In the broad region, the PL spectrum of ZnS:CN
(Fig. 6(B)) consists of two emissions, one blue emission at
432 nm and other green emission around 526 nm. For the
ZnS:CA sample PL spectrum on deconvolution (Fig. 6(C))
gives these emissions at 438 nm and 515 nm. The blue
emission around 432 nm is due to the ZnS host and
can be ascribed to the recombination of electrons at sul-
phur vacancy donor level with holes trapped at the zinc
vacancy acceptor level [23]. The green emission observed
in ZnS:Cu nanocrystallites can be assigned to the recombi-
nation of delocalized shallow donor level related to sulphur
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(a) (b)

Figure 5. (a) Absorption spectra and (b) h� versus [(k/s�h�]2 plot of ZnS:Cu nanoparticles—ZnS:CA and ZnS:CN.

vacancy with the ‘t2’ level resulting from the splitting of
3d9 ground state of Cu2+ in the band gap of ZnS [24].
The emission peak of green emission in nano ZnS:Cu gets
red shifted from the bulk ZnS:Cu for which this emission

(A) (B)

(C) (D)

Figure 6. (A) Photoluminescence spectra (�ex = 340 nm) for 0.0005 M and 0.001 M of Cu of (a and b) ZnS:CA and (c and d) for ZnS:CN,
(B and C) the individual components of PL spectra of ZnS:CN and ZnS:CA by deconvolution and (D) CIE diagram.

was found to be at 500 nm. This may be due to the shift
in energy levels of Cu impurity arising from nanoparticles
formation. For the ZnS:CN nanoparticles in addition to
Cu related green emission, a red emission around 640 nm

J. Nanosci. Nanotechnol. 20, 1–7, 2020 5
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Figure 7. (a) PLE spectra (�em = 515 nm) of ZnS:CN and ZnS:CA and (b) schematic energy level diagram showing all emissions.

was also observed. For the bulk ZnS:Cu this red emission
was reported and can be assigned to the recombination of
deep localized sulphur vacancy donor level and t2 level
of Cu.
Figure 7(a) shows the excitation spectra of ZnS:CA

and ZnS:CN for the emission wavelength of 515 nm.
The spectra are identical. This high-energy band with
peak around 332 nm corresponds to the ZnS band-to-
band transition. The other low-energy bands around 390,
445 nm corresponds to the absorption of defect levels.
Based on the PL results obtained, the schematic energy
level diagram is given in Figure 7(b). Here VZn, Vs stand
for zinc and sulphur vacancies. To evaluate the perfor-
mance of Cu doped ZnS on luminescence emission, CIE
coordinates are calculated. We obtained CIE coordinates,
x = 0�23 and y = 0�25 for ZnS:CA and x = 0�27 and y =
0�36 for ZnS:CN. The overall emission colour is green
and bluish white for ZnS:CN and ZnS:CA (Fig. 6(D))
respectively.

4. CONCLUSION
Cu doped ZnS nanoparticles were prepared through wet
chemical method using two dopant precursor solutions-
aqueous copper acetate and copper nitrate solutions. The
ZnS:CN nanoparticles exhibited better luminescence prop-
erty compared to ZnS:CA nanoparticles and the overall
emission colour is green. The results of PL studies pre-
sented here show that ZnS:Cu nanophosphor is a green
phosphor when the Cu source is copper nitrate and it can
be used for display applications.

Acknowledgments: Authors thank Mr. Cheri Jacob K,
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Facile synthesis of nitrogen doped carbon dots from waste biomass: 
Potential optical and biomedical applications 
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A B S T R A C T   

We report a facile, one-pot hydrothermal synthesis of surface passivated, nitrogen doped carbon dots (N-CDs) 
from jackfruit peel and tamarind peel precursors. The synthesized N-CDs emit strong excitation dependent 
fluorescence in the blue region. The samples illustrate exciting quantum confined optical properties. Graphiti-
zation of N-CDs is identified by X-ray diffraction. Surface functionalization is confirmed by FT-IR studies whereas 
nitrogen doping by X-ray photoelectron spectroscopy. The average size of synthesized N-CDs estimated from 
transmission electron images is 6.4 nm and 5.3 nm for jackfruit peel and tamarind peel precursors respectively. 
Quantum yield of N-CDs from jackfruit peel (13.04%) is higher than that from tamarind peel (6.13%). Appre-
ciable anti-cancerous activity of the as-prepared carbon dots could be detected with DLA tumour cells extracted 
from mice. The work proposes an innovative design to yield blue luminescent carbon dots with high quantum 
yield from biowaste, providing a green and sustainable alternative to traditional carbon sources.   

1. Introduction 

Appropriate food waste management has a vital role in environ-
mental, economic and social existence to a great extent. It is of para-
mount importance to transform this waste into valuable products 
thereby managing environmental pollution (Sarswat and Fre, 2015) and 
(Tripathi and Ranjan, 2015). Proper treatment of food waste is a rele-
vant solution of disposal issues; also provide a platform for many in-
ventions in agriculture, biomedicine and industry (Himaja et al., 2014). 
Generally, fruit peels are produced in huge quantities on food processing 
but are devoid of any economic value. They are valuable resources in 
material chemistry owing to their low cost, effortless processing condi-
tions, abundant and easy availability. When fruits are consumed or 
transformed into value added products, their peels can also be utilized 
for sources of active compounds on account of their good fibre content. 
When these peels are carbonized, it results not only in carbon dot core, 
but also hydrophilic functional groups such as carbonyl, and hydroxyl. 
These functional groups being excellent chelating ligands, improves the 
optical and physicochemical properties, contributing to various appli-
cations in sensing and biomedical fields (Praneerad et al., 2018). Jack-
fruit (Artocarpus heterophyllus) belongs to the family of Moraceae. As the 
major fraction of the jackfruit is discarded as peel, it can be altered into a 

value added product. It contains cellulose, crude fiber and starch and is 
rich in different polar functional groups such as hydroxyl and amino 
groups (Ranasinghe et al., 2018). Tamarind (Tamarindus indica) belongs 
to the family of Fabaceae. Tamarind peel is easily crackable, brittle shell 
of tamarindus indica that is abundant as a by-product from tamarind 
pulp industry. It consists of hydroxyl and amide groups which may 
preferably assist in value added chemicals (Kumar et al., 2012). 

In the last decade, various protocols have been developed for the 
fabrication of nanomaterials from natural precursors. Green methodol-
ogies are receiving much attention than conventional strategies due to 
the lesser impact on environment. Comparing chemical and physical 
synthetic techniques, green strategies provide simple, easy, relatively 
reproducible, cost effective, efficient and eco-friendly routes which may 
be performed at ambient conditions. These methods reduce the 
poisonous impacts of conventionally integrated nanoparticles to a 
greater extent. Hydrothermal treatment turned out to be the best among 
them considering the ease of manipulating reaction conditions (Chan 
et al., 2018). Carbon dots are an emerging subclass of zero dimensional 
nanoparticles that consists of a carbon core functionalised by different 
groups at the surface. They are characterised by quasi-spherical 
morphology composed mainly of amorphous carbon with sp2 hybri-
dised structure and size less than 10 nm (Niu et al., 2017). They exhibit 
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attractive physicochemical properties such as tunable photo-
luminescence, functionalizability, low toxicity, dispersibility and mul-
ticolour emission associated with excitation, biocompatibility. These 
extraordinary features may be derived from either carbon core or the 
functional groups at the surface (Xu et al., 2004). These properties make 
a prominent impact on research pertaining to biosensors, biolabeling, 
catalysis, photovoltaics and photo electronics. Metal based inorganic 
semiconductor quantum dots widely used in the last decade owing to 
their unique property of quantum confinement effect have restricted use 
nowadays due to the presence of toxic metals such as Hg, Cd and Pb as 
their constituents. The recently emerged carbon dots are superior to 
quantum dots in view of photobleaching, facile surface functionaliza-
tion, low toxicity and chemical inertness (Hardman, 2006). The process 
of doping can appreciably enhance the optical properties of C dots by 
incorporating hetero atoms like nitrogen and sulphur into their internal 
structure. As a result, high quantum efficiency can be achieved by 
creating novel functionalities. Nitrogen is the most preferred element in 
doping on account of the high resemblance with carbon in electronic 
structure and size. Incorporation of nitrogen can be attained either 
during synthesis by opting nitrogen containing precursors or post syn-
thetic functionalization methodologies (Xu et al., 2016). Among the 
numerous protocols for the synthesis of carbon dots, hydrothermal 
treatment is considered to be the most efficient and convenient method 
as it involves facile instrumentation technique and high atom economy. 
This eco-friendly, nontoxic and cost effective method has a further 
advantage that it does not require any post synthetic surface passivation. 
Hydrothermal synthesis of CDs from bio sources like honey (Yang et al., 
2014), water hyacinth (Paul and Kurian, 2020), milk (Wang and Zhou, 
2014), sweet potato (Shen et al., 2017), papaya (Wang et al., 2016) are 
reported. 

Herein we describe the use of cost-free food waste as a novel carbon 
source for the synthesis of carbon dots. Jackfruit peel and tamarind peels 
were selected as carbon source in the current research work considering 
the low cost and surplus local availability. The method demonstrates the 
recycling of environmental waste for eco-friendly nanomaterial syn-
thesis with potential biomedical applications. Present day research 
prefers natural molecules as remedy for cancer as chemotherapy affects 
host cells in addition to the chronic and delayed toxicities in vital organs 
(Kavya et al., 2013). Natural products having anticancerous activity 
with good antioxidant potential and minimum host cell toxicity are of 
exceptional value in the current situation. 

2. Materials and methods 

2.1. Synthesis procedure 

Dichloromethane was obtained from Sigma Aldrich, Germany. 
Jackfruit peel and tamarind peel collected locally were cleaned, dried 
and powdered. About 5g of jackfruit peel/tamarind peel was dispersed 
in 50 ml deionized water and the mixture was heated in a 100 ml Teflon- 
lined stainless steel autoclave at 180 ◦C for 12 h. The dispersion obtained 
was filtered through a Whatman filter paper, followed by washing with 
dichloromethane and centrifugation at 3000 rpm for 15 min. The 
unreacted materials got separated in the organic layer and the N-CDs 
were collected from the aqueous layer through centrifugation at 12,000 
rpm thrice for 20 min. The brown coloured solution of as-prepared 
carbon dots was stored at 4 ◦C. 

2.2. Characterisation 

UV–Vis double beam spectrophotometer (Varian, Cary 5000) was 
used to record UV–Vis absorption spectra. The fluorescence measure-
ments were done by a fluorescence spectrometer (Fluoromax 4- Horiba 
Instruments, Japan). The scan speed of the measurement was 240 nm/ 
min. Photoluminescence was studied by exciting the material in a range 
of 320–420 nm with an increment of 20 nm. An FTIR spectrometer 

(Thermo Nicolet, Avatar 370) was used to study the Fourier Transform 
Infrared spectra for the analysis of functional groups. The morphology of 
the samples was investigated by TEM (Jeol/JEM 2100). ImageJ software 
was used to calculate the average particle size by selecting 50 particles. 
X-ray diffraction analysis was performed to analyse the crystallinity as 
well as phase purity of the samples. The colloidal particles were drop 
coated onto a glass plate. After drying, X-ray diffraction patterns were 
analyzed using a Bruker D8 ADVANCE with 2θ scanning mode in the 
range 5-800 at a step interval of 0.020 with counting time of 5s per point. 
The surface chemical analysis was obtained with an X-ray photoelectron 
spectrometer (Axis Ultra, Kratos, UK). 

The fluorescence quantum yield of the prepared samples was 
calculated by a relative method using equation (1) by comparing the PL 
intensities and absorbency values against quinine sulphate (0.1M 
H2SO4, QY = 0.54) taken as reference (Kumar et al., 2017).  

QCD = QR.(ICD/IR) (AR/ACD) (ƞ2
CD/ ƞ2

R                                             (1) 

where “Q” is the quantum yield, “I” is the measured fluorescence in-
tensity, “A” is the absorbance at excited wavelength, “ƞ” is the refractive 
index. The subscript “R” represents the reference sample and “CD” 
represents carbon dots. 

2.3. IN-VITRO cytotoxicity studies 

Trypan blue exclusion method in which Dalton’s Lymphoma Ascites 
cells (DLA) from the peretonial cavity of mice was used for the evalua-
tion of anticancerous activity of N-CDs. The tumour cells were washed 
with Phosphate Buffer Saline. Different concentrations of carbon dots 
(50 μg/ml, 100 μg/ml, 150 μg/ml and 200 μg/ml) from two sources, 
jackfruit peel and tamarind peel were made using dimethyl sulfoxide 
(DMSO). Viable tumour cell suspension was added to the tubes con-
taining various concentrations of carbon dots. Cell suspension without 
N-CDs was taken as the reference. Incubation was done at 37 ◦C for 3 h 
0.1 ml of trypan blue was added and tested on a haemocytometer. By 
counting the stained and unstained cells, we can determine the cell 
viability. Equation (2) gives the cytotoxicity of the synthesized N-CDs. 

%  cytotoxicity=
Number  of  dead  cellsNumber  of  dead  cells 

+  Number  of  living  cells
(2)  

Fig. 1. XRD patterns of N-CDS from JFP and TP.  
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3. Results and discussion 

3.1. Characterisation of N-CDs 

Recording X-ray diffraction pattern of a sample has many applica-
tions like qualitative phase analysis, quantitative phase analysis and 
study of preferred orientation. XRD profile of samples obtained from 
jackfruit peel (JFP) and tamarind peel (TP) are represented in Fig. 1. 
Sample from JFP depicts a single broad peak centred at 22◦ whereas 
sample from TP gives a sharper peak centred at 18◦. These peaks could 
be assigned to (002) diffraction pattern of graphitic carbon (Han et al., 

2016) and (Shen et al., 2017) suggesting a predominantly disordered 
amorphous graphitic structure of carbon dots (CDs). Bragg’s equation 
was used to calculate the d spacing of the CDs with respect to the 2θ 
position of (002) plane. The interlayer spacing was 0.403 nm and 0.492 
nm for JFP and TP respectively, which is larger than that of graphite 
(0.34 nm). The enhancement in interlayer distance may be due to oxy-
gen containing groups and introduction of further defect sites through 
N-doping in the lattice (Mewada et al., 2013) and (Yin et al., 2013) (see 
Fig. 2). 

The surface morphology and size of the as-synthesized carbon dots 
was obtained from Transmission Electron Microscopy (TEM). TEM 

Fig. 2. (a) TEM image of N-CDs from JFP (b) SAED pattern of N-CDs from JFP (c) TEM image of N-CDs from TP (d) SAED pattern of N-CDs from TP (e) Size 
distribution histogram of N-CDs from JFP (f) Size distribution histogram of N-CDs from TP. 
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images reveal well dispersed, quasi spherical structures without 
apparent aggregation. The particles are heterogenous in size, varying 
from 3 to 9 nm. Amorphous nature of CDs is confirmed by the lack of 
lattice fringes in the SAED pattern, in agreement with the XRD results. 
From the statistical particle size distribution estimated using Image-J 
software, the average size of carbon dots is found to be 6.4 nm and 

5.3 nm for jackfruit peel and tamarind peel respectively. 
The functional group present on the surface improve the stability, 

dispersibility and hydrophilicity of the CDs (Carolan et al., 2017) and 
(Chen, 2016). FT-IR spectrum of CDs from jackfruit peel shows a 
prominent absorption band at 3360 cm− 1, that can be assigned to 
N–H/O–H stretching vibration (Fig. 3). The characteristic absorption 
bands at 2129 cm− 1 and 1637 cm− 1 can be ascribed to N––C––N 
stretching and C––O stretching respectively suggesting that the obtained 
CDs are nitrogen doped (Jiang et al., 2015) and (Prathumsuwan et al., 
2018). The band at 1240 cm− 1 denotes the presence of C–O–C stretch-
ing. These groups confirm the presence of hydroxyl and acid moieties on 
the surface (Gedda et al., 2016). CDs from tamarind peel also shows 
presence of similar groups from FT-IR spectrum. 

Surface elemental analysis by X-ray photoelectron spectroscopy 
shows that carbon (283.6 eV), oxygen (529.5 eV) and nitrogen (397.6 
eV) are present in the samples (Fig. 4). In the expanded XP spectrum of C 
(1s), the band can be de-convoluted into two major binding peaks at 
284.5eV and 288.3eV, which can be assigned to the C––C, C––O func-
tionalities over the surface of the N-CDs. The N(1s) band of carbon dots 
contain four major peaks at 399.4, 398.3, 400.3 eV and 401.4 eV which 
indicate the presence of the C–N–C, O––C–N, graphitic C–N and N–H 
moieties respectively. On de-convoluting the high-resolution spectrum 
of O(1s), two binding peaks at 531.3 eV and 532.4 eV, due to the exis-
tence of sp2 C––O and sp3 C–O/C–OH groups are detected. The surface 
analysis results confirms the functionalization of CDs with hydroxyl (–C- 
OH), carboxyl (–C––O) and amine (C–NH2) groups, suggested by the IR 
results (Xu et al., 2017). A slight variation in the nitrogen content that 

Fig. 3. FT-IR spectrum of N-CDs from JFP and TP.  

Fig. 4. (a) Wide XPS spectrum of N-CDs from JFP (b) Wide XPS spectrum of N-CDs from TP (c) C1s spectrum (d) O1s spectrum (e) N1s spectrum.  

Table 1 
Percentage of carbon, oxygen and nitrogen in N-CDs from JFP and TP.  

Peak JFP (%) TP (%) 

C1s 59.9 64.6 
O1s 36.2 30.2 
N1s 3.9 5.2  
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can be attributed to the precursor is noticed (Table 1). 
UV–Visible absorption and photoluminescence (PL) investigations 

were done to study the optical characteristics of N-CDs. The synthesized 
N-CD solution, brownish in colour under daylight, shows intense blue 
fluorescence under UV excitation (inset of Fig. 5a). The absorption peak 
around 280 nm in the UV–Visible spectra is due to carbonic core center 
and can be attributed to the π-π* electronic transition of C–O groups of 
N-CDs. The surface state of the molecules may have trapping of excited 
state energies which may help in attaining strong fluorescence. In 
addition, it is found that the blue emitting N-CDs exhibit excitation 
dependent photoluminescence as shown in Fig. 5b. The excitation at 
350 nm develops a strong PL emission at 430 nm. When the excitation 
wavelength is increased from 320 nm to 420 nm, the emission peak is 
red shifted from 410 nm to 510 nm. Generally, the relationship among 
carbon core and the surface chemical groups determines the fluores-
cence behaviour (Zhu et al., 2012). The oxygen functionalities and de-
fects have crucial roles in the photoluminescent property, in addition to 
quantum confinement effect. Also, upon stabilising the surface energy 
traps in N-CDs result in fluorescence. The strong photoluminescence 
may also be the result of emissive traps of the nitrogen doped surface 
(Zhang and Chen, 2014). Abundant active sites offered by the electron 
rich nitrogen atoms plays a prominent role in excitation dependent PL 
behaviour of the N- CDs (Wang et al., 2017) and (Wu et al., 2019). 

UV–Visible spectroscopy can also throw insight to the band strength 
or band gap energy. The indirect optical energy gap (Eg) can be calcu-
lated from Tauc plot using equation (3) (Sharma and Bhogal, 2017).  

(αhυ)n = C(hυ – Eg)——————————————                         (3) 

where α is the absorption coefficient, hυ is the energy, C is the propor-
tionality constant and Eg is the energy gap. N is an index with values ½, 
3/2, 2 and 3 depending on the nature of electronic transition. Energy 
gap can be calculated by extrapolating the linear portions of (αhυ)1/2 V 
hυ. Blue and green lines show the extrapolation for N-CDs from jackfruit 
peel and tamarind peel respectively (Fig. 5d). The corresponding band 

gap for N-CDs from JFP and TP is 3.52 eV and 3.77 eV respectively. 
Electronic structure of N-CDs is size dependent. Various functional 
groups existing on the surface of N-CDs also contribute to the band gap. 
Carolan et al. produced nitrogen doped carbon dots from citric acid and 
ethylenediamine using atmospheric pressure microplasma. The band 
gap values obtained were 2.2, 2.56, 2.67, and 2.7 eV for increasing 
concentrations of ethylenediamine. The paper reports increase in band 
gap with nitrogen content (Carolan et al., 2017). The band gap obtained 
in this work is slightly larger than reported values but in accordance 
with the explanation given by Carolan et al., as N-CDs from TP has 
greater nitrogen content than that from JFP. Also, the value is compa-
rable with the highly efficient photocatalyst, TiO2 (3.2eV). 

Photo stability is another important parameter which plays promi-
nent role in various applications. The photostability of as-prepared N- 
CDs was investigated by continuously irradiating under a UV lamp of 
365 nm for 2 h. PL data from different excitation wavelengths provide 
the quality of blue light emission as identified from the 1931 CIE (x, y) 
chromaticity co-ordinates. Fig. 5e shows the chromaticity diagram of N- 
CDs from jackfruit peel demonstrating the CIE colour parameters. The 
parameters relating to excitation wavelengths 300 nm, 320 nm, 350 nm 
and 370 nm are (0.24, 0.29), (0.25,0.30), (0.26, 0.29) and (0.24, 0.28) 
respectively. At all excitation wavelengths, The CIE co-ordinates corre-
spond to blue light, indicating that the aqueous solution of N-CDs emit 
blue light under UV irradiation. N-CDs from tamarind peel provide a 
similar data (Joseph and Aji, 2016). The quantum yield of carbon dots is 
greatly influenced by various synthetic methodologies, surface passiv-
ation, element doping and precursors. The quantum yield of the N-CDs 
obtained from jackfruit peel is found to be 13.04% and 6.13% from 
tamarind peel, which are quite higher than previous reports (Mehta 
et al., 2015) and (Liu et al., 2012). 

3.2. IN VITRO cytotoxicity studies 

The present study analyzes the in-vitro anticancerous activity of N- 

Fig. 5. (a) UV–Visible absorption spectrum, PL emission and the digital image of N-CDs from JFP (b) Fluorescence emission spectra of N-CDs from JFP at different 
excitation wavelengths from 320 nm to 420 nm. (c) UV–Visible absorption spectrum and PL emission of N-CDs from TP (d) Band gap of N-CDs from JFP and TP (e) 
CIE diagram of N-CDs from JFP. 
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CDs in DLA tumour bearing mice. Swiss albino mice were selected and 
the cells were maintained in vivo by intraperetonial inoculation. When 
tumour cells are transformed, DLA cells were aspirated using saline. 
Four different concentrations (50 μg/ml, 100 μg/ml, 150 μg/ml and 200 
μg/ml) of N-CDs were opted for the analysis. Image of the live cells 
before applying the drug is shown in Fig. 6a. The live cells remain intact 
and the dead cells turned into blue colour of trypan blue (Thavamani 
et al., 2014) and (Kanagamania et al., 2017). N-CDs treatment resulted 
in distinct morphological changes and significant decline in the number 
of viable cells (Fig. 6b, c and d). A higher concentration of N-CDs from 
both sources kill most of the cancer cells as they are stained blue and is 
confirmed that N-CDs exhibit significant anti-proliferative activity 
against tumour cells. At a concentration of 200 μg/ml of N-CDs from 
JFP, there are no viable cells as shown in Fig. 6c. JFP shows a better 
cytotoxic activity than TP as the cells completely die at a concentration 
of 200 μg/ml of JFP (Fig. 6c). TP could destroy only 60% at 200 μg/ml. 
Almost 40% of the cells are still alive in case of N-CDs from TP. This 
proves that the anticancerous activity is more predominant with N-CDs 
from jackfruit peel compared to tamarind peel. This is the first report on 
the activity of N-CDs against DLA tumour cells. Similar investigations 
have been done over silver nanoparticles which utilize a silver precursor 
like silver nitrate for the synthesis. When compared with silver nano-
particles, in the present work N-CDs are completely derived from waste 
biomass which implies a cost effective nanomaterial synthesis against 
DLA tumour cells from mice. 

4. Conclusions 

In summary, we hereby took the advantage of utilizing waste ma-
terials, jackfruit peel and tamarind peel for the preparation of carbon 
dots. The work combines a green synthetic strategy with promising 
photoluminescent properties. The optimised reaction conditions could 
generate size tuned carbon dots possessing a fine degree of graphitiza-
tion with inherent nitrogen doping. Fluorescence is enhanced by the 
functionalization of nitrogen and oxygen containing groups. The as- 
prepared N-CDs exhibit good quantum yield and excellent solubility 
without any surface passivation. In vitro cytotoxicity studies against 
DLA tumour cells reveal the application of natural biomaterials against 
cancer cells. The antitumour activity may be due to remarkable anti-
oxidant potential. The eco-friendly production of fluorescent N-CDs 
opens up broad application prospectus in the realm of biological field 
due to their multifunctional ability. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
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Fig. 6. (a) Image of live cell before insertion of N-CDS (b) Image of cells after addition of 200 μg/ml of TP (c) Image of cells after addition of 200 μg/ml of JFP (d) 
Graph showing the comparison of cell viability of TP and JFP. 
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a b s t r a c t 

Carbon dots, a class of zero dimensional nanomaterials have recently emerged as excellent candidates 

for versatile applications such as bioimaging, catalysis, sensing and drug delivery. They possess outstand- 

ing optical properties, low toxicity, high biocompatibility, and require simple low-cost synthesis methods. 

Both top-down and bottom-up approaches have been developed for the synthesis since its discovery. Var- 

ious techniques such as laser ablation, chemical and electrochemical oxidations, thermolysis and sonolysis 

of carbon precursors have been reported for the synthesis of these key materials. Recently, the attention 

has been shifted to the synthesis of carbon dots from eco-friendly sources like biomass especially waste 

biomass as well as other waste, as these precursors provide a partial solution for the mitigation of the 

omnipresent problem of waste management. This review presents an overview of the various methods 

and precursors used in the synthetic strategies of carbon dots, with emphasis on green synthesis. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

1. Introduction 

Carbon dots (CDs), a relatively emerging member of carbon 

material family was first reported in 2004 [177] . These materials, 

whose size ranges less than 10 nm, are composed mainly of amor- 

phous carbon along with nanocrystalline regions of sp 2 hybridized 

graphitic carbon. The unique structure and size suggest tunable 

chemical, physical, optical and electronic properties. They exhibit 

low toxicity, unique luminescence properties, high water solubility, 

thermal stability, chemical inertness, and ease of functionalisation. 

These multifaceted properties make them perfect nanomaterials in 

numerous fields such as biolabeling, optical sensing, drug deliv- 

ery, biosensing, energy conversion and catalysis [200] . In addition 

to their novel properties, easy synthesis from numerous available 

carbon sources including organic and inorganic materials have at- 

tracted the attention of material scientists worldwide. Studies im- 

ply that size and surface state have a predominant role in deter- 

mining the properties. Numerous attempts prove that synthesis as 

well as post treatment techniques have significant role in tailoring 

the nature and properties of CDs [22,133] . 

The main constituents of carbon dots are carbon, hydrogen and 

oxygen. The synthesis route often determines the proportion of 

∗ Corresponding author. 

E-mail address: mk@macollege.in (M. Kurian). 

these elements in CDs [165] . Doping with hetero atoms like nitro- 

gen, sulphur and phosphorus improves the properties to a great 

extent. For example, CDs show photoluminescence with tuneable 

colours ranging from blue to red on hetero atom doping and the 

synthetic techniques as well as internal structure of these materials 

determine the basis for this tuneable emission [101,166] . To an ex- 

tent, the fragmented graphitic structure and presence of functional 

group on the surface forms the basis of photoluminescent and 

electron transfer property [92] . Core and surface electronic states 

of carbon dots plays a prominent role in the creation of electronic 

acceptor levels whereas the nature of the surface groups governs 

their hydrogen bonding capacity which in turn affects the photo- 

luminescence. Also, it has been reported that it is possible to syn- 

thesize functionalized carbon dots in a single step and is beneficial 

in being fluorescent without any doping. They are fit for chemical 

modification and surface passivation. [124] . 

Carbon dots have several interesting properties such as excel- 

lent optical and electrical properties, biocompatibility, high quan- 

tum yield, superior photostability, low toxicity, low cost and ex- 

ceptional productivity. ( [179] . They are slowly replacing semicon- 

ductor quantum dots based on toxic heavy metals in invitro stud- 

ies. Also, they are catalytically active due to their superior abil- 

ity in transfer. Han et al. introduced an electrochemical etching 

technique to fabricate well dispersed and uniform carbon quantum 

dots of average diameter 5 nm. They demonstrated the competence 

https://doi.org/10.1016/j.cartre.2021.10 0 032 
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Fig. 1. Properties of carbon dots. 

of carbon quantum dots to act as effective catalysts in aldol con- 

densation reaction under visible light [60] The properties can be 

greatly improved by several modifications on CDs. Embedding CDs 

in host matrices improved the luminescent properties like ther- 

mally activated delayed fluorescence and room temperature phos- 

phorescence [82] . Supporting CDs on MoS 2 layers changed the en- 

ergy level configuration and visible light absorption. Separation 

and transfer of photogenerated charges greatly improved result- 

ing in the increased production of photoinduced charges thereby 

enhancing the photocatalytic activity [83] . Han et al. reported an 

electrochemical synthesis of carbon quantum dots and a hydrolytic 

method for CDs/SiO 2 porous nanocomposites. Suppression of cata- 

lyst aggregation and promotion of catalyst stability are performed 

by the SiO 2 beads. These porous nanocomposites exhibited high 

catalytic activity for selective oxidation of cis-cyclooctene under 

the irradiation of visible light [59] . An overview of the advantages 

of carbon dots is presented in Fig. 1 . 

2. Synthesis routes for carbon dots 

There are numerous methods for the synthesis of carbon dots 

that may or may not require tough, stringent or expensive prepa- 

ration steps. Carbon dots were first synthesised by an arc discharge 

method. Recently, nitrogen-doped carbon nanoparticles similar to 

carbon dots were synthesised by Wang et al. by a non-thermal 

plasma source based on magnetically stabilized gliding arc dis- 

charge method [159] . Chemical oxidation, hydrothermal carbonisa- 

tion, ultrasonic methods, microwave assisted synthesis, solvother- 

mal method, laser ablation technique, thermolysis, atmospheric 

plasma-based synthesis and electrochemical method are some 

among them. Different synthesis techniques offer opportunities 

for tuning the size and constituent elements of carbon dots and 

thereby the properties. Though the purpose of the present review 

is to consolidate the greener carbon precursors that could be used 

for the production of CDs, a short description of some of the com- 

monly employed synthesis techniques is detailed in this section. 

Laser ablation is a facile and rapid technique for preparing car- 

bon dots in which carbon target is irradiated by a laser. But the en- 

ergy consumption is high and quantum yield is low in this method. 

Also, it is an expensive method which cannot assure control over 

the size of the nanoparticle [41,106,136] . Hu et al. studied the ef- 

fect of laser pulse width on size and morphology of carbon dots. 

They could verify that the pulse width had a huge effect on the 

nucleation and growth of synthesized particles [72] . 

In chemical oxidation, carbon precursor is oxidised by a strong 

oxidant to carbon dots. It is comparatively an easy technique to 

produce carbon dots in large scale manner. But, lack of homogene- 

ity in the size distribution of resulting particles is a serious disad- 

vantage faced by this method [158] . The role of size and surface 

states of carbon dots in optical properties and photoluminescence 

has been investigated. Varying the concentration of HNO 3 used for 

oxidative refluxing could decide the size of the synthesized particle 

and selective reduction with NaBH 4 alters the surface states [73] . 

Carbon dots of high purity and yield with controllable morphol- 

ogy and size can be produced by electrochemical oxidation. But it 

is of restricted use as the technique involves complicated process- 

ing steps. [37,186] . The various electrodes used are graphite rod, 

carbon fibre and carbon paste. Liu et al. reported electrochemical 

synthesis which uses graphite electrode as the working electrode, 

a platinum foil as counter electrode and an Ag/AgCl as reference 

electrode. They produced CDs with an average diameter of 4.0 ±
0.2 nm that could be used for the sensing of Fe 3 + ions in tap wa- 

ter [87] . 

Ultrasonic energy has been widely used for carbon dot synthe- 

sis because of the simplicity of the process, low cost and lack of 

secondary pollution [79,123] . Wu et al. synthesised amine deco- 

rated CDs through an ultrasonic method from graphite rods. The 

resulting CDs were useful in cobalt (II) ions detection in real sam- 

ples and nucleic acid sensing in biological cells [174] . Carbon dots, 

derived from citric acid, urea and poly(ethylene glycol) by ultra- 

sonic processing have been used as lubricant. The lubricating ac- 

tion was attributed to the carbon core and small size, providing a 

rolling effect [62] . 

A facile and economic synthesis is offered by microwave 

method which demands only a short reaction time [57] . Size con- 

trollable particles with high yield can be expected in this simple 

technique, though it is high energy demanding. Also, the technique 

suffers from the limitation of uncontrollable reaction conditions 

[65] . A mixture of citric acid and Citrus japonica were carbonised 

by microwaves to produce biocompatible luminescent carbon dots 

for biological applications [So et al., 2018]. 

Solvothermal method especially hydrothermal method is by 

far the well utilised and common technique for the synthesis of 

simple, doped and supported carbon dots [16,88,134] . It involves 

chemical reaction in a solvent like water in a sealed pressure ves- 

sel. The advantages of this method are environmental friendliness, 

relatively mild operating conditions, one-step synthetic procedure 

as well as good dispersion in solution. As a result, a wide variety of 

precursors such as aloe [180] , papaya [167] , apple juice [97] , water 

hyacinth [113] , cornstalk [135] and milk [170] have been used for 

the synthesis of CDs using hydrothermal method. It is an efficient 

method in terms of its cost effectiveness and ease. 

A cost effective solvent free synthesis can be done by thermal 

decomposition, though the resulting particles lack homogeneous 

distribution of nanoparticles [24] . Despite several advancements 

in the field of CDs synthesis, use of stringent reaction conditions, 

toxic precursors and post synthetic steps for surface passivation 

are often complicates the process and hinder their widespread ap- 

plications. Majority of the reports have obvious disadvantages like 

expensive equipment, use of corrosive chemicals, nonhomogen- 

ity of resulting nanoparticles and hence are not economic. [94] .; 

[108,164] . Easier and low-cost synthesis techniques as well as use 

of eco-friendly precursors have been tried by various research 

groups [80,114,144] . This review aims at providing an exhaustive 

list of the various eco-friendly carbon precursors that have been 

used for the synthesis of CDs. Emphasis is given to the use of var- 
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ious biomolecules, bio organisms, food waste as well as other in- 

dustrial wastes such as plastics and sludge. The work presented 

here offers a perspective on the future technical trends for the de- 

velopment of CDs and CD based materials profitable in applica- 

tions. 

3. Synthesis from green sources 

Several synthetic and natural carbon containing substances 

have been used as precursors for carbon dot synthesis. Conven- 

tional bottom-up and top-down methods for the synthesis of car- 

bon dots led to complicated economic and environmental issues 

due to the requirement of large amounts of toxic solvents, haz- 

ardous organic molecules, expensive precursors and high energy. 

Therefore, considerable efforts have been made to develop green 

route of synthesis with less harmful precursors. 

3.1. Biomass as carbon dot precursors 

Biomass refers to the biodegradable fraction of products, waste 

and residues of biological origin from agriculture (including vege- 

tal and animal substances), forestry and related industries includ- 

ing fisheries and aquaculture, as well as the biodegradable fraction 

of industrial and municipal waste (European Directive 2009/28/CE, 

2009). It excludes organic materials such as fossil fuels which was 

formed by geological processes into substances such as coal or 

petroleum. Biomass valorisation has grown significantly in recent 

years due to social responsiveness and sustainability-based policies 

for the conservation of the environment [81,155] . 

Biomass has been increasingly used as a green source for the 

synthesis of carbon dots in recent times [9,10,96,183] . It contains 

various organic substrates such as carbohydrates, proteins, alka- 

loids, carotenoids etc. Almost all fruits and vegetables as well 

as commonly found plants have been tried as carbon precursors 

with varying degrees of success. Atchudan et al. synthesised nitro- 

gen doped carbon dots with average size 5 ±2 nm from Chionan- 

thus retusus fruit extract by hydrothermal carbonisation. The inter- 

layer distance of these nitrogen doped carbon dots was found to 

be 0.21 nm from transmission electron microscopic images. These 

particles exhibited high fluorescence properties, low cytotoxic- 

ity and substantial selectivity towards Fe 3 + ions [12] . Silver ions 
could be sensed by the carbon dots synthesised from the green 

plant, broccoli by a hydrothermal method. These blue lumines- 

cent water-soluble carbon dots were utilized as potential probe 

for detection of silver ions through photoluminescence quench- 

ing [11] . Highly fluorescent nitrogen and sulphur co–doped carbon 

dots were synthesised by the photochemical oxidation of carbohy- 

drates in vegetables by Romero et al. [126] . A highly selective and 

sensitive strategy for the determination of one of the most poi- 

sonous ions, Hg 2 + using carbon quantum dots fabricated via one 

pot hydrothermal method from apple juice was carried out by Yue 

et al. [188] TEM images demonstrated their well dispersed spheri- 

cal shape having an average diameter 2.8 0.4 nm and the presence 

of sp 2 graphitic carbon. These water-soluble carbon dots when 

compared with other fluorescent materials like glutathione-capped 

CdS, and CdTe quantum dots had remarkable efficiency in Hg 2 + de- 
termination. In a thought-provoking work, nitrogen-doped carbon 

dots were synthesized from grass by hydrothermal method. Photo- 

catalytic activity of the resulting particles was tested in the degra- 

dation of Acid Blue, Acid Red, Eosin Y, Eriochrome Black T, Methyl 

orange and Methylene blue dyes. They also served as efficient ad- 

sorbents for Cd 2 + and Pb 2 + ions from water [128] . 

In many a case, different variations of the same precursor were 

tried by various research groups with varied results, illustrating 

the importance of synthesis methods and conditions. For exam- 

ple, lemon has been chosen by various researchers for the synthe- 

sis of CDs [63,68,130,132,139] . Highly water soluble quasi spheri- 

cal nanoparticles with average size of 5.8 nm were obtained from 

lemon juice by hydrothermal method which could be used as fluo- 

rescent probe in cell imaging [148] . Red-emitting carbon dots that 

exhibit excitation-independent emission at 631 nm with a high 

quantum yield of 28% in water have been synthesized by heat- 

ing an ethanol solution of pulp-free lemon juice. The resulting 

CDs with an average diameter of 4.6 nm exhibited low cytotoxic- 

ity and good photostability, allowing them to be used as lumines- 

cent probes for in vitro an in vivo bioimaging and light-emitting 

diodes [39] . Magnetic Fe 3 O 4 /CDs have been synthesised from grape 

fruit, lemon, turmeric extracts using magnetite as capping agents 

in a hydrothermal method. These particles could be used as a non- 

toxic photoluminescence sensor for detecting Escherichia coli bac- 

teria [4] . Formamide solution of pulp-free lemon juice yielded CDs 

that exhibited photoluminescence emission at 704 nm with high 

quantum yield of 31% in water and an average size of 5.7 nm. The 

intense near-infrared emission of these CDs was attributed to their 

surface states, which in turn are modulated by both the particle 

size and amount of nitrogen doping. They could be used as flu- 

orescent probe for in vitro and in vivo bioimaging due to their 

photostability and low cytotoxicity, [40] . Hoan et al. also synthe- 

sised highly luminescent carbon dots from lemon juice by a sim- 

ple one-pot hydrothermal method at different temperatures, time, 

ageing of precursors, and diluted solvents to control the lumines- 

cence of C-dots. The synthesised C-dots had strong green light 

emission with quantum yield in the range of 14- 24%, suggest- 

ing potential applications in optoelectronics and bioimaging. [2019] 

CDs have also been prepared from lemon and onion biomasses us- 

ing one-step microwave-assisted carbonization method. These CDs 

displayed excellent water solubility and quantum yield of 23.6%. 

Fluorescent resonance energy transfer between the CDs and ri- 

boflavin could be achieved with CDs acting as donor and riboflavin 

as acceptor allowing the development of an accurate and fast an- 

alytical method for the determination of riboflavin in multivita- 

min/mineral supplements [103] . Lemon juice has also been used 

in conjunction with glycerol for the synthesis of carbon dots that 

exhibited quenching of emission by nitrobenzene and Hg 2 + ions. 
Electrostatic attraction plays a major role in the interaction with 

Hg 2 + ions whereas the quenching mechanism involves predom- 

inantly static and dynamic quenching. [45] Carbon dots synthe- 

sized by a simple hydrothermal method using lemon juice as car- 

bon precursor showed potential applications in labeling and de- 

tection of molybdenum ion (Mo 6 + ) to a detection limit as low 

as 20 ppm [67] . Meanwhile, carbon dots synthesised by the hy- 

drothermal treatment of lemon juice at 240 °C were found to emit 

bright green luminescence. They could be used for detection of 

ion V 

5 + in water and serum to a limit of 3.2 ppm even with in- 

terference by high concentrations of other metal ions [66] . Water- 

soluble, nitrogen-doped, fluorescent carbon quantum dots consist- 

ing of a ring type moiety in the centre surrounded by graphitic 

network was synthesised from lemon juice and ammonia by hy- 

drothermal treatment. These particles could act as efficient fluo- 

rescent probe for selective detection of Fe 3 + with a detection limit 

of 140 ppb. The extremely low detection limit was attributed to 

the static quenching in addition to dynamic quenching [102] . In 

situ reduction of Ag + and Au 3 + ions was done with CDs prepared 

by carbonization of lemon extract in a one-pot microwave assisted 

technique within 6 min. The synthesized pristine C-dots, Ag/C-dot 

and Au/C-dot nanohybrids colloidal solutions exhibited bright pho- 

toluminescence (PL) at ∼515 nm with significant quantum yield of 

48.3%, 46.2%, 62.2% and PL emission lifetime of 3.6 ns, 9.4 ns and 

9.0 ns respectively. These C-dots-based nanohybrids exhibited no 

signs of cytotoxicity in colon cancer cell lines and were easily in- 

ternalized for fluorescence bioimaging [Sajid et al., 2019]. Transi- 

tion metal ion (Co 2 + , Fe 2 + , Mn 2 + and Ni 2 + ) doped carbon dots were 
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synthesised by microwave method with citrus lemon as the carbon 

source. These water soluble, tiny carbon dots with average size 3.2 

± 0.4 nm were found to be promising nanoprobes for bioimaging 

[127] . 

Similar to citrus lemon, garlic also has been tried as a green 

source for the synthesis of CDs by various research groups. Pho- 

tostable, water dispersible and blue fluorescent emitting nitrogen 

and sulphur doped carbon dots were synthesised by Zhao et al. 

through hydrothermal synthesis using garlic as precursor. The as 

prepared CDs exhibited outstanding biocompatibility, excellent op- 

tical properties and radical scavenging activity which prove them 

to be amazing materials in bioimaging [198] . Garlic was used by 

Sun et al. also to synthesize carbon dots. N content and forma- 

tion of C–N and C = N were critical to improve the quantum yield. 

Quenching the fluorescence of the CDs in presence of Fe 3 + ion 
made these CDs a luminescent probe for selective detection of Fe 3 + 

ion [145] . Luminescent garlic carbon dots with superior photosta- 

bility are synthesized via microwave assisted heating. The garlic 

dots are biocompatible, have low toxicity and can be used as be- 

nign theranostic nanoparticles for bioimaging with efficient anti- 

oxidative effects towards macrophages [184] . 

Comparatively rarer and unlikely bio resources also have been 

used as carbon precursors for carbon dots. For example, pork has 

been used carbon source to prepare CDs that acted as efficient sen- 

sors in the determination of uric acid in human serum and urine 

samples [196] . In a similar vein, tobacco was used by Miao et al. 

[99] for the synthesis of bright-blue fluorescent carbon dots. These 

particles could be used for distinguishing the three tetracyclines on 

a test strip. Feng et al. used silkworm chrysalis as the natural car- 

bon source for the microwave assisted synthesis of CDs that could 

be used in bioimaging [53] . Several reviews are available in litera- 

ture in this area and hence in the present review, not much impor- 

tance is given to the use of plants and plant extracts [32,98,131] . 

Instead, the review focus on the recent trends in the synthesis of 

CDs from other resources such as food and other wastes, bio active 

molecules and micro-organisms. 

3.2. Micro-organisms as carbon dot precursors 

Microorganisms have been used as biofactories for the green 

synthesis of several nanomaterials such as metal nanoparticles like 

Ag, Au etc. [93] and metal oxides like ZnO and Cu 2 O, MgO, [50] . 

The method is time saving, eco-friendly, and hence is treated as 

a safe production method that minimize waste. Recently, several 

micro-organisms such as yeast, bacteria and algae have been used 

as green precursors for the synthesis of carbon dots [74,194] . For 

example, mushroom fungus has been used as a carbon source in 

an environment friendly synthesis procedure. Sensitive assay of 

hyaluronic acid and hyaluronidase could be done on human urine 

samples [185] . Bacillus cereus in a one-step hydrothermal process 

yielded CDs that act as a sensitive sensor for p-nitrophenol detec- 

tion with a detection limit of 0.11 μM. The CDs exhibited excel- 

lent biocompatibility, high photostability, multicolour fluorescence 

emission properties and low or no biotoxicity [191] . In another 

study, N doped carbon dots with average size of 4. ± 2.0 nm were 

synthesised using rhizobium from soy as the carbon and nitrogen 

source by a hydrothermal method. These particles exhibited excel- 

lent fluorescence and were used for the determination of chlorte- 

tracycline hydrochloride with a detection limit of 0.254 μM [193] . 

Biomass of Lactobacillus plantarum could be converted to fluores- 

cent CDs with low cytotoxicity by a one-step hydrothermal car- 

bonization which exhibited potential applications in biofilm treat- 

ment [86] . On using penicillin G as the carbon source, the synthe- 

sised CDs exhibited aggressive antibacterial activity against Staphy- 

lococcus aureus , E. coli (DH5 α), MDR E. coli and Methicillin-resistant 

Staphylococcus aureus [137] . 

Diverse varieties of algal biomass have been used by differ- 

ent scientists in an attempt to create CDs with diverse applica- 

tions. The mineral nutrients in biomass were found be impor- 

tant for the composition, crystallinity, dispersion and photolumi- 

nescence properties of CDs produced. [192] . Zhang et al. used Nan- 

nochloropsis algae biocrude oil as a precursor for synthesing N and 

S doped CDs. The synthesised samples exhibited potential applica- 

tion of CDs for bioimaging in plant cells [190] . N and S co doped 

CDs were prepared hydrothermally from bloom-forming green alga 

Dunaliella salina. The obtained CDs with an average particle size 

of 3.2 ±0.5 nm could be used for algal imaging, scavenging of 1, 1- 

diphenyl-2-picrylhydrazyl and hydroxyl radicals, selective detection 

of Fe(III), and visible light-induced photodegradation of methylene 

blue and methyl violet [84] . On using eutrophic algal blooms as 

the carbon source, highly luminescent CDs of average particle size 

∼8 nm with high photostability, luminescence stability in differ- 

ent environments, low cytotoxicity, and excellent cell permeability 

could be synthesised [121] . In an interesting study, Plácido et al. 

used microalgae biochar as the carbon source. The resulting CD 

fluorescence was stable over a wide range of pH and resistant 

to photo-bleaching. making them suitable as fluorescence probes. 

These particles could be used as a transducer for detecting heavy 

metal ions in aqueous systems [115] . 

Carbon dots synthesised by a hydrothermal pyrolysis of Sac- 

charomyces cerevisiae yeast could be used for the sequential de- 

tection of manganese(VII) and l -ascorbic acid in tap water, river 

water, and medicinal herb samples with satisfactory results [56] . 

Fluorescent carbon dots with photoinduced bactericidal functions 

and bio-imaging in bacterial viability assessment were synthesized 

from beer yeast. The CDs with high quantum yield possessed high 

negative zeta potential ( −41.7 mV) and low cytotoxicity and hence 

could be used as an efficient dye for bacterial viability evaluation 

[54] . Wu et al. synthesised CDs from yeast extract in a high yield of 

65.8%. These nanoparticles when doped on polyvinyl alcohol could 

act as fluorescent shape memory material [173] . Ji et al. synthe- 

sised fluorescent carbon dots (from yeast Cryptococcus podzolicus 

5–2 by hydrothermal synthesis method. These nanoparticles exhib- 

ited excellent biocompatibility with multicolour fluorescence emis- 

sion properties and could be used for bioimaging and detection of 

Ag(I), 2,4-dinitrophenol and 4-nitrophenol [76] . 

3.3. Carbon dot synthesis from bioactive molecules 

In recent times various bio active molecules have been widely 

tried by researchers worldwide in order to reduce the severity of 

the synthesis conditions as well as to synthesise particles with 

exceptional properties [2,89,96] . Niu et al. synthesised uniform, 

spherical nitrogen doped carbon dots of average size 8 nm by one 

pot hydrothermal carbonisation of alanine and ethylene diamine. 

These biocompatible and low cytotoxic CDs were used as sensitive 

sensors for determining dihydronicotinamide adenine dinucleotide 

[104] . A microwave assisted strategy using L- ascorbic acid as the 

carbon precursor and β-alanine as the nitrogen dopant produced 

carbon dots of quantum yield 14%. These photoluminescent, less 

cytotoxic carbon dots were used as staining probe for imaging of 

HeLa and MDCK cells. [49] . Pyrolysis of D glucose and L aspar- 

tic acid resulted in fluorescent, highly biocompatible carbon dots 

which are capable of targeting C6 glioma cells. The in vitro and in 

vivo studies paved the way for a promising ability of these carbon 

dots to target brain glioma with high selectivity [201] . 

Phosphorus and nitrogen co-doped carbon dots synthesised 

from adenosine disodium triphosphate exhibited bright blue flu- 

orescence on exposure to UV illumination. These CDs were proven 

to be excellent probes for cellular imaging [Zheng et al., 2017]. 

Deoxyribonucleic acid (DNA) yielded CDs with efficient internal- 

ization in pathogenic fungal cells, negligible cytotoxicity, good PL 
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Table 1 

Synthesis methods and applications of carbon dots from bio active precursors. 

Precursor Synthetic method Size (nm) Applications Reference 

Citric acid, urea and thiourea Microwave 10 Sensor for iodide and Hg 2 + [147] 

Citric acid and ethylenediamine Refluxing 3 Cell imaging and sensing [168] 

Urea and malonic acid Hydrothermal 2–3 Detection of picric acid [52] 

Citric acid and thiourea Hydrothermal 4–6 Sensing of uric acid [169] 

Ascorbic acid Refluxing 3.20 ± 0.72 Flourescent probes [77] 

Citric acid and cystamine dihydrochloride Hydrothermal 1.3 – 2.3 multicolour bioimaging [25] 

Folic acid Hydrothermal 4.5 ± 1.0 Detection of Hg 2 + ions [189] 

Vitamin B1 Hydrothermal 3.2 Detection of Fe 3 + ions [175] 

Gelatin Hydrothermal treatment 1.7 Bioimaging agent [85] 

Dopamine ultrasonication < 10 Detection of Fe 2 + ions [91] 

Albumin Hydrothermal < 10 Bio imaging of human breast cancer Bcap-37 cell [69] 

Thymidine Hydrothermal method < 10 Detection of Cr (VI) [100] 

Hyaluronic acid and citric acid Hydrothermal method < 10 Detection of Fe 3 + ions and folic acid [172] 

Collagen Hydrothermal < 10 Nanophotonics [95] 

Urea and ethylenediamine tetra acetic acid Solvothermal in ethylene glycol solvent < 10 Fe 3 + ion and apoferritin detection [61] 

stability, and high biocompatibility. They could be used as nan- 

otrackers in microbial studies and for detection of dopamine [109] . 

Nucleobases such as adenosine, cytidine, thymidine or guanosine 

were used as nitrogen sources along with citric acid for the syn- 

thesis of CDs. Multiple metal ions, like Cu 2 + and Hg 2 + ions could 
be detected and quantified using these CDs. Guanosine derived 

CDs showed maximum efficiency [202] . Chakraborty et al. pre- 

pared Fe 2 + doped carbon dots from haemoglobin precursor and 

used them for hydrogen peroxide sensing and pro-drug activation 

[21] . Other biomolecules reported for CD synthesis and the poten- 

tial applications of the resulting particles are tabulated in table 1 . 

Recently, bioactive molecules such as drugs have also been used 

to synthesise CDs. Aspirin, a common anti-inflammatory medica- 

tion was used to synthesize CDs through a one-step microwave- 

assisted method. These nanoparticles showed excellent cellular 

imaging and anti-inflammation properties. [178] . Jiaosanxian, a tra- 

ditional Chinese medicine used for dyspepsia therapy was used for 

the preparation of carbon dots with an average diameter of 4.4–

6.4 nm. These CDs were effective in regulating blood sugar indi- 

cating its potential use as a hypoglycaemia agent. They also ex- 

hibited sensitivity of fluorescence response to Cr(VI) [143] . Carbon 

dots derived from procaine drug exhibited biomarker function and 

anticancer activity. The particles were synthesized by condensing 

procaine, citric acid and ethylenediamine via hydrothermal synthe- 

sis [197] . Surface passivated CDs were obtained from curcumin by 

a hydrothermal method. These particles exhibited rapid free radi- 

cal scavenging ability and could be used as optical nanoprobes and 

for biolabeling [108] . Fluorescent carbon dots were prepared from 

vancomycin, an antibiotic by a hydrothermal treatment. These par- 

ticles when loaded with flutamide were prospective candidates for 

imaging and drug delivery in cancer cells [42] . A well-known an- 

tibiotic aminosalicylic acid was used as the precursor to produce 

bright carbon dots of average diameter 6 nm. The as-prepared par- 

ticles were found to be biocompatible, less cytotoxic and could act 

as efficient sensors of Fe 3 + ions in living cells [140] . 

3.4. Carbon dot synthesis from waste biomass 

Management of waste biomass as a result of population growth 

and the ever-increasing need for the production of horticultural 

products is a major challenge to be addressed. Now a days, the 

attention has been shifted from biomass to waste biomass for the 

production of value-added products in mild experimental condi- 

tions. Waste biomass constitute a sustainable and cheap source of 

raw materials that can be considered as an effective and potential 

alternative feedstock for the preparation of carbon dots [17,18] . Wa- 

ter soluble highly fluorescent, blue emitting carbon quantum dots 

of size 3–5 nm were prepared from coconut shell by hydrothermal 

method. Since the carbon precursor is an agricultural waste, the 

preparation proceeded through a cost effective and eco-friendly 

method. These CDs could be utilized as fluorescence based pH sen- 

sor as they were sensitive over a range of 4–11. They were biocom- 

patible and found applications in cancer treatment [27] . A large 

scale synthesis of water soluble carbon nanodots with size approx- 

imately 4 nm from food waste derived sources was reported by 

Park etal. The presence of oxygen containing groups on their sur- 

face makes them highly water soluble and their outstanding pho- 

tostability and low cytotoxicity promises their immense applica- 

tions in biomedical imaging [112] . Lignocellulosic waste was used 

for preparing fluorescent carbon dots by a microwave assisted re- 

action. Their exceptional physicochemical properties suggested var- 

ious potential applications [125] . Low-temperature carbonization 

of watermelon peel yielded CDs of particle sizes ∼ 2.0 nm, strong 

blue luminescence, acceptable fluorescence lifetime and good sta- 

bility. These particles showed potential for high-performance op- 

tical imaging probes in cells [203] . Magneto fluorescent CDs syn- 

thesised from chitin from waste crab shell and doped with Gd 3 + , 
Mn 2 + , and Eu 3 + showed excellent potential as a T 1 contrast agent 

in MRI. They could also be used as diagnostic probes and ther- 

anostic agents [187] . An overview of the waste biomaterials that 

have been reported in literature as carbon dot precursors is given 

in table 2 . 

3.5. Synthesis of carbon dots from other waste materials 

Synthesis of carbon dots from waste is a much researched 

subject recently as it contributes greatly to solid waste manage- 

ment [64,156] . For example, clotted cream on thermal carboni- 

sation yielded CDs of average size 6.6 nm. These particles when 

coated with Pd nanoparticles showed high catalytic activity for the 

Heck and Suzuki coupling reactions [38] . 

Value added utilization of sewage sludge was done by convert- 

ing the organic compounds contained in it to CDs with microwave 

irradiation. Quantum yield of 21.7%, higher than the most values of 

waste-derived CDs was obtained. Further, these CDs were sensitive 

and selective sensor for para-nitrophenol [71] . Carbon dots of av- 

erage size 17.5 nm were prepared by a microwave-assisted reaction 

catalysed by a solid acid catalyst from the primary sludge of pulp 

and paper industry [125] . In an interesting work, waste black toner 

ink was carbonized in a muffle furnace at ∼600 °C followed by ox- 

idation to functionalized iron-oxide nano-carbons. These particles 

were effective in the photocatalytic degradation of Congo Red dye 

in sunlight [129] . Carbon dots could be synthesised from waste pa- 

per also by solvothermal method. The prepared CDs could be easily 

used to prepare anti-counterfeiting ink and fluorescent flexible film 

[111] . Hydrothermal treatment of waste paper and urea was found 
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Table 2 

Synthesis conditions and applications of waste biomass derived carbon dots. 

Source Synthesis Method Size Applications Reference 

Crab shells Sonochemical < 10 nm Theranostic applications [35] 

Fish scales Hydrothermal < 10 nm Environmental and clinical Fe 3 + analyses [195] 

Shrimp shells Calcination < 10 nm Detection of chromium(VI) ions [149] 

Prawn shells Hydrothermal 4 nm sensing probes for Cu 2 + detection [55] 

Sugarcane bagasse Hydrothermal carbonization 1.8 nm Multicolour biolabeling and bioimaging of cancer 

cells 

[44] 

Sugarcane bagasse char Hydrothermal 7.5 nm Drug carrier for acetaminophen [28] 

Sugarcane bagasse Chemical oxidation 5 nm Bio-sensor, bio-imaging and drug delivery 

applications 

[150] 

Sugarcane bagasse KOH chemical activation < 10 nm Adsorbent for naphthalene [51] 

Palm shell powder Hydrothermal < 10 nm Fluorescence probe for nitrophenols [141] 

Dwarf banana peel Hydrothermal < 10 nm Detection of Fe 3 + ion and bioimaging [13] 

Orange pericarp Hydrothermal < 10 nm Nano-biotechnology [43] 

Orange waste peels Hydrothermal carbonization < 10 nm Photocatalyst for degradation of naphthol 

blue-black azo dye 

[120] 

Pineapple peel Hydrothermal < 10 nm Quantification of Hg 2 + , electronic security devices 
and as memory element 

[153] 

Aloe peel Hydrothermal carbonization < 10 nm Electrode for dye-sensitized solar cells and super 

capacitors 

[160] 

Banana peel Hydrothermal 5 nm Bioimaging [14] 

Mangosteen peel Pyrolysis ∼2–15 nm Fluorescent probes [7] 

Dried lemon peel Hydrothermal < 10 nm Determination of carmine [142] 

Wheat straw Hydrothermal < 10 nm Detection of F − and cellular imaging [90] 

Chickpea peel Pyrolysis 7.0 nm Bioimaging [138] 

Sugarcane bagasse, garlic peels, taro 

peels 

Ultrasonic wet chemical 

oxidation 

< 10 nm Sensing of fluoride ions [19] 

Orange peels Hydrothermal 2.9 ±0.5 nm Optical switching devices, bio-scanning, 

bio-imaging 

[146] 

Citrus fruit peels Sand bath assisted method < 10 nm Biological labels for cellular imaging [58] 

Cassava peels Hydrothermal < 10 nm Bioimaging and metal ion and salt biosensing [119] 

Orange peels Hydrothermal 10 nM Cr(VI) detection [162] 

Grapefruit peel Hydrothermal < 10 nm Sensitive detection of p53 protein in biological 

fluid 

[176] 

Banana peels Hydrothermal < 10 nm Biosensing, electronics, catalysis [107] 

Bitter Apple peels Charring < 10 nm Photodegradation of crystal violet [3] 

Lemon peel Hydrothermal 1–3 nm Detection of Cr 6 + ions, photodegradation of 
methylene blue 

[152] 

Apple seeds Pyrolysis < 10 nm Detection of 4-nitrophenol, bioimaging [23] 

Duck blood Hydrothermal < 10 nm Detection of glucose [171] 

Duck breasts Roasting 2.59–1.95 nm Bio imaging [29] 

Sugar beet pulp, grape marc, tomato 

peels and seeds, olive pomace 

Hydrothermal < 10 nm Production of biofuel [20] 

Date kernel Hydrothermal < 10 nm Probe for Zoledronic acid drug in human serum 

and cellular imaging 

[8] 

Allium sativum peel Oxidative pyrolysis < 10 nm in vitro biomarker [34] 

Lychee exocarp Hydrothermal < 10 nm nanoprobe for cancer cells [181] 

Mango peel Pyrolyzation with 

oxygenolysis 

2–6 nm Cellular labeling on A549 cells, detection of Fe 2 + 

ions 

[78] 

Chicken egg shell membrane Hydrothermal < 10 nm Probe for base pair selective DNA recognition [117] 

Dairy waste whey Pyrolysis < 10 nm Sensor selenite [36] 

Tea residue Chemical oxidation < 10 nm Imaging of yeast cells, detection of tetracycline [46] 

Tea leaf residue Oxidative pyrolysis < 10 nm Sensor for gefitinib [71] 

Waste tea extract Hydrothermal < 10 nm Sensor for CrO 4 
2 − , Fe 3 + [26] 

Passion fruit shells Hydrothermal < 5 nm Fluorescent probe [182] 

Oil palm empty fruit bunches Hydrothermal 3.4 nm Detection of Cu 2 + [1] 

Rice husk Thermal carbonization < 10 nm Detection of Sn(II) [105] 

Spoiled milk Hydrothermal < 10 nm Sensing of Cr 6 + ions [15] 

Waste tea leaves, peanut shells Hydrothermal < 10 nm Biomarker [204] 

Papaya waste Hydrothermal < 10 nm Detection of Cr (III), Cr (VI) [116] 

Waste tea residue Pyrolysis in controlled 

condition 

< 10 nm Detection of free chlorine [47] 

Rice husk Hydrothermal 4–5 nm Detection of alcohol vapors [151] 

Durian peel Pyrolysis 10 nm Dopants for electrodes in supercapacitor [118] 

Tender coconut waste Hydrothermal < 10 nm Detection of ETA in urine and water [48] 

Cat feed stock waste Hydrothermal carbonization < 10 nm Fluorescence probe to Fe 3 + ion detection [5] 

Pseudo-stem of banana plant Hydrothermal < 10 nm Probes for multi-coloured imaging of HeLa and 

MCF-7 cells 

[154] 

Spent coffee grounds Solvent-free carbonization 2.1–3.9 nm Fluorescent probes for Fe 3 + ions [30] 

Silkworm cocoon Pyrolysis 2.26–9.35 nm Anti- inflammatory bioactivity [163] 
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to yield N doped CDs with strong blue-green luminescence. These 

particles with good optoelectronic properties could be fabricated 

into broadband photodetectors by incorporating ZnO nanorod ar- 

rays [161] . Cellulose waste papers were converted to CDs by a mi- 

crowave method assisted by ionic liquids [75] . Waste kitchen chim- 

ney oil was used to prepare CDs which exhibited excellent optical 

properties, superior biocompatibility, and water solubility. These 

particles with an average size of 1–4 nm could sense Fe 3 + ion in 
a wide range of concentration with a detection limit of 0.18 nM 

[33] . Fluorescent carbon dots of size 5 nm could be prepared from 

kerosene fuel soot by acid treatment. They could be used for the 

selective and sensitive detection of explosives like picric acid and 

metal ions like Cu 2 + and Fe 3 + [157] . Candle soot also has been 
used as carbon precursor for the preparation of CDs by oxidation 

process. These particles displayed ability for the detection of mer- 

cury (Hg (II)) and iron (Fe (III)) metal ions. Net surface negative 

charge of the CDs played an important role in the sensor action 

and binding efficiency towards metal ions [110] . 

Plastics and polymers pose great threat to the environment due 

to their non-biodegradable nature and the huge quantities that are 

discarded as waste after use. Conversion of plastic waste into value 

added products is a prime area of research to environmental sci- 

entists worldwide. Waste polyethylene terephthalate or PET could 

be converted to fluorescent carbon dots by air oxidation followed 

by hydrothermal treatment in aqueous H 2 O 2 solution. The particles 

exhibited unique photoluminescence properties and were used for 

the detection of ferric ion (Fe 3 + ) [70] . Another common polymer 

waste, polystyrene also was converted to nitrogen-doped CDs. The 

materials with unique photoluminescence properties could be used 

for the sensitive detection of Au 3 + ions [122] . Polypropylene plastic 
waste has also been converted to CDs by heating near its melting 

point. The potential applications include photocatalysis, bioimag- 

ing and sensing in optoelectronic materials. [6] . Polyurethane foam, 

another plastic that is usually discarded as waste after its use 

also could be converted to N doped CDs by pyrolysis. The car- 

bon dots with high quantum yield exhibited superior selectivity to- 

wards Ag + ions with a detection limit of 2.8 μM [31] . Water solu- 

ble fluorescent nitrogen doped carbon dots were synthesised from 

polyacrylamide by hydrothermal method. The resulting particles 

were used for the selective detection of one of neurotransmitter, 

dopamine. Zhao et al. demonstrated that these carbon dots exhib- 

ited a linear graph between flouresence quenching and dopamine 

concentration in the urine sample with high selectivity [199] . 

4. Conclusions 

In this review, we have described the recent advances in the 

synthesis of carbon dots, focusing on newer precursors. The use 

of renewable, inexpensive, and green resources not only meets the 

urgent need for large-scale synthesis of CDs, but also promotes the 

development of sustainable management. 

However, considering the recent progress in the green synthe- 

sis of carbon dots, certain points need to be noted. First, most of 

the present synthetic procedures have been done on a laboratory 

scale. Large scale production of CDs using these precursors have 

not been conducted in most cases and as a result, it is still to be 

known whether the prepared samples would exhibit the unique 

properties exhibited in the lab scale preparation. If large scale pro- 

duction from green sources is realised, it will have a great impact 

from the economic and environmental points of view since CDs are 

one of the most sought for materials in many applications. Sec- 

ond, the comprehensive understanding of the crystallization is es- 

sential for the design of CDs with versatile optical properties. The 

mechanism of multiphoton fluorescence and up-conversion emis- 

sion is still unclear, and further research is needed to elucidate this 

phenomenon. Similarly, surface chemistry, particle size and aspect 

ratio, among other properties, have critical influence on the per- 

formance of CDs in energy and engineering materials. Third chal- 

lenge is the synthesis of long wavelength emissive CDs as most of 

the research works point towards the absorption wavelength and 

emission wavelength in the ultraviolet/ visible region, which is too 

short for most biomedical applications. UV light disrupts important 

molecules such as DNA and proteins, thereby limiting the biomedi- 

cal and catalytic applications. NIR light is preferred over UV/visible 

light because it penetrates deep into tissues and has low biological 

toxicity. 

Thus, the use of a more environmentally friendly method to 

prepare high-quality CDs is still an urgent question waiting to be 

solved. However, based on the pace of carbon dot research world- 

wide, in the future, we can expect the advent of more facile and 

robust synthetic routes and creative applications to better realize 

the potential of the increasingly important CD materials. Further, 

combination of various green synthesis techniques is also neces- 

sary to overcome a balance of competing aspects during the syn- 

thesis. 
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Microwave assisted green synthesis of silver nanoparticles for optical, catalytic,
biological and electrochemical applications
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Science, Mahatma Gandhi University, Kottayam, India

ABSTRACT
Plant-derived nanoparticles have multi-functionalities owing to their ecological origin and biocompat-
ible nature. A novel and stable silver nanoparticle (AgNP) was reported here using Cyanthillium ciner-
eum (C. cinereum) as a reducing as well as capping agent by rapid microwave-assisted green method.
The synthesized nanoparticles revealed their crystalline and spherical nature with an average size of
19.25±0.44 nm in HR-TEM analysis. The excitation of electrons from occupied d-bands to states above
the Fermi level while employing photoluminescence studies of AgNP indicated their awesome optical
properties. Rapid decomposition of dangerous organic dyes like methylene blue and fuchsine in the
catalytic presence of AgNP was evidenced from simple UV–visible spectral analysis. In vitro antioxidant
potential assessed by DPPH assay indicated an IC50 value of 40.80± 0.14lg/mL for the new AgNP. A
substantial control on the growth of pathogenic bacteria such as Staphylococcus aureus and Klebsiella
pneumonia can be achieved by synthesized nanoparticles as demonstrated by the well diffusion
method. AgNP was also functioned as a non-enzymatic electrochemical sensor with a sharp oxidation
peak with peak potentials at 0.366 V and it has a wide application as a bio sensor in neurobiology
especially in the detection of neurotransmitters like dopamine with high sensitivity.
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Introduction

Nanotechnology is an emerging area which has shown an
unprecedented growth that embrace diverse applications
[1,2]. This technology mainly employs the use of particles with
the dimensions of 1–100 nm [3]. Nanomaterials have its useful-
ness in diverse fields such as electronics, biomedical, biotech-
nology and therapeutics. In the technology arena, silver
nanoparticles (AgNPs) occupy a significant position among
various nanoparticles, owing to its cost-effectiveness, non-
toxic and eco-friendly nature [4]. Bactericidal and bacterio-
static properties contribute towards its use as antimicrobial
agents [5,6].

The properties of nanoparticles depend mainly on its
shape, size and surface area which was inherently influenced
by its mode of synthesis and tentative conditions [7]. Physico-
chemical methods are the most common way for the synthe-
sis and stabilization of metal nanoparticles. Chemical methods
employed includes sonochemical [8,9], electrochemical [10],
colloidal [11] and thermal decomposition methods. Separate
agents are required for the synthesis and also for the mainten-
ance of their stability [12]. Green synthetic methods gain
much significance owing to their non-toxic, sustainable and
green reductants and surfactants which eliminate the over use
of hazardous chemicals [13–15]. It is cost effective, uses

non-toxic renewable materials, employs low temperature, and
hence considered to be more environment friendly. Silver
nanoparticles are synthesized through green process mainly
employing various parts of plants such as leaf [16], stem [17],
fruit [18], bark [19], shells [20], roots [21] and flowers [22] as a
reducing agent. Green synthetic method is known to generate
particles with reasonably good morphology and stability.

Silver nanoparticles differ from all other metal-based nano-
particles in its unique optical, electrical and biological proper-
ties and wide application in bio sensing, catalysis, imaging,
drug delivery and also in cancer treatment [23]. It was
reported that the green synthesized AgNPs using leaf
extracts of Azadirachta indica [24], Manilkara zapota [25],
Rosa brunonii Lindl [26], Jatropha curcas [27], etc. showed
excellent antibacterial activity owing to its high surface area
to volume ratio [28,29]. Green synthesized AgNPs are
approved as efficient catalysts for photocatalytical degrad-
ation of organic pollutants [30–33]. Microwave synthesized
AgNPs from bio-waste (banana leaves) extract are polydis-
persed in nature and exhibit prominent antibacterial activity.
These particles fight against lung cancer and breast cancer
cells by endorsing inhibition of cell migration and prolifer-
ation on low concentrations [34]. The monitoring of thiol and
protein adsorption as well as the bioaffinity can be examined
using the silver-nanoparticles-on-plastic sensors [35].
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There are various reports on photocatalytic and bacteri-
cidal effects of nanocomposites. Co3S4-SnO2/PVPCS compo-
sites work better than SnO2 nanoparticles, and Co3S4-SnO2

nanocomposites in lidocaine degradation and photocatalysis.
This composite also showed a good antibacterial effect
against Staphylococcus aureus, and Escherichia coli and
showed antifungal effect against Candida albicans [36].
Likewise, Cr2O3/cellulose composites showed an efficacy in
photo-degradation of crystal violet and bactericidal effect
against Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus and Streptococcus pyogenes [37]. There
are also reports on efficacy of CuS/polyvinyl alcohol–chitosan
(CuS/PVACS) in photo-degradation with malachite green solu-
tions in which 96.51% of malachite green was found to be
degraded by CuS/PVACS upon UV-irradiation in 60min. CuS/
PVACS was also evaluated for its antibacterial activity against
gram positive and gram negative bacteria in which the nano-
composite has shown bacteriostatic behaviour versus
Escherichia coli, Pseudomonas syringae, Staphylococcus aureus,
and Streptococcus pneumonia [38]. Silver sulphide-magnesium
oxide/graphene oxide (Ag2S-MgO/GO) nanocomposite syn-
thesized via sol–gel/ultrasound method showed the highest
rate of photo-degradation of rhodamine B (RhB) under UV
light (98.8%) and visible light (64.8%) owing to the enhanced
charge transfer efficiency via decreasing band gap amount;
reduced e–/hþ recombination of MgO with the Ag2S crystal
and an enhanced removal efficiency with the supported on
grapheme oxide. This showed a good antibacterial and anti-
fungal activity against Bacillus vallismortis, Escherichia coli,
Aspergillus flavus and Trichoderma viride [39]. AgO, CoO, CdO
nanoparticles and AgO-CoO-CdO heterometal oxides synthe-
sized by the chemical method showed a substantial degrad-
ation of dye and also showed good antibacterial effect
against Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa and B. cereus [40]. Silver–platinum (Ag–Pt) nano-
particles synthesized using the Crocus sativus L. plant etha-
nolic extract, showed highest antioxidant properties
compared to the Ag nanoparticles and ascorbic acid (AA)
and demonstrated the substantial antimicrobial and cytotoxic
activities against pathogenic microbes and MCF-7 breast can-
cer cell line. The environmental chemistry analysis depicts
that methyl orange can be degraded from water by catalytic
degradation process with sodium borohydride (NaBH4) [41].

Cyanthillium cinereum (Less.) H. Rob. (Asteraceae) com-
monly called as little ironweed has been consistently known
for its medicinal properties and also get its recognition in the
Ayurveda’s [42]. This plant has possessed excellent antibac-
terial, antiviral, analgesic antipyretic and anticancer activities
[43,44]. The current work reports the synthesis of AgNPs via
eco-friendly green route microwave-assisted synthesis utiliz-
ing the leaf extract of Cyanthillium cinereum as the reducing
as well as stabilizing agents. The formation of AgNPs at dif-
ferent concentrations and also their stability at different inter-
vals of time were evaluated using UV–vis spectroscopic
technique. The obtained nanoparticles were properly charac-
terized using XRD, FE-SEM and TEM techniques. The antioxi-
dant property of the noble metal nanoparticles could be
evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.
The ecological importance of the AgNPs was assessed in the

degradation of polluting organic dyes and thus proved to be
a material of immediate relevance in the contemporary era.
The in vitro antibacterial scopes of the AgNPs were also
tested. Optical properties and electrochemical properties as
sensor for the detection of dopamine (DA) were evaluated.

Materials and methods

Materials

All the chemicals used were of analytical grade. Silver nitrate
(AgNO3; 99.8%), methylene blue, fuchsine and NaBH4 were
purchased from Merck India Ltd. (Bengaluru, India).

Preparation of plant extract

Fresh and healthy leaves of Cyanthillium cinereum (C. ciner-
eum) were collected and washed well with distilled water
and dried in air. Then, 25 g of dried leaves were cut into
small piece and boiled with 200mL of deionized water taken
in a round bottom flask fitted with water condenser for
20min. It was cooled and filtered using Whatman No 1. filter
paper. The plant extracts thus obtained were stored at 4 �C
in refrigerator and used as a reducing agent within two days.

Synthesis of silver nanoparticles

Ten millilitres of the plant extract was added to 100mL of
the varied concentrations of aqueous AgNO3 solution (1 M to
1mM) at a ratio of 1:10 (v/v). The resulting mixture was con-
tinuously stirred and subjected to microwave irradiation in an
oven operating at a power of 800 W and frequency
2450MHz until the solution changed its colour. The bioreduc-
tion of Agþ ions to Ag0 was monitored by analysing samples
at 3, 4, 5 and 6min intervals of reaction time using UV–vis
spectrophotometer [45]. The synthesized nanoparticle was
then dispersed in double distilled water and centrifuged. The
separated particles were dried and used for further analysis.

Characterization of silver nanoparticles

The absorption spectra of the synthesized nanoparticles were
analysed using Shimadzu UV-1800 spectrophotometer (Kyoto,
Japan) at a wavelength of 300–700 nm [46]. XRD measure-
ment was made on a Bruker AXSD8 advanced powder X-ray
diffractometer (Billerica, MA). Cu-Ka (k¼ 1.54 Å) radiation was
used as the X-ray source (40 kV, 35mA) and 2h range from 2
to 800 and the scanning rate used was 0.05�/s. The XRD sam-
ple was prepared by drop coating the nanoparticle solution
on a glass slide followed by drying under ambient condition.
The mean particle diameter of AgNP was calculated from the
XRD pattern according to the line width of the plane, reflec-
tion peak using Scherrer formula. D¼ 0.9k/bcos h where D is
the average crystalline domain size perpendicular to the
reflection planes, k is the X-ray wavelength; b is the full
width at half maximum (FWHM) and h is the diffraction angle
[15]. HR-TEM images were recorded using JEOL JEM-2100
microscope (JEOL Ltd., Tokyo, Japan) to analyse the size and
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shape of nanoparticles [13]. To find out the excitation and
emission maxima for the AgNPs, prescan was performed
using fluorescence spectrometer (Fluoromax 4-Horiba
Instruments, Kyoto, Japan) which recorded the spectra with a
scan speed of 240 nm/min with excitation slit width of 5 nm
and emission slit width of 5 nm.

Catalytic degradation

The AgNPs synthesized were used for the removal of organic
dyes, causing ecological pollution. For analysing the degrad-
ation reaction, two prominent cationic dyes methylene blue
and fuchsine were used. Two millilitres (0.08� 10�3 M) of the
dye, 0.5mL of freshly prepared NaBH4 (0.06 M) and 0.5mL of
AgNP-Cinereum (0.02mg/mL) were taken in a quartz cuvette
of 1 cm path length. The UV–vis absorption spectra of the
reaction mixture were recorded at definite intervals of time
in the range of 200–700 nm. Complete disappearance of the
colour in the reaction mixture was the direct indication of
the degradation of the dye. The kinetics of the reaction was
scanned by measuring the absorbance at specified wave-
length for both the dyes. A control reaction was also setup

without nanoparticles to ascertain the dye degradation is
brought about by nanoparticles.

Antioxidant capacity using the DPPH assay

The antioxidant activity of the synthesized nanoparticles was
evaluated based on their ability to trap DPPH radical.
Ascorbic acid is used as a positive control. AgNP without
DPPH was used as blank. Colloidal solution of AgNP (2mL)
and 0.1mM DPPH solution in ethanol (2mL) were mixed and
shaken vigorously for 2min. The solution was incubated in
the dark at room temperature for 30min followed by absorb-
ance reading at 517 nm using UV–vis. Results were conveyed
as percentage reduction of the initial DPPH absorption in
relative to the control. The inhibition ratio can be calculated
according to the equation:

Inhibition ratio ð%Þ ¼ A0– Acð Þ=A0
� �� 100

where A0 is the absorbance of the control and Ac is the
absorbance at the addition of the analytical sample.

Figure 1. UV–visible absorption spectra of AgNP biosynthesis optimization. (a) At different concentration of AgNO3. (b) Microwave irradiation at different intervals
of time.

Figure 2. Photoluminescence excitation spectrum of Ag NP (a) excitation centred at 332 nm and (b) emission at 416 nm. (c) Emission spectrum of Ag NP: excited at
395 nm and 420 nm.
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Antibacterial evaluation

The antibacterial activities of AgNP were carried out by well
diffusion method [47]. For that, a nutrient agar medium plate
was prepared, sterilized and solidified. After solidification,
bacterial cultures both Gram-positive bacteria Staphylococcus
aureus (S. aureus) and Gram-negative bacteria Klebsiella

pneumoniae (K. pneumoniae) were swabbed on these plates.
The wells were made on the plates and AgNPs solution
(10mg/mL) along with positive and negative controls was
loaded in the wells. It was then kept for incubation at 37 �C
for 24 h. Zones of inhibition for control and AgNP were meas-
ured. Repeat the experiment thrice and mean values of zone
diameter were presented.

Electrochemical analysis

Cyclic voltammetry (CV) was chosen as a primary mode for
the development of non-enzymatic DA sensor with carbon
paste electrodes (CPEs) modified with AgNP as working
electrode in a three-electrode electrochemical setup using
Metrohm Autolab potentiostat/galvanostat (model
no. PGSTAT302N). The modified electrode was prepared by
dropping 4.0 mL of the nanocomposite suspension onto pre-
cleaned CPE and dried at room temperature. The electro-
chemical measurements were carried in electrochemical cell
system by successive voltammetric cycles (130 cycles, poten-
tial range from �0.30 to 0.95 V versus Ag/AgCl (3.0mol L�1

KCl) in 0.1mol L�1 NaOH solution). After the optimized pro-
cedure of the electrochemical measurements, the CPE/AgNP
was evaluated for the DA determination which was carried
out by differential pulse voltammetry (DPV).

Figure 3. XRD pattern of AgNP.

Figure 4. Transmission electron microscopic images of AgNP. (a–c) Images under diverse magnifications, (d) HR-TEM image of AgNP, (e) SAED pattern of AgNP and
(f) particle size histogram.
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Results and discussion

UV–vis spectra analysis

Primarily, the formation of AgNPs was confirmed by observ-
ing the colour change of AgNO3 solution. With the addition
of Cyanthillium cinereum leaf extract to the AgNO3 solution, a
steady change in colour from colourless to dark brown was
observed, which was further confirmed by UV–vis spectros-
copy [48]. The intensity of extremely symmetric single-band
absorption with peak maxima of surface plasmon resonance
(SPR) peaks for AgNP [49] synthesized at different

concentration of AgNO3 solution was analysed (Figure 1(a))
and found that a concentration of about 1� 10�3 M AgNO3

was adequate for the synthesis of AgNP [50]. Also, the
absorption spectrum using the precursor 1� 10�3 M AgNO3

was verified at different intervals of time such as 180 s, 240 s,
300 s and 360 s [51] (Figure 1(b)) and observed that at a max-
imum of 360 s is enough for the complete formation of AgNP
where there is a broad absorption peak at 418 nm and after
a specific irradiation interval of 360 s coagulation of AgNP
makes it difficult to analyse it by spectral data. The size and
shape of the particles, in nearby dielectric medium and the

Table 1. Comparative study on the particle size and property analysed for AgNP synthesized from various sources.

S. no. Plant source Particle size Ref. Property analysed

1 Menthapiperita (Lamiaceae) extract 90 nm [56] Antibacterial activity
2 Caralluma tuberculata extract 32 nm [57] Antioxidant and antibacterial property
3 Citrus paradise extract 52 nm [58] Catalytic degradation of toxic dyes
4 Origanum vulgare L. extract 48 nm [59] Microbicidal activities
5 Mussaenda erythrophylla leaf extract 50–80 nm [2] Catalytic degradation
6 Aegle marmelos extract 60 nm [60] Capping effect
7 Tephrosia purpurea leaf extract 20 nm [61] Antimicrobial activity
8 Terminalia bellirica fruit aqueous extract 20.6 nm [62] Catalytic and antibacterial applications
9 Holarrhena antidysenterica (L.) Wall. bark extract 32 nm [63] Larvicidal activity
10 Cyanthillium cinereum leaf extract 19.25 nm This work Catalytic degradation, antioxidant capacity, antibacterial

evaluation and electrochemical responses

Figure 5. UV–vis absorption spectra measured at 1min intervals for the degradation of fuchsine. (a) In the absence of AgNP. (b) In the presence of AgNP. (c)
Kinetic plot (ln[A] verses time).
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accumulation of nanoparticles affect the SPR peak of
AgNP [52].

Photoluminescence study

Photoluminescence occurs in noble metals due to an excita-
tion in the electrons from occupied d bands to states above
the Fermi level. The emission spectrum of synthesized AgNP
is dependent on the excitation wavelength [53,54]. Ensuing
the electron–phonon and hole–phonon scattering processes
lead to energy loss and finally a photoluminescent recombin-
ation of an electron from an occupied sp band with the hole
[14,53]. Photo excitation of AgNP at excitation wavelength of
332 nm (Figure 2(a)) produced a very intense fluorescent
emission peak at 416 nm (Figure 2(b)), while excitation at
395 nm and 420 nm produced fluorescence emission peak at
455 nm and 420 nm respectively with reduced intensity
(Figure 2(c)). For AgNPs, the luminescence emission arises as
a result of electron–hole recombination processes, i.e. the
electron from sp conduction band above the Fermi level and
hole from d-band below the Fermi level [52–54].

XRD analysis

The results obtained from XRD analysis of biosynthesized
AgNP was very intense and sharp and it confirms its crystal-
line structure [55] (Figure 3). The existence of strong peaks at
2h¼ 38.16�, 47.33�, 58.91� and 64.88� belonged to the

presence of (1 1 1), (1 0 1), (1 0 5) and (1 1 0) planes (JCPDS
file no. 04-0783) (Bragg’s reflection), respectively, and con-
firmed the crystalline and face centred cubic (FCC) structure
of AgNP [48].

TEM analysis

The morphological and crystallographical information of the
synthesized AgNP was obtained from the TEM analysis.
Figure 4 represents the microscopic images (a–c) of spherical
AgNPs at different magnifications. The lattice fringes
and atomic columns of nanosilver were clearly seen from the
HR-TEM image (d). Elastic scattering of electrons on AgNP
produced the bright spots (e) in the selected area electron
diffraction (SAED) pattern, which indicates that particles are
highly crystalline in nature [15]. The distribution of the par-
ticles’ size of synthesized AgNP was shown in the histogram
(f) and the particle size is in between 5 and 40 nm with an
average size of 19.25 ± 0.44 nm. Also from Table 1, it is clear
that the present study emphasizes on the synthesis of very
small AgNPs with enhanced property as comparing to others,
which is discussed in this work.

Catalytic degradation

The catalytic activity of plant derived AgNP was investigated
using the degradation reactions of fuchsine and methylene
blue using NaBH4. These dyes were selected for our study

Figure 6. Time-dependent UV–vis spectra for the removal of methylene blue. (a) In the absence of AgNP. (b) In the presence of AgNP. (c) Kinetic plot (ln[A]
verses time).
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because its absorption maximum does not overlap with the
SPR band of AgNPs [26]. Fuchsine or rosaniline hydrochloride
is a magenta dye with chemical formula C20H19N3�HCl. The
UV–vis absorption spectrum of an aqueous solution of fuchs-
ine shows peaks at 292 nm and 546 nm. The reduction of

Table 2. Antioxidant activity of aqueous leaf extracts, AgNP and ascorbic acid
(standard) showing scavenging % of extracts and IC50 value in C. cinereum.

S. no. Samples
Concentration

(mg/mL)
Scavenging
ability (%)

IC50 value
(lg/mL)

1 C. cinereum 12.5 16.01 ± 0.05 74.05 ± 0.05
25 25.36 ± 0.02
50 40.31 ± 0.10
100 55.76 ± 0.09
200 74.24 ± 0.01

2 Synthesized AgNP 12.5 27.41 ± 0.09 40.80 ± 0.14
25 39.62 ± 0.03
50 51.33 ± 0.07
100 68.22 ± 0.50
200 84.33 ± 0.02

3 Ascorbic acid (standard) 12.5 30.33 ± 0.09 35.52 ± 0.12
25 41.23 ± 0.03
50 54.25 ± 0.07
100 71.31 ± 0.30
200 88.69 ± 0.11

Figure 8. Dose-dependent antioxidant potentials of C. cinereum and AgNP
assessed by the DPPH assay.

Figure 7. The mechanism of reduction of methylene blue and fuchsine by NaBH4 in the presence of AgNP.
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fuchsine into leucofuchsine can be followed spectrophoto-
metrically by monitoring the absorption maximum at 546 nm.
Comparing Figure 5(a,b), it is clear that when AgNP was
added to the reaction mixture containing both fuchsine and
NaBH4, the intensity of the peak at 546 nm began to
decrease continuously with the passage of time. The kinetic
studies were performed by ln[A] versus time graph (Figure
5(c)). Rate constant determination proved a pseudo-first order
kinetics with respect to the concentration of the dye [64].

Methylene blue is a cationic thiazine dye which shows its
UV–vis absorption peaks at 290 and 654 nm with hump at
612 nm due to p ! p� and n ! p� transitions [28]. The
reduction of methylene blue into its colourless form is sche-
matically represented in Figure 6 [65,66] and further analysed
by spectrophotometer using Figure 7(a,b) to monitor the
absorption maximum at 654 nm. The kinetic plot of ln[A] ver-
sus time graph Figure 7(c) verifies that it follows a pseudo-
first order kinetics.

Antioxidant capacity using the DPPH assay

The excellent free radical capturing power of phyto-fabri-
cated AgNP and the plant extract was tested by DPPH
method. The percentage radical scavenging activity (RSA)
was measured and results are shown in Table 2. The RSA
increased in a dose-dependent manner of the tested samples
and plant extracts (Figure 8). The recorded scavenging ability
for the lowest concentration of the synthesized AgNP

(12.5 lg/mL) was 27.41 ± 0.09 and this scavenging ability was
increased to 84.33 ± 0.02, when concentration was increased
to 200 lg/mL (average IC50 � 40.80 ± 0.14 lg/mL) (Table 2).
However, the scavenging ability was recorded for aqueous
leaf extract at lowest concentration 16.01 ± 0.05 (12.5 lg/mL)
and when concentration was increased the scavenging ability
was 74.24 ± 0.09 (200lg/mL) (Table 2) with average IC50
value, 74.05 ± 0.05lg/mL. The IC50 values of the synthesized
nanoparticles are comparable with that of standard antioxi-
dants having the IC50 value, 35.52 ± 0.12 lg/mL (Figure 9).
These results corroborate well with the previous reports on
antioxidant property shown by the phyto-fabricated AgNP
using various plant extracts depending mainly on the meth-
ods employed in the preparation of nanopar-
ticles [14,26,28,46].

Antibacterial evaluation

The in vitro antibacterial activity of green synthesized AgNP
against the common pathogenic bacteria both Gram-positive
bacteria Staphylococcus aureus (S. aureus) and Gram-negative
bacteria Klebsiella pneumoniae (K. pneumoniae) was assessed
by the well diffusion method in which circular inhibition
zone was formed around the well impregnated AgNP [67]. A
maximum zone was recorded as 1.6 cm for S. aureus and
1.9 cm for K. pneumoniae when treated with AgNP. No zone
of inhibition was observed for the plant extract alone (Figure
10). The efficacy of AgNP in inhibiting the growth of patho-
genic bacteria is attributed to its ability to enter the cell and
bind to various bacterial cellular components [68]. Inside a
cell, the nanoparticles would interfere with the bacterial
growth and signalling pathway by modulating tyrosine phos-
phorylation of putative peptide substrates critical for cell via-
bility and division [69]. A nanoparticle can interact with DNA,
inside a bacterium and thus losing its ability to replicate
which may lead to the cell death [51,68]. Growth of gram-
negative bacteria was more profoundly affected by the AgNP
than that of the gram-positive organisms since the inter-
action between such nanoparticles and the cell wall of

Figure 10. Antibacterial activity of AgNP against the well containing: (a) Gram-
positive bacteria Staphylococcus aureus (S. aureus) and (b) Gram-negative
bacteria Klebsiella pneumoniae (K. pneumoniae). A: double distilled water; B:
streptomycin; C: Cyanthillium cinereum extract; D: AgNP.

Figure 11. Typical 3D cyclic voltammograms for the (a) bare-CPE (b) and AgNP
assembled-CPE. (c) In the presence of dopamine.

Figure 9. IC50 values for antiradical analysis of C. cinereum and AgNP in com-
parison with ascorbic acid.
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bacteria would be facilitated by the relative abundance of
negative charges on the gram-negative bacteria [69] which
was again confirmed from our results.

Electrochemical responses

The electrochemical performance of DA having 1� 10�3 M
concentration at the CPE was investigated by CV (Figure 11)
in 0.1mol L�1 PBS (pH 6.5) at 20mV s�1. Even though bare
CPE does not show an oxidation or reduction peak, AgNP
assembled CPE showed an anodic peak (0.45 V) which could
be attributed to the oxidation of Ag to AgO. Further scan-
ning the potential towards more negative values indicated a
peak around 0.06 V which could be ascribed to the reduction
of AgO to Ag [70]. Due to the high surface area of AgNP-
assembled-CPE, there is a significant enhancement in the
peak currents that helps to increases the electro-catalytic
activity of the electrode [71]. Using AgNP modified CPE, a
distinct redox couple for DA was observed with large
increase of current height and shifting [72] of the anodic
peak potential to 0.21 V and cathodic peak potential to
�0.178 V. Hence, it could be inferred that AgNP modified

electrode is recommended for the detection of DA since it
makes a significant change in potential.

Sensitivity and selectivity analysis

The differential pulse voltammetric (DPV) technique was car-
ried out to determine the electrocatalytic sensitivity of DA
using AgNP-assembled-CPE. The individual electrocatalytic
oxidation of DA at the AgNP modified electrode was investi-
gated in 10mL buffer solution (pH 6.8) at a scan rate of
50mV/s by varying the concentrations. The results showed
that analytes are oxidized and show a well-defined and dis-
tinguishable sharp oxidation peaks with peak potentials at
0.366 V. With increase in the concentration of analytes, the
anodic peak current increases [73] (Figure 12) with a correl-
ation coefficient (R2) of 0.998 indicating that analytes have
been oxidized by the active AgNP modified electrode [71,74].

The backbone parameter for evaluating the selectivity is
the performance of non-enzymatic DA sensors in the pres-
ence of known interferents. During the quantification of DA
level, the interferents including uric acid (UA), AA and cre-
atinine (CRT) are found in human blood serum. The

Figure 13. DPV curves corresponding to 0.1mM dopamine (a) in the presence of uric acid (UA), ascorbic acid (AA) and creatinine (CRT). (b) Bar plots depicting the
effect of interferents on DPV.

Figure 12. (a) DPV responses of the AgNP-CPE for the detection of different concentrations of dopamine (from 0.01mM to 0.1mM) in PBS (pH 6.8). (b) The corre-
sponding linear calibration plots of stripping peak currents in optimized experimental conditions.
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interfering effect on adding 1 equivalent of UA, AA and CRT
which can be compared with 0.1 equivalent DA at the speci-
fied potential were determined and the results were found.
Figure 13(b) indicates that even in the presence of interfering
species the DA having a concentration of 0.1 equivalent
shows a significant current using AgNP supported electrode
suggesting the high selective nature of the developed DA
sensor [75,76].

Conclusions

Plant mediated microwave synthesis offers a green and non-
toxic synthetic pathway for AgNPs. The AgNPs obtained were
well characterized via UV–vis, XRD and TEM analyses. It is
clear from the various spectroscopic and imaging analyses,
AgNP was found to be crystalline and spherical in shape with
an average size of 19.25 nm Their biological significance was
proven by DPPH radical scavenging assay which indicated an
IC50 value of 40.80 ± 0.14 lg/mL. The progress of degradation
of environment polluting dyes was monitored in situ via
UV–vis spectroscopy without light irradiation. Also the AgNP
shows effective antibacterial activity against Staphylococcus
aureus (S. aureus) which is gram positive and Klebsiella pneu-
moniae (K. pneumoniae) which is gram negative having a
zone of inhibition of 1.6 cm and 1.9 cm respectively which is
very close to the standard streptomycin. Moreover, the AgNP
modified CPE shows excellent electrocatalytic activity towards
DA detection with high sensitivity and with a correlation
coefficient (R2) of 0.998 which imparts its application as a
non-enzymatic sensor for DA. The present research highlights
the potential application of multifunctional nanoparticles for
environmental protection due to their catalytic capacities.
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A B S T R A C T

This study demonstrates the optical properties of ZnS:Mn2+ qquantum dots synthesized by simple and eco-friendly chemical precipitation method using aloe vera
(AV) extract as the stabilizing agent. The nanoparticles have been characterized by transmission electron microscopy (TEM), Fourier transform infrared (FTIR) spec-
troscopy, diffuse reflectance spectroscopy (DRS), photoluminescence (PL) and time-resolved PL spectroscopy. Increase in band gap energy with decrease in parti-
cle size was observed from DRS studies due to quantum confinement effect. Dominant yellow emission was observed from characteristic 4T1→6A1 transitions of
the Mn2+ions in the ZnS:Mn/AV nanoparticles. The results provide insight to the quantum confinement effect that occur and how it affect decay life time of the
ZnS:Mn2+/AV nanoparticles.

1. Introduction

Among the nanoscale materials, ZnS is a wide band gap II-VI semi-
conductor (3.68 eV) with remarkable optical properties. Special atten-
tion is given to transition metal ion doped ZnS nanoparticles which find

its applications in LEDS and lasers owing to their optoelectronic
properties [1–6]. Among the transition metals, Mn has attracted much
attention because of its luminescence intensity, biocompatibility, and
bioimaging capability [6–8]. Our previous work focused on lumines-
cence properties of white light emitting ZnS:Mn nanocrystals prepared
without any capping agent [9]. Because of less size controllability and
particle agglomeration various chemical based capping agents, com-
plexing agents, etc. were used in the synthesis of ZnS:Mn nanocrys-
tals with controllable size distribution and less aggregation [10–13].
The capping agents provide surface passivation and thus minimize the
electronic trapping capabilities of surface defects, resulting in higher
photoluminescence intensity [14,15]. Since these chemicals are highly
toxic, synthesized nanoparticles are not useful in medical or biologi-
cal applications. The synthesis and optical characterization of water dis-
persible, ZnS:Mn nanocrystals capped with L-Valine, L-Cysteine, histi-
dine, arginine, methionine and chitosan have already been reported ear-
lier [16–19]. Various bioactive components of aloe vera have effec-
tive antibacterial, anti-inflammatory, antioxidant, and immunomodula-
tory effects that promote both tissue regeneration and growth. There-
fore in this work we used aloe vera as the capping agent to reduce
cytotoxicity problems of ZnS:Mn nanocrystals, a major limitation in
biomedical application. T. Muralikrishna et al. used aloe vera to cap
the gold nanoparticles [20]. The biomolecules present in the plant ex-
tracts stabilizes the growth of nanoparticles, thus leads to the decrease
of surface energy and prevent them from further aggregation [21,22].
Methanol extract of aloe vera gel consists of coumarins, alkaloids, tan-
nins, steroids, quinines, anthraquinones, phenols, resin, glycoside

and carbohydrate as analysed by phytochemical screening and it pro-
vides surface passivation of ZnS:Mn nanoparticles prepared by chem-
ical precipitation method. We have reported the biocompatibility and
antibacterial property of these ZnS:Mn/AV quantum dots [23]. The ob-
served pure yellow emission of aloe vera capped ZnS:Mn (ZnS:Mn/AV)
finds potential applications in the advance of luminescence devices. Be-
sides, the measurement of fluorescence decay time is an important pa-
rameter to realize the influence of host on energy levels of dopants and
mechanism of energy transfer. It was reported [24–26] that the life-
time of yellow emission of Mn2+ in ZnS:Mn2+ nanoparticles is of the
order of milliseconds. The shortening of lifetime of ZnS:Mn nanocrystals
from milliseconds to nanoseconds based on quantum confinement in-
duced ligand-TM hybridisation theory is also reported [27].In this work
we have measured life time for the yellow emission of Mn2+ in ms and
ns range. We report the optical properties of aloe vera capped biocom-
patible ZnS:Mn quantum dots (ZnS:Mn/AV) with controlled size and en-
hanced luminescence for possible use as nanoscale fluorescent probes in
pharmaceutical and biomedical field.

2. Experimental

25 ml of 0.01 M manganese chloride solution in methanol was added
dropwise to 25 ml of 1 M zinc acetate solution in methanol and stirred
well.2.5 ml of 2 mg methanol extract of AV dissolved in 10 ml methanol
was added to the above solution and the whole mixture was stirred
magnetically at 70 °C. Later 25 ml 1 M solution of sodium sulphide in
methanol was added to this solution and stirring is continued for 20 min
keeping temperature at 70 °C. The obtained precipitate was filtered and
washed with methanol several times. Finally, the filtered powder was
dried for 15 h at 70 °C and ground to obtain ZnS:Mn/AV nanoparticles.
Following the same procedure, ZnS:Mn2+nanoparticles without AV was
also prepared.
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The synthesized samples were structurally characterised by FTIR
spectroscopy using Shimadzu spectrophotometer and transmission elec-
tron microscopy (TEM) using JEOL 3010. Varian Cary 5000 UV–Vis–NIR
spectrophotometer was used for DRS measurements. Chemical compo-
sition of the samples was determined by inductively coupled plasma
(ICP) (ICP–1000IV, Shimadzu) analysis. The photoluminescence mea-
surements were performed at room temperature using Horiba Fluoro-
max 4C research spectrofluorometer. Life time measurements were car-
ried out using Fluorocab from M/s Horiba with spectra LED 390 nm and
nano LED 340 nm as excitation sources.

3. Results and discussion

3.1. TEM analysis

Fig. 1(a&b) shows the TEM and selective area electron diffraction
(SAED) images of uncapped ZnS:Mn nanoparticles. From the TEM im-
ages the particle size obtained for the uncapped nanoparticles is 4.5 nm.
The SAED pattern Fig. 1(b) consists of a central halo with three con-
centric broad rings which correspond to the reflections from (1 1 1), (2
2 0) and (3 1 1) planes of cubic zinc blende phase. Fig. 1(c&d) shows
the TEM and SAED images of capped ZnS:Mn nanoparticles which show
monodispersed almost spherical nanoparticles with less aggregation and
particle size 2.2 nm.

3.2. FTIR analysis

FTIR spectra of AV, ZnS:Mn and ZnS:Mn/AV Fig. 2 were recorded in
the range 400–4000 cm−1. In

the FTIR spectra of AV, uncapped and capped ZnS:Mn samples the
prominent absorption peaks and their assignments are given in the
Table 1.

In AV the broad absorption band in the range of 3000–3400 cm−1 is
characteristic of -C-H, -N-H or -O-H stretching that comes under alde-
hydes, alkanes or aromatic group containing phenols, tannins, quinines,
glycosides, alkaloids etc. The absorption peak at 1641 cm−1 can be at-
tributed to alloin, the most important aloe vera gel component belong-
ing to anthraquinone glycoside [33].The absorption band positioned
at 1411 cm−1is likely due to C–H or C–O or C–OH groups of esters
and phenols [14]. All phytochemicals listed above are present in the
methanol extract and experimentally proved by preliminary phytochem-
ical screening.

Absence of peak in the range 2222–2260 cm−1 corresponding to C
N stretching bands indicates that the extract didn't possess nitrile

compounds which are toxic components found in many plant species
as cyanogenic glycosides. All the peaks in ZnS:Mn2+/AV are present
in ZnS:Mn sample except the peaks at 2970 and 1106 cm−1 which
are present in capped ZnS:Mn. The peaks at 2970 cm−1 which is at
2950 cm−1 in AV and 1106 cm−1 indicate the coordination of ZnS:Mn
with the AV. The additional and the intense IR peaks in

Fig. 1. (a)&(b) TEM&SAED pattern of uncapped ZnS:Mn and (c) & (d)TEM&SAED pattern of ZnS:Mn/AV nanoparticles[insets correspond to particle size distributions].
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Fig. 2. FTIR spectra of (a) AV (b) ZnS:Mn and (c) ZnS:Mn/AV quantum dots.

Table 1
Prominent absorption peaks and their assignments in AV, ZnS:Mn and ZnS:Mn/AV quan-
tum dots.

Absorption peaks
(cm −1) Assigned vibrations Samples involved

496, 610, 683 Zn–S stretching (corresponding to
sulphides) [31]

ZnS:Mn/AV &
ZnS:Mn

926 Mn–S vibration [31] ZnS:Mn & ZnS:Mn/
AV

1025–1035 C–H vibrations [29] AV, ZnS:Mn/AV &
ZnS:Mn

1106 C–O stretching [30] AV, ZnS:Mn/AV
1337, 2354 C=O stretching or microstructure

formation [31]
ZnS:Mn/AV &
ZnS:Mn

1411 symmetric bending of C–H [14] AV, ZnS:Mn/AV &
ZnS:Mn

1569 C=O stretching [32] ZnS:Mn/AV &
ZnS:Mn

1641 C=O stretching [33] AV
2875 C–H stretching [28] AV
2970 C–H bending [28] AV & ZnS:Mn/AV
3000–3400 N–H, O–H stretching [31,33] AV, ZnS:Mn/AV &

ZnS:Mn

ZnS:Mn2+/AV nanoparticles confirm that aloe vera is attached to the
surfaces of ZnS:Mn2+ nanoparticles.

3.3. Optical characterization

The diffuse reflection spectroscopy Fig. 3(A)was used to study the
absorption characteristics of the prepared samples. From DRS spectra
absorption coefficient are obtained by using Kubelka Munk function
given by = where R, k, s are the reflection, absorption
and scattering coefficients. The band gap energy can be calculated by
extrapolating the linear part of {(k/s)hν}2 vs hν graph to the energy axis
at k/s = 0 as shown in figure Fig. 3 (B). The corresponding Eg values
for ZnS:Mn2+/AV and ZnS:Mn2+ nanoparticles are 4.96 eV and 4.03 eV.
The absorption peak observed below band gap in ZnS:Mn2+/AV quan-
tum dots is due to excitonic absorption. When the radius of a nanocrys-
tal becomes comparable to the Bohr exciton radius of its bulk counter-
part, quantum confinement effect brings out major changes in its opto-
electronic properties.

Since the radius of ZnS:Mn/AV and ZnS:Mn2+ quantum dots (deter-
mined from TEM studies) are smaller than Bohr exciton radius (2.5 nm)
the particles are in strong confinement regime. Based on quantum con-
finement effects, the band gap energy of nanocrystallite in strong con-
finement regime according to Brus equation is

where Eg is the band gap of the bulk, me and mh are the effective
masses of electron and hole. Substituting Eg = 3.54 eV, me = 0.34 m0,
mh = 0.23 m0 in equation the radius of quantum dots obtained are
1.4 nm and 2.36 nm in the case of ZnS:Mn/AV and ZnS:Mn2+ nanophos-
phors respectively.

Photoluminescence emission spectra of synthesized samples recorded
at room temperature for an excitation wavelength of 340 nm is given in
Fig. 4. From the recorded spectra it is clear that the two samples exhibit
two manganese related yellow emissions. The blue emission at 440 nm
is the self-activated emission of defects [34].When Mn2+ ions are doped
into the ZnS host lattice, the strong interaction between the s–p elec-
trons of ZnS and the 3 d5 electrons of Mn 2+ ions takes place and the
prohibited transition of 4T1→6A1within 3d shell of Mn2+ become par-
tially permitted. Hence an intense yellow emission around 590 nm re-
sulting from 4T1→6A1 transition of Mn2+ ion is produced [35–37].For
ZnS:Mn2+ nanoparticles, larger part of the Mn2+ ions are at surface sites
and take up axial or lower symmetry sites and reduces the growth of ZnS
host nanoparticles. The increased yellow emission intensity of ZnS:Mn
nanoparticles is a direct outcome of fast energy transport of the excited
electron hole pairs of the ZnS host into the dopant ion, following a pro-
ficient and quick radiative recombination of Mn d-electron.

Fig. 3. (A) Diffuse reflectance spectra & (B) {(k/s)hѵ}2 V hѵ plots of (a) ZnS:Mn/AV and (b) ZnS:Mn quantum dots.
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Fig. 4. PL emission spectra (λex = 340 nm) of ZnS:Mn/AV& ZnS:Mn quantum dots.

There are reports [14,15,38] for the enhanced photoluminescence
in capped ZnS:Mn nanoparticles in comparison with that in uncapped
sample. AV act as passivator to reduce the surface defects and promotes
radiative probability through the Mn2+ ions and hence in ZnS:Mn/AV,
intensity of yellow emission becomes ~1.4 times of that in uncapped
ZnS:Mn quantum dots. Mn2+ions located at different sites in the ZnS
lattice resulted in different luminescence properties [39,40]. Lumines-
cence intensity due to impurity sites is inversely proportional to cube of
the radius of particle [41]. Thus particle size reduction due to AV cap-
ping is another reason for increase in PL intensity.

It was reported that the yellow emission band around 590 nm is the
result of superposition of four emissions, emission with λmax at 557 nm
due to tetrahedral cubic lattice, Mn2+ions near dislocation or point de-
fects give rise to λmax at 578 nm, λmax at 600 nm due to Mn2+ in octa-
hedral interstices and λmax at 635 nm is related with the formation of
α-MnS [42,43]. In our case ZnS:Mn show only the emissions with peaks
at 575 and 625 nm which are due to Mn2+ ions near dislocation or point
defects and due to the formation of α-MnS. Because of size dependent
phonon coupling and change in crystal field strength these emissions are
shifted slightly for the capped particles.

To understand the origin of emission spectra, a study of its excitation
spectra is needed, from which few important information about the lu-
minescence mechanism can be obtained. Using Ligand field theory and
Tanabe-Sugano diagram for the Mn2+ d5 level, the different possible
electronic transitions accountable for the emissions in Mn2+ ions is ex-
plained [44].The PLE spectrum (Fig. 5 (a)) shows five excitation peaks
in the wave length region of 380–510 nm. These absorption peaks are
at 393, 430, 465,480 and 491 nm and due to the direct excitation tran-
sitions of Mn2+. Five excitation bands around 390, 430, 475, 498, and
535 nm of Mn2+are reported in bulk ZnS:Mn crystal [44–47]. Hence

the absorption bands at 393, 430, 465, 480 and 491 nm in the synthe-
sized ZnS:Mn nanoparticles corresponds to the 6A1 (6S)→4E (4D), 6A1
(6S) →4T2 (4D), 6A1 (6S)→4A1 (4G) and 4E (4G),6A1 (6S)→4T2 (4G) and
6A1 (6S)→4T1 (4G) transitions within 3 d5 configuration of Mn2+.The
band with peak at 318 and 358 nm may originate from the absorption
of light by the ZnS host or due to the higher excited levels of Mn2+. In
the present study, observed absorption peaks are shifted slightly from
the reported observations and can be ascribed to the change in the local
structures in the region of Mn luminescent centers in ZnS:Mn2+nanopar-
ticles.

CIE (Commission International d’Eclairage) coordinates calculated
from the measured PL emission spectra are (0.42, 0.38) and (0.48,
0.40) for ZnS:Mn2+and ZnS:Mn2+/AV as shown in chromaticity dia-
gram (Fig. 6). It shows that the overall emission colour of ZnS:Mn/AV
is yellow while that of uncapped ZnS:Mn nanoparticles is pale yellow.

The lifetime decay dynamics (Fig. 7) of ZnS:Mn2+/AV and
ZnS:Mn2+ nanocrystals for the emissions at 575 nm and 625 nm were
performed. The decay plots are well fixed by third order exponential
equation I(τ) = A1exp(−t/τ1) + A2exp(−t/τ2) + A3exp(−t/τ3)where τ1,
τ2, τ3 represent the decay times of the PL emission and A1, A2, A3 rep-
resent the relative weights of the decay components at t = 0. Based on
the parameters the average decay time (τ) of Mn was calculated by the
following equation [48] and they were found to be in ms range (Table
2).

(3)

It has been known that ZnS:Mn nanoparticles have a short life time
in the ns range and a long lifetime in the ms range [49–53]. Hence we
also performed the decay dynamics using nano LED 340 nm as excita-
tion source (Fig. 7(C)) and the decay curve is well fitted by using a sin-
gle exponential decay function. There are lifetimes in ms range for Mn
emissions at 575 nm and 625 nm. Among these shorter components is
assigned to the 4T1 lifetime of a surface bound Mn ion and longer is as-
signed to the 4T1 lifetime of a lattice bound Mn impurity. For the emis-
sion at 625 nm, lifetime in ns range also exists. The lifetime determined
are 0.5 and 1.76 ns for the ZnS:Mn/AV and ZnS:Mn nanoparticles. By
performing single quantum dot fluorescence decay studies, it has been
suggested that the same emission center exhibits different decay times
[54]. But this short lifetime belongs to the tail of the blue emission of
ZnS emission. The decay time of ZnS:Mn nanoparticles in ns range and
ms range have been contradictorily reported [49–53,55–58]. The con-
flicting results from these previous reports show that the decay dynam-
ics of the Mn ion in ZnS lattice is still an unresolved issue. By transient
absorption as well as emission decay kinetic profiles, Jae Hun Chung
et al. [50] also reported that all the nanosecond luminescence decay
components of ZnS:Mn nanoparticles are from defect related ZnS host
rather than from Mn ions. Mn related emission decays with dual time
constants in ms range. Among these ms range lifetime components the
fast component results from surface bound Mn ions, while the slow one
from the lattice bound Mn ions. The better spin-orbit coupling and vi

Fig. 5. (a) Excitation spectra (λem = 590 nm) and (b) schematic representation of the PL excitation in ZnS:Mn/AV quantum dots.
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Fig. 6. CIE chromaticity diagram. The Points (a) and (b) correspond to PL emissions of
ZnS:Mn2+ and ZnS:Mn2+/AV nanoparticles.

bronic coupling with the vibrational motions of coordinated species of
the surface bound Mn and the lower binding symmetry cause the en-
hancement in the transition strength hence resulting in the life time
shortening of the exterior Mn

ions. For ZnS:Mn/AV reduced particle size leads to the fractional in-
crease of surface-bound Mn ions resulting in the shortening of overall
luminescence lifetime. Similar results have been reported in recent times
in the case of ZnS: Mn nanocrystals by Tuan et al. [59].

4. Conclusion

In this paper we have demonstrated a new strategy for the green syn-
thesis of ZnS:Mn quantum dots in the strong confinement regime using
aloe vera as capping agent. A blue shift is observed in the band gap of
capped particles due to size effects in nanoregime. ZnS:Mn/AV quantum
dots with strong yellow emission and good monodispersivity find appli-
cation in medical research related to imaging.
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Table 2
Fluorescence lifetime data of ZnS:Mn and ZnS:Mn/AV.

Sample Emission at 625 nm
Average
Lifetime (τ) ms Emission at 575 nm

Average
Lifetime (τ) ms Emission at 625 nm (τ) ns

τ1(ms) τ2(ms) τ3(ms) τ1(ms) τ2(ms) τ3(ms)

ZnS:Mn 0.91 2.9 0.37 1.64 0.84 2.7 0.36 1.68 1.76
ZnS:Mn/AV 0.65 2.8 0.19 1.86 0.55 2.5 0.16 1.57 0.5
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A B S T R A C T   

Photoluminescence (PL) of copper doped zinc sulphide (ZnS:Cu) nanoparticles synthesised with different Cu 
concentrations and at different synthesis temperature have been investigated. These ZnS:Cu nanoparticles were 
synthesised without any capping agent by simple chemical precipitation method. So as prepared Cu doped ZnS 
nanoparticles are then characterized by using scanning electron microscopy (SEM), Transmission electron mi-
croscopy (TEM), X-ray diffraction (XRD), photoluminescence (PL) and diffuse reflectance (DRS) spectroscopy. 
The optical properties of the ZnS:Cu nanoclusters are investigated in detail. Four emissions bands consisting of 
surface state emission (blue), Cu blue, green and red emissions which are both sensitive to the synthesis tem-
peratures and dopant concentration are observed. The determination of the CIE colour coordinates from PL 
emission spectra confirms tunable color emission by varying the Cu concentration and synthesis temperature.   

1. Introduction 

Semiconductor nanoparticles have attracted more attention in the 
recent decades due to their novel optoelectronic properties. The struc-
tural and optoelectronic properties of semiconductor nanoparticles 
differ from those of their corresponding bulk form due to quantum 
confinement effects. Aong the II-VI semiconductors, Zinc sulphide has a 
a direct band gap of 3.65 eV for cubic zinc blende and 3.77 eV for 
hexagonal wurtzite. On account of unique fundamental properties ZnS 
has been found diverse applications such as display technologies, 
luminescent devices, sensors, solar cells, biological devices, etc. [1–3]. 
The extensive designing and engineering of ZnS allows it to be widely 
and effectively used in diverse applications such as transparent con-
ductors, UV photodetectors, luminescent devices, and catalysis [4–6]. 
Among the doped ZnS nanoparticles ZnS:Mn and ZnS:Cu nanoparticles 
are prominent phosphorescence materials. Since the solubility of Cu2þS 
is less than ZnS Cu2þS precipitates earlier than ZnS during the synthesis. 
Hence the incorporation of Cu2þ ions into the ZnS lattice is not easy 
compared to the doping of Mn2þ ions [7]. For this reason studies on ZnS: 
Cu nanocrystals have not been done widely like ZnS:Mn nanoparticles. 
ZnS doped with Cu has been explored as an excellent candidate for 
developing high-performance transparent conductive materials (TCMs) 
which can be seen everywhere in our daily life such as light-emitting 

diodes (LEDs), smartphones, solar cells, display technologies, etc. 
[8–10].In recent years various efficient optoelectronic devices uses 
ZnS–CuS nanocomposite films as p-type TCM [11]. Besides, Cu has been 
specifically used for doping ZnS to produce luminescent materials with 
emission bands in the range of 420–600 nm. Coming to luminescence 
properties of Cu doped ZnS crystals there are two familiar emission 
bands, namely green and blue bands. Besides these emissions UV, red 
and IR emissions were also reported in bulk Cu doped ZnS [12]. For ZnS: 
Cu nanoparticles, the emission spectra reported by various groups were 
quite different the emission of ZnS:Cu nanoparticles becomes a debating 
topic [13–18]. In our present work we have observed the three emissions 
of Cu2þ- blue emission at 468 nm, green emission at 522 nm and weak 
red emission at 625 nm. To our knowledge in ZnS:Cu nanoparticles any 
two of these emissions were reported only. Similarly there are reports to 
tune this dual emission by changing the quantity of Cu ions added or by 
passivating the surface of the quantum dots with different inorganic or 
organic surfactants or by different synthesis methods like solid state 
reaction method, solvothermal method, colloidal method, electro spin-
ning, etc [9,12,19–26]. The use of the expensive, environmentally toxic 
materials as capping agents may cause unintentional luminescence 
centers and hence the energy transfer mechanism in luminescence turns 
to be complex. Hence it is advantageous to get intense, tunable color 
emission from ZnS:Cu nanoparticles without using any capping agent 
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through any simple method. Besides in order to get better nano phos-
phors it is important to realize the effect of the synthesis temperature 
and Cu concentration on the particle size and optical characteristics 
mainly photoluminescence of ZnS:Cu nanoparticles. The value of best 
possible Cu concentration for obtaining efficient green emission of Cu in 
ZnS nanoparticles is controversial [20,27,28]. We have determined the 
optimized Cu concentration for obtaining maximum Cu related green 
emission as 0.001 M of Cu and thereafter it quenches. We have also 
discussed the emission characteristics along with structural character-
istics of 0.001 M of ZnS:Cu (at which PL intensity is maximum) nano-
particles synthesised at different temperatures and optimized the 
synthesis temperature for obtaining maximum intensity of green emis-
sion. All the known synthesis methods were carried out with different 
capping agent and no systematic investigation on the effect of doping 
concentration and synthesis temperature on the structural, optical 
properties were carried out on uncapped ZnS:Cu nanoparticles. During 
the synthesis, it was observed that the colour of the ZnS:Cu sample 
synthesised was significantly changed by increasing doping percentage 
and became darker as the amount of Cu was higher. Such observable and 
major changes show that the concentration of Cu added may affect some 
other optical properties. Here we studied the effect of synthesis tem-
perature and concentration of copper added during the synthesis on the 
spectroscopic and crystallographic properties ZnS:Cu nanoparticles. 

2. Materials and methods 

ZnS:Cu nanoparticles have been prepared by chemical precipitation 
technique without any capping agent, similar to our previous work [29]. 
Cu doped ZnS have precipitated from a mixture of zinc acetate [Zn 
(CH3COO)2] and copper nitrate [Cu(NO3)2] with sodium sulphide 
[Na2S] in water in ratio of 1:1 for Zn:S. The precipitate thus formed was 
filtered, washed with distilled water and dried by keeping in a hot air 
oven at 70 �C for 16 h. In this way five samples were synthesised at room 
temperature with different Cu (0.0005, 0.001, 0.002, 0.003 & 0.004 M) 
concentrations. The same procedure was also followed for the synthesis 
of all the ZnS:Cu nanoparticles at 50 �C, 70 �C and 90 �C keeping Cu 
concentration (0.001 M) same. 

The synthesised samples were structurally characterised by AXS D8 
Advance X-ray diffractometer and transmission electron microscopy 
(TEM) using JEOL 3010. Scanning electron microscopy (SEM) with EDS 
attachment (Jeol model JSM 6390 LV) is used for morphological anal-
ysis. Diffuse reflectance measurements of dry powders were recorded 
using Varian Cary 5000 UV–Vis–NIR spectrophotometer to determine 
energy gap. Horiba Fluromax 4C research spectrofluorometer was used 
for Photoluminescence (PL) studies. 

3. Result and discussions 

3.1. Structural characterization 

In order to get the effect of Cu concentration in the final nano-
structure of the synthesised nanoparticles, XRD measurements of ZnS:Cu 
nanoparticles were performed. 

Fig. 1(a) and Fig. 2(a) show the XRD patterns of ZnS:Cu nano-
particles synthesised at room temperature with the different concen-
trations (0.0005, 0.001, 0.002, 0.003, 0.004 M Cu) of Cu and at different 
(0.001 M Cu) synthesis temperatures. The reflections from (111), (220) 
and (311) planes are in well matched with standard JCPDS file No. 
65–0309 which confirms the cubic crystal structure of ZnS. The grain 
size measurements were carried out using Scherrer formula and 
Williamson-Hall (W–H) method [30,31]. With the increase in Cu con-
centration the diffraction peaks becomes broad indicating reduction in 
grain size. With increase in temperature (0.001 M Cu) no significant 
change in the XRD pattern was seen, indicating of the effective doping of 
Cu ions into ZnS host lattice. The results (Table 1) show that the grain 
size is decreased with Cu2þ concentration. Similar results were seen for 
the ZnS:Cu2þ nanocrystals synthesised by S. Muthukumaran et al. [32]. 
For higher concentration of Cu, XRD pattern consists of impurity peaks 
which may be the phase of CuS. The average crystallite sizes at different 
synthesis temperature (Table 2) indicates that however there is no 
marked variation in grain size at lower synthesis temperature, a higher 
synthesis temperature results in large grain size. The strain in the crystal 
structure is obtained from the slope of the W–H plot (Table 1). Besides, 
the microstructure parameters like dislocation density (δ) and lattice 
constant were also determined from the XRD patterns. The lattice 
parameter is calculated by using the formula d2

hkl ¼
a2

h2þk2þl2 where dhkl 

the interplaner distance related to Miller indices h, k, and 1 and ‘a’ the 
lattice parameter. Since the ionic radius of Cu2þ (0.073 Å) is less than 
that of Zn2þ (0.074 Å) the Cu2þ ions doped into the ZnS matrix may lead 
to the compression of the unit cell volume supporting the observed 
compressive strain consequentially the decreased lattice parameter of 
the crystals than the bulk for which lattice parameter is 5.400 Å. With 
increase in Cu concentration the lattice constant decreases from 5.393 to 
5.31 Å indicating the replacement of Zn2þ by Cu2þ. The reduced lattice 
constants of ZnS:Cu nanoparticles synthesised at room temperatures, 50 
�C and 70 �C may be due to the compression of the unit cell volume 
(compressive strain). But as the temperature is high (at temperature of 
90 �C) it leads to the expansion of the unit cell volume of the doped 
sample resulting in an improved lattice constant (5.398 _A) confirmed by 
positive strain. Dislocation density (δ) in the synthesised ZnS:Cu samples 
was calculated using the Williamson and Smallmans relation [33]. The 
intrinsic stress developed during the formation of nanocrystallites is 
determined using the relation [34], ε ¼ Yða� a0Þ

2ηa0 
where Y be the Young’s 

modules of ZnS (75 GPa), a0 the bulk lattice parameter, a the lattice 
constant calculated from the XRD and ղ is the Poisson’s ratio which is 

Fig. 1. (a) XRD pattern and (b) Williamson–Hall plot of ZnS:Cu nanoparticles with different Cu concentration (0.0005–0.004 M).  
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0.28 for ZnS. The average grain size (D) calculated from Scherrer eqn. 
and W–H plot [Fig. 1(b)&Fig. 2(b)], lattice parameter (a), dislocation 
density (δ), stress, and strain (ξ) of ZnS:Cu nanoparticles are recorded in 
Tables 1 and 2 

Fig. 3 (a) and 3(b) show the TEM image and the selected area elec-
tron diffraction (SAED) pattern of ZnS:Cu (0.1 mol% Cu) nanoparticles. 
In the TEM image, it can be observed that this powder sample is 
composed of agglomerated nanocrystals of size ranging from 2 to 4 nm. 

The SAED pattern exhibits rings instead of spots due to the random 
orientation of crystallites which relate to diffraction from different 
planes of the nanocrystallites. The three diffraction rings in the SAED 
patterns correspond to the (1 1 1), (2 2 0), and (3 1 1) reflections, 
confirming the cubic zinc blende structure. 

Fig. 4(a) shows the SEM image of ZnS:Cu (0.1 mol% Cu) nano-
particles. It consists of particles of irregular shapes. The composition 
analysis done by EDAX is shown in Fig. 4(b). It shows that Zn, S and Cu 
are present and 2.34 at.% Cu is detected for above said sample. 

3.2. Optical characterization: DRS and PL spectroscopy 

Fig. 5(a) shows the diffuse reflection spectra of ZnS:Cu nanoclusters 
measured by diffuse reflection techniques. From the diffuse reflectance 
values the absorbance was obtained by applying the Kubelka-Munk 

function F(R) ¼ k
s ¼

 ð1� RÞ2
2R  ;  where k and s are absorption and scat-

tering coefficient. The absorption spectra thus obtained from the diffuse 
reflectance values are shown in Fig. 5(b) and it shows that in the visible 
region (400–800 nm) ZnS:Cu nanoparticles have no absorption. Due to 
the quantum confinement effect arising from nanoparticles the absorp-
tion edge which is in the range of 300–330 nm are blue shifted from the 
bulk (345 nm). With the change of Cu concentration a minor change in 
absorption edge is observed and it corresponds to a change in band gap 
energy of ZnS:Cu nanoparticles with Cu concentration. Band gap energy 
of ZnS:Cu nanoparticles are then calculated from the plot of {(k/s)hν}2 

vs hν by extrapolating its linear portion on hν axis at k/s ¼ 0 [Fig. 5(c)]. 
As seen in figure, the band gap of the ZnS:Cu nanoclusters varies from 
3.97 to 3.55eV with Cu2þ doping. It is worth to observe that even though 
the grain size decreases with doping concentration the band gap is found 
to be decreasing. This red shift in band gap with decrease of grain size is 
attributed to band tailing effect. The dopant Cu ions produces distinct 
energy states in the band gap of the ZnS. At high doping these local 
levels can overlap to form a band and merge with the conduction band 
or valence band, resulting in the contraction of band gap. Such a red 
shift in ZnS:Cu2þ nanorods where doping concentration varies from 
0.2% to 0.4% is observed by Baoyou Geng et al. [35]. They explained 
that when Cu ions reside in the Zn2þ sites in the host lattice, the Zn–Cu–S 
ternary coordination is formed; hence the band gap will depends on the 
ratio of Zn and Cu ions. The decrease of band gap with concentration 
may also be due to the CuS formation because the energy gap of CuS is 
smaller than that of ZnS. 

Fig. 6 (a) & (b) gives the reflection and absorption spectra of ZnS:Cu 
(0.001 M Cu) nanoclusters synthesised at different temperatures. The 
band gap changes from 3.74 to 3.64 eV [Fig. 6(c)] with temperature. 
Due to the increase in the size of the nanocrystallites with temperature, 
the band gap gets red shifted. The variation of particle size and band gap 
energy with increasing doping concentration and with synthesis tem-
perature is given in Fig. 5(d) and Fig. 6. (d). 

Since the dopant Cu ions produces intermediate energy levels below 
the excitonic levels of host nanocrystals, its addition changes the 

Fig. 2. (a) X-ray diffractogram and (b) W–H plot of ZnS:Cu nanoparticles (0.001 M Cu) nanoparticles. synthesised at different temperature.  

Table 1 
Crystallite size, lattice parameter, stress, strain and dislocation density of ZnS:Cu 
nanoparticles with different Cu concentration.  

Cu 
concentration 
M 

Mean 
Crystallite 
size (D) nm 

Lattice 
constant 
(a) (Ǻ) 

Stress 
(ε) 
X109 

N/m2 

Strain 
(ξ) 

Dislocation 
density (δ) x 
1017/m2 

0.0005 2.531�0.001  5.393 -0.17 -0.001 1.56 
0.001 2.502�0:012  5.383 -0.42 -0.018 1.6 
0.002 2.170�0.002  5.380 -0.49 -0.037 2.1 
0.003 2.121�0.002  5.324 -1.80 -0.063 2.2 
0.004 1.750�0.006  5.316 -2.08 -0.066 3.2  

Table 2 
Crystallite size, lattice parameter, stress, strain and dislocation density of ZnS:Cu 
nanoparticles synthesised at different temperature.  

Synthesis 
Temp. 

Mean 
crystallite size 
(D) nm 

Lattice 
constant 
(a) (Ǻ) 

Stress 
(ε) 
X109 

N/m2 

Strain 
(ξ) 

Dislocation 
density(δ) 
x1017/m2 

RT 2.503� 0.004  5.383 -0.42 -0.018 1.95 
50 �C 2.61�0:01  5.370 -0.74 -0.012 1.25 
70 �C 2.651� 0.006  5.373 -0.67 -0.010 1.00 
90 �C 3.001� 0.001  5.398 -0.05 0.014 1.29  

Fig. 3. (a) TEM & (b) SAED pattern of ZnS:Cu for 0.001 M of Cu2þ.  
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photophysical relaxation process. Hence to find out the effect of amount 
of Cu added on luminescence we have recorded PL emission spectra of 
the ZnS:Cu2þ for the excitation wavelength of 380 nm and are shown in 
Fig. 7(A). For all ZnS:Cu samples the emission spectra are quite similar 
and have similar emission peaks which indicates that the blue-green 
emission is the consequence of copper luminescence centers present in 
the ZnS matrix. All the samples show three emission bands-weak blue 
and red emissions centered at 415 nm and 625 nm and other broad 
emission in the range 450–600 nm having shoulders around 475 nm and 
522 nm similar to the previous results in ZnS:Cu nanocrystallites [15, 
36–38]. By Gaussian curve fitting [Fig. 7(B)] this broad emission is 
deconvoluted in to two emission peaks one at 475 nm and the other 

around 522 nm. 
Due to the increased surface to volume ratio of nanoparticles the Cu 

ions both at substitution sites and interstitial sites can be more near the 
exterior region, mainly for small doping concentrations. Hence for low 
doping concentrations blue or green emission related to Cu can be 
dominant. The green emission in ZnS:Cu nanocrystals (~522 nm) is red 
shifted in comparison with green emission (500 nm) in bulk ZnS:Cu. 
Such a red shift is observed in the photoluminescence emission (PL) 
spectrum of nanomaterials [39–42]. It is known that Cu2þ ion has 3 d9 

electronic structure of tetrahedral symmetry. On doping in to ZnS lat-
tice, it replaces Zn2þ and 3 d9 ground state of Cu divided into lower lying 
‘e’ levels and higher lying ‘t2’ levels [43]. Hence for Cu doped ZnS 

Fig. 4. (a) SEM & (b) EDS spectrum of ZnS:Cu for 0.001 M of Cu2þ.  

Fig. 5. (a) Diffuse reflectance spectra, (b) Plot of F(R) Vs wavelength, (c) the plot of {(k/s)hν}2 versus (hν) and (d)Variation of band gap energy and particle sizes 
with Cu concentration of ZnS:Cu nanoclusters synthesised at room temperature. 
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nanoparticles, researchers reported different emission bands. For 
example, Xu et al. [44] reported blue emission at 460 nm and green 
emission at 507 nm. But Khosravi et al. observed this green emission at 
480 nm [39]. Huang et al. reported a blue PL emission band at 415 nm 
[14]. However for bulk Cu doped ZnS five emissions - blue, green, red, 
UV and IR emission were observed [12]. In our work the blue (475 nm) 
and the green emission (522 nm) are due to the transition from the 
conduction band edge and the shallow defect state to the t2 state of Cu 
very close to the value observed by Xu et al. [15]. The red emission at 
625 nm which is rarely observed in ZnS:Cu nanocrystallites is due to the 
transition between a deeply localized defect level related to S vacancy 
and t2 state of Cu2þ. But this red emission was observed in ZnS:Cu bulk 
material [43,45]. The possible emission centers in nano materials are 
associated with the surface or lattice imperfections or local impurities 
and usually inclined to many conditions like crystallinity, particles size, 
doping conditions and surface states of nanoparticles [46]. The blue 
emission observed at 415 nm is characteristics of ZnS and it is ascribed to 
the transition between the S vacancy and the valence band [47]. At 
higher Cu concentration an extra emission component at 445 nm, arising 
from the trap state emission of ZnS related with native zinc vacancy was 
observed [19]. Even though there is no change in the peak position of PL 
emissions for all samples the relative intensity significantly varies with 
concentration. At 0.001 M of doping concentration Cu2þ related green 
and red emission intensity is maximum but ZnS emission at 415 nm is 
minimum showing competent energy transfer mechanism between Zn2þ

and Cu2þ. In many II-VI semiconductors intensity of green emission is 
found to be decreased with the increase in concentration of the dopant. 
There are only few reports on the concentration quenching effect of 

green emission in Cu2þ doped ZnS nanoparticles [19,27,28,48]. Since 
the synthesis is carried out in different conditions the optimum Cu2þ

concentration for maximum green emission intensity is different. M. 
Kuppayee et al. [49] reported that in ZnS:Cu the PL intensity increases 
with Cu2þ concentration and optimum Cu concentration for maximum 
intensity is 0.4% above which quenching in the luminescence intensity 
takes place. W.Q.Peng et al. have reported optimized doping concen-
tration of 1.0 at. % Cu [19]. Jayanthi et al. reported the maximum PL 
intensity for the doping concentration of 0.0001 M and Muthukumaran 
[32] found an optimum Cu2þ concentration of 0.01 M %. In these reports 
the synthesis is carried out only in the presence of capping agent. But in 
our case where the synthesis is carried out without capping agent, it is 
found that copper related green emission is maximum when the Cu2þ

concentration is 0.001 M. Therefore, we can conclude that the optimum 
Cu concentration to get maximum green emission from ZnS:Cu nano-
particles is 0.001 M beyond which PL intensity is decreased. Since the 
quenching of the green emission band suggests the presence of CuS 
phase which reduces the amount of copper ions that perform as optically 
energetic luminescence centers in ZnS:Cu. It is confirmed by XRD studies 
which shows impurity peaks at higher doping concentrations and sup-
ported by dark gray colour of the samples with increase of doping 
concentration. The enhancement and quenching of red emission also 
takes place with that of green emission. Quenching of red emission may 
be due to the Cu–Cu pairs in the ZnS:Cu lattice. On increasing the doping 
concentration additional Cu luminescence centers are set up in the lat-
tice and hence the excitation energy is transferred from one Cu2þ ion to 
its nearest Cu2þ ion by a nonradiative transition. So the concentration 
quenching of red emission can be ascribed to the existence of Cu2þ pairs. 

Fig. 6. (a) DRS (b) Plot of F(R) versus wavelength & (c) {(k/s)hν}2 vs (hν) plot and of ZnS:Cu nanoclusters synthesised at different temperature (d)Variation of 
particle size and band gap with synthesis temperature. 
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Emission spectra of ZnS:Cu nanoparticles for different synthesis 
temperatures are shown in Fig. 8(A). For all samples the emission 
spectra are quite similar and have similar emission peaks. As given in 
Fig. 8(B), with increasing temperature, the host emission at 415 nm also 
increases but decreases at 90 �C at which intensity of red emission is 
maximum indicating energy transfer mechanism is efficient. But the 
intensity of the PL emission related to copper gets enhanced at tem-
perature of 50 �C there after the intensity of this emission is decreased 
continuously with temperature rise. This may be due to the charge 
trapping mechanism by which at 50 �C charge carriers trapped at the 
defect levels become free at the conduction band and give rise to the 
Cu2þ related PL emission. Hence the intensity of emission related to Cu 
is increased with temperature rise and as the trapped sites become 
vacant, the PL intensity decreases [50]. It may be also due to the for-
mation of CuS. A plot of Cu2þ concentrations and synthesis temperature 
versus PL intensity of Cu-blue, green and red band emissions is given 
Fig. 7(D) and 8.(D). In order to understand the nature of the emission 
bands in ZnS:Cu nanoclusters, its excitation spectra [Fig. 9] is recorded 
for two emission wavelength 475 and 522 nm at room temperature. 
When monitoring the emissions of ZnS:Cu nanocrystals at 475 or 522 nm 
both the excitation spectra are almost same, consisting of three peaks. 
The highest energy band having maximum around 332 nm corresponds 
to the transition from band to band and equal to the band gap of ZnS: 
Cu2þ (3.74 eV), signifying that the energy is wrapped up by the ZnS host 
itself. The low energy bands with the peaks around 378 and 394 nm 

correspond to the excitation of impurities [14]. Based on the energy 
level structure [Fig. 9] PL mechanism can be described. Here Vs stands 
for sulphur vacancy. Due to the absorption of UV photons by the ZnS 
host nanoparticles the electrons gets excited to the conduction band 
from the valence band. The recombination of these electrons trapped by 
shallow defect level related to S and t2 level of the copper leads to 
radiative transition resulting in the emission of green light at 522 nm. 
The transition between the shallow defect level and the ground state 
results in the emission of 415 nm. The emission at 475 nm originates 
from the transition between the conduction band and the Cu2þ impurity. 
For intra band excitation, the possibility of transition of excited states 
through dopant related energy levels is greater than the direct recom-
bination with electrons in the ground level, the emission related to 
dopants is more powerful than host emission. 

Since the emission of ZnS:Cu nanoparticles consist of the surface 
defect emission of host (blue emission) and dopant related emission 
(green and red color), a tunable colour output is obtained by changing 
the doping level added. Hence to assess the performance of ZnS:Cu 
nanoparticles to be used as phosphors in display devices, evaluation of 
the CIE color coordinates are most useful. The calculated CIE co-
ordinates for Cu doped samples for different synthesis temperatures and 
for different Cu2þ concentration is given in Table 3. From Fig. 8(C), it is 
clearly seen that at the lower temperatures (RT & 50 �C) emission color 
is green. Similarly the color coordinates can be tuned from green to 
bluish white [Fig. 7(C)] by controlling Cu doping concentration showing 

Fig. 7. (A) Photoluminescence spectra (B) the individual components by Gaussian fitting for green emission (C) CIE Chromaticity diagram (D) and the plot of the 
intensity of emission as a function of Cu concentration for the nanocrystalline ZnS:Cu2þ synthesised with different Cu concentration. 
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its extensive applications in the colour tunable optoelectronic strategies. 4. Conclusion 

In this work ZnS:Cu nanoparticles for different Cu concentration and 
at different synthesis temperature were synthesised by chemical 

Fig. 8. (A) Photoluminescence spectra of ZnS:Cu2þ nanoparticles synthesised at different temperatures showing all emissions, (B) Emissions in the blue and red 
region of ZnS:Cu nanoparticles in magnified form (C) CIE diagram (a,b,c & d corresponds to CIE coordinates of ZnS:Cu nanoparticles synthesised at RT, 50 �C, 70 �C 
and 90 �C and (D) Plot of the intensity of emissions Vs synthesis temperature for the nanocrystalline ZnS:Cu. 

Fig. 9. PL excitation spectra and schematic energy band diagram showing the emissions in ZnS:Cu2þ nanoparticles.  
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precipitation method without any capping agent in water medium. The 
photoluminescence properties of ZnS:Cu nanoparticles are studied in 
detail. In addition to the blue emission of ZnS, ZnS:Cu2þ nanoparticles 
have three emissions, blue (475 nm), green (522 nm) and red (625 nm), 
which are attributed to the transition between conduction band, shal-
lowly and deeply trapped electron with the t2 levels of Cu2þ. The opti-
mized Cu concentration for maximum green emission intensity is 0.001 
M. For ZnS:Cu nanoparticles (0.001 M Cu) the maximum green emission 
intensity is observed for the sample synthesised at 50 �C thereafter in-
tensity is decreased. The colour tuning of the emission from the ZnS:Cu 
nanoparticles are evident from the calculated chromaticity coordinates 
and finds their applications in optoelectronic devices. 
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Table 3 
Showing CIE color coordinate with different synthesis temperature and Cu 
concentrations in nanocrystalline ZnS:Cu.  

Concentration Colour coordinate (x, 
y) 

Temperature Colour coordinate (x, 
y) 

0.0005 M (0.28, 0.35) RT (0.26, 0.36) 
0.001 M (0.26, 0.36) 50 �C (0.28, 0.36) 
0.002 M (0.29, 0.36) 70 �C (0.30, 0.34) 
0.003 M (0.27, 0.33) 90 �C (0.27, 0.33) 
0.004 M (0.30, 0.35)    
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Abstract: The word carbohydrates can be traced back to Germans, who called them “Kohlen 

hydrates”. It was then termed carbohydrates in English. ‘Carbo’ means that they contain carbon, 

‘hydr’means that they contain hydrogen and the third part of the name ‘ate’ mean that they contain 

oxygen. The ratio of hydrogen atom to oxygen atoms is 2:1. Carbohydrates are actually the organic 

compounds that are important for body functions. Carbohydrates are much abundant in plants, rather 

than in animals. Animals utilizes carbohydrates in the form of food. Muscle hypertrophy is an 

important factor for athletic performance. This study attempts to detailed discussion on importance 

of carbohydrates in muscle hypertrophy. 

Key words; sports nutrition, carbohydrates, muscle hypertrophy 

 

            INTRODUCTION 

“Nutrition may be defined as the sum total of the process by which the living organism receives and 

utilizes the food materials necessary for growth, maintaince of life, enhancing metabolic process, 

repair and replacement of worn out tissues and energy supply” (Z S C Okoye). sports nutrition 

research started in 1960’s at Ball state university under direction of Dr David Costil.Sports nutrition 

is the study and practice of nutrition and diet as it relates to sports performance. It deals with the 

nutrients such as vitamins, minerals, carbohydrates, fats and protein. Carbohydrates are the 

polyhydroxy aldehydes or ketones or these are the compounds which on acidic hydrolysis give 

polyhydroxy aldehydes or ketones. They contain carbon, hydrogen and oxygen molecule. 

Carbohydrates are classified in to three categories, monosaccharides, oligosaccharides and 

polysaccharides. The main difference between the type of carbohydrates is actually the difference 

between their chemical composition. Compared to complex carbohydrates, simple carbohydrates 

have smaller chain of chemical composition. Muscle hypertrophy is an increase and growth of 

muscle cells and it is achieved through physical exercise. There are two types of muscular 

hypertrophy, myofibrillar and sarcoplasmic muscle hypertrophy. 

 

OBJECTIVES OF THE STUDY 
 To discuss functions of carbohydrates in terms of muscle hypertrophy. 

 To discuss importance of carbohydrates in muscle hypertrophy. 

 

STATEMENT OF THE PROBLEM 

Carbohydrates are important fuel for physical exercise. The purpose of this study was detailed 

discussion on importance of carbohydrates in muscle hypertrophy and discussing the functions of 

carbohydrates in terms of muscle hypertrophy. 

 

REVIEW OF LITERATURE 

Amy R Lane et.al (2010, April) found influence of dietary carbohydrate intake on the free 

testosterone: cortisol ratio, response to short term intensive exercise training. William J Kraemer et.al 

(2017) found recovery responses of testosterone, growth hormone and IGF-1 after resistance 

exercise. Moller N Jorgensen J.O(2009) found effects of growth on glucose, protein and lipid 

metabolism in humans.  M Wholever T.M, Br J Nutr. (2000 March) found dietary carbohydrates and 

insulin action in humans. Alghannan A F et.al (2016) found influence of post exercise carbohydrates 

protein ingestion on muscle glycogen metabolism in recovery and subsequent running exercise. Ivy J 

L et.al (2002) found influence post exercise carbohydrate, protein ingestion in subsequent running 

exercise. Classey J. L et.al (2001) found abdominal visceral fat and fasting insulin are important 

predictors of 24-hour GH release independent of age, gender, and other physiological factors. 
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DISCUSSIONS 

Discussions on importance of carbohydrates in muscle hypertrophy 

Carbohydrates are the most abundant organic molecule in nature and primary source of energy in 

humans. General formula of carbohydrates are Cn(H2O). sugars are simple forms of carbohydrates. 

polysaccharides such as starch and fibre are complex forms of carbohydrates. The smallest 

carbohydrates are monosaccharides such as glucose and fructose. These compounds which do not 

break down in to simpler compounds on hydrolysis.  The body breaks down most sugars and starches 

in to glucose. Sports persons rely carbohydrates for sustained energy, preventing fatigue and 

enhancing athletic performance. 

Strength is an important component for athletic performance. Strength is highly improved through 

resistance training. Muscle cross section (muscle size), muscle fiber spectrum, coordination, energy 

supply, body weight and psychic factors directly affected muscle strength, so muscle hypertrophy is 

an important factor for sports performance. Mainly athletes achieved muscle hypertrophy through 

resistance training. isometric, isotonic and isokinetic resistance training improves muscle 

hypertrophy. Progression of training and proper nutrition also helps to improve muscle size. 

Sarcoplasmic muscle hypertrophy and myofibrillar muscle hypertrophy are two types of muscle 

hypertrophy. Myofibrillar muscle hypertrophy increases strength and speed and activates contractor 

muscle. Sarcoplasmic muscle hypertrophy increases energy storage and endurance and activates 

glycogen storage in muscles. The energy for muscle hypertrophy is primarily obtained through the 

breakdown of phosphogens (ATP-CP). The amount of phosphogens stores is therefore important for 

strength performance. Testosterone production, human growth hormone, immune system, cortisol 

and IGF-1 production directly influenced on muscle hypertrophy. 

Protein sparing is the process by which the body derives energy from sources other than protein. 

Protein sparing effect helps to protect muscle proteins. According to classical studies of Munro 

(1964) administration of carbohydrates has a protein sparing effect in the fasting subjects, whereas 

fat does not have this effect. In this process body take glycogen for energy instead of breaking down 

muscle tissue for energy. Combination of carbohydrates with protein supplements produces greater 

anabolic response than protein alone. 

Muscle is harder to build due to lower testosterone levels in athletes. For adult men and women 

regular resistance exercise are key to building and keeping muscles. Testosterone is an androgen. 

testicles produced large amount of testosterone in men, as well as small quantities produced by the 

adrenal gland in both men and women. The pituitary gland control testosterone production. Pituitary 

gland produces luteinizing hormone or LH. Which stimulates testicles and create more testosterone. 

Carbohydrates are essential for testosterone production. Studies shows that high carb and low protein 

diet improves free testosterone levels and low carbohydrates diet increases cortisol level (stress 

hormone). Cortisol negatively affected muscle hypertrophy and increases muscle catabolism. 

Insulin is an important hormone in human body and also called the evil storage hormone. Insulin is 

released by pancreas, mainly related to intake of carbohydrates and insulin that causes cell to absorb 

glucose from the blood and used it for energy. Insulin helps to regulate blood sugar level by assisting 

the cells that absorb sugar from blood stream and it is a very powerful muscle building hormone, it 

shuttles glucose and amino-acids to the cells. Insulin act like a stimulator of muscle hypertrophy and 

it is an anabolic stimulus for muscle proteins. Insulin directly stimulate the cellular pathway in the 

muscle that regulate muscle growth and triggers sodium ion and potassium ion pump to allow amino-

acids to enter and be turned in to protein. Also helps to promote blood supply towards muscles it 

helps to reach more oxygen and nutrients into muscle. 

Growth hormone is a protein hormone and secreted by cells called somatotrophs in the anterior 

pituitary gland.HGH helps to growth and metabolism. The HGH stimulate the liver and other tissues 

to secrete IGF-1. IGF-1 is a key player in muscle growth. It stimulates both the differentiation ad 

proliferation of myoblasts. It also stimulates amino acid uptake and protein synthesis in muscle cells. 

Growth hormone show anti-insulin activity, supresses the abilities of insulin to stimulate uptake of 

glucose in peripheral tissues. Exercise, nutrition, sleep and stress affected production of growth 

hormone. Insulin and HGH mutually regulate the secretion of each other. The balance between 

192



Dogo Rangsang Research Journal                                                        UGC Care Group I Journal 

ISSN : 2347-7180                                                                            Vol-11 Issue-08 No. 02 August 20 

Page | 187                                                                                            Copyright @ 2021 Authors 

insulin and HGH is associated with substrate and energy metabolism, but in case of protein 

metabolism they synergistically act each other. Research suggests that insulin may dicate the 

secretion of HGH.Consistent increase in insulin level prevent HGH production and reducing the 

level of HGH in body. In case of obesity, insulin is high and lower levels of HGH leads to further 

build-up of fat and affect muscle hypertrophy. Along with directly affecting insulin production 

excess sugar intake enhances weight gain and obesity, which also affect HGH levels. 

“A new study shows that, following muscle injury, certain immune cells produce a protein called 

GDF3 that enhances formation of new muscle cells” (Laszlo Nagy. D, PhD, genomic control of 

metabolic program). Exercise is a form of stress and more vigorous physical exercise develops more 

physiological and biochemical changes in human body. Prolonged strenuous physical exercise 

challenging immune system and causes immune-depression. Consuming carbohydrates immediately 

after strenuous exercise also helps to restore immune function. This is especially important in 

situations where the recovery duration between the two consecutive exercise sessions in short, which 

is often the case for athlete (Dr Oliver Neubaver). Intake of carbohydrates during or immediately 

after exercise reduces exercise related immuno-depression and helps the body to recover. Well 

balanced diet helps to maintain immune function following longer duration physical exercise. 

 

CONCLUSION 

Carbohydrates are neutral chemical compounds and produced 4 calories of energy per gram energy. 

Humans stores carbohydrates in the form of glycogen and uses this nutrient for energy. 

Carbohydrates play key role in the metabolism of amino-acids and fatty acids. Intake of 

carbohydrates are important for immune function, testosterone production and also controls 

production of stress hormone cortisol. Production of Insulin directly related to intake of 

carbohydrates. Elevated insulin level may reduce HGH production.HGH is an important hormone for 

muscle hypertrophy. Insulin and glucagon ensure that cells throughout the body, and especially in the 

brain have a steady supply of blood sugar. Reduction in sugar intake also leads to an increase in 

HGH production. 
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Politics of identity and history of community-based 
politics in Kerala 

Sudhakaran K.M. 

In the early twentieth century, Kerala society witnessed radical changes in the 

socio-econonmic and political realms. The advent of capitalism, colonial modernity, 
and various other ideologies and movements that emerged in different parts of the 

world created a diverse consciousness among the major sections of society. It was 

reflected in some of the reforms of the then rulers to improve the conditions of the 

subjugated sections of the society. The First World War and the post-War 
developments that unfolded in many parts of the world also generated diverse 

forms of consciousness within the national movement and the society at large. 

People who gained modern education from prominent communities with varying 

degrees of social consciousness exerted some influence on the way of thinking and 

formed new social alliances within the society. It was reflected in the formation of 

alliances between and among the major communities developed mainly against the 

existing special rights and positions enjoyed by the upper caste Hindus. These 

alliances then fought for their rightful share in government services, free access to 

the general public, and equal and equitable treatment by the authorities as enjoyed 

by the caste Hindus. Their modes of struggle were as peaceful and constitutional as 

submitting petitions and memoranda for more rights and privileges in society. The 

repercussions of the alliances helped the major political parties of the twentieth 

century, the subsequent formation of governments, and the strengthening of 

democratic alliances after Indian independence. 

Coalition politics is an inevitable part of parliamentary polities. As society is 

divided into different castes and religious groups, sectarianism has gained a lot of 

importance in coalition politics. The caste/religious interests dominate within 

political parties and serve as the key to sectarianism. The decision to enter or leave 

the coalition is always taken within small internal cireles based sometimes on 

communal balancing. The value and commitment to ideology in such agreements, 
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a b s t r a c t

Early diagnosis of life intimidating diseases such as cancer could drop down the mortality rate to a great
extent. Carbon dots, being fluorescent materials hold a promising impact on the field of biomedicine.
Herein, we report a single step, facile hydrothermal method for the synthesis of surface passivated, water
soluble, spherical, fluorescent nitrogen doped carbon dots (N-CDs) from water hyacinth. From FT-IR and
Raman Spectroscopic studies, surface functionalization was identified and nitrogen doping was con-
firmed by X-ray photoelectron spectroscopy. Optical properties were investigated by UV–Visible spec-
trophotometer and Fluorescence spectrometer and found that maximum fluorescence peak is located
in the UV region. Amorphous nature of N-CDs was identified by X-ray diffraction. High resolution
Transmission Electron Microscopy was used to study the morphological characteristics. The average size
of N-CDs was found to be 6.2 nm. Anti-cancerous activity of the as-prepared carbon dots was examined
against DLA tumour cells extracted from the peretonial cavity of mice and these tumour cells were not
able to withstand at the increased concentration of carbon dots. The findings of our study prove the mul-
tifunctional ability of carbon dots to serve as optical probes in bioimaging applications.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on the Science and Technology of Advanced Materials.

1. Introduction

Waste biomass is a widely distributed, readily available, eco-
friendly carbon source featuring magnificent natural properties.
They are inexpensive precursors for green synthesis of nanomate-
rials and contribute towards recycle technology and sustainable
material synthesis, substituting toxic chemicals [1]. The mounting
waste generated worldwide is a prominent ecological burden for
the society and its disposal and reuse is not effective in spite of
stringent regulations [2]. So utilising biomass as a raw material
for nanomaterial synthesis can be regarded as a sustainable alter-
native to tackle the troubles associated with global pollution.

Carbon dots are zero dimensional spherical particles less than
10 nm in diameter composed of amorphous carbon along with
nanocrystalline regions of sp2 hybridised graphitic structure
[3,4]. Their unique structure offers them tunable chemical,
physical, optical and electronic properties. These multifaceted

properties make them perfect nanomaterials in numerous fields
such as biolabelling, optical sensing, drug delivery, biosensing,
energy conversion and catalysis [5]. Although semiconductor
quantum dots were identified to be good nanomaterials owing to
their optical characteristics, they have restricted use due to their
toxicity as well as environmental hazards. Low toxicity, high bio-
compatibility and fluorescent property of CDs from agricultural
waste make them superior over conventional toxic heavy metal
based quantum dots [6]. There are numerous protocols for the fab-
rication of CDs involving both synthetic and natural precursors.
Among these strategies, hydrothermal treatment is the most effi-
cient as it is cost effective, easy and less time consuming.
Hydrothermal synthesis of CDs from a variety of sources like
papaya [7], sweet potato [8], milk [9], orange juice [10], honey
[11] apple juice [12] have been reported.

Herein we report the synthesis of CDs via hydrothermal treat-
ment from water hyacinth (WH), a waste biomass found near
riverside. The significance of the work lies in the use of a carbon
source that might become a severe threat for aquatic life.
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2. Experimental section

2.1. Materials and synthesis

Water hyacinth was collected locally and washed thrice with
water and air dried. They were crushed to make fine powder and
sieved. Dichloromethane (CH2Cl2, 99.5%) was purchased from
Sigma Aldrich. Whatman filter paper 1 (90 mm), All chemicals
were of analytical grade and used without further purification.
Deionized water was used throughout the experiment. N doped
carbon dots were synthesized by a one-pot hydrothermal method
as illustrated by Fig. 1. In this typical synthesis procedure, about
5 g of water hyacinth was dispersed in 50 ml of deionized water
with stirring and the mixture was transferred into a 100 ml
Teflon-lined stainless steel autoclave and heated at 180 �C for
12 h, followed by cooling to room temperature. The obtained black
dispersion was filtered through a Whatman filter paper and the fil-
trate was washed with dichloromethane to remove unreacted raw
materials. It was then centrifuged at 3000 rpm for 15 min and the
aqueous layer was collected and again centrifuged at 12,000 rpm
thrice for 20 min. The brown coloured solution of N doped carbon
dots was stored at 4 �C for further characterisation.

2.2. Characterisation techniques

The UV–Vis double beam spectrophotometer (Varian, Cary
5000) was used to study the absorption behaviour of the prepared
carbon dots. 200–800 nmwas set as the scanning range with a step
size of 0.5 nm. The fluorescence behaviour and photoluminescence
(PL) was studied by exciting the material in a range of 320–420 nm
with an increment of 20 nm. The fluorescence spectrometer (Fluo-
romax 4-Horiba Instruments, Japan) recorded the spectra with a
scan speed of 240 nm/min with excitation slit width of 5 nm and
emission slit width of 5 nm. An FTIR spectrometer (Thermo Nicolet,
Avatar 370) was employed to study the Fourier Transform Infrared
spectra and analyse the functional groups around the range 4000–
500 cm�1. Raman spectrum was obtained using Bruker RFS 27:
Stand alone FT-Raman Spectrometer in the scan range 50–
4000 cm�1 with a resolution 2 cm�1. The synthesized carbon dots
were properly diluted with distilled water and put onto the non
shining side of the TEM grids. After proper air drying, images were
taken by TEM (Jeol/JEM 2100). 30 particles were selected from
images and average particle size was calculated using ImageJ soft-
ware. Powder X-ray diffraction pattern was analyzed using a Ger-
man Bruker D8 ADVANCE XRD with 2h scanning mode. The X-ray
photoelectron spectrum (XPS) was obtained with an X-ray photo-
electron spectrometer (Axis Ultra, Kratos, UK).

2.3. In-vitro cytotoxicity studies

The test compound was studied for short term in vitro cytotox-
icity using Dalton’s Lymphoma ascites cells (DLA). Cell viability

was determined by trypan blue exclusion method. The tumour
cells aspirated from the peritoneal cavity of tumour bearing mice
were washed thrice with PBS. Viable cell suspension (106

cells/0.1 ml) was added to three tubes containing different concen-
trations of carbon dots from three sources. Dimethyl sulfoxide
(DMSO) was used as the solvent for preparing various concentra-
tions of carbon dots. Phosphate Buffer Saline (PBS) was used to
make up the volume to 1 ml. Only cell suspension was taken in
control tube. These assay mixture were incubated for 3 h at
37 �C. Then the cell suspension was mixed with 0.1 ml of 1% trypan
blue and kept for 2–3 min and loaded on a haemocytometer. Dead
cells take up the blue colour of trypan blue whereas the live cells
remain intact. The number of stained and unstained cells was
counted separately.

% cytotoxicity ¼ No: of dead cells
No: of live cellsþ No:of dead cells

� 100

3. Results and discussion

The optical properties of N-CDs were studied by UV–Visible
absorption as well as photoluminescence studies. The formation
of fluorescent N-CDs is indicated by ultraviolet illumination at
365 nm as they show strong blue emission which could be easily
observed with the naked eye (Fig. 2). The inset shows photographs
of CDs under visible (left) and at ultraviolet illumination at 365 nm
(right). It can be seen that there is an absorbance peak at 280 nm in
the UV–Visible absorption spectrum typically assigned to the
Q
-
Q
* transitions of the carbon core [13]. Also, it may be due to

the trapping of excited state energy of the surface states which
results in strong fluorescence [14].

Fig 1. Scheme for the synthesis of photoluminescent N-CDs by hydrothermal treatment of water hyacinth.

Fig. 2. UV–Visible absorption spectrum and the digital image.
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The N-CDs exhibited a strong PL emission at 430 nm when
excited at 340 nm (Fig. 3(A)). The emissive traps of the nitrogen
doped surface are assumed to be the reason for this strong fluores-
cence [15]. Moreover, the fluorescence of N-CDs is excitation
dependent and it changes with the excitation wavelength as seen

in Fig. 3(B). The electron rich nitrogen atoms could offermore active
sites and excitation dependent PL behaviour could be related to the
different surface states of the N- CDs [16]. FTIR spectrum was char-
acterised to study the functional groups as shown in Fig. 4. The
broad peak at 3310 cm�1 could be ascribed to the O–H stretching

Fig. 3. (A) PL emission, excitation spectrum, (B) Fluorescence emission spectra of N-CDs at different excitation wavelengths from 320 nm to 420 nm.

Fig. 4. (A) FT-IR Spectrum, (B) Raman Spectrum.

Fig. 5. TEM images of N-CDs from WH; Inset - SAED pattern. (B) Size distribution of CDs.
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vibrations of carboxylic acid. The characteristic absorption bands at
2130 cm�1 and 1634 cm�1 can be assigned to N�C�N stretching and
C�C stretching respectively. Therefore the presence of acid and
hydroxyl moieties can be inferred on the surface of the synthesized
N-CDs [17]. Fig. 4(B) shows the Raman spectrum of the synthesized
N-CDs. The spectrum illustrated two different bands at 1363 and
1591 cm�1 that corresponds to sp2 carbon (G band) and the disor-
dered graphite band of carbon atoms (D band) respectively. The
peak intensities denote the presence of defective carbon structures
which could explain the fluorescent properties [18].

The size and nature of the as prepared N-CDs was characterised
by HRTEM. Well dispersed, uniform shaped, spherical N-CDs of
average diameter 6.2 nm without apparent aggregation were iden-
tified by TEM images (Fig. 5) [19]. The size varies from 3 to 9 nm
and the mean size was determined by imageJ2 software. The lack
of lattice fringes indicates the amorphous nature of N-CDs. The
XRD profile depicted in Fig. 6 exhibits a broad peak at 21� is
assigned to (0 0 2) diffraction pattern of graphitic carbon confirm-
ing the disordered amorphous graphitic structure [19]. So N-CDs
could be identified as amorphous spherical nanoparticles from
XRD results along with HRTEM data (Fig. 7).

XPS spectra show three peaks at 283.7 eV, 529.7 eV and
397.7 eV corresponding to C1s, O1s and N1s respectively. The high
resolution XP spectrum of C (1 s) was de-convoluted into four
major binding peaks at 284.5, 285.4, 286.5, 288.1 eV assigned to
the C�C, C–H/C–OC, C–N, C�O functionalities over the surface of
the CDs. The N (1s) spectrum of N-CDs contain three major peaks
at 399.5, 398.5 and 400.6 eV, which indicate the presence of the
C–N–C, O�C–N and N–H moieties on the surface of the CDs. The
high resolution spectrum of O (1s) was de-convoluted into two
binding peaks at 531.0 and 532.15 eV, due to the existence of O�C
and HO-C/O-C groups. Therefore, the surface analysis results
suggested that the CDs has been functionalized by hydroxyl
(–C–OH), amine (C–N–C) and carboxyl (–C@O) groups [14].

Different concentrations (20 mg/ml, 50 mg/ml, 100 mg/ml and
200 mg/ml) of N-CDs were taken for cytotoxicity studies and the
result is depicted in Fig. 8. Pie diagram is plotted with N-CDs con-
centration against cell death. It can be inferred that as the concen-
tration of CDs increases, the cancer cells are not able to withstand

Fig. 6. XRD Pattern of N-CDs.

Fig. 7. (A) XPS spectra of N-CDs ((B) C1s spectra (C) O1s spectra (D) N1s spectra.
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resulting in subsequent death. This paves a way for N-CDs to act as
an efficient drug against cancer cells.

4. Conclusions

We have developed a simple, eco-friendly and efficient method
for the synthesis of nitrogen doped carbon dots from water hya-
cinth through hydrothermal strategy. To the best of our knowl-
edge, this is a cost effective novel synthesis from natural waste
like water hyacinth. Nitrogen doping as well as surface functional-
ization were identified by FT IR and XPS techniques. Amorphous
nature and size were confirmed by HR TEM and XRD. The synthe-
sized carbon dots emitted highly fluorescent blue light in the ultra-
violet region and an excitation dependent photoluminescence was
obtained. Cytotoxic studies confirmed the drug action of the pre-
pared carbon dots against DLA cancer cells.
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a b s t r a c t

In this study, eco-friendly synthesis of silver nano particles was achieved by a novel, facile route using
Azolla caroliniana extract which act as a capping as well as reducing agent. Different synthetic parameters
and the optical properties of the synthesized AgNPs was also studied. The characterization of synthesized
AgNPs was carried out by Ultraviolet–Visible (UV–Vis) spectroscopy, Fourier Transform Infrared spec-
troscopy (FTIR), X-ray Diffraction studies (XRD), and Transmission Electron Microscopy (TEM). TEM stud-
ies verified that the AgNPs formed have crystalline nature and spherical shape with an average diameter
of 23 nm. The cyclic voltammetry profile of AgNPs modified electrode in NaOH depicted prominent redox
peaks evidencing an impressive electrochemical response. The AgNPs shows high catalytic activity
towards reduction of Crystal Violet and Fuchine which are highly polluting organic compounds. In addi-
tion to that the prepared AgNPs exhibited strong antibacterial activity against the tested microbes and
also exhibits in vitro cytotoxicity against lymphoma ascites cells.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on the Science and Technology of Advanced Materials.

1. Introduction

Nanotechnology gains much interest in modern life with its
wide application in various sectors like electronic, biomedical, agri-
cultural, food, cosmetics etc. [1,2]. Nano particles can be synthe-
sised by countless methods such as physical, chemical,
photochemical and biological method [3]. Among these green syn-
thesis of nano particles using plant extract gains much interest due
to its clean, nontoxic and eco-friendly nature. Of all the metal
nanoparticles silver nano particles are having catalytic, optical,
antibacterial, electrical as well as anticancerous activity [4,5].

Azolla caroliniana, also called as mosquito fern, is a moving,
aquatic fern. It can also be used for the production of hydrogen fuel
and also for the reduction of ammonia volatilization which con-
voys the application of chemical nitrogen fertilizer [6,7].

Synthetic dyes used in various industries such as textile, paper,
food, cosmetics and pharmaceutical fields are pollutants [1,8]. The
discharge from these industries results in environmental pollution

and also hazardous to the growth of living beings [9]. Fuchsine and
crystal violet are the prominent organic dyes used in textile indus-
tries. Even though there are reports on silver and gold nanoparti-
cles which shows the ability to degrade various organic dyes,
there have been no attempts made till date to study the degrada-
tion of Fuchsine or rosaniline hydrochloride, a magenta dye with
chemical formula C20H19N3�HCl [10,11]. In-vitro anticancer
properties inherent in the prepared silver can be tested against
lymphoma ascites cells [12]. Electro chemical response of the silver
nano particles found various application and also used as a biosen-
sors for glucose detection [13] and have been widely employed as a
tool for diabetes mellitus control due to its rapid response,
accurate, selective and low cost per analysis.

2. Materials and methods

2.1. Materials

All the chemicals used were of analytical grade. Silver nitrate
(AgNO3; 99.8%), Crystal Violet, Fuchsine and Sodium borohydride
(NaBH4) were purchase from Merk India Ltd.

https://doi.org/10.1016/j.matpr.2019.12.250
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Conference on the Science and Technology of Advanced Materials.

⇑ Corresponding author.
E-mail address: epkosh@gmail.com (E.P Koshy).

Materials Today: Proceedings xxx (xxxx) xxx

Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr

Please cite this article as: V. N. Anjana, E. P. Koshy and B. Mathew, Facile synthesis of silver nanoparticles using Azolla caroliniana, their cytotoxicity, cat-
alytic, optical and antibacterial activity, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2019.12.250

217

https://doi.org/10.1016/j.matpr.2019.12.250
mailto:epkosh@gmail.com
https://doi.org/10.1016/j.matpr.2019.12.250
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2019.12.250
PRATHIBHA-PC
Highlight

PRATHIBHA-PC
Highlight

PRATHIBHA-PC
Highlight

PRATHIBHA-PC
Highlight

PRATHIBHA-PC
Highlight



2.2. Methods

2.2.1. Preparation of Azolla caroliniana extract
Green fresh leaves of Azolla caroliniana (5 g) were collected and

washed thoroughly in running tap water followed by double dis-
tilled water to remove any dirt particles adhering to it. These were
taken in a round bottom flask fitted with water condenser and
boiled for 20 min with 100 ml of double distilled water. It was
cooled filtered through Whatman No. 1 filter paper. The extract
thus obtained was stored at 4 �C [14].

2.3. Biosynthesis of silver nano particles

For the microwave-assisted synthesis of silver nano particles,
75 ml of 1 mM AgNO3 solution was taken in an Erlenmeyer flask.
To this 0.5 ml Azolla caroliniana extract diluted to 10 ml was added
and stirred well. This was placed in a domestic microwave oven
(IFB Solo 20PM1S) operating at a power of 800 W and frequency
2450 MHz and was subjected to microwave irradiation for 420 s
[2]. Upon microwave irradiation, the colour of the reaction med-
ium changed into brown due to nanoparticle formation. The forma-
tion of silver Nano particles (AgNP- Caroliniana) was monitored
using a UV–vis spectrophotometer. The synthesised nano particles
can then be dispersed in double distilled water and centrifuged.
The separated particles were dried and were used for further
analysis.

2.4. Characterization

UV–vis spectral analysis was carried out using a Shimadzu UV-
1800 spectrophotometer [15]. FTIR spectrum was recorded on a
Perkin Elmer-spectrum two spectrophotometer with ATR attach-
ment which helps to identify the biomolecules responsible for
the synthesis of nano particles. XRD measurement was made on
a Brucker AXSD8 advanced powder X-ray diffratometer. Cu-Ka
(k = 1.54 Å) radiation was used as the X-ray source (40KV,
35 mA) and 2h range from 2 to 800 and the scanning rate used
be 0.05�/s. The XRD sample was prepared by drop coating the
nanoparticle solution on a glass slide followed by drying under
ambient condition. The mean particle diameter of AgNPs was cal-
culated from the XRD pattern according to the line width of the
plane, reflection peak using Scherrer formula. D = 0.9 k/b Cos h
Where D is the average crystalline domain size perpendicular to
the reflection planes, k is the X-Ray wavelength; b is the Full Width
at Half Maximum (FWHM) and h is the diffraction angle [9,12]. HR-
TEM images were recorded using JEOL JEM-2100 microscope to
analyse the size and shape of nano particles [16].

2.5. Electrochemical response

The electrochemical response of the AgNPs was studied using
cyclic voltammetric (CV). The CV was recorded with AgNPs modi-
fied Carbon Paste Electrode (CPE) was carried out in Metrohm Auto
lab Potentiostat/Galvanostat (Model No. AUT87141) furnished
with NOVA 2.1 software. An electrochemical setup containing
modified carbon paste electrodes as working electrode, Pt wire
can be used as a counter electrode and Ag/AgCl reference electrode
is used for recording CV [13,17]. Carbon paste prepared by thor-
ough mixing graphite powder and paraffin oil (weight ratio of
70:30) was packed in a clean glass tube. Silver wire was inserted
into carbon paste for electrical contact. The carbon paste electrode
surface was modified by drop casting 10 mL of the AgNPs to get
AgNPs/CPE [17].

2.6. Catalytic degradation of organic dyes

The investigation of the reductive degradation of organic dyes
(Crystal Violet, Fuchsine) using NaBH4 in presence of nanocatalyst
was monitored with the help of UV Visible spectrophotometer.2 ml
of 0.08 � 10�3M solution of the dye and freshly prepared NaBH4

solution (0.06 M, 0.5 ml), and the synthesized noble metal
nanoparticles (0.02 mg/mL, 0.5 ml), were taken in the quartz cell
[18]. The UV–vis. absorption spectra of the reaction mixture were
recorded at definite intervals of time in the range of 200–700 nm
[1]. Complete disappearance of the colour of the reaction medium
was the direct indication of taking off of the dye. A control exper-
iment was also conducted without using nanoparticles.

2.7. Cytotoxicity studies

Invitro cytotoxicity of the test compound was studied using
Daltons lymphoma ascites cells (DLA). The tumour cells enunciated
from the peritoneal cavity of tumour bearing mice was washed
with PBS or normal saline. Cell viability determined using trypan
blue exclusion method. Viable cell suspension (1 � 106 cells in
0.1 ml) was added to tubes containing various concentrations of
AgNP-Caroliniana, and the volume was made upto 1 ml using
phosphate buffered saline (PBS) [19,20]. Control tube was prepared
only using cell suspension. The assay mixture was incubated for
3 h at 37 �C and cell suspension was mixed with 0.1 ml of 1% try-
pan blue and kept for 2–3 min. It was then loaded on a haemocy-
tometer. Dead cells take up the blue colour of trypan blue
whereas live cells do not take up the dye. The number of stained
and unstained cells were counted separately [20].

%Cytotoxicity ¼ Noof dead cells� 100
No: of live cellsþ No: of dead cells

3. Results and discussion

3.1. Visual and UV–vis spectra analysis

Upon microwave irradiation, at various intervals of time the
color of the reaction mixture gradually changes from colorless to
yellowish brown. The main attraction of microwave synthesis is
that it yields small, uniform sized nanoparticles in much lesser
reaction time. The speedy consumption of starting materials
reduces the formation of agglomerates in microwave assisted
methods and provides nanoparticles with narrow size distribution.
The first evidence for the formation of AgNP is obtained from the
change in color of the reaction mixture.

The reduction of Ag+ was monitored at different intervals of
time and was confirmed using UV–Visible spectrophotometer
Fig. 1(a) and it is clear that an intense peak at 413 nm Fig. 1(b) indi-
cates the formation of silver nanoparticles [15]. The synthesised
particles shows an absorption band in the UV–vis region due to
the surface plasmon resonance [3,21] of metal nano particles
which gives information about the size and shape of the particles
The phytochemicals present in the leaf extract act both as a reduc-
ing and stabilising agent for the synthesis of AgNPs [17,22].

3.2. FT-IR spectrum

The identification of the possible functional group involved in
the reduction and stabilization of green-synthesized AgNPs can
be achieved by the FT-IR spectroscopy. The FT-IR spectrum of plant
extract and synthesised nanoparticles are shown in Fig. 2(a) and
(b) respectively [3]. The broad band appearing at about
3272 cm�1 is due to the O–H stretching vibrations of various phe-
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nolic compounds present in the leaf extract. The peak at 2926 cm�1

is characteristic of aliphatic C–H stretching vibrations. The moder-
ately strong band at 1594 cm�1 could be assigned to C=C stretching
vibrations of aromatic ring [2,20]. The peak at 1384 cm�1 may be
O–H bending vibrations. The strong peak at 1026 cm�1 corre-
sponds to C–O stretching vibrations of phenolic groups. In addition,
the peak at 616 cm�1 is a characteristic of aromatic ring. Even
though the FT-IR spectra of the plant extract and AgNP-
Caroliniana are more or similar, the various absorption peaks in
the spectrum of the plant extract are more intense than that of
AgNP-Caroliniana. In the spectrum of AgNP-Caroliniana, we can
see some minor variations in the position of several peaks with
the first peak corresponds to the absorption caused by the O–H
stretching vibration has shifted from 3334.86 cm�1 to
3272.43 cm�1, peak of C–C stretching shifted from 1586.26 cm�1

to 1594.94 cm�1, peak of 1393.00 cm�1 to 1384.88 cm�1 indicative
of O–H bending. A new peak at 2926.00 cm�1 has appeared in the
FT-IR spectrum of AgNPs indicating C–H vibrations, which suggest
the possible formation of silver nano particle as these shifts in the
frequencies of absorption has been reported to be associated with
the formation of AgNPs in which plant extracts were used as the
reducing agents [3,11].

3.3. X-Ray diffraction (XRD) analysis

The biosynthesized silver nanostructure by using Azolla carolini-
ana extract was further demonstrated and confirmed by the char-
acteristic peaks observed in the XRD image of silver [1,5]. The XRD
pattern (Fig. 3) thus clearly shows that the Ag-NPs are crystalline
in nature .The intense peaks at 2h values 28.57�, 31.87�, 46.067�,
65.43� corresponds to (2 1 0),(1 1 3), (2 0 0) and (2 2 0) plane,
Bragg’s reflection based on the fcc structure of silver [9,23].

3.4. TEM analysis

The micrographic images of the synthesised silver nano parti-
cles were shown in Fig. 4. From the TEM images it is clear that
the synthesised particles are of spherical [14] in shape and are dis-
tributed without any agglomeration. The diffraction rings in SAED

(Selected Area Electron Diffraction) pattern of TEM studies verified
that the AgNPs formed have crystalline nature [2].The average par-
ticle size is around 23.6 ± 8.18 nm.

3.5. Electrochemical analysis

Here we compared the electrochemical response of the AgNPs
modified CPE with bare CPE by analysing the CV in 0.1 M NaOH
solution [13]. The AgNPs modified electrodes show significant
development in current response compared to bare CPE. In the
CV curve of the AgNPs/CPE Fig. 5(a) (red curve), all prominent
peaks corresponding to particular redox transitions of metallic sil-
ver to silver oxide were observed [17,24].

The properties of AgNP modified electrodes and the catalytic
activity of the synthesized material act as modifier and are
assessed using the reaction of the Glucose/Gluconic acid redox

Fig. 1. (a) Formation of AgNP at different intervals of time (b) Intense peak by microwave irradiation for 420 s.

Fig. 2. (a) FT-IR spectrum of the Azolla caroliniana plant extract (b) FT-IR spectrum of AgNP-caroliniana.

Fig. 3. XRD patterns of silver nanoparticles.
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couple reaction [24]. The electrode was previously, cycled 130
times until a steady and stable current is obtained. The oxidation
of Ag to Ag2O shows an anodic peak (0.38 V) followed by the for-
mation of AgO (anodic peak at 0.73 V). The reduction of AgO to
Ag2O shows a cathodic current peak (0.37 V) and further scanning
of the potential toward more negative values a peak around 0.02 V
can be attributed to the reduction of Ag2O to Ag. An increase in
anodic current was observed (at 0.62 V) upon glucose addition.
Based on cyclic voltammetry results and previous reports, the
mechanism of observation can be explained by electrochemically.
Formation AgO at 0.73 V (first step) which chemically reacts with
glucose yielding Ag2O and glucolactone. Glucolactone (second
step) is chemically oxidized by Ag2O resulting on Ag regeneration.
While potential remains positively enough, silver is promptly reox-
idized to Ag2O on the reverse scan at 0.62 V promoting an increase
in voltammetry signal related with presence of glucose. Therefore
the current signal obtained at 0.62 V is proportional to glucose con-
centration [17].

3.6. Degradation of organic dyes

Crystal Violet (also known as Basic Violet 3) a typical triphenyl-
methane dye shows a maximum wavelength at 586 nm in UV–vis-

ible spectrophotometer [21,25]. This characteristic absorption
value which does not overlap with the SPR band of silver nano par-
ticles was used to trail the photocatalytic degradation process
[4,8,25]. Comparing Fig. 6(a) and (b) it is clear that when AgNP
was added to the reaction mixture containing both crystal violet
and NaBH4, the intensity of the peak at 586 nm began to decrease
continuously with time.

The catalytic activity of AgNP-caroliniana was also investigated
using the degradation reactions of Fuchsine using NaBH4 [26]. The
absorption maximum of this dye also does not overlap with the
SPR band of silver nano particles. The UV–vis absorption spectrum
of an aqueous solution of fuchsine shows peaks at 292 nm and
532 nm. The reduction of fuchsine into leuco fuchsin can be fol-
lowed spectrophotometrically by monitoring the absorption max-
imum at 532 nm. Comparing Fig. 7(a) and (b) it is clear that when
AgNP was added to the reaction mixture containing both fuchsine
and NaBH4, the intensity of the peak at 532 nm began to decrease
continuously with time [21].

3.7. Antibacterial studies

Here we have investigated the in vitro antibacterial activity of
the synthesized Ag NPs against the common pathogenic bacteria

Fig. 4. HRTEM images of silver nanoparticles: (a–c) at different magnification, (d) SAED pattern. The image (e) shows the particle size distribution of sample.

Fig. 5. (a) CV of AgNPs modified CPE (red solid curve) and bare CPE (black dotted line) recorded in 0.1 M NaOH against Ag/AgCl reference electrode and, Pt as a counter
electrode at a scan rate of 50 mV s � 1 (b) Cyclic Voltammograms obtained from �0.2 V to 0.8 V in 0.1 mol L�1 NaOH in presence (red solid curve) and absence of glucose
(black dotted curve). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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both Gram-positive bacteria Staphylococcus aureus (S. aureus) and
Gram-negative bacteria Klebsiella pneumoniae (K. pneumoniae)
[4,27]. From Fig. 8 it was observed that silver nanoparticles pos-
sessed a higher degree of microbial inhibition as that of a positive
control, Streptomycin and hindered the growth of both gram pos-
itive and gram negative microorganisms.

3.8. Cytotoxicity studies

Using the histogram (Fig. 9) we can compare the concentration
at which AgNP-caroliniana shows 100% anticancerous activity
[19,20]. Different concentrations of AgNP-caroliniana was added
to the lymphoma ascites cells and the activity of the product was
observed. A minimum of 200 mg/ml is required for 100% activity
[23].

4. Conclusions

In the present work we have synthesised silver nano particles
using a novel microwave assisted technique where the Azolla
caroliniana extract act as a reducing as well as capping agent. The
formation of silver nanoparticle by green route opens the new ave-
nues over chemical routes because of its cost effective and eco-
friendly nature. Also it is found that synthesised nano particles
are effective catalysts for the degradation of organic dye pollutants
and shows an excellent electrochemical response towards glucose.
Also the AgNP-caroliniana shows effective antibacterial activity
against Staphylococcus aureus (S. aureus) which is gram positive
and Klebsiella pneumoniae (K. pneumoniae) which is gram nega-
tive and also shows cytotoxicity against lymphoma ascites cells,
leads to go high potential uses in biological application.

Fig. 6. UV–vis absorption spectra measured at 1 min intervals for the degradation of Crystal Violet (a) In the absence of AgNP-caroliniana and (b) In presence of AgNP-
caroliniana. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 7. UV–vis absorption spectra measured at 1 min intervals for the degradation of Fuchsin (a) In the absence of AgNP-Caroliniana and (b) In presence of AgNP-caroliniana.

Fig. 8. Showing the antibacterial activity of AgNP-caroliniana against the well
containing (a) Gram-positive bacteria Staphylococcus aureus (S. aureus) and (b)
Gram-negative bacteria Klebsiella pneumoniae (K. pneumoniae) A = Double dis-
tilled water, B = Streptomycin, C = Azolla caroliniana extract D = AgNP-caroliniana.

Fig. 9. Cytotoxicity analysis.
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1. Introduction  

Public issue can be classified into Initial Public Offer (IPO) 

and Further Public Offer (FPO). An Initial Public Offering (IPO) 

is a company’s first offering of equity to the public in its life. Any 

further issue of securities is called Follow on Public offer or 

further public offer .Initial public offers are considered as the 

good source of finance by the enterprises. But from the 

investors point of view, they need to get adequate return for 

their investment. 

 

The valuation, pricing and performance of shares of 

companies making initial public offer are of interesting topics 

among academicians and research scholars. The whole 

theories regarding IPOs can be classified in to three broad 

heads, namely: 

 

1. IPO Valuation 

2. IPO pricing  

3. Performance of these securities in share market. 

 

A lot of literatures, both empirical and conceptual, are 

available in each area of Initial Public Offers in different parts of 

the world. In this paper I am trying to analyse the empirical 

studies related with basic propositions and theories of capital 

market, specifically IPOs around the world. The literature 

available for IPO pricing and performance are abundant in 

number. 

 

1.1 Objectives 

The main objective of this paper is to study the literatures 

available in the area of Initial Public Offers in India and abroad. 

 

1.2 Methodology 

Various literatures on IPOs were collected from Journals 

and from the websites of publishers. A descriptive analysis is 

used for the presentation of the studies.  

 

1.3 Limitations 

Literatures on IPOs are abundant in number. But in this 

paper only ten studies are incorporated. So various 

phenomenon are left unaddressed. 

2. Review of Literature 

 Numerous studies have been done in the world on the 

subject of Initial Public offers in various aspects such as 

Valuation, pricing, performance etc. The present study focused 

on reviews pointing on the performance of Initial Public offers. 

 

Rock’s model (Rock, 1986) presented the cause of under 

pricing of IPOs, the phenomenon popularly known as Winner’s 

Curse. This hypothesis also known as asymmetric information 

theory. His argument depends on the existence of two groups 

of investors, one who have the knowledge about the true value 

of the firm and the other who are completely unaware about the 

true value of the firm. The informed investors are cognizant 

about the future prospect of the firm and will ready to buy only 

when the issue is underpriced. Whereas the uninformed 

investors don’t have any knowledge about the under pricing 

and overpricing of issues and therefore they cannot 

differentiate the issues. If the new shares are priced at the 

expectations of informed investors, they will buy in IPOs, 

otherwise they restraint from the market. The uninformed 

investors, due to lack of knowledge will subscribe to issues and 

get negative initial returns. So the offering firm must under 

price the shares in order to guarantee that the uninformed 

investors buy the issue. 

 

For the explanation of the model, he had made the 

following assumptions: 

 

1. The informed investors have perfect information about 

the future value of the new issue and they cannot 

borrow securities or short sell. (Because they cannot 

sell their private information. 

2. Informed demand, I is no greater than the mean value 

of the shares offered ,v/Z 

3. Uninformed investors have homogenous expectations 

about the distribution of v/ 

4. All investors have the same wealth. 

 

Rock’s model was for firm’s commitment offerings, but can 

be generalized for other types of offerings also. This model 
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provides a basic explanation for the question why new issues 

are underpriced?  

 

 Information Gathering theory- (Benveniste & 

Spindt, 1989) It stated that underpricing is a way to 

convince informed investors to disclose private 

information about the demand for shares in the pre-

selling phase.In the IPO market, lead Managers 

consult clients before setting offer price in the 

prospectus. Lead managers may intentionally 

underprice IPOs, to attract more and more clients.The 

demand information is gathered during the pre-selling 

phase , which form the basis of pricing the issue.So 

the merchant bank play game with many of their large 

clients. 
 

 Jay R Ritter (Ritter, 1991) documents the 

performance of IPOs in the short run and long run with 

specific hypothesis. Earlier, many studies have 

documented two anomalies in respect of IPO pricing 

and performance. (1) The short run under pricing 

phenomenon, and (2) The hot issue market. He added 

a third phenomenon in his study which states in the 

long run, these IPOs are overpriced or underperform 

in relation to the bench mark returns. Studying the 

sample of 1526 IPOs went public in the US during 

1975-84, he found that major IPOs are 

underperformed compared to benchmark. His study 

reveals that the Initial Under pricing and the long run 

underperformance are negatively correlated. 
 

 R Michaely and Shaw (Michaely & Wayne, 1994) 

studied the empirical implications of several models of 

IPO under pricing. Their study was consistent with 

Rock’s winner’s Curse hypothesis. Their results show 

that the IPOs underwritten by reputable investment 

banks experience significantly less under pricing and 

perform better in the long run. Again their result does 

not support the signaling theories explaining the 

reason of IPO under pricing. 

 

 Shah (Shah, 1995) studied 2056 IPOs during the 

period from January 1991 to May 1995 and stated 

105.6% excess return above the Offer price. Moreover 

he also reported that the IPO stocks outperform the 

market in first 200 days and then the shares 

underperform in 400 days. 
 

 Purnanandam & Swaminathan (Purnanandam & 

Swaminathan, 2002) studied the valuation of IPOs 

and in their paper explained which is not consistent 

with the asymmetric information model. The study 

reveals that the median IPO is overvalued at the offer 

price over the long run. Taking a sample of more than 

2000 IPOs during 1980-1997, they concluded that 

IPOs are overvalued and earn return more than that of 

undervalued IPOs on the first day of listing  ,but the 

long run return will be much less than the underpriced 

IPOs. This overvaluation is common among different 

types of industries. Here to determine whether an IPO 

is overvalued or undervalued, they have used the ‘fair 

value’ concept which is related with the firm’s 

fundamentals. For the study, they had used the 

industry peer comparison /Industry peer multiples for 

the valuation. To choose industry peers, they consider 

sales, EBITDA, and profit margin of industry peers. 

Their results are not consistent with the Traditional 

asymmetric theories of Rock (1986) and other 

advocates, rather they consistent with the behavioral 

theories of IPOs. 
 

 Regarding Indian IPO performance another study was 

done by Krishnamurti (Chandrasekhar & Kumar, 

2002) which describes the institutional arrangements 

of the public issue process of IPOs in India. Based on 

the satisfied criteria, they analysed 386 IPOs which 

opened for subscription between July 1992 and 

December1994. Their study provides empirical 

evidence of the widespread under pricing and relates 

them to potential factors. The major factors are the 

lack of a formal mechanism for measuring the extent 

of demand from potential investors, the regulatory 

restrictions on pricing of new firms without a track 

record and the actual opening date of the public issue 
 

 Study made by Loughran and Ritter (Ritter & 

Loughran, 2004) confirms the increase in number of 

under pricing of issues in US. They tried to explain the 

causes of increased under pricing attributable to 

different reasons. Changing risk composition, a 

realignment of incentives, and a changing issuer 

objective function. Major reason is attributable to 

previous latent agency problems between 

underwriters and issuing firms. Another may be the 

changes in the composition of the companies going 

public. They confirmed that the increase in valuations 

over time has caused issuers to be more complacent 

about leaving money on the table. But it is true that 

the degree of under pricing changed  
 

 Francisco Santos (Santos, 2010) documents the 

connection of IPO under pricing and long term 

underperformance of the firm. He explained the long 

term under performance in two ways, i.e. In the first, 

the firm which makes IPO during low under pricing 

period would be less underperformed/no 

underperformance in the long run and in second way, 

if the company made its IPO during high under pricing 

period, the degree of under pricing will be higher. His 

evidence shows that the investor’s sentiments in High 

under pricing firms will be higher. These results are 

consistent with a story in which low quality firms, in 

periods in which the average under pricing in the 

market is high, try to exploit investor’s sentiment by 

going public during high underpriced periods. 
 

 Bhatia & Singh (Bhatia & Singh, 2018) made a 

study which analysed the long run  performance of 

438 initial public offerings offered during June 1992 

and March 2001.The result shows that firms with least 

issue size have performed better than firms with 

greater issue size. The results of the determinants of 

long run performance of IPO shows that initial return, 
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issue size and market condition have significant and negative effect on the aftermarket returns. 

 

Table 1 

Reviews at a glance 

Author(s) Year Title description Features/ Variables Major findings  

Kevin Rock 1986 Why IPOs underpriced 
Firm commitment 

offering- 

Under pricing due to information 

asymmetry. 

Benveniste and Spendt 
 

1989 

How investment bankers 

determine the offer price 

and allocation of new 

issues 

use of indications of 

interest from client by 

the  investment 

bankers to price and 

allocate new issues 

lead Managers consult clients before 

setting offer price in the prospectus.Lead 

managers may intentionally underprice 

IPOs,to attract more and more clients 

Jay R Ritter 1991 

The long run 

performance of Initial 

Public offerings 

3 anomalies  

1.Short run 

underpricing 2.Hot 

issue market 3.Long 

run under 

performance. 

The Initial Under pricing and the long run 

underperformance are negatively 

correlate 

R Michaely and W.H Shaw 1994 

The Pricing of Initial 

Public Offerings: Tests of 

Adverse Selection and 

Signalling theories 

Does not support the 

signaling theories 
Consistent with winner’s curse hypothesis 

Shah A 1995 

The Indian IPO  

 

 

market: Empirical Facts 

stated 105.6% excess 

return above the Offer 

price 

Support under pricing in India 

Purnanandam & 

Swaminathan 
2002 Are IPOs underpriced? 

Return 

Comparing fair value 

and market value of 

shares 

IPOs are overpriced with respect to their 

fair value 

Chandrasekhar, 

Krishnamurti; Kumar, 

Pradeep 

2002 

The Initial Listing 

Performance of Indian 

IPOs 

386 IPOs which 

opened for 

subscription between 

July 1992 and 

December1994 

1)lack of a formal mechanism for 

measuring the extent of demand from 

potential investors,2) the regulatory 

restrictions on pricing of new firms without 

a track record and 3) the actual opening 

date of the public issue 

Loughran and Ritter 2004 

Why has IPO under 

pricing changed over 

time? 

Reasons for IPO 

under pricing 

Patterns of IPOs in the  

U.S 

1) Changing issuer objective function. 

2)changes in the composition of the 

companies going public 

3)Incentives. 

Francisco Santos 2010 

IPO under pricing and 

Long Term Under 

performance 

Establishes 

relationship between 

IPO under pricing and 

long un 

underperformance 

Investors sentiments and under pricing 

have positive relationship and firms try to 

exploit this sentiments. 

Shikha & Balwinder 2018 

Long Run Performance 

of Initial Public Offerings 

in India 

long run  performance 

of 438 initial public 

offerings offered 

during June 1992 and 

March 2001. 

1) Firms with least issue size have 

performed better than firms with greater 

issue size 

2) Initial return, issue size and market 

condition have significant and negative 

effect on the aftermarket returns. 

Source: Compiled from Secondary data 

 

3. Conclusion 

Under pricing is a most documented phenomenon in the 

academic area of Initial Public Offerings. Beyond the 

explanation of basic hypothesis such as Winners Curse and 

Information Gathering, well documented studies done by the 

academicians around the world, particularly in India and the 

U.S are also incorporated here. From the literatures, it can be 

concluded that under pricing is a common phenomenon and 

the reasons are different according to the unique environment 

of each economy. 
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