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Bahuayaami Chinthan”  Dr A Priya Hindi 
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Yadarth” Dr A Priya Hindi 

13 “Samakaleen Kavitha Mein 
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Abhivyakthi” Dr A Priya Hindi 
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Manaveey Sankat Parydrisy  Dr A Priya Hindi 

15 “Adhivasi Vimarsh Ke 

Pariprekshy Mein Samakaleen 

Hindi Kahani” Dr A Priya Hindi 

16 A cost effective and facile 

approach to prepare beadless 

polycarbonate nanofibers with 

ultrafine fiber morphology Dr Thomas Baby Chemistry 

17 A new approach for the shaping 

up of very fine and beadless UV 

light absorbing polycarbonate 

fibers by electrospinning Dr Thomas Baby Chemistry 



 

 
 

18 Preparation and characterization 

of luminescent polycarbonate 

nanofibers embedded with surface 

capped CdS nanoparticles Dr Thomas Baby Chemistry 

19 Strategy of Banks in India in the 

Era of Economic slowdown: Need 

for Thrust on Retail Banking with 

a focus on Housing Finance Dr Mini Joseph Commerce 

20 Real estate investment trusts 

(REITS): for constructing a robust 

foundation for housing and real 

estate sector in India Dr Mini joseph Commerce 

21 First principal study of Lead-free 

halide double perovskites 

Cs2AuBiX6 (X = Cl, Br) Nishitha P Mathew Physics 

22 First principal study of the 

structural and optoelectronic 

properties of direct bandgap 

double perovskite Cs2AgInCl6 Nishitha P Mathew Physics 

23 Electrospinning technique for the 

fabrication of poly (styrene-co-

methyl methacrylate) nanofibers 

and the effect of fiber diameter on 

UV–Visible absorption and 

thermal properties Vinitha Varkey Chemistry 
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A Cost Effective and Facile Approach to Prepare Beadless
Polycarbonate Nanofibers with Ultrafine Fiber Morphology
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Preparing defect free nanofibers with average diameter well
below 100 nm is a challenge to researchers by electrospinning
technology. In the present contribution, the electrospinning
method was utilized to prepare beadless polycarbonate
(PC) nanofibers with average diameter 90 nm using com-
paratively less toxic and suitable solvents in a convenient
way. Spinning PC with pure dichloromethane (DCM) and
also with 1:1 mixture of DCM and N,N dimethylformamide
under the same spinning parameters with varying PC con-
centration has very much helped to establish the effect of
solvents on fiber formation. This study also proved the impact
of solution concentration, viscosity, and solution conductivity
on the formation of beadless ultrafine PC fibers and subse-
quently on the bead density and average fiber diameter. The
appropriate proportion of solvents under suitable spinning
parameters has helped to minimize the quantity of PC during
the formation of bead free nanofibers by electrospinning. The
ultrafine, uniform, and beadless morphology of the electrospun
PC fibers can be utilized for various nanotechnology advance-
ments. POLYM. ENG. SCI., 59:1799–1809, 2019. © 2019 Society of
Plastics Engineers

INTRODUCTION

Nanotechnology, indeed, the technology of modern world has
created a new outlook for synthesizing and developing advanced
materials. It is actually the creation and exploitation of materials
having structural characters in between that of atoms and bulk
materials. The availability of new methods for the synthesis and
various tools for their characterization were equally contributed
for the boundless growth of nanoscience and technology in the
last few years. The exciting transformation of a bulk material
into a material with tunable properties during its change into
nanomaterials was highly commendable. Nanomaterials with very
small size and novel size-dependent properties were highly useful
for wide variety of applications in various fields including medi-
cine, biotechnology, electronics, catalysis, environmental, and
information technology [1–5]. In recent years, one-dimensional
nanofibers have attracted broad attention and have been widely
used in many fields due to their unique characteristics such as
superior mechanical performance, high specific surface area, and
flexibility in surface functionalities. Such exceptional properties
cover one-dimensional nanofibers as a highly suitable and inevita-
ble candidate for wide variety of applications [6, 7]. There were
different methods for the production of polymer nanofibers such

as self-assembly, mechanical drawing, template synthesis, and
electrospinning. However, unfortunately most of the methods have
some or other kinds of advantageous and disadvantageous [8, 9].
Among various methods, electrospinning is the simplest and most
widely used fiber fabrication method for the mass production of
long and continuous nanofibers by the application of a high electric
potential [10–13]. The most important features of electrospun poly-
mer fibers were the higher surface area and smaller pore size that
enabled them as important materials in many fields such as filters
for the separation of submicrometer particles, reinforcing fillers in
composite materials, wound-dressing and tissue scaffolding mate-
rials for medical uses, controlled release materials for agricultural
and pharmaceutical uses, in nanocatalysis, protective clothing, opti-
cal electronics, healthcare, chemical sensors, electrode materials,
defense, security, and environmental engineering [14–17]. Gener-
ally, nanostructured materials were considered as structures with
average diameter below 100 nm but electrospun nanofibers with
diameters up to 1 μm can be effectively utilized for many purposes.
A high DC voltage is necessary to generate the nanofibers through
electrospinning and the voltage can be varied to obtain suitable sur-
face morphology [18]. This was first studied and presented by
Zeleny in 1914 [19] and patented in 1934 by Formhals [20]. Taylor,
in 1964 proved that at a critical voltage, the polymer jet assumes a
semivertical angle called Taylor cone from which a stable jet of
polymer ejected and move toward the collecting plate [21, 22].
Figure 1 shows an illustration of electrospinning technology show-
ing fiber formation and its schematic representation.

The three major components of an electrospinning system are a
high-voltage power supply, a spinneret, and a grounded fiber col-
lecting metal plate. The high voltage source applies charge of a cer-
tain polarity into the polymer solution, which in turn accelerated
toward the collector of opposing polarity [20, 21]. The polymer
solution was taken in a syringe and applied a high voltage at the
tip of the needle. The other electrode of the high-voltage power
supply was connected to the conductive metal collection plate to
complete the circuit. When the applied electric field overcomes the
surface tension of the polymer solution, ejection of polymer jet
occurs suddenly. Major forces acting on an infinitesimal segment
of the charged jet are gravitational force, electrostatic force carrying
the charged jet from the tip of the nozzle to the target, columbic
repulsion force responsible for the stretching of the charged jet dur-
ing its flight to the collector, viscoelastic forces that prevent the
charged jet from being stretched, surface tension which acts against
the stretching of the surface of the charged jet and the drag forces
due to the friction among the charged jet and the surrounding air
[23]. Due to the combination of these forces, the electrically
charged jet travels in a straight trajectory for only a short distance
before undergoing a bending instability, which results in the forma-
tion of a looping trajectory [24]. The charged jet then thins down
and consequently dries out to deposit ultrafine fibers on the metal
collecting plate [25]. Fluid jets with Newtonian flow characteristics
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breaks up through Rayleigh instability into drops, but in non-
Newtonian fluids, elongation flow resist the breakup of the
viscoelastic jet that leads to the formation of long fibers [26, 27].
Applying electric potential to the solution enhances the splitting
and splaying of the primary jet into a series of mini jets [28]. Over-
all diameter was further reduced by the splitting of each mini jets
into thinner jets and finally solvent evaporation occurs to form the
fibrous structure [29].

Selection of a proper solvent, suitable polymer concentration as
well as controlling the intrinsic conductivity, the viscosity, and the
surface tension of the solution were the major factors influencing
electrospinning [30, 31]. Sufficient intermolecular interactions
required for proper chain entanglement were also essential for good
surface morphology [32–34]. Large number of spinning parameters
can influence the surface morphology of the electrospun polymer
fibers. These are categorized into solution parameters, process
parameters and ambient parameters like temperature, relative
humidity, and velocity of the surrounding air [30, 35]. The increase
in the solution viscosity as a result of an increase in the solution
concentration was mainly responsible for the increase in the aver-
age fiber diameter [36]. There were lots of studies regarding the
effects of solution concentration, applied electric field, deposition
distance, and deposition time on the morphological characteristics
of various synthetic as well as natural electrospun fibers [37, 38].
Even though, the high concentration of a polymer solution supports
proper chain entanglement, the resulting high viscosity hinders the
smooth functioning of spinning. The balance between solution con-
centration, surface tension, and viscosity is the key factor for suc-
cessful electrospinning [39–41].

Poly(bisphenol A carbonate) (PC) (Fig. 2) is an important high
performance engineering thermoplastic material with superior
optical and mechanical properties that enabled to extend its appli-
cations in various day-to-day advancements [42–44].

In addition to this, PC decorates its position as an important
injection molding material due to high impact strength, heat resis-
tance [45], good transparency, processability, good thermal prop-
erties, and thermomechanical stability [46–48]. There were lots of
intensive works using PC in various forms, but few have chosen
electrospinning to produce PC nanofibers and investigated the
effect of solvents and process parameters on fiber morphology
[49]. Many researchers have prepared PC nanofibers in solvents
like THF, CHCl3, and N,N dimethylformamide (DMF) by
electrospinning technology and studied the effect of spinning
parameters on fiber morphology [50–55]. In some of the works,
various additives were added to reduce the average fiber diameter
[56–59]. Li et al., Liao et al., and Yang et al. used solvents like
CHCl3 and dichloromethane (DCM) for the preparation of PC
nanofibers [52, 58, 60].

The purpose of this research is to prepare beadless ultrafine
PC fibers with average diameter well below 100 nm by electro-
spinning in a cost effective, less toxic, and easy way. In many
previous works, PC fibers were prepared using highly toxic vola-
tile solvents and the obtained fibers were nonuniform with large
average fiber diameter. Beadless fibers with very small diameters
were reported to be obtained at very high solution concentration
or by the addition of suitable additives. This work tries to estab-
lish the effect of solvents, solution concentration, viscosity, and
solution conductivity on the fiber morphology and to find out
the optimum conditions required to generate defect free PC
fibers with least average diameter.

EXPERIMENTAL

Materials, Method, and Characterization

PC pellets with an average molecular weight of 45,000 g/mol
was purchased from Sigma-Aldrich. The solvents DCM and DMF
were procured from Merck Chemical Company. All the materials
were analytical grade and used without further purification. The
solvents and polymer properties are provided in Tables 1 and 2,
respectively.

Electrospinning Process

PC solutions with concentrations 6, 8, 10, 12, 14, 16, 18, and
20 w/v % were prepared in pure DCM and also in 1:1 mixture of
DCM–DMF by 2 h stirring using a magnetic stirrer. Then, the

FIG. 1. Electrospinning technology. (a) Fiber formation and (b) schematic representation. [Color figure can be viewed
at wileyonlinelibrary.com]

FIG. 2. Poly(bisphenol A carbonate).
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solution was taken in a 5 mL syringe with 0.6 × 25 mm2 needle.
All the solutions were electrospun under optimized conditions
using ESPIN NANO electrospinning machine supplied by PECO
Chennai. In all the experiments, the distance between the tip of
the needle and collecting plate was kept constant as 15 cm with a
run rate of 0.5 mL/h. A constant electrical potential of 20 kV was
applied to the solution at room temperature under the same
humidity conditions in a closed chamber. Electrospinning mate-
rials were uniformly distributed and collected on an aluminum foil
fixed over the collecting plate.

Viscosity and Electrical Conductivity Measurements

The conductivities of PC solutions were measured using
CyberScan PC 300 model conductivity meter. The viscosities of
PC solutions in pure DCM and in 1:1 DCM and DMF were mea-
sured by a Brookfield digital CAP 2000+ viscometer with spindle
number 1. The viscosity and solution conductivity values of vari-
ous concentrations of PC in DCM and in 1:1 DCM–DMF mixture
are given in Tables 3 and 4, respectively.

Scanning Electron Microscopy Analysis

The morphology of the electrospun nanofibers was examined
and images were taken using TESCAN VEGA 3 SBH scanning
electron microscope (SEM) after gold coating the sample using a
sputter coater. The average fiber diameter and bead density were
measured by analyzing the SEM micrographs with the ImageJ
software.

RESULTS AND DISCUSSION

It was already reported a linear relationship between the solu-
tion concentration and solution viscosity [61]. The observations
were exactly match with various concentrations of PC solutions in

which solution viscosity increased with increasing solution con-
centration. However, the viscosity values obtained for PC solu-
tions in pure DCM exhibit marked deviation from the values
obtained in 1:1 DCM–DMF mixture. The viscosities of various
concentrations of PC in pure DCM were found to be slightly
higher at lower concentrations compared to the viscosities of PC
in 1:1 DCM and DMF. However, at higher concentrations, PC in
1:1 DCM–DMF mixture shows very high viscosity than in pure
DCM. The 20 w/v % concentration of PC in the solvent mixture
has a viscosity of 253.5 cP which was only 166.5 cP in the pure
solvent. The deviation in viscosities may be attributed to the dif-
ference in the fiber entanglement due to various degrees of fiber–
polymer interaction on changing the solution concentrations.
Comparison of the viscosities of the solutions of various concen-
trations of PC in pure DCM and in 1:1 DCM–DMF has given in
Fig. 3 to supplement the above observations.

TABLE 1. Properties of solvents DCM and DMF.

Solvent Boiling point (�C) Density (g/cm3) Viscosity (cP) Dipole moment (Debye) Conductivity (μS) Vapor pressure (kPa)

DCM 39.6 1.33 0.413 1.60 2.33 0.57
DMF 153 0.948 0.802 3.86 5.80 0.38

TABLE 2. Properties of PC.

Density
(g/cm3)

Dielectric
constant

Refractive
index

Glass transition
temperature (�C) Melting point (�C)

1.21 2.9 1.59 147 155

TABLE 3. Viscosity and conductivity of various concentrations of PC in
DCM.

Sl. no. Concentration (w/v %) Viscosity (cP) Conductivity (μS)

1 6 8.2 2.25
2 8 31.1 1.82
3 10 32.6 0.42
4 12 33.7 0.38
5 14 90.3 0.21
6 16 120 0.15
7 18 146.8 0.08
8 20 166.5 0.02

TABLE 4. Viscosity and conductivity of various concentrations of PC in 1:1
DCM and DMF.

Sl. no. Concentration (w/v %) Viscosity (cP) Conductivity (μS)

1 6 9.3 4.16
2 8 16.1 3.76
3 10 22.5 3.72
4 12 28.4 3.65
5 14 52.3 3.53
6 16 110 3.22
7 18 176.8 2.98
8 20 253.5 2.70

FIG. 3. Comparison of concentration and viscosity of PC in (1) DCM and
(2) DCM–DMF mixture. [Color figure can be viewed at wileyonlinelibrary.com]
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SEM Analysis of PC in DCM

The SEM images of the products obtained by electrospinning
of PC strongly support the effect of nature of the solvent, solution
concentration, and viscosity on nanofiber fabrication. SEM micro-
graphs of PC fibers obtained from pure DCM with various con-
centrations from 6 to 20 w/v % are shown in Fig. 4.

At 6–12 w/v % solution concentrations with viscosities
8.2–33.7 cP, a large number of submicrometer droplets were
formed instead of fibers (Fig. 4a–d). At such viscosities, the vis-
coelastic force due to low degree of chain entanglements in a
given jet segment was not large enough to counter the higher
Coulombic force, resulting the break-up of the charged jet in to
discrete droplets. This phenomenon is called electrospraying and
has lot of practical aspects in industries especially in spray paint-
ing, ink-jet printing, and powder coating [54, 62, 63]. As the
polymer concentration (14 and 16 w/v %) and viscosity (90.3
and 120 cP) increases chain entanglement increases and formation
of fibers can be seen along with the droplets (Fig. 4e and f).
The fibers obtained were not continuous and the average fiber
diameters measured as 418 and 437 nm, respectively. At 18 w/v
% (viscosity 146.8 cP) of PC in DCM, highly beaded fibers with
diameter ranging from 300 to 1,300 nm with an average diameter
of 775 nm were formed (Fig. 4g). At a polymer concentration of
20 w/v % (viscosity 166.5 cP), a dramatic change in the morphol-
ogy of the fibers observed. Almost uniform fibers with an average
diameter of 1,062 nm specify the well-balanced electrospinning

parameters such as viscosity, solution concentration, and applied
voltage with surface tension (Fig. 4h). Up to 16 w/v % of PC in
pure DCM electrospinning parameters were not favorable for fiber
formation under the applied spinning conditions.

SEM Analysis of PC in 1:1 DCM and DMF

SEM images given in Fig. 5 explain the variation of surface
morphology of the electrospun fibers with change in the solvent
medium in which the polymer has taken for spinning. The effects
of the solvent system on the obtained fibers were investigated by
taking PC in various concentrations using the solvent mixture
DCM and DMF in the ratio 1:1. A drastic change in the fiber mor-
phology can be observed when the solvent DMF with high dielec-
tric constant was used, in addition to DCM in the previous
experiment. As the dielectric constant is a measure of the polarity
of solvents, a solvent with high dielectric constant can induce a
high net charge density on a solution. The high net charge density
of the electrospinning solution is really an advantage for fiber
formation.

Beads along with the fibers were observed at concentrations of
6–12 w/v % (Fig. 5a–d), but the number of beads decreased with
increase in solution concentration and viscosity. Large number of
beads with spherical appearance was observed for a 6 w/v % PC
solution (Fig. 5a). However, the number and appearance of beads
changed gradually with increase in concentration and viscosity.
The large spherical beads changed to large spindle shaped

FIG. 4. SEM images of PC in DCM with concentrations (a) 6, (b) 8, (c) 10, (d) 12, (e) 14, (f) 16, (g) 18, and
(h) 20 w/v %.
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(Fig. 5b and c) and then to narrow spindle-shaped beads
(Fig. 5d). Further increasing the concentration of the PC solution
to 14 w/v % with solution viscosity 52.3 cP, transparent and
almost uniform fibers with average diameter 90 nm without any
beads were formed (Fig. 5e).

At concentrations 16, 18, and 20 w/v % with solution viscosi-
ties 110, 176.8, and 253.5 cP, the beads disappeared altogether,
leaving only smooth ultrafine fibers on the target (Fig. 5f–h). Fiber
morphology again changed at the concentration of 16 w/v % with
considerable increase in the average fiber diameter to 382 nm.
With further increase in the solution viscosity and concentration,
average fiber diameter also increased under the same spinning con-
ditions. Almost uniform transparent fibers with average diameter
551 nm were obtained for 18 w/v % of polymer solution at a vis-
cosity of 176.8 cP. It was slightly difficult to spin the 20 w/v %
PC solution due to a high viscosity value of 253.5 cP and fibers
with average diameter of 746 nm were produced.

The average diameter of the electrospun fibers was measured
using the Image J software and the concentration-average diame-
ter and viscosity-average diameter graphs are given in Fig. 6a–d.
In pure DCM defect, free fibers were obtained only for a 20 w/v
% solution but with a high average fiber diameter. However, for
1:1 DCM–DMF mixture, fibers were produced even for a 6 w/v
% solution but defect free fibers obtained for 14 to 20 w/v % of
solutions. The average diameters observed for the fibers obtained
from 1:1 DCM and DMF for all the solution concentrations were

below 1 μm. These observations of the influence of solution con-
centration and viscosity on average fiber diameter agree with
many literature reports [64, 65].

From all these observations, defect free PC fibers with least
average diameter was obtained for 14 w/v % of PC solution in
1:1 DCM–DMF mixture. Figure 7a shows the image of beadless
electrospun PC fiber mat with least average diameter obtained by
the electrospinning of 14 w/v % PC in 1:1 DCM–DMF mixture
and Fig. 7b shows the histogram to support its uniform ultrafine
morphology.

In order to confirm the influence of solvents at 14 w/v % PC,
other two different proportions of DCM and DMF were also
experimented. Then, 14 w/v % of PC in 3:2 and 9:1 DCM–DMF
mixtures were prepared and electrospun under the same spinning
conditions. The SEM images and the corresponding histograms
are shown in Fig. 8a–d.

In both proportions, nonuniform fibers were obtained with aver-
age diameters 110 and 298 nm for 3:2 and 9:1 DCM–DMF mix-
ture, respectively. The fiber nonuniformity and average diameter
very much increased for PC fibers obtained from a 9:1 DCM–DMF
mixture as the DMF part was very less in the mixture. There were
very less number of beads, less than 1% in both 3:2 and 9:1 pro-
portions. The solvent DMF has a major role in controlling fiber
morphology under suitable solution and spinning parameters.

It was also observed that at a particular concentration, PC in
1:1 DCM and DMF has considerably high viscosity than PC in

FIG. 5. SEM images of PC in DCM–DMF mixture with concentrations (a) 6, (b) 8, (c) 10, (d) 12, (e) 14, (f)
16, (g) 18, and (h) 20 w/v %.
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pure DCM. Fibers produced from lower concentration and viscos-
ity exhibited more beads keeping all other parameters (flow rate,
voltage, distance from the capillary to the target, solvent ratio) a
constant. The formation of beads along with the electrospun fibers
could be a result of a number of different factors such as visco-
elastic relaxation and surface tension [55]. This phenomenon
would be possible only when the charged jet was not “dry” before
deposition on the collector, causing some parts of the partially

discharged jet to contract and form beads [66]. It was also
reported that increase in solvent dielectric constant results a con-
siderable decrease in the bead formation [61, 67–70]. With the
help of Image J software, bead density of the prepared nanofibers
were measured and the images are given in Fig. 9.

A high contrast SEM image was selected and the software rec-
ognized the difference in contrast in the image. With the help of
the software, the entire beads were counted and the area of each

FIG. 6. Graphs showing relation of average diameter with concentration and viscosity of PC (a) concentration-average
diameter in DCM, (b) concentration-average diameter in 1:1 DCM and DMF, (c) viscosity-average diameter in DCM,
and (d) viscosity-average diameter in DCM and DMF. [Color figure can be viewed at wileyonlinelibrary.com]

FIG. 7. (a) PC fiber mat obtained for 14 w/v % in 1:1 DCM–DMF mixture and (b) corresponding histogram. [Color
figure can be viewed at wileyonlinelibrary.com]
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bead measured. Then, the bead density was calculated using the
formula [49, 71]

Bead density =
Total area of beads in the image

Total area of the image
× 100

Beaded fibers obtained for 6–12 w/v % of PC solutions in the
solvent mixture were used for bead density measurement. The
bead densities of 6, 8, 10, and 12 w/v % (viscosities 9.3, 16.1,
22.5, and 28.4 cP) of PC in 1:1 DCM and DMF were 42%, 35%,
22.5%, and 4.5%, respectively. Figure 10 is a demonstration of
the relationship between solution concentration and viscosity with
bead density.

It was observed that the bead density decreased with increase
in solution concentration and viscosity. The increase in the solu-
tion viscosity and the net charge density opposes the surface ten-
sion acting on the jet and beads disappeared gradually [72]. With
increase in solution viscosity, spherical beads changed to spindle
shaped and bead density decreased to 4.5% for a 12 w/v %
solution.

Study of the Influence of Solution Conductivity on PC Fiber
Formation

There are only limited number of studies regarding the effect
of solution conductivity on the fabrication of nanofibers during

electrospinning. There were few works on the preparation of
ultrafine nanofibers by the electrospinning of polymer solutions at
lower concentration in which the solution conductivity has been
increased by the addition of salts [34]. Solution conductivity very
well depends on the nature of the solvent, the type of polymer dis-
solved, and the entanglement of the polymer in the solution. In
the present work, the variation of solution conductivity with poly-
mer concentration and viscosity and thereby the change in the
average fiber diameter were studied. Figure 11 has provided a
clear idea of the variation of solution conductivities of PC with
concentration and viscosity in pure DCM and in 1:1 DCM–DMF
mixture.

PC in the solution mixture has higher conductivity than in the
pure solvent. There was a sharp decrease in the solution conduc-
tivity of PC in DCM by the increase of concentration and viscos-
ity. The solvent DCM has a conductivity of 2.33 μS and the
conductivity of PC solutions decreases from 2.25 to 0.02 μS in
DCM. A very small value of solution conductivity (0.02 μS) was
observed for 20 w/v % of PC solution in DCM. A gradual
decrease in solution conductivity from 4.16 to 2.70 μS has
been observed for the solution of PC in 1:1 mixture of DCM
and DMF, in which the solvent DMF has a solution conductivity
of 5.80 μS. There was a considerable solution conductivity of
2.70 μS even for 20 w/v % polymer solution in the solvent
mixture. Figure 12 shows the relation between the average diame-
ters of the PC fibers with solution conductivities of PC in pure

FIG. 8. (a) SEM image of PC fibers in 3:2 DCM and DMF. (b) SEM image of PC fibers in 9:1 DCM and DMF.
(c) Histogram of PC fibers in 3:2 DCM and DMF. (d) Histogram of PC fibers in 9:1 DCM and DMF. [Color figure can
be viewed at wileyonlinelibrary.com]
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DCM and in 1:1 DCM–DMF mixture. PC solutions with concen-
trations 14, 16, 18, and 20 w/v % with conductivities 0.21, 0.15,
0.08, and 0.02 cP in pure DCM has produced fibers with average
diameters 418, 437, 775, and 1,062 nm, respectively. At the same
time, PC in 1:1 DCM–DMF mixture has produced fibers in the

entire concentration range with corresponding conductivity values
from 2.25 to 0.02 cP.

Solution conductivity alone shows little influence on fiber
formation and on the average diameter of the fiber, but along
with other parameters, it has an influence indeed.

FIG. 9. Bead density images of PC in 1:1 DCM and DMF with concentrations (a) 6, (b) 8, (c) 10, and (d) 12 w/v %.
[Color figure can be viewed at wileyonlinelibrary.com]

FIG. 10. The relationship between (a) concentration-bead density and (b) viscosity-bead density of PC in 1:1 DCM
and DMF. [Color figure can be viewed at wileyonlinelibrary.com]

1806 POLYMER ENGINEERING AND SCIENCE—2019 DOI 10.1002/pen

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


CONCLUSIONS

The present work established a novel, cost effective, less toxic,
and convenient method to prepare beadless ultrafine PC fibers in
a systematic way. Beadless PC fibers with average diameter
90 nm were obtained even at 14 w/v % concentration which has
helped to reduce the amount of PC used in electrospinning which
was not at all reported elsewhere. The study carried out in a sys-
tematic manner has highly helped to establish the conditions for
predicting and tuning fiber morphology based on the type of sol-
vents, solution concentration, and viscosity. There was a marked
increase in the solution viscosity on increasing the solution con-
centration in the pure solvent as well as in the solvent mixture.
The solvent DCM with low dielectric constant, boiling point, and
dipole moment has the ability to generate PC fibers only at very
high solution concentration and viscosity. It was obvious that the
fibers obtained by the electrospinning of PC in 1:1 DCM and
DMF exhibited exciting morphological changes than in pure
DCM even at lower concentration and viscosity. The solvent
DMF with high dielectric constant and dipole moment has great
influence on the fiber formation and overall morphology of
electrospun fibers. The average diameter of the electrospun PC
fibers increased with increase in the solution concentration and

viscosity in the solvent mixture. The beads were totally dis-
appeared at a solution concentration of 12 w/v % in 1:1 DCM and
DMF. The optimum concentration and viscosity of the polymer
solution in a suitable proportion of solvents has helped to get
defect free ultrafine fibers through proper polymer entanglement
and further stretching. The present contribution vividly established
that the formation of beadless ultrafine fibers was the resultant of
the influence of nature of solvents, solution concentration,
viscosity, conductivity, applied voltage, flow rate, and the needle
tip-metal plate distance. These controlled parameters can be effec-
tively applied to the design of electrospinning methodology for
other synthetic as well as natural polymers. Enhanced understand-
ing of these fiber formation mechanisms provides better control of
fiber morphology in order to fabricate ultrafine fibers with
improved properties for various applications.
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FIG. 11. Comparison of (a) concentration and conductivity of PC in (1) DCM and (2) 1:1 DCM and DMF and
(b) viscosity and conductivity of PC in (1) DCM and (2) 1:1 DCM and DMF. [Color figure can be viewed at
wileyonlinelibrary.com]

FIG. 12. The graph showing the relationship between conductivity and average fiber diameter of different concentra-
tions of PC in (a) DCM and (b) 1:1 DCM and DMF. [Color figure can be viewed at wileyonlinelibrary.com]
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A B S T R A C T

An innovation will be recognized as successful only if it satisfies all phases of product development; i.e. from the
specification to mass production. Therefore, a cost-effective production by keeping the best possible char-
acteristics is vital in any Industry. Large scale production of polymer fibers with ultrafine morphology is such a
challenge to the field of nanotechnology. The idea proposed here utilizes the versatile electrospinning tech-
nology for the preparation of uniform, beadless and ultraviolet light absorbing polycarbonate (PC) nanofibers.
The average diameter limits to 114 nm and that too by using most convenient and comparatively less toxic
solvent mixture. This method is simple and so far, it is not reported elsewhere. For THF-DMF system a PC
concentration of 17 w/v% and for DCM-DMF system a PC concentration of 15 w/v% was found to be the
optimum polymer concentration. The average fiber diameter and bead density were very much influenced by the
viscosity, conductivity and concentration of the solution used for electrospinning. The PC fibers (PC con-
centration of 15 w/v % in DCM-DMF system) with lowest average diameter of 114 nm shows excellent ultra-
violet absorption, semicrystalline nature, enhanced glass transition temperature and thermal stability.

1. Introduction

Nanotechnology, one of the highly recognized and growing tech-
nology today has wide variety of leading applications in medicine,
biotechnology, air filtration, energy production, food packaging and so
on. The various nanostructures produced are significant because of
their inherent properties such as large surface area to volume ratio,
porosity, stability and permeability [1–4].

Poly (Bisphenol A carbonate) with a general tag polycarbonate (PC)
is a prominent engineering high performance polymer with excellent
properties like chemical resistance, electrical resistance, mechanical
strength, impact resistance, lightweight, transparency, rigidity, tough-
ness, moisture absorption capability, good visual clarity and heat re-
sistance [5]. This has branded PC a material for wide variety of appli-
cations such as bullet proof transparent windows, compact disc, digital
video disc, electronic equipment, sports safety equipment, medical
devices, load bearing items, armored vehicles, rail cars, architects etc.
In majority of these applications PC is used in bulk form by molding
into particular shape and size [6–8].

Nanoscaled materials can be reasonably designed to exhibit novel

and significantly improved physical, chemical, and biological proper-
ties because of their tunable size dependent properties. The major
processing techniques used for the production of nanofibers include
template synthesis, drawing, phase separation, self-assembly and elec-
trospinning [9–13]. Among these methods, electrospinning is the sim-
plest, cost effective and versatile technique for the mass production of
nano to micro sized fibers with minimal use of materials by applying a
high electric potential [14–16]. It can produce ultrafine polymer fibers
exhibiting high surface area-to-volume and length-to-diameter ratio
and are essential for various advanced applications including air and
water filtration, bio-medical field, electronics, energy storage, health-
care, environmental engineering and defense [17–20]. An electrospin-
ning system consists of a needle as anode, fiber collecting metal plate as
cathode, a high voltage power supply that helps to transfer the polymer
jet onto the collecting plate and an injection system to supply polymer
at a constant flow rate in the orders of few micron to milliliters. Taylor
cone, the phenomenon that influences the formation fibers can be ob-
served as soon as the solvent ejected out of the needle by overcoming
surface tension [21–23]. The splitting of the primary jet into a number
of mini jets called splaying is another important phenomenon that also
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influence fiber morphology [16,24].
One of the discrepancy observed during electrospinning is the for-

mation of droplets of polymers by capillary breakup of the electrically
driven spinning jet. The so called elecrospraying phenomenon is usually
observed in low viscosity polymer solutions [25–27]. Another trouble
commonly encountered is the formation of large bulged mass called
beads formed along with the fibers. This is the resultant of various
factors including solution concentration, viscosity, surface tension, di-
electric constant of the solvent and the net charge density carried by the
electrospinning jet [28–31]. The morphology of fibers prepared by
electrospinning strongly depends on the solution parameters, process
parameters and surrounding conditions. These parameters include so-
lution concentration, viscosity, dielectric constant of the solvents, sur-
face tension, conductivity of the solution, spinning distance, flow rate,
applied voltage, humidity and ambient temperature which affect for-
mation of uniform ultrafine and bead free fiber formation [32–34]. The
solvent used has an equally important role for the production of ul-
trafine fibers as it affects the surface tension and the evaporation pro-
cess of the polymer solution. The intermolecular interaction among the
solvent molecules and the polymer macromolecules is the most im-
portant factor that affect the solution properties. The major challenge
that is being encountered in electrospinning is the optimization of these
parameters to achieve desirable nanofiber morphology and properties.
The solution concentration, viscosity and fiber diameters are linearly
connected [35,36]. By adjusting the spinning conditions, submicron to
nanoscale fibers can be prepared by selecting a proper solvent and
polymer concentration as well as controlling the intrinsic conductivity,
viscosity and surface tension of the solution [37–40]. Numerous works
were reported on the preparation of various polymer nanofibers but
only few in the case of PC by electrospinning. Different solvent systems
and the average diameter of the prepared PC fibers reported by various
researchers are given in Table 1.

The above table clearly reveals that the previously reported bead
free PC fibers have an average diameter above 1 μmwithout adding any
additives. Hence it can be conclusively stated that preparation of bead-
free and uniform nanofibres with diameters nearer to 100 nm by elec-
trospinning still remains a great challenge. In the present work authors
have prepared PC nanofibers of average diameter of 114 nm with ul-
trafine beadless morphology by using an appropriate combination of
solvents. An optimum condition was developed by electrospinning
various concentrations of PC in 1:1 THF-DMF and 1:1 DCM-DMF mix-
ture. The solution concentration, viscosity and conductivity of the
polymer solution have shown great influence on fiber diameter as well
as on bead density and has been demonstrated elaborately in the cur-
rent work. The fiber samples collected after electrospinning were
characterized by various sophisticated instrumental techniques.

2. Experimental

2.1. Materials

Poly (Bisphenol A carbonate) (PC) pellets with average molecular
weight of 45,000 g/mol, density 1.2 g/mol at 25 °C and refractive index
1.585 was purchased from Sigma-Aldrich, USA. The solvents di-
chloromethane (DCM), tetrahydro-furan (THF) and N, N dimethyl for-
mamide (DMF) were procured from Merck India. All the chemicals were
analytical grade and used without further purification. The physical
properties of the solvents used are given in Table 2.

2.2. Method of preparation

PC solutions with concentrations 7, 9, 11, 13, 15, 17, 19 and 21 w/v
percentages in 1:1 THF-DMF and 1:1 DCM–DMF mixtures were pre-
pared separately under 2 h stirring at room temperature. Espin nano
electrospinning instrument supplied by PECO Chennai was used for the
electrospinning of the prepared PC solutions. Fixed electrospinning
conditions were applied for all PC solutions after optimization which
includes, a distance of 15 cm between the tip of the needle and col-
lecting plate, a 5mL syringe with 0.6× 25mm needle, a run rate of
0.5 mL/h and a constant electrical potential of 20 kV under room
temperature. An aluminum foil fixed at the metal collecting plate was
used for collecting the electrospun materials. Various components of
electrospinning machine and the formation of nanofiber mat are shown
in Fig. 1.

2.3. Characterization

The conductivities of various concentrations of the PC solutions and
pure solvents were measured with the help of Eutech instruments
Cyberscan PC 300 model conductivity meter. The solution and solvent
viscosities were determined by a Brookfield digital viscometer CAP
2000 with spindle number 1. The surface morphology of the electro-
spun materials were studied by TESCAU VEGA 3 SBH scanning electron
microscope (SEM) instrument after gold coating using a sputter coater.
The average fiber diameter and bead density were measured by ana-
lyzing SEM images using Image J custom code image analyzing soft-
ware. Characterization of bead free PC fibers with least average dia-
meter was done by using Rigaku miniflux 600 instrument for X-ray
diffraction studies (XRD), Agilent Technologie Carry 5000 UV–Visible
spectrophotometer for absorption studies, SPECTRUM 400 instrument
for FT-IR analysis and TA differential scanning calorimetric instrument
Germany, for thermal studies. The tensile studies were done using AG-X
10 KN Shimadzu Universal Testing Machine. Perkin Elmer STA 6000
instrument was used for thermogravimetric analysis (TGA).

3. Results and discussion

Measurement of various solution parameters are essential for

Table 1
Various works on the preparation of PC fibers in different solvent systems.

Sl. No. Solvent system Average fiber diameter Reference

1 In THF and DMF solvent mixture Studied the effect of various parameters on morphology 41
2 7:3 THF–DMF with hexa-decyltrimethylammonium bromide (CTAB) 500 nm 42
3 3:2 mixture of THF–DMF 150–200 nm 43
4 CHCl3 and THF/DMF Approx. 400 nm 44
5 1:2 and 7:4 THF–DMF mixture Above 400 nm 45
6 CHCl3 and THF–DMF mixture 250 nm 46
7 Various Concentrations of PC in DCM, CHCl3 and THF 221–4314 nm 47
8 Benzyl triethylammonium chloride (BTEAC) in CHCl3 Above 1000 nm 48
9 Cetane trimethyl ammonium bromide in CHCl3 Viscosity study 49
10 In CHCl3 with and without additives Above 700 nm 50
11 CHCl3 and in THF–DMF mixture 150 nm - 3 μm 51
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comparing the surface morphology of the fibers produced.
Concentration, viscosity and conductivity values of different con-
centrations of PC solutions in 1:1 THF-DMF and 1:1 DCM-DMF mixtures
are provided in Tables 3 and 4.

Even though concentration and viscosity are directly related, the
variation in viscosity of different concentrations of PC in the two dif-
ferent solvent mixtures displayed a very interesting trend (Fig. 2).

Significant variation in viscosity can be observed for various con-
centrations of PC in 1:1 THF-DMF mixture. For every 2% increase in
concentration of the PC solution, viscosity was found to be double its
value. Viscosities at higher PC concentrations are also very large due to

increase in polymer entanglement [52]. There is a gradual increase in
viscosity of various concentrations of PC in 1:1 DCM-DMF mixture.
Viscosities of 17, 19 and 21 w/v percentages are comparatively much
higher than that of PC in 1:1 THF-DMF mixture. This suggests a re-
markable difference in the degrees of PC entanglement in different
solvent mixtures. This difference in viscosities of the two solution
mixtures significantly affects the surface morphology including average
fiber diameter and bead density of the electrospun PC fibers. It was
reported that solvent with high dielectric constant has a tendency to
reduce bead formation in polymer nanofibers [53,54]. A solvent with
large dielectric constant has a higher net charge density in the solution.
DMF has a large dielectric constant value of 36.7 which consequently
affects bead and droplet formation.

[25,38]. A detailed study on the SEM images of the electrospun fi-
bers was sufficient to explain the relation between average fiber dia-
meter and bead density with concentration, viscosity and conductivity
of the PC solutions.

The average diameter and percentage bead densities of the prepared
nanofibers were measured with the help of Image J software by se-
lecting a high contrast SEM image. From the total area and area of the
beads, the bead density was calculated using the formula [31,43],

= ×Bead density
Total area of beads in the image

Total area of the image
100

PC in the two different solvent mixtures has produced nanofibers
with different surface characteristics.

3.1. SEM analysis of PC in 1:1 THF-DMF mixture

A detailed investigation of the SEM images of electrospun PC fibers
obtained by the electrospinning of various concentrations of PC in 1:1
THF-DMF mixture vividly establishes the role of solvents, solution
viscosity and concentration on fiber formation (Fig. 3).

7, 9, 11, 13 and 15 w/v percentages solutions (Viscosities 3.4, 8.8,
15.8, 27.4 & 46.5 cP) of PC have produced beaded fibers with average
fiber diameters of 89, 102, 118, 180 and 327 nm respectively. A 7 w/v
% PC solution upon electrospinning has produced highly beaded fibers
with a bead density of 71% (Fig. 3(a)). Bead densities of 9, 11, 13 and
15 w/v percentages of PC solutions were 63.54, 47, 38.5 and 5.45
percentages respectively. A combination of spherical and spindle

Table 2
Properties of solvents DCM, DMF and THF at room temperature.

Solvent Boiling point (oC) Density (g/cm3) Viscosity (cP) Dipole moment (Debye) Conductivity (μS) Vapor pressure (kPa) Dielectric constant

DCM 39.6 1.33 0.413 1.60 2.33 53.3 8.93
DMF 153 0.948 0.802 3.86 5.80 0.51 36.7
THF 66 0.889 0.456 1.63 2.25 23.46 7.6

Fig. 1. Electrospinning set up with formation of PC nanofibers (inset).

Table 3
Viscosity and conductivity values of PC in 1:1 THF-DMF mixture.

Concentration (w/v %) Viscosity (cP) Conductivity (μS)

7 3.4 6.95
9 8.8 6.35
11 15.8 5.92
13 27.4 5.45
15 46.5 5.26
17 60.6 4.92
19 86 4.65
21 152.2 2.68

Table 4
Viscosity and Conductivity values of PC in 1:1 DCM-DMF mixture.

Concentration (w/v %) Viscosity (cP) Conductivity (μS)

7 9.8 4.02
9 17.3 3.81
11 23.1 3.58
13 29.8 3.52
15 59.2 2.99
17 121.1 2.81
19 184.5 2.55
21 261.2 2.48

Fig. 2. Concentration-viscosity graph of PC in (1) 1:1 THF-DMF and (2) 1:1
DCM-DMF mixture.
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shaped beads can be seen at lower concentration and it became thin
spindle shaped at higher concentrations (Fig. 3(a–e)). The beads com-
pletely disappeared at concentrations 17, 19 and 21 w/v percentages
(Fig. 3(f–h)). The bead density images obtained by using Image J
software clearly establish the gradual change in the number and ap-
pearance of the beads as shown in Fig. 4(a–e).

Fibers produced from solution with low concentration and viscosity
exhibited more beads upon keeping all other parameters (flow rate,
voltage, distance from the capillary to the target and solvent ratio) a
constant. The formation of beads along with the electrospun fibers
could be a result of a number of different factors as discussed earlier.
The concentration-bead density and viscosity-bead density graphs also
confirm the decrease in bead density with increase in solution con-
centration and viscosity (Fig. 5).

Bead free fibers with average diameters of 524, 863 and 1180 nm
were obtained for 17, 19 and 21 w/v percentages (viscosities 60.6, 86
and 152.2 cP) of PC solutions. Formation of beadless fibers was due to
the balance between various electrospinning parameters like viscosity,
concentration and applied voltage with surface tension. The histograms
of the electrospun fibers support the results obtained from SEM analysis
(Fig. 6). The variation in average diameter and fiber uniformity can be
clearly identified from the histograms provided. Average fiber diameter
increases with increase in concentration of the PC solution. Uniformity
of the fibers produced decreased at higher concentrations (Fig. 6(g) and
(h)).

Surface plot image obtained from a highly contrast SEM image is
another tool to know the surface irregularity of a material. The x, y and
z axes represent the length, breadth and height of the SEM image under
examination. Fig. 7 depicts the surface plot images of the PC nanofibers
obtained by the electrospinning of various concentrations of PC in 1:1
THF-DMF mixture. It confirms the increase in non-uniformity of the
nanofibers with increase in solution concentration. The deviation is
high for the nanofibers obtained from 19 to 21 w/v percentages of PC

Fig. 3. SEM images of PC nanofibers obtained from 1:1 THF-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g) 19 w/v%
and (h) 21 w/v%.

Fig. 4. Bead density images of PC nanofibers obtained from 1:1 THF-DMF mixture (a) 7 w/v % (b) 9 w/v % (c) 11 w/v % (d) 13 w/v % and (e) 15 w/v %.

Fig. 5. a) Concentration-bead density graph (1) 1:1 THF-DMF and (2) 1:1 DCM-
DMF b) Viscosity-bead density graph (1) 1:1 THF-DMF and (2) 1:1 DCM-DMF
mixture.
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solutions.
The gradual increase in the average fiber diameter with con-

centration and viscosity of various concentrations of PC is given in
Fig. 8. At very low concentration and viscosity beaded fibers with very
small average diameters were obtained. This is due to the insufficient
viscosity and net charge in the solution to overcome the effect of surface
tension. But with increase in solution concentration, viscosity increases
and beadless fibers were obtained. A 17 w/v% PC solution in 1:1 THF-
DMF mixture is most suitable for the preparation of uniform beadless
fibers. Uniform beadless fibers with average diameter 524 nm were
obtained at this concentration.

Another significant observation was the absence of electrospraying

phenomenon during the spinning of solutions of lower concentrations
as reported earlier.

3.2. SEM image analysis of PC in 1:1 DCM-DMF mixture

In order to understand the effect of solvents on electrospinning,
another solvent combination was experimented. The solvent THF was
replaced by a more volatile solvent DCM without changing any other
spinning parameters. Fig. 9 demonstrates the SEM images of PC nano-
fibers obtained by the electrospinning of 7–21 w/v% of PC solution in
1:1 DCM-DMF mixture. There was a dramatic change in the surface
morphology of the prepared nanofibers by the change of only one

Fig. 6. Histograms of PC nanofibers obtained from 1:1 THF-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g) 19 w/v%
and (h) 21 w/v%.

Fig. 7. Surface plot images of PC nanofibers obtained from 1:1 THF-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g) 19
w/v% and (h) 21 w/v%.
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constituent of the solvent system. The average fiber diameter and bead
density were significantly decreased. Beaded fibers were observed only
for 7, 9, 11 and 13 w/v percentages of PC (viscosities 9.8, 17.3, 23.1 &
29.8 cP) solutions (Fig. 9(a–d)). The average diameters of fibers derived
from 7, 9, 11 and 13 w/v percentages PC solutions were 44, 68, 75 and
83 nm respectively. Further increasing the concentration of the PC so-
lution to 15 w/v% with viscosity 59.2 cP transparent and almost uni-
form fibers with average diameter 114 nm without any beads were
obtained (Fig. 9(e)). At concentrations of 17, 19 and 21 w/v%, having
solution viscosities of 121.1, 184.5, and 261.2 cP, beadless nanofibers
were deposited on the target but with higher average diameters
(Fig. 9(f–h)). A substantial change in fiber morphology can be observed
at the concentration of 17 w/v% with an average fiber diameter of
394 nm. With further increase in concentration and viscosity of PC
solution, average fiber diameter increased to a great extent and fiber
uniformity decreased considerably.

Transparent fibers with average diameter of 581 nm were obtained
for 19 w/v% polymer solution with viscosity 184.5 cP. Electrospinning
of a 21 w/v% of PC solution with viscosity 261.2 cP was rather difficult
due to the highly viscous nature of the solution. The viscosities of 17, 19
and 21 w/v percentages of PC solutions in 1:1 DCM-DMF mixture are
very much higher than that of 1:1 THF-DMF mixture. The average fiber
diameter obtained from 21 w/v% of PC in 1:1 DCM-DMF (788 nm) is
comparatively less than that obtained from a 1:1 THF-DMF solution
(1180 nm). These observations, showing the influence of solution con-
centration and viscosity on fiber morphology is in agreement with
previous reports [55,56]. Change in surface morphology and sub-
sequent decrease in bead density with increase in solution

concentration and viscosity can be clearly seen. The variation of
average diameter of electrospun PC fibers in 1:1 DCM-DMF mixture
which is plotted as a function of both the concentration and the visc-
osity of the solutions is shown in Fig. 8. The average diameter of various
concentrations of PC in 1:1 DCM-DMF mixture was found to be less than
that of the fibers obtained from 1:1 THF-DMF mixture. Fig. 10 represent
the bead density images obtained from the SEM images of various
concentrations of PC in 1:1 DCM-DMF mixture. The bead density de-
creases with increase in solution concentration and viscosity. 7, 9, 11
and 13 w/v% of PC solutions produced fibers with bead densities of 38,
31, 20.2 and 3.3 respectively. The beads were totally absent in PC so-
lutions with higher solution concentrations.

The decrease in bead density with increase in solution concentration
and viscosity can be further confirmed from the concentration-bead
density and viscosity-bead density graphs (Fig. 5(a) and (b)). The bead
densities of the nanofibers obtained from 1:1 DCM-DMF mixture were
very much less than the bead densities of the nanofibers obtained from

Fig. 8. The graphs of a) Concentration-average fiber diameter (1) PC in 1:1
DCM-DMF and (2) PC in 1:1 THF-DMF b) Viscosity-average diameter (1) PC in
1:1 DCM-DMF and (2) PC in 1:1 THF-DMF.

Fig. 9. SEM images of PC nanofibers obtained from 1:1 DCM-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g) 19 w/v%
and (h) 21 w/v%.

Fig. 10. Bead density images of PC fibers obtained from 1:1 DCM-DMF mixture
(a) 7 w/v% (b) 9 w/v% (c) 11 w/v% and (d) 13 w/v%.
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1:1 THF-DMF mixture. A 15 w/v% of PC solution in 1:1 THF-DMF has a
bead density of 5.45% while uniform beadless fibers were obtained for
1:1 DCM-DMF mixture at the same concentration. Fig. 11 shows the
histograms of nanofibers of PC obtained from 1:1 DCM-DMF mixture.
The histogram supports the fact that 15 w/v% of PC in 1:1 DCM-DMF is
the most favorable proportion to obtain defect free, uniform and ul-
trafine fibers with the lowest average diameter among all the con-
centrations experimented (Fig. 11(e)). The non-uniform behavior of
fibers at higher concentrations can be clearly identified from the his-
tograms (Fig. 11(g) and (h)).

The surface morphology and uniformity of the nanofibers were also
confirmed by preparing surface plot images from SEM micrographs as
shown in Fig. 12. There was not much non-uniformity observed for the
nanofibers in 1:1 DCM-DMF compared to 1:1 THF-DMF mixture.

From the information obtained from SEM analysis a 15 w/v% of PC
in 1:1 DCM-DMF mixture has produced nanofibers with lowest average
diameter of 114 nm with beadless uniform morphology. The solvent
DCM in combination with DMF is highly efficient than the solvent THF
in combination with DMF for the preparation of uniform beadless PC
nanofibers with least average diameter.

3.3. Conductivity of PC solution and surface morphology of fibers

Solution conductivity depends on the nature of the solvent, the type
of polymer dissolved and the entanglement of the polymer in the so-
lution. Charge carrying capacity of almost all polymer solutions in-
creases with increase in solution conductivity. This subsequently re-
duces the fiber diameter as there is an inverse relationship between
radius of nanofiber jet and cube root of conductivity [57]. The variation
of solution conductivity with concentration and viscosity of PC solu-
tions in 1:1 THF-DMF and 1:1 DCM-DMF were studied. Comparison of
solution conductivities of various concentrations and viscosities in the
two solvent mixtures is given in Fig. 13.

The solution conductivity gradually decreases with increase in so-
lution concentration and viscosity. Conductivity of PC solutions

decreased from 6.95 μS to 2.68 μS as the concentrations changed from 7
w/v% to 21 w/v % in 1:1 THF-DMF mixture. A gradual decrease in
solution conductivity from 4.02 μS to 2.48 μS has been observed for the
solution of PC in 1:1 mixture of DCM & DMF. Solution conductivities of
various concentrations of PC in 1:1 THF-DMF mixture are higher than
in 1:1 DCM-DMF mixture. The same trend can be observed for solution
conductivity and viscosity. This may be due to higher polymer en-
tanglement that reduces the mobility and subsequently the solution
conductivity in 1:1 DCM-DMF mixture. At 21 w/v% solutions, con-
ductivities are 2.68 and 2.48 μS for 1:1 THF-DMF and 1:1 DCM-DMF
mixtures respectively. This shows that at very high concentration and
viscosity the degree of polymer entanglement is almost same for the
two solvent mixtures. Fig. 14 is the graphical representation of average
diameter of the PC fibers with solution conductivity.

Nature of one of the solvent in the polymer solution has a great
influence on solution conductivity. With change in solution con-
ductivity change in surface morphology can be observed. Along with all
other electrospinning parameters, solution conductivity definitely has
an important role in fabricating polymer nanofibers with suitable
morphology.

3.4. Characterization of PC nanofibers of 15 w/v% in 1:1 DCM-DMF
mixture

Systematic control of various spinning parameters and the use of
appropriate solvents and solution parameters are crucial for the suc-
cessful preparation of ultrafine bead free fibers with lowest average
diameter of 114 nm. Fig. 15 is the fiber mat obtained by the electro-
spinning of PC solution of 15 w/v% in 1:1 DCM-DMF mixture. As a
highly useful material for wide variety of applications, the obtained
fiber mat was characterized by various methods.

UV–Vis spectroscopic study shows good absorption properties for
PC fibers with a maximum absorption of 275 nm in the ultraviolet re-
gion (Fig. 16(a)). A polymer with good UV absorption has wide variety
of applications. Polycarbonate materials with ultraviolet absorption has

Fig. 11. Histograms of PC nanofibers obtained from 1:1 DCM-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g) 19 w/v%
and (h) 21 w/v%.
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been reported to be used in UV blocking materials like sun glasses,
window glasses, roof shades, green houses, automobiles and in con-
struction industry [58,59]. Diffraction pattern of PC fibers and PC
pellets were compared and are shown in Fig. 16(b). PC pellet has
characteristic amorphous peak but a change in the diffraction pattern of
PC nanofibers clearly reveals its semicrystalline nature.

The characteristics vibrational modes of all the functional groups

can be accurately validated from FT-IR spectral studies. The FT-IR
spectra of PC nanofibers and the corresponding vibrational peak posi-
tions are given in Fig. 17(a). The characteristics vibrational peak at
659.75 cm−1 represents –C]C (aromatic) in-plane bending mode of
vibration. A –CH (aromatic) out of plane bending vibrational peak can
be observed at 827.63 cm−1. The presence of carbonyl group in the
polymer is confirmed by the presence of a -C-O asymmetric stretching
vibrational peak at 1213.46 cm−1. The peak at 1499.33 cm−1

Fig. 12. Surface plot images of PC nanofibers obtained from 1:1 DCM-DMF mixture (a) 7 w/v% (b) 9 w/v% (c) 11 w/v% (d) 13 w/v% (e) 15 w/v% (f) 17 w/v% (g)
19 w/v% and (h) 21 w/v%.

Fig. 13. a) Concentration-conductivity graph (1) PC in 1:1 THF-DMF and (2) PC
in 1:1 DCM-DMF b) Viscosity-conductivity graph (1) PC in 1:1 THF-DMF and
(2) PC in 1:1 DCM-DMF.

Fig. 14. Conductivity-average diameter graph of PC in (1) 1:1 DCM-DMF and
(2) 1:1 THF-DMF.

Fig. 15. PC nanofiber mat from 15 w/v% solution in 1:1 DCM-DMF mixture.

Fig. 16. 15 w/v% PC in 1:1 DCM-DMF mixture a) UV–Visible spectrum b) XRD
pattern of (1) PC fiber and (2) PC pellet.
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corresponds to –CH (aromatic) in-plane bending vibration. The car-
bonyl symmetric stretching vibration can be observed at 1769.21 cm−1.
The –CH symmetrical stretching vibration peak at 2960.68 cm−1 on the
other hand confirms the presence of methyl groups in the PC chain.

Glass transition temperature (Tg) is an important parameter of a
polymer to know the temperature at which a phase transition occurs.
The DSC curves of PC pellet and that of the PC nanofibers obtained by
the electrospinning of 15 w/v% of PC solution in 1:1 DCM-DMF mixture
is given in Fig. 17(b). The Tg values of PC pellets and PC fibers are
143.59 °C and 149.65 °C respectively. Conversion of PC pellets into
defect free ultrafine fibers has a great influence on Tg as it increases
compared to its bulk polymer. Polymer entanglement during electro-
spinning that reduces mobility may be one of the reason for increase in
Tg of the nanofibers.

The produced nanofibers were also characterized using thermo-
gravimetric and tensile strength analysis. The fibers were found to have
a tensile strength of 0.7745 ± 0.14MPa and elongation at break of
63.2066 ± 12% (Table 5).

The produced fibers were also found to have a thermal stability of
up to 305.50 °C (Fig. 18(a)). Absence of initial weight loss indicates the
fiber sample was free of moisture and other degradation.

A 5% degradation was observed in the range 305.50 °C–403.77 °C.
This immediately follows a sharp degradation from 407 °C to 499 °C
which corresponds to a main degradation zone with 71.81% reduction.
14.30% residue was obtained at a temperature of 1200 °C. PC at lower
degradation stage releases alkyl substituted phenols and with further
increase in temperature related products such as CO2, H2O, CH4 and CO

are formed [60]. The degradation happens in a single stage with a
maximum degradation temperature of 459.12 °C that can be observed
from the corresponding dTG curve (Fig. 18(b)).

4. Conclusions

In nutshell, this new approach of electrospinning process to prepare
beadless, uniform PC nanofibers is simple, efficient and cost effective.
The characteristics like ultraviolet absorption properties by maintaining
an optimum average diameter of 114 nm will be an attractive feature
for leveraging this process. The preparation of different concentrations
of PC was accomplished by two different solvent mixtures; by keeping
the process under an optimized spinning condition. A 15 w/v % of PC in
1:1 DCM-DMF mixture was found to be the most suitable for the pro-
duction of defect free fibers with lowest average diameter. Comparison
of viscosities and conductivities of the PC solutions in these two dif-
ferent solvent mixtures were helpful to understand their impact on the
production of nanofibers. Despite of being toxic in nature, THF is the
most commonly used solvent for the electrospinning process of various
polymers. An alternative is DCM, which is less toxic and highly volatile.
As a solvent, DCM is known for its capability to dissolve polymers that
attributes to a highly controllable electrospinning process. When it
comes to the capability of dissolving polymers, electrospinning of PC in
solvents like THF, DMF and CHCl3 are not considered as an appropriate
method. Moreover high average diameter of the as-spun fibers also
make it less attractive. The surface morphology of the products of this
electrospinning method shown distinguishable behavior in their char-
acteristics such as solution concentration, viscosity, and conductivity.
In addition to its semi-crystalline nature, it has sharp absorption cap-
ability in the ultraviolet region along with elevated glass transition
temperature and thermal stability. All these features together make the
‘beadless ultrafine fibers with lowest average diameter of 114 nm’ an
appropriate material for many modern applications like air and water
purification, tissue scaffolding, sensors, ultraviolet blocking and re-
moval of hazardous metals.

Conflicts of interest

The authors do not have any conflict of interest to declare.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.polymertesting.2019.106103.

References

[1] C. Chen, G. Li, Y. Lu, J. Zhu, M. Jiang, Y. Hu, X. Zhang, Chemical vapor deposited
MoS2/electrospun carbon nanofiber composite as anode material for high-perfor-
mance sodium-ion batteries, Electrochim. Acta 222 (2016) 1751–1760 https://
doi:10.1016/j.electacta.2016.11.170.

[2] X. Jing, H.Y. Mi, J. Peng, X.F. Peng, L.S. Turng, Electrospun aligned poly(propylene
carbonate) microfibers with chitosan nanofibers as tissue engineering scaffolds,
Carbohydr. Polym. 117 (2015) 941–949 https://doi:10.1016/j.carbpol.2014.10.
025.

[3] R. Zhang, C. Liu, P.C. Hsu, C. Zhang, N. Liu, J. Zhang, H.R. Lee, Y. Lu, Y. Qiu,
S. Chu, Y. Cui, Nanofiber air filters with high-temperature stability for efficient
PM2.5 removal from the pollution sources, Nano Lett. 16 (2016) 3642–3649
https://doi:10.1021/acs.nanolett.6b00771.

[4] S. Jiang, H. Hou, S. Agarwal, A. Greiner, Polyimide nanofibers by “Green” elec-
trospinning via aqueous solution for filtration applications, ACS Sustain. Chem.
Eng. 4 (2016) 4797–4804 https://doi:10.1021/acssuschemeng.6b01031.

[5] S.J. Charde, S.S. Sonawane, S.H. Sonawane, S. Navin, Influence of functionalized
calcium carbonate nanofillers on the properties of melt-extruded polycarbonate
composites, Chem. Eng. Commun. 205 (2018) 492–505 https://doi:10.1080/
00986445.2017.1404459.

[6] S.J. Kim, Y.S. Nam, D.M. Rhee, H.S. Park, W.H. Park, Preparation and character-
ization of antimicrobial polycarbonate nanofibrous membrane, Eur. Polym. J. 43
(2007) 3146–3152 https://doi:10.1016/j.eurpolymj.2007.04.046.

[7] M.D. Bermúdez, W. Brostow, F. Carrión-Vilches, J. Sanes, Scratch resistance of
polycarbonate containing ZnO nanoparticles: effects of sliding direction, J. Nanosci.

Fig. 17. 15 w/v% PC in 1:1 DCM-DMF mixture a) FT-IR spectrum b) DSC
pattern of (1) PC pellet and (2) PC fiber.

Table 5
Tensile studies of 15 w/v% of PC in 1:1 DCM-DMF mixture.

Solvent system Diameter
(nm)

Ultimate strength
(MPa)

Elongation at break
(%)

1:1 DCM-DMF 114 0.7745 ± 0.14 63.2066 ± 12

Fig. 18. (a) TGA and (b) dTG curves of PC nanofibers of 15 w/v% PC in 1:1
DCM-DMF mixture.

T. Baby, et al. Polymer Testing 80 (2019) 106103

9

https://doi.org/10.1016/j.polymertesting.2019.106103
https://doi.org/10.1016/j.polymertesting.2019.106103
https://doi:10.1016/j.electacta.2016.11.170
https://doi:10.1016/j.electacta.2016.11.170
https://doi:10.1016/j.carbpol.2014.10.025
https://doi:10.1016/j.carbpol.2014.10.025
https://doi:10.1021/acs.nanolett.6b00771
https://doi:10.1021/acssuschemeng.6b01031
https://doi:10.1080/00986445.2017.1404459
https://doi:10.1080/00986445.2017.1404459
https://doi:10.1016/j.eurpolymj.2007.04.046


Nanotechnol. 10 (2010) 6683–6689 https://doi:10.1166/jnn.2010.2513.
[8] A.S. Babal, R. Gupta, B.P. Singh, V.N. Singh, S.R. Dhakate, R.B. Mathur, Mechanical

and electrical properties of high performance MWCNT/polycarbonate composites
prepared by an industrial viable twin screw extruder with back flow channel, RSC
Adv. 4 (2014) 64649–64658 https://doi:10.1039/c4ra11319e.

[9] L. Feng, S. Li, H. Li, J. Zhai, Y. Song, L. Jiang, D. Zhu, Super-hydrophobic surface of
aligned polyacrylonitrile nanofibers, Angew. Chem. Int. Ed. 41 (2002) 1221–1223
https://doi:10.1002/1521-3773.(20020402)41:7<1221::aid-anie1221>3.0.
co;2-g.

[10] G.M. Whitesides, B. Grzybowski, Self-assembly at all scales, Science 295 (2002)
2418–2421 https://doi:10.1126/science.1070821.

[11] M. Yanilmaz, C. Chen, X. Zhang, Fabrication and characterization of SiO2/PVDF
composite nanofiber-coated PP nonwoven separators for lithium-ion batteries, J.
Polym. Sci. B Polym. Phys. 51 (2013) 1719–1726 https://doi:10.1002/polb.
2338719.

[12] Y. Ge, H. Jiang, K. Fu, C. Zhang, J. Zhu, C. Chen, Y. Lu, Y. Qiu, X. Zhang, Copper
doped Li4Ti5O12/carbon nanofiber composites as anode for high performance so-
dium-ion batteries, J. Power Sources 272 (2014) 860–865 https://doi:10.1016/j.
jpowsour.2014.08.131.

[13] I. Iatsunskyi, A. Vasylenko, R. Viter, M. Kempiński, G. Nowaczyk, S. Jurga,
M. Bechelany, Tailoring of the electronic properties of ZnO-polyacrylonitrile na-
nofibers: experiment and theory, Appl. Surf. Sci. 411 (2017) 494–501 https://
doi:10.1016/j.apsusc.2017.03.111.

[14] Z.-M. Huang, Y.-Z. Zhang, M. Kotaki, S. Ramakrishna, A review on polymer nano-
fibers by electrospinning and their applications in nanocomposites, Compos. Sci.
Technol. 63 (2003) 2223–2253 https://doi:10.1016/s0266-3538 (03)00178-7.

[15] H.-S. Wang, G.-D. Fu, X.-S. Li, Functional polymeric nanofibers from electrospin-
ning, Recent Patents on Nanotechnol 3 (2009) 21–31 https://doi:10.2174/
187221009787003285.

[16] Y.M. Shin, M.M. Hohman, M.P. Brenner, G.C. Rutledge, Electrospinning: a whipping
fluid jet generates submicron polymer fibers, Appl. Phys. Lett. 78 (2001)
1149–1151 https://doi:10.1063/1.1345798.

[17] A. Chinnappan, H.-C. Kang, H. Kim, Preparation of PVDF nanofiber composites for
hydrogen generation from sodium borohydride, Energy 36 (2011) 755–759 https://
doi:10.1016/j.energy.2010.12.048.

[18] J.A. Roman, I. Reucroft, R.A. Martin, A. Hurtado, H.-Q. Mao, Local release of pa-
clitaxel from aligned, electrospun microfibers promotes axonal extension, Adv.
Healthc. Mater. 5 (2016) 2628–2635 https://doi:10.1002/adhm.201600415.

[19] S. Chattopadhyay, T.A. Hatton, G.C. Rutledge, Aerosol filtration using electrospun
cellulose acetate fibers, J. Mater. Sci. 51 (2015) 204–217 https://doi:10.1007/
s10853-015-9286-4.

[20] S. Ramakrishna, K. Fujihara, W.-E. Teo, T. Yong, Z. Ma, R. Ramaseshan, Electrospun
nanofibers: solving global issues, Mater. Today 9 (2006) 40–50 https://doi:10.
1016/s1369-7021(06)71389-x.

[21] A.L. Yarin, S. Koombhongse, D.H. Reneker, Taylor cone and jetting from liquid
droplets in electrospinning of nanofibers, J. Appl. Phys. 90 (2001) 4836–4846
https://doi:10.1063/1.1408260.

[22] S. De Vrieze, P. Westbroek, T. Van Camp, L. Van Langenhove, Electrospinning of
chitosan nanofibrous structures: feasibility study, J. Mater. Sci. 42 (2007)
8029–8034 https://doi:10.1007/s10853-006-1485-6.

[23] A. Frenot, M.W. Henriksson, P. Walkenström, Electrospinning of cellulose-based
nanofibers, J. Appl. Polym. Sci. 103 (2006) 1473–1482, https://doi.org/10.1002/
app.24912.

[24] J. Doshi, D.H. Reneker, Electrospinning process and applications of electrospun
fibers, J. Electrost. 35 (1995) 151–160 https://doi:10.1016/0304-3886(95)
00041-8.

[25] V. Pillay, C. Dott, Y.E. Choonara, C. Tyagi, L. Tomar, P. Kumar, L.C. du Toit,
V.M.K. Ndesendo, A review of the effect of processing variables on the fabrication of
electrospun nanofibers for drug delivery applications, J. Nanomater. 2013 (2013)
1–22 https://doi:10.1155/2013/789289.

[26] A. Jaworek, A.T. Sobczyk, Electrospraying route to nanotechnology: an overview, J.
Electrost. 66 (2008) 197–219 https://doi:10.1016/j.elstat.2007.10.001.

[27] C.J. Hogan, P. Biswas, Narrow size distribution nanoparticle production by elec-
trospray processing of ferritin, J. Aerosol Sci. 39 (2008) 432–440 https://doi:10.
1016/j.jaerosci.2008.01.002.

[28] B. Ding, H.-Y. Kim, S.-C. Lee, D.-R. Lee, K.-J. Choi, Preparation and characterization
of nanoscaled poly(vinyl alcohol) fibers via electrospinning, Fibers Polym. 3 (2002)
73–79 https://doi:10.1007/bf02875403.

[29] A. Welle, M. Kröger, M. Döring, K. Niederer, E. Pindel, I.S. Chronakis, Electrospun
aliphatic polycarbonates as tailored tissue scaffold materials, Biomaterials 28
(2007) 2211–2219 https://doi:10.1016/j.biomaterials.2007.01.024.

[30] Y. Liu, J.-H. He, J. Yu, H. Zeng, Controlling numbers and sizes of beads in elec-
trospun nanofibers, Polym. Int. 57 (2008) 632–636 https://doi:10.1002/pi.2387.

[31] H. Fong, I. Chun, D. Reneker, Beaded nanofibers formed during electrospinning,
Polymer 40 (1999) 4585–4592 https://doi:10.1016/s0032-3861(99)00068-3.

[32] P. Gibson, H. Schreuder-Gibson, D. Rivin, Transport properties of porous mem-
branes based on electrospun nanofibers, Colloid. Surf. Physicochem. Eng. Asp.
187–188 (2001) 469–481 https://doi:10.1016/s0927-7757(01)00616-1.

[33] K.H. Lee, H.Y. Kim, H.J. Bang, Y.H. Jung, S.G. Lee, The change of bead morphology
formed on electrospun polystyrene fibers, Polymer 44 (2003) 4029–4034 https://
doi:10.1016/s0032-3861(03)00345-8.

[34] A. Tuteja, W. Choi, M. Ma, J.M. Mabry, S.A. Mazzella, G.C. Rutledge, R.E. Cohen,

Designing superoleophobic surfaces, Science 318 (2007) 1618–1622 https://doi:10.
1126/science.1148326.

[35] J.M. Deitzel, J. Kleinmeyer, D. Harris, N.C. Beck Tan, The effect of processing
variables on the morphology of electrospun nanofibers and textiles, Polymer 42
(2001) 261–272 https://doi:10.1016/s0032-3861(00)00250-0 J.

[36] T. Lin, H. Wang, H. Wang, X. Wang, The charge effect of cationic surfactants on the
elimination of fibre beads in the electrospinning of polystyrene, Nanotechnology 15
(2004) 1375–1381 https://doi:10.1088/0957-4484/15/9/044.

[37] M. Bognitzki, T. Frese, M. Steinhart, A. Greiner, J.H. Wendorff, A. Schaper,
M. Hellwig, Preparation of fibers with nanoscaled morphologies: electrospinning of
polymer blends, Polym. Eng. Sci. 41 (2001) 982–989 https://doi:10.1002/pen.
10799.

[38] L. Wannatong, A. Sirivat, P. Supaphol, Effects of solvents on electrospun polymeric
fibers: preliminary study on polystyrene, Polym. Int. 53 (2004) 1851–1859 https://
doi: 10.1002/pi.1599.

[39] M.M. Demir, I. Yilgor, E. Yilgor, B. Erman, Electrospinning of polyurethane fibers,
Polymer 43 (2002) 3303–3309 https://doi:10.1016/s0032-3861(02)00136-2.

[40] G.W. Selling, A. Biswas, A. Patel, D.J. Walls, C. Dunlap, Y. Wei, Impact of solvent on
electrospinning of Zein and analysis of resulting fibers, Macromol. Chem. Phys. 208
(2007) 1002–1010 https://doi:10.1002/macp.200700056.

[41] J. Shawon, C. Sung, Electrospinning of polycarbonate nanofibers with solvent
mixtures THF and DMF, J. Mater. Sci. 39 (2004) 4605–4613 https://doi:10.1023/
b:jmsc.0000034155.93428.ea.

[42] Y. Xu, X. Zhang, X. Wang, X. Li, C. Shen, X. Wang, Q. Li, Simultaneous enhance-
ments in the strength, modulus and toughness of electrospun polymeric mem-
branes, RSC Adv. 7 (2017) 48054–48057 https://doi:10.1039/c7ra07739d.

[43] N. Kattamuri, C. Sung, TEM and DOE optimization studies of electrospun poly-
carbonate nanofibers, MRS Proceedings 788 (2003) L 8.36.1 https://doi:10.1557/
proc-788-l8.36.

[44] Q. Li, Y. Xu, H. Wei, X. Wang, An electrospun polycarbonate nanofibrous membrane
for high efficiency particulate matter filtration, RSC Adv. 6 (2016) 65275–65281
https://doi:10.1039/c6ra12320a.

[45] S. Moon, R.J. Farris, The morphology, mechanical properties, and flammability of
aligned electrospun polycarbonate (PC) nanofibers, Polym. Eng. Sci. 48 (2008)
1848–1854 https://doi:10.1002/pen.21158.

[46] S.R. Dhakate, B. Singla, M. Uppal, R.B. Mathur, Effect of processing parameters on
morphology and thermal properties of electrospun polycarbonate nanofibers, Adv.
Mat. Lett. 1 (2010) 200–204 https://doi: 10.5185/amlett.2010.8148.

[47] C.-C. Liao, C.-C. Wang, K.-C. Shih, C.-Y. Chen, Electrospinning fabrication of par-
tially crystalline bisphenol A polycarbonate nanofibers: effects on conformation,
crystallinity, and mechanical properties, Eur. Polym. J. 47 (2011) 911–924 https://
doi:10.1016/j.eurpolymj.2011.01.006.

[48] B.M. Cho, Y.S. Nam, J.Y. Cheon, W.H. Park, Residual charge and filtration efficiency
of polycarbonate fibrous membranes prepared by electrospinning, J. Appl. Polym.
Sci. 132 (2014) 1–7 https://doi:10.1002/app.41340.

[49] D. Yang, Y. Wang, D. Zhang, Y. Liu, X. Jiang, Control of the morphology of micro/
nanostructures of polycarbonate via electrospinning, Chin. Sci. Bull. 54 (2009)
2911–2917 https://doi:10.1007/s11434-009-0241-0.

[50] S.J. Kim, Y.S. Nam, D.M. Rhee, H.-S. Park, W.H. Park, Preparation and character-
ization of antimicrobial polycarbonate nanofibrous membrane, Eur. Polym. J. 43
(2007) 3146–3152 https://doi:10.1016/j.eurpolymj.2007.04.046.

[51] R.V.N. Krishnappa, K. Desai, C. Sung, Morphological study of electrospun poly-
carbonates as a function of the solvent and processing voltage, J. Mater. Sci. 38
(2003) 2357–2365 https://doi:10.1023/a:1023984514389.

[52] S.L. Shenoy, W.D. Bates, H.L. Frisch, G.E. Wnek, Role of chain entanglements on
fiber formation during electrospinning of polymer solutions: good solvent, non-
specific polymer–polymer interaction limit, Polymer 46 (2005) 3372–3384 https://
doi:10.1016/j.polymer.2005.03.011.

[53] H. Jiang, D. Fang, B.S. Hsiao, B. Chu, W. Chen, Optimization and characterization of
Dextran membranes prepared by electrospinning, Biomacromolecules 5 (2004)
326–333 https://doi:10.1021/bm034345w.

[54] W.K. Son, J.H. Youk, T.S. Lee, W.H. Park, The effects of solution properties and
polyelectrolyte on electrospinning of ultrafine poly(ethylene oxide) fibers, Polymer
45 (2004) 2959–2966 https://doi:10.1016/j.polymer.2004.03.006.

[55] R.M. Nezarati, M.B. Eifert, E. Cosgriff-Hernandez, Effects of humidity and solution
viscosity on electrospun fiber morphology, Tissue Eng. C Methods 19 (2013)
810–819 https://doi:10.1089/ten.tec.2012.0671.

[56] J. Tao, S. Shivkumar, Molecular weight dependent structural regimes during the
electrospinning of PVA, Mater. Lett. 61 (2007) 2325–2328 https://doi:10.1016/j.
matlet.2006.09.004.

[57] T.J. Sill, H.A. von Recum, Electrospinning: applications in drug delivery and tissue
engineering, Biomaterials 29 (2008) 1989–2006 https://doi:10.1016/j.
biomaterials.2008.01.011.

[58] J.K. Kwon, B. Khoshimkhujaev, J.H. Lee, I.H. Yu, K.S. Park, H.G. Choi, Growth and
Yield of Tomato and cucumber plants in polycarbonate or glass greenhouses,
Hortic. Sci. Technol. 35 (2017) 79–87 https://doi.org/10.12972/kjhst.20170009.

[59] U. Schulz, K. Lau, N. Kaiser, Antireflection coating with UV-protective properties for
polycarbonate, Appl. Opt. 47 (2007) C83–C87 https://doi:10.1364/ao.47.000c83.

[60] E. Apaydin-Varol, S. Polat, A. Putun, Pyrolysis kinetics and thermal decomposition
behavior of polycarbonate - a TGA-FTIR study, Therm. Sci. 18 (2014) 833–842
https://doi:10.2298/tsci1403833a.

T. Baby, et al. Polymer Testing 80 (2019) 106103

10

https://doi:10.1166/jnn.2010.2513
https://doi:10.1039/c4ra11319e
https://doi:10.1002/1521-3773.(20020402)41:7%3c1221::aid-anie1221%3e3.0.co;2-g
https://doi:10.1002/1521-3773.(20020402)41:7%3c1221::aid-anie1221%3e3.0.co;2-g
https://doi:10.1126/science.1070821
https://doi:10.1002/polb.2338719
https://doi:10.1002/polb.2338719
https://doi:10.1016/j.jpowsour.2014.08.131
https://doi:10.1016/j.jpowsour.2014.08.131
https://doi:10.1016/j.apsusc.2017.03.111
https://doi:10.1016/j.apsusc.2017.03.111
https://doi:10.1016/s0266-3538%20(03)00178-7
https://doi:10.2174/187221009787003285
https://doi:10.2174/187221009787003285
https://doi:10.1063/1.1345798
https://doi:10.1016/j.energy.2010.12.048
https://doi:10.1016/j.energy.2010.12.048
https://doi:10.1002/adhm.201600415
https://doi:10.1007/s10853-015-9286-4
https://doi:10.1007/s10853-015-9286-4
https://doi:10.1016/s1369-7021(06)71389-x
https://doi:10.1016/s1369-7021(06)71389-x
https://doi:10.1063/1.1408260
https://doi:10.1007/s10853-006-1485-6
https://doi.org/10.1002/app.24912
https://doi.org/10.1002/app.24912
https://doi:10.1016/0304-3886(95)00041-8
https://doi:10.1016/0304-3886(95)00041-8
https://doi:10.1155/2013/789289
https://doi:10.1016/j.elstat.2007.10.001
https://doi:10.1016/j.jaerosci.2008.01.002
https://doi:10.1016/j.jaerosci.2008.01.002
https://doi:10.1007/bf02875403
https://doi:10.1016/j.biomaterials.2007.01.024
https://doi:10.1002/pi.2387
https://doi:10.1016/s0032-3861(99)00068-3
https://doi:10.1016/s0927-7757(01)00616-1
https://doi:10.1016/s0032-3861(03)00345-8
https://doi:10.1016/s0032-3861(03)00345-8
https://doi:10.1126/science.1148326
https://doi:10.1126/science.1148326
https://doi:10.1016/s0032-3861(00)00250-0%20J
https://doi:10.1088/0957-4484/15/9/044
https://doi:10.1002/pen.10799
https://doi:10.1002/pen.10799
https://doi:%2010.1002/pi.1599
https://doi:%2010.1002/pi.1599
https://doi:10.1016/s0032-3861(02)00136-2
https://doi:10.1002/macp.200700056
https://doi:10.1023/b:jmsc.0000034155.93428.ea
https://doi:10.1023/b:jmsc.0000034155.93428.ea
https://doi:10.1039/c7ra07739d
https://doi:10.1557/proc-788-l8.36
https://doi:10.1557/proc-788-l8.36
https://doi:10.1039/c6ra12320a
https://doi:10.1002/pen.21158
https://doi:%2010.5185/amlett.2010.8148
https://doi:10.1016/j.eurpolymj.2011.01.006
https://doi:10.1016/j.eurpolymj.2011.01.006
https://doi:10.1002/app.41340
https://doi:10.1007/s11434-009-0241-0
https://doi:10.1016/j.eurpolymj.2007.04.046
https://doi:10.1023/a:1023984514389
https://doi:10.1016/j.polymer.2005.03.011
https://doi:10.1016/j.polymer.2005.03.011
https://doi:10.1021/bm034345w
https://doi:10.1016/j.polymer.2004.03.006
https://doi:10.1089/ten.tec.2012.0671
https://doi:10.1016/j.matlet.2006.09.004
https://doi:10.1016/j.matlet.2006.09.004
https://doi:10.1016/j.biomaterials.2008.01.011
https://doi:10.1016/j.biomaterials.2008.01.011
https://doi.org/10.12972/kjhst.20170009
https://doi:10.1364/ao.47.000c83
https://doi:10.2298/tsci1403833a


AIP Conference Proceedings 2162, 020013 (2019); https://doi.org/10.1063/1.5130223 2162, 020013

© 2019 Author(s).

Preparation and characterization of
luminescent polycarbonate nanofibers
embedded with surface capped CdS
nanoparticles
Cite as: AIP Conference Proceedings 2162, 020013 (2019); https://doi.org/10.1063/1.5130223
Published Online: 29 October 2019

Thomas Baby, and E. Tomlal Jose

https://images.scitation.org/redirect.spark?MID=176720&plid=1007002&setID=379066&channelID=0&CID=326227&banID=519757262&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=3652273023b4a9bb7abb8080e11bb4b485f7ecc2&location=
https://doi.org/10.1063/1.5130223
https://doi.org/10.1063/1.5130223
https://aip.scitation.org/author/Baby%2C+Thomas
https://aip.scitation.org/author/Jose%2C+E+Tomlal
https://doi.org/10.1063/1.5130223
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5130223


Preparation and Characterization of Luminescent 

Polycarbonate Nanofibers Embedded with Surface 
Capped CdS Nanoparticles  

 

Thomas Baby
1, a)

 and E. Tomlal Jose
2, b) 

 

1 
Department of Chemistry, Kuriakose Gregorios College, Pampady, Kottayam, Kerala, India-686502 

2 
Department of Chemistry, St.Berchmans College, Changanachery, Kerala, India-686101 

 
a) 

thomas.babyv22@gmail.com 
b) 

Corresponding author: tomlalj@gmail.com 

 

Abstract. As an important engineering material with tremendous utilities, polycarbonate (PC) and its composites are 
contributing a major role among highly useful materials. Preparing ultrafine fibers with defect free surface morphology is 

a challenge in the field of nanotechnology . In the present work ultrafine bead free PC fibers with average diameter very 

close to 100 nm were prepared by optimizing various spinning parameters during electrospinning fiber fabricating 

technology. At the same spinning conditions PC nanocomposite fibers were prepared by incorporat ing surface modified 

cadmium sulphide (CdS) nanoparticles with prominent optical properties. The prepared PC-CdS nanocomposite fibers 
have excellent absorption and emission properties and also exhibit semi-crystalline nature. By increasing the nanoparticle 

concentration there was remarkable improvement in the thermal stability of the PC nanocomposite fibers. 

INTRODUCTION 

Modern field of nanotechnology is in search of materials that can improve the quality of human life through the 

development of various fields including medicine, tissue engineering, electronics, automobile, energy related 

materials and so on [1].
 
Poly (Bis phenol A carbonate) commonly called polycarbonate (PC) is an emerging material 

with excellent mechanical, thermal, heat resis tance and optical properties [2]. Polymers in the form of thin films and 

fibers are attractive materials in the area of research due to their large surface area and small pore size. There are 

different methods for the preparation of polymer nanofibers including drawing, self-assembly, phase separation, 

template synthesis and electrospinning [3]. Electrospinning is the most accepted method for the mass production of 

long and continuous fibers by the application of high electric potential [4]. Polymer nanocomposites prepared by 

incorporating various nanofillers  were widely studied due to their amazing properties  [5, 6]. Semiconductor 

nanoparticles especially II-IV chalcogenide like cadmium sulphide (CdS) has immense applications that were 

reported by many researchers  [7]. Agglomeration of nanoparticles during preparation was a hurdle for their smooth 

dispersion. Capping assisted fabrication of nanoparticles has helped to resolve such difficulties which facilitated 

proper dispersion and overall manipulation of tunable properties [8].  

In the present contribution CdS nanoparticles were synthesized by a simple low temperature method by surface 

modification using oleic acid (OA) as a capping agent. PC fibers with very small diameters were prepared by 

adjusting various electrospinning parameters. Under the same electrospinning parameters PC-CdS nanocomposite 

fibers were prepared by dispersing CdS nanoparticles in PC solution. The CdS nanoparticles, PC fibers and PC-CdS 
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nanocomposites were elaborately studied by various characterization methods like Scanning electron microscopy 

(SEM), Transmission electron microscopy (TEM), UV-Visible spectroscopy, Photoluminescence (PL) spectroscopy, 

X-Ray diffraction (XRD) studies and Thermogravimetric analysis (TGA).   

EXPERIMENTAL 

PC pellets were procured from Sigma-Aldrich, USA. Cadmium nitrate tetrahydrate (Cd(NO3)2 4H2O), Oleic acid 

(OA), Sodium sulphide (Na2S), Tetrahydro furan (THF) and N, N dimethyl formamide (DMF) were purchased from 

Merck India Ltd 

Preparation of OA capped CdS nanoparticles 

3.72 g of Cd(NO3)2 4H2O was dissolved in 30 ml ethanol. 0.7 g OA was added and stirred for 15 minutes. To this 

solution 0.9 g Na2S dissolved in ethanol was added slowly and stirred for further five hours. The precipitated yellow 

crystals were filtered, washed and dried. This was annealed at 200
o
C for 2 h. 

 Preparation PC nanofibers embedded with CdS nanoparticles  

Three separate solutions of 16 w/v% of PC in 1:1 THF and DMF were prepared. 1, 2 and 4 w/w percentages of 

CdS nanoparticles were dispersed in the prepared PC solutions by proper stirring and further 30 minutes sonication. 

The solutions were kept for 24 h continuous stirring. This was then taken in a 5 mL syringe and electrospun under 

optimized conditions at a flow rate of 0.5 mL/h, 20 kV applied voltage and a distance of 15 cm between the tip of 

the needle and collection plate. The fibers were collected on an aluminium foil fixed over the metal collecting plate . 

RESULTS AND DISCUSSION 

Characterization of OA capped CdS nanoparticles 

 

 

 

 FIGURE 1. (a) SEM and (b) TEM micrographs of OA capped CdS nanoparticles. 

 

Less agglomerated and highly dispersive CdS nanoparticles with spherical surface morphology can be observed 

from SEM micrograph. The reduced agglomeration is also evident from the TEM image. The surface capping 

method adopted for the preparation of CdS nanoparticles was found to be highly suitable  to reduce aggregation of 

nanoparticles. 
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The UV-Visible spectrum (Fig 2(a)) shows absorption both in ultraviolet and visible region with an excitonic 

peak at 446 nm. Excitation at 446 nm shows strong emission property with a green emission sharp at 533 nm (Fig 

2(b)). Diffraction studies established a cubic crystal lattice with average particle size 14 nm as shown in Fig 2(c). 

TGA analysis confirmed the presence of OA as a protective layer that removed by a first phase decomposition and a 

maximum decomposition temperature of 1006.39
o
C for the prepared nanoparticles (Fig 2(d)). The OA capped CdS 

nanoparticles exhibits characteristics optical and thermal properties  due to quantum confinement effect [9].  

 

 

FIGURE 2. (a) UV-Visible spectrum (b) PL spectrum (c) XRD pattern and (d) TGA curve of OA capped CdS nanoparticles. 

 

Analysis of PC-CdS nanofibers 

Figure 3 depict the SEM micrographs of plane PC and PC-CdS nanocomposite fibers. The prepared nanofibers 

have beadless ultrafine morphology with almost uniform fiber diameter. Average diameter of 114 nm was obtained 

for plane PC fibers (Fig 3(a)). With increase in CdS loading the average fiber diameter increases and becomes 176 

nm for 4 w/w% of CdS in PC matrix (Fig 3(d)). The average diameters of PC fibers with 1 and 2 w/w% of CdS are 

135 and 156 nm respectively (Fig 3(b) and (c)). This was probably due to the change in viscosity and surface tension 

of the polymer solution occurred by varying the amount of nanofiller. These factors influenced the fiber 

entanglement and overall morphology of the electro-spun fibers [10].
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FIGURE 3. Electro-spun fibers of (a) PC 16 w/v% (b) PC-CdS 1 w/w% (c) PC-CdS 2 w/w% (d) PC-CdS 4 w/w% and (e) TEM 

image of PC-CdS nanocomposite fibers. 

 

The TEM image demonstrates uniform distribution of CdS nanoparticles all over the PC fibers as shown in Fig 

3(e). The embedded nanoparticles have significant role in tuning the optical properties of the nanocomposite fibers. 

The UV-Vis spectra of plane PC fibers and that of the PC-CdS nanocomposite fibers are given in Fig 4(a). There 

was a dramatic change in the absorption properties of PC fibers after varying the amount of CdS nanoparticles . The 

nanocomposite fibers exhibit absorption in ultraviolet and visible region and the intensity of absorption increased by 

filler loading. This is an outcome of excellent host-guest interaction between the PC matrix and CdS nanoparticles. 

The photoluminescence (PL) spectra of pure PC fibers and the nanocomposites are provided in Fig 4(b). PL spectral 

studies of pure PC fibers at an excitation wavelength of 300 nm shows characteristics emission at 374 nm in the 

ultraviolet region and a small emission peak at 735 nm in the near infrared region. Quenching of emission at the UV 

and near IR region and a new emission in the visible region observed for PC-CdS nanocomposite fibers are highly 

remarkable. This was found to be prominent by increasing the amount of CdS nanopart icles. The observed 

luminescence phenomenon was an outcome of probable excitonic transition from the bottom of the conduction band 

to the top of the valence band. X-ray diffraction (XRD) patterns show amorphous halo embedded with semi-

crystalline peaks as shown in Fig 4(c). PC in bulk form shows perfectly amorphous character with an amorphous 

halo in the XRD pattern. But PC fabricated in the form of nanofibers has some semi-crystalline character. The semi 

crystalline nature found to be enhanced by increasing the amount of CdS nanoparticles in the polymer matrix.  The 

diffraction angles at 19.10
o 

and 31.61
o
 for pure PC fiber show slight shift in the peak positions with increase in the 

nanoparticle concentration. 17.92
o
C and 26.91

o
C for 1 w/w% CdS, 17.54

o
C and 27.33

o
C for 2 w/w% CdS and 

17.92
o
C and 31.23

o
C for 4 w/w% CdS are the diffraction angles observe for various nanocomposite fibers. This is 

due to the efficient interaction between the polymer matrix and the crystalline nanoparticle guest material. Due to 

the uniform distribution of crystalline nanoparticles in the polymer the semicrystalline nature of the nanofibers  get 

increased. 
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FIGURE 4. (a) UV-Vis spectra (b) PL spectra and (c) XRD patterns of PC-CdS nanocomposite fibers . 

 

The TGA and the corresponding dTG curves of pure PC fibers and that of the nanocomposite fibers are shown in 

Fig 5. A gradual increase in thermal stability of the nanocomposites with the addition of CdS can be observed from 

the TGA curves (Fig 5(a)). The enhanced thermal stability was further confirmed by analyzing the dTG curves (Fig 

5(b)). Table 1 shows the maximum degradation temperature (T
o

M) of pure PC and PC-CdS nanocomposite fibers 

measured from the dTG curves. Uniform distribution of nanofillers in the polymer matrix has created sufficient 

chain entanglement which may be the reason for the enhanced stability of the PC-CdS nanofibers. 

 

TABLE 1. Maximum degradation temperature values of PC fiber and PC-CdS nanocomposite fibers. 

 

Sample T
o

M  (
o
C) 

PC Fiber 467.79 

PC-CdS 1% 478.85 

PC-CdS 2%  483.25 

PC-CdS 4% 501.11 
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FIGURE 5. (a) TGA and (b) dTG curves of PC-CdS nanocomposite fibers . 

CONCLUSION 

OA capped CdS nanoparticles  were effectively dispersed in PC and generated bead free nanocomposite fibers with 

attractive properties for wide variety of capabilities including opto -electronics applications. Increase in the 

ultraviolet absorption, quenching of emissions in ultraviolet and near infra-red regions and the appearance of a new 

visible light emission are indications of superior luminescence and excellent guest-host interaction between the 

polymer and the nanoparticles. A clear demonstration of increase in the semi crystalline nature of the composites 

with increase in the nanoparticle concentration can be observed from diffraction studies. The enhanced thermal 

stability of the composite covers PC-CdS nanocomposites fibers in the list of stable nanomaterials. 

REFERENCES 

1. Y. Wang, J. Zeng, J. Li, X. Cui, A. M. Al-Enizi, L. Zhanga, and G. Zheng, J. Mater. Chem. A 3, 16382-16392 

(2015). 

2. W. Yao, K. Shi, J. J. Shang, Y. Y. Zhang, and J. W. Lan, Polym. Sci. Series A 58, 578–584 (2016). 

3. R. Khajavi, and M. Abbasipour, Scientia Iranica F 19, 2029–2034 (2012). 

4. J. Shawon, and C. Sung, j. Mater. Science 39, 4605 – 4613 (2004). 

5. D. R. Paul, and L. M. Robeson, Polymer 49, 3187–3204 (2008).  

6. R. Avolio, G. Gentile, M. Cocca, M. Avella, and M. E. Errico, Polym. Testing 60, 388–395 (2017). 

7. Z. R. Khan, M. Zulfequar, and M. S. Khan, J. Mater. Science 46, 5412–5416 (2011). 

8. J. Patel, F. Mighri, and A. Ajji, Soft Nanosci. Letters 1, 61-65 (2011). 

9. I. S. Elashmawi, A. M. Abdelghany, and N. A. Hakeem, J. Mater. Science: Materials in Electronics 24, 2956–

2961 (2013). 

10. Z. -M. Huang, Y. -Z. Zhang, M. Kotaki, and S. Ramakrishna, Compos. Sci. Technol. 63, 2223-2253 (2003). 

 

020013-6

https://doi.org/10.1039/C5TA03467A
https://doi.org/10.1134/S0965545X16040155
https://doi.org/10.1016/j.scient.2012.10.037
https://doi.org/10.1023/B:JMSC.0000034155.93428.ea
https://doi.org/10.1016/j.polymer.2008.04.017
https://doi.org/10.1007/s10853-011-5481-0
https://doi.org/10.1016/j.polymertesting.2017.04.019
https://doi.org/10.4236/snl.2011.13011
https://doi.org/10.1016/S0266-3538(03)00178-7


JOURNAL OF CRITICAL REVIEWS  
  ISSN- 2394-5125               VOL 7, ISSUE 15, 2020 

 

3838 

 

Strategy for Banks in India in the Era of Economic Slowdown: 

Need for Thrust on Retail Banking with a Focus on Housing Finance 
 

Dr. Manoj P K 

Assistant Professor (Finance), CUSAT and PT Scholar (Teacher) (Commerce, MGU), K. G College, 

Kottayam, Kerala 

Dr. Mini Joseph 

Head, P. G Department of Commerce & Research Centre, K. G. College, Pambady, Kottayam, Kerala 

 
Received: 14 April 2020 Revised and Accepted: 8 August 2020 

Abstract  

It is widely recognized that India is passing through an era of acute economic slowdown and there is an imminent need 

for kick-starting the economy by way of suitable revival measures. Indian banking sector is facing unprecedented 

challenges, like, mounting NPAs, diminishing profitability, eroding capital and so on. At this critical juncture, what could 

be the broad strategy for the industry that can get rid of most of these chronic issues and at the same time ensure sustained 

growth and profitability without compromising on asset quality? What could be the strategy to create more employment 

and also to revive the key sectors of the economy? This paper analyses the need for a strategy of „Retail banking focus 

with a housing finance thrust, along with proper ICT integration‟, and the capability of this strategy to diversify risks, 

maintain asset quality, reduce bad debts, create employment avenues, lure the new generation customers, and above all 

kick-start the recession-hit sectors of the economy because of the vast linkages of housing industry. Retail banking is the 

only feasible strategy for public sector banks (PSBs) in the current era of PSB consolidation. This strategy suits well with 

the national goal of „Housing for All by 2022‟. The role of banks in meeting this key goal by fulfilling the housing 

finance needs of the masses will be more vital in the future, since the market share of housing finance companies (HFCs) 

that has already been falling will start falling faster with the RBI‟s mandate to link loan rates to some specific external 

benchmark from 01
st
 Oct.2019. Government package for housing sector declared on 14

th
 Sept.2019 will boost housing 

credit.                                    

Keywords: ICT, Retail Credit, Housing finance, Risk diversification, External benchmark.             

1. Introduction  

As waves of „knowledge revolution‟ are sweeping across the globe, worldwide there is a gradual but certain 

transformation into a knowledge society from the post-industrial society. A similar and inter-related trend is the fast 

advances in Information and Communication Technology (ICT) – an outcome of the „electronic revolution‟. Knowledge 

revolution and electronic revolution are bringing about radical changes in the way in which organizations are being 

managed, business operations are being performed and state governance is being done. Indian economy is no exception 

to the above global trend and so also is the case of banking and financial services industry (BFSI) in India. „Digital 

India‟ is a national goal of the country and the fast pace at which ICT advances are embraced by the BFSI sector in 

India has resulted in rapid growth of the Financial Technologies („Fin-Tech‟) entities in India. On the one hand, there is 

fast-paced ICT integration and also a boom in Fin-Tech units. On the other hand, Indian economy is facing an acute 

economic slump and this slowdown is reflected in all facets of the economy including the banking sector of the country. 

Whether the nature of economic slowdown is cyclical or structural or partly of both, there is certainly the need for well 

thought-out and meticulously designed policies that can mitigate the adverse effects of the slowdown. So, policies 

capable of attracting more private investment, those that can kick-start the recession-hit sectors and also create 

multiplier effects capable of reviving the vital sectors of the economy are inevitable for sustained economic growth. In 

this context, promotion of retail credit, particularly housing loans is very relevant because it can ensure higher credit off-

take and also kick-start about 300 allied sectors. 

2. Literature Review and Research Gap 

Peer Smets (1999) [30], in his paper „Housing Finance Trapped in a Dilemma of Perceptions: Affordability Criteria for 

the Urban Poor in India Questioned‟ in Housing Studies has argued that a definitional issue associated with formal 

housing finance and „eligibility‟ for the same in terms of „affordability criteria in one go‟ has resulted in exclusion of the 

vast majority of the urban poor from availing finance from formal sources of finance. The author has advocated the need 

for „incremental housing‟ and also the need to assess the „affordability in a phased in manner‟ and „not in one go‟. 

Manoj P K (2003) [13] in his research paper, „Retail Banking: Strategies for Success in the Emerging Scenario‟ in 
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IBA Bulletin has suggested strategies for the sustained growth of the retail advances of banks which primarily 

include housing loans, since such advances provide a safer means to enhance business and t o  kick-start the recession-

hit Indian economy of the early 2000s. Linkage effects of housing (of forward and backward types, both) with numerous 

other industries, and the positive effect of such linkages for bringing about faster economic growth have been pointed 

out in the paper. Manoj P K (2004) [14] in his another research paper, „Dynamics of Housing Finance in India‟ in Bank 

Quest has pointed out the growing appetite of commercial banks (CBs) towards housing loans, the declining 

market share of housing finance companies (HFCs), and such allied issues. A few macro level suggestions for 

enabling the sustained and balanced growth of housing finance are given. The need for encouraging the secondary 

mortgage market (such as RMBS), alternative means of proving housing finance such as Housing Micro Finance 

(HMF) etc. have been given. In a Working Paper 19 titled, Housing Microfinance: Designing a Product for the 

Rural Poor, released by Institute for Finance Management and Research (IFMR) (2007)[7], has noted the utmost 

significance of encourag ing Housing Micro Finance (HMF), alternative mode of providing home loans to the poor, 

for the purpose of addressing India‟s chronic housing problem which in turn is mainly the housing problem of the poor 

and the marginalized in India, like the Low Income Group (LIG) and Economically Weaker Sections (EWS). Only 

models like HMF could cater to such deprived sections that are not served by the formal sector agencies. So, models like 

HMF are required to solve India‟s „ real housing problem‟. The report seeks to design the suitable HMF model 

for the Indian poor.  

Manoj P K (2008) [15] in his paper, „Learning from Cross-country Experiences in Housing Finance: A 

Microfinance Approach‟ in Journal of Global Economy has suggested suitable macro level strategies for promotion of 

housing micro finance (HMF) in the Indian scenario by appropriately replicating the successful and time-tested models 

like HMF or other similar alternative housing finance models prevalent elsewhere in the world. A  research paper on 

HMF by Manoj P K (2010) [21], “Prospects and Problems of Housing Microfinance in India: Evidence from 

“Bhavanashree” Project in Kerala State” in European Journal of Economics, Finance and Administrative Sciences 

has studied in detail the utmost importance of HMF for balanced and equitable housing development in India, and 

hence rapid economic development of the country. Strategies for promotion of HMF in India have been suggested, 

along with specific and category-wise strategies for the HMF based in Kerala and sponsored by the state government 

namely „Bhavanashree‟. Manoj P K (2010) [18] in his paper, „Benchmarking Housing Finance Companies in India: 

Strategies for Enhanced Operational Efficiency and Competitiveness‟ in European Journal of Economics, Finance 

and Administrative Sciences has made a detailed analysis of the relative competitive position of the leading housing 

finance companies (HFCs) in India and has suggested strategies for the enhanced operational efficiency and 

competitiveness of HFCs.  

The management consultancy organization, KPMG (2010) [11], in its Industry Report (Advisory), „Affordable 

Housing – A key growth driver in the real estate sector?‟ has sought to discuss the immense growth prospects of real 

estate players in the affordable housing market in India, given the huge demand and grossly under-penetrated market, 

very favourable Governmental policies etc. The demand and supply constraints, the relevance of PPP in the real 

estate sector etc. have also been dealt in detail. In a research paper by Manoj P K, (2010) [19] „Determinants of 

Successful Financial Performance of Housing Finance Companies in India and Strategies for Competitiveness: a 

Multivariate Discriminant Analysis‟ in Middle Eastern Finance and Economics, has attempted to find the determinants of 

superior financial performance of HFCs. Using the tool Multivariate Discriminant Analysis (MDA), Discriminant 

Function having five distinct parameters (selected from the total 21 parameters used for MDA) which significantly 

influence the financial performance of HFCs has been derived. Yet another paper by Manoj P K (2010) [17], 

„Financial Soundness Housing Finance Companies in India and Determinants of Profitability: A „CAMEL‟ 

Approach along with ROE Decomposition Analysis‟ has employed the methodology of „CAMEL‟ ranking along with 

ROE decomposition analysis to identify the determinants of profitability of HFCs. A research paper by Manoj P K 

(2011) [22], „Determinants of Profitability of Housing Finance Companies in India and Strategies for 

Competitiveness: a Multiple Partial Correlation Approach‟ in International Journal of Business Intelligence and 

Management has suggested competitive strategies for various groups of HFCs with the help of the basic parameters 

that significantly influence the respective groups of HFCs.  

A joint research paper by Hrushikesh Mallick & Mantu Kumar Mahalik (2015)[5] „Factors determining regional 

housing prices: evidence from major cities in India‟, in Journal of Property Research has sought to identify the factors 

determining the housing prices with respect to 15 major cities in India using data relating to 16 Quarters (4 years, 2010 

to 2013). It has been noted that fundamental factors are more significant than speculative factors. In a research paper 

by Manoj P K (2015) [25], “Socio-Economic Impact of Housing Microfinance: Findings of a Field-based Study in 

Kerala, India”, published in International Research Journal of Finance and Economics, the reasons for the failure 

of „Bhavanashree‟ – the HMF initiative of the Government of Kerala have been studied in detail. The author suggests 
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strategies for effective implementation of HMF projects based on the “learning from the failure of „Bhavanashree‟ 

project” in Kerala. The research report by the agency IFMR (2015) [8] entitled Affordable  Housing Finance 

Sector: Overview makes a detailed analysis of the need, relevance and significance of affordable housing in 

India in the context when the national goal of „Affordable Housing for All by 2022‟ is implemented by the 

Government of India. The crucial role that HFCs have to play in this context is specially noted in the IFMR report. 

The fact that there is a gradual re-emergence of HFCs since 2013, thus overtaking the CBs in growth rate and 

significantly improving their market share has been specifically pointed out. In a paper by Manoj P K (2015) [23], 

“Deterrents to the Housing Microfinance: Evidence from a Study of the Bankers to „Bhavanashree‟ in Kerala, India”, 

in International Research Journal of Finance and Economics, the major problems associated by the bankers in 

financing „Bhavanashree‟, the HMF initiative of the Government of Kerala, has been dealt in detail. Various issues like 

the unclear land tenure, fragile institutional framework of the HMF and its parent (mentor) „Kudumbashree‟ etc. 

have been studied in detail. Suggestions have been made to the Government based on the findings of the study, for 

the purpose of enabling more meaningfully implement HMF initiatives in the future, „Bhavanashree‟ initiative being 

more or less a failure. 

In a research article by Manoj P K (2015) [24], “Housing Microfinance: A Study on Quality, Cost and Default 

Rate with Respect to „Bhavanashree‟ in Kerala”, in International Research Journal of Finance and Economics, a 

detailed and critical study of the asset quality, administrative (transaction) costs, and default rates in respect of the 

HMF initiative of the Government of Kerala ie. „Bhavanashree‟ has been made. Suggestions are made for more 

effective implementation of HMF projects by the Government. Another paper by Manoj P K (2016) [26], “Real Estate 

Investment Trusts (REITs) for Faster Housing Development in India: An Analysis in the Context of the New Regulatory 

Policies of SEBI” has examined in detail the vital significance of REITs in an emerging economy like India for 

promoting its real estate and allied sectors and hence the economy as a whole. BCG (2018) [2] in its Digital Lending has 

highlighted the immense opportunity for digital lending in India. Accordingly, it is a USD 1 Trillion opportunity over 

the next 5 years and the stakeholders can utilize the same. 

In view of the foregoing discussions, it is noted that though there are many studies on housing finance, studies that 

focus on the special role of banks in combating the evils of economic slump are scarce. This study is one in the above 

direction and it is a critical relook into the studies by Manoj P. K. (2003) [13] on retail banking and Manoj P. K. (2004) 

[14] on housing finance.  

3. Relevance and Significance of the Study  

It is widely recognized that Indian economy is passing through an economic slump and the Government of India itself 

has acknowledged the fact stating that the GDP growth during the first Quarter of FY 2019-20 (i.e. Q1 of 2019-20) is 

just 5 percent, much lower than the earlier estimates of over 6 percent. The vast linkage effects of housing investments 

which in turn results in investments in other allied sectors and its ability to generate employment are well recognized. 

Given the fast pace of ICT adoption by the banking industry and the discerning nature of modern customers who prefer 

only modern delivery channels facilitated by ICT integration, the need for ICT integration in retail banking parlance 

need not be overemphasized. The fast growth of the Fin-Tech industry that poses a challenge even to the traditional 

players like banks gives another dimension to the need for embracing ICT in banking services, particularly in retail 

banking. The mounting NPA issues primarily arising from large corporate or industrial loans can be offset by extending 

retail credit, as retail loans like housing finance have low level of bad debts. Besides, retail loans can diversify the 

concentration risks associated with banking, these being extended to many borrowers who are widely scattered. In this 

context, it is relevant to critically study the need for promoting retail banking with a focus on housing loans, with due 

ICT-integration too.        

4. Research Questions, Objectives of the Study and Methodology  

The research questions are: What should be the broad strategy for Indian banking industry that can address the chronic 

issues (like, economic slowdown, mounting NPAs, poor credit off-take etc.) while at the same time ensure sustained 

growth and profitability without compromising on asset quality? What strategy could create more employment avenues 

and revival of key sectors of the economy? What are the implications of ICT adoption in retail banking? In line with the 

research questions, the objectives of this paper are: (i) To study the relevance of promoting retail banking by banks in 

India with a focus on housing finance, with due emphasis on more ICT adoption; (ii) To study the need for ICT-

integration by banks, especially in their retail banking portfolio, and its implications; (iii) To suggest the medium-term 

banking strategy for India, that is in line with the national goals of „Housing  for All by 2022‟ and „Digital India‟. This 

study is of descriptive-analytical nature and is exploratory. It uses secondary data from authentic sources.  The 

theoretical model is the use of linkages of housing and ICT for sustained economic growth.  
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5. Relevance of Promoting Retail Banking with a Focus on Housing Loans    

There is a steadily falling trend in GDP growth rates over the last few years. This trend is very clear since FY 2017 

onwards (Figure I). This falling trend is more pronounced since the first quarter of FY 2018-19 till the first quarter of 

FY 2020, and this trend continues. (Figure II).  

 
Figure I: India‟s Annual GDP growth rates. (Source: CRISIL 2019) 

The gradually falling GDP growth rates in India, both in the short term (Figure II) and also in the intermediate term 

(Figure I), definitely suggests economic slowdown and the need for suitable counter cyclical as well as structural 

policies that can reverse the declining trend by kick-starting the recession-hit sectors of the economy and hence reviving 

the whole economy. 

 
Figure II: India‟s Quarterly GDP growth rates. (Source: CRISIL 2019) 

Retail credit, particularly housing loans portfolio within it, has got the capacity to generate more demand by way of 

creating multiplier effects because of its vast linkages with nearly other 300 allied industries. Besides a basic necessity 

of human life, housing is the most prominent activity under the construction sector which in turn accounts for over 50 

percent of the developmental outlays of the government. A HUDCO-sponsored study to assess the impact of housing 

investments on employment and GDP has noted that housing sector ranks third among the major 14 sectors in India  in 

terms of linkage effects with other sectors of Indian economy. It is reported that in respect of income multiplier housing 

sector ranks fourth and that it is ahead of other sectors like transport and agriculture. It is reported that unit rise in final 

expenditure on housing would create additional income of nearly 5 times. So, housing sector in India plays a major role 

by contributing to employment and income generation. A new revival package of Rs.20,000 Cr. for unfinished housing 

announced on 14
th

 Sept. 2019 acknowledges this vital fact.  

Housing investments help not only the respective individuals directly but the socio-economic development of the whole 

nation as well. So, governmental policies on housing have vital impact on the national economic development besides 

the social and familial wellbeing of the citizens. Because of this fact housing is often called the growth engine for 

developing nations like India. Given the low mortgage to GDP ratio in India of about 9 percent which is one of the 

lowest in the whole world, there is enormous scope for the housing finance sector to grow in India (Table I). In a period 

of economic slowdown as faced by India at present, banks and other players like NBFCs have the responsibility to focus 

on housing finance for their own growth as well as the wellbeing of the shelter-less public and the national economic 

development. (Table I).      
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Table I: Mortgage to GDP Ratio of India (2012) vis-a-vis Selected Other Countries 

           (In Percentages) 

India China Thailand Korea Malaysia Singapore Taiwan Hong Kong USA UK 

9.0* 12 17 26 29 32 39 41 80 86 

Source: European Mortgage Federation (2007), ADB (2007), and NHB (2013). 

Note: * NHB, as of 2012, Report on Trend and Progress of Housing in India 2013, p.105. 

The housing loan market in India has been growing over the years and the trend is likely to continue in the future also; 

the two major players in this market being Commercial Banks (or, Banks in short) and Housing Finance Companies (or, 

HFCs, in short). (Figure III).  

 

Figure III: Total home loan market (HFCs and Banks) in India (Rs. Trillion) 

Source: Computed from CRISIL data (2019) [4] 

6. ‘Housing for All by 2022’ Regime: Greater Role for Banks in Housing Finance      

In India, the two major players in the housing finance market are banks and HFCs. Of these two major players, the 

relative market share of HFCs is estimated to gradually come down because of the liquidity crisis faced by the NBFCs 

in general and HFCs in particular, in the aftermath of IL & FS fiasco. The chronic issues faced by Dewan Housing 

Finance Corporation (DFHL) – one of the prominent HFCs in India, and the mounting problems with Indiabulls 

Housing – another major HFC in India are just two examples to the multifarious issues that HFCs in India currently 

face. All the HFCs, both large sized as well as the mid-sized and small sized ones, face the problem of dwindling 

profitability because of growing cost of funding, deteriorating asset quality, lower growth rates and hence lower relative 

market share vis-à-vis the banks, and so on. The issues faced by HFCs, like growing borrowing costs, is more in respect 

of HFCs with ALM (Assets Liability Mismatch) issues and/or poor asset quality. Consequently, HFCs rely more on 

long term bank loans for their funding. (RBI, FSR, June 2019, p.17) [32].  

Contrary to the case of HFCs, banks have better liquidity. Besides, the Government has announced a new package of 

Rs. 70,000-00 Crore for the public sector banks (PSBs) in India on 23
rd

 Aug. 2019. While the relative prominence of 

HFCs is falling and so is their market share, that of banks is rising and so is their market share. As the national goal of 

„Housing for All by 2022‟ is in place, banks in India have a greater responsibility in attaining this goal. (Figure IV). 
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Figure IV: Growing share of Banks and falling share of HFCs. (Source: CRISIL, 2019 [4]) 

In view of the liquidity issues and other problems faced by the HFCs in India, banks will have a greater role in the 

housing finance market in the days to come. It is noted that banks would have much higher growth prospects than the 

HFCs, because of a reversal in the growth rates of HFCs vis-à-vis Banks since FY 2019. The responsibility that banks 

have to shoulder so as to attain the national goal of „Housing for All by 2022‟ is of higher order now. (Figure V).  

 
Figure V: Healthy Growth Prospects of Banks vis-à-vis HFCs. (Source: CRISIL, 2019 [4]). 

Of late, the RBI‟s directive dated 04
th

 Sept. 2019 has made it mandatory for all banks to link new floating rate loans to 

retail customers (and also MSMEs) to an external benchmark from 01
st
 Oct. 2019. The external benchmark could be the 

policy repo rate, yields on 91-day and 182-day treasury bills (T-bills) as published by the Financial Benchmarks India 

Private Ltd. (FBIL), or any other benchmark rate published by FBIL. Henceforth, banks will have to reset their rates 

once in every three months. RBI has allowed banks to add a spread over the benchmark rate chosen by them, so as to 

enable them to cover the risks and costs associated with rate changes. This shift is the latest one in the series of many 

such shifts, like, the Prime Lending Rate (PLR) of 1994 gave way to Benchmark Prime Lending Rate (BPLR) in 2003, 

to Base Rate System (BRS) in 2010, and then to Marginal Cost based Lending Rate (MCLR) in 2016. The latest rate- 

policy (based on external benchmarks) will be applicable from 01
st
 Oct. 2019. (Figure VI).    

   

      

 

Figure VI: RBI‟s Policy Shifts on Lending Rates (1994-2019) (Source: Author‟s compilation). 

The current policy directive of the central bank seeks to achieve better transmission of its monetary policy, and will 

have unprecedented repercussions on the retail banking landscape in India in the days to come. In fact, it may be noted 

that some banks had already started rates based on external benchmarks (like, Repo); even before the RBI‟s new policy 

announced 04
th

 Sept. 2019– which made such transmission mandatory. But, such voluntary initiatives of banks were all 

of optional in nature. SBI was the first bank to offer such loans when it offered Repo-linked home loans and soon 

afterwards many banks, mostly the public sector banks (PSBs) followed suit. So, IDBI Bank, Bank of India, Union 
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Bank of India, Central Bank of India, United Bank of India, Allahabad Bank etc. too started offering similar Repo-

linked home loans. But, the latest policy of the RBI being of mandatory nature, all players must follow it. As per this 

policy, existing loans linked to the MCLR/Base rate/PLR shall continue till repayment or renewal as the case may be. 

Those customers, if desirous of switching over to the new rate, can do so on mutually acceptable terms. Borrowers of 

retail loans like home loans can avail these at lower rates and also enjoy other benefits accruing from the new policy 

from 01
st
 Oct. 2019. (Table II).  

Table II: Benefits to Customers of housing loans and such other retail loans.   

MCLR-based Regime (till 30.09.2019)  External Benchmark Regime (from 01.10.2019)  

Linked to Cost of Funds of banks.  Linked to RBI‟s lending rates (like Repo). 

Takes 4-6 months to move after RBI‟s rate cut (i.e. 

longer transmission time). 

Responds immediately to RBI‟s rate cut. (i.e. very short 

transmission time).  

RBI rate-cuts not fully passed on to borrowers RBI rates cuts are automatically passed on. 

Resets annually for most banks Reset every three months 

Changes by 5 to 10 basis points (bps) Usually changes 25 basis points (bps) or more 

Revised every month Reviewed bi-monthly 

Low volatility Higher volatility. 

Source: Adapted from, The Times of India (Daily), Kochi Ed., dt. 05.09.2019. [Print] 

Despite the benefits of customers, the profit margins of banks and HFCs will be under pressure in a competitive 

scenario. Closer control of costs and asset quality would be vital for offering loans at reasonable rates to the customers, 

and only players with good financial health can ensure this. Banks are already grappling with high deposit costs, and 

most of them are burdened with the problem of stressed assets too. So, they will have to charge higher spreads to protect 

themselves. Most HFCs have liquidity problems and issues like mounting funding costs. In fact, the HFCs will be more 

severely affected by the above move. Share prices of HFCs fell sharply on 05
th

 Sept. 2019 after the RBI‟s policy 

directive on 04
th

 Sept. 2019. A few banks with high housing finance exposure (ICICI Bank, SBI etc.) too lost dearly in 

share prices owing to RBI‟s new policy of setting loans rates using external benchmarks, like, Repo rate. (Table III).    

Table III: Sharp Fall in the Share Prices of HFCs and Banks after RBI‟s Policy Directive  

Sl.  

No.  

Names of the prominent Housing Finance Companies (HFCs) and 

Banks in India 

Fall in share prices after RBI‟s 

policy-shift (on 04.09.2019) 

01. LIC Housing Finance Ltd. -03.87 percent 

02. HDFC -02.67 percent 

03. Indiabulls Housing Finance Ltd.  -02.25 percent 

04. Gruh Finance Ltd.  -02.27 percent 

05. Can Fin Homes Ltd.  -02.09 percent 

06. PNB Housing Finance Ltd. -01.54 percent 

07. Repco Home Finance Ltd.  -01.18 percent 

08. ICICI Bank (ICICI Home Finance is Sole Sales Agent)  -02.16 percent 

09. SBI (SBI has a very vibrant housing finance portfolio).   -00.65 percent 

Source: Prasad R. R., The Deccan Chronicle (Daily), Kochi Ed., dt. 06.09.2019 [Print] 

HFCs will be more adversely affected by the latest RBI‟s policy on lending rates. HFCs have already been losing their 

market share to banks. They will lose more in the future because the competition between HFCs and banks will become 

more intense in the future.  though banks would definitely retain their upper hand in the market share. Besides, the 

current state of affairs would further accelerate the general trend of constantly narrowing down gap between systemic 

credit growth and banking credit growth, from FY 2017 onwards. (CRISIL, 2019)(Figure VII). 
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Figure VII: Systemic Credit growth and Banking credit growth (Source: CRISIL, 2019). 

The spread between systemic credit growth and banking credit growth would further narrow down in the future because 

of the deceleration in the credit off-take from HFCs and other NBFCs. Housing credit and other retail advances would 

act as the most important element that propel the banking credit growth. This trend needs further push because of two 

facts. First, the economic slowdown in India needs to be corrected and the peculiar features of housing investments 

(like, linkage effects) should be utilized meaningfully. Secondly, even today the credit penetration in the household 

sector is very low in India, compared to the global peers. In fact, there has been a constantly rising trend in the 

household debt to GDP ratio in India. Still, there should be conscious efforts to further increase this ratio, by way of 

promoting housing credit and other retail advances so as to tide over the present economic slump. (Figure VIII). 

 
Figure VIII: Credit penetration in Household sector: India Vs. Peers (Source: CRISIL, 2019). 

It has further been observed that the problem of bad debts associated with large corporate lending is not there in the case 

of retail loans like housing finance. Housing finance, in particular, has got one of the least amounts of bad debts. 

Similarly, in respect of the occurrence of frauds in banking too, cases of frauds in respect of housing loans are very less. 

In fact, there has been an alarming rise of 73.8 percent in the amount involved in frauds as of FY 2019 (Rs.71,542.93 

Cr.) compared to the respective amount in respect of FY 2018 (Rs.41,167.04 Cr.). It has also been reported that frauds 

relating to card/internet-related transactions and deposit-related transactions constituted only 0.3 percent of the total 

frauds in value terms. (RBI, 2019) [36].    

As the public sector banks (PSBs) in India are undergoing a phase of consolidation, many smaller PSBs have either been 

merged with larger PSBs (anchor banks) or are in the process. For instance, Bank of Baroda (BOB) has recently 

acquired Dena Bank (DB) and Vijaya Bank (VB). Now, BOB alone exists as a larger entity and DB and VB have 

vanished.  The latest is the move to consolidate 10 other PSBs, so as to retain just four larger PSBs alone viz. (i) Punjab 

National Bank (PNB), (ii) Canara Bank (CB), (iii) Union Bank of India (UBI), and (iv) Indian Bank (IB). Given the 

diverse asset profiles of the merging entities, the only commonality is in retail credit. Hence, promoting retail credit is 

the only feasible option before the PSBs during the current phase of consolidation. Only after attaining normalcy in ICT 

integration and HR integration, the PSBs can think of large-sized loans, like, corporate or industrial loans, because PSBs 

are already facing the huge burden of bad debts (NPAs) in such kinds of advances. While promoting the retail advances 
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like housing loans also, PSBs have to focus on better ICT integration so as to offer value-added services and also to 

constantly innovate their products and services with a view to offer „As you like it‟ products to the modern discerning 

customers who will always seek „Something extra‟ from among the various products on the offer. Here, PSBs can 

maintain their competitiveness only by way of greater ICT integration, constant skill updation for the staff etc.         

Given the national goal of „Housing for All by 2022‟ and the fact that Indian economy is passing through a recessionary 

phase, the need for promoting banking credit in general and housing credit and other retail loans in particular need not 

be overemphasized. Despite the narrowing down gap between systemic credit growth and banking credit growth and 

also the growing credit penetration in household sector, there should be conscious attempts to further speed up these 

positive trends for faster development of the recession-hit Indian economy. ICT adoption by banks is not just a choice 

but an imperative that can accelerate the above process.   

7. Better ICT Integration by Banks in ‘Digital India’ Era: The Need and Implications        

Reforms initiated in Indian banking sector since 1992 has resulted in this sector, which was overwhelmingly dominated 

by the Government-controlled Public Sector Banks (PSBs) and significantly oriented towards fulfilling certain social 

obligations till then, to work on business lines. Like private sector banks and foreign banks, PSBs too started working on 

business lines, based on profitable business models. The pressures of „LPG‟ (Liberalization, Privatization and 

Globalization) could succeed in injecting „commercial sense‟ and „profit orientation‟ in Indian banking sector, primarily 

the PSBs. LPG has brought about fierce competition too. To withstand competition and to maintain profitability and 

market share in the globalised markets it has become essential for banks to deliver high quality service at low cost. The 

real impetus towards ICT adoption in India was basically the banking sector deregulation measures initiated in 1992.  

A serious thrust on ICT adoption was given by the Reserve Bank of India (RBI) only in 1999-2000, because of two 

reasons. First, for the specific purpose of a smooth transition for the year 2000. Second, for the general purpose of 

ensuring overall technological upgradation of Indian banks essentially to facilitate payment and settlement, enhanced 

customer service and profitability. Of late, the Demonetisation (DeMo) drive since 08
th

 Nov. 2016 by the Government 

of India has given another impetus for ICT adoption by banks. Modern customers being very discerning, customer 

centricity is a vital need for business success. So, ICT integration has become an imperative for survival and growth, 

particularly in respect of retail banking products. The growing trend of ICT adoption in the ongoing era of „Digital 

India‟ has vital impact on the operations and business models of banks in India. The rapid pace of technological 

innovations would radically change their business models for retail banking including housing finance. Indian banking 

sector has been following the above global trend only since the 2000s. Of late, the ongoing consolidation process among 

the PSBs has given another need for ICT integration.  

Though, Indian banks have been quite late in adopting ICT and other technological innovations, of late, there has been 

growing adoption of digital banking by banks in India. (Figure VI). BCG‟s report (2018) [2] has noted that digital 

banking will exceed USD 1 Trillion over the next 5 years, and that retail banking portfolio of banks has witnessed a 

CAGR of about 16 percent over the last 5 years. It is noted that total retail loans that could be disbursed digitally in the 

next 5 years would be over USD 1 Trillion and that annual disbursements 5 years hence would be 5 times of current 

levels. (BCG, 2018)[2].    

 
Figure VI: Digital Lending by Banks in India (USD Billion). (Source: BCG, 2018)[2]. 
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BCG‟s study has noted that the digital footprint (i.e. access to internet) of customers in the financial services category is 

50 percent. Of the customers with digital footprint, 55 percent have been noted to be digitally influenced. That is, 28 

percent (i.e. 55 percent of 50 percent) of the total population are digitally influenced. Besides, of the customers with 

digital footprint, 47 percent are digital purchasers. Thus, 23 percent (i.e. 47 percent of 50 percent) of the total population 

are digital purchasers. That is, as high as 82 percent of the digitally influenced customers are digital purchasers. So, the 

drop-off is very less. (Figure VII). (BCG, 2018) [2].      

 
Figure VII: Nearly one-fourth (23 percent) customers purchase retail loams digitally.   

(Source: BCG Google 2018 Digital Lending Survey (N=2364)[2]. 

ICT-based delivery channels like mobile banking and phone banking is vital to lure the modern customers. The constant 

rise in per-capita E-transactions in India is an indicator of the growing customer preferences towards ICT-based 

transactions. (Figure VIII).  

 
Figure VIII: Trend in per-capita E-transactions in India.   

(Source: RBI, 2019 and Bloomberg). 

The recent data on different modes of transactions indicate that there is a growing trend in respect of digital mode 

transactions whereas there is a gradual fall in the conventional mode (Cheques) transactions. Just like the fast growing 

trend in per-capita E-transactions (Figure VIII), there is a growing interest in digital transactions. This is another 

indicator of the need for adopting ICT-based channels, especially for the retail banking products. (Table IV) (Figure IX). 

Table IV: Growth in Digital Transactions (FY 2015-2019) 

Sl. 

No. 

Type of  

Transactions  

Volume (Million) 

FY 2015 

Volume (Million) 

FY 2019 

Growth 

(Percent) 

CAGR 

(Percent) 

01. Card Payment* 808 4414 446 53 

02. NEFT 928 2319 150 26 
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03. RTGS 88.4 133.3 51 11 

04. Card (at ATMs) 7001 9869 41 9 

05. Cheque 1197 1124 -6 -2 

Source: Compiled from RBI, 2019 [36] 

* Includes Card payments (except at ATMs), both debit and credit, like, PoS, e-Commerce etc. 

 
Figure IX: Growth in Digital Transactions (FY 2015-2019)  

(Source: RBI, 2019)[36] 

A clear and fast transition towards digital mode transaction, particularly by way of using cards, NEFT and RTGS is 

noted while those through cheques are gradually falling. (Figure IX). From the above discussions, it may be noted that 

banks in general and PSBs in particular have to integrate ICT in their all their products and change their business models 

accordingly. Apart from ICT adoption, equally important is the need for constant product and process innovations. 

8. Medium Term Strategy for Banks in ‘Digital India’: Some Broad Suggestions         

Given the national goal of „Housing for All by 2022‟ in India and also the „Digital India‟ initiative  that is going on 

throughout India, let us now try to design the medium term strategy for the banks that can take care of the national goals 

and at the same time help tide over the present situation of economic slowdown. Whether the economic slump is 

cyclical or structural in nature, investment in housing can act as a suitable remedial strategy. So, promotion of retail 

credit by banks, particularly housing credit is meaningful, especially when we consider the vast linkages of housing 

industry with nearly 300 other industries. Investment in housing can kick-start many a recession-hit sector in the 

economy and is a top employment generator also. Hence, the medium term banking strategy should be that of „retail 

credit with housing finance thrust‟. Another vital need for the banking strategy is that of ICT integration. ICT ensures 

better competitiveness, significantly improve operational efficiency by reducing cost, and can enable better customer 

service also. Modern ICT-based tools like data mining can be of immense use because of their ability to generate 

relevant knowledge from large amounts of unorganized business data.  

Given the imminent invasion by the financial technologies (Fin-Tech) companies and also the ever growing 

expectations of today‟s discerning customers, banks have to constantly innovate their products and services, particularly 

in respect of the retail banking portfolio. Here, ICT acts as the means (enabler) as well as the end. Thus, from the 

perspective of competition also ICT integration at all levels, especially in retail banking segment, is an imperative for 

the survival and growth of the banks in India. PSBs need to be especially cautious in this regard. As consolidation is 

going on among the PSBs, the latest being the consolidation among 10 PSBs with a view to retain the large 4 PSBs 

alone (viz. PNB, CB, UBI and IB), the only feasible strategy that can „keep them moving‟ in the short and medium 

terms is that of focusing on retail credit with due respect to ICT integration and constant product innovations. Focusing 

on large corporate or industrial advances or on project financing by these PSBs which are already heavily burdened with 

the issues of bad-debts (NPAs) and falling profitability and productivity will not at all be sensible in the short or 

medium term. Identifying their synergies and designing suitable business models would require some more time during 

which they can focus on retail credit.  

The policies of the Government of India as well as the RBI have been conducive for further growth of housing loans and 

other retail advances. For instance, on 12
th

 Sept. 2019, the RBI has reduced the risk weight on consumer loans, a very 

popular retail credit product, from the earlier 125 per cent to 100 per cent. This policy would encourage the off-take of 

consumer credit. Another policy directive of the RBI that mandates all the players to link their lending rates to certain 
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specified external benchmarks (like, Repo rate) would also be beneficial to banks in the long run, because more 

customers would be interested to avail retail loans as the lending rates become more transparent as well as responsive to 

external benchmarks. Of late, on 14
th

 Sept. 2019, the Government of India has announced a special package of Rs. 

20,000 Cr. to provide last-mile funding for completing the unfinished housing units (non-NPA and non-NCLT cases 

alone) of affordable and middle income housing projects. Relaxing the norms for raising funds through external 

commercial borrowings (ECBs) is another incentive for the housing sector. Besides, the interest on House Building 

Advance (HBA) of government servants is now reduced. The booster dose declared on 14
th

 Sept. 2019 as above would 

certainly revive the housing sector.         

Use of advanced ICT platforms that can support competitive tools like data mining and knowledge discovery is very 

desirable for any progressive bank for its survival and growth. Such a platforms enable high level of customer 

engagement and facilitate targeting different customer segments with tailor-made products. Modern payment 

technologies like RFID (Radio Frequency Identification) need to be adopted to remain competitive in the market. ICT 

investments, further, should focus on improving responsiveness, resiliency and enterprise-wide collaboration. Strategic 

tie-ups and resource sharing among the banks can bring in enhanced efficiency in the use of technology. This is 

especially relevant for the PSBs which are undergoing consolidation.  

Customer centricity has a vital role to play in banking industry in the future. Sustainable business models that ensure 

continued customer loyalty or long term relationships have to be followed consistently by all banks, including the 

„traditional‟ banks like PSBs.  

Because of the fast advances in ICT and also the discerning nature of modern customers, innovation of all types on an 

ongoing basis is a vital for retaining and attracting the customers. So, each and every product needs to be designed 

meticulously based on a clear understanding of the customer‟s quality value proposition. Banks need to focus on 

specialized customer segments, as a „one-size-fits-all‟ policy no longer appeals the customers of today‟s globalized 

markets. To identify the target customer segments banks have to adopt scientific market research studies and use 

advanced ICT tools like data mining. 

Given the discerning nature of modern customers, more high technology (Hi-Tech) products and delivery channels are 

imperatives for survival and growth, rather than options. The growing trend in computer literacy and the ever-growing 

affinity to modern products among the younger generation make the above strategy more meaningful. Also, it is 

essential to effectively defend the threat by specialized (niche) players, including the Fin-Techs which are growing fast. 

With growing adoption of ICT-based applications by banks, there are mounting trend in scams, information/cyber 

security issues, data leakages, frauds etc. So, setting up robust systems for risk management relating to 

information/cyber security should be a top priority for all banks.     

Encouraging a dynamic secondary market for housing finance, like, residential mortgage backed securitization (RMBS) 

is yet to emerge in India. The Government has to facilitate a vibrant RMBS market in India so that it acts as a new 

source of finance for the housing sector, particularly for the HFCs which are grappling with liquidity problems. The IL 

& FS fiasco and DHFL crisis have worsened the case of NBFCs, especially the HFCs. Equally important is the need to 

promote the real estate investment trusts (REITs) in India. The IPO of India‟s first REIT (viz. Embassy Office Parks) 

being oversubscribed on 01
st
 April 2019 being a grand success, more players are about to launch fresh REITs. This in 

turn would promote the commercial real estate directly and residential real estate too, indirectly. Conscious efforts for 

encouraging the market innovations like RMBS and REITs are required in India for housing development.        

Whatever may be the level of ICT adoption, any banking service needs to have a human touch in order to be holistic and 

comprehensive. This „human factor‟ in banking services must ensure adequate customer touch points for all products by 

way of meticulous planning.   

All the above strategies have direct impact on the technological platform of the respective banks. A few other relevant 

strategies that can ensure superior performance of banks include, inter alia, enhanced transparency and strict corporate 

governance, enlarged accountability, adoption of international standards in accounting and reporting etc. More 

flexibility in human resource management (HRM) policies is required, especially for the PSBs. This would enable low 

cost and more flexible labour options like off-shoring. Besides, provisions to attract and retain the talent are required, 

which in turn may need more functional autonomy for the banks.         

Concluding Remarks 

In spite of issues like growing NPAs, need for recapitalization etc., particularly for the public sector banks (PSBs) in 

India, it may be noted that still Indian banking system is adequately stable, resilient and reasonably equipped to comply 
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with global regulatory norms. When NBFCs (including HFCs) are grappling with problems of liquidity, asset-liability 

mismatch, falling profitability and so on, banks in India are still healthier and more stable. The favourable governmental 

policies (for instance, capital infusion Rs. 70,000 Crores into PSBs in Aug. 2019) have added to the strength of banks in 

India. However, banks in India have to play a greater role in the current situation of the country that is characterized by 

economic slowdown. Almost every sector in the economy facing a slump, and the case of NBFCs (including HFCs) is 

no exception.        

Notwithstanding the fast growth of digital transactions in India, regarding ICT adoption by banks in India, there appears 

to be good scope for improvement, particularly in respect of PSBs – still the backbone of the Indian banking system, in 

spite of their losing prominence. In fact, ICT upgradation and consolidation in banking industry are mutually reinforcing 

in nature and results in significant cost savings for the respective banks, mostly the PSBs. Need for restructuring the 

banks by adopting stronger customer orientation with robust technological platform assumes vital significance today. 

The recent governmental policies are all in the right direction. 
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ABSTRACT 
In the context of the national goal of ‘Affordable Housing for All by 2022’ in India, construction of houses and 
other residential buildings is of vital significance. Apart from meeting the primary social goal of housing 

for all, housing investments will lead to faster national economic development too, because of the 

vast forward and backward linkages resulting from housing investments. The successive 

Governments in India have been making huge investments, both direct and indirect, for housing development 
in the country. Large budgetary provisions for housing and extension of various incentives and subsidies to 

lenders and individual borrowers have been continuing over the years. Given the paucity of 

Governmental funds, however, there is always the need for participation by the private sector and also the 
public funds mobilized through capital market. Then only the huge investments required for materializing the 

dream ‘Housing for All by 2022’ can be mobilized. There has been appreciable growth in the Indian capital 

market in the past one decade, particularly in the Mutual Funds (MFs) industry. While the MF industry has 

been growing fast since the 2000s as it witnessed many innovations, this growth has further accelerated since 
2017. Despite the high growth in the MF industry in India, instruments that are very similar to MFs viz. Real 

Estate Funds (REFs) and its variants like Real Estate Investment Trusts (REITs) are yet to pick up momentum. 

In India REFs and its variants such as REITs have excellent growth prospects because mortgage penetration in 
the country is very low. The first REIT issue in India (Embassy Office Parks) has been very successful. If 

properly developed, REITs can effectively support the growth of housing and real estate sector in India. 

Securities and Exchange Board of India (SEBI) has been trying to develop innovative financing models like 
REITs over the years. This paper looks into the need for promotion of REITs in India for greater liquidity in the 

housing and real estate sector thus facilitating rapid economic development of the nation, and suggests suitable 

strategies. 

Keywords: Real Estate, Housing Development, Linkages, REFs, REMFs, REITs. 

1. INTRODUCTION 
It is well recognized in the literature that housing and real estate sector has huge potential for economic 
development of any nation, apart from its social development role. This is particularly true in respect of 
developing nations like India. Firstly, the vast forward and backward linkages of housing and building 
construction industry with 269 other industries enable it to promote faster and balanced economic development 
of a nation. This industry has the potential to kick-start a recession hit economy too, because of the above 
linkage effects. Secondly, from a social perspective, housing is a primary requisite of human life and hence an 
essential ingredient in any welfare state. With the initiation of the economic reforms in India since July 1991, 
the housing sector has been getting added attention and more conducive environment for its growth, 
notwithstanding the fact that successive Governments used to accord high priority to this sector even before the 
reforms era, especially since the early 1970s. In the ongoing reforms era there are more business opportunities 
and added demand for commercial and residential space. This paper looks into the need for promoting real 
estate investment trusts (REITs) in India for the rapid faster growth of Indian economy. 

2. LITERATURE REVIEW AND RESEARCH GAP 
Kiran Keswani (1997) [11] in his paper, ‘The contribution of building centres to low-cost housing in India’ in 
Building Research & Information has studied the reasons for the slow growth in low-cost housing projects in 
India. The author has suggested that the Government should assume the role of a facilitator rather than a 
provider. A three-pronged strategy has been suggested for promoting low cost housing viz. (i) examining 
critically the archaic laws on housing, (ii) disseminating information on technical aspects of house building, and 
(ii) training in updated technologies on low-cost housing. Peer Smets (1999) [30], in his paper ‘Housing 
Finance Trapped in a Dilemma of Perceptions: Affordability Criteria for the Urban Poor in India Questioned’ in 
Housing Studies has argued that a definitional issue associated with formal housing finance and ‘eligibility’ for 
the same in terms of ‘affordability criteria in one go’ has resulted in exclusion of the vast majority of the urban 
poor from availing finance from formal sources of finance. The author has advocated the need for ‘incremental 
housing’ and also the need to assess the ‘affordability in a phased in manner’ and ‘not in one go’. Manoj P K 
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(2003) [13] in his research paper, ‘Retail Banking: Strategies for Success in the Emerging Scenario’ in IBA 
Bulletin has suggested strategies for the sustained growth of the retail credit portfolio of banks, that 
mainly comprises of housing finance, as a safer way of increasing business and also kick-starting the then 
recession-hit industry of India. ‘Linkages’ – both forward and backward – of housing with large number of 
other industries, and the positive effect of such linkages for bringing about faster economic growth have been 
pointed out in the paper. Manoj P K (2004) [14] in his another research paper, ‘Dynamics of Housing Finance in 
India’ in Bank Quest has pointed out the growing appetite of commercial banks (CBs) towards housing 
credit, the falling share of housing finance companies (HFCs) in the market, and allied aspects. Some 
macro level strategies for the sustained and balanced growth of housing finance in India are suggested. The 
relevance of promoting secondary mortgage market (like, RMBS), alternative models like Housing Micro 
Finance (HMF) etc. in India has been noted. 

In Working Paper 19 titled, Housing Microfinance: Designing a Product for the Rural Poor, released by 
Institute for Finance Management and Research (IFMR) (2007)[7], has noted the utmost importance of 
promoting Housing Micro Finance (HMF) – an alternative model for housing finance for the poor – for 
addressing India’s chronic housing problem, which in turn is primarily that of the poor and marginalized in 
the country, like the LIG (Low Income Group) and EWS (Economically Weaker Sections). Only models like 
HMF could cater to such deprived sections that are not served by the formal sector agencies. So, models like 
HMF are required to solve India’s ‘ real housing problem’. The IMFR report seeks to design the suitable 
HMF model for the Indian poor. Manoj P K (2008) [15] in  his  paper, ‘Learning from  Cross-country 
Experiences in Housing Finance: A Microfinance Approach’ in Journal of Global Economy has suggested 
suitable macro level strategies for promotion of housing micro finance (HMF) in the Indian scenario by 
appropriately replicating the successful and time-tested models like HMF or other similar alternative housing 
finance models prevalent elsewhere in the world. In the edited book by Manoj P K (Ed.) (2009) [16], 
Emerging Technologies and Financing Models for Affordable Housing in India housing finance models and 
technologies for promoting affordable housing are explained. ICRA (2010) [6] in its research report on Housing 
Finance Companies (HFCs) in India has discussed the changing landscape of home finance market in the 
country, the greater growth rate and the gradual comeback of the HFCs vis-à-vis Commercial Banks (CBs), 
the superior asset quality and profitability of HFCs, etc. The very significant role that HFCs has to play in the 
emerging scenario to meet the huge housing shortage in the country has been highlighted in the study. 

A  research paper on HMF by Manoj P K (2010) [21], “Prospects and Problems of Housing Microfinance in 
India: Evidence from “Bhavanashree” Project in Kerala State” in European Journal of Economics, Finance 
and Administrative Sciences has studied in detail the utmost importance of HMF for balanced and equitable 
housing development in India, and hence rapid economic development of the country. Strategies for promotion 
of HMF in India have been suggested, along with specific and category-wise strategies for the HMF based 
in Kerala and sponsored by the state government namely ‘Bhavanashree’. Manoj P K (2010) [18] in his paper, 
‘Benchmarking Housing Finance Companies in India: Strategies for Enhanced Operational Efficiency and 
Competitiveness’ in European Journal of Economics, Finance and Administrative Sciences has made a 
detailed analysis of the relative competitive position of the leading housing finance companies (HFCs) in India 
and has suggested strategies for the enhanced operational efficiency and competitiveness of HFCs. The 
management consultancy organization, KPMG (2010) [11], in its Industry Report (Advisory), ‘Affordable 
Housing – A key growth driver in the real estate sector?’ has sought to discuss the immense growth prospects of 
real estate players in the affordable housing market in India, given the huge demand and grossly under-
penetrated market, very favourable Governmental policies etc. The demand and supply constraints, the 
relevance of PPP in the real estate sector etc. have also been dealt in detail. In a research paper by Manoj P K, 
(2010) [19] ‘Determinants of Successful Financial Performance of Housing Finance Companies in India and 
Strategies for Competitiveness: a Multivariate Discriminant Analysis’ has attempted to find the determinants 
of superior financial performance of HFCs. Using the tool Multivariate Discriminant Analysis (MDA), 
Discriminant Function having five distinct parameters (selected from the total 21 parameters used for MDA) 
which significantly influence the financial performance of HFCs has been derived; these parameters being (i) 
Total Income to Housing Loan Assets, (ii) Other Income to Total Assets, (iii) Total Expenses to Housing 
Loan Assets, (iv) Interest Expenses to Housing Loan Assets, and (v) Interest Expenses to Total Expenses. 
Yet another paper by Manoj P K (2010) [17], ‘Financial Soundness Housing Finance Companies in India and 
Determinants of Profitability: A ‘CAMEL’ Approach along with ROE Decomposition Analysis’ has 
employed the methodology of ‘CAMEL’ ranking along with ROE decomposition analysis to identify the 
determinants of profitability of HFCs. A research paper by Manoj P K (2011) [22], ‘Determinants of 
Profitability of Housing Finance Companies in India and Strategies for Competitiveness: a Multiple 
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Partial Correlation Approach’ has suggested competitive strategies for various groups of HFCs with the help 
of the basic parameters that significantly influence the respective groups of HFCs. 

A joint research paper by Hrushikesh Mallick & Mantu Kumar Mahalik (2015)[5] ‘Factors determining regional 
housing prices: evidence from major cities in India’, in Journal of Property Research has sought to identify the 
factors determining the housing prices with respect to 15 major cities in India using data relating to 16 Quarters 
(4 years, 2010 to 2013). It has been noted that fundamental factors are more significant than speculative factors. 
In a research paper by Manoj P K (2015) [25], “Socio-Economic Impact of Housing Microfinance: 
Findings of a Field-based Study in Kerala, India”, published in International Research Journal of Finance 

and Economics, the reasons for the failure of ‘Bhavanashree’ – the HMF initiative of the Government of 
Kerala have been studied in detail. The author suggests strategies for effective implementation of HMF 
projects based on the “learning from the failure of ‘Bhavanashree’ project in Kerala. The research report by 
the agency IFMR (2015) [8] entitled Affordable  Housing Finance Sector: Overview makes a detailed 
analysis of the need, relevance and significance of affordable housing in India in the context when the 
national goal of ‘Affordable Housing for All by 2022’ is implemented by the Government of India. The crucial 
role that HFCs have to play in this context is specially noted in the IFMR report. The fact that there is a 
gradual re- emergence of HFCs since 2013, thus overtaking the CBs in growth rate and significantly 
improving their market share has also been specifically pointed out. In a research paper by Manoj P K 
(2015) [23], “Deterrents to the Housing Microfinance: Evidence from a Study of the Bankers to 
‘Bhavanashree’ in Kerala, India”, in International Research Journal of Finance and Economics, the major 
problems associated by the bankers in financing ‘Bhavanashree’, the HMF initiative sponsored by the 
Government of Kerala, has been dealt in detail. Various issues like the unclear land tenure, fragile institutional 
framework of the HMF and its parent (mentor) ‘Kudumbashree’ etc. have been analysed in detail. The 
author makes a few suggestions to the Government based on the findings of his study, for the purpose of 
enabling it to more meaningfully implement HMF initiatives in the future, ‘Bhavanashree’ initiative being 
more or less a failure. 

In a research article by Manoj P K (2015) [24], “Housing Microfinance: A Study on Quality, Cost and 
Default Rate with Respect to ‘Bhavanashree’ in Kerala”, published in International Research Journal of 
Finance and Economics, a detailed and critical study of the asset quality, administrative (transaction) costs, 
and default rates in respect of the HMF initiative of the Government of Kerala viz. ‘Bhavanashree’ has 
been made. Accordingly, suggestions for more meaningful implementation of HMF projects by the 
Government have been made by the author. Another paper by Manoj P K (2016) [26], “Real Estate Investment 
Trusts (REITs) for Faster Housing Development in India: An Analysis in the Context of the New Regulatory 
Policies of SEBI” in International Journal of Advance Research in Computer Science and Management Studies 

has sought to make an exploratory study on the utmost relevance of REITs in a developing country like in India 
for the promotion of its housing and real estate sector and hence the economy as a whole. Industry research 
agency, India Brand Equity Foundation (IBEF) (2018) [6] in its report on Real Estate industry in India has 
pointed out the tremendous growth prospects of the real estate industry in India which is estimated to attain the 
size of  USD 1 Trillion by 2030. Its estimated size as of 2019 is 3.7 Million Square feet and it is the fourth largest 
sector in terms of FDI flows. Rapid urbanization, growing affordability, and Governmental commitment towards 
‘Affordable Housing for All’ etc. brighten the prospects of India’s real estate sector. 

In view of the foregoing discussions, it is noted that though there are a number of studies on housing in 
India, studies on REITs are virtually nil. The only exception is a recent study on REITs by Manoj P. K. (2016) 
[26], and the present study seeks to explore more into     the study of Manoj P. K. (2016) [26] in the light of the 
latest developments like the first launching of REIT in India (viz. Embassy Office Parks REIT) which has been 
very successful. 

3.   RELEVANCE AND SIGNIFICANCE OF THE STUDY 
Large-scale investments in commercial and residential properties in India is possible only through means like 
REITs. REITs can ensure faster development of housing and real estate sector (both residential as well as 
commercial) and hence overall economic development of the nation also. This is because of the vast forward 
and backward linkages associated with housing and construction activities. The very low level of investment in 
this sector in India at present points to immense growth prospects for REITs in the country. SEBI had initially 
issued a set of regulations for REITs in India in 2014. Further amendments have been done by SEBI in 2016. Of 
late, in 2019 SEBI has permitted online registrations for REITs and InvITs (Infrastructure Investment Trusts). 
With the overwhelming success of the first REIT issue in India on 01 April 2019 viz. Embassy Office Parks 
REIT, a joint venture between Blackstone and Embassy group, more players in this sector are about to launch 
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their REITs. This would provide growth momentum for the sector which is currently facing a slump. In this 
context an exploratory study of the prospects of REITs in India is relevant and significant. 

4.    OBJECTIVES OF THE STUDY 
(i) To study the relevance of REITs in India for providing a growth momentum to the housing and real estate 

sector which is currently in a stagnant stage; 

(ii) To study the evolution of REITs in India, the latest developments and innovations in the field, the current 
structure of REITs and also its future prospects and challenges; 

(iii) To suggest strategies for the effective promotion of housing and real estate sector in India through the 
REIT route, given the success of the first REIT launched in 2018. 

5. METHODOLOGY OF THE STUDY 
The present study is descriptive-analytical as well as exploratory in nature. The study is descriptive to the extent 
that it describes the developments in the field of real estate sector in India with a focus on the role of REITs in 
the faster development of this vital sector, and the implications of the latest developments in the field. Ever 
since the successful launching of the first REIT in India, SEBI has been coming up with innovations like online 
registrations for REITs and InvITs, relaxations in the norms of REITs etc. The paper is analytical too as it seeks 
to analyze the prospects as well as challenges of REITs in India in the days to come. The study is based 
primarily on secondary data from authentic sources like RBI and CRISIL. 

6.   NEED FOR INNOVATIONS IN THE REAL ESTATE SECTOR IN INDIA: THE CASE OF REITS 
As the housing and real estate industry in India is currently facing a slump. But, the first issue of REIT has been 
a grand success and many new players are about to launch REITs. Hence, there is a need to sustain the interest 
of the investing public in housing and real estate sector. This in turn requires the continuation of constant 
product innovations. Equally important is the need to promote particular segments in this industry like REITs 
which have immense growth potential because of the very low mortgage penetration in India. (Table I). 

Table-I: Mortgage to GDP Ratio of India (2012) vis-a-vis Selected Other Countries (In Percentages) 
India China Thailand Korea Malaysia Singapore Taiwan Hong Kong USA UK 

9.0* 12 17 26 29 32 39 41 80 86 

Source: European Mortgage Federation (2007), Asian Development Bank (2007) & NHB (2013). 

Note: * NHB, as of 2012 (approx.), Report on Trend and Progress of Housing in India, 2013, p.105. 

The housing loan market in India has been growing over the years and the trend is likely to continue in the 
future also; the two major players in this market being Commercial Banks (Banks in short) and Housing 
Finance Companies (HFCs, in short). (Figure I). 

Figure-I: Total home loan market (HFCs and Banks) in India (Rs. Trillion) 

 
Source: Computed from CRISIL data (2019) [4] 

The market share of Housing Finance Companies (HFCs) in India is estimated to come down because of the 
growing liquidity crisis among the NBFCs in general and HFCs in particular, since the IL & FS fiasco. For 
instance, Dewan Housing Finance Corporation (DHFC), a prominent HFC in India, is now in severe financial 
crisis. The trend of diminishing market share of HFCs is likely to continue in the future. (Figure II) 
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Figure-II: Diminishing market share of HFCs vis-à-vis Banks (Rs. in Trillion) 

 
Source: Adapted from CRISIL (2019) [4] 

In view of the liquidity issues of NBFCs (including HFCs) commercial banks will have a greater role in the 
housing finance market in the days to come. It is noted that banks would have much higher growth prospects 
than the HFCs, because of a reversal in the growth rates of HFCs vis-à-vis Banks since FY 2019 (Figure III). 

Figure-III: Healthy Growth Prospects of Banks vis-à-vis HFCs 

 
Source: CRISIL (2019) [4] 

The growth prospects of the sector, especially in the Tier 2 and Tier 3 cities are high. However, a sudden 
increase is not anticipated in the near future (CY-2019 or 2020). Rather, a stable trend or marginal increase 
alone is estimated. This is because the sentiments of the buyers are yet to become positive. As the buyers expect 
more price cuts, the sector will have to wait for some more time, till its growth to picks up momentum. At 
present, the absorption rate in respect of the unsold inventory shows a stable trend and the year on year growth 
rate is only marginal. (Figure IV). 

Figure-IV: Absorption rates of housing units in major cities – Stable pattern since 2018. 

 
Source: CRISIL (2019) [3] 
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With the implementation of Real Estate (Regulation & Development) Act, 2016 or RERA in short, a growth 
momentum is expected across all segments of the housing industry. This is because RERA enhances the 
transparency in the real estate transactions and protects the interests of the buyers or beneficiaries. In spite of 
some short-term hassles the developers of housing units, RERA would benefit them also in the long term 
because of greater business and better confidence of the customers as well as the investor public. 

In the ongoing RERA era, a gradual consolidation is also expected leading a greater share for the organized 
players. At present, only about 24 per cent of the total market is owned by the organized players and the rest 76 
per cent belongs to the unlisted and unorganized players. (Figure V). With the advent of RERA and the resultant 
compulsory registration for the players, the share of organized players would go up and so also transparency in 
dealings and confidence of the customers and investor public. 

Figure-V: Types of Developers across the Ten Major Cities in India 

 
Source: Compiled from CRISIL Report (2019) [4] 

The above situation points to the high growth potential for REITs in India. The initial public issue by the first 
REIT (viz. Embassy Office Parks) in April 2019 has been very successful. Other major players are ready to 
come up with their REITs. The recent developments relating to REITs have been encouraging. SEBI has 
amended the REIT rules in 2016 and made it more flexible. Many relaxations were made. Of late, in 2019 SEBI 
has permitted online registration for REITs and this in turn would reduce the processing time and enhance the 
transparency in REITs dealings. Details are discussed later on in this paper. 

6.   REAL ESTATE MUTUAL FUNDS (REMFS) AND REAL ESTATE INVESTMENT TRUSTS 

(REITS) 

Real estate funds (REFs) are quite similar to the mutual funds and are founded by a group of real estate 
professionals to manage property for investors in such funds. Some other real estate funds do not actually own 
property and instead they opt to invest in bonds or instruments secured by property. In the former case, the 
investors or unit holders earn money by getting a share in profits from sale of property or from the rentals on 
property owned by them. In the second case, a coupon rate received on the investment in bonds or instruments 
is distributed among the investors or unit holders as dividend. The return from such investments is subject to 
any administration, management, brokerage and/or marketing fee charged by the REFs concerned. REFs have a 
longer lock-in period than equity funds. Maximum lock-in period for REFs is 6 years. Initially it was required to 
invest a minimum amount of 25 lakhs in the REFs. Naturally, the retail investors could not enter this segment 
and the potential investors in the REFs used to be commercial banks, financial institutions, high net worth 
individuals (HNIs) and corporate entities. However, later on the minimum amount to be invested was reduced to 
the level of Rs.10 lakhs. Still, REFs are beyond the reach of retail investor’s viz. common investing public in 
India. Real estate in a broad sense includes commercial, residential, IT development, Hospitality, Malls and 
SEZ projects. So, REFs may target the development of all or any of the various real estate segments as noted 
above. 

Real estate funds (REFs) or real estate mutual funds (REMFs) are often known, as real estate investment trusts 
(REITs) internationally. The essential difference between a REIT and a REF (or REMF) is that investments 
made in REIT are traded in real estate stocks and not invested in stock of companies. It provides a heavier 
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liquidity than MFs. While there has been appreciable growth in Mutual Funds (MFs) in India over the past one 
decade or more (Figure VI), it may be noted that REMFs or REITs are yet to pick up momentum. 

Figure-VI: Trend in Growth of MFs in India (in terms of AUM, Rs. Trillion) 

 
Source: Compiled from AMFI (Association of Mutual Fund Industry in India). 

As per an earlier guideline by SEBI, the NAV of REMFs were required to be disclosed daily but later on there 
was a move for quarterly disclosure of NAV, thus drawing serious speculations in the realty segment. In India, 
REFs were initially launched in the REMFs format and later on in the form of REITs. Over the last one decade 
or more, SEBI- the regulatory authority for REFs and its variants in India, has been in the forefront for the 
regulation of REITs. Most funds operating in India have a lock-in period of 3 to 7 years. At the end of this 
period, the fund exits the holding by selling it in the secondary market. If the investment is in a commercial 
property, the fund may rent it out within the lock-in period and exit later. Most funds invest in residential 
projects and those commercial projects that are nearing completion. While residential projects move faster in 
the market, there is a rental yield attached to commercial projects. Because of the improved demand for housing 
and low capital requirement, often REFs focus on residential and income-generating commercial projects. A 
few funds invest in projects that are still in the initial stages of construction, based on saleability and track 
record. 

7.   GOVERNMENTAL EFFORTS TOWARDS REMFS AND REITS IN INDIA 

In the recent years, the supportive policies of the successive Union governments in India have encouraged the 
liquidity flow into Indian real estate sector. For instance, Government of India has allowed non-resident Indians 
(NRIs) to invest upto 100 per cent as Foreign Direct Investment (FDI) in housing and real estate sector. This 
policy of 100 per cent FDI in the real estate sector in India, setting up real estate mutual funds (REMFs) coupled 
with other fiscal reforms like rationalization of stamp duty, property taxes etc. initiated by the Government are 
steps directed at making the real estate a promising investment option in India. As an outcome of the supportive 
Governmental policies, the foreign contributions to REFs in India have witnessed a steady rise of 40 to 45 per 
cent per year. The domestic financial institutions have also built up their investments in REFs like their foreign 
counterparts. This combined participation from both along with contributions of the corporate houses has 
accelerated the growth of REFs in India. Securities and Exchange Board of India (SEBI), the regulatory 
authority of securities market in India, has been trying to develop various innovative models for financing real 
estate market over the last few years. 

SEBI’s first attempt to bring in REITs in 2007 was not successful. So SEBI went ahead with its second attempt 
to bring in a REIT regime in the REMF format. But, this was also not very successful for want of adequate 
interest from the investors. SEBI approved the guidelines for the real estate mutual funds (REMFs) according to 
which all the schemes having an objective to invest directly or indirectly in real estate property will be governed 
by the provisions and guidelines under SEBI (Mutual Funds) regulations. SEBI made it clear that the structure 
of the REMFs, initially, would be close ended. The units of REMFs would be compulsorily listed on the stock 
exchanges, and NAV of the scheme would be declared daily. The scope of the REMFs was kept wide open, as 
the guidelines allow these schemes to invest in (i) directly in real estate properties within India, (ii) mortgage 
(housing lease) backed securities, (iii) equity shares/bonds/ debentures of listed/unlisted companies which deal 
in properties and undertake property development, and (iv) other securities. 
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According to SEBI guidelines, REMFs need to appoint a custodian who would grant the certificate of 
registration to carry on the business of custodian of securities by the Board. The custodian would keep safely 
the title of real estate properties held by the REMFs. Earlier, in the absence of REMFs, companies setting up 
REFs had to restrict themselves to financial institutions, corporate sector and high net worth individuals for 
creating their investor base. The REMFs were supposed to offer the real estate developers another source of 
funds, as the SEBI guidelines allow the funds to invest in the equity of public listed or privately held real estate 
developer companies as much as 65 per cent of the fund size. 

The minimum investment norms stipulated in the SEBI guideline were thoughtfully designed to promote pure 
investment in the sector rather than speculation. SEBI guideline said that the REMF would invest at least 35 per 
cent of the assets in real estate properties that were already completed and usable. Under construction projects, 
vacant land or properties specified for agriculture use would not be considered as "real estate property" for 
satisfying the above 35 per cent norm. In addition, minimum 75 per cent investment was earmarked for real 
estate properties, mortgage-backed securities, equity or bonds or debentures of publicly listed or privately held 
companies dealing in real estate and in other securities. Here, the other securities would mean only debt and 
money market instruments. Clearly, SEBI wanted the REMFs to abstain from investing in under-construction 
projects or vacant land, as such investments were supposed to take a longer period to produce a decent yield and 
the retail investors were not often willing to wait for that long. In addition, such investments were perceived to 
have higher risks attached and gray areas about valuations. There were mixed views on the efficacy of REMFs 
in raising funds for the real estate sector and improving the liquidity of the players, and the impact of such 
developments on real estate prices. Anyway, the response from the investors towards REMFs was not as 
impressive as expected by SEBI. So, SEBI’s second effort to bring in REFs in the form of REMFs was also not 
successful. 

8.   PROMOTION OF REITS: SEBI REGULATIONS 2014 AND REVISED REGULATIONS 2016 

Failure of its first two attempts to improve liquidity in the real estate market made SEBI to float REFs in the 
form of REITs (Real Estate Investment Trusts) again, in its third attempt. As part of its third initiative, SEBI 
was successful in releasing the Draft of its Real Estate Investment Trust Regulations (Draft REIT Regulations) 
in 2013 and gathering the public comments on the above draft. SEBI did a commendable job in taking into 
account international models and views of stakeholders. It was envisaged that REITs should likely emerge as a 
preferred form of asset backed investment with established revenue streams. Also, it aimed at protecting the 
interests of investors seeking exposure in real estate as an asset class and also to infuse additional transparency 
and liquidity in the Indian real estate market. With Indian players showing an increased keenness to list Indian 
real asset listings offshore, especially in SGX, SEBI's move could attract them to such markets onshore and 
increase depth of Indian real estate capital markets. From a private equity in real estate perspective, REITs 
could create exit options for developers and financial investors allowing them to move completed assets to 
REIT and provide much needed liquidity in the market. 

As envisaged, SEBI formally flagged off its final version of REIT Regulations in 2014. While developers and 
lenders welcomed the move, the investors were still not convinced. For developers REITs offered a convenient 
way to offload their commercial assets and also to reduce debts, while for lenders REITs reduced their business 
risk and expand their exposure to real estate business further. The poor turn out from the investors was a setback 
for the REIT Regulations 2014. Though the launch of REIT Regulations was a positive step forward on the part 
of SEBI, several issues concerning taxation, stamp duty and foreign participation remained. Thus, in spite of the 
various benefits as contemplated by SEBI, REITs did not take off as expected because specific tax exemptions 
are not provided. Besides, foreign investment in REITs also did not materialize as expected, because the 
amendments to the extant exchange control regulations were not carried out. Here, the investors were primarily 
put off by the governance risks in the asset class and the low liquidity of REIT investments compared to equities 
or bonds. Returns on REITs depend on the demand and rents for office space, they also compare poorly to other 
debt instruments during the economic slump. Table II gives the basic details regarding the REITs in their earlier 
form (REIT Regulations 2014) and the changes in the structure of REITs after effecting the relaxations 
contemplated by SEBI in June 2016 (SEBI Regulations 2016). 

Table-II: Relaxations by SEBI on REIT Regulations 2014 in REIT Regulations 2016 

Structure of REITs: REIT Regulations 2014 Relaxations by SEBI: REIT Regulations 2016 

This is a step that makes more attractive for the 
investors. Only single-level Special Purpose Vehicle 
(SPV) is allowed in 2014 Regulations. Rules relating 
to related party transactions as per these regulations 

The 2016 regulations propose to allow REITs to invest 
in property via multi-layered Special Purpose Vehicles 
(SPVs) rather than single-level SPVs as in REIT 
Regulations 2014. Besides, the 2016 regulations seek 
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are elaborate and hence cumbersome to comply 
with. 

to rationalize the onerous rules regarding the related 
party transactions. 

Only three sponsors are allowed as per the 2014 
Regulations 

The 2016 Regulations propose to allow upto 5 
sponsors. 

In under-construction projects investment upto 10 
per cent alone is allowed 

In under-construction projects investment upto 20 per 
cent alone is allowed 

Sources: Compiled by the Authors, from sources like SEBI publications, press releases etc. 

It may be noted that various relaxations as per the 2016 Regulations (Table II) would make life easier for the 
sponsors and managers of REITs. However, these may not out to be undesirable for investors. For instance, a 
multi-layered structure of SPVs may make it harder for the investors to discern the ultimate assets to held in 
their REIT portfolio. Allowing more sponsors into REIT may reduce the skin in the game for sponsors. The fact 
is that REITs can kick off operations based on property assets transferred by their sponsors. This creates conflict 
of interest between REIT sponsors and the ultimate investors in REITs. As per the 2014 regulations, this risk of 
investors was addressed by two means (i) elaborate related party rules, and (ii) skin in the game requirements in 
these regulations. Accordingly, the sponsors were required to invest at least 25 per cent of the outstanding 
corpus of a REIT for the first three years with a collective networth of at least Rs.100 Crore. As per the revised 
regulations (2016), as the number of sponsors could go up to 5 (as against 3 as per the 2014 regulations) 
resulting in dilution in controls, and risk of investors would go up accordingly. There was an attempt to 
safeguard the interest of the investors against the related party transactions, by stipulating unit-holder approvals 
and independent valuation reports for such related party transactions. But, the experience with such related party 
deals in listed companies in India so far shows that often disinterested investors simply favour such proposals 
resulting in the interests of affected investors getting not protected. The investors’ interests are not properly 
safeguarded by the provisions of related party transactions. 

9.  REITS IN THE NEW REGIME, THE FIRST REIT ISSUE, AND STRUCTURE OF REITS IN INDIA 

The developers who are in the possession of a portfolio of rent generating assets traditionally prefer mobilizing 
extra funds through debt by way of lease rental discounting (LRD). Of late, a few very reputed developers have 
raised funds by issuing Commercial mortgage-backed securities (CMBS). But, the attractiveness of CMBS is 
dependent on the outlook on interest rates and may not be liked by developers in a situation of falling interest 
rates, as is the prevailing case of India. From the ownership viewpoint, while LRD and CMBS continue to retain 
developer’s holding in the projects, REIT offers partial exit to developer creating a monetizing opportunity. The 
first REIT in India (viz. Embassy Office Parks REIT) is in fact a joint venture between Blackstone and Embassy 
Group. This REIT issue was open in Indian stock market on April 1, 2019. Issue got oversubscribed on the last 
day of the issue. Embassy’s portfolio consists of seven office parks and four city-centre office buildings totaling 
32.6 million square feet (msf) as of March 31, 2018, in cities including Bengaluru, Pune, Mumbai and 
Noida. The current structure of REITs in India is as given in Figure VII. 

Figure VII: Structure of REITs in India. 

 
Source: CRISIL Research (2019) 

Regarding the assets of REITs, there is a condition that at least 80 percent of value of the REIT assets must be 
in completed and rent generating properties. However, not more than 20 percent of their assets may be in (i) 
Under-construction properties (min. 3 years holding), (ii) Completed and not rent generating properties (min. 3 
years holding), (iii) Listed or unlisted debt of companies or body corporate in real estate sector, (iv) Mortgage 



International Journal of Advance and Innovative Research   
Volume 6, Issue 2 (XXXXI): April - June, 2019 
 

210 

ISSN  2394 - 7780 

backed securities (MBS), (v) Equity shares of listed Indian companies which derive at least 75 percent of their 
operating income from real estate activity, (vi) Government securities, and (v) Money market instruments or 
cash equivalents. 

10.  REITS FOR THE REVIVAL OF RESIDENTIAL REAL ESTATE SECTOR IN INDIA: SOME 

STRATEGIES 

The excellent response received for the first REIT gives hopes to the developers for more REIT issues, as they 
get an option to raise funds and reduce their debt. Some suggestions for promotion of REITs for faster growth 
of residential real estate sector in India are as follows: 

(i) In general, commercial real estate projects of developers are interested in REITs. While the fact is that 
most developers have both commercial and residential portfolios and hence funds raised from commercial 
(non-residential) assets would also help their residential projects, it is advisable that Government should 
encourage developers to use their residential assets for REIT issues. This will have a direct positive impact 
on residential projects of developers. Special tax incentives be offered for such REITs. 

(ii) Given the fact that not even one-third of the total residential housing units developed by the major 
developers qualify for the ‘Affordable Housing’ tag (which are eligible for various incentives offered by 
the Government), focused attention is required on the developers of ‘Affordable Housing’ or ‘Budget 
Housing’ projects (say, not less than 50 percent of the total housing units developed) and such developers 
be selectively granted special concessions and relaxations on tax, permits etc. This is because ‘Housing for 
All by 2022’ is a governmental commitment. 

(iii) Besides, incentives and concessions to the developers of Affordable Housing units, financiers to such units 
like banks and housing finance companies (HFCs) should also be granted similar incentives, like, Priority 
sector status to such advances etc. 

(iv) Promotion of private equity (PE) funds that invest in real estate sector (particularly residential real estate) 
is advisable. In calendar year (CY) 2018 the PE funding in the commercial segment had touched a four 
year high. PE funding in residential real estate should be encouraged by extending them special incentives, 
given the national goal of ‘Housing for All by 2022’. 

10.  CONCLUDING REMARKS 

Because liquidity crunch is a problem for the real estate industry and also the financiers to this industry (like, 
the NBFCs including HFCs) the demand is yet to pick up momentum. It is expected that developers with both 
commercial and retail portfolios will be in a better position to sustain compared to other developers. With the 
regulatory framework for real estate sector in India witnessing substantial developments in the last few years, 
developers and PE funds (both domestic and foreign) have been rationalizing their commercial and retail 
portfolios since 2012. This is evident from the PE investments in such real estate properties. 

At present, the top six cities (viz. Bengaluru, NCR, MMR, Pune, Chennai, and Hyderabad) are estimated to 
possess a total inventory of nearly 460-470 mn sq ft (A grade) commercial properties. Not less than 20 percent 
of the above estimated properties can be used for raiing funds through the REIT route, considering the factors 
such as project locations, developers’ brands, ownership of key real estate funds, quality of tenants present, 
tenure of lease agreements, and so on). Obviously, if REITs emerge from the above REIT-able properties then 
that itself would provide the requisite level of growth momentum to the real estate sector in India, and this in 
turn translates into growth of other sectors of the economy given the vast linkages of the real estate sector with 
nearly 300 allied sectors. Let us hope for the best. 
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a b s t r a c t

Halide double perovskites based on bismuth and silver have recently been studied extensively as poten-
tial environment friendly alternatives to lead-based hybrid halide perovskites. In this paper the struc-
tural, electronic and optical properties of Pb-free halide double perovskites Cs2AuBiX6 were
investigated. The material was systematically analyzed within the framework of Density Functional
Theory (DFT) using various exchange correlation such as LDA, PBE and PBE-sol. The optimized lattice
parameters are found to be 10.94 Å and 11.45 Å for Cl and Br respectively in the face-centered cubic
structure (Fm3 ̅m space group). It is found that these compounds have an indirect band gap. As the halo-
gens are changed from Chlorine to Bromine the band gap is decreasing and first-principles calculations
indicate that the energy gaps values are 0.63 eV and 0.24 eV respectively. This energy might be slightly
underestimated as expected from DFT calculations. Optical studies make it clear that the compound
shows good absorbance in visible region. The optical properties of Cs2AuBiX6 is comparable to hybrid
halide perovskites MAPbI3 and halide double perovskites (like Cs2AgBiBr6) making it a suitable candidate
for absorber layer in perovskite solar cells.
� 2019 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the First International
Conference on Recent Advances in Materials and Manufacturing 2019.

1. Introduction

Investigations in solar cell photo voltaic have been growing
exponentially with astounding success rate over the past ten years
ever since the inception of MAPbI3 as a dye in the dye sensitized
solar cells by Kojima, et al. in 2009 [1]. The Power Conversion Effi-
ciency (PCE) is increasing in an exponential rate and reached a
remarkable level of above 22% in a very short span of time [2]. Var-
ious kinds of materials were explored for enhanced PCE, improved
stability, reduced cost and being environment friendly. Solar cells’
realizations based on hybrid halide perovskites are found to be one
of the most promising photovoltaic technologies, owing to their
excellent absorption in the visible region [1,3–5], optimal diffusion
length for the photo-generated excitons [6–8] enhanced carrier
mobility and lifetime [9],and capability in recycling of the carriers
macroscopically [10,11].

MAPbI3 (MA = CH3NH3) is considered as the archetype of per-
ovskite light harvester and it satisfies the properties a light har-
vester could have needed [12–15]. In fact, the presence of this
material itself ensures efficiency of the solar cell, regardless of
the device design. It is a well-established fact that the astonishing
PCE exhibited by the solar cells is due to the magnificent character-
istics of lead (Pb) as it favors the reasonable charge mobility, opti-
mal diffusion length, strong optical absorption and a suitable band
gap, in forming an organo-halide perovskite structure. But there
are two main challenges that need to be addressed in order to
use these perovskite solar cells for electricity production [16].
One is the compound stability, as they disintegrate when exposed
to light, moisture, oxygen and UV radiations [17] and other is the
toxicity of lead [18]. To implement Pb replacement, several lead-
free perovskites and perovskite-derivatives have been proposed
during the past two, three years as potential substitutes [19].
One such promising category is the halide double perovskites hav-
ing the structure ABB’X6 based on alternating corner-shared BX6

and B’X6 octahedra (where B = Ag, Au, Cu; B’=Bi, Sb). But one of
the main disadvantage of this category is the indirect and wide
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band gaps of over 2 eV [20–22]. To overcome this, computational
and experimental studies are focusing on the proper material
designing and band gap engineering.

In the present work investigation is carried out to envisage Cs2-
AuBiX6 as a promising environment friendly, stable alternative to
lead-halide perovskites. We studied the structural and opto-
electronic properties using first-principles Density Functional The-
ory (DFT) and found that as X changes from Cl to Br the band gap is
decreasing. The lattice parameters are 10.94 Å and 11.45 Å for X as
Cl and Br respectively, using PBE functional. These values are in
good agreement with the reported values, 10.94 Å and 11.42 Å
respectively [23]. The energy gaps are found to be 0.65 eV and
0.25 eV as the halides go from Chlorine to Bromine. The reported
values are1.38 eV and 1.6 eV [23] and 1.1 eV and 0.14 eV [24]. In
fact, in its metallic form, Au is the best known electrical conduc-
tors, owing to their filled d shell and the free-electron-like behavior
of the s shell. In addition, in an octahedral environment, the ionic
radius of Au+ (1.37 Å) is comparable to those of Pb2+ (1.19 Å) and
Bi3+ (1.03 Å) [25].

2. Computational details and results

In the present study, the calculations were carried out using the
pseudo potential plane-wave method as implemented in Quantum
ESPRESSO package [26] (version 6.3). The ultra-soft pseudo poten-
tials were generated using the atomic code provided in the pack-
age. The plane-wave cutoff energy of 60 Ry and k-point mesh of
(8 � 8 � 8) for structural optimization guaranteed a total energy
convergence of 1 meV per unit cell.

For the electron core exchange correlation interaction, the
Perdew-Burke-Ernzerhof functional (PBE) [26] within generalized
gradient approximation (GGA) was used. In addition Local Density
Approximation (LDA) method and Perdew Burke Ernzerhof param-
eterization of the generalized gradient approximation for solid
(PBE-sol) were adopted to treat the exchange correlation interac-
tions. The equilibrium lattice constants are obtained by calculating
the total energies at different unit cell volumes and then fitting the
obtained E - V data into the Birch- Murnaghan equation of states
[27]. Sampling of Brillouin zone integration with Monkhorst-Pack
k-point mesh 8 � 8 � 8 was set. For better calculations of the elec-
tronic and optical properties, we used a denser k-point mesh of
(12 � 12 � 12). The crystalline phases were supposed to be
Fm3̅m space group. The convergence threshold for self-
consistent-field iteration was set at 10-7 eV and the structures were
fully relaxed using BFGS quasi-newton algorithm and the atomic
positions were fully optimized.

2.1. Crystal morphology

The double perovskite structure of Cs2AuBiX6 is shown in Fig. 1.
The structure is similar to the ABX3 perovskite structure, com-
posed of a 3D network of corner connected octahedra, with Cs+

ions in the center of the cub-octahedron interstices. The halide
double perovskite structure is built of alternating Au+and Bi3+ cen-
tered octahedra, with each Au/ Bi atom coordinating with six X-
atoms (four in equatorial and two in apical direction). This builds
up a superstructure that is typically referred to as rock salt
ordering.

Fig. 1. Optimised crystal structure of the halide double perovsite Cs2AuBiBr6. Here
brown/purple/green/turquoise sphere represents Au/Bi/Br/Cs atom. Au and Bi
centered octahedra are shown as brown and purple polyhedral, respectively. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

Fig. 2. The total energy per unit cell as a function of the cell volume for Cs2AuBiX6 (X = Cl, Br).

Table 1
Calculated lattice constants a (Å), estimated within the LDA, PBE and PBE-sol
approximations of DFT.

X Cl Br

a(Å) LDA 10.52 11.03
PBE 10.94 11.45
PBEsol 10.69 11.27

a(Å) [23] PBE + SOC 10.94 11.42
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The calculated lattice constants from Self Consistent Field (SCF)
cycles for Cs2AuBiX6 is 10.94Ǻ and 11.45Ǻ for X = Cl and Br respec-
tively. The optimized crystal structure of the compound is shown
in Fig. 1. The volume optimization is performed using the Birch-
Murnaghan’s equation of state, in which the total energy of the
unit cell is minimized with respect to the cell volume. Fig. 2 shows
the total energy as a function of the cell volume for both Cs2AuBiX6

(X = Cl, Br). In volume optimization process ground state energy
and minimum volume shows the compound stability. It is con-
cluded from the optimizations that Cs2AuBiX6 remain in stable
cubic phase. In Table 1 the calculated values of lattice constants
are compared with previously reported values.

2.2. Electronic and optical properties

Band structure calculations were performed within LDA PBE
and PBE-sol approximations to investigate the electronic structure

properties of the Cs2AuBiX6 compounds. It is found that the band
gap of Cs2AuBiBr6 is less than that of Cs2AuBiCl6.This general trend
is attributed to the increase in size of the halogen atom [20–24]. It
is well-known that there is a strong dependence of the band gap
upon the lattice parameters and electronegativity. The energy gaps
are found to be 0.63 eV and 0.24 eV for chloride and bromide
respectively. Iodides are reportedly unstable [23]. The energy gap
values obtained are slightly lowwhen compared to earlier reported
values. But it is not surprising as DFT often underestimate the
energy gap values. The band structures of Cs2AuBiX6 are shown
in Fig. 3.

The electronic band structures of Cs2AuBiX6 at high symmetry
points in the Brillouin zone were analyzed. It has indirect band
gap with valence band maximum (VBM) at X(0,2p/a,0) and the
conduction band minimum (CBM) at L(p/a, p/a, p/a). The com-
pound is viable for band gap engineering for photo-voltaic applica-
tions. The obtained band gaps are within the accuracy limits of
DFT. Available reported values are compared. Calculated band gaps
and previously reported values are presented in Table 2.

The analysis of total DOS reveals that the exchange correlation
functional have insignificant effects on the main characteristics of
peaks even though their impact is significantly observed on energy
bandgap values. Further the analysis provides an insight about
bandgap engineering measures. Total Dos plots using PBE func-
tional is shown in Fig. 4.

The linear absorption spectrum and refractive index as a func-
tion of energy for Cs2AuBiX6 (X = Cl, Br & I) are shown in the
Fig. 5. The investigated compound shows good absorption in visi-
ble region. From the spectrum it is clear that as we move from

Fig. 3. DFT functional calculations revealing the band structure diagrams for Cs2AuBiX6 (X = Cl and Br) calculated with DFT-PBE, along high symmetry points in Brillouin zone.

Table 2
Bandgap energies of Cs2AuBiX6 at different symmetry points compared with other
theoretical results; calculated with different exchange correlation functional.

X PBE PBEsol Reference (HSE)

Cl 0.63 0.44 1.38 [23]
1.6 [24]

Br 0.24 0.09 0.84 [23]
1.1 [24]

Fig. 4. Total density of states (TDOS) of Cs2AuBiCl6 and Cs2AuBiBr6.
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Chlorine to Bromine, in the visible region, the peaks are red shifted.
The system investigated is analogous to the well-studied
Cs2AgBiX6 [28].

3. Conclusion

First principle calculations were employed to study the stability
and opto-electronic properties of Cs2AuBiX6 which is analogous to
the well-studied Cs2AgBiX6. Briefly, from the structural studies we
conclude that Cs2AuBiX6 , where X is either bromine or chlorine are
stable and can be considered as a potential candidate for PV appli-
cations. The studies on electronic properties revealed an indirect
band gap, with the valence band maximum at X, and the conduc-
tion band minimum at L points of the Brillouin zone. Even though
the band gap is indirect; the DOS plots clearly indicate that proper
band gap tuning mechanism can be employed for making the com-
pound suitable for applications in solar cells. The calculated band
gaps for Cs2AuBiCl6 and Cs2AuBiBr6 are 0.63 eV and 0.24 eV respec-
tively in PBE-GGA approximations. It is concluded that, as the
halide ion changes from Cl to Br in Cs2AuBiX6, lattice constant is
increasing. Dielectric properties showed reveal an increase in
dielectric constant as we move from chlorine to bromine. Optical
studies specify that these materials can harvest the visible and
ultraviolet energy ranges.
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a b s t r a c t

Solar cells incorporating double perovskites as absorber layer are currently showing very remarkable pro-
gress as a potential environment friendly substitute for lead based hybrid halide perovskites. In the pre-
sent work we tried to investigate the structural and opto-electronic properties of lead (Pb) free halide
double perovskite Cs2AgInCl6. Density Functional Theory (DFT) is employed to systematically analyze
the material. For the electron core exchange correlation interaction, the Perdew-Burke- Ernzerhof func-
tional (PBE) within generalized gradient approximation (GGA) was used. The interactions were also ana-
lyzed using Local Density Approximation (LDA) method and Perdew Burke Ernzerhof parameterization of
the generalized gradient approximation for solid (PBE-sol). The optimized lattice parameters are obtained
as 10.565 Å for the material in face-centered cubic structure (Fm-3 m space group). The optimized den-
sity is found to be 3.93 gcm�3. The first-principles calculations have given the energy gaps values as
1.1 eV. This energy is slightly lower as an energy underestimation is expected in DFT based calculations.
A remarkable factor to mention is the direct bandgap exhibited by the material at C(p/a, p/a, p/a), unlike
other double perovskites. It is clear from optical studies that the compound is a good absorber in visible
region. The optical properties of Cs2AgInCl6 are comparable to hybrid halide perovskites MAPbI3 and
halide double perovskites (like Cs2AgBiCl6). Through proper composition grading this material can be
envisaged as a possible absorber layer in solar cells.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Photochemistry and Sustainable Energy (ICPSE 2019).

1. Introduction

Perovskite solar cells (PSCs) constitute a new emerging low cost
solar cell technology that ignited the minds of photovoltaic com-
munity due to their remarkable growth in photon conversion effi-
ciency(PCE) which is reported as from 3.8% to 25.2% [1,2] over a
decades time. The characteristic properties of perovskite materials
are preferable charge diffusion length, direct bandgap, tunable
bandgap, low carrier recombination, high carrier mobility, molar
extinction coefficient and absorption [1–7] in the visible spectrum.
Most investigated group of Perovskite solar cells belong to the lead
based Hybrid Organic Inorganic halide Perovskite having the form
APbX3, where A is MethylAmmonium or Formamidinium and X is
Cl, Br or I. Even though the efficiency of these materials improved
persistently, two main challenges remained to be addressed in

order to commercialize perovskite solar cells for photovoltaic
applications; the compound stability and the toxicity of lead [8–
10].

Different structural design principles were adopted in search of
potential Pb-substitution. The very first natural attempt was to
replace Pb2+ by Sn2+ from the same periodic group, but the chem-
ical instability of Sn2+ and poor performance give rise to limitations
for their further use. Numerous efforts were focused on exploring
the isoelectronic systems through rational designing to replace
Lead with other non-toxic metals such as Bismuth, Germanium,
and Antimony [11]. For attaining stability, substitution of A site
with different isovalent species was attempted but that resulted
in the decreased efficiency [12,13].Theoretical screening of the
compounds where Pb was replaced by other isovalent elements
reveals that in most cases this resulted in non-ideal band gaps
[14,15] Various other attempts using vacancy ordered double per-
ovskites, cation ordered double perovskites including hybrid halide
double perovskites, all inorganic halide double perovskites and

https://doi.org/10.1016/j.matpr.2020.03.489
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two-dimensional perovskites also have been reported [16]. For
instance, it has been shown that by employing mixed-halide and
mixed cation perovskites one can tune the electronic properties
[17–20], as well as the composition of the mixes can be explored
for stability[21]. But materials that can rival the unique opto-
electronic properties [14,22] of lead-halide perovskites have not
been found yet. Although stable and non-toxic ABB’X6 double-
perovskites with alternating corner shared BX6 and B’X6 octahedra
(where B = Ag, Cu; B’ = Bi, Sb, In) are possible, they have indirect
and wide band gaps of over 2 eV.[14,23,24].

Among the inspected huge number of compounds, Pb-free
halide double perovskites, those based on In and Ag were more
explored recently as they were found to have direct band gap. Var-
ious methods of band gap designing of Cs2AgInCl6 were reported
[25–27]. Volonakis et al. successfully synthesized Cs2AgInCl6 and
reported a measured band gap of 3.3 eV, and the compound was
photosensitive and turns reversibly from white to orange under
ultraviolet illumination. They performed an empirical analysis of
the stability of Cs2InAgX6 and their mixed halides based on Gold-
schmidt’s rules, and reported the possibility to form Cs2InAg(Cl1�x-
Brx)6 for x < 1 [25]. By alloying sodium cation into Cs2AgInCl6 Luo
et al. reported an efficient and stable white-light emitting lead-
free double perovskite, whose PL efficiency was increased three
times compared to pure Cs2AgInCl6. They reported that an opti-
mally alloyed Cs2(Ag0.60Na0.40)InCl6 with 0.04 per cent bismuth
doping emitted warm-white light with 86 ± 5 per cent quantum
efficiency and works for over 1000 h [28]. Formation energy
�9 meV/atom, band gap using DFT 0.93 eV and carrier effective
masses0.5me for holes and 0.28me for electrons respectively were
reported by Jain et al. [29]. Lee et al. synthesized Cs2AgInCl6nano
crystals which exhibited superior stability and showed discrete
optical properties such as multiple absorbing states that resolved
the parity forbidden band edge transition at 3.33 eV and higher
order parity allowed transition at 4.88 eV and multiple emission
states at 350 nm and at 395 nm [30]. Liu et al. recently reported
the synthesis of undoped and Bi-doped Cs2AgInCl6 Nano Crystals
(NCs). They observed a boosted Photo Luminescence Quantum
Yield (PLQY) of 11.4 through adding traces of Bi and the broad-
band orange emission peaking at 580 nm [31].

In the present work we investigated, using DFT, to envisage Cs2-
AgInCl6 as a promising environment friendly, stable alternative to
lead halide perovskites. We studied the structural, electronic and
optical properties using first-principles density functional theory.
Being an absorber with direct band gap and having good optical
absorption it might be a strong candidate for potential applications
in opto-electronics and photovoltaic.

2. Computational details and results

For the current work, computations have been carried out using
the Quantum- Espresso suite [32]. Cs2AgInCl6 in the face centred
cubic (Fm-3 m) structure is optimized theoretically via total energy
minimization. The generalized gradient approximation formulated
by Perdew, Burke, and Ernzerhof (PBE) is used as exchange corre-
lation functional [33]. The convergence test for kinetic energy
cut-off for wave function and charge densities were set on 90
and 720 Ry, respectively. Structure optimization and the K-point
meshes for different structures were generated according to the
Monkhorst–Pack scheme for the Brillouin zones. Sampling of Bril-
louin zone integration with k-point mesh 8 � 8 � 8 was set, while
denser k-mesh of 16 � 16 � 16 was used for DOS and optical calcu-
lations [34]. In Table 1, the lattice parameters of Cs2AgInCl6; cur-
rently obtained based on structure optimization with PBE
exchange functional and previously reported values are tabulated.

2.1. Structural studies

The investigated material possesses a face-centered cubic struc-
ture belonging to the space group Fm-3 m and with a lattice
parameter of 10.565A�. The Laue class is Oh(m 3 m). The structure
is similar to the typical rocksalt ordering of perovskite compounds,
composed of a 3D network of corner connected octahedra, with Cs+

ions in the interstices. The halide double perovskite structure is
composed of alternating Ag and In centered octahedra of B’X6

and B”X6 in a 3D framework. The conventional structure of Cs2-
AgInX6 given in Fig. 1.The calculated lattice constants from Self
Consistent Field (SCF) for Cs2AgInCl6 is 10.565 Å. Minimum volume
(V0) and the ground state energy (E0) of unit cell are studied for
investigating structural stability through volume optimizations.
Optimization curve is shown in Fig. 2. The volume optimization
is performed using the Birch-Murnaghan’s equation of state. In vol-
ume optimization process ground state energy and minimum vol-
ume shows the compound stability. We concluded from our
optimizations that Cs2AgInCl6 remain in stable cubic phase. Values
of lattice constant and density are reported in Table 1.

2.2. Electronic properties

Band structure calculations were performed within PBE, LDA
and PBEsol approximations to investigate the electronic structure
properties of the Cs2AgInCl6 compound. Of these, calculations
employed PBE show good results and a bandgap of 1.1 eV is
obtained. It is well known that the bandgap is inversely propor-
tional to the square of lattice parameters which in turn depends
on electronegativity. In fact, valency of atoms at the B/B́ sites con-
trols the electronic structure. Total density of states is also studied
and shown in Fig. 3. The band structures of Cs2AgInCl6 through

Table 1
Calculated lattice constants a (Å) and bandgap energy of Cs2AgInCl6 compared with
other theoretical and experimental results.

a (Å) 10.565
reported a (Å) 10.4805 [35], 10.467 [36]
Bandgap Eg (eV) 1.1
reported Eg (eV) 3.3/2.7 ± 0.6 [25] 0.93 [29] 3.23/3.33 [37], 3.22 [38]

Fig.1. Optimised crystal structure of the halide double perovskite Cs2AgInCl6. Here
blue/purple octahedra represent Ag/In centred alternating structure. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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Fig. 2. Optimization Curve for Cs2AgInCl6.

Fig. 3. Total density of states of Cs2AgInCl6.

Fig. 4. Electronic band structure of Cs2AgInCl6 along high symmetry points and Projected density of states.
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high symmetry points are shown in Fig. 4. The calculated band gap
is found to be direct, with the valence band maximum (VBM) and
the conduction band minimum (CBM) at C(p/a, p/a, p/a) points of
the Brillouin zone. Band gap for Cs2AgInCl6 is obtained as 1.1 eV.
The obtained band gaps might be within the accuracy limits of
DFT. Available reported values are given for comparison. Reported
band gaps energy values are 0.93, 3.33, 2.76 0.6, 3.22 eV from the-
oretical calculations and 3.23 and 3.3 eV from the experiments.
Calculated and reported bandgap energies are also tabulated in
Table 1.

2.3. Optical properties

Structural and electronic properties studied reveal that the
compound is suitable for photovoltaic applications. For optical
studies the frequency dependent permittivity can be written as e
(x) = eR + ieI, were eR(x) and eI(x) are the real and imaginary parts
of the dielectric constant respectively. The refractive index n as a
function of frequency expressed in terms of e as

n xð Þ ¼ 1ffiffiffi
2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eR xð Þ2 þ eI xð Þ2

q
þ eR xð Þ

� �1
2

and the extinction coefficient k(x) as

k xð Þ ¼ 1ffiffiffi
2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eR xð Þ2 þ eI xð Þ2

q
� eR xð Þ

� �1
2

The complex dielectric function describes the electrical
response of a material to the external electromagnetic fields; the
imaginary part is directly related to the band structure of the mate-
rial and describes its absorption behavior. We have the absorption
coefficient in terms of x as a (x) = x/cn (x) and eI (x) = 2xk (x)/c
where c is the speed of light.

Refractive index and the absorption coefficient as a function of
light energy for Cs2AgInCl6 are shown in the Fig. 5. From the
absorption spectra it can be shown that the material has a good
absorption in the visible region. So this compound can be used as
a light harvester in u-v visible region. Absorption and refractive
index plot for CS2AgBiCl6are also shown for comparison [39].

3. Conclusion

Briefly, from the structural studies we conclude that Cs2AgInCl6
is a stable compound thereby making it a potential candidate for
PV applications. It is also reported that Cs2AgInCl6 perovskite has
a high decomposition temperature and is stable upon prolonged
exposure to air and moisture, which emphasize its potential in
the field of photovoltaic absorbers and optoelectronic applications.
The studies on electronic properties revealed a direct band gap,
with the valence band maximum and the conduction band mini-
mum at C point of the Brillouin zone, but the transitions are
Laparte forbidden. Through proper composition grading suitable
band gap can be achieved for making the compound appropriate

Fig.5. Absorption and refractive index for the compound, as a function of photon energy. Figure on right (blue) is the absorption and refractive index plot for CS2AgBiCl6. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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for applications in solar cells. From the optical studies it is clear
that these materials can be helpful in the visible and ultraviolet
energy ranges.
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a b s t r a c t

Nanofibers are gaining much importance in research field owing to its versatile applications and unique
properties. Eventhough different methods are there to fabricate nanofibers; electrospinning is of great
interest due to its added advantages in terms of cost effectiveness and wide applicability. Among differ-
ent materials electrospun polymers are more preferred because of no post-processing requisites. The
major challenge associated with electrospinning is to optimize the parameters determining the fineness
of surface morphology of electrospun fibers. In the present study an attempt is made to investigate the
effect of solution parameters such as concentration of the polymer solution, nature and ratio of solvent
type and the processing parameters like applied voltage on the fineness of fiber surface morphology of
copolymer poly(styrene-co-methyl methacrylate) fibers. The effect of fiber diameter on thermal degrada-
tion is monitored. The concentration studies were done by varying the concentration from 3% (w/v) to
20% (w/v) and for solvent studies varying proportions of THF and DMF were chosen. Voltage studies were
carried out by varying the applied voltage from 15 kV to 25 kV. The characterization techniques include
SEM, TGA UV–Visible Spectroscopy and FTIR analyses. The results showed that by adjusting the applied
voltage, concentration of the polymer and solvent ratio, a good control over the fineness of surface mor-
phology can be accomplished. From the TGA analysis it is found the degradation property of nanofibers
varied as a function of fiber diameter.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International
conference on Advanced Materials – Materials for a Better Living.

1. Introduction

With the emergence of nanotechnology and nanomaterials the
researchers are exploiting the potential of miniaturization in engi-
neering materials and devices. Nanomaterials are classified accord-
ing to the dimensions as zero-dimensional, one-dimensional, two-
dimensional and three-dimensional nanomaterials. Of these one-
dimensional materials like nanofibers are of great interest to the
scientific world as its unique properties like high porosity, high
surface area to volume ratio make it as a promising candidate for
versatile applications in fields like environmental engineering,
biotechnology and defense. The different processing techniques
for nanofibers are drawing [1] template synthesis [2] phase separa-

tion [3] self assembly [4], Electrospinning [5] etc. Electrospinning
is more advantageous in the sense that it helps in the mass produc-
tion of long continuous fibers and also permits a good control over
the morphology of fiber, its diameter and patterning of fiber depo-
sition. This facilitates to cater the demands of certain specific appli-
cations like filtration membranes, opto-electronic devices, sensors
etc. Eventhough electrospun fibers can be made of different mate-
rials; electrospun polymers both natural and synthetic remain the
material of choices in the need based research as they can be suit-
ably designed in pure and functionalized form and also they have
an added advantage of no post-processing requisites. Among the
synthetic polymers the vast extensively studied polymer is that
of polystyrene mainly for adsorption of organic and inorganic pol-
lutants. But the poor optic clarity, chemical and UV stability limits
its applications. Poly(styrene-co-methyl methacrylate), a copoly-
mer of styrene with methyl methacrylate is better alternative to

https://doi.org/10.1016/j.matpr.2020.01.591
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PS nanofibers as they have improved physical properties. But the
major challenge associated with the formation of nanofibers is to
optimize the parameters like concentration, solvent type, applied
voltage, flow rate, tip to target distance etc. [6] that determine
the fineness of surface morphology.

In the present study the major objective is to optimize the
parameters and to understand the concentration of the polymer,
solvents and applied voltage for the fabrication of nonwoven nano-
fiber mat which can be tuned for filter media and optic applica-
tions. The polymer chosen is random copolymer of styrene and
methylmethacrylate (PSMMA). PSMMA finds application in medi-
cine, casting and automobile industries [7]. The selective sorption
studies with PSMMA has been carried out but no work on PSMMA
nanofibers have been reported to the best of our knowledge. Due to
greater design flexibility and ease in synthesis, random copolymers
are preferred over block copolymers for specific applications. Also
random copolymers show the property of both the monomers.

2. Experimental

2.1. Materials and methods

Poly(styrene-co-methyl methacrylate) with average Mw
100,000–150,000 purchased from Sigma Aldrich, and the solvents
Tetrahydrofuran (THF) and N,N-Dimethylformamide (DMF) were
used for the study. The homogeneous polymer solutions for elec-
trospinning were prepared by varying the concentration of the
polymer and solvent ratio. The concentration studies were done
by preparing PSMMA solutions of 3, 5, 10, 15 and 20 w/v percent-
ages of polymer in 1:1 THF DMF mixture. The solvent selection
studies were done with 3% (w/v) polymer in THFDMF mixture in
the ratios 1:0, 7:3, 1:1, 3:7 and 0:1. The voltage studies were done
with 3% (w/v) polymer solution in 1:1 THF DMFmixture by varying
the applied voltage from 15 kV to 25 kV. In all these studies the
electrospinning of the prepared solutions were done by fixing the
flow rate and tip to target distance (d) as 0.5 ml/hr and 20 cm
respectively. The fibers were collected on an aluminium foil and
glass substrates. The entire electrospinning apparatus was
enclosed in a glass box.

2.2. Characterization

The morphology of the fibers was investigated by using JEOL
Model JSM – 6390 LV Scanning Electron Microscope (SEM) after
sputter coating with gold. The thermal studies were done in Perkin
Elmer STA 6000 under nitrogen atmosphere from room tempera-
ture to 700 �C at a heating rate of 10 �C/min and the UV–Visible
studies were performed using UV-2600 UV–Visible spectropho-
tometer. Fourier Transform Infrared analysis was performed using
Thermo Nicolet, Avatar 370 FTIR spectrometer.

3. Results and discussions

3.1. Structural studies

3.1.1. Applied voltage dependence on fiber morphology
The morphology of electrospun fibers was studied as a function

of applied voltage to understand the optimum voltage for fiber for-

mation. The studies were performed by fixing the parameters like
concentration of the polymer, solvent ratio, tip to target distance
and flow rate as shown in Table 1. Fig. 1(a–c) show the SEM images
of PSMMA nanofibers electrospun at different applied voltages of
15 kV, 20 kV and 25 kV respectively.

It can be seen that there is a remarkable change in the surface
morphology of the fiber from electrospraying [8] to smooth fine
fibers when the voltage is increased from 15 kV to 25 kV. This
could be explained on the basis that the high voltage induced
required charges which will help to overcome the surface tension
of the solution thereby initiating the electrospinning process.

3.1.2. Solvent studies: effect of solvent ratio on fiber morphology
The solvent selection studies were performed by varying the

ratios of the solvents chosen THF and DMF respectively as 1:0,
7:3, 1:1, 3:7 and 0:1. The parameters fixed for the study and mor-
phology of fibers obtained are shown in Table 2. Fig. 2(d–g) shows
the SEM images for fiber formation studies using the THF DMF
ratio 1:0, 7:3, 3:7 and 0:1. Fig. 1(c) shows the SEM image of fiber
formed under solvent ratio 1:1.

From the SEM images it is known that THF DMF solvent mixture
in 1:1 ratio gave nanofiber with beadless morphology. It was
reported elsewhere that solvent with greater dielectric constant
reduces the bead formation and fiber diameter [9] and here the
dielectric constant of DMF is higher. But it was observed that nano-
fiber prepared from greater ratio of DMF produced more beads
than the fiber produced from greater proportion of THF. This may
be because eventhough DMF has higher dielectric constant there
may be retraction of polymer molecule owing to the poor polymer
solvent interaction [10].

3.1.3. Concentration studies: effect of solution concentration on fiber
morphology

The concentration studies were done by varying the concentra-
tion of polymer solution as 3, 5, 10, 15 and 20 wt/v percentages of
polymer by fixing the other parameters as mentioned in Table 3.
Figs. 1(c) and 3(h–k) show the SEM images of concentration 3, 5,
10, 15 and 20 wt/v respectively.

It was observed that bead free polymeric nanofibers were
obtained for all concentrations studied at 25 kV. Also with increase
in concentration from 3 (w/v) % to 20 (w/v) % there is significant
change in the average fiber diameter from an average of 80 nm
to 1100 nm as shown in Table 3. This may be because with increase
in concentration the polymer chain entanglement in the solution
will be greater that will sustain the stability of polymer jet [11].
The increase in fiber diameter with increase in concentration can
be explained on the basis of greater viscosity. When the viscosity
is high the secondary jets are prevented from breaking off the main
jet resulting in increased fiber diameter [12].

3.2. Thermal studies

Thermal studies were done as a function of fiber diameter. Fig. 4
shows the TGA curve of electrospun PSMMA fibers of average
diameter 280 nm, 450 nm and 1100 nm represented as A, B and
C respectively. It is seen that decomposition takes place in single
step in all the samples. Also there is an increase in the onset, final
and maximum degradation temperature of fibers with decrease in

Table 1
Conditions for Electrospinning for applied voltage studies.

Concentration
(wt/v)

Applied voltage
(kV)

Solvent ratio THF &
DMF

Tip to Target distance
d (cm)

Flow rate
(ml/h)

Average fiber diameter and morphology Figures

3% 15 1:1 20 0.5 Electrospraying (beaded structure) a
3% 20 1:1 20 0.5 Beaded fibers < 80 nm b
3% 25 1:1 20 0.5 Bead free fibers < 80 nm c
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its diameter. It is also reported that for PSMMA copolymers the
thermal stability is low because of the increase in the weak bonds
[13].

3.3. UV–Visible absorption studies

UV–Visible absorption studies were done as a function of fiber
diameter in the visible wavelength region. Fig. 5 gives the UV–Vis-
ible spectra of PSMMA fibers of average fiber diameter 280 nm,
450 nm and 1100 nm represented as A, B and C respectively. It is
observed that fibers of different diameters absorbs around
375 nm. But the absorption nature of fibers was found different.
Even though the absorption maximum is not changed, the absorp-
tion intensity of the materials at different wavelengths found to be
varied at different wavelengths.

3.4. FTIR studies

FTIR analysis was performed to confirm the chemical composi-
tion of fibers Fig. 6. The peaks observed at 2989–2947 cm�1

corresponds to C–H stretching of methyl group. The peak at
1730 cm�1 is of C=O group in the ester part of PMMA [14]. The
absorption peak at 1602 cm�1 is due to the stretching vibration
of phenyl backbone in the polystyrene ring. The peaks at 1270–
1000 cm�1 are assigned to C–H deformations, C–O–C and C–O
stretching vibrations. The absorption peaks at 900–600 cm�1 orig-
inates from the C–H stretching of aromatic ring.

4. Conclusions

The main objective of the study is to optimize the solution
parameters and processing parameters for the fabrication of
PSMMA fibers. From the studies done with emphasis to polymer
concentration, solvent selection and applied voltage, it can be con-
cluded that 3% PSMMA solution in THF DMF solvent system elec-
trospun at 25 kV applied voltage can fabricate fibers of good
morphology. Also, the studies thrown light to the conditions that
needed to fabricate fibers for applications like selective sorption
of organic pollutants and optic devices. The thermal degradation
studies as a function of fiber diameter showed that there is varia-

Fig. 1. SEM images as a function of applied voltage of PSMMA fibers (a) 15 kV (b) 20 kV (c) 25 kV.

Table 2
Conditions for Electrospinning for solvent studies.

Concentration
(wt/v)

Applied voltage
(kV)

Solvent ratio THF &
DMF

Tip to Target distance
d (cm)

Flow rate
(ml/h)

Average fiber diameter and
morphology

Figures

3% 25 1:0 20 0.5 Beaded fibers d
3% 25 7:3 20 0.5 Bead free fibers < 160 nm e
3% 25 1:1 20 0.5 Bead free fibers < 80 nm c
3% 25 3:7 20 0.5 More beaded fibers < 140 nm f
3% 25 0:1 20 0.5 Heavily beaded fibers g
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Fig. 2. SEM images as a function of THF DMF ratio of PSMMA fibers (d) 1:0 (e) 7:3 (f) 3:7 (g) 0:1.

Table 3
Conditions for Electrospinning for concentration studies.

Concentration
(wt/v)

Applied voltage
(kV)

Solvent ratio THF &
DMF

Tip to Target distance
d (cm)

Flow rate
(ml/h)

Average fiber diameter and
morphology

Figures

3% 25 1:1 20 0.5 Bead free fibers < 80 nm c
5% 25 1:1 20 0.5 Bead free fibers < 280 nm h
10% 25 1:1 20 0.5 Bead free fibers < 450 nm i
15% 25 1:1 20 0.5 Bead free fibers < 680 nm j
20% 25 1:1 20 0.5 Bead free fibers < 1100 nm k

Fig. 3. SEM images as a function of concentration of PSMMA fibers (h) 5% (i) 10% (j) 15% (k) 20%
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tion in the degradation temperature with change in fiber diameter.
Optical absorption studies also showed a change in the absorption
intensities with change in fiber diameter. FTIR studies confirmed
the structure of PSMMA.

CRediT authorship contribution statement

Vinitha Varkey: Investigation, Validation, Writing - original
draft, Writing - review & editing. E. Tomlal Jose: Methodology,
Resources, Writing - review & editing. U.S. Sajeev: Formal analysis,
Writing - review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] T. Ondarcuhu, C. Joachim, Europhys. Lett. 42 (1998) 215–220.
[2] C.R. Martin, Chem. Mater. 8 (1996) 1739–1746.
[3] P.X. Ma, R. Zhang, J. Biomed. Mat. Res 46 (1999) 60–72.
[4] J.D. Hartgerink, E. Beniash, S.I. Stupp, Science 294 (2001) 1684–1688.
[5] J. Doshi, D.H. Reneker, J. Electrostatics 35 (1995) 151–160.
[6] Z.M. Huang, Y.Z. Zhang, M. Kotaki, S. Ramakrishna, Compos. Sci. Technol. 63

(2003) 2223–2253.
[7] Z. Matusinovic, M. Rogosic, J. Sipusic, Polym. Degrad. Stab. 94 (2009) 95–101.
[8] J.F. Hagewood, Int. Fiber J. 19 (2004) 48.
[9] C.M. Hsu, S. Shivakumar, Macromol. Mater. 289 (2004) 334–340.
[10] L. Wannatong, A. Sirivat, P. Suphapol, Polym. Int. 53 (2004) 1851–1859.
[11] S.L. Shenoy, W.D. Bates, H.L. Frisch, G.E. Wnek, Polymer 46 (2005) 3372–3384.
[12] S.L. Zhao, X.H. Wu, L.G. Wang, J. Appl. Polym. Sci 91 (2004) 242–246.
[13] Hamid Reza Azimi, Mostafa Rezaei, Faezeh Majidi, Polym. Degrad. Stab. 99

(2014) 240–248.
[14] M. Aldosari, A. Othman, E. Alsharaeh, Molecules 18 (2013) 3152–3167.

Fig. 4. TGA curve as function of average fiber diameter A, B and C represent 280 nm,
450 nm, 1100 nm respectively

Fig. 5. UV–Visible absorption curve as function of average fiber diameter A, B and C
represent 280 nm, 450 nm, 1100 nm respectively

Fig. 6. FTIR image of PSMMA.

V. Varkey et al. /Materials Today: Proceedings 33 (2020) 2077–2081 2081

http://refhub.elsevier.com/S2214-7853(20)30711-2/h0005
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0010
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0015
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0020
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0025
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0030
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0030
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0035
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0040
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0045
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0050
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0055
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0060
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0065
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0065
http://refhub.elsevier.com/S2214-7853(20)30711-2/h0070


International Journal of Research in Social Sciences 
Vol. 10 Issue 02, February 2020 

ISSN: 2249-2496 Impact Factor: 7.081 

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com          
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & 

Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gate as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

130 International Journal of Research in Social Sciences 

http://www.ijmra.us, Email: editorijmie@gmail.com 
 

A STUDY ON THE IMPACT OF RESPONSIBLE TOURISM ON THE 

ECONOMIC CONDITIONS OF HOME STAY OWNERS IN KUMARAKOM 

 

Reshma Rachel Kuruvilla, Assistant Professor, BIshop Chulaparambil Memorial 

College, Kottayam 

Aleyamma George, Assistant Professor, Kuriakose Gregorious College, Kottayam 

 

 

Abstract 

  

Tourism is a fast growing industry in India. It is believed that Tourism has huge 

potential for revenue generation. But it is important to explore the untapped aspects of 

tourism . Providing Home stay arrangements can enable tourists to experience the rich 

culture and traditions of the host community too. This study is an attempt to know about 

the economic conditions of home stay owners in Kumarakom before and after responsible 

tourism. 

 

INTRODUCTION 

                                    Tourism  has been recognized as one of the prominent 

contributor towards the GDP of our country. In 2015, 44.2 billion US$ was the direct 

contribution of tourism and hospitality sector to the Gross domestic product of our country. 

Trade, repair services, hotels and restaurants collectively forms the third-largest sub-

segment of the services sector  which contributed  nearly US$ 187.9 billion or 12.5 per 

cent to the Gross Domestic Product (GDP) in 2014-15, The Compound Annual Growth 

Rate (CAGR) over the period from  2011-12 to 2014-15 also shows significant progress. 

From the above figures we can easily understand that the  Indian tourism and hospitality 

industry has emerged as one of the key drivers of growth among the services sector in 

India.  

 

                                     Apart from the contributions to the GDP, tourism is also 

considered to be important since, tourism in India has significant potential considering the 

historical importance of places, variety in ecology, culturally rich heritage sites,and 

naturally blesssed beauty spots spread across the nation. Tourism is also a potentially large 

employment generator besides being a significant source of foreign exchange for the 

country. 
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Significance of the study 
 

                                            Apart from these positive aspects, when an area starts being 

visited by tourists, there are bound to be some social economic and cultural impacts of 

those tourists on the host community and economy of the destination . Locals may see 

increased congestion and overcrowding in towns and cities, perhaps an increase in crime, 

the introduction of new languages and values, and perhaps even an influx of migrant 

workers to be employed in the tourism industry. It is important to minimize these negative 

impacts and to  focus more on positive aspects, such as promoting cultural exchange and 

preserving local traditions. This can usually be achieved by getting the locals involved in 

tourism. This is important from the view point of sustainability too as the locals will be 

more aware about the specialities of the location than any outsider. Having the community 

involved will not only offer visitors a more genuine experience, but offer a space where the 

locals will get an economic opportunity from  tourism. 

                          

 

      Economic sustainability means reducing leakages and building linkages– 

essentially, an attempt to keep the money local. A foreigner owned and operated hotel or 

restaurant  is not likely to contribute much to the local economy. Much of the money 

gained will flow overseas. This is not sustainable. Therefore in responsible tourism 

ventures, guests are invited into the local houses where they get an opportunity to take 

rooms on rent, interact and share with the family members in the local household. This sort 

of accommodation is called as home stay.  

Meaning of the  term Home Stays 

The home stay concept is ideal for visitors to experience the rural and traditional 

way of life, and for the local community to participate in and benefit directly from tourism.  

Home stays provide an authentic visitor experience that directly improves the lives and 

heritage of local Communities and aims to discover the nature and to enjoy the untouched 

and undisturbed country-side.  The home stays are not hotels; instead they reflect the 

traditional and simple atmosphere of the rural lifestyle. Apart from the pleasure of being 

amidst peaceful and serene environment, tourists can also enjoy the tradition & culture of 

the rural hill communities. 
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Here the locals are also given a chance to gain from tourism without spending huge 

amounts on investments.  This study is an attempt to know the socio economic conditions 

of home stay owners before and after their investment in tourism.  

 

Objectives of the study 
 

 To study about the  economic conditions of  home stay owners before and after 

their investment in tourism. 

 To study about the association of literacy levels and income of home stay owners. 

 

Hypotheses of the study are: 

 H0 : There is no association between literacy levels and income of home stay 

owners. 

 

Methodology 

Primary data was collected from home stay owners who belonged to  Kumarakom . 

Respondents were selected on a random basis based on convenience. Data collected 

through survey were supplemented with secondary data which were found relevant to 

make the study more significant. The questions were pertaining to the income levels of 

respondents before and after their initiatives in tourism ventures. Data was also collected to 

know the  literacy levels of individuals who earned from tourism . For testing the 

hypotheses, chi-square tests were administered at 5% level of significance . The period of 

study was from  October 2015 to November 2015. 

 

Analysis  and interpretation 
 

             Out of the 50 home stay owners  surveyed, 40 were men and only 10 were women 

. Respondents were asked about their satisfaction regarding the earnings from their  home 

stay businesses. 

 

Table No 1. Showing Genderwise satisfaction of respondents 

 

Enterpreneurs Satisfied Not 

Satisfied 

Total 

Men  25(50%) 15(30%) 40(80%) 

Women 8 (16%) 2(4%) 10(20%) 

Total 33(66%) 17 (34%) 50(100%) 

                   Source: Primary data 
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Irrespective of the gender differences,  large majority of the home stay owners were happy 

with what they got from tourism business . Majority of entrepreneurs in the home stay 

sector are men mainly because majority of the landholdings are held by men according to 

the patriarchal system being followed in Kerala. 66 % of the respondents were satisfied 

with their home stay business which amounts to a large proportion. 

 

Engagements apart from tourism 

 
It is very important also to know whether the respondents surveyed have some previous 

connections with  the tourism or related industries. Previous working knowledge can 

influence the way things are handled in a business venture. Rural agriculture, trading and 

fishing activities  should be integrated with the home stay business so that people who are 

not directly connected with tourism would also  start to benefit from this tourism ventures. 

This integration would help eradicate  proverty from the locals by deploying the  foreign 

funds. 

 

Table No.1 showing the other  engagements of home stay entrepreneurs 

 

Particulars Number of Respondents Percentage 

Trading 12 24 

Fishing 3 6 

Business 05 10 

Unemployed 05 10 

Others 07 14 

Agriculture 18 36 

Total 50 100 

 36 % of the respondents depend on agriculture as their main economic activity along with 

home stays. This may be because of the agrarian nature of the kerala economy. 24% of  the 

respondents were involved in trading activities. Traders should try to provide indigenous 

products which would attract the attention of tourists. If this is done, leakages can be 

minimized to the maximum possible extend. 

 

Change in Income after engaging in tourism activity 
Though agriculture was the main economic activity of the state, initiatives in the 

sustainable tourism development promoted the growth of many tourism related businesses . 

Questions were pertaining to the change  in income after the beginning of home stays.  
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Table No. showing the  income of home stay owners before and after  their 

investments in tourism. 

Annual Income levels of 

the family 

Before After 

Upto 50,000 16 04 

50,000-100,000 14 05 

100,000- 200,000 12 20 

200,000- 300,000 03 18 

Above 300,000 05 07 

Total 50 50 

 

From the data analyzed, we can understand that the income levels have improved 

considerably. Respondents said that their returns from the home stay businesses are very 

good as they had to   spend very little for the business developments. Children, Youth and 

the women folk  also earn from the tourism initiatives of the home stay owners. Children 

can even earn by making garlands for the guests and by inviting them into the houses.  

Youth and the women folk can earn by preparing traditional delicacies for the guests. but 

they  also pointed that they are finding it difficult to meet their ends meet during the off 

season periods. This may be because of the inefficient saving habits of the people. Mr A 

Varghese opined that savings can act as a source of income during off seasons for the 

seasonal income earners through his book ‘Home management’. 

Association Of Literacy Levels And Income Of The Home Stay Owners 

                             Study was also done to know about the association of literacy levels 

and income of the home stay owners from tourism ventures. It is believed that education 

levels of a person can influence the way a person  behaves and deal with people. People 

were surveyed and chi square tests was conducted to know the association of education and 

income generating capacity of home stay owners. 
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         Table showing literacy levels and income of the home stay owners (in’000 s) 
Particulars Upto 50 50-  100 100 -200  200-300 Above 300 Total 

Upto Higher 

secondary 

 

06 07 09 00 01 23 

Upto 

Graduation 

 

01 04 05 01 00 11 

Upto Post 

Graduation 

 

00 02 02 01 01 06 

Upto 

Professional 

Level 

00 01 04 02 03 10 

Total 07 14 20 04 05 50 

 

 

Results 

Chi Square Test Statistic 16.845 

Degrees of freedom (5-1)*(4-1)= 12 

Table Value 21.026 

Calculated value is less than the table value, Therefore, we accept the null  

hypothesis. And it is understood hereby that  they are independent . 

 

From the analysis of primary data, we can understand that education levels  have influence 

on the income generating capacity of the home stay entrepreneurs.  Qualified people are 

able to earn more amounts by making use of all possible scientific tactics and integration 

of tourism with other activities. But there are people who are able to earn good numbers 

even while having a low educational qualification. This may be because of the 

entrepreneurial skills of the home stay owners 

Findings of the study 
 Irrespective of gender, home stay owners are satisfied with their earnings from the 

business. 

 An integrated approach with other engagements is seen along with tourism. Rural 

agriculture and fishing are mainly integrated along with tourism in Kumarakom. 

 Annual Income of home stay owners have increased considerably after their 

initiatives in tourism ventures.  

 Education levels have an influence on the income generation capacity of home 

stays. 
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CONCLUSION 

     Local people organize and host the visitors and therefore are 

the primary recipients of the benefits, financial and otherwise, that build up from 

the tourism activity. In addition to the host families, many of the micro-enterprises 

in the locality can also get benefitted directly from the influx of tourists and 

increase demand for their products.  The program also acts as an important 

mechanism to learn, share and conserve local values and customs. Such tourism 

activities provide direct economic benefits to the locals and make them participate 

in the conservation of the local environment that is the prime attraction for the 

tourists.  Home stay Experience has potential in fulfilling niche segment market for 

both international and domestic tourists.  Home stay Experience provides the local 

community with alternative incomes and becomes a poverty reduction tool. 
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Abstract: Customer experience arises out of the interactions that took place between customers and customer touch points. The possibility 

for multi-channel interactions in the banking sector demand for measuring customer experience at different touch points and it impact on 
the overall customer experience. The prominent players in the banking sector public sector banks and private sector banks have transformed 

themselves to provide better experiences. The present research compares the public and private sector banks with respect to the customer 

experience factors. The results of the study revealed that customer experience factors are present at varying intensity levels in the public 

sector banks and private sector banks. Core services of the private sector banks offer superior customer experience and differentiates private 

sector banks from public sector banks. 

Key Words: Customer experience, Touch Points, Core Services, Value Added banking Services, Service Process. 

 
I. Introduction 

Technological developments in the 20th Century brought radical changes in all spheres and banks also have undergone this process.  Banks 
the prominent financial service provider entered into a transition phase and the pace of the transition process was augmented by rapid 

technological revolutions. More over product and price differentiation, the major techniques used for attracting and retaining bank customers 

in the earlier times turned to be unsuccessful. For overcoming the challenges posed by rapid technological changes and differentiation 

strategies banks have incorporated fundamental changes in the basic operations. Further the possibilities for multichannel interactions with 

the banking organisations also demanded for more concentrated efforts for creating satisfied and loyal customers. Therefore offering positive 

customer experience at every contact points is identified as the measure, to overcome the issue of customer dissatisfaction and churn. 

(Tamilmaran, 2014) Customer experience is derived out of the presence of mechanical, functional, humanic and emotional clues present in 

the customer touch/contact points. (Garrett, 2006) Positive customer experience results in bondage with brand and ultimately would result 

in loyalty. (Pine & Gilmore, 1998) Offering customer experience is identified as the next battleground, especially for service organisations. 

The functional as well as operational differences that existed among the major players of Indian banking sector namely public sector and 

private sector got minimised due to the transition process and the similarities among them increased. Both public and private sector banks, 

began to offer better experiences in order to maintain their profitability and customer base. Customer touch/contact points of the banks are 
equipped with various clues that are capable of evoking various types of experiences among the customers. There is a dearth of research 

works on customer experience and especially that of banking customers. So this study attempts to bridge this gap by identifying the factors 

that contributes to the customer experience of both public sector and private sector banks. For the purpose of this paper is organised into 

five sections. First section gives the conceptual background of customer experience. Second lists out the significance, objectives, hypothesis 

and methodology of this study. Third section deals with factors influencing customer experience in the banking sector. Fourth section, the 

socio- demographic details and discriminant analysis of customer experience factors. Finally the study is concluded with results implication 

along with the study limitations and directions for future research. 

II. Customer experience  

Pine and Gilmore “Customer experience is an exchange of stimuli, information, and feelings between an organisation and its customers.” 

Bernd H Schmitt “Customer experience consists of individual contacts between the firm and the customer at distinct points in the experience, 

called touch points”. Meyer and Schwager defined the customer experience as “encompassing every aspect of a company’s offering—the 
quality of customer care, of course, but also advertising, packaging, product and service features, ease of use, and reliability. It is the internal 

and subjective response customers have to any direct or indirect contact with a company” 

III. Significance of the study 

Provision of services and delivery of services which would influence customers at rational levels would no longer help banking organisations 

in the present era. Service performances, only by involving rational, emotional, affective and cognitive levels of the customers would result 

in long term profitability and loyalty among customers. The present research on factors influencing customer experience among public and 

private sector banks in Kerala is carried out to identify the prominent factor influencing customer experience. The present research would 

identify the most powerful customer experience factor in terms of its positive influence and will be helpful in formulating the policy and 
strategy formulators in the banking sector. Moreover in the banking sector where  multi-channel interactions took place, information on 

customer experience at different touch points would help in determining the most effective touch point and also helps the bank authorities 

for devising strategies for modifying the existing touch points for offering better and improved new experiences to their customers. Moreover 

in a state like Kerala where financial inclusion percentage is more than 90% the determination  of  customer response towards customer 

experience factors  would be crucial in maintaining existing  customer base  . 

IV. Objectives of the study 

1. To identify the most important factor influencing customer experience among banking customers in Kerala. 

2. To determine the customer experience factors that differentiates public sector banks from private sector banks in Kerala. 
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V. Methodology 

The present research on factors influencing customer experience among public and private sector banks in Kerala is exploratory in nature. 
For identifying the most important factor influencing customer experience data was collected from 400 customers each from public sector 

and private sector banks, who uses both offline and online platforms for fulfilling their banking requirements. The respondents were selected 

from three districts of Kerala, namely Trivandrum, Ernakulam and Calicut, adopting multi stage random sampling. A structured 

questionnaire consisting of 99 statements relating to 13 identified factors influencing customer experience is used for collecting the primary 

data. The 13 factors and 40 statements used in this research are adopted from the customer experience measurement scale developed by 

Ruchi Garg, Zillur Rahman, and M.N. Qureshi in 2014. The adopted factors as well as the statements are modified to suit the requirements 

of the present research. Cronbach’s alpha of all the 13 factors influencing customer experience were above the acceptance level of 0.70 

suggested by (Nunally,1978). Multiple discriminant analysis is applied to determine the most important factor influencing customer 

experience and also for identifying the factors that discriminates public sector banks from private sector banks. 

VI. Customer experience factors 

(Lemon & Verhoef, 2016) Customer experiences are generated from the interactions across customer contact points. After considering the 
customer touch / contact points  equipped with various types of clues, presence of clues as well as its association with each customer touch 

points in banks thirteen factors are identified. Physical environment of bank branches and ATMs, convenience and ease of access of banking 

services, marketing mix, core services, value added banking services, branch employees, service process, customisation offered, customer 

interaction, speed of touch/contact points, aesthetic aspects of online & mobile banking services, hedonic elements of online & mobile 

banking services and functional elements of online & mobile banking services are identified as the factors that results in customer experience 

in the banking sector. Previous researches that have narrated the factors influencing customer experience is depicted in the Table-1 given 

below, 

Table-1 

Literature Evidence regarding factors influencing customer experience 

Customer Experience Factors Literature Evidence 

Physical Environment of bank branches and ATMs 

(Babin, Barry & Attaway, Jill, 2000)(Baker, 

Parasuraman, Grewal, & Voss, 2002)(Kim, Cha, 

Knutson, & Beck, 2011)(Kotri, 2011)(Garg, Rahman, 

Qureshi, & Kumar, 2012) (Garg, Rahman, & Qureshi, 

2014)(Chang & Huang, 2014)(Yakhlef, 

2015)(Backstrom & Johansson, 2006)  

Convenience and Ease of Access of Banking services 

(Bilgihan, 2010) (Kim et al, 2011)(Garg et al, 2012) 

(Rose, Clark, Samouel, & Hair, 2012) (Garg et al., 
2014)(Nasution, Sembada, Miliani, Resti, & Prawono, 

2014) (Chang & Huang, 2014) 

 

Marketing Mix (Kotri, 2011)(Garg et al, 2012) (Garg et al., 2014) 

Core Services (Kotri, 2011)(Garg et al, 2012)(Garg et al., 2014) 

Value Added Banking Services (Garg et al, 2012) (Garg et al., 2014) 

Bank Employees 

(Harris, 2007)(Stewart, 2010)(Kotri, 2011)(Otnes, 

Ilhan, & Kulkarni, 2012)(Garg et al, 2012) (Garg et al., 

2014) (Chang & Huang, 2014)  

Customisation Offered 
(Garg et al., 2012) (Rose et al., 2012) 

(Garg et al., 2014) 

Customer Interaction 

(Bilgihan, 2010) (Kotri, 2011)(Garg et al, 2012) 

(Otnes et al., 2012) (Garg et al., 2014)(Srivastava & 

Kaul, 2014) 

Service Process 

(Bitran, Ferrer, & Rocha, 2008)(Garg et al, 2012) 

(Garg et al., 2014) (Chang & Huang, 2014) (Joshi, 

2014) 

Speed of Contact/touch points (Garg et al., 2012)(Rose et al., 2012) (Garg et al., 2014) 

Aesthetic aspects of Online banking services 
(Garg et al., 2012) (Rose et al., 2012) (Garg et al., 

2014) 

Hedonic elements of Online banking services 
(Bilgihan, 2010)(Palmer, 2010)(Garg et al, 2012) 
(Garg et al., 2014) 

Functional elements of Online banking services 
(Bilgihan, 2010)(Garg et al, 2012) 

(Garg et al., 2014)(Hwang & Seo, 2016) 
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VII. Results and Discussion 

7.1 Socio-demographic profile of customers  

Table-2 

Socio-demographic details of customers 

Demographic Variables Frequency Percent 

Gender 
Male 431 53.88 

Female 369 46.13 

Age 

Below 20 80 10.00 

21-40 424 53.00 

41-60 259 32.38 

61 & above 37 4.63 

Educational Qualification 

SSLC/10 12 1.50 

Plus Two 80 10.00 

Undergraduate 236 29.50 

Postgraduate 321 40.13 

Doctoral degree 35 4.38 

Professional Degree 86 10.75 

Others 30 3.75 

Occupation 

Business 55 6.88 

Professional 62 7.75 

Government Employee 177 22.13 

Student 121 15.13 

Private Employee 291 36.38 

Others 94 11.75 

Annual Income 

Less than Rs.1,50,000 145 18.13 

Rs.1,50,001 to Rs. 3,00,000 82 10.25 

Rs.3,00,001 to Rs.4,50,000 167 20.88 

Rs.4,50,001 to Rs.6,00,000 199 24.88 

Rs.6,00,001 & above 207 25.88 

Area of Residence 

Corporation 283 35.38 

Municipality 252 31.50 

Panchayath 265 33.13 

Years of association with the 

bank 

Less than 5 Years 245 30.63 

6-10 Years 160 20.00 

11-15 Years 129 16.13 

16-20 Years 101 12.63 

21 Years & above 165 20.63 

Source: Primary Data 

7.2 Multiple discriminant analysis  

In order to discriminate the factors influencing customer experience between public and private sector banks, at a time a Discriminant 

Analysis has been done. Discriminant function is a linear combination of the predictor variables that provide the best discrimination between 

the groups. In order to identify the important variables, variables with high coefficients, and pooled within group correlation between 
discriminating variables of the discriminant function are used. As the initial step in Discriminant Analysis, the Test to Equality of Group 

means is done to validate the power of each variable to the Discriminant Function. The following table-3 presents the results of tests of 

equality of group means and it was found that all the 13 variables selected are powerful enough to proceed with discriminant analysis. For 

identifying the customer experience factor that differentiates public sector banks from private sector banks the following hypothesis is 

formulated and tested as shown in Table-4 and Table-5. 

The hypothesis is: 

H0: There is no significant difference in customer experience factors between public and private sector banks. 

H1: There is significant difference in customer experience factors between public and private sector banks. 
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Table-3 

Tests of Equality of Group Means among type of banks 

Variables Wilks' 

Lambda 

F df1 df2 Sig. 

Physical Environment of bank branches and 
ATMs 

.738 283.324 1 798 .000 

Convenience and Ease of Access of Banking 

services 
.834 159.180 1 798 .000 

Marketing Mix .749 268.030 1 798 .000 

Core Services .658 414.797 1 798 .000 

Value Added Banking Services .748 268.660 1 798 .000 

Bank Employees .888 100.947 1 798 .000 

Customisation Offered .859 131.501 1 798 .000 

Customer Interaction .881 108.237 1 798 .000 

Service Process .871 117.819 1 798 .000 

Speed of Contact/touch points .917 72.158 1 798 .000 

Aesthetic aspects of Online banking services .835 157.920 1 798 .000 

Hedonic elements of Online banking services .859 130.492 1 798 .000 

Functional elements of Online banking services .890 98.306 1 798 .000 

Source: Primary data 

 

 

 

Table-4 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical 

Correlation 

1 .710a 100.0 100.0 .644 

a. First 1 canonical discriminant functions were used in the analysis. 

Table-5 

Wilks' Lambda 

Test of 

Function(s) 

Wilks' Lambda Chi-square df Sig. 

1 .585 424.731 13 .000 

 

Table-6 
Functions at Group Centroids 

Type of Bank Function 

1 

Public Sector Banks -.842 

Private Sector banks .842 

 

         

 Table-7 

Standardized Canonical Discriminant Function Coefficients 

Variables Function 

Physical Environment of bank branches and ATMs .469 

Convenience and Ease of Access of Banking services -.215 

Marketing Mix -.127 

Core Services .748 

Value Added Banking Services .314 

Bank Employees -.212 

Customisation Offered .131 

Customer Interaction -.065 

Service Process .102 

Speed of Contact/touch points -.234 

Aesthetic aspects of Online banking services .018 

Hedonic elements of Online banking services .297 

Functional elements of Online banking services -.110 
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Table-8 

Structure Matrix 

Variables Function 

1 

Core Services .856 

Physical Environment .707 

Value Added Banking Services .689 

Marketing Mix .688 

Convenience and Ease of Access of Banking services .530 

Aesthetic aspects of Online banking services .528 

Customisation Offered .482 

Hedonic elements of Online banking services .480 

Service Process .456 

Customer Interaction .437 

Bank Employees .422 

Functional elements of Online banking services .416 

Speed of Contact/touch points .357 

 

  
As per Table-3, test of equality of group means it is found that all the 13 customer experience factors are significant at the 1 percent 

significance level. Therefore all the 13 variables can be considered in the discriminant function. Table- 4 and Table-5 reveals the validity 

of the discriminant function. Validity of the discriminant function is based on Wilk's Lambda and F test. The smaller the Wilks’ Lambda 

the more important the variable to the Discriminant function. Here, the Wilk’s Lambda is found to be significant for all variables, since the 

F values are significant (p< .01). The Discriminant Function for customer experience factors of public and private sector banks is significant 

at the 1 per cent level with canonical correlation of 0.644 providing a χ2 =424.731 with p<0.01. The most important variable to the 

Discriminant function is core services (Wilk’s Lambda-0.658) and therefore it can be inferred that core services offered by the bank is the 

major factor that influences the customer experience. The standardized canonical discriminant function coefficients and centroid values 
(Table- 4 and Table-5) shows that, the variables with negative coefficients are dominant factors influencing customer experience in public 

sector banks. Convenience and ease of access of banking services, marketing mix, bank employees, speed of contact/touch points and 

functional elements of online banking services are important among public sector banks. The other factors such as physical environment of 

bank branches and ATMs, core services, value added banking services, customisation offered, service process, aesthetic aspects of online 

banking services and hedonic elements of online banking services are dominant variables leading to superior customer experience in private 

sector banks. From the Table-8, it is evident that the variable with the highest positive correlation coefficient is core services (.856).Hence 

it can be concluded that the most important factor influencing customer experience is core services and also it is clear that core services 

discriminates against private sector banks from public sector banks. The present research gives a better idea about the factors influencing 

customer experience among banks. This gives better insights to bank managers while dealing with the customers so that they could manage 

customers more efficiently, offer excellent services resulting in superior customer experience. 
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Abstract. Three major considerations for any VLSI design are power, area and delay. Several techniques have been
proposed to reduce the power consumption. Approximate computing is an emerging technique for the design of power
efficient systems which are suitable for error-tolerant applications. For many multimedia applications, inexact result is
sufficient and hence approximate multipliers can be used for these applications. In this paper, an approximate compressor
and half-adder based partial product encoded multiplier design is proposed. The proposed multiplier unit uses partial
product encoding to reduce the logic complexity. Encoded partial products are reduced using approximate compressors
and an approximate half-adder. Performance of the proposed multiplier is also compared with an exact and an existing
approximate multiplier unit.

INTRODUCTION

Approximate computing is an emerging technique that has been used for improving the accuracy-performance
trade-off in digital systems suitable for error-resilient applications [1]. Multipliers are the most often used
computation blocks in digital systems, which consume most of the power. Approximation of multiplier units enables
the design of power efficient systems. A multiplier has three implementation steps: partial product generation,
partial product reduction and partial product accumulation. Among these 3 stages, partial product reduction stage is
the most power consuming one. So, most of the approximate multiplier designs apply approximation to this stage
[2]-[5]. All these approximate multipliers use either truncation [6]-[7] or approximation [2]-[5] in its partial product
reduction stage.

The least significant columns of a partial product array can be truncated and to minimize the truncation error, a
data independent term for error correction can be added [6]. The error correction term added is data independent,
which leads to large error. Reduction in error can be achieved by introducing a data dependent correction term to the
truncated product [7]. In the process of truncation, most of the bits are removed, which increases the error at final
product. In this context, several approximation methods were introduced for the design of error tolerant, power-area
efficient systems. The concept of approximation arise from an important paradigm of human brain that while doing
computation intensive tasks, it is not sensitive to detailed behaviour of individual computational blocks used in
system. This leads to use of approximate computation blocks for bio-inspired systems. In bio-inspired broken-array
multiplier, approximation is applied to partial product accumulation stage [8].

Other methods of approximations involve use of approximate adders [2] and approximate compressors [3] for
the reduction of partial products. All these methods mainly focus on direct application of approximate adders and
compressors to reduce the logic complexity. In [4], a probability based design of approximate multiplier is proposed.
This method alters partial products to introduce new encoded terms with different probabilities. Encoding is done to
reduce probability of error during approximation. A low-power approximate multiplier is proposed using encoded
partial products and approximate compressors in [5]. Encoding ensures reduction of Boolean logic by taking into
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account of possible don’t care logic states, thereby reducing circuit complexity. In this paper a 4-bit approximate
multiplier is proposed in which, partial products in are encoded with generate and propagate terms. The encoded
terms are further reduced using approximate compressor for each stage [5].

In the proposed paper, further reduction in logic complexity of a 4-bit approximate multiplier is investigated. In
the proposed design, partial products in the stages 1- 4 are encoded with propagate and generate terms followed by
partial product reduction using approximate computational units. Approximate half-adder is proposed in reduction
of stage 1 and approximate compressors in stages 2- 4. Circuit complexity is reduced in the proposed technique by
increasing don’t care logic states in stage 3.

PROPOSED ARCHITECTURE

Design of 4-bit Multiplier Unit

Consider two 4-bit unsigned operands 



3

0
)2(

i

i
iaa and 




3

0
)2(

j

j
jbb . The partial product array is a (4 × 4)

array of partial product bits ,. jiij bapp  where i, j ∈ {0, 1, 2, 3}. Partial products for a 4-bit multiplication and
their corresponding product bits are given in Figure 1 (a).

Partial product array is a 7-stage array for 4-bit multiplication. Partial products in the array are reduced to xi and
yj for i ∈ {0, 1, 2, 3, 4, 5, 6} and j ∈ {1, 2, 3, 4, 5, 6} using full adders and half adders. Finally, these reduced partial
products are accumulated using ripple carry adder.

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
pp3,3 pp3,2 pp3,1 pp3,0 pp2,0 pp1,0 pp0,0 pp3,3 pp3,2 P3,1 C2 P2,0 P1,0 pp0,0

pp2,3 pp2,2 pp2,1 pp1,1 pp0,1 C5 pp2,3 G3,1

G3,0

+
P3,0

G2,0 G1,0

pp1,3 pp1,3 pp0,2 C4 pp2,2 G2,1 pp1,1

pp0,3 C4 P2,1 C1

x6 x5 x4 x3 x2 x1 x0 x6 x5 x4 x3 x2 x1 x0

y6 y5 y4 y3 y2 y1 y6 Y5 Y4 y3 y2 y1
P7 P6 P5 P4 P3 P2 P1 P0 P7 P6 P5 P4 P3 P2 P1 P0

(a) (b)

FIGURE 1. (a) Partial product array of un-signed multiplier (b) Encoded partial product array of proposed multiplier

In the proposed 4-bit approximate multiplier unit, some of the partial products are encoded. Propagate (Pij) and
Generate (Gij) terms are used for encoding the partial products. Encoding is given by,

���� � ����� � ����� (1)
���� � ����� � ����� (2)

Now actual partial product array is replaced with the encoded array and the partial products are reduced by using
approximate half adders, approximate compressors, exact full-adder and exact half-adder. The encoded array is
given in Figure 1 (b). In the encoded partial product array, C1, C2, C3, C4 and C5 are the carry out from stage 1, 2, 3,
4 and 5 respectively. In this design, stages 2 and 4 have four inputs (3 partial products and a carry) and these stages
are reduced using two approximate 4:2 compressors. In stage 3, there are 5 inputs which is reduced by using 4:2
compressor. Similarly, two encoded partial products of stage-1 are reduced using approximate half-adder. For other
two stages, exact designs are used.
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In the encoded partial products array, P1,0 and G1,0 are reduced using this approximate unit. Truth Table of the
unit is given in Table 1. In the truth table, ‘’ indicates true output and ‘x’ indicates false output. ‘NA’ represents
don’t care logic states. Partial product encoding reduces circuit complexity by ensuring that certain input
combinations never occur. Here, the encoded partial products for stage 1 are given by,

���h � ��h�� � ����h (3)
���h � ��h�� � ����h (4)

TABLE 1. Truth table of Approximate Half-adder for stage-1

P1,0 G1,0 Sum Carry

0 0 0 () 0 ()
0 1 NA NA
1 0 1 () 0 ()
1 1 1 (×) 1 ()

Consider (0,1) input combination of (P1,0, G1,0). From equation 4, G1,0 is 1 only when (pp0,1,pp1,0) is (1,1). For
(pp0,1,pp1,0) = (1,1), P1,0 is 1. So, (P1,0, G1,0) cannot have (0,1) input combination. Hence, this combination becomes
don’t care. Increase in don’t care combination simplifies the logic function. Sum and Carry Outputs of this
approximate unit is given by,

�Ԟ � ���h (5)
�ܽ��� � ���h (6)

TABLE 2: Truth table of 4:2 compressor for stage-3

C2 (x1) G3,0+ P3,0

(x2)
G2,1 (x3) P2,1 (x4) Sum Carry

0 0 0 0 0 () 0 ()
0 0 0 1 1 () 0 ()
0 0 1 0 NA NA
0 0 1 1 1 (×) 1 ()
0 1 0 0 1 () 0 ()
0 1 0 1 1 (×) 0 (×)
0 1 1 0 NA NA
0 1 1 1 1 () 1 ()
1 0 0 0 1 () 0 ()
1 0 0 1 1 (×) 0 (×)
1 0 1 0 NA NA
1 0 1 1 1 () 1 ()
1 1 0 0 1 (×) 1 ()
1 1 0 1 1 () 1 ()
1 1 1 0 NA NA
1 1 1 1 1 (×) 1 (×)

Stage-3 has four encoded partial products plus a carry out from stage-2. These terms are reduced using a newly
proposed approximate compressor with truth table given in Table 2. Since, five inputs are available for reduction,
these are initially reduced to four as given below,

�� � �2; �2 � �3�h � �3�h; �3 � �2��; �4 � �2�� (7)
In the previous work [8], the input combinations are,

�� � �2; �2 � �3�h � �2��; �3 � �2��; �4 � �3�h (8)
On changing the input combinations as given in equation 7, number of don’t care combinations of the proposed

design has increased (2 more) compared with the previous design. This further simplified the logic function and
reduced the power consumption. The number of faulty outputs for Sum reduces from 6 of the previous design to 5 of
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the proposed design. Similarly, number of faulty outputs for Carry is 2 less than the previous design. When the input
combination as given in equation 7 is used, all (1,0) combination for (G2,1, P2,1) becomes don’t care. Outputs of the
compressor is given by,

�Ԟ � �� � �2 � �4 (9)
�ܽ��� � �� � �2 � �3 (10)

For stage-2 and stage-4 reduction, two separate approximate compressors are used in our design. Stage-
2 of partial product array has three partial products plus a carry out from stage-1. Output function is given by,

�Ԟ � �2�h � ����� (11)
�ܽ��� � �2�h � �� (12)

P2,0, G2,0, pp1,1 and C1 are the inputs to this compressor.
Stage-4 has three partial products plus carry out from stage-3. Like stage-2 and stage-3 compressor, a stage-4

approximate compressor is used for reduction of these partial products. Inputs to this compressor are P3,1, G3,1, pp2,2
and C3. Output function is given by,

�Ԟ � �3�� � �3�� � ��2�2 (13)
�ܽ��� � �3�� � ��2�2 � �3 (14)

Higher Order Multiplier Design

To construct (2n × 2n) multiplier from the designed n-bit multiplier, each 2n-bit operands A and B are divided
into four n-bit groups such as AL, AH, BL and BH. AL and BL represent LSBs, AH and BH represents MSBs of A and
B respectively. Each of the n-bit groups are multiplied using n-bit multiplier as shown in Figure 2 [9]. Partial
products are then shifted and accumulated to get final result.

AH AL

BH BL

P4= AL x BL

P3= AH x BL

P2= AL x BH

P1= AH x BH

FIGURE 2. Scaling to Higher Order Multiplier

In this work, we proposed 8-bit multiplier units by scaling 4-bit units as shown in Figure 2. Along with this for
comparison, exact and existing multiplier units were also synthesized. Scaling of all multipliers synthesized in this
work is given in Table 3. MP is the 4-bit proposed unit and ME is the 4-bit existing unit [5].

TABLE 3: Higher Order Multiplier Designs

Size Design P1 P2 P3 P4

8 × 8 MP8 MP MP MP MP

ME8 ME ME ME ME
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RESULTS AND ANALYSIS

Simulation Results

Proposed 4-bit multiplier is designed and simulated in Cadence tool. Simulated waveforms, RTL schematic and
power report of this unit is shown in Figure 3 and 4. The proposed unit consist of 4 partial product encoding blocks,
3 approximate compressors, an approximate half-adder, a half-adder and a full-adder. In the simulation waveform a
and b are the 4-bit input operands and y is the 8-bit output operand.

FIGURE 3. Simulation output of proposed 4-bit unit (MP)

Hardware Analysis

Comparison of all multiplier units in terms of power, delay and area is given in Table 5. All multiplier designs
were designed in Verilog. Simulation and synthesis of designs were performed using Cadence design tool for 180nm
technology at supply voltage of 1.2 V and using Xilinx ISE 14.7.

(a) (b)

FIGURE 4. (a) RTL Schematic of proposed 4-bit unit (MP) (b) Power report of proposed 4-bit unit (MP)

TABLE 4. Hardware comparison of multiplier units

Size Multiplier
Type

Power
(µW)

Number of slices used
(out of 768)

Delay
(ns)

4 × 4 MP 19.445 11 11.001
ME [5] 21.645 13 12.057

8 × 8 MP8 168.25 62 20.508
ME8 173.14 67 21.483
Exact8 346.89 88 28.980

Accuracy Analysis

Mean relative error distance (MRED) is the error metric used to quantify accuracy of the designed unit [10]. It is
defined as the average of all relative error distance values (REDs) over entire input space. MRED of an n-bit
multiplier is,


)2(2

1

n

R
REDMRED (15)
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where, relative error distance (RED) of the design is,

R
EDRED  (16)

Error distance(ED) is defined as the difference between exact and approximate result. If R denotes the exact
result and R’ denotes the approximate result then error distance is,

�� � G�� ��G (17)

4-bit approximate units MP and ME are simulated over entire input space (256 cases) and MRED values obtained
are given in Table 5.

TABLE 5. Accuracy Comparison of multiplier units

Multiplier Type Size MRED
Proposed (MP) 4-Bit 0.0561
Existing (ME)[5] 4-Bit 0.0534

From the comparison tables 4 and 5, it can be concluded that, with a slight increase of about 0.003 in MRED
value, power consumed by proposed 8-bit approximate multiplier unit is about 51% less than that of exact design
and 3% less than that of existing design.

CONCLUSION

A 4-bit approximate multiplier unit is proposed and designed. Proposed unit used partial product encoding, 3
approximate compressors and an approximate half-adder for approximation. For performance evaluation, exact and
existing approximate units are also designed. Power reports showed that power consumption of proposed 8-bit unit
is about 51% less than that of exact unit and 3% less than that of existing unit. MRED of proposed 4-bit unit is only
0.003 less than that of existing unit. Hence, the proposed approximate multiplier unit provides power efficiency
without much affecting accuracy.
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                           Inland fish production is an area which holds promise for future in Kerala.  It 

provides significant contribution to animal protein supplies in rural areas of the state. 

Aquaculture sector had been gaining momentum for the past two years but the flood has stalled    

all progress.  The study is basically focused to know the impact of flood by the comparative 

study of the inland fish farming systems in Wayanad district.  The flood not only washed away 

the crops but also a large number of fishes in aqua culture systems.  By the time the water 

receded, majority of the fish had escaped.  Some got stuck in the net and perished.  The time at 

which the flood happened is the actual time for the stocking of the fish seed.  The fishes with 

harvesting stages also lost due to the over flow of water.  During the flood most of the farms and 

hatcheries were submerged.  It also damaged fishing equipments and caused irreparable damages 

to the total infrastructure.  The loss due to flood in the aquaculture sector will affect the total fish 

production in the current year. 

Keywords:  Inland fish production, Aquaculture, Impact of flood 

INTRODUCTION 

Natural disasters such as flood is considered as a severe disaster event which occurs 

mainly because of natural causes or man-made causes or a combination of both events. It causes 

extensive damage to human life and property along with loss of flora and fauna.(Janani et al 

2016) Flooding is usually considered a significant natural hazard causing disease, injury and loss 

of humanity, injury to property and various kinds of infrastructure and public utility services.   

For instance, flood devastations could cause serious landslides (Hong et al. 2007), damage to 

crops and different kinds of livestock (Atta-ur-Rahman 2011), interrupation of routing draining 

mechanisms (Ogden et al. 2011), drainage of raw sewage and animal wastes, and accelerated 

effluent of discharges from industrial units and other toxic materials (Euripidou and Murray 

2004) and essential nutrients into waterways (Hubbard et al. 2011). Due to dramatic effects on 
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society and social and economic modes of infrastructure, the effects of flooding on aquatic 

ecosystems are viewed as negative; But, this is not always applicable. Flooding provides many 

benefits, including recharging groundwater, enhancing fish production, maintaining and forming 

wildlife habitat, recharging wetlands, creating  floodplains, and recoating soil fertility (Poff 

2002). As the effects of flooding on the aquatic ecosystems is both negative and positive, 

ecosystem services could exhibit a combination of negative and positive results derived from 

flooding (Terrado et al. 2013). The rivers need flood to create vital habitat and support biological 

diversity and biodiversity. The Flood Pulse Concept states that predictable seasonal floods are 

beneficial for riverine systems and can influence biotic composition, nutrient transport, and 

sediment distribution but unpredictable floods may be disruptive for aquatic organisms (Junk et 

al. 1989). In addition, several acquatic eco systems led to increased resilience capacity to the 

future vulnerable events namely, flooding because of human interventions which  include urban 

development and farming practices on floodplains, river flow interruptions, and pollution 

(Woodward et al. 2016) There are many studies that evaluate the effects of disturbances on 

ecosystem services, but most of these studies focus on terrestrial systems and there are few that 

look at aquatic ecosystem services (Grizzetti et al. 2016).  

A large numbers of a community depend upon fisheries sector which contributes a decent 

amount in state income. In this year 2018, the monsoon hits critically in the south-west state 

especially Kerala region in India which results in severe flooding in nearly a century (Baynes, 

Chris, 2018) , affecting overall 14 district of the state due to heavy rainfall. Approximately over 

373 people died within last 15 days and around 280,679 people were emigrant (Babu, Gireesh, 

2018), mainly from Aranmula, Aluva, Chalakkudi, Kuttanad, Pandalam, Chengannur, Pandanad 

and other districts etc. For the first time in history around 35 outs of 42 dams in the state of 

Kerala were opened due to overflow particularly Wayanad and Idukki regions where floods 

caused several landslides and isolated the hilly regions (India today, Mathrubhumi 2018).Inland 

fisheries is one of the promising farming activity on these hilly districts. The study is basically 

focused to know the impact of flood by the comparative study of the inland fish farming systems 

in Wayanad district.  The flood not only washed away the crops but also a large number of fishes 

in aqua culture systems in Wayanad districts. 
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METHODOLOGY 

Wayanad district stands on the southern tip of the Deccan plateau and includes part of 

the Western Ghats with altitudes ranging from 700 to 2100 meters. The district is blessed with 

rich water resources. In the study area there are rivers flowing from the west.  It is the major  

river in the district.  In addition,  the river flowing rivers in Kerala. Kabani has many areas such 

as Thirunelli River, Panamaram River and Mananthavady River.  

The study is mainly done using the secondary data collected from the publications of 

Government of India and Directorate of fisheries Wayanad. Using questionnaire method, the 

impact of flood on different aquatic systems and aquaculture systems on this district was 

analyzed. For the easy study, the areas of Wayanad district has been subdivided into two regions 

namely Karapuzha and Thalipuzha. In order to check the effect of flood, the questions which are 

prepared by fisheries department was handover to promoters of different panchayaths. Data were 

collected by promoters through face to face interview (questionnaire) with the aquaculture 

farmers. The questionnaire contained three main sections. The first section was designed to 

collect information on personal characteristics of farmers including age, address, contact details, 

education level etc. The second level focused on the farming activities. The third section 

included the impact of flood on their farming area and  Government support to flood effects. The 

secondary datas of 650 farmers are collected and analyze the impact of flood on their farming 

systems.  

RESULTS AND DISCUSSION 

The purpose of the study is to evaluate the effect of flood on different regions of Wayanad 

district where the fish cultivation occur. By the comparative study through the 2 units in 

Wayanad ie; Thalipuzha and Karapuzha, the flood has been negatively affected to the fish 

farming systems and 

Aquatic systems in 

Wayanad district. For the 

study about 7 kinds of 

farming systems are 

analyzed. From the 650 data 
THAILIPUZHA

KARAPUZHA

AREA AFFECTED IN HECTARES
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collected 611 farmers are the victim of flood effects. The flood not only washed away the 

agricultural crops but also a large number of fishes in aqua culture systems.  From the data we 

can predict Thalipuzha region was highly affected to flood. Because, the Banasura Sagar dam, 

which is the largest earthen dam in India located in Vythiri thaluk, as a result of heavy rain the 

shutters of dam was opened. That will create overflow of water to nearby areas. Padinjarathara 

was the most flood affected area in Wayanad district.  

By the time the water receded, majority of the fish had escaped.  Some got stuck in the 

net and perished. The time at which the flood happened is the actual time for the stocking of the 

fish seed.  The fishes with harvesting stages also lost due to the over flow of water.  During the 

flood most of the farms and hatcheries were submerged.  It also damaged fishing equipments and 

caused irreparable damages to the total infrastructure.  The loss due to flood in the aquaculture 

sector will affect the total fish production in Kerala.  

 

We expected to find that floods magnitude plays a role in determining whether aquatic ecosystem 

services are lost or gained following flood events. It is speculated that even small extent of floods 

is responsible for effects on eco system and the extreme flooding leads to severe losses.  If 

ecosystem services respond to small and extreme magnitude floods differently, then current flood 

mitigation strategies may be detrimental to aquatic ecosystem services. The tasks such as 

common flood reduction programmes namely, dam building and other flood constraints 

implementation reduce the occurrence of small amount of floods but it is said that unable to 

minimize the effects of extreme amount of floods. (Alfieri et al. 2016). 
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ondence between Work-life Conflict and Family-life Conflict of the Bank Employees in Kerala 
Dr. P N Harikumar* 

Inter-dependen 

Vipin K. Varughese** 

nonparticipation in social activities are the problems faced ntroduction 

In this era of global1sation the boundaries of the by an employee in his social life. Every employee desires a 

balance between the official, personal, social and family wOrld are disappearing, especially with respect to work. 

life. A balance between these four elements create 
At present, 

global. organizations are working 24 X 365. 

work than the personal happiness and peace in the work - family-life of a person. Everyone's focus 

life. which is creating an imbalance between the 

is more on the 

The happiness, satisfaction and peace motivate the 

employee to work effectively. It reduces the employee 
professional work and the personal life. Work-life and 

burnout. The effective work of an employee helps the 
nersonal life are two Sides of life. In various work-life 

balance surveys, the majority of the employees said that organisation to attain its goals. This study tries to describe 

the factors affecting the work-family-life conflict using they were not able to strike a balance between their 

nersonal and professional lives. They had to form robust collected data from selected 550 bank employees in 

selections, once their work and private life is obscurity Kerala using questionnaire. In this research paper, the 

were about to reach an equilibrium. Increasing work demographic profile of the selected bank employees in 

pressures, globalisation and technological advancements Kerala and the mutual dependence between work-life and 

have made it an issue to all professionals working across family-life conflict is presented. 

all levels and all industries throughout the world. Objective 

Achieving a level of work-family-life balance is not as The main objective of the paper is to identify the 

easy as any other work. dependence between work-life confilict and family-life 

Work-life balance is an important element in conflict. 

managing the work-family-life conflict of all employees. Methodology 
There is a conflict between the official life, personal life, Primary data have been used for this study, which are 

family life and social life of all employees. In official life, collected from 550 selected employees with a wel1-

the bank employees have problems related to customers designed questionnaire, the employees were selected by 

service, job, subordinates or colleagues, superiors and applying Two-stage random sampling method. 

management, strain (stress), infrastructure, non-banking Tools 

activities etc. Lack of career growth and development, The collected data were analysed with appropriate 

pnysical strain, etc. are the problems faced by the statistical method such as simple linear regression model. 

employees in personal life. In family life, the employees Demographic Profile of Bank employees 

1ace problems related to caring parents, child care, spouse 
The profile of sample explaining the occupational features 

Support and day-to-day activities of the household. of bank employees is presented in the table given below. 

Unhealthy relationship with friends and relatives, and 

ASCiate Professor & Head, Research & Post-graduate Department of Commerece, Catholicate College. Pathanamthta *Asse 
TDP Research Scholar, Research & Post-graduate Department of Commerce, Catholicate College. Pathamamthita 
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Table 1: Occupational profile of bank employees 

Frequency Categories 
Public Sector Percent 300 

54.5 
250 
550 

ype of bank Private Sector 
45.5 

Total 
100 

Senior Manager 
Junior Manager 

120 21.8 
35.5 195 Designation 

Clerk cum cashier 235 42.7 
Total 550 100 
below 5 years 145 26.4 
5-10 174 31.6 Experience 10-15 62 11.3 
15-20 38 6.9 
20 & above 131 23.8 
Total 550 100 

Urban 146 26.5 
Location 366 66.6 

6.9 

Semi urban 

38 Rural 
Total 550 100 
below 10 km 250 45.5 

Distance between Residence to 10-20 147 26.7 branch 20 & above 153 27.8 
Total 550 100 

17.3 
43.6 

hrs 95 
Number of hours worked per day 7-9 

above 9 
240 
215 39.1 

Total 550 100 

Nil 54 9.8 

29.0 
36.4 
9.5 

No. of transfers in service 1-2 160 
3-5 200 
6-7 52 
above 7 84 153 

Total 550 100 
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profile of the sample respondents indicates that 45.5 per cent stay within less than 10 km, 

TableI 
exhibits the profile of the 

(employces) 

selected 
for the study. 

cent of the respondents belong to Public sector 

tudy. As per the Table, while 27.8 per cent within 20 km and above and 26.7 per cent 

within 10-20 km. Working hours-wise classification 

54.5 per 
cent of the , 

belong to private sector banks. reveals that 43.6 per cent work 7-9 hours daily, 39.1 per 

banks, 
45.5 per 

cent belong 

are 
clen 

cum cashiers, 5).) per cent are junior managers 

2ssification 
depicts that :31.6 per cent of employees have 

tion-wise 
classifica shows that 42.7 per cent cent work more than 9 hours, and 17.3 per cent work 

Desig hours. Nurmber of transfer-wise classification shows that 

and 121.8 per cent are senior managers. Experience-wis 36.4 per cent were transferred 3-5 times, 29.0 per cent 

were transferred 1-2 times, 15.3 per cent were transferred 

.10 years of experience, 
26.4 per cent have less than 5 

20 and above years, 11.3 per ce 

more than 7 times, and 9.5 per cent were transferred 6-7 

ycars, 
23.8 per cent have 

have 10-15 years and 6.9 per cent have 15-20 years of 

times; 9.8 per cent were not yet transferred. 

Impact of work-life conflict on family-life conflict 

Work-life conflict creates family-life conflict. Here the 

Cxpericncc 
in banking. It is served that 66.6 per cent of 

effect of work-life conflict on family-life conflict is 

the employees work in semi-urban branches, 26.5 per cent 

in urban branches and 6.9 per cent in rural branches. analysed with the help of simple linear regression model 

Distance trom residence to branch-wise classification and the output is presented in Tables 2,3 and 4. 

Table 2- Model Summary 

Model R |R Square | Adjusted R Square Std. Error of the 
Estimate 

1373 .139 137| 9.30149 

b. Dependent Variable: family-life conflict 

Source: Survey data 

Table 3-ANOVA" 

Model Sum of Squares df Mean Square F Sig. 

Regression 

Residual 

5369.719 5369.719 62.065 .000 

33136.307 383 86.518 

Total 38506.026| 384 
b. Predictors: (Constant), work-life conflict 

Source: Survey data 
Significant at 5 per cent level 
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Table 4 Coefficientsa 

Standardized 
Sig. 

Model Unstandardized 

Coefficients Coefficients 
Std. Beta B 

Error 

1.498 7.042 .000+| 10.547 
.354 

(Constant) 
045| 373 7.878000 Hork-life Conflict 

a. Dependent Variable: family-life confliet 
Source: Survey data 

Significant at 5 per cent level 

it could be concluded that work-life conflict 
The effect of work-life conflict on family-life contlict was measured by using the simple linear 

regression model. The R2 clearly indicated that 13.9 per 
cent of the variation of family life conflict was due to 
work-life conflict. The output indicated that the work-life 
conflict affected the family life conflict, as the beta co-
efficient and its associated t value were found significant (Beta co-efficient.354 and t value 7.878 with P<.05). So, 

Created family-life conflict among the employees of banks. 
Impact of family-life conflict on work-life conflict 

Family-life conflict creates work-life confict Here the effect of family-life conflict on work-life confict is analysed with the help of simple linear regression model and the output is presented in Tables 5, 6 and 7. Table 5 - Model Summary 
Model R R Square Adjusted R Std. Error of the 

373 .139 137 9.81884 
b. Dependent Variable: work-life conflict 

Source: Survey data 

Table 6 - ANOVA" 

Model Sum of Squares df Mean Square F Sig. 
Regression 5983.6555 5983.655 62.065 0006* 

I Residual 36924.880 383 96.410 
Total 42908.535 384 

b. Predictors: (Constant), family-life conflict 
Source: Survey data 

Significant at 5 per cent level 

Table 7-Coefficients 

Unstandardized 
Coefficients 

Sig. |Model Standardized 
Coefficients 

B Std. Beta 

Error 
23.072 
.394| 

1.197| 
050| 

(Constant)_ 19,268| .000*| 
Fumily-life conflict 373 7.878000) 

a. Dependent Variable: work-life conflict 

Source: Survey data 
* Significant at 5 per cent level 
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