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Abstract

Cadmium selenide (CdSe) nanoparticles dispersed in the PVP matrix with varying concentrations of cadmium (Cd) ion
complex have been synthesized through a low-cost chemical bath deposition technique to investigate the effects of cadmium
ion concentration on its optical and photo-response characteristics. To confirm the formation of pure, stable, well dispersed,
and highly crystalline spherical CdSe nanocomposites different characterization techniques such as X-ray diffraction, field
emission scanning electron microscopy, high-resolution transmission electron microscopy, and Fourier transform infrared
spectroscopy have been used. The optical band gaps and sizes of the nanocomposites are determined from the UV—-Vis data
while the surface-related emission properties of the CdSe nanocomposites are obtained from the PL data. The quantum
confinement on the CdSe nanocomposites increases with the decrease of Cd ion concentration. I-V characteristics measure-
ments have been done on the samples to investigate the photo-response properties of the samples. Various optical properties
such as bandgap, near bandgap emission, and impurity emission are correlated with the photo-response properties of the
samples. The photoresponse properties are found to become more suitable for application in white light photosensor with
the increase of quantum confinement. Mechanisms related to the enhancement of photocurrent with respect to quantum

confinement are also discussed in this paper.
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1 Introduction

Cadmium selenide nanoparticles have been attracting vast
interest among the research community in recent years for its
high demand in terms of optoelectronic applications [1-3].
It is a widely used semiconductor material which possesses
a direct bandgap of 1.74 eV at room temperature and Bohr
radius 5.6 nm [4]. The increased size to volume ratio and
the quantum size effect is the key reason for which it can
find enormous applications in various fields ranging from
light-emitting diode to solar cells [5-9]. Many workers are
trying to produce and study various properties of this type
of II-VI semiconductors in cost-effective ways. Chemical
bath deposition is a comparatively low-cost technique for
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producing nanomaterials as it doesn’t require highly sophis-
ticated instruments. CdSe nanostructures have already been
synthesized by many workers using various techniques
such as precipitation, microwave deposition, sputtering,
sonochemical, solvothermal etc. [10-13]. In the synthesis of
nanostructures growth temperature, annealing temperature,
the volumetric ratio of the precursor solutions play an impor-
tant role in the properties of the materials to be synthesized.
The size of the nanoparticle is again solely dependent on the
growth temperature and the other above mentioned factors.
To prevent the agglomersim or faster growth of the particles,
capping agents are also commonly used which results in the
mitigation of growth of the nanoparticles and stabilizes the
smaller sized particles in a solution and thus improves vari-
ous optoelectronic properties of the host material. The selec-
tion of a proper eco-friendly capping agent is sometimes a
bit challenging because many of the commercially available
capping agents are toxic to the environment. PVP (polyvi-
nyl pyrrolidone) is a widely used capping agent because
it contains some nontoxic eco-friendly functional groups
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[14]. It is also expectable that the molar concentration of
the various compositional complexes can play a crucial role
in the reaction kinetics of CdSe nanostructures which is not
reported yet to the best of our knowledge. Photoresponse
characteristics of CdSe nanoparticle is also of considerable
interest over the years from the application point of view in
optoelectronic devices [15-19].

Keeping in view of the above aspects we have synthesized
CdSe nanostructures using PVP as a capping agent with dif-
ferent molar concentrations of Cd ion complex. Emphasis
has been given on the study of optical and photoresponse
properties corresponding to its growth. The effects of the
Cd ion concentration on the reaction kinetics and thus on the
optical and photoresponse properties of the as-synthesized
CdSe nanostructures are studied in this paper. Thus the mod-
ulated optical properties due to the varying Cd ion concen-
tration is correlated with the photoresponse characteristics
and exploited in the fabrication of white light photosensor.

2 Experimental
2.1 Materials used

All the chemicals and reagents used in the synthesis are pur-
chased from Merck and used with no further purification. In
our synthesis of PVP capped CdSe nanoparticles we have
used cadmium acetate (Cd(CH;COO),+2H,0, purity 99%),
black selenium powder (Se, purity 99.9%), ammonia solu-
tion (25%), sodium sulphite (Na,SO;), hydrazine hydrate
(N,H,*H,0, 24% solution in water) and polyvinyl pyrro-
lidone (PVP) (C,HyNO),. Double deionized water is used
as the aqueous medium in all the synthesis.

2.2 Synthesis of CdSe/PVP nanocomposites
For the synthesis of CdSe nanoparticles initially, cadmium

and selenium ion complexes are prepared separately. PVP
is used as the capping agent for bringing the quantum
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confinement on the samples. Cadmium ion complex is
prepared by adding 13.3 gm (0.5 M) of cadmium acetate
in 100 ml 3% PVP solution. Sodium selenosulphate is
used as the selenium source prepared by dissolving black
selenium powder (2.96 gm) and sodium sulphite (Na,SO;)
(18.9 gm) in 100 ml 3% PVP solution. The mixture is
stirred with a magnetic stirrer at temperature 95 °C for
5 h to get fresh sodium selenosulphate (Na,SeSO;) solu-
tion. A small amount of ammonia (3—4 drops) and 10 ml
of hydrazine hydrate are added to the Cd ion complex and
sodium selenosulphate solution respectively for faster
growth of CdSe nanocrystals. Here the role of hydrazine
hydrate is to provide alkalinity to the solution mixture and
a homogeneous solution environment for the reaction by
forming a complex with Cd** and to avoid the precipita-
tion of CdSeO; [20-22]. Now the Cadmium ion complex
and the sodium selenosulphate are mixed and stirred for
2 h until the formation of reddish-yellow colored CdSe
crystals. This sample is coded as C0.5. Similarly other
four samples viz. C 0.1, C0.01, C0.005 and C 0.001 are
prepared by taking the molar concentration of cadmium
acetate as 0.1 M, 0.01 M, 0.005 M and 0.001 M keeping
the other parameters fixed. A schematic representation of
the reaction mechanism involved during the formation of
CdSe nanoparticles is shown in Fig. 1. The concentration
of selenium ion in the form of sodium selenosulphate has
been kept constant for all the remaining samples. Thus
by taking the concentration of selenium ion fixed, we are
varying the concentration of cadmium ions only. In the
reaction, the CdSe nanoparticles dispersed in the PVP
matrix are capped by the functional group of PVP, thus
preventing the aggregation of nanoparticles. During the
process PVP also plays an important role in enhancing
the monodisperse property of CdSe nanoparticles. It also
modifies the Oswald ripening kinetics of the reactions in
such a way that the growth rate decreases with the size of
the nanocomposites and effectively narrow the size distri-
bution [23-25].

‘ Se monomer

0 ik

Cd?* /PVP

CdSe nanoparticles

Fig. 1 Schematic diagram of reaction kinetics during the formation of CdSe nanoparticles
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The reactions involved during the synthesis are shown
below [20]

Na,SO; + Se — Na,SeSO,
Na,SeSO; + 20H™ - Na,SO, + H,0 + Se*~
Cd** + 4NH, < Cd(NH;);"

2Se?” + 4N,H, - 2H,0 + 2Cd** — 2CdSe -
CdSe - N,H, — CdSe + N,H,.

N,H, + 3N, + 6H,0

2.3 Fabrication of white light photosensor

The white light photosensor was fabricated on a printing
copper board (PCB) where a copper layer is coated on an
insulating substrate. After proper masking of the electrodes
on the substrate (PCB) the other portions of the substrate are
etched out by dissolving it in a ferric chloride solution. The
square size area between the electrodes for the deposition of
the CdSe nanocomposite layer is taken as 0.25 cm?. After
proper etching, the substrate is washed with acetone multiple
times and dried in a hot air oven. Thus the electrodes are
designed on the substrate and the synthesized sample solu-
tion of CdSe nanocomposite is drop casted on the proper
area and allowed to dry in a hot air oven at a temperature
100 °C. The electrical measurements (I-V response) at dark
conditions are done with a Keithley source meter. A set up
combined with a halogen light that emits white light in the
visible region is used to illuminate the channel area of the
photosensor. A schematic diagram of the as-fabricated CdSe
nanoparticle-based photosensor is shown in Fig. 2. A Lutron
lux meter (model:LX-101A) is used to determine the inten-
sity of the incident light.

White light

A
CdSena nu—ﬁ
particle

- 22=m ]

Copper
electrod

Copper
electrode

—— Vs—»
Keithley
SOUTCE meter

Fig.2 Schematic diagram of CdSe nanoparticle based photodetector
under white light illumination

2.4 Characterization

The synthesized nanoparticles are characterized by X-ray
diffraction, UV—Vis, and photoluminescence (PL) spectros-
copy. The XRD spectra have been taken using an ULTIMA
IV X-Ray diffractometer with CuKa radiation of 0.1542 nm
wavelength operated at 40 mA and 40 kV current and volt-
age respectively. Sample in powder form is used for taking
the XRD diffractogram. For that, the impurities dissolved
in the sample is washed out with methanol multiple times
and the sample is centrifuged with a Remi high power cen-
trifuge (model: PR-24) with 9000 rpm. Then the sample is
dried in a hot air oven to make it powder form. The UV—Vis
spectra is taken with the help of an Agilant technologies 60
Cary eclipse spectrometer with scanning range 300-800 nm.
Double deionized water is used as the reference solvent prior
to the measurement on CdSe sample. A Cary eclipse fluo-
rescence spectrometer is used for the measurement of PL on
the samples in the range 435-635 nm. The excitation wave-
length is taken at 370 nm. Baseline corrections have been
done for all the measurements. FESEM images are taken
with the help of a Zeiss FESEM. The elemental composi-
tion of CdSe nanoparticles is determined with the help of
the EDS setup attached to Zeiss FESEM. For high-resolu-
tion TEM JEM 2100 electron microscope is used. The [-V
measurements on the devices are done with a source meter
(model: keithley-2450) both at dark and illumination with
white light of intensity 1.8 mW/cm?2. As we are using white
light for illuminating the device sensing area we are taking
the mean value of wavelength for the entire visible region
for the ease of doing calculations. Two probe measurement
configuration is used in the source meter with the voltage
range from — 5 to 5 V for the measurement of I-V response.

3 Results and discussion
3.1 X-ray diffraction analysis

The X-ray diffraction spectroscopy has been done on a par-
ticular sample C0.5 M synthesized by taking 0.5 M cad-
mium ion complex to determine the phase and structure
of the prepared nanoparticles. A large peak broadening in
the entire range of 26 from 20° to 80° exhibits a promising
nanocrystalline structure as shown in Fig. 3. Three clear
diffraction peaks can be seen from the spectra which are
later identified as (111), (220), and (311) planes with poly-
crystalline cubic zinc blende structure after comparing it
with the standard JCPDS data (JCPDS card no-19-019) [26].
The lattice parameter of the as-prepared CdSe nanocrystal is
calculated from the XRD data and it is found as 0.5988 nm
using Eq. (1) that agrees well with the standard one. The
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Fig.3 X-Ray Diffraction Spectra of CdSe nanoparticles (C0.5 M)
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Fig.4 Debye Scherer Plot for CdSe nanoparticles (C0.5 M)

Fig.5 FESEM images of CdSe

nanoparticles
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well-known Scherer plot is used to determine the average
crystallite size of the nanoparticles as shown in Eq. (2)

dyy = af (P + K + ), (1)

D = KA/fcos#, 2

where D is the particle size and A is the wavelength of the
x-ray used, f is the FWHM of the Bragg peak and 0 is the
diffracting angle. The Scherer plot is shown in Fig. 4 whose
slope gives the average particle size from the diffraction data
and it is found to be 1.92 nm.

3.2 SEM analysis

The field emission scanning electron microscope (FESEM)
images are showing the distribution of particles within the
sample and the surface morphology of the particles as shown
in Fig. 5. The spherical shaped nanoparticles are distributed
uniformly over the sample and the surfaces of the particles
are smooth. To investigate the elemental composition the
energy dispersive spectroscopy (EDS) is used. The EDS
spectra for as-synthesized CdSe is shown in Fig. 5. The
presence of Cd and Se element with a very low amount of
impurity is observed from the spectra. The weights of vari-
ous elements forming CdSe nanostructures are shown in the
inset table of Fig. 6.

3.3 TEM analysis

For more accurate structural observation on the nanopar-
ticles high resolution TEM is used on the sample C.1 M.
Four images of TEM is shown in Fig. 7. It is seen from
Fig. 7 that the nanostructures are of almost spherical shape
and well distributed over the solution. They also possess
uniform size as seen from the images. The particle size
is a bit larger than that of the Scherer plot of the XRD

Dae 27 May 2019 100 nm EHT= 500kV Signal A= InLens Date :27 May 2019 ZEISS|
Time :14:50:54 H WD= 35mm Mag= 100.00K X Time :14:49.05
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Fig.6 EDS spectrum for CdSe nanoparticles and weights of various
elements present in the sample (inset)

result and this the usual case. Moreover, Scherer equa-
tion assumes that the broadening of the diffraction peak
of the XRD spectra can occur only due to the particle size.
But in a real sense, the particle size can be influenced by
some defects and other reasons due to which the particle
size obtained from the TEM sometime varies slightly with
the XRD result. The deviation of crystallite size calcu-
lated from XRD is several times smaller than the results
found from TEM measurements. It may be attributed to
the fact that in XRD measurements, the crystallite sizes
are considered as sizes of “coherently diffracting domains”
of crystals, whereas grains may contain several of these
domains [27]. The cross lattice fringe signifies its superlat-
tice nature of structure.

Fig.7 HRTEM images of CdSe
nanoparticles (C0.5 M)

3.4 FTIR analysis

The FTIR spectra contain the information on how the sur-
face ligands and various functional groups of the chemi-
cals and reagents are attached to stabilize the surface of the
CdSe nanoparticles. Figure 8 represents the infrared spec-
tra for CdSe nanoparticles stabilized by various groups and
ligands. A broad and strong band appears at 3279.09 cm™!
due to the N-H vibration stretching of hydrazine hydrate.
The sharp and intense band appears at 1602.12 cm™! is due
to the presence of O—H stretching vibration of the aqueous
medium used as a solvent during the synthesis. Likewise, the
bond at 1274 cm™! is appearing due to the C-N stretching
vibration of PVP used as the capping agent. The weak band
at 1148 cm™! is also due to the C-N stretching vibration as
a result of the interaction of PVP and hydrazine hydrate.
The band appearing at 623.22 cm™! is responsible for the
vibration of Cd-Se [28].

3.5 UV-Vis analysis

The UV—Vis absorption spectra are obtained for all the sam-
ples using a UV spectrometer as shown in Fig. 9. All the
samples are showing a blue shift than the bulk counterpart
of CdSe which is around 712 nm. This blue shift of absorp-
tion edges may be due to the quantum confinement which
leads to the enhancement of band gaps in these samples. The
Tauc’s relation for optical transition is given as in Eq. (3).
The value of n is taken as 2 assuming the direct transition
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Fig.8 FTIR spectra for CdSe
nanoparticles
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Fig.9 Absorption spectra for various samples of CdSe nanoparticles

ahv = A(hv — E,)". 3)

The Tauc’s plots have been employed to estimate the
band gaps of all samples as shown in Fig. 10. The band
gaps are found as around 1.77 eV, 1.79 eV, 1.83 eV, 2.04 eV
and 2.45 eV for C0.5 M, C0.1 M, C0.01 M, C0.005 M and
C0.001 M respectively. It is observed from the values of
band gaps that the bandgap of the samples are increasing
with the decrease of the molar concentration of the samples
as shown in Fig. 11. The Brus equation is a well-known
and largely used method for determining the size of the
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Fig. 10 Tauc’s plot for CdSe nanoparticles synthesized with different Cd ion concentration
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Fig. 11 Variation of band gap for CdSe nanoparticles with Cd ion
concentration

nanoparticles from the absorption data as shown in Eq. (4)
where, m.* and m, * are the effective masses of the electron
and hole for CdSe. The values of m* and m,* are 0.13m,
and 0.3m, respectively [29]. Where m,, is the mass of the
electron. E, and Egbulk are the bandgaps of nanosized and
bulk CdSe while ¢ is the dielectric permittivity of CdSe.
This relation can be derived assuming the effective mass
approximation method. The Brus equation has been used
to calculate the size of the as-synthesized nanoparticles as
in Eq. (4)

E, = Egulk + W /8R*(1/m, * +1/my *) — 1.8¢* /4neR.
)

The particle sizes obtained from the above relation are
11.78 nm, 9.12 nm, 6.81 nm, 3.72 nm, and 2.42 nm for
C0.5 M, C0.1 M, C0.01 M, C0.005 and C0.001 M respec-
tively. It is seen that the samples have a tendency to decrease
the size of the particles with the decrease of molar con-
centration as shown in Fig. 12. This may be attributed to
the slow rate of reaction among the constituent Cd and Se
ion sources. As the concentration of Cd ion in the solution
decreases the growth of CdSe nanoparticles in the reaction
mixture will slow down. The functional groups of PVP will
cap the smaller size particles preventing further growth on
them which results in strong quantum confinement for the
sample with lower Cd ion concentration. Various optical
parameters such as bandgap and particle size pertaining
to various samples of CdSe nanoparticles are presented in
Table 1.

3.6 Photoluminescence analysis

The photoluminescence spectra of the prepared samples
are shown in Fig. 13. The spectra are taken with the help
of a fluorescence spectrometer with excitation wavelength
350 nm at continuous scanning mode from 435 to 650 nm.
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Fig. 12 Variation of particle size for CdSe nanoparticles with respect
to Cd ion concentration

The spectra of all the samples are showing the typical
nature of CdSe nanostructures consisting of two peaks
along with some energetically different mid gap impurity
state emissions. Various defects that may be incorporated
with the higher wavelength emissions are cation (or Cd**)
vacancy, anion (or Se>”) vacancy defects, oxygen at nano-
particle surface, and Se/Cd di-vacancy defect [30-32] as
shown in Fig. 14a. The two sharp and distinct emissions
in the visible region towards the low wavelength region
around 460-530 nm can be assigned to the excitonic emis-
sions in the nanocrystal [33]. The spectra clearly show a
redshift of their emission edges with the increasing molar
concentration of Cd ion complex. The full-width half
maxima (FWHM) of the emission peaks are also getting
decreased as we move from low to a high concentration
of Cd ion in the samples. A large value of FWHM in PL
peak indicates the non-uniform distribution of a large set
of particles with different sizes. Therefore here we can
conclude that the increase of cadmium ion concentration
in the CdSe solution may lead to a uniform distribution
of particles with less varying sizes. The fair distribution
of particles with the uniform size is observed in the TEM
images also. The PL intensities of the samples are also
getting increased with the increase in concentration. The
highest PL intensity of the sample C0.5 with concentra-
tion 0.5 M makes this material suitable for light-emitting
devices. An enhanced PL intensity may be attributed to
better crystallinity of the samples. Thus increasing the
molar concentration in the range from 0.001 to 0.5 M the
crystalline properties become feasible. In the wavelength
range 545 to 635 nm, the sample C0.5 contains two broad
emissions at around 575 nm and 600 nm. The emission at
575 nm is due to the Cd vacancies at the surface of CdSe
nanocrystals. The broad emission peak at around 600 nm
can be assigned to the charge recombination at the surface
mid gap states due to the presence of an excessive amount
of selenium present in the synthesized CdSe nanoparticles
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Table 1 Estimation of bandgap

Band-gap (eV) (from
Tauc’s plot)

PL intensity (a.u.) Particle-size (nm)

Sampl
and particle size for CdSe ampe A (M)
nanoparticles
C0.5 483
525
CO0.1 479
518
C0.01 474
511
C0.005 470
501
C0.001 498

55.20 1.77 11.78
47.59
36 1.79 9.12
30.28
30.31 1.83 6.81
29.13
22.12 2.04 3.72
17.46
11.26 2.45 242

60
3
£ 40 1
=
2
3 /\
=
Q
E 20
0 —
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Fig. 13 PL Spectra for CdSe nanoparticles with various molar con-
centration of Cd ions

[34, 35]. The energy states of bulk CdSe as well as vari-
ous surface states of CdSe nanocrystal with its emissions
are depicted in Fig. 14b. The presence of an excessive
amount of selenium in the sample is also reflected at the

SEM-EDS spectra. This defect induced emission gradually
become broad with the decrease of Cd ion concentration.
For the sample prepared with concentration 0.001 M the
tail of the PL spectra is getting flattened with no distinct
peaks at the high wavelength region. In the case of sample
C0.05 this peak is broadened and the emission covers all
the wavelengths ranging from 572 to 602 nm. This may
lead to a better application of this particular sample in the
generation of white light in various optoelectronic devices.
As the concentration of Cd ion decreases the intensity of
the emission also decreases significantly. This may be due
to the reason that at lower concentration the rate of the
reaction between the Cd and Se ion will slow down, thus
resulting a strong quantum confinement. The surface to
volume ratio will become appreciably larger due to this
quantum confinement and the carriers of the exciton pairs
will be trapped at those created surface states. This leads
to the elimination of various radiative recombination paths
is also supported by the I-V characteristics curves of the
samples which show that with the increase of quantum
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Fig. 14 Schematic diagram of the surface states for CdSe nanoparticle (a), Energy level diagram for bulk and nanosized CdSe (b)
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confinement the photocurrent increases. Various optical
parameters from absorption and PL data are represented
in Table 1.

3.7 1-V characteristics

The room temperature I-V characteristics of the white light
photosensor fabricated with five samples (C0.5, C0.1, C0.01,
C0.005, C0.001) of CdSe nanoparticles as channel and Cu
electrodes under the dark and illumination with white visible
light are shown in Fig. 15. The symmetric and almost linear
curves under dark condition and illumination with visible
light suggest that the contact between the CdSe nanoparticle
and Cu electrode is ohmic in nature. This may be attributed
to surface defects and impurities [36]. As a result of the
ohmic contact between the CdSe channel and Cu electrode,
a good number of photoconductive paths are created which
helps in the rapid transport of photoelectrons from CdSe film
to Cu electrodes. In Fig. 15 the dark current curve is taken
as common for all the devices as those are overlapped up to
a bias voltage 5 V. For taking the [-V response curve under
illumination the devices are illuminated with visible-light
using a halogen lamp set up attached with Keithley source
meter. As it is seen from the [-V response curve that the
current across the channel increases significantly from 0.175
PA to 4.94 pA on illumination for the device fabricated with
C0.5 sample of CdSe nanoparticles. For other devices also
the photocurrent increases from 0.175 pA to 7.84 pA, 10.5
pA, 14.86 pA, and 16.16 pA for CO.1, C0.01, C0.005, and
C0.001 respectively. In general, the increase of photocurrent
under illumination with photon can be attributed to the fact
that the increase of light absorption by the material leads to
more number of electron—hole pair generation which will

2.00E-05 -
1.50E-05 A
1.00E-05 4
. 5.00E-06 4
<
et
c o
Q r T T 1
g -6 2 4 6
O 00E-06 - = €0.001 (under illumination)
== €0.005 (under illumination)
-1.00E-05 = (0.01 (under illumination)
= (0.1 (under illumination)
-1.50E-05 +
= C0.5 (under illumination)
= Under dark
-2.00E-05 =
Voltage (V)

Fig. 15 I-V characteristics curve of a photosensor using CdSe sample
of nanoparticles with various Cd ion concentration as channel and Cu
as electrode under dark and illumination with visible light

contribute to the respective conduction and valence band
and thereby increasing the photocurrent. Under illumina-
tion with a specific light of energy equal to or greater than
the bandgap, a large number of exciton pairs are generated
via optical absorption. These electron—hole pairs are recom-
bined rapidly within the semiconductor. Some of those are
separated at the Cu-CdSe metal-semiconductor junction by
an external potential that produces the photocurrent. Under
dark conditions, a large number of oxygen molecules from
the air are absorbed by the semiconductor channel and
those oxygen molecules again absorb the CdSe nanoparti-
cles to form oxygen ions (O, ") by capturing electrons from
n-type CdSe nanoparticles. As a result of this, a depletion
layer is created which reduces the number of electrons at
the metal-semiconductor interface, thus decreasing the
dark current [37, 38]. As it is already mentioned that under
illumination the number of photogenerated electron—hole
pairs has been increased, that extra photo generated holes
will occupy the surface states of CdSe nanoparticles. The
O, ions at the surface of CdSe nanoparticles will get dis-
charged by absorbing those photogenerated holes. As a result
of this more photogenerated electrons will get accumulated
and reduce the radiative recombination thus significantly
increasing the photocurrent [36, 38—40]. Another mecha-
nism that supports the increase of photocurrent is the crys-
tallinity of the nanoparticles. From the XRD spectra a good
nanocrystallinity is realized for the as-synthesized CdSe
nanoparticles. The high crystallinity possessed by the CdSe
nanoparticles used as the channel in fabricating the device
also reduces the recombination rate which increases the life-
time of the carriers in their respective bands and as a result
the photocurrent increases [41]. Thus besides the band gap,
a number of factors such as surface states, crystallinity etc.
are expected to contribute to the significant enhancement of
photocurrent.

A linear increase of photocurrent with the decrease of the
molar concentration of Cd ion complex used as the channel
can be observed from Fig. 15. This may be attributed to
the quantum confinement in the samples of CdSe nanopar-
ticles. From the absorption data it is seen that the bandgap
increases with the decrease of the molar concentration of Cd
ion complex. As the bandgap increases, the rate of radiative
recombination decreases thus increasing the photoconduc-
tion. Moreover with the increase of quantum confinement
the surface states of the nanoparticle increases which leads
to the generation of a large number of surface trap states and
reduce the recombination. As a result of this, the carriers
of the photogenerated electron—hole pairs are separated and
contribute to the photoconductivity. Thus the photocurrent
increases with the increase of quantum confinement in the
particles.

In order to assess the quality performance of a photode-
tector, photosensitivity (P,), responsivity (R,), detectivity
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(D*) and external quantum efficiency (EQE) are some inevi-
table parameters [42, 43]. Photosensitivity of a photodetec-
tor is the measure upto which an object reacts on receiving
photons and can be calculated as follows

Py = (IP _ID)/ID’ (5)

where P, is the photosensitivity, I, and I, denotes the pho-
tocurrent and dark current respectively. The variation of
photosensitivity with the molar concentration of Cd precur-
sors is shown in Fig. 16a. It decreases with the increase of
Cd concentration. Responsivity (R,) is another important
parameter for photoelectric devices which can be defined
as the measure of generated photocurrent for a particular
sensing area per unit power of incident light and can be cal-
culated with the following equation

Ry = (Ip —1Ip)/Py. (6)

Py = Iy X A, @)

where, Py, is the excitation power which again can be
obtained by using Eq. (7), I;;; and A are the illumination
density and effective device sensing area of the photodetec-
tor respectively. From Fig. 16b which shows the variation of
responsivity with respect to molar concentration, it is seen
that the responsivity increases linearly upto a concentra-
tion of 0.01 M and more sharply beyond this concentration.
Detectivity (D*) is the ability of the photodetector to detect
the weakest signal of photon falling on the sensing area and
can be obtained as follows.

Ds=R, x (A" /(2% ex )" ®)

The values of detectivity for different photodetectors
are found in the range 111.85x 10° Jones to 375.27 x 10°
Jones. Besides these, external quantum efficiency (EQE) of
a photodetector which is related to the number of generated
exciton pairs can be calculated as follows

ECE = hcxR;/A. )

The variation of detectivity and EQE are shown in
Fig. 16c, d respectively. Both the figures show the same
pattern that the detectivity and the EQE decrease with an
increase in molar concentration of Cd ion complex. The val-
ues of these parameters for different Cd ion concentration
based photodetectors are represented in Table 2.

It is worthwhile to mention that the above-obtained
values of various parameters for CdSe nanoparticle-based
photodetectors are quite satisfying compared to other rel-
evant works. Prashad et al. [36] fabricated and studied the
photoresponse characteristics of ZnS nanostructure-based
UV-photodetectors and they have found responsivity in the
range 1.2881 to 2.6158 pA/mW and detectivity in the range
0.26x 10 to 0.36 x 10° Jones. M. Patel et al. [44] fabricated
highly efficient UV-photodetectors using p-NiO/n-ZnO het-
erojunction and obtained tremendously high responsivity
and detectivity as 3.85 A/W and 9.6 x 10'3 Jones respec-
tively. Thus the values of parameters come out from our
work is not significantly higher but lies within the range
obtained by other workers in this field.

Fig. 16 Variation of photosen- 100 200
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Table 2 Calculated parameters

. Photodetector with Dark cur-  Photocur-  Photosensitivity Responsivity,R, Detectiv- EQE

for CdSe nanoparticle-based Cd concentration  rent, I, rent, [, (HA/mW) ity, D*

photodetectors (mA) (mA) P (x10%Jones)
C0.5 0.175 4.94 27.22 52.94 111.85 0.12
C0.1 0.175 7.84 43.80 85.16 179.93 0.19
C0.01 0.175 10.5 59 114.72 242.39 0.26
C0.005 0.175 14.86 83.91 163.16 344.73 0.37
C0.001 0.175 16.16 91.34 177.61 375.27 0.40

4 Conclusion 2. PK. Sahu, R. Das, R. Lalwani, Incorporation of tin in nanocrys-

In conclusion, this work has a meaningful exploration of the
effects of Cd ion concentration towards the reaction dynamics
in the formation of CdSe nanoparticles through the cost-effec-
tive chemical bath deposition technique at room temperature.
It is found that a low concentration of Cd ion complex leads to
better quantum confinement on CdSe nanoparticles and bet-
ter efficiency in the fabricated white light photosensors with
synthesized CdSe nanoparticles as the channel in the devices.
From the absorption data, it is seen that decrease of Cd ion
concentration leads to strong quantum confinement on the
CdSe nanoparticles as well as enhancement of bandgap. Pho-
toluminescence spectra show near bandgap emissions around
460-530 nm along with other impurity emissions. PL peaks
are red-shifted along with an enhancement of intensity with
the increase of Cd ion concentration. The impurity emission
at 575 nm is due to the Cd vacancies at the surface of CdSe
nanocrystals while emission around 600 nm can be assigned to
the charge recombination at the surface mid gap states due to
excess amount of selenium present in CdSe nanoparticles. This
enhancement in the bandgap of the particles increases the pho-
tocurrent as well as the sensitivity of the photo-detector which
is clearly reflected by their I-V characteristics. The I-V char-
acteristics of the devices exhibit an ohmic nature. The photo-
detector fabricated with CdSe nanoparticles synthesized with
low Cd ion concentration shows a better response towards the
white light. The photodetector characteristics parameters viz;
photosensitivity, responsivity, detectivity, and EQE are found
to be suitable maximum at lower Cd ion concentration. These
sets of information may be quite useful in the fabrication of
white light photosensor using PVP capped CdSe nanopatrticles.
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