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In this work, a chemical reaction technique has been employed to synthesize CdSe nanoparticles and CdSe/ZnO nano-
composites. The synthesized samples have been characterized by different characterization methods. Study of selectivity of
the synthesized samples towards different gases such as ammonia, acetone, methanol, formaldehyde and ethanol has been
carried out. The synthesized CdSe and CdSe/ZnO samples have been found to be more selective towards methanol gas. As
such, gas sensing ability of both CdSe and CdSe/ZnO samples towards methanol gas has been investigated. It is observed
that, CdSe/ZnO nano composites have been more sensitive towards methanol gas as compared to CdSe nanoparticles.
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1 Introduction

Gas sensors are the unique chemical sensors, which
show changes in one or more physical properties,
such as resistance, conductance, absorbance, etc. upon
sensing a target gas'. Metal oxides find widespread
use as chemiresistive materials for gas sensing
applications. This happens due to their adjustable
electrical properties, reduced particle size, improved
surface morphologies, good structural stability etc’.
Optoelectronics, piezoelectrics, solar cells,
spintronics, gas sensors etc. are some important areas
where metal oxides find applications3. Moreover, use
of dopants and variation of the working temperature
and humidity under sensing conditions can be utilized
to increase the sensitivity of metal oxide-based gas
sensors. It is possible to analyse the electrical
characteristics of the sensing material by using a
mechanism of electron transfer that occurs during the
reactions between the surface and the adsorbed gas
molecules’. Temperature affects the adsorption
capacity of gas sensors, and when voltage or current
changes, the resistance values of the sensor can be
recorded to determine the response value®.

The interaction which occurs between the adsorbed
oxygen and the analyte species is termed as reponse
of the sensor. Sensitivity of a gas sensor depends on
the distribution of charges on its surface and also on
the diffusion of gas molecules. The morphology and
amount of active sites present for interaction also
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affects the sensitivity” . At present, the synthesis of
more innovative and diversified nanostructured
materials that are capable of functioning as smart
sensors in a variety of application areas is receiving
immense attention from researchers. Semi conducting
materials are most preferred ones for use as sensors in
the detection of toxic and harmful gases, due to their
large surface area, desirable size, physical and
chemical properties, ease of synthesis etc. Sensing
devices are nowadays developed as an imperious need
to control the air quality. The necessity of the present
times is to use cost effective material for this purpose
and this is where metal oxide based gas sensors are
reliable materials due to their excellent response for a
broad range of gases’. The primary application of gas
sensors is the detection of hazardous and explosive
gas leaks, which can result in serious accidents, health
risks, etc. These days, gas sensors are widely used in
practically every industry.

Among II-VI semiconductor nanoparticles,
colloidal CdSe nanoparticles have received the
greatest attention due to their easily adjustable
emission, which can be tuned to cover a broad
wavelength range as their size decreases’. It has a
direct band gap of 1.74 eV, is transparent to visible
light, is non-toxic, has good chemical stability, and
many other unique qualities’. Due to these unique
characteristics, CdSe nanoparticles are becoming a
valuable material for a wide range of applications,
including sensors, field effect transistors (FET),
photodetectors, and solar cells®. It is possible to
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grow CdSe in cubic, hexagonal, or mixed
(hexagonal-cubic) structures’. CdSe nanoparticles
have been created by researchers employing a
variety of physical and chemical techniques. Group
II-VI semiconductor material ZnO is similarly
adaptable = and has  numerous  significant
characteristics, including a broad and direct band gap
of 3.37 eV, non-toxicity, strong chemical stability,
antibacterial qualities, and many more'’. Because of
its wide band gap, ZnO is therefore used in many
different fields and is regarded as a significant
shell-forming material. Group II-VI semiconductor
/semiconductor core/shell nano materials are CdSe/
ZnO nano composites. The literature contains very
few reports on the synthesis of CdSe/ZnO nano
composites. In 2011, the aqueous synthesis of
CdSe/ZnO nanoparticles was done by B. P.
Rakgalakane ef al."', who used a Cd salt and NaBH,
with Se to produce CdSe in the presence of
thioglycerol as a stabiliser. The formation of
CdSe/ZnO nanoparticles was confirmed by the
characterization results. The study of
photoconductivity and visible light activated room
temperature gas sensing properties of nanocrystalline
ZnO thick films sensitised with colloidal CdSe
quantum dots was reported by A.S. Chizhov et al. in
2014'%. Their findings showed that the produced
CdSe/ZnO nanocomposites can be used for NO2
detection at room temperature without the need for
thermal heating when exposed to visible light. Shan
et al. carried out a study in 2005 to investigate the
structure and characteristics of CdSe nanocrystals
capped ZnO layer with the aim of phase transfer
from hexane to ethanol solution'®. Suo et al., in 2010
fabricated polynano composite thin film reinforced
with CdSe-ZnS quantum dots by drop -casting
method and studied their optical properties'*. The
SILAR controlled CdSe nanoparticles sensitized
ZnO nanorods photoanode at room temperature
(27°C) for use as a solar cell was investigated by Nikam
et al” in 2018. They used different electrolytes and
varied the SILAR cycles for CdSe in order to record the
photovoltaic performance of the cells. In 2019, Wang et
al. investigated conductive polymer nanolayer modified
one-dimensional ZnO/CdSe photoanode with improved
photochemical properties'®. They did this by using the
in-situ ions exchange method. The ZnO/CdSe-
diethlenetria minenano composite was synthesised by Li
et al. in 2020 as a step scheme for the photocatalytic
evolution of hydrogen'”.

Different types of gas sensors with distinct
operating principles have been developed and studied
on occasion. These include resistive-based gas
sensors, quartz crystal microbalance gas sensors,
electrochemical gas sensors, optical gas sensors, gas
chromic gas sensors, catalytic gas sensors, thermal-
conductivity gas sensors, and surface acoustic wave
gas sensors . In this paper we report study on the gas
sensing properties of CdSe and CdSe/ZnO core/shell
nano composites towards methanol gas. CdSe/ZnO is
a metal oxide based composite gas sensor. Various
binary, ternary and more complex metal oxides can be
used to study the sensor behaviour of nanomaterials
towards various gases'’. In general, either n- or p-type
metal oxide semiconductors can be used for gas
sensing”™. According to Kim and Lee*, SnO,, ZnO,
TiO,, WO;, In,0;, and Fe,O; (with n-type
conductivity) are the most common metal oxides used
in gas sensors. This is mainly due to the high mobility
of electrons in n-type metal oxides.

Methanol plays a vital role in all forms of life as it
is widely used as one of the most important industrial
raw materials in the chemical industry, refrigeration
system, fertilizer production, live breeding and food
processing. Methanol is a common feed stock for
several important chemicals and an energy carrier for
a clean and sustainable future®. It is also a very useful
organic solvent with widespread applications in the
manufacturing industries of colours, dyes, drugs,
perfumes, formaldehyde, etc. Methanol is toxic and
fatal to human beings even in modest concentrations.
The wide range of applications of methanol, it’s
toxicity, and the desirability to be able to fine tune its
synthesis under demanding conditions strongly
suggest the need of development of reliable and
selective methanol detection device”. Compared with
the various traditional analytical systems, gas sensors
have been acknowledged as simple and inexpensive
tools for detection and quantification of toxic,
harmful, flammable, and explosive gases. It is well
known that gas sensors are the devices composed of
active sensing materials coupled with a signal
transducer. Therefore, the selection and development
of a potential sensing material play an important role
in designing high performance gas sensors. In the past
few decades, metal oxide semiconductor based gas
sensors have been extensively investigated for various
daily and industrial applications due to their
outstanding sensing performance, even in harsh
environments’. In 2017, M Ando et al.” studied the
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sensitivity of CdSe based quantum dots such as
CdSe/ZnS, CdSeTe/ZnO etc. towards amine (primary,
secondary and tertiary). They found that sensitivity of
CdSe quantum dots were not affected by O, N, Ar,
CO,, or Hy. In the year 2019 J. Van Den Broak et al.
designed a methanol detector on the basis of the
concept of separation-column sensor. They found that
this sensor can be used in breath analysisor in air
quality monitoring®. In 2019 A. Chizhov et al*’
studied the gas sensor properties of hybrid material
based on the ZnO nanoparticles where photoexcited
electron hole pairs are different between the core and
the shells. They considered two types of core/shell
materials. For type 1 core/shell nanomaterials
(CdSe/CdS) they found that the sensor activity
increases towards the NO, gas. They found that
sensitivity increases due to the photogenerated holes
inside the CdSe core and the passivation of CdSe core
defect states. Also they studied the sensitivity of Type
II Nanoparticles such as CdS/ZnSe towards NO, gas.
Then they compared the sensitivity results with the
ZnO/CdSe Nanoparticles and ZnO(CdSe/CdS)
nanoparticles. They observed that the light activated
sensor sensitivity increases towards NO,.There are
many researchers who designed methanol sensors. For
example in 2021, M.M Abdulah et al®® detected
methanol using iron oxide (a-Fe,O;) doped CdSe
nanoparticle by the electrochemical technique. They
studied the sensitivity of as synthesized o-Fe,O3)
doped CdSe nanoparticle in the wide linear range
(0.2-800mM) with a very low detection limit of
0.041mM while the promising sensitivity was
obtained in the lower range of (0.2-48mM). B. Wu
et al. in the year 2015, synthesized, ZnO/CdSe hetero-
structure core/shell Nanoparticles and studied their
gas sensing properties towards ethanol at temperature
160° C. They reported that in the dark or under visible
light illumination 20-fold or 3-fold better gas sensor
activity can be exhibited compared to bare CdSe
Nanoparticles”. Using a chemoresistive gas sensor
(Pd-doped SnO2 nanoparticles) in 2019, J.V. Broek
et al®® detected methanol gas over the ethanol gas.
Without affecting ethanol levels (up to 62,000 ppm),
methanol was measured in 2 minutes in the range of 1
to 1000 ppm. They found that there are emerging uses
for the methanol sensor, like monitoring air quality
and breadth analysis.

In our work we have designed a methanol gas
sensor using CdSe and CdSe/ZnO nanoparticles as the
active layer. The designed system is of low cost and

simple in operation. As methanol is a very
hazardous gas which can increase the pulmonary
resistance, thereby producing immediate bronchial
constriction’’, the development of methanol sensor
has become essential and urgent, in the present
times.

We have tried to study the sensing behaviour of
CdSe nano particles towards methanol gas, as less
number of CdSe based gas sensors are developed yet.
Moreover due to the wide band gap, ZnO based
materials are widely used for detecting the toxic and
harmful gases because of its superior physicochemical
properties. Thereby we have also tried to study the
sensing behaviour of CdSe/ZnO Nanoparticles
towards methanol gas.

2. Materials and Methods

2.1 Materials

The precursors used in our work were purchased
from Merck, India and therefore used directly, as they
were of analytical grade. The precursors were sodium
sulphite (Na,S0O;), selenium powder (Se), cadmium
acetate [(Cd(CH3COQ),)], zinc nitrate [Zn(NO;),] and
acetone. Double distilled water was used during the
whole reaction process. Polyvinyl alcohol, PVA was
used as the capping agent.

2.2 Synthesis of CdSe nanoparticles

The sample synthesis was carried out using a wet
chemical tehnique. At first, CdSe sample, C1 was
prepared. At first, in 100 mL deionized water, 1 g
sodium sulphite solution was prepared and was stirred
magnetically at 65°C for almost two hours. Also a
solution of 0.5 g selenium powder in 50 mL distilled
water was prepared and stirred at 65°C for almost one
hour. These two solutions were then mixed in a
beaker and stirred magnetically at 85°C for 7 hours.
This resulted in the formation of sodium seleno
sulphate solution. This final solution was kept
overnight for stabilization, after cooling.

0.4 g cadmium acetate solution and solution of 1 g
PVA in 50 mL distilled water were also prepared
separately and stirred magnetically at 65°C for about
1.5 hours and 3 hours respectively until clear
solutions were obtained. A mixture of 50 mL
cadmium acetate solution and 20 mL PV A was stirred
at 40°C for about 1.50 hours, until homogeneous. At
this stage, ammonia solution was added drop wise to
this mixure and the pH value of the solution was made
>9.0. At last, 20 mL Ne,SeSO; (sodium seleno
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sulphate) solution was poured dropwise, for half an
hour to this solution. At this stage, the magnetic
stirring rate was 590 rpm and the temperature was
maintained at 70°C. A chocolate brown solution was
resulted after 60 minutes of stirring indicating the
formation of CdSe nanoparticles.

2.3 Deposition of ZnO shell over the CdSe core

For the synthesis of CdSe/ZnO core/shell
nanocomposite, a shell of ZnO was deposited over
CdSe core which is named as C1Z1. For this, Zn
(NO;), has been used as the precursor. 0.7 M
Zn(NOs), solution was prepared in 25 mL de-ionized
water and stirred for one hour at 40°C. This solution
was then slowly added to 20 mL of previously
prepared CdSe solution with pH 11.5, under magnetic
stirring. The temperature of reaction was 40°C and the
reaction was continued for 30 minutes. A transparent
white to milky white transition in the colour of the
solution was observed. The shell precursor was 0.7 M
and the total reaction time was 210 minutes. The
synthesized CdSe and CdSe/ZnO samples are shown
in the Fig. 1.

2.4 Characterization methods adopted

The as-synthesized nanoparticles were
characterized using a variety of techniques. Using a
CuKa (lambda = 1.54A0) radiation-equipped Philips
X' Pert powder X-ray diffract meter, the crystalline
properties of the samples were examined via
X-ray diffraction. A UV-visible spectrophotometer
(HITACHI model U-3210) that provides the
absorption spectra of all samples over a spectral range
of 300 nm to 800 nm was used to study the optical

properties. The fluorescence spectra were recorded
using a photoluminescence spectrophotometer
(Hitachi model F-2500). Using a scanning electron
microscope (Model No. Sigma 300), the surface
morphology of the samples was examined.
Transmission electron microscopy (JEOL2100F
model number) is used to study lattice spacing,
SAED, and particle distribution.

3 Results and Discussion
The following sections discuss the results using
different characterization techniques:

3.1 Mechanism of reaction

The following describes the mechanism of the
chemical reaction that takes place during the synthesis
of the core nanoparticles®

Step 1:
Se + Nast3—> NaZSeSO3

Step 2:
Cd(CH;CO0),—» Cd*" +2CH;CO0

Step 3:
Cd(CH;COQ), + 2NH,OH Cd—» (NH;CH;COO),
+ 2H,0

Step 4:
Cd(NH;CH;COO),+ Na,SeSO; + H,O —» CdSe
+ Nast4 +2 NH4(CH3COO)

Step 5:
CdSeCd>" +—» Se?!

Fig. 1 — (a) CdSe sample, and (b)CdSe/ZnO sample.
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Fig. 2 — (a) Absorption spectra of C1, (b) Absorption spectra of C1Z1, (c) Tauc’s plot of C1, and (d) Tauc’s plot of C1Z1.
Table 1 — Absorption edge position and values of band gaps for C1 and C1Z1.
Sl1. No. Sample Code Sample name Position of Absorption Edge of Band Gap of Samples (eV)
samples (nm)
1 Cl CdSe 292.92 434
2 Cl1Z1 CdSe/ZnO 337.78 3.78

3.2 UV-vis analysis

Figure 2 displays the UV-Vis absorption spectra of
the synthesized samples C1 and C1Z1. The CdSe
sample's absorption edge was found to be at 292.92
nm, clearly exhibiting a blue shift from its bulk value
of 712 nm. The Tauc's relation, which is provided
below™, has been used to estimate the energy band
gap value for the sample.

ahv = (hv — Eg)" .. (1)

Here, hv is the energy of incident light, E, is the
material's energy band gap, and a is the absorption
coefficient. The type of transition determines the
value of n. The values of n for direct and indirect
transitions are "2 and 2, respectively. It can be
observed that the band gap values are larger than the
1.74 eV band gap value of bulk CdSe, which validates
the formation of CdSe nanoparticles. Figures 2(a) and
2(b) show the absorption spectra of the CdSe and
CdSe/ZnO samples, respectively, and Figs. 2(c) and
2(d) display the corresponding Tauc's Plots for the
samples. Comparing the absorption edge of the

core/shell composite sample C1Z1 to that of the CdSe
core sample CI, a red shift is observed. This is
because the shell that was deposited over the CdSe
core caused the nanoparticles' particle size to increase.
Consequently, the red-shifting verifies that the shell
has been deposited over the core nanoparticles. As a
result, in comparison to the core sample, the band gap
values of the core/shell composite sample also
decrease. The band gap and absorption edge values
for both samples are displayed in Table 1.

3.3 Particle size calculation

Using the Brus equation given in (2) below, size of
the core nanoparticle has been determined from the
UV data:

R?*=h?/8E,(1/ my"+ 1/ my,*) . (2)

where, Ex = E — Eg (CdSe). Here, E corresponds
to the value of energy band gap obtained using
Tauc’s Plots and Eg = 1.74 eV corresponds to
the energy band gap for bulk CdSe, me" (CdSe) =
0.13my (my is the mass of free electron),
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my*(CdSe) = 0.45my, and h represents the Planck’s
constant. The particle size obtained for CdSe
Nanoparticles is 2.54 nm while for CdSe-ZnO
Nanoparticles is obtained 3.01nm. These values are
shown in Table 2.

3.4 Photoluminescence study

One helpful characterization method that offers
valuable insights into the optical and photochemical
properties of a semiconductor is photoluminescence
spectroscopy.

The photoluminescence spectra for C1 and C1Z1
are shown in the Fig. 3 below. The samples are
photo-excited at a wavelength of 310 nm. The
excitonic emission for core Cl appears at 322.82
nm and for Cl1Z1 CdSe/ZnO core/shell
nanocomposite, the excitonic emission is observed
at 324.49 nm. Similar results have been reported by
P Gupta et al.>* and I B. Muh’d et al.**. For C1Z1
there is a shoulder at 373.29 nm. This may be
‘impurity’ emissions originating from surface states
or trap states. The excitonic emission peak in C1Z1
is red shifted compared to the corresponding
emission of sample C1. This is due to increase in
particle size after ZnO shell is deposited over the
core sample. The observed PL spectra are shown in
the Fig. 3.

Table 2 — Particle size of the synthesized core and
core/shell sample using Brus’ equation.

Serial no Sample code  Sample Name  Particle size (nm)

1 Cl1 CdSe 2.54
2 C1Z1 CdSe/Zn0O 3.01
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Fig. 3 — Photoluminescence spectra of C1 and C1Z1.

3.5 X-ray diffraction study

XRD patterns of C1 and C1Z1 are shown in Fig. 4.
Figure 4 (a) shows the XRD pattern of C1 whereas
Fig. 4(b) shows the XRD pattern of sample C1Z1.
The diffraction peaks for C1 are at 20 values of
29.22°,  30.37°, 32.09°, 33.81° and 38.61°
corresponding to the crystal planes (101), (200),
(101), (102), and (220) of CdSe respectively.
According to JCPDS file No. 01 — 077-2307%, the
presence of reflections from these planes validates
that the synthesized material has a hexagonal wurtzite
structure. Using the Debye—Scherrer relation, the
average crystallite sizes of the synthesised samples
were determined to be:

D=KA/BCosB ...(3)

In this case, B denotes the diffraction peak's full-
width at half maximum (FWHM), K = 0.9, 0 is the
Bragg's angle, and A is the wavelength (= 1.54A0) of
the CuKa radiation
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Fig. 4 — (a) XRD pattern of C1, and (b) XRD pattern of C1Z1.
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Fig. 5 — (a) SEM image of C1, (b) EDAX pattern of Cl1, (c) SEM image of C1Z1, and (d) EDAX pattern of C1Z1.

The XRD pattern of C1Z1 is shown in Fig 4(b).
The diffraction peaks are consistent with JCPDS file
numbers 01-077-2307 for CdSe and 36-1451 for ZnO,
respectively. They can be indexed as a mixture of
hexagonal wurtzite CdSe and hexagonal wurtzite
structure of ZnO’’. The peaks corresponding to ZnO
occur at 31.14°, 34.88°, 56.5°, 63.78, 68.31°, and
69.02° respectively. Using equation (3) the average
crystallite sizes for the CdSe/ZnO samples are also
calculated. It is found to be 23.81 nm for Cland
31.90 nm for Cl1Zlrespectively. It is found that the
average crystallite size of C1Z1 sample is greater than
that of core C1 sample. This confirms the deposition
of the shell over the core sample.

3.6 SEM and EDAX analysis

The SEM micrograph of the sample images of C1
and Cl1Z1 are shown in Fig 5 (a-c) and the
corresponding EDAX images are shown in Fig. 5
(b-d) respectively. The particles are found to be a
most spherical in shape. The particle sizes are in the
range 30-50 nm for C1 nanoparticles and 50-70 nm
for C1Z1 nanocomposite. Agglomeration of the
particles to a certain extent can be observed in the
images. The EDAX image confirms the presence of
elements Cd and Se in the sample.

The EDAX image also reveals the presence of
other elements, such as Ca, O, Na, Mg, Au, Si, and so

forth. The glass slide that served as a substrate for the
prepared CdSe sample's deposition may have produced
the Si and O. The remaining elements might be present
because of the coating on the semiconductor
nanomaterial that was used for the analysis. Coating is
essential in SEM analysis to facilitate or enhance sample
imaging. It lessens thermal damage and enhances the
secondary electron signal, both of which are necessary
for the SEM's topographic analysis.

3.7 TEM/HRTEM

The TEM/HRTEM images of sample C1 and C1Z1
are shown in Figs 6 and 7. From the images the CdSe
nanoparticles are observed to be almost spherical in
shape. The particle sizes are having sizes in the range
5-20 nm. The lattice spacing for CdSe nanoparticles,
C1 was found to be 0.42 nm. The particle sizes of the
CdSe/ZnO sample, C1Z1 were found to be in a range
of 40-80 nm which is larger in comparison to the core
C1 nanoparticles. Concentric rings in the SAED
patterns for both the CdSe(C1) and CdSe/ZnO (C1Z1)
sample show the formation of good crystalline
structure for both CdSe nanoparticles and CdSe/ZnO
nano composite. The particle size distribution
histograms shows that for the CdSe nanoparticles, C1,
most of the nanoparticles are in a range of 70-80 nm.
On the other hand for the CdSe/ZnO nanocomposite,
C1Z1, most of the particles are found to in a range of
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Fig. 6 — (a) TEM, (b) HRTEM, (c) Lattice spacing Images, (d) Histogram showing particle size distribution, (¢) SAED pattern of

CdSe(C1) nanoparticles, and (f) Miller indices of SAED pattern.
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Fig. 7— (a) TEM, (b) HRTEM image, (c¢) Histogram showing particle size distribution (d) Lattice spacing image, (¢) SAED pattern of
CdSe-ZnO (C1Z1) Nanoparticles, and (f) Miller indices of SAED pattern

100-150 nm. The lattice spacing of ZnO shell material
over CdSe core material was found to be 0.101 nm
while for core CdSe Nanoparticles it was found to be
0.067 nm.

3.8 Gas sensing studies
Gas sensing ability of a material depends
upon various parameters. The parameters include

surfacedefects, surface morphology, film thickness,
speed of the chemical reaction on the surface of the
material, particle size etc. The resistance of a particular
material may change after diffusion of the molecules of
gases on the material’s surface. This change in resistance
can be expressed in terms of sensitivity (S %) of the
sensor’”. In this present work we have studied the
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selectivity of CdSe and CdSe-ZnO samples towards
various gases such as ammonia (NH;), ethanol
(C,HsOH), acetone (C,H¢OR), formaldehyde (CH,O)
and methanol (CH3;0H) respectively. Our sensor was
found to be more selective towards methanol gas and
so the sensing studies have been performed using
methanol.

3.9 Selectivity study

The response of a sensor for different gases viz.
ammonia, ethanol, acetone, LPG, sulphur dioxide,
carbon dioxide etc. in presence of other gases, is
termed as selectivity’”. It is measured in terms of
selectivity coefficient which is defined as

S ::Sh /‘SB . (4)

Where, S, and Sy are the resistances of the sensor
in air and in the presence of the inserted gas
respectively.

In this work, we have carried out experiments for
measurements of sensitivity, response and recovery
time of the synthesized CdSe and CdSe/ZnO core/shell
nanocomposites. From the selectivity graph shown in
Fig. 8 of CdSe, C1, nanoparticles, it is observed that,
when different gases such as ethanol, methanol,
ammonia, formaldehyde and acetone are inserted into
the reaction chamber, the resistance of the CdSe (C1)
sample decreases with respect to time. We observed
that the change in resistance of Cl, in presence of
methanol gas is large in comparison to the other
inserted gases and decreases smoothly until it attains a
steady state. For ammonia and acetone the resistance of
the sample remains almost unchanged. When ethanol
and formal dehyde gas are inserted into the chamber,
the resistance of Cldecreases as shown in Fig. 8. It is
observed from the figure that, the decrease in resistance
of the sensor, in presence of methanol gas is quite large
as compared to formaldehyde and ethanol gases. Hence
from this study we can conclude that, sample C1 is
more selective towards methanol gas. Thus the
sensitivity studies of the sensor have been carried out
for methanol gas as detailed in the next sections.

3.10 Gas sensitivity study

To investigate the sensing properties of CdSe
and CdSe-ZnO samples towards methanol gas we
have measured the change in resistance of the
samples in comparison to the open air resistance
upon intake of gas. The sensitivity*” may be defined

by Eq. (5)
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Fig. 8 — Selectivity graph of C1.
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Fig. 9 — Resistance variation versus time graph of C1.

S=Ry,-Ry /Ra .. (5

Where R, is the sensor resistance in presence of
target gas and R, is the sensor resistance in air.
Figures 9 and 10, show the response of CdSe, C1 and
CdSe/Zn0O, C1Z1, core/shell nano composites towards
methanol gas for both Gas ON(0 to 400 secs) and Gas
OFF(400 to 800 secs) conditions for different gas
concentrations (40-120) ppm at room temperature.
For the CdSe nanoparticles, in GAS ON condition, we
observed that there is no significant change sensor
resistance (difference between open air resistance and
resistance in presence of methanol) in the GAS ON
condition, except a decrease in the value for 100 ppm.
However, in the GAS OFF condition, the change in
resistivity and hence the sensitivity (shown in
Fig. 11) increases with increase in time. The open air
resistance of CdSe nanoparticles was measured at first
and was found to be 5.01 MQ. This was followed by
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measurement of sensor resistance in the presence of
methanol with the increase in time. But for the
CdSe/Zn0O, C1Z1, core/shell nanocomposite, for GAS

ON condition, the change in resistance was found to
increase with the increase in time and underwent a
sharp decrease immediately when the gas is switched
off and then became more or less steady, in the GAS
OFF condition. Moreover, it was observed that as the
gas concentration increased from 40 to 120 ppm, the
value of change in resistance of the sensor increases.
The open air resistance for the CdSe/ZnO
nanocomposite was found to be 14.4 KQ. Thus, for
the CdSe/ZnO core/shell sample the sensitivity
increases in the GAS ON condition and decreases in
the GAS OFF condition as shown in Fig. 12. We
found that, as the gas concentration was increased the
sensitivity of the sensor also increased.

3.11 Response and recovery plots of CdSe nanoparticles and
CdSe/ZnOnanocomposite

The time required by a sensor to reach the
particular percentage level (usually 90%), of the
saturation value upon exposure to a target gas is
termed as the sensor’s response time*'. Whereas, the
time required by a sensor to return to its 10% of the
original baseline when the target gas is removed from
the sample, is termed as the recovery time*'.

The response and recovery plots of CdSe, C1 and
CdSe/Zn0O, C1Z1 samples, towards methanol gas are
shown in Fig 13. From the response curve of Cl is
shown in Fig. 13 (a). It can be seen that, the response
time increases from 20 sec to 250 sec with
increase in concentration from 40 ppm to
100 ppm. From the response curve of C1Z1, given in
Fig. 13 (c), it is observed that, the response time
increases from 18 sec to 300 sec with increase in gas
concentration from 40 to 100 ppm. From the recovery
curve of C1 and C1Z1, shown in Figs. 13 (b) and 13
(d) respectively, it is observed that the recovery time
at first decreases and then increases with increase in
gas concentration.

3.12 Sensitivity of the sensor towards methanol in presence of
ethanol and vice versa

As the selectivity graphs C1 sample shown in
Fig. 8 shows some response towards ethanol gas
(although less in comparison to methanol), we
attempted to study the response of the sensor C1Z1
towards ethanol gas, in presence of methanol
gas and vice versa. The graphs are shown in Figs. 14
(a) and 14 (b), respectively. Figure 14(a) depicts the
resistance of the ClZ1 towards methanol gas
(40 ppm). It is found that the sensor resistance at first
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decreases in the GAS ON condition and becomes
stable in the GAS OFF condition. With methanol gas
being present within the reaction chamber, we have
inserted 40 ppm of ethanol gas into it, and it is found
that, the sensor resistance increases slightly at the
beginning and then remains unchanged in the GAS
ON condition. However, when gas is switched off, the
resistance starts increasing in the GAS OFF condition.
In a similar manner, as shown in Fig. 14 (b), the
response of the sensor towards 40 ppm ethanol gas
was at first measured, which did not show any
significant change in resistance. However, when
methanol gas was inserted into the chamber, with
ethanol already present in it, a significant change in
resistance is observed in both GAS ON and GAS OFF
conditions. This confirms that, the C1Z1 sensor is
selectively sensitive towards methanol gas only.

3.13 Gas sensing mechanism

From the results obtained for methanol sensing of
CdSe, C1 and CdSe/ZnO, C1Z1nanocomposite, it can
be understood that, the CdSe/ZnO nanoparticles are
acting as better sensor for methanol gas. This is due to
the role played by the ZnO shell layer, over the CdSe
core. The function of the ZnO layer can be understood
from the surface charge model**. At first when the

CdSe nanoparticles are exposed to air, its surface is
surrounded by various chemical species and oxygen
molecules get adsorbed on the semiconductor
surface®®. These molecules of oxygen traps electrons
from the conduction band of CdSe, due to which
absorbed oxygen species are created as given below*”:

02 (g) » 0, (ads)
0, (ads) + e —> O

This results in the formation of a depletion layer on
the surface of CdSe. As a result, the resistance of the
semiconductor changes. When methanol gas is
inserted into the reaction chamber, the ions of oxygen
on the surface of the semiconductor, reacts with the
methanol molecules, thereby releasing the trapped
electrons back to the conduction band of CdSe.

The reaction which occurs among the methanol
molecules and the oxygen ions are shown below:

CH;CH,(ads)+ O'(ads)
CH;CH ,OH+0*(ads) ——  C,H,0+H,0+2¢"
CdSe

e C2H4O+ H20+e'

As a result, the resistance of the

semiconductor will change.
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However, for the CdSe/ZnO, nanocomposite, an
additional depletion layer will be created, due to the
presence of ZnO. This will affect the transport of
charges within the structure™. It is known that, the
Fermi Level of CdSe is at higher energy, than that of
ZnO. As such the electrons in CdSe will get
transferred to ZnO, which in turn will result in the

creation of the additional depletion layer at the
interface between CdSe and CdSe/ZnO. Thus when
the hetero structure, is exposed to methanol gas, the
electrons will be released quite easily from the
surface, back to the conduction band of ZnO,
resulting in a change in the sensor resistance. In all,
we can say that CdSe/ZnO nanostructure will possess
more active sites for oxygen adsorption, which will
make it a better sensor for methanol, compared to
single CdSe. A schematic model depicting the
reaction mechanism is shown in Fig 15.

3.14 Limit of detection

The limit of detection of CdSe/ZnO, C1Z1 Nano
composite towards methanol gas is calculated using
equation given below™

LOD=3.0%*¢/S

where S is the calibration curve's slope, ¢ is the
relative standard deviation, and 73.00 ppm is the
determined limit of detection.

4 Conclusion

It can be concluded that, hexagonal CdSe and
CdSe/ZnO core/shell nanocomposite have been
successfully synthesized in this work. Various
characterization techniques, including UV-visible
spectroscopy, photoluminescence spectroscopy, XRD,
SEM, EDAX, and TEM, have confirmed the formation
of both core CdSe nanoparticles and core/shell
CdSe/ZnO nanocomposite. When compared to the bulk
value of CdSe, the absorption edges obtained from UV-
visible spectroscopy results of the CdSe and CdSe/ZnO
samples exhibit a blue shift.

This confirms the formation of nanostructures of
both CdSe and CdSe/ZnO. The CdSe and CdSe-ZnO
samples show more selective behaviors in sensing
methanol gas compared to ethanol, acetone,
formaldehyde and ammonia. From the sensitivity study
for both CdSe and CdSe/ZnO core/shell nanoparticles
it can be reported that the ZnO based sensor is better
sensor as compared to the bare CdSe sensor in
detecting methanol gas.
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