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Abstract

The synthesis of AC-CdO-TiO, nanocomposite material has been successfully achieved by precipitation
method and sonication technique. High photocatalytic activity of AC-CdO-TiO, nanocomposite material
used Reactive Black 5 (RB 5) under UV-light irradiation and that of TiO,; the nanocomposite material
was characterized by High-Resolution Scanning Electron Microscopy (HR-SEM) with Elementary
Dispersive X-ray (EDX), High-Resolution Transmission Electron Microscopy (HR-TEM), XRD analysis,
Photoluminescence spectroscopy (PL) and UV-Vis DRS analysis. This nanocomposite material obtained
by photodegradation of RB 5 dye at various parameters is reported. The reaction of this nanocomposite
material was found to be stable and reusable. The antibacterial activity of prepared material was
investigated against Gram negative and positive bacterial strains and through their electrochemical

activity.
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Introduction

Dye molecules are used for textile industry in manufacturing
production, clothing, wastewater from printing and
photodegradation materials [1-5]. Semiconductor oxide (CdO,
TiO,, ZnO and SnO,), is an exceptional photocatalyst,
medicine and sensing element for optoelectronic applications
[6-10].

Titania semiconductors are used in photocatalyst, paint
industries, paper, and plastics industries due to the presence of
excellent semiconductor oxide [11]. Two or more
semiconductors with appropriate band energy levels is an
improved way to increase the photocatalytic activity of the
semiconductor because of the wuseful separation of
photogenerated electron-hole pairs and interfacial charge
transfer efficiency [12-14]. Such semiconductor oxides have
been considered to hold an effective chemical, physical and
photocatalytic  properties [15,16]. Recently complex
semiconductor oxides have been reported to show similar
properties [17-22]. Activated carbon is a brilliant adsorbent of
waste water pollutants, due to the following reasons (i)
activated carbon adsorb the dye and release it on surface of the
photocatalyst (ii) degradation by oxidation [23-25]. Activated
carbon-loaded  semiconductor oxide undergoes high
photodegradation [26-28].
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The nanocomposite material was characterized by high-
resolution scanning electron microscopy (HR-SEM) with
elementary  dispersive  X-ray (EDX), high-resolution
transmission electron microscopy (HR-TEM), XRD analysis;
photoluminescence spectroscopy (PL) and UV-Vis DRS. This
nanocomposite material can photodegrade RB 5 dye at various
parameters under the UV-light irradiation at 365 nm.

The mineralization of dyes is confirmed by chemical oxygen
demand measurements. An achievable mechanism is proposed
for higher activity of AC-CdO-TiO, that of TiO,
nanocomposite material. Reaction of this nanocomposite
material was found to be stable and reusable. AC-CdO-TiO,
nanocomposite material showed highest antibacterial activity
and electrochemical activity compared to that of TiO,
nanocomposite material.

Experimental Section

Materials

Cadmium acetate dehydrates, tetra isopropyl orthotitanate
(C1pHp04Ti), reactive black 5 (RB 5) dye and activated
carbon (AC), citric acid, NH4OH were used as received.
Coumarin (1 mM of 4-hydroxycoumarin) is a chemical of
Sigma Aldrich and used as such. The ethanol and aqueous
solution was obtained using double distilled water. All
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glasswares were cleaned with acid followed by thorough
washing with distilled water.

Preparation of AC-CdO-TiO, nanocomposite
material by precipitation method

AC-CdO-SnO, nanocomposite material was synthesized by
precipitation method. Initially cadmium acetate dihydrate (0.4
M) was dissolved in anhydrous ethanol solution in beaker A.
0.4 m citric acid and tetra isopropyl orthotitanate in ethanol is
taken as another solution in beaker B and activated carbon
(AC) was dissolved in anhydrous ethanol solution in beaker C,
the solution in A and solution in C are added to solution in
beaker B and stirred well. To these 2 drops of NH4OH is added
at room temperature under vigorous stirring until the
precipitate was formed. The obtained precipitate was washed
with water and ethanol. Then the precipitate was collected and
dried in oven at 100°C for 12 h. The resulting powder was
finally calcinated at 500°C at 4 h (Figure 1).

Activated carbon

Cadmium acetatedihydrate

NH4OH and citric acid

Oven at 100°Cfor12 hrs

Calcinated at 450°C at 4 hrs

Figure 1. Preparation of AC- CdO-SnO; nanocomposite material
stirred.

Characterization

Ultraviolet and visible (UV-vis) absorbance spectra were
measured over a range of 800-200 nm with a Shimadzu
UV-1650PC recording spectrometer using a quartz cell with 10
mm optical path length. High resolution scanning electron
microscopy (HR-SEM) as well as elementary dispersive X-ray
(EDX) evaluation experiments was performed on a FEI Quanta
FEG 200 instrument with EDX analyzer facility at 25°C. The
nanoparticles’ size and structure verifications were done by
transmission electron microscopy (HR-TEM) making use of
PHILIPS CM200. Each spectrum was recorded with an
acquisition time of 18 s. XRD spectrum was recorded on the
X'PERT PRO model X-ray diffractometer from pan analytical
instruments operated at a voltage of 40 kV and also a current of
30 mA with Cu Ka radiation. Photoluminescence (PL) spectra
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at a room temperature were recorded using a Perkin-Elmer LS
55 fluorescence spectrometer. UV spectral measurements were
done using a Hitachi-U-2001 spectrometer. Ultraviolet and
visible (UV-vis) absorbance spectra were measured over a
range of 800-200 nm with a Shimadzu UV-1650PC recording
spectrometer using a quartz cell with 10 mm of optical path
length. The antibacterial activity was studied by disc diffusion
method; the test compound was dissolved in DMSO (200
mg/ml) for about half an hour. Commercially available drug
disc, ciprofloxacin (10 mg/disc) was used as positive reference
standard and cyclic voltammetry (CV) measurements were
carried out using CHI 60 AC electrochemical analyzer (CHI
Instruments Inc. USA). The Photovoltaic properties of the
material was characterized by recording the photo current
voltage (I-V) curve under illumination of A.M.1.5 (100
MW/cm?).

Photocatalysis

The photocatalytic activities of the photocatalysts AC-CdO-
SnO, nanocomposite material were evaluated by the
photodegradation of dye. The light source was UV lamp at 365
nm. The reaction was carried out at ambient temperature (303
K). Aqueous suspensions of dye (40 ml, 1 x 10* M) and 0.080
g of photocatalyst were loaded in reaction tube of 50 ml
capacity with a prior 40 min in the irradiation, the suspension
was magnetically stirred in dark to ensure the establishment of
an adsorption or desorption equilibrium. The suspension was
kept under constant air-equilibrated condition. At the intervals
of given irradiation time. The suspension was measured
spectrophotometrically at max=595 nm (RB 5) within the
theory to Beer-Lambert law limit.

Results and Discussion

HR-SEM with EDX analysis

The HR-SEM image of AC-CdO-TiO, nanocomposite material
is shown in Figure 2a. The particles are in the form of
aggregates, uniformly distributed in various sizes and have a
morphological structure of nanoflakes. The AC-CdO-TiO,
nanocomposite material maintained at a high calcination
temperature for 4 h and presented in RB 5 dye was shown to
have highly photocatalytic activity. Figure 2b shows EDX
analysis which confirms that only Ti, Cd, C and O are present
in AC-CdO-TiO, nanocomposite material.

o)

Figure 2. HR-SEM image of (a) AC-CdO-TiO, nanocomposite
material and (b) EDX analysis.

Biomed Res 2018 Volume 29 Issue 19



Synthesis and characterization of AC-CdO-TiO2 nanocomposite recyclable and multi-application study

HR-TEM analysis

The high-resolution transmission electron microscope (HR-
TEM) measurements of AC-CdO-TiO, nanocomposite
material are shown in Figure 3a. It is established that the
presence of particles are depicted from the HR-TEM
micrographs of the mixed nanoparticles at 20 nm as
nanospherical chain shaped structure. In Figure 3b, the selected
area of electron diffraction (SAED) pattern shows bright
diffraction rings corresponding to polycrystalline nature.

This revealed that the high resolution TEM images (HR-TEM)
and selected area diffraction pattern (SADP) of AC-CdO-TiO,
nanocomposite material. It was seen that the crystal grain size,
crystalline volume, and crystallinity reduced as the doping
ratio increased in accordance with the XRD results. The tiny
spherical particles with a high surface area make superior
contact area with microbe. Figure 3c represented an image
profile and Figure 3d shows the particle size distribution by
selected particle area (0.261 nm) as highlighted in Figure 3a.

Figure 3. HR-TEM analysis of AC-CdO-TiO, nanocomposite
material (a) TEM Image (b) SAED pattern (c) Surface plot and (d)
Particle size in selected area highlighted in (a).

XRD analysis

The XRD spectra of TiO, and AC-Cd-TiO, nanocomposite
material were shown in Figures 4a and 4b respectively.
According to the crystal structure spectra, the well-defined
peaks typical of TiO, were clearly noticed. This is in
compliance with the reports of the norms of the Joint
Committee on Powder Diffraction Standard JCPDS card no.
21-1272. Samples gave six distinctive TiO, peaks at 25, 29.91,
38.0, 47.87, 56.92, 64.5 and 74.74 as shown in Figure 4a with
the diffractions of the TiO, (10 1), (00 4), (20 0), (1 05) and
(2 0 4) crystal planes (anatase TiO,).

The XRD spectrum of AC-CdO-TiO, nanocomposite material
is shown in Figure 4. In the Figure 4b the distinctive peaks at
25, 29.32, 345, 47.87, 5694 64 and 70.62, 78 were
represented respectively. X-ray diffraction pattern was
calculated using the Debye-Scherrer formula, L=0.89 A/ Cos 6
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where L is the crystalline size (nm), A is the wavelength (nm),
B is the full width at half maximum intensity (FWHM-in
radian), and 0 is the Bragg diffraction angle (°). The average
crystalline sizes of the AC-CdO-TiO, nanocomposite material
products were calculated to be about 21 nm.
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Figure 4. XRD pattern of (a) TiO, and (b) AC-CdO-TiO,
nanocomposite material.

PL analysis

PL spectra of prepared TiO, and AC-CdO-TiO, nanocomposite
material were shown in Figures 5a and 5b respectively. As the
photoluminescence occurs due to electron-hole recombination,
its intensity is directly proportional to the rate of electron-hole
recombination and is directly proportional to the rate of
electron-hole recombination. The prepared TiO, gave two
emissions at 425 and 480 nm. The prepared AC-CdO with
TiO, does not shift the emission of TiO, but the intensity of PL
emission is less when compared to TiO, nanocomposite
material. The improved near band edge emission (NBE) of
pure TiO, shows better crystallinity, whereas the slight
decrease of NBE in the AC-CdO with TiO, indicates the
increase of intrinsic defect and is the reason for the decrease of
near band edge emission. The decrease of near band edge
emission present increases photocatalytic activity, this is
because of suppression of recombination of electron-hole pairs
by which better photocatalytic activity.

200

PL Intensity

T
300 400 500

Wavelenth (nm)

Figure 5. PL analysis (a) TiO; and (b) AC-CdO-TiO; nanocomposite
material.
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UV-vis DRS spectrum

UV-Vis-DRS (diffuse reflectance spectra) analysis of TiO, and
AC-CdO-TiO, nanocomposite material was displayed in
Figure 6. The bio-synthesis AC-CdO-TiO, nanocomposite
material shows increased absorption in both UV and visible
region than that of TiO, nanocomposite material and can be
used as a UV and visible light active semiconductor
photocatalytic nanocomposite material. The UV-Vis spectra
were transformed to the Kubelka-Munk function F(R) to
separate the extent of light absorption from scattering. The
band gap energy is obtained from the plot of the modified
Kubelka-Munk function (F (R) E)"2 versus the energy of the
absorbed light E by the Equation 1.

(I_R)I/Z
(F(R) E)!*=(Xhv) — (1)
2R

The final result indicates band gab energy of 3.4 eV and 3.0 eV
corresponding to the chemical synthesized TiO, and AC-CdO-
TiO, nanocomposite material. The lower band gab energy
supports for superior photocatalytic activity [29].

5.0

4.5 o
4.0 o
3.5

3.0

F(R) hy'

2.5 4

hv (eV)

Figure 6. UV-Vis DRS analysis of (a) TiO, (b) AC-CdO-TiO,
nanocomposite material.

Photodegradation of RB 5 dye

Primary analysis (Photodegradation of RB 5 dye with
artificial UV-light): The pH analysis in photodegradation of
RB 5 dye compared to fast dye was investigated in the pH
range 3, 7, 9 and 11 and the results were reported. It was
observed that the degradation increases with an increase in pH
up to 7 and then decreases.

The photodegradation of RB 5 dye in aqueous medium in the
presence of catalyst and the atmospheric air were studied using
multi lamp photoreactor with mercury UV lamps at wavelength
365 nm. The initial dye concentration was 1 x 104 M and the
pH of dye is neutral (pH=7). It was shown to be in dark colour.
After photodegradation, the colour changes at irradiation time
40 min as shown in Figure 7. The reaction time affords the
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photodegratation of RB 5 dye. Thus AC-CdO-TiO, exhibited
very superior photocatalytic activity when compared to that of
TiO,, dark and nil catalyst (Figure 7). The RB 5 dye was
resistant to photolysis with AC-CdO-TiO, nanocomposite
material in the dark with a dye concentration of 1 x 104 M. RB
5 dye undergoes % degradation of 0, 20, 30, 62 and 98 and
TiO, undergoes % degradation of 0, 5, 12, 30 and 59. The
result indicates that AC-CdO-TiO, nanocomposite material has
greater photocatalytic activity.

110 S
100
90 -
80 -
70
60
50
40
301

20

% of dye degradation

Time (min)

Figure 7. The effect of pH=7 photodegradation study of RB 5 dye
under UV-light irradiation at 365 nm by (a) Dark (b) Nil catalysis (c)
TiO, P25 (d) TiO, and (e) AC-CdO-TiO, nanocomposite material.

Effect of catalyst loading: Experiments performed with
different amounts of AC-CdO-TiO, nanocomposite material
showed that the photodegradation efficiency increased with an
increase in amount up to 0.08 g/50 ml and then then slightly
decreased as observed in catalyst loadings of 0.05, 0.08 and 0.1
g/50 ml. AC-CdO-TiO, on RB 5 dye undergoes % of
degradation 38, 98 and 60% (Figure 8). Among the catalyst
loadings 0.08 g showed optimal photocatalytic activity.

Effect of different concentrations of RB 5 dye: The effect of
dye concentration for the photodegradation of RB 5 dye on
AC-CdO-TiO, nanocomposite material at 1 x 104 M
concentration showed high photocatalytic activity than at 2 x
104 M and 3 x 10* M concentration (Figure 9). The result
shows, high concentration of dye molecule decreases
degradation range and catalyst surface area. So high
concentration showed slow photocatalytic activity whereas low
concentration of dye molecules showed fast activity of dye.

Effect of different temperature: The photodegradation of
AC-CdO-TiO, nanocomposite material uses different
calcination temperatures (200°C (18%), 400°C (50%) and
5000°C (98%)) under UV-light absorption at time 60 min.
High calcination temperature showed optimum photocatalytic
activity than low calcination temperature. High activity was
shown corresponding to its polycrystalline nature (Figure 10).

Stability of the reusable photo catalyst: The reusability of
AC-CdO-TiO, nanocomposite material was investigated by the
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photocatalytic degradation properties of the photocatalyst by
repeating RB 5 dye photocatalytic degradation experiments
five times. After each cycle, the photocatalysts were washed
thoroughly with water, and a fresh solution of RB 5 dye was
made before each photocatalytic run in the photoreactor under
UV-light and the results are shown in Figure 11.
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% of dye degradation

40
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Figure 8. The effects of catalyst loading (a) AC-CdO-TiO,
nanocomposite material on RB 5 dye under UV-light irradiation at
365 nm.
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Figure 9. The effects of concentrations of (a) AC-CdO-TiO,
nanocomposite material.

The complete degradation of the AC-CdO-TiO, nanocomposite
material occurred in 155 cycles with 97% degradation. After
the fifth cycle, the efficiency of catalysts decreased in
comparison to the total degradation of RB 5 dye. There is no
significant change in reaction, indicating the stability of
photocatalyst. This is due to the loss of catalysts (0.3%), during
the water washing of catalysts, which was not observed in the
naked eye in this nanocomposite material (Figure 12).
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Figure 10. The effects of temperature of (a) AC-CdO-TiO,
nanocomposite material.
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Figure 11. Stability and reusability on RB 5 dye degradation; (a) AC-
CdO-TiO; nanocomposite material.

Chemical oxygen demand analysis (COD): Chemical oxygen
demand analysis of RB 5 dye on mineralization of AC-CdO-
TiO, nanocomposite material photocatalyst, loading amount of
0.080 g on dye concentration (1 x 10* M) suspension in 40 ml
of pH=7 solution and air passing with UV-light at 365 nm
(Figure 13).

AC-CdO-TiO, nanocomposite % of chemical oxygen demand
reduction of dye at 10 min (20%), 20 min (29%), 30 min (61%)
and 40 min (98%) is obtained [29].

The mineralization is also specific by formation of calcium
carbonate when the evolved gas (carbondioxide) through
photodegradation is accepted and calcium hydroxide is
obtained. = This  result indicates almost complete
photodegradation of dye and this reaction is as follows:
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2HCO3~ +hv Photosynthesis CH20 + Oz 9+ CO3-
—_— »
C033-+H20 Acid-base HCO3 + OH~
B ——
Ca?*H20 precipitation CaCO3 (g
etttk Y

2(CH20)+ SO42-+ 2H Micro-action, HzS (g) +2H20 +2C02(g

Mechanism for photocatalytic effect of AC-CdO-TiO,: On
the basis of these observations, a tentative mechanism for
photocatalytic degradation of RB 5 dye is proposed as follows:

'(RB 5)¢+hv — (RB 5); — (1)

I(RB 5);+ISC — 3(RB 5); — (2)

AC-CdO-TiO, (SC)+hy — e (CB)+h+(VB) — (3)
-OH+h" — "OH — (4)

*OH + 3(RB 5); — Leuco (RB 5) — (5)

Leuco (RB 5) — Products — (6)

(RB 5) dye absorbs radiation of desired wavelength and it
forms excited singlet state. Further, it undergoes intersystem
crossing (ISC) to give its more stable triplet state. Along with
this, the AC-CdO-TiO, nanocomposite material (SC) also
utilizes this energy to excite its electron from valence band to
the conduction band. An electron can be abstracted from
hydroxyl ion by hole (h™) present in the valence band of
semiconductor generating “OH radical. This hydroxyl radical
will oxidize methyl green to its leuco form, which may be
ultimately degraded to products. It was confirmed that the "OH
radical participates as an active oxidizing species in the
degradation of RB 5 dye as the rate of degradation was
appreciably reduced in presence of hydroxyl radical scavenger
(2-propanol) (Figure 12) [30].

Rhodamine-B

H,O+ CO; + Mineral Acids

Energy (e¥) vs. NHE

OH* * Rhodamine-B

!

Hz0+ CO: + Mineral Acids

Figure 12. Degradation mechanism. Schematic representation for the
photodegradation holes and electrons in the AC-CdO-SnO,
nanocomposite material under UV-light for successive mineralization
of RB 5 dye.
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Figure 13. COD analysis of AC-CdO-TiO, nanocomposite material.

‘OH analysis: The detection of "“OH by the changes in the
fluorescence spectra of a coumarin solution under visible-light
irradiation as a function of irradiation time 40 min.
Fluorescence intensity arises due to hydroxyl radicals as the
active species. Further the formed hydroxyl radicals on the
surface of AC-CdO-TiO, nanocomposite material illuminated
by visible-light were detected by fluorescence technique same
as that of TiO, nanocomposite material. The formation of *OH
is directly related to the photocatalytic mechanism of the AC-
CdO-TiO, nanocomposite material (Figure 14) [31].

250

jm . s .\'\.\

150 II.." fff"_"‘-\ " A

Fluorescence Intensity
T

100 4 ."ll _.'".; \ ‘\.
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Figure 14. Fluorescence spectra measured at 2,,,=310 nm (a) TiO,
and (b) AC-CdO-TiO, nanocomposite material obtained using
various time 40 min in coumarin solution (sample was illuminated for
40 min with UV light).

FElectrochemical application

Cyclic voltammogram (CV) analysis: Cyclic voltammogram
(CV) of methanol was recorded in alkaline medium (0.5 M
NaOH) on glassy carbon electrode (GCE) and coating of
catalysts in TiO, and AC-CdO-TiO, nanocomposite material
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was done. The forward peak current density for methanol
oxidation on AC-CdO-TiO, nanocomposite material showed
higher electrocatalytic activity (2.5 mA cm) than TiO, (1 mA
cm?) indicating that AC-CdO-TiO, nanocomposite material is
superior to TiO, (Figures 15a and 15b).

3

P/

Current: 1x10"A
Current: Ix107A

24 T
40 £8 06 04 02 00 02 04 06 03 10 R R RO

Potential:V

(b)

Potential:V
(a

Figure 15. CV analysis of (a) TiO, and (b) AC-CdO-TiO,
nanocomposite material GCE in 0.1 M KCI.

Photovoltaic properties: Figure 16 shows the photo current
voltage (I-V) behavior of fabrication in the dye sensitized solar
cell (DSSCs). Prepared TiO, and AC-CdO-TiO,
nanocomposite material act as photoelectrode coated on
fluorine doped Tin oxide (FTO-plate) glass substrate. The
routine solar cell is fabricated with prepared TiO, and AC-
CdO-TiO, nanocomposite material with ruthenium dye (535-
bisTBA, N719). From the data, it is clear that (N719) AC-
CdO-TiO, nanocomposite material based cell gives brilliant
activity with the use of dye since the sensitizer reunites the
maximum value of short-circuit current density, Jsc (4.9
mA/cm?) than TiO, (4 mA/cm?), open-circuit voltage, Voc
(500 mV), fill-factor, FF (0.94) and efficiency, n (1.7%). The
result indicating AC-CdO-TiO, nanocomposite material
superior electrocatalytic activity [32,33].
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Figure 16. Current density-voltage (I-V) curves for the DSSC's
fabricated from (a) TiO, coated GCE in 0.1 M KCI and (b) AC-CdO-
TiO, nanocomposite material GCE in 0.1 M KCI.

Conductivity studies: Photoconductivity result of AC-CdO-
TiO, nanocomposite material represent increased current and
increased charge carriers in photocurrent compared to dark
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current. This nanocomposite material exhibited (+ve)
photoconductivity as well as solar cell application (Figure 17)
[34,35].
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Figure 17. Photoconductivity of AC-CdO-TiO, nanocomposite
material. Applied field (V cm™!) vs. electric current (mA) (a) dark and
(b) photocurrent on irradiation with 100 W halogen lamp.

Figure 18. Antibacterial activity (disc diffusion method) (1) of TiO,
nanomaterial and (2) of AC-CdO-TiO, nanocomposite material on
(a) Escherichia coli (b) Staphylococcus aureus

Antibacterial activity

Antibacterial  activity of TiO, and AC-CdO-TiO,
nanocomposite material are shown in Figure 18. CdO-SnO,
nanocomposite material showed activity against both Gram
positive strains and Gram negative strains. 15 mm and 11 mm
inhibition zone was developed against Escherichia coli and
Staphylococcus aureus. The AC-CdO-TiO, nanocomposite
material showed high antibacterial activity against Gram
positive bacteria rather than Gram negative bacteria. This was
due to the differences in the cell wall composition of these two
bacteria. AC-CdO-TiO, nanocomposite material increases the
value of the electron-holes charge separation by decreasing the
band gap energy which leads to an impediment in the
recombination rate for high antibacterial activity, hence used in
biomedical applications [36,37].
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Conclusion

The mild reaction conditions, easy work-up, clean reaction
profiles render this approach as an interesting alternative to the
existing methods. The HR-SEM image of AC-CdO-TiO,
nanocomposite material showed the morphological structure as
nanoflakes which were further confirmed by EDX analysis.
HR-TEM measurements indicated nanospherical chain shaped
structures corresponding to its polycrystalline nature. The
photodegradation efficiency of AC-CdO-TiO, nanocomposite
material on RB 5 showed a high photocatalytic activity by
employing various experimental parameters namely high
photocatalytic effect of pH=7 whereas the nanocomposite
material with the catalyst (0.080 g) loading showed optimum
photocatalytic activity when compared to TiO, furthermore,
nanocomposite material at concentration of 1 x 104 M showed
high photocatalytic activity with the catalysis was stable and
recyclable. Finally, AC-CdO-TiO, nanocomposite material was
found to show high antibacterial activity on (a) Escherichia
coli, (b) Staphylococcus aureus and a high current produced
effective short circuit than that of TiO, nanocomposite
material.
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