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ABSTRACT 

C/ZnO/CdS nanocomposite was synthesized using microemulsion method. Thermal stability of precursor was studied with TG 
and DTA techniques. Structural and optical properties of composite were studied using various characterization techniques like 
X-ray diffraction (XRD), fourier transform infrared spectroscopy (FTIR), field emission scanning electron microscopy 
(FESEM), energy dispersive x-ray spectroscopy (EDX), transmission electron microscopy (TEM) and  UV-visible absorption 
spectroscopy  and photoluminescence spectroscopy. XRD study indicates that   ZnO and CdS are having wurtzite and cubic 
phase in the composite sample. SEM and TEM study indicates formation of CdS nanospheres on ZnO nanorods. C doping and 
CdS coupling are responsible for red shift and shifting of absorption edge of ZnO from UV to visible region. C/ZnO/CdS 
nanocomposite exhibits better visible light photocatalytic activity for degradation of methylene blue (MB). Stability of 
photocatalyst was studied using recovered photocatalyst up to third cycle and it was found that photocatalyst prepared in the 
present work is stable and reusable. Copyright © 2016 VBRI Press. 
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Introduction  

Methylene blue (MB) is a heterocyclic aromatic chemical 
compound with a molecular formula C16H18N3SCl. It has 
number of applications in various fields. It is used as a dye 
for a number of staining procedures such as Wright's stain, 
Jenner's stain etc. Since it is a temporary staining technique, 
MB is also used to examine RNA or DNA under the 
microscope or in a gel. It is also used as an indicator to 
determine if a cell such as yeast is alive or dead. Beside 
these numerous applications MB has lot of adverse 
reactions in environment and on human being such as 
hypertension, mental confusion, staining of skin, nausea, 
discoloration of urine, anaemia, precordial pain, headache, 
vomiting, bladder irritation, fever and abdominal pain. Dye 
pollutants from industries are important source of MB 
contamination. Large amount of unconsumed MB produced 
by chemical industries are discharged into the water every 
day. Presence of this dye in water causes considerable 
damage to the aquatic environment and human being 
coming in its contact. It is necessary to remove this 
compound from water. Several methods are used for this 
purpose it includes chemical precipitation and biological 
oxidation. Photocatalysis is one of the promising and 
effective methods used for degradation of organic 

compounds and dyes [1-3]. ZnO based semiconductors are 
widely used for this purpose. It has several advantages such 
as wide band gap (3.37 eV), nontoxicity, ease of 
crystallization, anisotropic growth, higher excitation 
binding energy (60 meV) and simplicity in tailoring the 

morphology [4-19]. However, due to its large band gap its 
uses are largely restricted to the ultraviolet (UV) light only, 

which consists the 4 % of the total solar spectrum. To 
increase utility (in visible region) and enhance 
photocatalytic activity it is necessary to modify ZnO. This 
could be done by various ways such as doping it with 
metals or non-metals and coupling it with other 
semiconductors. Coupling of two semiconductors with 
different band gap energies is an effective approach to 
promote charge separation and minimize or inhibit charge-
carrier recombination and to improve photocatalytic 

activity [20, 21]. They compensate the disadvantages of 
individual components and improve photo stability          

[22, 23]. Cadmium sulfide (CdS) is a very important II-VI 
semiconductor having band gap energy 2.42 eV and 

absorbs large amount of solar spectrum [24]. Recently, CdS 
nanoparticle based photocatalyst have been used to degrade 

dyes in presence of visible light [25, 26]. However CdS 
corrodes in aqueous environment. To overcome this 
stability problem CdS has been combined with wide band 

gap semiconductors like TiO2 and ZnO [27-29]. Lattice 
structure of CdS is similar to that of ZnO, which could 
build a close interaction between these two semiconductors. 
Thus, CdS is considered to be the most suitable visible light 

sensitizer for ZnO [30]. Recently many researchers have 
attempted to address the efficient development of 
heterojunctions of ZnO/CdS composite with different 

morphology [31-34]. Utilization of ZnO/CdS system alters 
optical and catalytic properties depending on the structure 
and morphology of the composite. In present work we 
report the microemulsion mediated synthesis of   
C/ZnO/CdS nanocomposite with enhanced photocatalytic 
activity. Structural, chemical and morphological details of 
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the photocatalysts have been studied. Optical properties of 
the nanocomposite have been investigated and finally the 
visible light photocatalytic activity of C/ZnO/CdS 
nanostructure for degradation of MB is studied.  
 

Experimental 

Materials synthesis 

Methylene blue (MB) was procured from SD fine 
Chemicals Ltd. Mumbai and used without any further 
purification. Cyclohexane, n-butanol, N,N,N-cetyl trimethyl 
ammonium bromide (CTAB), acetone, cadmium nitrate 
(Cd(NO3)2.4H2O), zinc nitrate ((Zn(NO3)3.9H2O), sodium 
sulphide flakes (Na2S) (iron free), sodium hydroxide 
(NaOH) and ethanol (99.7%) all these chemicals used are 
AR grade and procured from SD Fine Chemicals Ltd. 
Mumbai and used without further purification. 
 
Preparation of C/ZnO/CdS nanocomposite  

14.4 mL zinc nitrate, 2.95 g CTAB, 4 mL n-butanol and 
17.6 mL cyclohexane were added in a beaker and solution 
was stirred for 30 min. To this solution, 14.4 mL 1M 
cadmium nitrate was added slowly with constant stirring. In 
another beaker 14.4 mL 2 M sodium hydroxide, 2.95 g 
CTAB, 4mL n-butanol, 17.6 mL cyclohexane and 14.4 mL 
1M sodium sulphide was taken and mixture was stirred for 
30 min. Both these solutions were mixed to each other with 
constant stirring. The resultant mixture was transferred to 
250 mL Teflon-lined stainless steel autoclave and heated in 
an oven at 150 °C for 1h. After, the mixture was cooled and 
the residue formed was separated by centrifugation, washed 
with distilled water followed by ethanol and finally with 
acetone, then dried in an oven at 40 °C. Product thus 
formed was used as a precursor. The precursor was 
calcined in air at 300 °C for 2h to get C/ZnO/CdS 
nanocomposite. Pure and C doped ZnO was prepared using 
the microemulsion method reported in our previous work 

[35].   
 
Preparation of nanosized CdS  

50mL 1M cadmium nitrate, 25 mL distilled water, 25mL 
ethanol and 0.01M CTAB were mixed in a beaker. To this 
solution 50mL 1M Na2S, 25 mL ethanol and 25mL distilled 
water was added with vigorous stirring. To this mixture 
20mL 2M NaOH was added with vigorous stirring to form 
light yellow precipitate. This mixture was transferred to 
Teflon-lined stainless steel autoclave and heated in an oven 
at 100 °C for 2h.  After, it was cooled to the room 
temperature and the residue obtained was separated by 
centrifugation, washed several times with distilled water, 
ethanol and finally with acetone, then dried in oven at       
40 °C, to get final product. 

 
Characterization  

Thermal stability of C/ZnO/CdS precursor was studied 
using TG and DTA techniques (Rigaku, Model-Thermo 
plus TG8120). For recording TG and DTA curves 8.20mg 
of precursor was heated in flowing nitrogen atmosphere 
with a heating rate 10ºCmin

-1
. For recording DTA curve, 

alumina was used as a reference material. XRD study of the 

compounds synthesized in present work was carried out 
with X-ray diffractometer (XRD; Miniflex-II, Rigaku) 
using monohromatised Cu K(α) radiation (λ= 1.54178 Å) 
with a scan rate 2°min

-1
. FTIR study of the compounds 

synthesized was carried out using Brooker FTIR 
spectrophotometer. Morphology and structure of the 
samples were examined using field emission scanning 
electron microscope (FE-SEM) (ZEISS; model Ultra-55). 
Compositional analysis was carried out using energy 
dispersive X-ray spectroscope (EDX). The particle size of 
synthesized compounds was studied using a transmission 
electron microscope (Philips CM200). For the TEM 
analysis, the powders were dispersed in isopropyl alcohol 
and solution was sonicated for 15min. Few drops of the 
solution were loaded on a carbon coated copper grid and 
grid was dried under IR lamp for 30min. Optical absorption 
spectra of powder samples were recorded using a Shimadzu 
spectrophotometer (Model 1800) in the wavelength range 
of 200−850 nm. Photoluminescence spectra of samples 
were recorded at room temperature using Fluorescence 
spectrophotometer (Perkin Elmer-LS-55) with an excitation 
wavelength of 325 nm. 

 
Photocatalytic activity study 

Reaction suspension was prepared by adding 0.05 g 
photocatalyst in 50mL (10ppm) MB solution. This aqueous 
suspension was stirred in the dark for 30min to attain 
adsorption-desorption equilibrium.  Later the solution was 
irradiated with visible light. The visible light irradiation 
was carried out in a photo reactor using a compact 
fluorescent lamp (65 W, λ >420 nm, Philips, Mumbai). The 
distance between the fluorescent lamp and the reaction 
vessel was fixed at 10cm. Temperature of test solution was 
maintained constant throughout the experiment by 
circulating water around the solution. The reactant solution 
was irradiated under visible light for different time 
intervals. The catalyst was separated by centrifugation and 
the amount of MB in the supernatant solution was estimated 
from UV-visible spectrum recorded in the wavelength 
range 200-800 nm. 

 

Results and discussion 

TG and DTA study 

 
TG and DTA curves of C/ZnO/CdS precursor were 

recorded and are presented in Fig. 1(a). TG curve indicates 
that the mass of precursor decreases slowly up to 180 ºC. It 
shows sudden decrease in mass in temperature range 200 to 
300 ºC. In temperature range 300 to 500 ºC mass of 
precursor decreases steadily and above 570 ºC there is no 
mass loss. DTA curve show small endothermic peak near 
170 ºC which is due to loss of free adsorbed water. The 
small exothermic peak near 250 ºC is due to decomposition 
of the surfactant and residual OH group.  
 
FTIR study 

FTIR spectra of C doped ZnO, pure CdS and C/ZnO/CdS 

are shown in Fig. 1(b). All samples shows bands at 3411 
and1628 cm

-1
 attributed to stretching and bending modes of  

-OH group of water molecules adsorbed on the surface of 
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catalyst [36]. Band at 2920 cm
-1

 and 1114 cm
-1

 attributed to 
asymmetrical stretching of -CH2 group and symmetrical 
stretching of C–OH due to surfactant molecule. C doped 
ZnO and C/ZnO/CdS shows a band corresponding to Zn–O 

vibration near 404 cm
-1 

[37, 38]. Pure CdS show a band at 

608 cm
-1

 ascribed to Cd–S stretching [39].  
 

 
 

Fig. 1(a) TG and DTA curves of ZnO/CdS precursor in nitrogen 

atmosphere and (b) FTIR spectra of CdS, C doped ZnO and C/ZnO/CdS. 

 
XRD study 

XRD patterns of CdS, C doped ZnO and C/ZnO/CdS 
nanocomposites were recorded and are presented in          

Fig. 2(a). XRD pattern of  CdS shows peaks at 2θ equal to 
26.89, 44.12 and 52.19º which corresponds to (111), (220) 
and (311) crystal planes of face centered cubic (FCC) CdS 
(JCPDS card no. 75-0581). Broadness of these peaks 
indicates that particles of CdS formed are very small.  XRD 
pattern for C doped ZnO prepared at 300°C shows peaks at 
31.80, 34.44, 36.28, 47.46, 56.65, 62.86, 66.46, 67.98, 
69.04, 72.64 and 77.0° corresponds to (100), (002), (101), 
(102), (110), (103), (200), (112), (201), (004) and (202) 
crystal planes of  ZnO respectively. It indicates that ZnO 
sample has a hexagonal wurtzite structure (JCPDS card no. 
36-1451). XRD pattern of C/ZnO/CdS nanocomposite 
indicates the presence of FCC phase of CdS along with 
wurtzite ZnO phase. No other impurity phases are present. 
It also shows that intensity of ZnO peaks decreases with 
CdS coupling. Average crystalline size of CdS and ZnO 
nanoparticles were calculated using Debye-Scherrer 
equation and are found to be 7.8 and 22.10 nm respectively. 
Crystallite size and lattice strain induced due to broadening 

is determined using Williamson-Hall (W-H) equation [40]. 
 
 
 
 
where, β is the full width at half maximum (FWHM), θ is 
diffraction angle, λ is X-ray wavelength, D is crystallite 
size and ε is lattice strain.  Peak shift to lower angles in the 

C/ZnO/CdS (Fig. 2(a) inset) is due to a smaller lattice 
constant for C/ZnO/CdS compared with pure and C doped 
ZnO. Plots of βcosθ/λ against 4sinθ/λ for pure as well as C 
doped ZnO and C/ZnO/CdS nanocomposite were plotted 

and are presented in Fig. S1 (supplementary data).  Slopes 
of these plots are +0.00078, -0.0028, -0.0013. Positive 
slope value for pure ZnO indicates the tensile strain and the 
crystallite size is 34 nm (from intercept). Negative slope for 
C doped ZnO and C/ZnO/CdS composite indicates the 
presence of compressive strain and the crystallite size is 
25.1 and 21.8 nm respectively.  These results reveals that 
tensile strain exists in pure ZnO nanorods, whereas C 
doped ZnO and C/ZnO/CdS nanocomposite have a 
compressive strain. This may be due to surface coating by 
CdS increases the compressive strain and leads to smaller 
crystallite size. 

 

 
 
Fig. 2 (a) XRD patterns of CdS, C doped ZnO and C/ZnO/CdS and inset 

shows expanded view, (b) UV-visible spectra and Tauc plots of  C doped 

ZnO, CdS and C/ZnO/CdS nanocomposite and (c) Photoluminescence 
spectra of pure ZnO, CdS, ZnO/CdS, C doped ZnO and C/ZnO/CdS 
nanocomposite. 

 

Table 1. Details of carbon content, lattice strain, crystallite size, band 
gaps and photocatalytic reaction parameters for samples. 

 

 
 

EDX spectra of the synthesized compounds were 
recorded. From these spectra amount of C present in the 
samples was estimated and data obtained is presented in 

Table 1. It shows that amount of C present in ZnO and 
ZnO/CdS composite is 3.87 and 3.51 %, respectively (by 
weight). 

 
UV-visible absorption study 

Band gap of C doped ZnO, CdS, and C/ZnO/CdS 
nanocomposite were estimated using Tauc plots from their 

UV-visible spectra (Fig. 2(b)). Black grey colour C doped 
ZnO sample gives absorption edge at 460 nm, 
corresponding to band gap 2.69 eV. This indicate that C-
doped ZnO exhibit a red shift which results in a significant 
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enhancement of absorption in visible region. Pale yellow 
colour CdS nanoparticles exhibit band edge at 680 nm 
(1.82 eV), which is consistent with the band gap of cubic 
CdS. Band edge for C/ZnO/CdS is observed at 616nm 
(2.01eV), which indicates the ability of this nanocomposite 
to harvest the visible light. These result shows that CdS 
loading could help to increases the photoabsorption 
capacity of C doped ZnO in visible region.  
 

 
 
Fig. 3. FESEM images of (a) C doped ZnO, (b) CdS and (c) C/ZnO/CdS 
nanocomposite. 
 

Photoluminescence study 

Photoluminescence spectra of pure ZnO, CdS, ZnO/CdS, C 
doped ZnO and C/ZnO/CdS nanocomposite samples are 

shown in Fig. 2(c). Pure ZnO has emission peaks at 3.06, 
2.88, 2.69 and 2.56 eV. Emission centered at 3.06 eV is 
attributed to excitonic recombination corresponding to the 
near band edge emission of ZnO. The emission in the blue 
region at about 2.88 eV is associated with the electronic 
transition between excitonic level and interstitial oxygen 
(Oi). The emission in the blue-green region at 2.69 eV is 
attributed to the electron transition between a shallow 
donor (Zni) and a deep acceptor. The emission band in the 
green region (2.56 eV) is attributed to stoichiometry related 
defects and these are generally attributed to zinc vacancies 

as well as interstitial zinc and structural defects [31]. It is 
interesting to note that CdS has strong emission peak 
between 2.48 and 2.0 eV which is ascribed to surface 
defects associated with the cadmium and sulphur vacancies 

[41]. It is reported that surface defects as well as shallow 
and deep trap states are responsible for the luminescence 
property of CdS. ZnO/CdS nanocomposite shows PL 
quenching (as compared to pure ZnO). Also, the PL 
emission (2.34 eV) is blue shifted by about 0.15 eV as 
compared to pure CdS nanoparticles (2.19 eV), which is the 
evidence for electron transfer from CdS to ZnO on 
excitation. It is also observed that PL intensity of C doped 
ZnO is much lower as compared to pure ZnO. It can be 
seen that C/ZnO/CdS nanocomposite gives lower intensity 
PL peak as compared to ZnO, C doped ZnO and ZnO/CdS 
composite, which attribute to its higher photocatalytic 
activity. In C/ZnO/CdS system photo induced electrons and 
holes can be effectively separated and hence excitonic PL 

intensity goes down. Photoluminescence effect, which is 
result of direct radiative recombination, lowers the 
recombination of generated carriers and causes the decrease 
of light emission intensity. This process simultaneously 
increases the photocatalytic activity of the semiconductors. 
 

 
 
Fig. 4. TEM images and selected area electron diffraction patterns of C 
doped ZnO, CdS, and C/ZnO/CdS nanocomposite. 

 

SEM study 

FESEM images of CdS, C doped ZnO and C/ZnO/CdS 

nanocomposites are presented in Fig. 3. C doped ZnO 

prepared at 300
o
C is having irregular shape (Fig. 3(a)). It 

consist a mixture of rods and flakes. It also show          

(Fig. 3(b)) that CdS nanoparticles are nearly spherical in 
shape with particle size varies between ~6 to 10 nm. This 
image indicates that Cds particles are agglomerated.        

Fig. 3(c) shows that C/ZnO/CdS nanocomposite consists a 
mixture of flakes (C/ZnO), rods and spherical particles 
(CdS). It also shows that CdS particles are deposited on the 
surface of ZnO.   
 

TEM study 

TEM images of C doped ZnO, CdS and C/ZnO/CdS 
powders prepared in the present work are presented in     

Fig. 4. TEM image of C doped ZnO shows that these 
particles have a rod like structure. Average width and 
length of ZnO nanorods are 104 and 330nm respectively. 
TEM image of CdS nanoparticle confirms its spherical 
morphology with particle size varies between 8-10 nm. 
SAED pattern indicate the formation of well crystalline 
cubic CdS nanoparticles. TEM image of C/ZnO/CdS 
composite shows that CdS nanospheres were deposited on 
the surface of C doped ZnO nanorods. Selected area 
electron diffraction patterns (SAED) of the sample shows 
distinct rings that corresponds to the diffraction pattern of 
ZnO-CdS composite indicating crystalline nature.  
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Fig. 5. UV-visible spectra of MB solution irradiated with visible light at 
different time intervals in presence of C/ZnO/CdS photocatalyst. 

 
Photocatalytic activity study 

UV visible spectra of aqueous solution of MB in presence 
of C/ZnO/CdS nanocomposite irradiated with visible light 
at different time intervals were recorded and are presented 

in Fig. 5. This spectrum shows characteristic peak maxima 
at 688 nm. In absence of catalyst there is no observable 
change in peak intensity which indicates that MB is stable 
in visible light. In presence of catalyst, peak maxima 
located at 688 nm decreases with increase in irradiation 
time. This may be due to photocatalytic degradation of MB. 
From UV-Visible spectra concentrations of MB remained 
in the solution at different time intervals were calculated. 
Similarly UV –visible spectra of MB in presence of 
different photocatalyst like pure and C doped ZnO, CdS 
were recorded. 

 

 
 
Fig. 6(a) Visible light photocatalytic degradation of MB In absence of 
catalyst, In presence of Pure ZnO, CdS,  C doped ZnO  and C/ZnO/CdS 

nanocomposite (b) Plot of ln(C0/C) versus irradiation time In absence of 
catalyst. In presence of Pure ZnO, CdS, C doped ZnO and C/ZnO/CdS 

nanocomposite (c) Cyclic runs showing photocatalytic degradation of MB 

in presence of C/ZnO/CdS nanocomposite. 

 
Concentration of MB as a function of irradiation time in 

presence of photocatalyst was evaluated from its UV-

visible spectra and data obtained is presented in Fig. 6(a). 
It is observed that as compared to pure ZnO, C doped ZnO 
shows higher adsorption efficiency for MB dye in dark this 

may be due to the enhancement in the adsorption of organic 
pollutant assisted by doped C. In presence of C/ZnO/CdS 
core-shell nanocomposite ~98 % MB is degraded in 45min. 
This figure shows that nanocomposite exhibits better 
photocatalytic activity as compared to other photocatalysts. 
Enhanced photocatalytic activity of C/ZnO/CdS is due to 
effective loading of CdS on C doped ZnO nanorods which 
increases its photoabsorption capacity in visible region. 
Kinetics of MB degradation in visible light was studied. 
Graph of ln(C0/C) against irradiation time shows linear 
relationship, which indicate that photodegradation of MB 
follows first-order kinetics. The rate constants of MB 
degradation in presence of  pure ZnO, CdS, C doped ZnO 
and C/ZnO/CdS photocatalyst are  0.0121, 0.00423, 

0.0369, and 0.0732 min
-1

 respectively (Fig. 6(b) and   

Table 1). The order of rate constants is C/ZnO/CdS > C 
doped ZnO > Pure ZnO > CdS. It is in good agreement 
with the results obtained for photocatalytic degradation 

curves presented in Fig. 6(a). The stability of catalyst was 
investigated by repeating the photodegradation process 
three times using the recovered photocatalyst and data 

obtained is presented in Fig. 6(c). This figure shows that up 
to third run there is no decrease in photocatalytic efficiency 
of catalyst and it is quiet stable.    

 

 
 
Fig. 7. Proposed band alignment of C/ZnO/CdS heterostructure and Z-
scheme mechanism for visible light photocatalytic process. 

 
Degradation mechanism 

In photocatalysis, when semiconductor interacts with light 
of sufficient energy it produces reactive oxidizing species 
(ROS) which in turn give rise to photocatalytic conversion 
of organic pollutants. In photocatalysis process reactive 
oxidizing species produced via two simultaneous reactions. 
In first reaction photogenerated holes oxidize, dissociative 
adsorbed H2O and in second reaction reduction of electron 
acceptor takes place by photo exited electrons. These two 
simultaneous reactions produce hydroxyl and superoxide 

radical anion respectively [42]. MB decomposes after 
reacting with OH

●
 and O2

●¯
 reactive ions. The possible      

Z- scheme mechanism is presented in Fig. 7. C doping can 
effectively decreases the band gap of ZnO by forming 
energy level just above the valence band of ZnO. When 
C/ZnO/CdS nanocomposite is illuminated with visible light 
the photoexcited electron present in higher conduction band 
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minimum (CBM) of CdS transfers to the lower CBM of 
ZnO. Few photoexcited electrons in ZnO semiconductor 
with a lower CBM could combine with holes in the higher 
VBM of CdS. More powerful excited electrons and holes 
could be retained on both counterparts, which are 
responsible for formation of highly reactive superoxide 
radical anion (O2

●¯
) and hydroxyl radicals (OH

●
). These 

highly oxidative species decompose MB into H2O and CO2.  
 

Conclusion  

In summary, C/ZnO/CdS nanocomposites were prepared 
using microemulsion method. XRD study indicates that the 
C/ZnO/CdS nanocomposite formed is the mixture 
consisting of ZnO (wurtzite) and CdS (cubic).  From TEM 
and SEM results it is concluded that CdS nanospheres with 
particle size ~8 to 10 nm were grown on ZnO nanorods. 
Coupling of two semiconductors enhanced the visible light 
photo absorption capacity. C/ZnO/CdS nanocomposite 
shows lowest excitonic PL intensity, which increases the 
separation rate of photoinduced electrons and holes. As a 
result C/ZnO/CdS nanocomposite prepared in this work 
exhibits better visible light photocatalytic activity, 
compared to pure as well as C doped ZnO and CdS. The 
rate constant of MB degradation in presence of C/ZnO/CdS 
is 0.0732 min

-1
, which is almost 6 times higher as compared 

to pure ZnO (0.0121 min
-1

). The order of rate constants for 
photocatalytic degradation process using various 
photocatalyst is C/ZnO/CdS > C doped ZnO > Pure ZnO > 
CdS. Reusability study indicates that C/ZnO/CdS 
nanocomposite prepared in this work is highly stable and 
reusable photocatalyst. 
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Supporting Information  
 

 
 
Fig. S1. Williamson-Hall (W-H) plot : βCosθ/λ versus 4sinθ/λ and 
relation between strain and crystallite size for pure ZnO, C doped ZnO 
and  C/ZnO/CdS nanocomposite. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


