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ABSTRACT 

the photocatalytic activity of, Ag NPs loaded TiO2 nanorods and spheres prepared through 

simple hydrothermal and solvothermal methods towards photocatalytic degradation of methylene 

blue. It is planned to synthesis TiO2 NRs and TiO2 NSs via hydrothermal and solvothermal 

method followed by deposition of Ag through chemical reduction method. The structure and 

morphology of Ag-TiO2 are characterized through X-ray diffraction analysis (XRD), diffuse 

reflectance spectra (DRS) and Transmission electron microscopy (TEM). The photocatalytic 

activity of TiO2-Ag nanorods and nanospheres is also compared

.Photocatalysis is a promising technology in 

the field of green technology. Photocatalysis 

is a catalytic process occurring at the surface 

of semiconductor materials under the 

irradiation of photons. It is an important 

chemical process that underpins the 

development of critical renewable energy 

and environmental technology such as 

photocatalytic water/air purification, 

hydrogen production from water splitting, 

and high efficiency/low cost solar cells. 

Currently the practical applications of this 

very attractive photocatalytic technique are, 

however, greatly restricted due to low 

separation probability of the photo-induced 

electron-hole pairs in the most stable 

semiconductor photocatalysts. Therefore, the 

big challenge for the researchers in the field 

of photocatalysis is to develop the 

photocatalysts that enhance the charge 

carriers separation providing industrial 

application for environment remediation and 

hydrogen production. 

 Photocatalytic Oxidation 

 Efficient physiochemical remediation 

methods that mineralize recalcitrant organic 

pollutants through in situ generation of 

reactive radicals have been intensively 

studied and reviewed [1-3].  Many of them 

are photochemical process that is based on 

photo-induced electron transfer processes, 

among which photocatalysis is the most 

extensive method. The photocatalysis can be 

defined as “A chemical reaction induced by 

photo-absorption of solid material or 

“photocatalyst,” which remains unchanged 

during the reaction”. work has been made 

possible ever since the discovery of water 

electrolysis by means of the titanium dioxide 

[4]. 

 . TiO2 and ZnO as photocatalyst 

 The scientific and engineering 

interest in the application of semiconductor 

photocatalysis has grown dramatically over 

the last decades [5-9]. Several simple oxide 

and sulfide semiconductor have bandgap 

energies sufficient for promoting or 

catalyzing a wide range of chemical 

reactions of environmental interest. The 

primary criterion for good semiconductor 



  

2 | P a g e  
 

photocatalysts for organic pollutant 

degradation is that the redox potential of the 

H2O/
.
OH (

-
OH= 

.
OH+e

-
;E

0
=-2.8 ev) couple 

lies within the bandgap domain of the 

material and that the material is stable over 

prolonged periods of time. Among the 

different semiconductors such as TiO2 

(Eg=3.2ev), WO3 (Eg=2.8ev), SrTiO3 

(Eg=3.2ev), α-Fe2O3 (Eg=3.1ev), ZnO 

(Eg=3.2ev), and ZnS   (Eg=3.6ev), 

investigated for photocatalysis applications, 

TiO2 and ZnO (ZnO is a well-known 

alternative for TiO2) have been proven to be 

the most suitable photocatalyst for the 

removable of wide range of organic 

contaminants. TiO2 is inexpensive, 

biologically and chemically inert, have large 

bandgap, have high photosensitivity and are 

stable with respect to photo-corrosion and 

chemical photocatalyst has been applied to a 

variety of problems of environmental 

interest such as water and air 

purification,[10-13]destruction 

microorganism, [14] photo-splitting of water 

for the production of hydrogen [15] and oil 

spills cleanup [16]. 

Photocataytic oxidation at the liquid –

solid interface on TiO2 and ZnO catalysts 

             TiO2 and ZnO are used as a 

photocatalyst for the efficient oxidation of 

organics during treatment of polluted waters. 

For instance, environmentally highly toxic 

chlorobenzene undergoes mineralization 

over TiO2 [17,18]. Continuous bandgap 

irradiation of aqueous semiconductor 

dispersion excites an electron from valence 

band to the conduction band thereby 

creating an electron-hole pair. The electrons 

possess the reducing power of the 

conduction band energy and the holes have 

the oxidizing power of the valence band 

energy. From the band –edge position of the 

valence band and conduction band, the 

redox capability of a photo-excited 

semiconductor particle in the aqueous 

solution can be estimated. The bulk 

photoelectrons and photo-holes can 

recombine to produce thermal energy, or 

rapidly migrate to the surface and react with 

adsorbed species at the surface. In a steady 

state photocatalytic reaction, the rate of 

oxidation by the holes has to be balanced by 

the rate of reduction by the electrons. Either 

of these reactions can be rate determining. 

Although, the above physical events are 

generally accepted as the initial step for the 

photocatalytic oxidation process, the 

subsequent chemical events at the liquid-

solid interface remain an ambiguous and 

controversial issue. The trapped holes have 

been proposed to directly oxidize adsorbate 

molecule or to react with surface hydroxyl 

groups to produce hydroxyl radicals which 

are strong oxidizing agent [19]. The trapped 

electrons are believed to react with re-

adsorbed molecular oxygen to produce O2
- 

and O2
.
 anions. They may directly oxidize 

organic species, protonate to generate hydro-

peroxide radicals and hydroxyl radicals or 

further react with more trapped electron 

eventually to form water. The oxygen plays 

a specific role during photocatalytic 

oxidation in addition to scavenging the 

trapped electron. 

One dimensional nanostructure TiO2 and 

ZnO 

 Nanoscience involves the study of 

materials having at least one of the 

dimensions in the range 1-100nm. Now a 

days modern chemist is exploring ways to 
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obtain such controlled material at the 

nanometer scale. Interest in nanomaterial is 

due to the fact that they exhibit some novel 

properties which cannot be observed in their 

bulk counterparts. Also, the properties of 

nanomaterials can be tuned by simply 

controlling the particle size and shape. It has 

been revealed both theoretically and 

experimentally that the electronic band of a 

crystal is gradually quantized as the crystal- 

size is reduced, resulting in an increase in 

the bandgap energy.  Moreover, electron 

transport processes are significantly 

influenced by the size of the nanocrystals. 

Similarly, in the determination of their 

properties the shape of nanocrystals plays a 

crucial parameter. The shape of nanocrystals 

may be simply classified by their 

dimensionality [20]. Fig.3 illustrates the 

basic geometrical motifs of nanocrystals: 

Zero-dimensional (0D) isotropic spheres, 

cubes, and polyhedrons; one-dimensional 

(1D) tubes, fibers, rods and wires; two-

dimensional (2D) discs, prisms, and plates; 

three-dimensional (3D) interconnected 

architectures. The most distinct shape effects 

are reflected in the density of energy states 

(DOS). The DOS (ρ(E)) of inorganic 

crystals simultaneously evolves from 

continuous  levels into discrete states as the 

dimensionality is decreased from 3D to 0D 

as described by the relationship ρ(E) ~ E
(D/2) 

-1 
(where D=dimensionality; Fig.3). In 3D 

crystals, ρ (E) is a smooth square-root 

function of energy. The 2D crystals confined 

along a specific direction (e.g. Z axis) show 

staircase like DOS and 1D crystals confined 

along two directions (e.g. x, y direction) 

show saw-tooth like DOS, while 0D crystals 

show a δ-function like DOS [21]. 

In recent years, much dedication has 

been paid to one dimensional (1D) TiO2 and 

ZnO nanomaterials such as, nanorods [22] 

(NRs), nanotubes [16,17] (NTs) and 

nanofibres [23]  (NFs),owing to their 

superior physical and opto-electronic 

properties. The surface modification of these 

1D TiO2 nanostructures by adopting 

appropriate synthetic techniques has opened-

up wide range of possibilities for obtaining 

better photocatalytic activity. The distinct 

physical properties of 1D nanomaterials, 

such as, high surface area and mesoporous 

nature of NTs, [24, 25] superior charge 

transport property of NFs  and large surface 

area and enhanced surface defects of NRs, 

[26] make these 1D nanomareials as 

potential competitors to zero dimensional 

(0D) nanomaterials (nanoparticles). The 

quantum confinement of electrons at the 

nanoscale level assists the rapid and 

unidirectional transport of photogenerated 

charge carriers to target pollutants. 

Furthermore, their high surface-area to 

volume ratio enables high interfacial charge 

transfer and mineralization of electron-hole 

pair recombination with both of these effects 

being favorable for the photocatalytic 

degradation reactions [22, 23].  In addition, 

an introduction of the porous structure in 

nanotubes to increase the specific surface 

area represents one way of improving the 

photocatalytic performance of TiO2 and ZnO 

nanostructure materials [27,28]. This 

structural characteristic provides superior 

photocatalytic decomposition of organic 

pollutants because it enables the facile 

diffusion of organic pollutants into the TiO2 

and ZnO nanostructured materials. 

Limitation TiO2 and ZnO photocatalysts 
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             A good photocatalyst should adsorb 

the major portion of solar spectrum and 

should be stable. TiO2 and ZnO are quite 

stable photacatalysts against photocorrosion 

because of theie high energy bandgap 

(Eg=3.2eV). But they only active in the 

ultraviolet region which is only  <10% of the 

overall solar spectrum as shown in Fig.4. 

Also, the photogenerated charge carrier’s 

recombination rate is high in TiO2 and ZnO. 

The limitations of the semiconductor 

photocatalysts can be surmounted by 

modifying the surface of the semiconductor 

photocatalysts [54, 61] . 

efficient photocatalytic activity, convenient 

magnetic separation, good stability and 

recovery[87]. 

Materials: 

Titanium(IV) chloride,Titanium 

isopropoxide (TTIP), NH4OH, NaOH, HCl , 

perchloric acid Ethylene glycol (EG) and 

polyvinyl pyrrolidene (PVP) were received 

from Merck chemicals and were used as a 

starting material for the preparation of TiO2 

nanoparticles (TiO2 NPs), TiO2 nanospheres 

and TiO2 nanorods. Silver nitrate (AgNO3) 

(Sigma–Aldrich, 99.9%) was used as a 

precursor for the preparation of silver 

nanoparticles and all the other chemicals 

used in this work were of analytical grade. 

Unless otherwise mentioned, double distilled 

water was used for the preparation of 

aqueous solutions and washings.  

III.2. Synthesis of TiO2 nanoparticles 

(TiO2 NPs) 

TiCl4 (3 mL) was slowly introduced 

into double distilled water in an ice bath (0 
°
C) under constant stirring until it was 

completely dissolved and then 6 mL of 30% 

NH4OH was added to this suspension .TiO2 

NPs created from(Ti (OH) 4). NPs washed 

with distilled water dried for 3 h 

III.3. Synthesis of TiO2 nanotubes (TiO2 

NTs) 

The TiO2 nanorods (TiO2 NRs) were 

prepared as described below:  (1) 20 mL of 

2N  mixed hydroxides (NaOH/KOH = 1:1) 

was placed in a 50 mL Teflon vessel with a 

cover for preventing dust, and then, 1 g TiO2 

(commercial TiO2 nanopowder, Aldrich) 

was added on the top of the hydroxide in the 

vessel; (2) the vessel was put into a furnace 

at 200 °±C for 3 h, the covered vessel was 

shaken to ensure that the samples were 

mixed completely and (3) the vessel was 

kept in the furnace at 200  °C for another 36 

h, then washed with 0.1 M HCl solution and 

distilled water several times till the pH 

reached 7.0. The final step was the 

calcination of  the obtained sample at 

different temperatures. In addition, the 

sample was also prepared following the 

same procedure but just using water washing 

for comparison. 

III.4. Synthesis of Ag-TiO2 nanotubes 

(Ag-TiO2 NTs) 

 The silver nanoparticles (Ag NPs) 

were deposited on the surface of TiO2 NTs 

through photo-reduction method [50] in 

which Ag
+
 ions were converted to Ag NPs 

under UV irradiation.1g of the preformed 

TiO2 NTs were dispersed in 250 mL of 

double distilled water and irradiated with UV 

light for 10 min to remove the impurities 

present on their surface. About 4wt% of Ag
+
 

(i.e., 40 mg of AgNO3) was added into the 

TiO2 NTs suspension and the pH was 

adjusted to 3.5 using perchloric acid, 
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followed by UV irradiation for 40 min with 

continuous stirring under N2 atmosphere. 

Then, the suspension was filtered, washed 

thoroughly with double distilled water, dried 

at 100 
◦
C for 3 h and finally calcined at 400 

◦
C for 3 h to obtain the Ag-TiO2 NTs. 

III.6. Characterization Studies  

  Absorprion spectra of different 

nanostructure of TiO2-Ag catalyst were 

recorded using UV-vis spectrophotometer 

(UV-2550, Shimadzu). Diffuse reflectance 

spectra (DRS) of different nanocomposites 

of Ag@TiO2 and pristine TiO2 nanoparticles 

powder were taken using ISR-2200 DRS 

accessory of UV-vis spectrophotometer 

(UV-2550, Shimadzu). XRD recorded on 

Scintag-XDS-2000 diffractometer with Cu 

.Scanning Electron Microscopy (SEM) 

images were aquired in TESCAN VEGA3 

Scanning Electron Microscope and 

transmission electron microscopy 200 Kv 

transition electron microscope. Images 

were obtained using FEI technique. 

III. 7. Photocatalytic activity 

measurement  

 Photocatalytic activities of  different 

TiO2  nanostructures (Ag @TiO2 NRs and 

TiO2@Ag NSs) were evaluated by the 

degradation of methylene blue dye under 

sunlight irradiation. The reaction cell was 

placed in a sealed black box with an opening 

on the top to provide visible-light 

irradiation. In a typical process, 0.05 g of 

photocatalyst was added into 100 mL of 

methylene blue dye with a concentration of 

1.05 g L
-1

. After being dispersed in an 

ultrasonic bath for 5 min, the solution was 

stirred for 30 min in the dark to reach the 

adsorption/desorption equilibrium between 

the catalyst and the selected methylene blue 

dye. Then, the suspension was exposed to 

the sun light irradiation. The samples were 

collected at given time intervals and the dye 

concentration was measured by using UV-

vis spectroscopy. The experiment was 

repeated thrice to study the regeneration and 

reusability of 

the 

photocatalyst.  

IV       

Results & 

Discussion    
IV.1. Morphology  analysis 

  Fig.1. HRTEM images of prepared 

TiO2 nanorods (TiO2 NRs) (a) and Ag 

doped TiO2 nanotubes (Ag@TiO2NTs) (b). 

  HRTEM image of a prepared 1D 

nanostructures of TiO2 NTs and Ag doped 

TiO2 NTs  (Ag@TiO2 NTs) were shown in 

Figure. a and b. The diameter and length 

of the NTs were found to be ∼50 nm and 

∼400nm, respectively. The phase and 

crystal structure of the TiO2 NTs were 

confirmed by electron diffraction pattern 

.The corresponding  electron diffraction 

pattern displays the poly-crystalline nature 

and could be indexed to the mixed anatase 

and rutile TiO2 phase nanostructures.  Fig. 

1b shows  the TEM image of Ag@TiO2 

nanotubes obtained by a hydrothermal 

method. These nanotube products have an 

intact tube morphology with an average 

diameter of ∼50nm. As observed from the 

corresponding diffraction patterns TiO2 

nanotubes possess highly crystallized 

anatase structure without any impurity 

phase. which is in  good agreement with 

the obtained XRD pattern .   
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  Furthermore, the diameter of 

nanowires is about ∼20nm. This nanotube  

structure produces roughly increased 

surface area which could be beneficial to 

enhance surface electrochemical reaction. 

A high resolution transmission electron 

microscopy (HRTEM) images and the 

corresponding  electron diffraction  

patterns  indicate high crystallinity of the 

nanotubes  

 

 

 

Fig2..  Selected area Electrons diffrection 

patterns (SEAD) of as-prepared Ag-TiO2 

NTs. 

.2. Diffuse Reflectance Spectral 

Characterization Studies 

 In the present synthetic chemical 

reduction method, the formation of the 

TiO2 NTs and Ag@TiO2 NTs 

nanocomposites take place through the 

adsorption of Ag+ ions on the TiO2 

chemical reduction of Ag+ of 

nanostructure  is abserved. 

  The UV-vis diffused reflectance 

spectra of as-prepared TiO2 NTs and 

Ag@TiO2 NTs composite were recorded. 

Typically, the TiO2 did not show any 

absorbance in the visible region (Fig. 3) 

because of the wide band gap (~3.2 eV). 

The deposition of Ag on the TiO2 surface 

significantly influenced the absorption in 

the visible regions of 450 and 550 nm, 

which was due to the surface plasmon 

resonance (SPR) band of Ag nanoparticles 

[33,34]. It can be observed from Fig. 3that 

the TiO2 NPs thin film shows its 

characteristic absorption band arround 390 

nm in the UV region of the solar spectrum. 

The Ag@TiO2 NTs show highly red shift 

and covering wavelength around 450 to 

550 nm. The intensity of the SPR may be 

influenced by many factors such as amount 

of Ag, particle size, dispersion and 

morphology of Ag nano particles [35], but 

the peak had a red shift, which means that 

the metallic Ag particle sizes of TiO2@Ag 

are relatively larger than those of 

TiO2@Ag NTs [36]. The TiO2 

nanostructures having charecteristic 

absorption peak of TiO2, which shows that 

there is no chemical transformation of the 

TiO2 NPs. Moreover, the considerable 

shift in the adsorption edge toward the 

visible region was also observed for the 

Ag@TiO2 sample. The presence of Ag 

nanoparticles significantly influenced the 

visible light absorption properties of TiO2, 

which is an essential requirement for 

obtaining good performance in 

photocatalytic dye degradation of organic 

pollutants. 

. Diffuse reflectance spectra (DRS) of as 

prepared TiO2 NRs (a), TiO2@Ag NRs (b), 

TiO2 NSs (c) TiO2@Ag NSs (d).  

IV.3. X-ray diffraction analysis  

The X-ray diffraction (XRD) 

patterns of the TiO2 NTs, and TiO2@Ag 

NTs were synthesized by the chemical 

reduction and hydtrothermal methods are 

shown in Fig. 10. As observed in Fig. 10a 

and b, all the prepared samples show 

diffraction  peaks  at 2 values of 25.2° (1 0 

1), 37.7° (0 0 4), 48.02° (2 0 0), 53.8° (1 0 

5), 55.1° (2 1 1), 62.6° (2 0 4), 68.8° (1 1 6), 

70.3° (2 2 0) and 75.0° (2 1 5), which were 

attributed to the anatase TiO2 (JCPDS, No. 

21-1272). In the XRD patterns of Ag@TiO2 

NTs (10a and b), the diffraction peaks at 2  

mailto:of.Fe3O4@TiO2
mailto:of.Fe3O4@TiO2
mailto:of.Fe3O4@TiO2
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values of 38.7 and 44.7 corresponding to the 

(111) and (200) crystal faces of the face-

centered cubic (fcc) crystalline silver were 

absent, although the existence of the two 

crystal faces was confirmed by SAED 

pattern in TEM (Fig.7). And, we concluded 

that the absence of XRD peaks of Ag NPs 

was ascribed to the very small size of Ag 

NPs , which is in confirms with the reports  

.   

Fig.4. XRD patterns of as prepaered TiO2 

NTs (a) and Ag@TiO2 NTs (b). 

IV.4. Photocatalytic degradation of 

methylene blue (MB)             

 The methylene blue (MB) is one of 

the most important dyes and has been 

widely applied in industrial production, 

which often contaminates the environment. 

Thus, the photocatalytic performance of 

the as-synthesized Ag@TiO2 NTs 

naocomposites was evaluated by 

degradation of methylene blue (MB) under 

direct sun irradiation. The change of 

absoebance of MB solution at various 

irradiation times, during the photocatalytic 

degradation in the presence of the prepared 

TiO2 nanostructures, are shown in Fig.1 

a&b.  

Fig.11a. The absorption spectra of MB 

recorded at different time intervels during 

sun light irradiation in the presence of 

TiO2 NTs. [Catalyst] = 0.5 g/0.5 L and 

[MB] = 1.6×10
-5

 M. 

 

 The characteristic  absorption 

maximum  of  MB  at  661  nm  was  

reduced  with  respect  to  time, which  

indicates  that  MB  is  photocatalytically  

decomposed  in  the presence  of  as-

prepared catalyst Ag-TiO2 NTs 

nanocomposites.  In the experiments, the 

degradation efficiency of the as-prepared 

samples was defined as C/ C0, where C and 

C0 stand for the remnants and initial 

concentration of MB, respectively. As a 

reference, the photocatalytic behaviour of 

Degussa P25 was also measured. Before, 

the photocatalysis, the solution including 

MB and prepared catalyst was stirred in 

the dark for the adsorption equilibrium for 

45 min. The photocatalytic performance 

under sun light for the  as-prepared 

samples including TiO2 NTs and 

Ag@TiO2 NTs, are shown in Fig. 5. The 

TiO2-Ag NTs exhibits the highest 

photocatalytic activity; the average 

degradation rate of MB is 99.7% within 60 

min compared to TiO2 NTs. This may be 

due to the better crystallinity and good 

interaction between the Ag and TiO2 .The 

order of photocatalytic activity for the 

samples can be summarized as follows: 

TiO2@Ag NTs > TiO2 NTs. In contrast, 

the photocatalytic activity of TiO2 NTs is 

low; making almost 79% MB remaind in 

the solution within the same 60 min. 

Fig.1b. The absorption spectra of MB 

recorded at different time intervels during 

sun light irradiation in the presence of 

Ag@TiO2 NTs. [Catalyst] = 0.5 g/0.5 L 

and [MB] = 1.6×10
-5

M. 

Fig.2. Photocatalytic degradation of 

methylene blue (MB) in the presence of 

different catalysts under sunlight 

irradiation. [Catalyst] = 0.5 g/0.5 L and 

[MB] = 1.6×10
-5

 M.  
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Fig.3. ln(C0 /Ct) Vs 

time plots for the 

photocatalytic 

degradation of MB over synthesized 

composites. 

  The plot  of  ln(C0/Ct) against  the  

light irradiation  time (Fig.13) gives  a  

straight  line which shows the pseudo first 

order nature of the reaction and  the  

apparent  degradation  rate  constant  was  

calculated  using  first-order  rate  equation 

(ln(C0 /Ct)  =  k1t). 

                            

   Summary & Conclusion   

    
 In summary, the TiO2 NTs and 

Ag@TiO2 NTs nanocomposites are 

synthesized via a simple reduction method. 

Importantly, the synthesized Ag@TiO2 NTs 

composites exhibit excellent photocatalytic 

performance under visible light compared to 

TiO2 NTs. Furthermore, the improvement of 

photocatalytic property mainly resulted from 

the favorable dispersibility of Ag 

nanoparticles in composites. In this 

Ag@TiO2 heterojunction nanostructure, Ag 

could (i) extend the response of composite to 

visible light and (ii) improve the rapid 

electron transfer and inhibit the charge 

recombination. Therefore, the synthesis of 

high photocatalytic active of Ag-TiO2 NTs 

composites will open up a broader range of 

photocatalytic applications. Hence, it is 

hopeful to use Ag@TiO2 NTs as an effective 

photocatalyst in the degradation of organic 

contaminates to cleanup of aqueous 

contaminates, especially the aqueous 

contaminates of dye and so on in the fields 

of environmental decontamination. 
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