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Abstract A N-doped titania–silver nanocomposites have

been prepared by simple microwave assisted and impreg-

nation–reduction method for the first time. As synthesized

nanocomposites with different Ag contents were charac-

terized for their phase purity, morphology, particle size,

optical properties and elemental composition. It is found

that N-doped TiO2 silver nanocomposites are pure in

anatase phase with an average crystallite size of 10 nm.

The catalyst was tested for dye degradation and photo-

degradation efficiency was found to be 99.6 and 88.7 %

within 90 min under UV and sunlight respectively. A 40 %

enhancement in the photodegradation efficiency was

achieved by Ag loading in comparison with the N-TiO2

under sunlight. The fluorescence quenching of Ag loaded

N-TiO2 indicates decrease in rate of electron–hole pair

recombination that enhances photocatalytic performance.

The effects of photocatalytic operational parameters such

as method of surface modification, catalyst loading and

irradiation sources on the photodegradation of methyl

orange were also investigated.

1 Introduction

Nanocrystalline TiO2 photocatalyst has attracted significant

attention in environmental remediation and energy gener-

ation [1–4], owing to its unique chemical and physical

properties such as high catalytic activity, chemically stable,

easy availability, nontoxic and low cost [5, 6]. Due to these

advantages TiO2 has been widely investigated for the

photocatalytic degradation of hazardous organic contami-

nates from wastewater [7, 8]. However, TiO2 has a wide

band gap (3.20 eV) that makes it active only in the UV

region [9]. Also rapid recombination of photogenerated

electron–hole pairs takes place which often results in low

degradation efficiency. These above mentioned obstacles

limit its practical applications. Therefore several doping

strategies have been used to tune the band gap of TiO2 into

the visible region. Recent reports on the use of various

dopants such as nitrogen, sulfur, carbon [10] and noble

metals like Ag, Au, Pt, Pd [11, 12] have produced both

positive and negative effects. For example, titania doped

with inorganic or metallic species such as metal ions or

clusters exhibited reasonably efficiently data but the

structure of TiO2 becomes unstable [13]. Notably TiO2

doped with transition metals does not show desirable

photocatalytic efficiencies due to their fast recombination

rate [14]. Therefore, considerable efforts have been

addressed to develop a photocatalyst active over large

region of solar spectrum which can restrain the recombi-

nation of electron–hole pairs. The doping of nitrogen helps

to enhance the visible light absorption capacity by nar-

rowing the band gap of TiO2, even though the rate of

recombination of electron–hole pairs is higher. In order to

overcome this difficulty, modification of N-doped TiO2

was achieved by using noble metal nanoparticles. The

noble metal nanoparticles can effectively enhance the

charge carrier separation by forming a Schottky barrier on

the surface of TiO2. Generation of surface plasmon reso-

nance could help to shift the absorption of the TiO2 in the

visible region [15–17]. There are several methods available

for metal doping such as chemical reduction, ion impreg-

nation, impregnation–reduction and photodeposition [18–

20]. Particularly in photoreduction method the metal
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cannot be dispersed uniformly on the surface of TiO2 [21].

To overcome this difficulty the impregnation–reduction

method was employed for uniform distribution of Ag on

surface of TiO2. In this method, adsorption of metal ions

takes place on the surface TiO2 followed by reduction of

Ag with NaBH4 produced higher dispersed state of metal

[22]. There are many reports on Ag doping of metal oxides

[23, 24] because it has a relatively high work function

which can generate surface plasmon resonance and acts as

an antenna to trap electrons thereby enhancing charge

transfer processes [25]. In the past decade, many

researchers have investigated the surface modification of

commercially available Degussa P25 (TiO2) by metal

loading. To date there are only few papers reported on Ag

loaded N-doped TiO2 photocatalyst [26, 27]. There is a

need to develop a cost effective and ecofriendly method-

ology to synthesize nanocomposites that show high pho-

tocatalytic performance under natural sunlight.

To the best of our knowledge, we report here for the first

time the preparation of Ag loaded N-doped TiO2 nano-

composites by using simple combination of microwave

followed by impregnation–reduction method. This prepa-

ration route offers the tuning of the band gap of TiO2 to a

desired level through loading of Ag nanoparticles. The Ag

loaded N-doped TiO2 nanocomposites were then charac-

terized and tested for degradation of methyl orange (MO)

under UV and sunlight. In the case of simple impregnation

method, leaching of Ag nanoparticles was observed which

as confirmed by the shifting of MO peak during the pho-

todegradation whereas the impregnation–reduction method

was significantly more effective in terms of photocatalytic

activity.

2 Experimental

2.1 Materials

Titanium tetra-isopropoxide (TTIP, 98 %), cetyl trimethyl

ammonium bromide (CTAB, 99 %) were purchased from

Spectrochem Pvt. Ltd., Mumbai (India). 25 % ammonia

was purchased from Loba Chemie Pvt. Ltd., Mumbai

(India). Silver nitrate was purchased from Merck,

Mumbai. Absolute ethanol (99.9 %) was purchased from

Changshu Yangquan Chemicals, China and sodium

dodecyl sulfate (SDS, extrapure) was purchased from

Thomas Baker Pvt. Ltd., Mumbai. Methyl Orange was

purchased from Molychem, Mumbai. All chemicals used

were of analytical grade and used as received. All the

required solutions were prepared in Millipore water

obtained from Millipore Water System (Millipore Corp.

Bangalore, India).

2.2 Synthesis of microwave assisted N-TiO2

nanoparticles

Titanium tetra-isopropoxide (TTIP) 98 % was used as a

titanium precursor. N-TiO2 powder was prepared by con-

trolled addition of 0.1 M TTIP in 100 mL of absolute

ethanol with constant stirring to obtain clear solution. Then

sufficient amount of surfactant solution (1 % each CTAB

and SDS) was added whilst stirring followed by dropwise

addition of aqueous ammonia at room temperature until the

solution reached a pH 8. After complete precipitation, the

precipitate was washed with water and acetone several

times to ensure complete removal of impurities. The pre-

cipitated solution was subjected to microwave irradiation

for 20 min in a microwave oven (Input 900 W, 250 MHz,

LG Make,) with on–off cycle (20 on–40 s off). After the

microwave irradiation, the dried precipitate was ground

using an agate pestle mortar and calcined at different

temperatures for 2 h in a PID controlled muffle furnace.

The phase purity and the degree of crystallinity of the

N-TiO2 were monitored by XRD.

2.3 Ag loading on N-doped TiO2 nanocomposites

The prepared N-doped anatase TiO2 was then modified

with silver nanoparticles (NPs) using a simple impregna-

tion and impregnation–reduction method. In a typical

preparation of Ag loaded N-doped TiO2, synthesized

N-TiO2 powder was added to 20 mL of Millipore water

and sonicated for 30 min in order to achieve adequate

dispersion of the nanopowder. For synthesis of different Ag

loading (Ag-T1 to Ag-T4 represents 0.1, 0.5, 1.0 and

1.5 wt% Ag in N-TiO2), calculated amount of silver nitrate

solution was added to the above mixture and then stirred

for 60 min so as to form a solution between Ag? and

N-TiO2. Reduction of silver ions was achieved using

freshly prepared ice cold sodium borohydride. The pre-

pared Ag loaded N-doped TiO2 nanocomposite powder

was dried at 120 �C for 1 h to remove water.

2.4 Characterization of Ag loaded N-doped TiO2

nanocomposites

Powder X-ray diffraction (XRD) patterns of N-TiO2 and

Ag loaded N-doped TiO2 nanocomposites were obtained

using a Panalytical diffractometer with CuKa radiation.

The shape and size of nanocomposites were obtained from

transmission electron microscopy with model TEM, JEOL

3010 (I. I. T. Chennai). Infrared spectra were taken on KBr

pellet using a Perkin–Elmer IR spectrometer (Spectrum

BX-II). Energy dispersive spectroscopy was used to scan

the elemental composition of nanocomposites (EDS JEOL

6360). For the EDS analysis the fine Ag loaded TiO2
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powder was dispersed in isopropanol and few drops of

above solution was added on a glass slide (1 cm2) and

allowed to evaporate the alcohol. Diffuse reflectance

spectra were obtained using a Varian Cary-5000 UV–Vis.

NIR spectrophotometer. X-ray photoelectron spectra were

recorded by using an ESCA-3000 (VG Scientific Ltd.

England) as Al Ka radiation (1486.6 eV) with constant

pass energy of 50 eV.

2.5 Photocatalytic activity of Ag loaded N-doped TiO2

nanocomposites

The photocatalytic activity of Ag loaded N-doped TiO2 nano-

composites were evaluated by monitoring the degradation of

MO by using both UV light (365 nm) and sunlight. To evaluate

the optimum photocatalytic activity of nanocomposites, the

amount was varied from 0.5 to 2 g/dm3 in MO solution

(20 ppm). The photoreactor was kept open in air to get suffi-

cient amount of oxygen for photo-oxidation reaction. Typically

in this experiment photocatalyst was added in photoreactor

containing 100 mL of MO. Before irradiation of light, the

solution was stirred for 30 min in dark to ensure adsorption–

desorption equilibrium, then exposed to full sunlight at ambient

temperature. At particular time intervals aliquots were with-

drawn from the photoreactor and the nanoparticles were sep-

arate from solution by centrifugation process. The clear dye

solution was used to monitor the concentration of MO by

recording the absorbance using UV–Vis. double beam spec-

trophotometer (Shimadzu, Model-UV-3600).

3 Results and discussion

3.1 XRD

The XRD study was done to confirm the phase purity and

crystallinity of the nanocomposites. The crystallinity is

imperfect if calcination temperature is too low, the well

defined crystalline material was formed at 250 �C and this

temperature was chosen as a calcination temperature

throughout the work [21]. The XRD pattern of N-TiO2 with

anatase phase as shown in Fig. 1. For the different Ag wt%

loading, the diffraction pattern reveals that pure anatase N-

TiO2 is formed having diffraction peaks at 25.25�, 37.84�,

47.84�, 53.94�, 55.00�, 62.8�,68.7�, 70.2�, 75.34�, 82.69�
and indexed to the crystal planes of [101], [004], [200],

[105], [211], [204], [116], [220], [215], [303]. 2h value

corresponding to [101] main peak for anatase N-TiO2

according to JCPDS 01-084-1286 is 25.325 which shifted

to lower value 25.258 this may be due to doping of nitro-

gen in TiO2 [28]. Major peak for N-TiO2 was found to be

almost same for Ag loaded N-doped TiO2 nanocomposites

except the changes in intensity of peaks. The appearance of

Ag peaks was not observed in the XRD pattern, this is may

be due to low content of Ag and also high dispersion of Ag

nanoparticles on the surface of N-TiO2. As the Ag loading

content increased from 0.0 to 0.5 wt% broadening of dif-

fraction peaks gradually increases that may be due to small

crystallite size of nanocomposites. The average crystallite

size was calculated by Scherrer’s equation [29].

s ¼ 0:9kð Þ
bcoshð Þ ð1Þ

where k is the X-ray wavelength in Å, b is the full width at

half maximum (FWHM) in radians. The pure anatase

N-TiO2 crystallite size was found to be 10 nm and decrease

to 8 nm for 0.5 wt% Ag, thereafter the crystallite size was

more or less constant.

3.2 XPS analysis of N-TiO2 Ag nanocomposites

The survey spectrum of Ag loaded N-doped TiO2 nano-

composites is shown in Fig. 2a of the Ti, O, N, C and Ag

elements. The C 1s peak located at 283.9 eV was due to

organic remnant of precursor. The values of binding energy

for Ti 2p3/2 and Ti 2p1/2 of pure TiO2 have been reported as

459.3 and 465.0 eV respectively [30]. The binding energy

for Ti 2p3/2 and Ti 2p1/2 in case of N doped TiO2 decreases

to 458.14 and 463.93 eV respectively as shown in Fig. 2b.

This suggests that oxygen in the TiO2 lattice is partly

substituted by nitrogen. Further loading of Ag on N-TiO2

decreases the binding energy to 458.09 and 463.5 eV

respectively. Shifting of the Ti peaks towards the lower

binding energy indicates the successful loading of Ag and

N [26]. The O 1s XPS spectra shows the peak for Ag

Fig. 1 XRD patterns of N-TiO2 Ag nanocomposites with different

compositions. a N-TiO2, b Ag-T1 (0.1 wt%), c Ag-T2 (0.5 wt%),

d Ag-T3 (1.0 wt%) and e Ag-T4 (1.5 wt%)
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loaded N-doped TiO2 nanocomposite and N-TiO2 at

529.93 eV as shown in Fig. 2c which is consistent with that

of oxygen when N doped in TiO2 lattice [31]. For the Ag

loaded N-doped TiO2 nanocomposite a peak at 407.0 eV

was observed which is not detected in N-TiO2 as shown in

Fig. 2d, suggesting that nitrogen is binded to oxygen as

nitrates [32]. The N 1s XPS peak with a core level binding

energy of 399.6 eV is observed in both N-TiO2 and Ag

loaded N-doped TiO2 which is shown in Fig. 2d this may

be due to O–Ti–N structure where some O atoms were

substituted. Similar results were also reported by Cheng

et al. [33]. In Fig. 2e the difference of 5.97 eV between

peak of Ag 3d5/2 and 3d3/2 located at 367.73 and 373.7 eV

indicates the presence of metallic silver [34].

3.3 Diffuse reflectance spectra of Ag loaded N-doped

TiO2 nanocomposites

The UV–Vis diffuse reflectance spectra of N-doped TiO2 and

Ag loaded N-doped TiO2 nanocomposites calcined at 250 �C

Fig. 2 X-ray photoelectron spectroscopy spectra of N-TiO2 Ag nanocomposites. a The survey spectrum of N-TiO2, b Ti 2p XPS core spectra,

c O 1s XPS core spectra, and d N 1s XPS core spectra, e Ag 3d XPS core spectra
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are shown in Fig. 3A. It is seen from the spectra that absorp-

tion edges are shifted to the visible region due to insertion of

nitrogen. The shifting towards visible region and hump was

possibly surface plasmon of Ag nanoparticles [35]. The band

gap energy is important for normal photocatalytic applications

because the energy of incident light must be greater than or

equal to the band gap energy. Therefore, the relationship

between the absorption coefficient and the photon energy

were obtained from Tauc equation.

ahmð Þ ¼ A hm� Egð Þn ð2Þ

where a, m, A, and Eg are the absorption coefficient, fre-

quency, proportionality constant and band gap energy

respectively. In the above equation ‘n’ dictates the type of

transition of semiconductor; in TiO2 the type of transition

is direct type [36] so n = 0.5. The band gap of N-TiO2

decreases from 3.10 to 2.81 eV as Ag content increases

from 0.0 to 1.5 wt% (as shown in Fig. 3B).

3.4 Photoluminescence spectra of Ag loaded N-doped

TiO2 nanocomposites

The photoluminescence phenomena are associated with elec-

tron–hole pair recombination. Therefore photoluminescence

(PL) studies of Ag loaded N-TiO2 has been undertaken. It is

well known fact that the PL emission results from the recom-

bination of electron and hole pairs hence lower the intensity of

PL denotes low rate of recombination [37]. Figure 4 shows the

PL spectra of Ag loaded N-doped TiO2 nanocomposites, where

the PL intensity of the 0.5 wt% Ag sample is significantly lower

than that of the 1.5 wt% Ag indicating that recombination of

charge carriers are effectively suppressed. At higher loading of

Ag it acts as electron recombination centre, this leads to

increase of PL intensity due to fast recombination electron and

hole pairs [38]. In the present investigation, the highest pho-

todegradation efficiency of photocatalyst is due to lower elec-

tron–hole pair recombination which is supported by PL studies.

This indicate that low rate of recombination of electron and hole

pairs occurred at optimal 0.5 wt% of Ag loaded N-doped TiO2

nanocomposites.

3.5 FT-IR spectra of N-TiO2 and Ag loaded N-doped

TiO2 nanocomposites

Figure 5 shows FT-IR spectra of N-TiO2 and Ag loaded

nanocomposites. The spectrum (a) shows the band at

Fig. 3 a DR-UV spectra and b Tauc plot of N-TiO2 and N-TiO2 Ag nanocomposites. a Ag-T4 (1.5 wt%), b Ag-T3 (1.0 wt%), c Ag-T2

(0.5 wt%), d Ag-T1 (0.1 wt%), e N-TiO2

Fig. 4 Photoluminescence spectra of N-TiO2 and N-TiO2 Ag nano-

composites. a N-TiO2, b Ag-T4 (1.5 wt%), c Ag-T3 (1.0 wt%), d Ag-

T1 (0.1 wt%), e Ag-T2 (0.5 wt%)
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3,471–3,200 cm-1, which is attributed to OH stretching

and the band at 1,644 cm-1 is due to OH bending of H2O

adsorbed on the surface of the TiO2 which may have cru-

cial role in the photocatalytic activity of catalyst. The peaks

in the range of 2,923–2,825 cm-1 correspond to the

stretching vibration of C–H bonds which are generated

from surfactants. The broad peak at 735–670 cm-1 is

characteristic of Ti–O bending mode of vibrations which

confirms the formation of metal oxygen bonding [39]. The

intensity of peak 3,471, 1,644 and 735 cm-1 shifted

towards lower value after Ag loading [40] indicating the

formation of Ag loaded N-doped TiO2 nanocomposites.

3.6 EDS spectra of Ag loaded N-doped TiO2

nanocomposites

The elemental composition of synthesized Ag loaded

N-doped TiO2 nanocomposites shown in Fig. 6. The EDS

confirmed the presence of Ti, O, N and Ag in synthesized

materials as well as revealing the presence of Ag loading.

EDS mapping indicates that almost all samples formed

were of non-stoichiometry with oxygen deficiency which

leads to better performance of photocatalyst [35].

3.7 TEM of Ag loaded N-doped TiO2 nanocomposites

TEM images of different Ag loaded N-doped TiO2 nano-

composites are shown in Fig. 7. The size of the particles is

in the range 10–15 nm, with the average particle size from

representative TEM images to be around 10 nm which is in

good agreement with the results obtained from XRD. As

the Ag loading increased from 0.1 to 0.5 wt%, the particle

size of synthesized nanomaterials were decreased [27] and

with further increase in Ag loading the particle size

increased most likely as a result of agglomeration as seen

in the TEM images. Lattice fringes can be clearly seen in

HRTEM which is shown in Fig. 8a indicating that the d

spacing for Ag [111] and TiO2 [101] planes are 0.24 and

0.35 nm respectively which is in good agreement with

results obtained from XRD. SAED patterns for Ag loaded

N-doped TiO2 nanocomposites are shown in Fig. 8b.

3.8 Factors affecting on photocatalytic degradation

of methyl orange

3.8.1 Effect of preparation methods

The photocatalysis results demonstrated that impregnation–

reduction is superior as compared to the impregnation

method on the degradation of MO. The shifting of wave-

length (kmax) of dye with uneven changes in intensity was

obtained for MO degradation under UV light as shown in

Fig. 9A. This may be due to leaching of Ag nanoparticles

from catalyst that can be interacted with MO [41]. The

result obtained from the impregnation–reduction method

do not shown any uneven changes in absorption spectra of

MO which is shown in Fig. 9B.

3.8.2 Effect of irradiation sources

Figure 10a shows the absorption spectra of MO during the

course of the photochemical reaction under sunlight, at

30 min the band intensity at 464 nm begins to decrease but

band intensity at 270 nm increase up to 30 min., may be

due to the aromatic rings in MO started to degrade forming

a mono substituted ring as a result intensity at 270 nm

increases [42]. After 60 min, intensity at 270 nm tends to

decrease. At 90 min both the peaks at 270 and 464 nm

were disappeared, this indicates that the MO converted into

CO2 and H2O. Also Fig. 10b shows the absorption spectra

of MO under UV. It is observed that there is no shift in the

wavelength of MO during the course of photochemical

reaction.

Photocatalytic results showed that a 99.6 and 88.76 %

degradation of MO were achieved when it was irradiated

under UV and sunlight respectively within 90 min. Girgi-

nov et al. [43] reported on the photocatalytic activity of Ag

doped TiO2 nanoparticles; the optimal doping content of

Ag; MO was degraded up to 65 and 87 % by using UV

light and sunlight within 5 h and 120 min. respectively.

The results obtained in our case are far better than that

reported by Girginov et al. Initially degradation efficiency

of MO increases very fast under UV as compared to sun-

light; similar results were also reported by Neppolian et al.

[44]. To date there are number of reports on degradation of

dye by using UV light which is not only hazardous but also

expensive because of large input of electrical power

Fig. 5 FT-IR spectra of a Ag-T1 (0.1 wt%), b Ag-T2 (0.5 wt%),

c Ag-T3 (1.0 wt%), d Ag-T4 (1.5 wt%)
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Fig. 6 EDS and its mapping of a Ag-T1 (0.1 wt%), b Ag-T2 (0.5 wt%), c Ag-T3 (1.0 wt%), d Ag-T4 (1.5 wt%)
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whereas sunlight is free, safe, and abundant. To overcome

the effects of UV light such as DNA damage, skin cancer,

acute chronic health effect and to reduce the cost of UV

light. Therefore, sunlight was used as the light source for

further photocatalytic examinations.

3.8.3 Effect of catalyst loading

The effect of catalyst loading on photocatalytic degradation

of MO under sunlight was studied using various amount of

catalyst, from 0.5 to 2.0 g/dm3 by keeping other parameters

identical. The effect of catalyst loading on photocatalytic

degradation of MO is shown in Fig. 11a. A maximum

94.51 % degradation of MO was obtained at 1.0 g/dm3 cat-

alyst loading under sunlight within 120 min. According to

Langmuir–Hinshelwood kinetics model, experimental values

fitted into kinetic equation ln(Co/C) = kt where k is rate

constant, Co and C are the initial and concentration at time t

respectively. Figure 11b shows the plot of ln(C0/C) versus

time t, the photocatalytic reaction shows the linear relation-

ship with regression coefficient close to one indicating the

photodegradation of MO follows pseudo-first order at low

concentration of substrate. Initially as the amount of catalyst

increases from 0.5 to 2 g/dm3 rate constant gradually

increases from 5.26 9 10-3 to 20.4 9 10-3 min-1 and then

decreases to 5.38 9 10-3 min-1. The maximum rate con-

stant was found to be at 1.0 g/dm3 which may be due to the

large number of active sites for the adsorption of the dyes and

the number of photon absorbed by catalyst. It was found that

large amount of catalyst may resulted into the agglomeration

Fig. 7 TEM images of a Ag-T1

(0.1 wt%), b Ag-T2 (0.5 wt%),

c Ag-T3 (1.0 wt%), d Ag-T4

(1.5 wt%)

Fig. 8 a HRTEM (with lattice

fringes) and b SAED pattern

N-TiO2 Ag nanocomposites
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of catalyst due to this active sites on the catalyst surface

becomes unavailable for photon absorption. Another reason

for the decreased degradation is turbidity of suspension [45],

which causes scattering effect [46]. This is attributed to the

inhibition of photon absorption by surface of Ag loaded

N-doped TiO2 nanocomposites.

3.9 Photocatalytic activity of Ag loaded N-doped TiO2

nanocomposites

The Ag loaded N-doped TiO2 nanocomposites consist of

different routes of photocatalytic activities under UV and

sunlight as illustrated in Fig. 12 and described below:

3.9.1 Pathway A

The band gap of Ag loaded N-doped TiO2 nanocomposite

was effectively narrowed by mixing of N 2p orbital and O

2p orbital. Photo excited electrons get transferred from

TiO2 to Ag NPs due to lower Fermi level of silver

(Ef = 0.4 V). This increases the accumulation of electrons

and hence shifting of the Fermi level of composite closer

to the conduction band of TiO2 resulting in an increase in

reduction power of the photocatalyst. Therefore the

improved charge separation and increased reductive power

would be responsible for photocatalytic activity in UV light

[47].

Fig. 9 Degradation of methyl orange under UV light by using catalyst prepared by a impregnation, b impregnation–reduction method

Fig. 10 Methyl orange degradation under a sunlight, b UV light
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3.9.2 Pathway B

Photocatalytic activity of Ag loaded N-doped TiO2 nano-

composites in the presence of sunlight is a composite effect

of both N-doping and surface plasmon resonance of Ag

nanoparticles. The doping with nitrogen decreases the band

gap of TiO2. Along with N-doping, SPR of Ag nanoparti-

cles will help to absorb the light in the visible region. An

excited electrons in Ag nanoparticles gets transferred to

conduction band of TiO2, further these electrons were used

to generate free radicals which enhances the photocatalytic

activity. Moreover, with the increased Ag content the size

of Ag NPs becomes bigger and the process of hole cap-

turing by Ag NPs also increases that leads to decrease in

photocatalytic activity [48].

4 Conclusions

In this work, the synthesis of N-TiO2 in pure anatase form

by using simple, rapid, energy efficient, ecofriendly and

cost effective microwave assisted technique is reported.

Further, the modifications of N-TiO2 by Ag nanoparticles

were done by using impregnation–reduction method in

order to arrest the rate of recombination of electron hole

pairs. The diffuse reflectance spectra showed an absorption

edge shifted from 375 to 420 nm along with a small hump

due to SPR of Ag. The EDS spectra, mapping and XPS

spectra supports presence of nitrogen and silver in TiO2. In

all nanocomposites the deficiency of oxygen was observed

that results into better photocatalytic activity. The kinetic

study of MO degradation showed pseudo first order

kinetics. The highest rate constant (2.04 9 10-2 min-1)

was observed at 1.0 g/dm3 catalyst. From the photodegra-

dation experiments it was found that 94.51 % degradation

of MO was achieved within 2 h when N-TiO2 Ag nano-

composites was used under sunlight. An enhancement in

efficiency of about 40 % was achieved successfully by Ag

loading as compared to N-TiO2.
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