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The present paper deals with a hydrazine mediated synthesis of high surface area and thermally stable

N-doped zirconium titanium mixed oxide with enhanced photocatalytic activity towards reduction of

selenium (VI) to metallic Se0 under visible light. Materials were synthesized at pH ¼ 2 by varying the

hydrazine concentration and characterized by XRD, TEM, BET method, XPS, Raman spectroscopy

and UV-vis solid state spectra. Presence of low amount of zirconium oxide (10 wt%) helps in phase

stabilization and maintains the porous structure even at higher calcinations temperature in comparison

to that of pure titania. XPS spectrum justifies the presence of nitrogen and Ti3+ in the material due to

the decomposition reaction of hydrazine. Hydrazine controls the nitrogen content, surface area and the

formation of oxygen vacancy in the material. Investigation of metal oxide to hydrazine ratio on the

overall surface properties and photocatalytic activity indicates that the 1 : 6 ratio is the optimum

composition for the best result. Surface area and pore volume increases to 298 m2/g and 0.323 cm3/g.

The obtained material (TiZr-6N-400) is found to reduce selenium (VI) to selenium (0) under visible light

within only 45 min of reaction. Increased photocatalytic activity under visible light is mostly due to the

synergistic effect of substantial nitrogen doping, high surface area and presence of oxygen vacancy.
1. Introduction

Since the discovery of photo-induced water decomposition under

UV light1 TiO2 has received much attention as a potential

photocatalyst for future environmental application. However,

pure titania can only work under ultraviolet (UV) light (wave-

length l < 388 nm) due to its wide band gap of 3.0–3.2 eV, which

means only about 4% of the incoming solar energy on the earth

surface can be utilized. The development of visible-light photo-

catalysts, therefore, has become one of the most important topics

in photocatalysis research.2–5 In this regard, the first report of

Asahi et al. on the band gap reduction of the oxide material by N

doping stimulated the researchers for the investigation of

nonmetal doped titania photocatalysts. Subsequently many

semiconductor photocatalysts based on TiO2�xMx, where M is

N,6–8 C,9–11 S12–14 or F,15,16 have been investigated for practical

application under visible/indoor light. Among all, nitrogen

doped titania has been exhibited to be an efficient way to extend

the absorption of light from the ultraviolet to visible region

because the substitutional doping of N for O in the anatase TiO2

crystal would yield a band gap narrowing. Recently, it is

observed that oxygen vacancies created by the N doping play an

important role for increasing the visible light absorption.17 That

is why N-doped anatase titania has emerged as the most attrac-

tive material for researchers in the last decade.18,19 In addition,
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porosity of the photocatalyst is quite important for increasing the

catalytic performance of the material. In this context, the

synthesis of high surface area anatase spheres20 with improved

photocatalytic activity was reported by hydrolysis of titanium

glycolate at reflux conditions. However, loss of high surface area

and phase conversion from anatase to rutile above 500 �C is the

main concern of most of the titania based materials.21 Calcina-

tion at high temperatures ($400 �C) is mostly required for

crystallization and for achieving effective doping of cations/

anions in the lattices of the TiO2 photocatalyst. Unfortunately,

such a high temperature treatment often leads to a loss of surface

area due to the grain growth and phase conversion from anatase

to rutile. Hence, the photocatalyst retains very low specific

surface area after calcination, greatly reducing their light-har-

vesting capability. So, a lot of effort has been made to stabilize

the anatase phase even at high temperature through mixing of

low amount of another metal oxide.22 In this context addition of

zirconia and silica to titania has been observed to improve the

anatase phase stabilization, surface properties and photo-

catalytic activities.22–24 In the last few years ZrO2 mixed TiO2

materials have been intensively studied for enhanced photo-

catalysis.25,26 It has been proposed that the incorporation of Zr4+

in titania increases thermal stability and surface acidity of the

material. However for practical application under solar light or

indoor illumination, it is appealing to develop a visible light

sensitive, high surface area and thermally stable anatase based

material. In this regard very limited investigations are reported

on the non-metals like F,27 N28 and S29 doped zirconia titania

systems. It is understood from the previous studies that the

synthesis process, precursors for nitrogen and doping concent-

ration play a decisive role on the surface properties and the

photocatalytic activity. In particular, the effect of these vari-

ations on the surface and photocatalytic properties of titania
This journal is ª The Royal Society of Chemistry 2010
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zirconia material is yet to be investigated systematically. More-

over, the use of a reducing agent like hydrazine as a source of

nitrogen is also rarely reported. Because of the reducing nature of

hydrazine there is a possibility of Ti3+ formation which will

facilitate the formation of oxygen vacancies in the material. So in

the present work we use a simple approach for the synthesis of

high surface area, thermally stable N-doped zirconium titanium

mixed oxide with enhanced photocatalytic activity towards

reduction reactions under visible light employing hydrazine as

a source of nitrogen. Presence of a low amount of zirconium

oxide (10 wt. %) helps in the phase stabilization and maintains

the porous structure even at higher calcination temperatures in

comparison to that of pure titania. Besides, the effect of hydra-

zine to metal oxide ratio on the overall activity is investigated so

as to have better understanding on the optimum composition.

The obtained material is found to reduce 25 ppm of selenium (VI)

to Se(0) within only 45 min under visible light.
2. Experimental

2.1. Material synthesis

Titanium zirconium oxide in the weight ratio of 90 : 10 (TiZr)

was synthesized by controlled hydrolysis of titanium and zirco-

nium butoxide at pH 2.0. A mixture of both the metal butoxides

in required amount was diluted to 20 ml with n-propanol and

slowly added to 100 ml of aqueous solution of pH ¼ 2.0 under

stirring at 27 �C. Nitrogen doping was achieved by hydrazine

addition to a titanium zirconium oxide suspension and the

mixture was kept under stirring for another 12 h. Subsequently

the mixture was evaporated slowly up to drying. Oxide to

hydrazine molar ratio was varied from 1 : 2 to 1 : 8 so as to

understand the effect of hydrazine concentration on the nitrogen

doping as well as surface properties of the final material. The

obtained N-doped material was calcined at different tempera-

tures for further use. For comparison, N doped pure titania (Ti-

6N) with a molar ratio of 1 : 6 was synthesized following the

same procedure. Obtained samples are coded according to the

hydrazine molar ratio.
2.2. Material characterization

XRD patterns of all the synthesized samples calcined at different

temperatures were recorded on a Siemens (model: D-500) semi-

automatic diffractometer using Cu Ka and Co Ka radiation

source in the range 10 to 80 degrees.

Samples for TEM measurements were prepared by redis-

persion of the obtained powdered samples in isopropanol and

subsequently placing a drop of the colloidal solution on carbon

coated copper TEM grid. The film on the TEM grid was allowed

to dry prior to the measurement. TEM measurements were

performed on a JEOL (2100F field emission TEM) instrument

operated at an accelerating voltage of 120 kV.

UV-visible diffused reflectance spectra of all the synthesized

materials were recorded on the Shimadzu 2550 spectrophoto-

meter using BaSO4 as the reference material.

Raman spectra of the powdered materials are recorded using

Nicolet Almega XR (Thermo) dispersion Raman spectroscopy.
This journal is ª The Royal Society of Chemistry 2010
2.3. XPS

X-Ray photoelectron spectroscopy (XPS) was recorded by UHV

analysis system (SPECS, Germany) with a Mg Ka mono-

chromatized X-ray source (E ¼ 1253.6 eV). The instrument was

operated at a pressure of 6 � 10�9 Torr in the analysis chamber.

Photoelectrons were collected with pass energy of 80 eV for

surveys, and 20 eV for high-resolution spectra. The binding

energies were collected with a reference to the maximum intensity

of the C 1s (285.0 eV). Analysis of the spectra was done using

CASA XPS software.
2.4. BET surface area and pore size analysis

BET surface area was determined by a N2 adsorption–desorption

method at liquid nitrogen temperature using Nova 4000e

(Quantachrome, USA). Prior to adsorption–desorption

measurements, the samples were degassed at 393 K at 10�3 Torr

for 5 h.
2.5. Photocatalytic activity

Prepared materials after calcination at different temperatures

were used as photocatalysts for the reductive removal of

selenium (VI). A stock solution of selenium was prepared by

dissolving the required amount of sodium selenate salts in double

distilled water. All the photocatalytic experiments were carried

out in a 200 ml capacity three necked glass reactor fitted with

a 125 W high pressure Hg lamp under magnetic stirring. A

constant reaction temperature was maintained through water

circulation in the outer jacket of the glass reactor. All the

experiments were performed in the presence of air at atmospheric

pressure. Initial concentration of metal ions was maintained at

25 ppm in each experiment. Formic acid (100 ppm) is used as the

hole scavenger for Se (VI) reduction experiment. During the

reaction selenium (VI) is converted to red selenium metal and

deposited on the catalyst surface. For kinetic experiments around

10 ml of the reaction mixture is pipetted out at different intervals

of reaction time. From the reaction mixture a solid catalyst was

separated by filtration or centrifugation. Selenium (VI) concen-

tration in the solution after and before reaction was estimated by

atomic absorption spectroscopy (AAS).
3. Result and discussion

3.1. Textural properties

The XRD pattern (Fig. 1) reveals that the TiZr-6N material

calcined up to 600 �C is present in anatase form whereas the

formation of rutile phase starts even at 500 �C calcination

temperature in the case of Ti-6N (ESI,† Fig. S1). This indicates

that the presence of zirconia inhibits phase transformation and

crystal growth in the solids. A similar observation was also

observed in case of zirconia and silica mixed titania materials.22

Absence of any extra peaks for a zirconia phase indicates the

homogenous incorporation of zirconium in the titania matrix. So

the stabilization of nanocrystalline anatase at higher calcination

temperatures is encouraging as it has been considered as the most

photoactive form of titania. Moreover, TiZr-6N shows a very

low amount of rutile phase even after calcinations at 800 �C
J. Mater. Chem., 2010, 20, 10876–10882 | 10877
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Fig. 1 XRD of different synthesized materials recorded using copper

source.
Fig. 3 Pore size distribution of synthesized materials with varying

hydrazine amounts.

Table 1 Surface area, pore volume of N-doped materials calcined at
different temperatures

Materials
Calcination
temperature (�C)

BET surface
area (m2/g)

Pore volume
(cm3/g)

TiZr 400 130 0.265
TiZr-2N 400 128 0.263
TiZr-4N 400 186 0.277
TiZr-6N 400 298 0.323
TiZr-8N 400 235 0.292
TiZr-6N 600 186 0.278
TiZr-6N 800 102 0.208
Ti-6N 400 68 0.152
Ti-6N 600 32 0.124
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indicating the increased thermal stability of the anatase phase

due to the presence of Zr ions. These results are consistent with

the results obtained from the selective area diffraction (SAD)

pattern of the material. A ring type SAD pattern in association

with the microstructure obtained from TEM experiment justifies

the formation of nanoparticles in the range 13–20 nm. It is clearly

noted that there is a difference in the shape and size of the

particles in the case of N doped and undoped material (Fig. 2).

The pure TiZr material shows a nearly spherical shape of the

particles having an average diameter of 50 nm. Of course these

spherical particles are composed of so many smaller particles.

Mostly the addition of hydrazine increases the particle aggre-

gation due to the increased pH as observed in Fig. 2b. N2

adsorption–desorption isotherms (ESI,† Fig. S2) of all the

materials are of type IV which is characteristic of mesoporous

materials. However a hysteresis loop with a triangular shape and

steep desorption branch, observed in case of TiZr-6N-400,

suggests the presence of pores with narrow mouths. It is observed

that the BJH pore size distribution (Fig. 3) shifts towards

a narrow range with nitrogen doping. Out of all the materials

TiZr-6N-400 and Ti-6N show the highest (298 m2/g) and lowest

surface area (Table 1), respectively. During subsequent calcina-

tion at 600 and 800 �C, the surface area of TiZr-6N decreases to

183 and 102 m2/g respectively. However, the surface area dras-

tically decreases in case of Ti-6N with increasing calcination

temperature. So it can be concluded from the XRD and surface

area measurements that Zr ions stabilize TiO2 in the anatase

phase with a reasonably high surface area even at an 800 �C

calcination temperature. Fig. 4 shows the Raman spectra of the

N-doped and undoped materials. Clear peaks at 144 (Eg), 397

(B1g), 517 (A1g + B1g) and 640 cm�1 (Eg) typically match with the
Fig. 2 TEM micrographs of (a) T

10878 | J. Mater. Chem., 2010, 20, 10876–10882
Raman active modes for the anatase phase. Similar to the XRD

results, Raman spectra also support the homogeneous distribu-

tion of zirconium in the anatase lattice without forming any

separate phase. A clear and strong peak at 144 cm�1 indicates the

high crystallinity of the materials. A minor peak shift is observed

in the case of TiZr-6N in comparison to that of pure titania. In

addition, peak broadening is also observed in all the spectra.

Peak broadening is mostly due to the formation of nanoparticles.
3.2. Effect of hydrazine on surface properties

It is found that with the increasing metal oxide to hydrazine ratio

up to 1 : 6, surface area of the material increases. However

further increasing the metal oxide to hydrazine ratio to 1 : 8,
iZr and (b) TiZr-6N materials.

This journal is ª The Royal Society of Chemistry 2010
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Fig. 4 Raman spectra of titania and the nitrogen doped materials.
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surface area and the pore volume decreases. Surface area is

marginally decreased in the case of TiZr-2N with a low hydrazine

concentration. In this case the amount of hydrazine is insufficient

to create porosity during decomposition under heat treatment.

When the hydrazine amount is increased above 1 : 2, porosity of

the calcined material increases due to the decomposition of

entrapped hydrazine. Surface area and pore volume increases

with the increasing hydrazine amount to 298 m2/g and

0.323 cm3/g, respectively. Therefore, the hydrazine amount is

crucial in the synthesis process to control nitrogen doping and to

create porous structures. Porosity of a material is crucial for

enhanced catalytic activity as it increases the number of available

active sites. It is known that hydrazine decomposes to form

ammonia, nitrogen and hydrogen gas under heat treatment as

shown below.

N2H4 / 4NH3 + N2

4NH3 + N2H4 / 3N2 + 8H2

Earlier Domen et al.30 demonstrated the use of ammonia to

introduce nitrogen in the oxide lattice at high temperature.

Indeed the recent study by Mapa et al.31,32 suggests that the in situ

ammonia formation through urea decomposition is the reason

for N doping in ZnO. So in the present case in situ generated

ammonia from hydrazine decomposition within the material
Fig. 5 UV-Vis spectra of different nitrogen doped materials.

This journal is ª The Royal Society of Chemistry 2010
helps in both nitrogen doping and creation of porous structure.

A low surface area (68 m2/g) of N doped titania calcined at

400 �C indicates that the only hydrazine decomposition during

calcinations may not be responsible for the stabilization of

porous structure. Rather the presence of zirconium with titania is

responsible in stabilizing the porous structure even at high

calcination temperature. That is why pure TiZr also shows

a comparatively high surface area of 130 m2/g. So it can be

concluded that the presence of zirconium not only helps in

stabilizing the anatase phase but also helps to maintain the

porous structure even at high calcination temperature. UV-Vis

diffuse reflectance spectra of different synthesized materials

calcined at 400 �C are presented in Fig. 5. Visible light absorption

of the material increases with the increasing hydrazine content.

Both TiZi-6N and Ti-6N materials after calcination at 400 �C are

yellow in colour and significantly absorb in the visible light range

up to 530 nm. This shift in the absorption band of the synthesized

materials indicates the nitrogen doping into the oxide matrix. In

the absorption spectra of N doped materials a continuous but

slow decreasing band is observed without any steep absorption

edge in the visible light region. Such shoulder type absorption

might be due to the defects in the lattice. It is also understood

that defects created by oxygen vacancies can induce colour and

also increase the visible light absorption.33

3.2.1. Surface chemical properties. The above results signify

that the incorporation of nitrogen in the presence of Zr4+ has

a significant contribution towards the surface chemical envi-

ronment though the anatase phase is retained. Our O1s spectra

(Fig. 6) show the presence of a small peak at 532 eV in addition to

the main peak at �530 eV particularly in the case of N doped

materials. The deconvolution of the spectra clearly shows the

presence of a small but significant peak at 532 eV. In the litera-

ture this peak is assigned to the presence of a surface hydroxyl

group by different authors.27 On the other hand, Chen et al.18

attributed the same peak to the N doping of the titania matrix.

More recently, it was observed that the same peak is observed in

a titania material having oxygen vacancy.34 Due to the creation

of oxygen vacancies the adjacent oxygen atom experiences less

electron density in comparison to other lattice oxygen atoms.

Hence the peak due to these oxygen atoms shifts towards the

higher binding energy. This usually results as a shoulder at

around 532 eV in addition to the original oxygen peak. At the

same time it is well understood that N doping facilitates the

formation of oxygen vacancies17,33 in titania materials which

accounts for the enhancement in the photocatalytic activity

under visible light. Indeed it is not easy to assign the same peak

(532 eV) to the exact contribution in the material. However, the

contribution of oxygen vacancies can not be ruled out. The XPS

data of Ti2p presented in Fig. 7a and b show some interesting

observations. In the case of both the nitrogen doped materials

two peaks at 459.2 and 464.9 eV are clearly visible representing

Ti2p3/2 and Ti2p1/2. In the case of Ti-6N, there is a clear shoulder

observed at 457 eV indicating the presence of an extra peak in

addition to the original one at 459.7 ev. This additional peak

indicates the presence of Ti3+ in the material. Mostly the used

hydrazine which is a reducing agent is responsible for the

formation of Ti3+. Convolution of the Ti 2p spectrum of TiZr-6N

also shows the presence of a small peak at 457 eV. On the basis of
J. Mater. Chem., 2010, 20, 10876–10882 | 10879
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Fig. 6 Comparative O1s XPS spectra of TiZr, Ti-6N and TiZr-6N.

Fig. 7 Comparative presentation of XPS data (a) Ti2p spectra of Ti-6N,

(b) Ti2p spectra of TiZr-6N, (c) N1s spectra and (d) valency band spectra.
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the area of the peak Ti3+ present in Ti-6N and TiZr-6N is 21.2

and 9.4% respectively. So it can be inferred that the presence of

zirconium controls the reductive formation of Ti3+ in the mate-

rial. On the other hand assignment of a 532 eV peak of oxygen 1s

to the oxygen vacancy is supported by the fact that the presence

of Ti3+ is a major source of oxygen vacancies in the material. In

this regard Ti-6N will have more oxygen vacancies than TiZr-6N

considering the amount of Ti3+ present in the material. However

it is not possible here to quantitatively estimate the amount of

oxygen vacancies in the material.
10880 | J. Mater. Chem., 2010, 20, 10876–10882
The N1s XPS spectrum (Fig. 7c) in the range 397–403 eV again

signifies that the nitrogen is doped into the oxide lattice35 in three

different forms. Fig. 7c shows the presence of three different

peaks with varying intensities in the case of both N doped

materials. The presence of peaks at 397 and 400.5 eV signifies the

doping in the matrix and the formation of NO species, respec-

tively in the material. Still another low intensity peak is observed

at 402.5 eV which is somewhat prominent in the case of TiZr-6N.

This peak is rarely observed in N doped materials. It is observed

in between the standard position of NO and NO2 (405 eV) so it

can be due to the formation of more electropositive NO type

species. However the assignment of the nitrogen 1s peak in the

XPS spectra is under debate in the literature. So without going to

the exact species formed here we can say a significant amount of

N is doped through the present process using hydrazine. In

addition, a clear diffused electronic state of TiZr-6N is observed

as a shoulder (Fig. 7d) above the valency band edge of pure

titania. This again confirms the doping of nitrogen in the crystal

lattices36 which lowers the oxidation potential for visible light

applications. Interestingly, the small peak above the valency

band can also be due to the oxygen vacancy33 present in the

material. This additional electron density state explains the red

shifts observed in the UV-Vis spectra. However it is well agreed

that N doping in the crystal induces photocatalytic activity under

visible light illumination which is not observed in case of pure

titania. Recently it is observed that titania with oxygen vacancies

can perform as a better photocatalyst under visible light.34

Moreover nitrogen doping helps in the creation of the oxygen

vacancy. So it is clear that N doping itself helps in the visible light

absorption as well as the creation of oxygen vacancies in the

material. From the above discussion it is clear that the synthe-

sized material contains doped nitrogen as well as oxygen

vacancy. However, at present it is very difficult to separate

the contribution of oxygen vacancies from the N doping in the

crystal lattice to have a quantitative contribution of both the

effects.
This journal is ª The Royal Society of Chemistry 2010
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Fig. 8 Plot of ln C/C0 vs. reaction time for selenium (VI) reduction over

different materials under visible light.
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3.3. Photocatalytic performance

To evaluate the photocatalytic performance we use reduction of

selenium (VI) to selenium (0) in aqueous media as a test reaction.

Preliminary experiments show that the use of hole scavengers like

formic acid substantially increases the reduction activity. During

the reduction reaction the catalyst became red in colour due to

the deposition of red selenium (0). The photocatalytic reaction of

a 25 ppm selenium (VI) aqueous solution in the presence of

100 ppm of formic acid was carried out with time and presented

in Fig. S3 (ESI†) for all the materials. It is well observed that with

the increasing hydrazine amount in the material photocatalytic

performance increases up to 1 : 6 and thereafter decreases.

Complete conversion of Se(VI) to Se(0) is observed in 45 min of

reaction with TiZr-6N.

The photocatalytic reduction activity of TiZr-6N calcined at

different temperatures is compared with Ti-6N under visible light

in the presence of 100 ppm of formic acid. Fig. 8 indicates that

100% reduction of Se (VI) to Se (0) within 45 min of reaction is

possible over the TiZr-6N-400 material whereas Ti-6N-400 can

reduce only 69% of Se (VI) during the same time period. Cata-

lytic activity is quite dependent on the surface area of a material

as it facilitates the reactant to reach the available active sites.

High porosity increases the number of available active sites of

a catalyst thereby increasing the catalytic activity. Therefore the

higher photocatalytic activity can be correlated to the high

porosity of the nitrogen doped TiZr materials. In addition, the

selenium reduction reaction is quite dependent on the available

surface area as reduced Se (0) is deposited on the catalyst surface

thus reducing the number of available sites. So the drastic

enhancement of photocatalytic activity under visible light over

TiZr-6N can be attributed to the substantially higher surface

area of TiZr-6N in comparison to N-doped titania having

surface area of 68 m2/g. Based on the presence of Ti3+, the

amount of oxygen vacancies is expected to be higher in the case

of Ti-6N. However, the catalytic activity demonstrated by Ti-6N

is not encouraging. A high amount of Ti3+ presence may promote

the formation of TiN species which are not good photocatalysts.

This may be the reason for the decreased visible light activity of

Ti-6N in addition to low surface area. So this can be concluded

that formation of low amount of Ti3+ is preferred for the

enhanced visible light activity. UV-Vis spectra show that the

visible light absorption capacity of the material increases with
This journal is ª The Royal Society of Chemistry 2010
the increasing hydrazine amount. Again it confirms that both the

materials (TiZr-6N-400 and Ti-6N-400) have a similar visible

light harvesting capability. In particular, a high surface area of

the material creates a higher number of accessible active sites for

the reaction and hence the present material performs better than

Ti-6N-400 particularly under visible light illumination. It was

also understood that the doping of nonmetal and metal in the

titania matrix can induce visible light driven photocatalysis by

creation of defects. Therefore the additional role of extrinsic

absorption bands created by the oxygen vacancies of the catalyst

can not be ruled out in the present study. Recently it was

reported that oxygen vacancies can enhance the visible light

mediated catalytic activity to a very high level.34 Therefore the

enhanced photocatalytic reduction and oxidation activity of

TiZr-6N-400 under visible light can be attributed to the syner-

gistic effect of high surface area, oxygen vacancy and substantial

N doping. So it is important to study the exact contribution of

the oxygen vacancy as well as the non-metal doping separately

for better understanding of the photocatalyst.
Conclusion

In summary, the present report describes the synthesis of high

surface area, thermally stable N-doped titanium zirconium oxide

materials with comparatively high photocatalytic activity

towards selenium (VI) reduction reaction under visible light

illumination. XRD and Raman spectra confirm the stabilization

of the anatase phase even at 800 �C calcination. The amount of

hydrazine plays an important role in nitrogen doping as well as

the formation of a porous structure in the material. Surface area

and pore volume increases with the increasing hydrazine amount

to 298 m2/g and 0.323 cm3/g, respectively. The amount of

nitrogen doping and the visible light absorption capacity of the

material increase with the increasing hydrazine amount up to an

optimum value. Nitrogen doped titania zirconia material exhibits

high surface area and enhanced visible light mediated photo-

catalytic activity in comparison to nitrogen doped pure titania.

XPS analysis confirms the presence of Ti3+ in N doped materials

which creates oxygen vacancies also. Complete reduction of

25 ppm of selenium (VI) to metallic red Se0 is possible within only

45 min over TiZr-6N-400. The enhanced photocatalytic reduc-

tion activity of nitrogen doped titania zirconia mixed oxide under

visible light can be attributed to the synergistic effect of high

surface area, presence of oxygen vacancies and substantial N

doping. Enhanced visible light photocatalysis results of the

synthesized materials may generate significant interest for waste

water treatment under visible/solar light. It is also important to

study the exact contribution of the oxygen vacancy as well as the

non-metal doping for better understanding of the photocatalyst.
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