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The suitability of mixed oxides as photoanodes in photo- 
Ihemixedoxides are not as suitable 

as the end membsrs. ZrNbO can be expect& to be a prunising candidate 
fran the point of view of &ility. 

Oxides ccntaining closed shell transitian metal ions, e.g. Ti02 [l 1, 

2x02 12 L Nb205 131, Ta205 12 1, W3 [4 1 and various titan&es 151, niobates 
[61 and tantalates 16 1 have been examined for their use as photoanode 

materials in photoassisted electrolysis of water. In these systems, the 

valence band is mainly constituted by the oxygen 2p levels, while the 

conduction band is formed by the empty d levels of the transition metal 

ions. * Studiescnperovskitetitanatesystems ~71haveshownthatthephoto- 

electrochemical @EC) properties can be associated with the (Ti02) octahedra 

presentintheseaxnpxKb. Blasse anl cworkers [81 fran their studies on 

ilmsnite type transition metal titanates have proposed that the PEC 

properties of these systems arise out of excitation from the transition metal 

~lence band to the Ti-conduction barrd withcut involving the v 2p 

level. SilIlilarlY, studies cm Nb205 b1, Srp207 and (Ba0.5sr0.5)*206 
1101 have revealed that (NIX&) octahedra are the photoactive centres. 

studies by I4omadaly et al. 

Claverie et al. [131 have 

correlations. These inclule 

0254-0584/87/%3.50 

[IO?, campet etal. 1111, Blasse etal. [12 I& 

led to certain crystalstruct~pEc property 

the following: 
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1) the variations in the band gap among related cmpwnds containing TiO6 

or NW6 octal&n are primarily due to the structural class in which they 

crystallise. 

2) the differences in the flat band potential (V,) of a series of related 

canpounds arerelatedtothenatureoftheA-ion. 

3) the slope of the quantum efficiency E photon energy plot is a structure 

sensitive parameter and is also as important as the band gap value (Eg). 

Further ext&eJ studies are needed to establish the validity of these 

correla$.ions as well as the formulation of any further correlations. We 

report in this camnmication the studies carried out on the solid solution 

series Zr Ti x ,_JJb207 with x = 0.0, 0.025, 0.5, 0.75 and 1.0 for evaluating 

the suitability of these materials for PEC applications. 

The cnnpomds were prepared by mixing stoichianetric quantities of Zf12 

(AR BMI), Nb205 (AR, GLOW) and Ti02 (E Merck) and heating at 1300°C for 

48 hr. The formation of Single phase ZrNb207, TjNb207 and ZrxTi,_p207 

(x = 0.25, 0.5 and 0.75) was confirmed by X-ray diffraction studies 

(Phillips Pwl140) using CuKcr radiation. 

The aqxnmds were grcu& in an agate mortar, ampacted into pellets 

(10 mn dia and 2-3 m thick)with a WI:lineddie at5 tons/an2 pressure and 

sintered at 1300°C for 24 hr. All the sintered materials were faund to be 

insulators with resistivities >lO'O chm an. l%esampleswzereducedin 

hydrogen at 600°C for 3 hr after which the resistivity dmpped to around 

” 200 ohm an. Electmdes were made frun these pressed pellets after suitable 

chemical and mchanical polishiq and ohmic contacts were made with silver 

paint ard silver epoxy &lo-tek Ii31 USA). The pellets were munted cm a 

glass holder and epoxy resin (Araldite) was us& to insulate all the other 

surfacesoftheeledrodeexoepttheflurfaceexposedtoirradiation. 

Electrochemicalmsa sumnentsweremadeinathreeelectxdecmfiguration 

(saturated CalanelrefrxenceandPt indicatorelectrode ) usingapotenti* 

scan (Wenking modelPC673). A 450 WXelanp (Carl Zeiss) was usedas the 

light source. 

RESULTSANDDISUJSSION 

The x-ray diffract&m data cbtbed far the series of Inked oxides are 

given in Tables I and IA. Least square fitted lattice parameters were 

cbtaimdforthesystemswhicharecrystallisingin nrxloclinicfonn(namely, 

with x = 0, 0.25, 0.5) and are given in mble II. -2'7 and 
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,Table I. XRD data for ZrxTi,_pb207 with x = 0, 0.25 and 0.5. 

TiNb20, ZrO . 25Ti0 . 75*2'7 

hkl 

002 
4oi 

110 
iii 
003 
31i 
112 
5li 
113 
004 
601 
113 
511 
51x 
005 
020 
II,13 

& I/I, & I/IO 

5.1556 80 5.111 80 
5.0968 70 -- -- 
3.7081 90 3.7002 80 
3.6045 10 3.6115 10 
3.4143 100 3.4205 100 
3.3389 10 3.2999 IO 
2.8758 IO 2.8684 10 
2.7801 30 2.7508 30 
2.6751 20 2.6672 20 
2.5782 10 2.5743 10 
2.5152 20 2.5150 20 
2.3986 10 2.3983 10 
2.3212 10 2.3151 20 
2.2984 10 2.2981 IO 
2.0627 50 2.0623 50 
1.9062 30 1.9028 30 
1.6666 40 1.6642 40 

ZrO gTiO SNb2'7 . . 

& I/IO 

7.1095 10 
5.1081 40 
3.7124 90 
3.5617 100 
3.4141 30 
3.3204 20 

-- _- 

2.7799 50 
2.6149 20 
2.5566 10 
2.5163 10 

-- -- 
-_ 

2.3066 -20 
2.0623 50 
1.9065 50 
1.6788 40 

Table IA. XRD data for ZrxTil_$h207 with x = 0.75 ad 1. 

-0 75Ti0 25*2'7 . . zm207 

d(i) I/IO d& I/IO 

7.2016 20 
5.1702 10 
4.7882 80 
3.7619 30 
3.5900 100 
3.4335 50 
2.9573 95 
2.7985 40 
2.7816 30 
2.6465 20 
2.5750 20 
2.0964 20 
2.0526 95 
1.7939 30 
1.6865 30 
1.5488 10 
1.5038 10 

5.0676 
4.8610 
3.5900 
3.5270 

-- 
5 

15 
45 

100 
-_ _- 

2.9402 65 
2.7549 5 

-_ 

2.6180 
2.5601 

-_ 
2.0557 
1.7761 
1.6851 
1.5453 
1.5011 

-- 

5 
10 

-- 
30 
10 
5 

IO 
10 
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Table II. solid state and photoeledrochemi 
mix&oxides. 

cal -es of ZqJ+_$b20, 

properties 
x = 0.00 x = 0.25 x = 0.50 x = 0.75 x = 1.00 

csystal 
system Mnocllnic Mxloclinic IWlCCliIliC Notkrxmn N0tknCwl-l 

crystal 
parameters a = 20.256 A a = 20.189 A a = 20.181 A 

b = 3.621 A b = 3.642 A b = 3.592 A 

c = 11.661 A c = 11.592 A c = 11.501 A 

B = 121°02' B = 120°56' B = 120°48' 

Band (eV) gap 3.20 3.15 3.15 

Flat band 
potential (V) -1.20 -1.16 -1.02 

Stability uMler 
illumination 
(mw 130 120 70 

__ _- 

-_ -_ 

-- -_ 

3.15 3.20 

-0.97 -0.75 

30 150 

ZrO 75Ti0 25 
NbO do not cry&all&e in nnnoclinic form, thcugh single phase 

. . 2 7 
fonnatio!lwasobser%M in this study. l'k direct bard gap values as deduced 

frun w absorptionmeasuremen tsarealsoinclud~inTableII. Thecurrent 

voltageaxvesweremeaswdforthese substancesatpH=13 an32 andare 

given in Figs. l-5. The I-V plots obtained for Ti.Nb207 agree with those 

rqorted in the literature [9b 1. The values of the band gap of the seni- 

cc&xtors were also detennixd fran the mea surementofp;notocurrentasa 

function of wavelength of irradiation and were found to agree with those 

cbtainedfrcm spectroscopic measurements. The values of the flat band poten- 

tials were determined (included in Table II) frun the plot of the square of 

the photocwrent against amlied voltage (-1000 to +400 mV) Fig. 6. The 

values of the photocurrent, pkkopotentials and flat band potentials were 

fcx& to be Wal1e.r under acidic axxlitions. The stability of these 

materials was deknnined under the conditions of PAE of water by measuring 

thephotocufientatvarious time intervals at@ =13. Theresults obtained 

are given in Fig. 7. It is seen that ZrNb207 appears to be ccqeratively 

nkxestablethanotheroxidesusedinthepresentstudy. However,thevalue 

of the flat band potential is small (-0.75 V) as canpared to TiNb207 

(-1.20 V). !Jke solid solution ccqout& are less stable under ilknninaticm 
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Fig. 1. Potent&static current voltage curves 
tion; 1'2' dark). 

for TiNb207 (I,2 under illunina- 

1 1 1 

_ 2.0 -LO 0 1.0 

V, SCE 

Fig. 2. Potentiostatic cl.umntvo1tage tunes 
ill~tim; 1'2' dark). 

for z"0.25T+,,5Nb20, (I,2 under 
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Fig. 3. Fotentiostatic czllment-voltage~ 
illumi~tim; 1'2' dark). 

for Zr0_sTi0,5Nb20, (1,2 urder 
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Fig. 4. Fdzentios~tic CY.Erfmt-voltage CmJzves 
illainatican; 1'2' dark). 

for zr0.25T+,2p207 U,2 uuder 
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0.6 

I I 1 I - 2.0 -LO 0 LO 

J 

v, SCE 

Fig. 5. Potentiostatic 
t&m; 1'2' dark). 

current-voltage curves for ZrNb207 (1,2 under illmina- 

r -1200 -600 

ronmid. mV l ’ 

Fig. 6. Varllation of 1 photo vs V for ZrxTil_pb207 in 1M NaOH solutian. 

a) ~b207, b) zr0'o,25T+,25*2C+ 4 *0,5Ti0a5m20Tr 

d) ZrO 25Ti0 25ti207, 4 zm20,- . . 
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Time, n-tin 

Fig. 7. Photocwren t z.time plots ZrxTi,_#&207 in IM NaOH solution. 

1) Tm.p7, 2) Zro_25TiO_25*207r 3) Zr0'o.5Ti0_5~2071 

4) Zr0.25Ti0,25Nb207, 5) Zm207. 

and also the values of the flat m potentials are smaller than that cberved 

for TiNb207. It may therefore be deducad that substitutictl of Ti by Zr is 

not favourable for PM: applications. &waver, due to its stability ZrNb207 

appearstobeapmnising candidateforfurthfxinvestigaticnasaphotoanah 
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