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ABSTRACT 

Polycrystalline ceramic samples of pure and Cu
+2 

doped Bi4V2-xCuxO11(x=0.0 and 0.02) have been synthesized by standard 

solid state reaction method using high purity oxides. The dielectric constant and dielectric loss and hence ac conductivity as a 

function of frequency and temperature have been measured. The dielectric studies indicate that the material is highly lossy and 

hence its ac conductivity increases with the increase of temperature. The dc conductivity of material has been measured as a 

function of temperature from room temperature to 653 K and its activation energy was calculated using the relation σ = σoexp (-

Ea/kT). The dc conductivity increases with the substitution of Cu on the vanadium site. The Modulated Differential Scanning 

Calorimetry (MDSC) has been used to investigate the effect of substitution on the phase transition of the compounds. The 

results are discussed in detail. Copyright © 2014 VBRI press.  
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Introduction  

Bismuth vanadate Bi4V2O11 is a member of the Aurivillius 

homologous series (Bi2O2)
2+

 (An-1BnO3n+1)
2-  

 with n=1. It 

consists of Bi2O3 layers interleaved with the perovskite like 

sheets of V2O5 with the perovskite slab containing oxygen 

vacancies, responsible for the high ionic conductivity of 

oxide [1, 2]. The most attractive features of this compound 

are that of its strong polar response and high ionic mobility 

which are generally incompatible in most ferroelectrics [1, 

3-4]. It finds a wide variety of applications in catalysts, gas 

sensors, solid state electrolytes as electrode materials for 

lithium rechargeable batteries, pyroelectric detectors, fuel 

cells and oxygen pumps [5-7]. Single crystals of Bi4V2O11 

have been grown by slow cooling the melts of the 

prereacted compounds [4]. Bi4V2O11 abbreviated as 

(BIVOX) and its substituted compound abbreviated as 

BIMEVOX, where ME is an n-charged cation (n=2-6) such 

as Cu, Co, Al, Cr, As and Ti, were prepared mostly in 

ceramic form by sol-gel, modified sol-gel, co-precipitation, 

mechanical activation, combustion, molten salt and solid 

state reaction methods [8-13]. This compound was also 

prepared in thin film form by chemical vapor deposition 

(CVD) method [14]. Bi4V2O11 compound has three 

structural modifications; these modifications are α, β and γ 

form. The α-Bi4V2O11 is found in mainly two structural 

form such as monoclinic crystal structure with space group 

C2/m and orthorhombic crystal structure with space group 

P22121 [15, 16]. The β form is having the orthorhombic 
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crystal structure in the centrosymmetric space group Amam. 

The crystal structure of high temperature γ form is 

tetragonal with space group I4/mmm [2]. The phase 

transition for Bi4V2O11 occurs from α to β at 720 K, β to γ 

at 840 K, and γ to γ' at 1150 K while γ' to liquid is at 1160 

K [17]. Ferroelectric properties were reported for the low 

temperature α phase in Bi4V2O11 [18]. Electrical properties 

of ceramics strongly depend on its microstructure, for 

example; sample with larger grains have lower 

conductivity [19-21]. Dielectric studies on nano crystalline 

Bi4V2O11 powders indicated that the ferroelectric to 

paraelectric phase transition is strongly frequency 

dependent [22]. The Curie- Weiss law is valid above the 

transition temperature. Conductivity of BIVOX and 

BIMEVOX has been reported [23-28]. From the literature 

it is observed that most of the work have been reported 

related to  phase but no systematic work has been reported 

on the low temperature α phase and hence we want to study 

the electrical and thermal behavior of low temperature α 

phase. In view of this the present paper reports on the 

synthesis, electrical and thermal properties of pure and 1%, 

Cu–doped Bi4V2O11 compound in vanadium site.  

 

Experimental 

Materials and sample preparation 

The polycrystalline ceramic samples of Bi4V2-xCuxO11 (x= 

0.0 and 0.02) were prepared by the conventional solid state 

reaction method. The stoichiometric amount of Bi2O3 

(99.99%, HIMEDIA, Mumbai), V2O5 (99.0%, HIMEDIA, 

Mumbai) and CuO (99.99%, CDH, New Delhi) were 

mixed and calcined at 600 
o
C for 6 h in silica crucible in air 

atmosphere. The process of firing and grinding was 

repeated for a number of times. The resulting mixture was 

compressed into pellet form by applying pressure around 5 

tones/cm
2
 in a hydraulic press. These pellets were sintered 

at 800 
o
C for 2 h and 1 h respectively.  

 

Characterization techniques 

X-ray diffraction 

Structural characterization of Bi4V2-xCuxO11 ( x=0.0 and 

0.02) compounds was carried out by X-ray diffraction 

using Rigaku X-ray diffractometer with CuKα radiation 

and nickel filter in a wide range of 2 from 10-90
o
 with a 

scanning rate of 2
o
 per minute. The instrument was 

calibrated using the pure silicon sample provided with the 

instrument. 

 

Dielectric constant and loss measurement 

The dielectric constant (ε’) and dielectric loss (ϵ’’) of 

Bi4V2-xCuxO11 (x=0.0 and 0.02) compounds were measured 

as a function of frequency (100 Hz-2 MHz) and  

temperature (RT to 673 K) using a HIOKI 3532-50 LCR 

HITESTER.  

 

Conductivity measurement 

The ac conductivity (σac) was measured at 100 kHz, in the 

temperature range of 300 K-693 K using the relation 

σac=ωεoε”. The dc electrical conductivity measurement was 

carried out using laboratory made set up from room 

temperature to 653 K in air atmosphere using high 

precession digital pico ammeter Model (DPM-111). 

 

Thermal analysis 

The Modulated Differential Scanning Calorimetry (MDSC) 

measurement was carried out with TA instruments Model 

2910 modulated differential scanning calorimeter from RT 

to 600 
o
C in inert (N2) atmosphere with a heating rate of 

5
o
C/min with ±0.75 

o
C modulation per 60 sec.  

 

 
            
Fig. 1. RT X-ray diffraction patterns of Bi4V2-xCuxO11 (x=0.0 and x=0.02). 

 

Results and discussion 

Fig. 1 shows the room temperature (RT) X-ray diffraction 

patterns of Bi4V2-xCuxO11(x=0.0 and 0.02) compounds. All 

the peaks in both the pure and substituted compound are 

well matching with orthorhombic symmetry in α phase and 

hence these compounds show same crystal structure [16, 

29].  

The variation of dielectric constant (ε’) of Bi4V2-

xCuxO11(x=0.0 and 0.02) as a function of frequency (Fig. 2) 

indicates that, at lower frequencies ε’ decreases very fastly 

due to the space charge contribution but at higher 

frequencies the decrease is slow and become almost 

frequency independent due to the ionic and electronic 

contribution for both the compounds. 

 

 
 

Fig. 2. Dielectric constant versus frequency curves of Bi4V2-xCuxO11 
(x=0.0 and 0.02). 
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The variation of dissipation factor of Bi4V2-xCuxO11 

(x=0.0 and 0.02) as a function of frequency at room 

temperature is shown in Fig. 3. 

    

 
 
Fig. 3. Dissipation factor versus frequency curves of Bi4V2-xCuxO11 (x=0.0 

and 0.02). 
 

The dissipation factor (ε’’) shows almost similar 

behavior as dielectric constant. The temperature variation 

of ε’ for Bi4V2-xCuxO11 (x=0.0 and 0.02) at a frequency of 

100 kHz is shown in Fig. 4. 

  

 
       
Fig. 4. Dielectric constant versus temperature curves of Bi4V2-xCuxO11 
(x=0.0 and 0.02) at a frequency of 100 kHz. 

 

From the figure it is observed that ε’ for x=0.0 

compound increases with the increase of temperature and 

doesn’t show any dielectric anomaly up to the measured 

temperature range. But ε’ of Cu-doped compound with 

 =0.02 shows an anomaly around 633K and then decreases 

rapidly. Further the pea  value of ε’ for  =0.02 is low (       

400) which may be due to the increase in the grain size 

with the addition of Cu on vanadium site [30].  Further, the 

ionic radii of  V
5+

 ion (0.59 Å) is smaller than that of the 

ionic radii of Cu
2+

 ion (0.73 Å), and  hence, the grain size 

increases with the substitution of Cu
2+

 ions on vanadium 

site. The temperature variation of ε’’ for Bi4V2-xCuxO11 

(x=0.0 and 0.02) at a frequency of 100 kHz is shown in Fig. 

5. From the fig, it is observed that dissipation factor 

increases with the increase of temperature and there is no 

peak observed up to the measured temperature range.The 

ac conductivity (σac) was measured at 100 kHz, in the 

temperature range of 300 K-693 K using the relation 

σac=ωεoε”.  

 

 
 

Fig. 5. Dissipation factor versus temperature curves of Bi4V2-xCuxO11 

(x=0.0 and 0.02) at a frequency of 100 kHz. 
 

Fig. 6 shows the variation of logσac versus 1000/T 

curve. The calculated activation energies (Ea) were 0.45 eV 

(323-533 K) and 0.93 eV (543-683 K) for x=0.0 and 0.05 

eV(303-403 K),0.37eV(413-603 K) and 2.16 eV (613-683 

K) for x=0.02 compound.        

  

   
Fig. 6. logσacversus 1000/T curves of Bi4V2-xCuxO11 (x=0.0 and 0.02) at a 

frequency of 100kHz. 

 

The temperature dependence of dc conductivity (σdc) 

for Bi4V2-xCuxO11 is shown in Fig. 7. The conductivity is 

too small to be measured below the temperature of 533 K. 

The activation energies calculated from log σ vs 1000/T 

curve are 1.85 eV for pure compound and 1.69 eV for Cu-

doped compound.  

Fig. 8 shows the heat capacity and heat flow curves of 

Bi4V2O11 as a function of temperature. The heat capacity 

curve as well as heat flow curve clearly indicates two 

thermal anomalies i. e phase transition around the 

temperature 440 
o
C and 515 

o
C. The heat capacity curve 

shows exothermic peaks at 440
o
Cand 518

o
C and the heat 

flow curve shows endothermic peak at 440
o
C and 513

o
C. 
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However the second peak at around 515
o
C in both the 

curves are broader than first peak at 440
o
C which indicates 

that the second transition is sluggish. These transitions are 

due to α→β and β→γ phase changes.  

 

 
 

Fig. 7. logσdc versus 1000/T curves of Bi4V2-xCuxO11 (x=0.0 and 0.02). 

 
 

 
     
Fig. 8. Heat flow and heat capacity versus temperature curves for 

Bi4V2O11. 

 

 
 

Fig. 9. Heat flow and heat capacity versus temperature curves for 

Bi4V1.98Cu0.02O11. 

 

Fig. 9 shows the MDSC curves of Bi4V2-xCuxO11 where 

x=0.02. Here the heat capacity curve shows two 

e othermic pea s representing α→β and β→γ phase 

transitions around 462 and 512 
o
C whereas the heat flow 

curve shows two endothermic peaks around same 

temperature. Here both α→β and β→γ transition 

temperatures are shifting in both the heat capacity and heat 

flow curves.  

If we compare the transition behavior of Cu- doped and 

pure Bi4V2O11 compound then it is observed that α→β 

transition shifted from 440 
o
C in the pure compound to 462 

o
C (higher side) in the Cu doped compound and β→γ 

transition shifted from 518 
o
C in the pure compound to 512 

o
C (lower side) in the Cu doped compound.  The shifting of 

transition temperature may further be explained on the 

basis of difference in ionic radii of the host and foreign 

atoms as mention above. In addition an additional peak 

around 450
o
C is observed in both the curves which is 

unknown and needs further explanation. 

 

Conclusion 

From the above studies, it is concluded that the substitution 

of Cu-ions on V-site in Bi4V2-xCuxO11, decreases the 

dielectric constant and increases the ac conductivity of the 

compound. The dc conductivity increases slightly for Cu-

doped compound. The thermal behavior of the pure and 

dopedcompounds have been studied using MDSC 

technique. From this study it is concluded that the α→β 

transition and β→γ transition temperatures are shifting 

towards higher and lower sides with respect to the pure 

compound which depends upon the thermal characteristics 

of Cu present on the vanadium lattice sites.   
 

Reference 

1. Abraham, F.; Debreuille-Gresse, M.F.; Mairesse, G.; Nowogrocki, G. 

Solid State Ionics. 1988, 28-30, 529.  

DOI: 10.1016/S0167-2738(88)80096-1 
2. Abraham, F.; Buivin, J. C.; Mairesse, G.; Nowogrocki, G. Solid State 

Ionics. 1990, 40/41, 934.  

DOI: 10.1016/0167-2738(90)90157-M 
3. Prasad, K.V. R.; Varma, K. B. R. J Phys D: Appl Phys. 1991, 24, 

1858.  

DOI: 10.1088/0022-3727/24/10/022  
4. Prasad, K. V. R.; Varma, K. B. R. Mater Chem Phys. 1994, 38, 406. 

DOI: 10.1016/0254-0584(94)90222-4 

5. Kumar, S.; Sahare, P. D.  Advanced Material Letter, 2012 (Accepted). 
6. Shuk, P.;  Wiemhofer, H. D.; Guth, U.; Gopel, W.; Greenblatt, M. 

Solid State Ionics. 1996, 89, 179.  

DOI: 10.1016/0167-2738(96)00348-7 
7. Arroyoyde Dompablo, M. E.; Garcia Alvarado, F.; Moran, E.  Solid 

State Ionics. 1996, 91, 273.  

DOI: 10.1016/S0167-2738(96)83029-3 
8. Pell, J. W.; Ying, J. Y.; Zur Loye, H. Mater Lett. 1995, 25, 157.  

DOI: 10167-577x(95)00163-8 

9. Hervoches, C. H.; Steil, M.; Muccillo, R. Solid State Sci. 2004, 6, 173. 
DOI: 10.1016/j.solidstatesciences.2003.12.005 

10. Castro, A.;  Millan, P.;  Ricote, J.;  Pardo,  L. J Matter Chem. 2000,  

10,  767.  
DOI: 10.1039/A908774E 

11. Roy, B.; Fuierer,  P. J Mater Res. 2009, 24, 3078.  

DOI: 10.1557/JMR.2009.0392 
12. Roy, B.;  Fuierer,  P. J Am Ceram Soc. 2009, 92, 520.  

DOI: 10.1111/j.1551-2916.2008.02872.x 
13. Roy, M.; Sahu, S.; Barbar, S. K.; Jangid, S. AIP Conf. Proc. 2013, 

1512, 922.  

DOI: 10.1063/1.4791341 



 

 Roy et al. 

Adv. Mat. Lett. 2014, 5(3), 122-126                                            Copyright © 2014 VBRI press                                   126 
 

14. Barreca, D.; Depero, L. E.; Dinoto, V.; Rizzi, G. A.;  Sangaletti, L.; 

Tondello, E. Chem Mater. 1999, 11, 255.  
DOI: 10.1021/cm980725q 

15. Joubert, O.; Jouanneaux, A.; Ganne, M. Mater. Res. Bull. 1994, 29, 

175.  

DOI: 10.1016/0025-5408(94)90138-4 

16. Garcia- Gonzalez, E.; Arribas, M.; Gonzalez-Calbet J. M. J. 

Mater.Chem. 2001, 11, 2320.  
DOI: 10.1039/B103126K 

17. Vannier, R. N.; Mairesse, G.; Abraham, F.;Nowogrocki, G.; Pernot, 

E.; Anne, M.; Bacmann, M.; Strobel, P.; Fouletier, J. Solid State 
Ionics. 1995, 78, 183.  

DOI: 10.1016/0167-2738(95)00110-R 

18. Vannier, R. N.; Pernot, E.; Anne, M.; Isnard, O.;  Nowogrocki, G.;  
Mairesse, G. Solid State Ionics. 2003, 157, 147.  

DOI: 10.1016/S0167-2738(02)00202-3 

19. Pirovano, C.; Steil, M. C.; Capoen, E.; Novogrocki, G.; Vannier, R. N. 
Solid State Ionics. 2005, 176, 2079.  

DOI: 10.1016/j.ssi.2004.06.026 

20. Dygas, J. R.; Malys, M.; Krok, F.; Wrobel, W.; Kozanecka, A.; 
Abrahams, I. Solid State Ionics. 2005, 176, 2085.  

        DOI: 10.1016/j.ssi.2004.12.017 
21. Roy, M.; Bala, I.; Barbar, S. K. J Therm Anal Calorim. 2012, 110, 

559.  

DOI: 10.1007/ S 10973-012-2525X . 

22. Shantha, K.;Varma, K. B. R. J Mater Res. 1999, 14, 4651.  
DOI: 10.1557/JMR.1999.0629 

23. Roy, M.; Sahu, S.; Barbar, S. K.; Jangid, S. J.  Therm. Anal. Calorim. 

2013.  
DOI: 10.1007/s10973-012-2833-1 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 

24. Emel’yanova, Yu. V.; Shafigina, R. R.; Buyanova, E. S.; Zhu ovs ii, 
V. M.; Zainullina, V.M.; Petrova, S. A. Russian Journal of Physical 
Chemistry. 2006, 80, 1725.  

DOI: 10.1134/S0036024406110057 

25. 25. Zhu ovs ii, V. M.; Emel’yanova, Yu.V.; Shafigina, R.R.; Petrova, 

S. A.; Zainullina, V. M.;   Buyanova, E. S. Russian Journal of 

Physical Chemistry. 2007, 43, 443.  

DOI: 10.1134/S1023193507040118 
26. 26. Kant, R.; Singh, K.; Pandey, O. P. International Journal of 

Hydrogen Energy. 2008, 33, 455.  

DOI: 10.1016/j.ijhydene.2007.07.025 
27. 27. Beg, S.; Hafeez, S.; Al-Areqi, N. A. S. Phase Transition. 2010, 83, 

169.  

DOI: 10.1080/01411591003607263 
28. 28. Fuierer, P.; Maier, R.; Roder Roith, U.; Moos, R. J Mater Sci. 

2011, 46, 5447.  

DOI: 10.1007/s10853-011-5486-8 
29. 29. Touboul, M.; Lokaj, J.; Tessier, L.; Kettman, V.; Vrabel, V. 

ActaCryst.1992, C48, 1176.  

DOI: 10.1107/S010827019101421X 
30. 30. Kang, B. S.; Choi, D. G.; Choi, S. K.  J. Kor. Phys. Soc. 1998, 32, 

S232.  

DOI: 10.3938/jkps.32.232 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

http://dx.doi.org/10.1016/0025-5408(94)90138-4

