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ABSTRACT

70V2O5-10Fe2O3-13P2O5-7B2O3 glasses were prepared to study the electrical conductivity and catalytic properties of the struc-

tural change with crystallization. The structural changes were analyzed by determining the molecular volume from the sample

density; using X-Ray Diffraction (XRD) analysis, which indicated that V2O5, VO2 and B2O3 crystals in heat-treated more than 1h

samples. Especially a new crystalline phase of non-stoichiometric Fe0.12V2O5 was formed after 6 h heat treatment. The V-O bond-

ing change after crystallization was analyzed by Fourier Transform Infrared Spectroscopy (FTIR); V ion change from V5+ to V4+

was shown by XPS. Conductivity and catalytic properties were examined based on the polaronic hopping of V and Fe ions, which

exhibited different valence states with crystallization.
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1. Introduction

anadate glass is characterized with a large glass form-

ing area and semi-conducting property due to the inher-

ent characteristic of having various oxidation states

simultaneously. Applications in a wide range of industries

including semiconductor switching devices, electrochemical

batteries, and sensors are possible utilizing such properties,

garnering interest in this material as a new source of tech-

nology in the field of semiconducting glass.1,2) In the case of

glass mixed with two or more transition metal oxides among

such semiconducting oxide glasses, numerous studies were

carried out to identify intermetallic ion mixed exchange

pairs. Bogomolova et al. discovered the formation of a Cu2+-

V4+ pair between the different transition metal ions V and

Cu in glass with a composition including a mix of two or

more transition metals such as BaO-V2O5-CuO and P2O5-

CaO-V2O5-CuO; it was reported that a strong exchange

interaction existed between the Cu2+ and V4+ ions.3) Also,

with regard to the transition metal and electrical property,

Mansour et al. found that the formation of a mixed pair

between different transition metal ions influenced the elec-

trical property of vanadate glass because electron hopping

could occur between the intermetallic ions.4,5) It was pre-

dicted that the Fe3+ ion in the Fe2O3-V2O5 glass can combine

to both interstitial and substitutional forms in the V2O5

glass matrix; the V and Fe ions exist in a mix according to

the crystallization, in which new combinations occur to form

bond pairs that affect the electrical conductivity and cata-

lytic properties.6,7) 

Most transition metal oxides form non-stoichiometric

bonding with oxygen because the metal ions exist in various

oxidation states. Oxygen deficiency occurs within a non-stoi-

chiometric chemical compound due to oxygen defects; struc-

tural deficiency from such oxygen deficiency and transition

metal oxide defects significantly impact the catalytic prop-

erty.8) Additionally, matrix defects like oxygen defects act as

active sites for selective oxidation, ammonia oxidation, and

dehydrogenation. As a result, the catalytic activity of nano-

particles created from transition metal oxides causes defects

like oxygen defects and facilitates effective oxygen transport

of materials through oxygen deficiency and enhancing of the

catalytic ability; oxygen defects become active sites for

organic bond (C-H) decomposition.9,10) In addition, the elec-

trical conductivity of glass is not dependent only on the

polaron radius and redox ratio V4+/(V4++V5+); the glass struc-

ture also plays an important role in influencing the electri-

cal property.4)

In this study, heat treatment time for 70V2O5-10Fe2O3-

13P2O5-7B2O3 glass including two transition metal oxides

was varied and crystallization was carried out to perform

crystalline phase analysis; thermogravimetric analysis

(TGA) was used to investigate the catalytic ability for the

oxidation reaction of fatty acids. The glass structure change

was predicted to affect the catalytic property and electric

conductivity and induce change; density and molar volume

measurements, X-ray diffraction (XRD), X-ray photoelec-

tron spectroscopy (XPS), and Fourier transform infrared

(FT-IR) spectroscopy were used to investigate the causes

and mechanisms behind the property changes through
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qualitative and quantitative analyses of the glass structure.

2. Experimental Procedure

2.1. Glass fabrication and crystallization

In this study, the starting materials used for the fabrica-

tion of 70V2O5-10Fe2O3-13P2O5-7B2O3 glass were Extra Pure

grade V2O5, Fe2O3, NH4H2PO4, and B2O3 of Junsei Chemical

Co., LTD. After mixing the substances for 10 min in an alu-

mina mortar according to the composition ratio, the mixture

was placed in an alumina crucible and melting was carried

out for 2 h at 800oC in an electric furnace; then, the mixture

was rapidly cooled in regular atmosphere on top of a stain-

less steel plate. The fabricated glass was grinded using an

automatic grinding mixer and passed through 325 mesh.

The filtered powder (d < 44 μm) was assessed through DSC,

XRD, FTIR, XPS, and TGA analyses. The glass specimen

used for the electrical conductivity, density, and molar vol-

ume measurements was cut into dimensions of 10 × 10 mm;

SiC paper (# 220-1000) was used to fine polish the specimen

so that it had parallel sides and a thickness of 2 mm.

DSC (SDT Q600, TA instrument, USA) was used to iden-

tify the glass transition temperature (Tg) and crystalliza-

tion peak temperature (Tp), as shown in Fig. 1. Also, after

annealing at a temperature of Tg or higher for 1 h on a car-

bon mold for the glass crystallization, heat treatment was

carried out for 6 and 12 h at crystallization temperatures of

Tp1 and Tp2, respectively.

2.2. Material property evaluation

In order to assess the structural change according to the

crystallization, the density and molar volume were mea-

sured. The density of the glass specimen was measured

using the Archimedes method (GH-200, AND Co, Korea) by

placing samples with dimensions of 10 × 10 × 2 mm under

water. The molar volume was then calculated using the

measured density and the equation  ( : Average

molecular weight of the glass). The average measurement

value of 3 measurements was calculated and used as the

measured density value; error bars and standard deviation

of the experiments were indicated. Also, for the crystalline

phase analysis, Ultima 4, manufactured by Rigaku, was

used to determine the presence of (Cu-Kα) crystallinity in

the 2θ range of 10-80° with step sizes of 0.02°; the type of

crystalline phase formed was also determined.

In order to evaluate the glass structure change, a Spec-

trum GX (Perkin Elmer Co, USA) spectrometer was used to

carry out FTIR analysis. KBr (Mixing ratio 1 : 1200) powder

was fabricated by preparing a mixed powder specimen and

then drying the specimen at 100oC in a dryer. The measure-

ment conditions were 20 scans, 4 cm−1 resolution, and

400~4000 cm−1 range. Also, the ESCALAB250 XPS system

and the Theta Probe XPS system using monochrome Al Kα

(hν = 1486.6 eV) radiation were used to analyze the state

change of the V and Fe ions of the glass; the conditions of X-

ray energy, sample positioning of the X-ray, and sampling

time for all 4 specimens according to the crystallinity condi-

tion were maintained for the measurements. The analysis

range was 400μm and the data were calibrated based on

C1s (284.6 eV). The error of the peak position with suitable

signal to noise ratio was approximately ± 0.2 eV.

A Keithley electrometer was used to measure the resistiv-

ity of each specimen at the temperature of 45oC; this was

done so that the dc electrical conductivity for each specimen

could be measured. Also, in order to investigate the catalytic

property of the glass specimen for the oxidation reaction of

fatty acids (linoleic acid and stearic acid), 10 mg of fatty acid

and 10 mg of glass powder were mixed to obtain 2 speci-

mens for the TGA analysis. The TGA analysis used the

Q600 device manufactured by TA Instruments to carry out

measurements from room temperature to 600oC with a

heating rate of 10oC/min under a 5 vol% N2 gas atmosphere.

The fatty acids used in the experiment were technical 60-

74% (GC) grade linoleic acid and reagent 95% grade stearic

acid manufactured by Sigma-Aldrich Co. 

3. Results and Discussion 

3.1. Density change

Figure 2 shows the density measurement of the glass

specimen after annealing and heat treatment, as well as the

molar volume obtained using the Archimedes method. In

VM M/ρ≡ M

Fig. 1. DSC curve of the as-quenched Fe2O3-V2O5-B2O3-P2O5,
10°C/min heating rate.

Fig. 2. Dependence of density and molar volume on heat
treatment duration in Fe2O3-V2O5-B2O3-P2O5 glass.
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Fig. 2, it can be observed that the density and molar volume

of the glass specimen changed, indirectly showing that the

glass structure changed due to crystallization. Moreover, as

the heat treatment time increased, the density increased,

while the molar volume decreased. These changes were

caused by thermal relaxation, which resulted in a decrease

in the glass structure deformation. The increase in density

showed that the glass structure strengthened as the heat

treatment time increased; glass structure became highly

cross-linked. This structural change was observed through

the XRD and FT-IR measurements discussed below.

3.2. Structural change

Figure 3 shows the XRD analysis results of the crystalline

phase formation for all the specimens with varying heat

treatment times. Fig. 3(a) shows the XRD pattern of one

specimen; no crystallinity peak was observed. The peak at

25° was due to the amorphous halo characteristic. Fig. 3(b)

shows the XRD pattern of the glass that was heat treated

for 1 h at the crystallization temperature Tc (437oC &

540oC), defined through the DSC measurement (Fig. 1).

Unlike the annealed specimen, this specimen showed a few

crystallinity peaks of low peak strength. The V2O5 (JCPDS

01-0359) phase was observed as the major crystallinity

phase and the VO2 (JCPDS 09-0142) and B2O3 (JCPDS 06-

0297) crystallinity peaks were also identified. Figs. 3(c) and

(d) show the XRD patterns of the specimens heat treated for

6 and 12 h, respectively. The Fe0.12V2O5 (JCPDS 049-0805)

crystallinity phase, which was not found for the specimen

with 1 h crystallization, was observed; through this, the for-

mation of new bonding reaction Fe-O-V was identified due

to the bonding reaction between the different metal ions.11)

Especially, the new crystalline phase includes numerous

oxygen defects because it is a compound that has non-stoi-

chiometric bonding between the metal and oxygen ions;

structural defects of transition metal oxides, similar to

these oxygen defects, were predicted to significantly affect

the catalytic property.

Figure 4 shows the infrared spectrum of the glass speci-

mens, including those that only underwent annealing and

those with various heat treatment times. For the only-

annealed specimen, it was observed that amorphous BO3

and VO5 were major structural groups existing on the glass,

while VO4 and BO4 groups increased within the glass struc-

ture as the heat treatment time increased at the Tp tem-

perature.12) 

The band located in the 1200-1600 cm−1 range corresponds

to the B-O bond of the BO3 trigonal group; the band located

in the 900-1200 cm−1 range corresponds to the BO4 tetrahe-

dra group.13) As the heat treatment time increased, the band

of the BO3 trigonal group gradually increased and became

flat and the B-O bond corresponding to the BO4 tetrahedra

group increased and formed a valley.14) In addition to the

XPS results, which showed that the V5+ to V4+ ion content

increased as the heat treatment time increased, the decrease

in the V=O double bond within the glass structure and the

change from BO3 to BO4 showed that the glass structure

change signifies a strengthening of the glass structure

through a decrease of nonbridging oxygen within the glass

structure. The band located in the 750-900 cm−1 range

results from the B-O-V-O-B or BO4 unit, and represents the

interaction that forms a network between the VO4 and BO4

units; this shows the relationship of the structural strength-

ening to the heat treatment time increase.15) The band

observed for the 430-550 cm−1 range results from the inter-

action of the Fe3+ ion of Fe2O3 and the V=O bond, both exist-

Fig. 3. XRD patterns of 70V2O5-10Fe2O3-13P2O5-7B2O3 glasses
for as-annealed sample and samples heat treated at
Tp (437°C and 540°C) for different times (1, 6, and
12 h).

Fig. 4. IR spectra of 70V2O5-10Fe2O3-13P2O5-7B2O3 : Untreated
and heat treated for 1, 6, and 12 h at Tp. 
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ing in the glass structure. This band was not observed for

(a) with only annealing carried out but the valley was

observed for the 470 cm−1 band of (b)~(d) as the heat treat-

ment time increased. This shows that the Fe ion in the

vanadium chain represents the interstitial or substitutional

inserted structure; according to Baran et al., this corre-

sponds to strong interaction between the Fe-O and V-O

vibrations due to the coordination numbers of V and Fe

forming a strongly cross-linked structure.16,17) Also, the

Fe2O3 is of an interstitial or substitutional form in the V2O5

matrix, and this result is in agreement with previous works

in the literature, which showed that substitution in the

matrix site was possible.18) 

Figure 5 shows the results of XPS analysis, which was

used to measure the doublet spectra of the V 2p and Fe 2p

spin orbits in order to quantitatively evaluate the V and Fe

ion oxidation number of the 70V2O5-10Fe2O3-13P2O5-7B2O3

glass. As shown in the figure, asymmetry was observed for

both the V 2p and Fe 2p peaks, and this revealed that the V

and Fe ions existed in two or more oxidation states.19)

According to a previous study on vanadium phosphate

glass, the core level spectrum of V5+ showed a peak at the

binding energy (BE) of 517.3 eV, while the peak level of V4+

was 516 eV.20) Thus, in accordance with the V 2p3/2 core level

Fig. 5. High-resolution core level (a) V 2p spectra and (b) Fe 2p spectra for all samples of 70V2O5-10Fe2O3-13P2O5-7B2O3 glasses.

Fig. 6. V 2p3/2 and Fe 2p3/2 core level spectra fitted with single peaks of V5+ and V4+ and Fe3+ and Fe2+, respectively, for glasses as
annealed (a) and (c) and heated for crystallization at Tp for 12 h (b) and (d). 
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spectrum, the V5+ and V4+ ions were fitted according to the

average binding energies of 517.3 eV and 516.1 eV, respec-

tively, and the concentrations of V5+ and V4+ were quantita-

tively analyzed.21,22) Since Fe can exist in the forms of Fe2+ or

Fe3+, the Fe 2p3/2 peak of the glass specimen can be decom-

posed into two Gaussian-Lorentzian peaks, as shown in Fig.

6; after fitting, fitting was carried out with Fe2+ and Fe3+ at

~ 711.7 and ~ 713.8 eV, respectively.23) The relative ratios

V4+/Vtotal, V
5+/Vtotal, Fe2+/Fetotal, and Fe3+/Fetotal, obtained through

fitting, are shown in Table 1; it was observed that the V5+

and Fe2+ content decreased, while the V4+ and Fe3 content

increased as the heat treatment time increased for the

70V2O5-10Fe2O3-13P2O5-7B2O3 glass crystallization. 

3.3. Electrical conductivity and catalytic property

change

Figure 7 shows the resistivity measurement at 45oC for

specimens with varying heat treatment times. The heat

treatment time was varied among 1, 6, and 12 h. As the

heat treatment time increased, the resistivity decreased

and the electrical conductivity increased. This increase in

electrical conductivity resulted from the densification of the

structure. As the heat treatment time at the crystallization

temperature increased, the crystal growth accelerated and

the glass state turned to crystalline, causing structure den-

sification.18,19) The electrical conductivity within the glass

can be explained using the small polaron hopping theory

between the transition metal ions. The possible reaction

processes in the system used in this study were Fe2+ → Fe3+,

V4+ → Fe3+, and V4+ → V5+, where polaron hopping occurs

from a low oxidation number ion to a metal ion with a high

oxidation number, resulting in electrical conduction; the

bonding of such metal ions creates conduction paths. These

conduction paths affect the enhancement of electrical con-

ductivity; this is in agreement with the vanadate glass elec-

trical conductivity and other property studies by Gzowski et

al., which utilized the electron transfer and bond formation

between different metal ions such as V4+ and Fe3+ ions.24,25) 

Moreover, the increase in the heat treatment time for

crystallization leads to an increase in conduction paths and

an increase in V4+ and Fe2, as shown in the XPS measure-

ments (Fig. 6). Also, the increase in the Fe-O-Fe and Fe-O-V

bonding found through the FTIR measurement supports

this result.

Figure 8 shows the TGA analysis results for the two sam-

ple types that mixed 10 mg of linoleic acid and stearic acid

with 10 mg of glass powder obtained after crystallizing

70V2O5-10Fe2O3-13P2O5-7B2O3 glass under varying heat

treatment conditions. Linoleic acid is a representative

Table 1. The Peak Positions (in eV) Obtained with Curve
Fitting of the V 2p3/2 and Fe 2p3/2 Peaks of all the
Glass Samples 

Sample V 2p3/2 Fe 2p3/2

As annealed
516.52(90.2)
517.53(9.8)

711.9(20.56)
714.2(79.44)

HT 1h
516.01(89.18)
517.41(10.82)

711.8(25.74)
713.3(74.26)

HT 6h
516.23(85.84)
517.52(14.16)

711.7(32.67)
713.9(67.33)

HT 12h
516.39(81.27)
517.50(18.73)

711.6(38.91)
714.0(61.09)

The relative areas under the peak are given in parentheses. 
The uncertainty in the peak positions is ±0.1 eV.

Fig. 7. Relation between – logσ and heat treatment time for
each different heat treated sample of 70V2O5-13P2O5-
7B2O3-10Fe2O3 glasses.

Fig. 8. Weight loss of (A) linoleic and (B) stearic acids with
70V2O5-10Fe2O3-13P2O5-7B2O3 glass heat treated at
430°C and 540°C.
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unsaturated fatty acid with two double bonds (CH3(CH2)4CH

=CHCH2CH=CH(CH2)7CO2H); stearic acid is a representa-

tive saturated fatty acid with a carbon number of 18(CH3-

(CH2)16COOH). Each fatty acid partially converts to CO2 gas

through oxidation reaction, and mass loss occurs. The sys-

tem glass used in this study underwent 1 h of heat treat-

ment at Tp (437oC & 540oC), which was then followed by the

formation of the crystalline phase. As a result, the tempera-

ture at which mass loss ends (according to the conversion of

the linoleic acid and stearic acid to CO2 gas from the oxida-

tion reaction) or the temperature at which the oxidation

reaction of each fatty acid ends, decreases (Stearic acid

345.69~328.38oC, Linoleic acid 400.21~394.85oC). After-

wards, the temperature of mass loss termination was mea-

sured for the increased heat treatment times of 6 and 12 h;

results revealed that the termination temperature gradu-

ally decreased. As shown in Table 2, the mass loss termina-

tion temperatures of the 12 h heat treated samples for

stearic acid and linoleic acid were 301.33oC and 352.51oC,

respectively. These results show that through the formation

of a non-stoichiometric binder phase Fe0.12V2O5 could be

observed through XRD measurement; it was determined

that transition metal ions with various valence states

within the glass bonded with oxygen to create scattered oxy-

gen vacancies, which act as active sites for the oxidation

reaction of fatty acid. So, when the heat treatment time is

increased, the number of oxygen vacancies increase to

increase the number of reaction sites for the oxidation reac-

tion; consequently, the reaction termination temperature

gradually impacts the decrease. Furthermore, it was pre-

dicted that the electron transfer will be active between the

same type of ions, like V5+ to V4+, and between different

metal ions, like the reduction reaction from Fe4+ to Fe3+,

which were quantitatively measured through XPS analysis;

this transfer process promotes the oxidation reaction of

fatty acids.

4. Conclusions

The objective of this study was to investigate and verify

the relationships concerning property changes, including

the catalytic property and electrical conductivity, from the

perspective of the glass structure by crystallizing system

glass 70V2O5-10Fe2O3-13P2O5-7B2O3, which includes two

transition metal oxides. The characteristics of vanadate

glass, as shown in the studies by Bogomolova3) & Kawa-

moto,8) which revealed that the metal ion ratio value

(C = V4+/[V4+ + V5+]) and changes in the glass structure

affect the electrical conductivity and catalytic property,

were directly and indirectly observed through XRD, FTIR,

XPS, and density measurement of the glass structure

changes caused by crystallization.

Through the molar volume and density measurement

results, it was found that the glass density increased with

extended heat treatment times due to intensified crystalli-

zation within the glass, which caused structural densifica-

tion. XRD analysis revealed that VO2, V2O5, B2O3, and

Fe0.12V2O5 phases were formed by the crystallization. As the

heat treatment time for crystallization increased, the VO2

phase increased, the V2O5 phase decreased, the V4+ content

increased, and the V5+ content decreased. Also, when heat

treatment was carried out for 6 h or more, the new binder

phase Fe0.12V2O5 was formed, revealing the formation of

bonding between Fe and V; this was also observed through

bonding structure analysis through FTIR measurement, in

which it was found that Fe-O-V bonding increased with

increased heat treatment time. 

Furthermore, the non-stoichiometric Fe0.12V2O5 phase

formed through heat treatment contained numerous defects

thus, many oxygen vacancies are formed within the glass

and then act as active sites that promote an oxidation reac-

tion for the decomposition of fatty acids in the crystallized

glass. This was observed through TGA measurement results

of the fatty acid mass loss termination temperature. 

REFERENCES

1. I. A. Gohar, Y. M. Moustafa, A. A. Megahed, and E. Man-

sour, “Electrical Properties of Semiconducting Barium

Vanadate Glasses Containing Iron Oxide,” Phys. Chem.

Glasses, 39 [1] 50-60 (1998).

2. I. Kashif, H. Farouk, S. A. Aly, A. A. Abdel-Rahman, and

A. M. Sanad, “Crystallization Process and Electrical Con-

ductivity in Vanadium Borophosphate Glass Containing

Iron,” Mater. Sci. Eng., B, 10 [1] 1-5 (1991).

3. L. D. Bogomolova, M. P. Glassova, O. E. Dubatovko, S. I.

Reiman, and S. N. Spasibkina, “The Study of Interactions

between Iron and Vanadium Ions in Semiconducting Bar-

ium-Vanadate Glasses Doped with Fe2O3,” J. Non-Cryst.

Solids, 58 [1] 71-89 (1983).

4. E. Mansour, G. El-Damrawi, S. Abdel-Maksoud, and H.

Table 2. Weight Loss of Linoleic and Stearic Acids with 70V2O5-loss2O3-los2O5-lo2O3 Glass Heat Treated at 430°C and 540°C

Heating
process

Stearic Acid Linoleic Acid

Start temp.
of weight loss

Finish temp.
of weight loss

Start temp.
of weight loss

Finish temp.
of weight loss

Annealed 198.56 345.69 200.42 400.21

1 h HT 201.23 328.38 212.97 394.85

6 h HT 221.55 314.15 228.70 371.63

12 h HT 233.62 301.33 235.87 352.51



412 Journal of the Korean Ceramic Society - Hwa-Jin Jeong et al. Vol. 54, No. 5

Doweidar, “Electrical Conduction in BaO-V2O5-B2O3 and

BaO-Fe2O3-V2O5-B2O3 Glasses: A Comparative Study,”

Phys. Chem. Glasses, 43 [2] 80-6 (2002).

5. M. M. El-Desoky, “Small Polaron Transport in V2O5-NiO-

TeO2 Glasses,” J. Mater. Sci.: Mater. Electron., 14 [4] 215-

21 (2003).

6. D. K. Kanchan, R. G. Mendiratta, and R. K. Puri, “An

Infrared Study of the Na2O-V2O5-Fe2O3 Glass System,” J.

Mater. Sci., 21 [7] 2418-22 (1986).

7. N. F. Mott, “Conduction in Glasses Containing Transition

Metal Ions,” J. Non-Cryst. Solids., 1 [1] 1-17 (1968).

8. N. Yoshida, K. Kazehara, Y. Kawamoto, and S. Kishimoto,

“Changes in the Catalytic Properties Caused by the Crys-

tallization of a Vanadate Glass on the Decomposition of

Formic Acid,” Chem. Lett., 8 [6] 667-70 (1979).

9. E. Gillis and E. Boesman, “E. P. R.-Studies of V2O5 Single

Crystals. I. Defect Centres in Pure, Non-stoichiometric

Vanadium Pentoxide,” Phys. Status Solidi B, 14 [2] 337-

47 (1966).

10. K. Hermann, M. Witko, R. Druzinic, and R. Tokarz, “Oxy-

gen Vacancies at Oxide Surfaces: Ab Initio Density Func-

tional Theory Studies on Vanadium Pentoxide,” Appl.

Phys. A, 72 [4] 429-42 (2001).

11. S. Maingot, P. Deniard, N. Baffler, J. P. Pereira-Ramos,

A. Kahn-Harari, R. Brec, and P. Willmann, “Origin of the

Improved Cycling Capability of Sol-Gel Prepared Fe0.12V2O5.16

Compared with V2O5,” J. Power Sources, 54 [2] 342-45

(1995).

12. A. Majjane, A. Chahine, M. Et-tabirou, B. Echchahed, T.-

O. Do, and P. M. Breen, “X-ray Photoelectron Spectros-

copy (XPS) and FTIR Studies of Vanadium Barium Phos-

phate Glasses,” Mater. Chem. Phys., 143 [2] 779-87 (2014)

13. S. Mandal, S. Hazra, D. Das, and A. Ghosh, “Structural

Studies of Binary Iron Vanadate Glass,” J. Non-Cryst.

Solids, 183 [3] 315-19 (1995).

14. R. Iordanova, Y. Dimitriev, V. Dimitrov, and D. Klissur-

ski, “Structure of V2O5-MoO3-Fe2O3 glasses,” J. Non-Cryst.

Solids, 167 [1-2] 74-80 (1994).

15. R. Iordanova, Y. Dimitriev, V. Dimitrov, S. Kassabov, and

D. Klissurski, “Glass Formation and Structure in the

V2O5-Bi2O3-Fe2O3 Glasses,” J. Non-Cryst. Solids, 204 [2]

141-50 (1996).

16. T. Nishida and Y. Takashima, “Mössbauer and DTA Stud-

ies of Semiconducting Potassium Vanadate Glasses Con-

taining Iron,” Bull. Chem. Soc. Jpn., 60 [3] 941-46 (1987).

17. I. L. Botto, M. B. Vassallo, E. J. Baran, and G. Minelli, “IR

Spectra of VO2 and V2O3,” Mater. Chem. Phys., 50 [3] 267-

70 (1997).

18. A. Bianconi and A. Giovannelli, “Xanes (X-ray Absorption

near Edge Structure) of V in Vanadium-Iron Phosphate

Glasses,” Solid State Commun., 42 [8] 547-51 (1982).

19. M. Demeter, M. Neumann, and W. Reichelt, “Mixed-

Valence Vanadium Oxides Studied by XPS,” Surf. Sci.,

454 [20] 41-4 (2000).

20. G. D. Khattaka, A. Mekki, and L. E. Wenger, “X-ray Pho-

toelectron Spectroscopy (XPS) and Magnetic Susceptibil-

ity Studies of Vanadium Phosphate Glasses,” J. Non-

Cryst., 355 [43-44] 2148-55 (2009).

21. M. A. Salim, G. D. Khattak, P. S. Fodor, and L. E. Wenger,

“X-ray Photoelectron Spectroscopy (XPS) and Magnetiza-

tion Studies of Iron-Vanadium Phosphate Glasses,” J.

Non-Cryst. Solids, 289 [1-3] 185-95 (2001).

22. J. Mendialdua, R. Casanova, and Y. Barbaux, “XPS Stud-

ies of V2O5, V6O13, VO2 and V2O3,” J. Electron Spectrosc.

Relat. Phenom., 71 [3] 249-61 (1995).

23. T. Yamashita and P. Hayes, “Analysis of XPS Spectra of

Fe2+ and Fe3+ Ions in Oxide Materials,” Appl. Surf. Sci.,

254 [8] 2441-49 (2008).

24. K. Sega, Y. Kuroda, and H. Sakata, “D.c. Conductivity of

V2O5-MnO-TeO2 Glasses,” J. Mater. Sci., 33 [5] 1303-8

(1998). 

25. A. Bianconi, A. Giovannelli, I. Davoli, S. Stizza, L. Palla-

dino, O. Gzowski, and L. Murawski, “Xanes (X-ray Absorp-

tion near Edge Structure) of V in Vanadium-Iron Phosphate

Glasses,” Solid State Commun., 42 [8] 547-51 (1982).


