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Investigation of the magnetic properties in strontium—borate
vanadate glasses

Manford Chinkhota and Petru S. Fodor
Department of Physics, Wayne State University, Detroit, Michigan 48201

G. D. Khattak
Department of Physics, King Fahd University of Petroleum & Minerals, Dhahran-31261, Saudi Arabia

L. E. Wenger?®
Department of Physics, Wayne State University, Detroit, Michigan 48201

To further elucidate the nature of the valence state of V ions in vanadate glasses, magnetic
susceptibility measurements in the temperature range of 5 to 300 K have been performed on a series
of vanadium-strontium—borate (@s+ SrO+B,03) oxide glasses with M0Os5 concentrations
greater than 50 mol %. The magnetic susceptibility for these oxide glasses is found to consist of a
temperature-independent paramagnetic contribution arising frof®s Vand a Curie—Weiss
temperature-dependent contribution associated with magnetfic Mns being present in
concentrations between 2% and 10% of the total V concentration. The negative Curie—Weiss
temperatures in the range of 0+®.8 K indicate a weak antiferromagnetic interaction between the
V4" jons. These results are consistent with a glass network structure consisting; gfolf@edra

in which the V" would be predominantly isolated species, and any interactions betweerf the V
ions would result from superexchange interactions throdgi®—V bonds. © 2002 American
Institute of Physics.[DOI: 10.1063/1.1456438

I. INTRODUCTION batch mixture was placed in a furnace, heated at 300 °C for 1
. . - . and then transferred to an electrically heated melting fur-
Studies on oxide glasses containing transition-meta S R
. . ; . . nace maintained at 1100 °C. The melt was left for about 3.5
(TM) ions continue to be of interest due to their semicon- ; g . . )
. . . . . under atmospheric conditions in the furnace during which
ducting properties that arise from the hopping of unpaire

. . ; he melt was occasionally stirred with an alumina rod. The
electroris) between TM ions having two different valence . .
4 o . o2 . . homogenized melt was then cast onto a stainless steel plate
states.”" Since vanadium can exist in several different oxi-

dation statege.g., \** and VA*), these vanadate glasses Canmold to form glass buttons from which smaller pieces were

exhibit electrical(semiconductingand magneti¢superpara- cut for magnetic measurements. The actual compositions of
. . . S the glasses were determined by ICP and are listed in Table I.
magneti¢ properties that are of particular technological im-
portance. The present work extends previous studies on t
magnetic properties of vanadate gla§sgdy investigating
the magnetic properties on a series 0fO¢—SrO-B0O; The temperature-dependent dc magnetic susceptibility
glass samples. Magnetic susceptibilif) measurements in was measured using a Quantum Design SQUID magnetome-
combination with inductively coupled plasma spectroscopyter (model MPMS-5%in a magnetic field of 5000 Oe over a
(ICP) have been used to determine the ratio of different vatemperature range of 5 to 300 K. The susceptibility of the
lence states of the V ions in these glasses. In addition, theample holder is negligible below 100 K for all samples,
possibility exists for magnetic interactions between the conwith less than a 2% correction at the highest temperature for
jugate ions V* (3d'). The extent and nature of this inter- all samples. The overall accuracy of the magnetic measure-
action can correspondingly be deduced from parameters aments is estimated to be approximately 3% due to the uncer-
sociated with the observed Curie—Weiss behavigy  tainty of the magnetometer calibration.
=C/(T—6)] of these glasses.

e N
fb. Magnetization measurements

lll. RESULTS AND DISCUSSION

Il EXPERIMENT The magnetic susceptibility results for a series of
A. Glass preparation (V,05)4(SrO), 4 glass samples where=0.8, 0.7, and 0.6

. , are displayed in Fig. 1 as plots of the inverse magnetic sus-

The glasses were prepared by melting dry mixtures ofenipility, H/M, as a function of the temperaturg, The

reagent grade 305, SrO, and BO; in alumina crucibles g sceptibility data do not appear to follow a simple Curie—
with various batch compositions as shown in Table I. Ap-\yeiss behaviof M/H=C/(T—6)] as there is a distinct
proximately 30 g of chemicals were thoroughly mixed 10 yo\ynward curvation in the data over the entire temperature
obtain homogenized batches. The crucible containing thgnge After attempting several other fitting possibilities, it
was found that the data for each sample could be fitted to a
dElectronic mail: wenger@physics.wayne.edu positive temperature-independent constant plus the Curie—
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TABLE I. Compositions and magnetic characterization parameters for the vanadate glasses.

Actual (M/H)const c
10 " emu, (10 4emuK 0
Composition Batch V20s SO BO; ( g Oe ) ( g Oe ) (K) VvHIv
(V,05)4(SrO); _» x=0.6 0591 0.409 - 1.17 0.700 0.03 0.0236
x=0.7 0.692 0.308 - 1.55 0.955 —0.05 0.0289
x=0.8 0.792 0.208 - 2.00 1.54 —2.85 0.0427
(V205)05(SrO)y5-4(B,03)y, y=0.1 0.498 0.415 0.087 0.670 0.603 —0.07 0.0225
y=0.2 0.483 0.299 0.218 0.630 0.731 0.42 0.0270
y=0.3 0.516 0.214 0.270 0.850 1.41 —1.38 0.0489
(V205)4(SrO)y AB203)ps-x x=0.5 0.516 0.214 0.270 0.850 1.41 —1.38 0.0489
x=0.6 0.613 0.209 0.178 2.00 3.24 —2.64 0.1007
x=0.7 0.701 0.209 0.091 1.67 2.47 —1.94 0.0721
x=0.8 0.792 0.208 0.000 2.00 1.54 —2.85 0.0427

Weiss temperature-dependent term. The temperaturg®* and G~ ions will give rise to a temperature-
independent constants are determined from a highindependent diamagnetic contribution, whileQ% gives a
temperature extrapolation oM/H-versus-1I' plots for  temperature-independent paramagnetic contribution on the
temperatures above 200 K. After subtracting theserder of 10* emu/mol Oe'® Since this latter value is an
temperature-independent constants from the measured susrder of magnitude larger than the typical diamagnetic con-
ceptibility data, the resulting*/H(=M/H—(M/H)ns)  tributions from the core ions, we can expect that th@©y
data follow a Curie-Weiss behavior as demonstrated ifharamagnetic contribution will dominate over the response
Fig. 2. The magnetic susceptibility data for the otherarising from the core diamagnetism of the glass ions. This is
two series of glasses, (0s)qs(SrO)s-y(B20s)y and in agreement with the experimental evidence BF/H) onst
(V205)x (SrO).AB203)0.8-x, also show a similar behavior heing positive. Furthermore, this interpretation is consistent
and were fitted to a temperature-independent term plus thgith the \,Og concentration dependence d¥1(H)sons fOr
temperature-dependent Curie—Weiss contribution followinghe entire series of glasses. For examph/K) .ons fOr the
an analogous procedure. The temperature dependence of the,0c),(SrO),_, glasses increases as increases while
resulting inverse susceptibilityd/M*, after subtracting out there is less variation in M/H)eng for the
the constants for the other two series of vanadate glasses 8¢,05) 0.5(SrO0)y5-,(B203)05- glass series having a fixed
shown in Figs. 3 and 4. The resulting parameters—yanadium concentration.
(M/H)const the Curie constan€, and the paramagnetic Cu- Since \** ions are nonmagnetic, the Curie—Weiss be-
rie temperatureg—obtained from this fitting procedure are havior observed in these glasses must be associated with a
listed in Table | for all samples. Note that the magnitude offraction of the vanadium ions being in another oxidation
the temperature-independent termvV}/H) const, iS about one  state, most probably4/ . X-ray photoemission spectroscopy
order of magnitude smaller than the Curie—Weiss contribustudied! on identical glass samples support this hypothesis
tion at room temperature. as the V 2 spectra show two peaks, one associated with the
A temperature-independent contribution can be expectegresence of ¥" ions and a smaller one associated with'V

to be present in these oxide glasses as the, W*", SF*,  Thus, determinations of the Curie—Weiss parameters in con-
30— e
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FIG. 1. The temperature dependence of the inverse magnetic susceptibiliti}lG. 2. The inverse magnetic susceptibilitd/M*, for a series of
H/M, for a series of (YOs),(SrO), _, glass samples. (V,05),(SrO), _ glass samples as a function of temperature.
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FIG. 3. The inverse magnetic susceptibilith/M*, for a series of
(V205)05(Sr0)y 5-(B,05), glass samples as a function of temperature.

Chinkhota et al. 8271

highest for the glasses having the largesOY concentra-
tions as the availability of unpairedd3 electrons to hop
from the V' sites to the V" sites would be greater.

The 6 values found in the present measurements of these
vanadate glasses are found to range from 6 208 K, indi-
cating a weak antiferromagnetic interaction between the V
ions. Typically the values off are proportional to the
strength of the interaction and the number of neighboring
magnetic ions. Assuming a glass network structure consist-
ing of mainly VO; polyhedra® any interactions between the
V4* jons result from superexchange interactions through
V—-0O-V bonds. Owing to the low content of %V ions in
these vanadate glasses?Vwould exist predominantly as
isolated species in these concentrated vanadate glasses with a
limited number of V¥ —O-\V** bonds being present.

In conclusion, magnetic susceptibility measurements in
the temperature range of 5 to 300 K have been performed on
a series of strontium—borate—vanadate ,Qy+ SrO
+B,03) glasses to elucidate the nature of the valence state

junction with concentration determinations by chemicalof the V ions. The magnetic susceptibility was found to con-

analysis on these oxide glasses result in magnetic igns

sist of a temperature-independent paramagnetic contribution

(Pei=1.73ug) being present in concentrations between 2%arising from WOs and a Curie—-Weiss temperature-
and 10% of the total V concentration for these glasses. Thesgependent contribution associated with magneti¢ Vons

percentages are consistent with other recent résuitstron-

being present in concentrations between 2% and 10% of the

tium vanadate glasses as well as the trend for increastfig V total \V concentration. The negative Curie—\Weiss temperature
concentrations with increasing,@s concentrations. As a re- values in the range of 0 te-2.8 K indicated a weak antifer-
sult, one would expect the electrical conductivity to be theromagnetic interaction between thé Vions.
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FIG. 4. The inverse magnetic susceptibilitd]/ M*, for a series of
(V,05),(SrO)y AB»03) g 5 glass samples as a function of temperature.
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