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Abstract
The local glass structure of tellurite glasses containing CuO with the nominal composition x(CuO) Æ ð1  xÞ(TeO2 ), where
x ¼ 0:10, 0.20, 0.30, 0.40, and 0.50, as well as the valence state of the copper ions have been investigated by X-ray photoelectron
spectroscopy (XPS) and magnetization measurements. The Te 3d core level spectra for all glass samples show symmetrical peaks (Te
3d5=2 and Te 3d3=2 ) at essentially the same binding energies as measured for TeO2 indicating that the chemical environment of the Te
atoms in the glasses does not vary signiﬁcantly with the addition of CuO. The O 1s spectra, however, show slight asymmetry for all
glass samples which results from two contributions, one from the presence of oxygen atoms in the Te–O–Te environment (bridging
oxygen BO) and the other from oxygen atoms in an Te–O–Cu environment (non-bridging oxygen NBO). The ratio of NBO to total
oxygen was found to increase with CuO content and to be in good agreement with calculated values for the TeO4 trigonal bipyramid
structure. Moreover, the appearance of a satellite peak in the Cu 2p spectra provides deﬁnitive evidence for the presence of Cu2þ
ions in these glass samples where the asymmetry and broadening of the Cu 2p3=2 and Cu 2p1=2 peaks are indicative of the presence of
both Cu2þ and Cuþ ions. The relative concentration Cu2þ determined from XPS is in good qualitative agreement with the determinations of Cu2þ from magnetic susceptibility measurements on the same glass samples. Furthermore the susceptibility data follow
a Curie–Weiss temperature-dependent behavior ðv ¼ C=ðT  hÞÞ with negative Curie temperatures indicating that the predominant
magnetic interactions between the Cu2þ –Cu2þ exchange pairs are antiferromagnetic in nature.
 2004 Elsevier B.V. All rights reserved.
PACS: 61.14.Qp; 61.43.Fs; 75.20.)g

1. Introduction
Tellurium oxide (TeO2 ) based glasses are of scientiﬁc
and technical interest because of their low melting
temperatures, high refractive indices, high dielectric
constants, and good infrared transmissions, and recently
have shown promise for optical ﬁbre or non-linear
optical devices applications [1,2]. Since these properties
are thought to be due to the anomalous network and
electronic structures in the tellurite glasses, numerous
structural investigations have been undertaken. Various
spectroscopic studies including infrared [3–5], Raman
[5–9], nuclear magnetic resonance [10], and X-ray
absorption spectroscopy [11–13] as well as X-ray [13,14]
and neutron diﬀraction [15,16] techniques have estab*
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lished that there are two basic structural units, i.e., the
TeO4 trigonal bipyramid (tbp) and the TeO3 trigonal
pyramid, both of which have a lone pair of electrons in
one of its equatorial sites.
The addition of transition-metal (TM) oxides to
glasses, in general, permits the possibility for the glasses to exhibit semiconducting behavior. This electronic
behavior as well as the optical, magnetic, and structural properties for these glasses depends upon the
relative ratio of the diﬀerent valence states of the TM
ions present [17–19]. In order to account for the eﬀect
of these valence states on these properties of these
glasses, it is important to control and measure the ratios of the TM ion concentration in the diﬀerent valence states of these oxide glasses. X-ray photoelectron
spectroscopy (XPS) has proven to be an important and
useful technique not only in assessing the local glass
structure [20] as it can distinguish between bridging
oxygen (BO) and non-bridging oxygen (NBO) [21,22],
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but also in estimating the ratio of the diﬀerent valence
states in the TM-oxide glasses [23]. In this study, XPS
will be used to investigate the role of Cu in the Cu–
tellurite glasses as well as to study the local glass
structure. Temperature-dependent magnetic susceptibility measurements combined with inductively coupled
plasma spectroscopy (ICP) will provide an independent
measure of the relative amounts of the diﬀerent Cu
valence states in these glasses as well as to characterize
the nature of any magnetic interaction between the
Cu2þ ions.
2. Experimental details
2.1. Sample preparation
All glasses were prepared by melting dry mixtures of
reagent grade CuO and TeO2 in alumina crucibles to
form nominal x(CuO) Æ ð1  xÞ(TeO2 ) compositions with
x ¼ 0:10, 0.20, 0.30, 0.40, and 0.50. Since oxidation and
reduction reactions in a glass melt are known to depend
on the size of the melt, on the sample geometry, on
whether the melt is static or stirred, on thermal history,
and on quenching rate, all glass samples were prepared
under similar conditions to minimize these factors.
Approximately 30 g of chemicals were thoroughly mixed
in an alumina crucible to obtain a homogenized mixture
for each CuO concentration. The crucible containing the
nominal mixture was then transferred to an electrically
heated melting furnace maintained at 800–850 C. The
melt was left for about an hour under atmospheric
conditions in the furnace during which the melt was
occasionally stirred with an alumina rod. The homogenized melt was then cast onto a stainless steel plate mold
to form glass rods of approximately 5-mm diameter and
2 cm in length for XPS measurements. After casting, the
specimens were annealed at 200 C for 10 h and were
stored in a vacuum dessicator to minimize any further
oxidation of the glass samples. The actual compositions
of the glasses were determined by inductively coupled
plasma spectroscopy (ICP) and are listed in Table 1.
Although the inclusion of alumina from the crucibles

Table 1
Nominal and actual composition (molar fraction) of various tellurite
glasses containing CuO
Nominal

Actual (from ICP)

CuO

TeO2

CuO

TeO2

0.10
0.20
0.30
0.40
0.50

0.90
0.80
0.70
0.60
0.50

0.092
0.169
0.272
0.357
0.491

0.908
0.831
0.728
0.643
0.509

The relative uncertainty in the ICP results is ±5%.
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used in the melting of the glass mixtures can be a possible source of impurities, no signals for aluminum were
detected in either the XPS or ICP measurements on
these glasses.
It should also be noted that attempts to grow glasses
with composition x ¼ 0:6 did not succeed. For this
composition the quenched melt crystallizes and thus
compositions of x P 0:6 would be outside the region of
glass formation.
2.2. XPS measurements
Core level photoelectron spectra were collected on a
VG scientiﬁc ESCALAB MKII spectrometer equipped
with a dual aluminum–magnesium anode X-ray gun
and a 150-mm concentric hemispherical analyzer using
Al Ka (hm ¼ 1486:6 eV) radiation from an anode
operated at 130 W [24]. Photoelectron spectra of Te 3d,
Cu 2p, and O 1s core levels were recorded using a
computer-controlled data collection system with the
electron analyzer set at a pass-energy of 20 eV for the
high-resolution scans. The energy scale of the spectrometer was calibrated using the core level of Cu 2p3=2
( ¼ 932.67 eV), Cu 3p3=2 ( ¼ 74.9 eV), and Au 4f7=2
( ¼ 83.98 eV) photoelectron lines. For self-consistency,
the C 1s transition at 284.6 eV was used as a reference
for all charge shift corrections as this peak arises from
hydrocarbon contamination and its binding energy is
generally accepted as remaining constant, irrespective
of the chemical state of the sample. For XPS measurements, a glass rod from each composition was
cleaved in the preparation chamber at a base pressure
of 2 · 109 mbar before being transferred to the analysis chamber where the pressure was maintained at
<2 · 1010 mbar.
A non-linear, least-squares algorithm [24] was employed to determine the best ﬁt to each of the O 1s and
Cu 2p3=2 spectra with two Gaussian–Lorentzian curves
in order to represent bridging and non-bridging oxygen
and two possible copper oxidation states (Cu2þ and
Cuþ ), respectively. The fraction of non-bridging oxygen
and Cu2þ were determined from the respective area ratios from these ﬁts. Based on the reproducibility of
similar quantitative spectral decompositions of spectra
taken from other surfaces on the same glass samples,
uncertainties of ±5% and ±10%, respectively, were estimated for these area ratios. A period of approximately 2
h was required to collect the data set for each sample and
there was no evidence of any X-ray induced reduction of
the copper in the glasses during this period.

2.3. Magnetic measurements
The temperature-dependent DC magnetic susceptibility was measured using a SQUID magnetometer
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(Quantum Design model MPMS-5S) in a magnetic ﬁeld
of 5000 Oe over a temperature range 5–300 K at temperature intervals of 2.5 K. The susceptibility of the
sample holder is negligible below 100 K for all samples
and constitutes less than a 2% correction at the highest
temperature for all samples. The overall accuracy of the
magnetic measurements is estimated to be approximately 3% due to the uncertainty of the magnetometer
calibration.
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The high-resolution Te 3d core level spectra for all of
the copper–tellurite glasses are collectively displayed in
Fig. 1. The doublet peaks attributed to the Te 3d5=2 and
Te 3d3=2 transitions in these spectra have essentially the
same binding energies for all glass samples as well as are
in excellent agreement to the corresponding values of
576.1 eV (Te 3d5=2 ) and 586.5 eV (Te 3d3=2 ) for TeO2
powder as seen in Table 2. The intensities of the peaks
decrease with increasing copper content as expected,
while the peaks remain symmetric.
3.2. Oxygen spectra
Fig. 2 shows the O 1s core level spectra for all glasses
investigated in this study. While the O 1s peaks are
essentially at the same position for all glass samples (see
Table 2), the peaks for the x ¼ 0:30 and 0.40 samples are
considerably broader as evidenced by the larger fullwidth at half-maximum (FWHM) values. However,
upon closer inspection of the O 1 spectra, a slight

Fig. 1. Core level Te 3d spectra for the x(CuO) Æ ð1  xÞ(TeO2 ) glasses.

asymmetry in the O 1s peak is apparent, which would be
indicative of two diﬀerent types of oxygen sites in these
glasses. Hence, all O 1s spectra were ﬁtted to two
(Gaussian–Lorentzian) peaks in order to determine the
peak positions and relative abundance of the diﬀerent
oxygen sites.
3.3. Copper spectra
The Cu 2p spin-orbit doublet spectra for the glasses
are shown in Fig. 3. One ﬁrst notes that the intensities of
these Cu 2p peaks grow with increasing CuO content as
expected. However, while the locations of the maximum
peak intensity for the two spin-orbit components, Cu
2p3=2 and Cu 2p1=2 , for the x 6 0:40 glass samples have
binding energies comparable to those measured on CuO
powder (see Table 2), the corresponding peaks for the
x ¼ 0:50 glass sample are approximately 1.5 eV lower. In

Table 2
Peak positions in eV for the core levels Te 3d, Cu 2p, and O 1s relative to C 1s (284.6 eV) and their corresponding FWHM (full-width at halfmaximum)
x

Te 3d5=2
FWHM

Te 3d3=2
FWHM

DE
Te 3d

Cu 2p3=2
FWHM

Cu 2p1=2
FWHM

DE
Cu 2p

O 1s
FWHM

0.10

576.1
2.64
576.2
2.81
576.2
2.47
575.9
2.36
575.9
2.60
576.1
2.09

586.5
2.63
586.6
2.79
586.6
2.45
586.3
2.20
586.2
2.62
586.5
1.96

10.4

933.0a
3.94
933.3a
4.00
933.4a
4.10
933.4a
3.98
932.0a
3.34

952.6a
4.82
953.0a
4.30
953.0a
4.60
953.4a
4.40
951.8a
3.65

19.6

933.6
3.31

953.5
3.53

19.9

529.8a
1.90
529.7a
2.11
529.7a
2.44
529.7a
2.83
529.8a
1.91
530.3
1.93
529.5
1.89

0.20
0.30
0.40
0.50
TeO2
CuO

10.4
10.4
10.4
10.3

19.7
19.6
20.0
19.8

10.4

The uncertainty in the peak position is ±0.10 eV and in FWHM is ±0.20 eV.
a
These peak positions are the average of two peaks.
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Fig. 2. Core level O 1s spectra for the x(CuO) Æ ð1  xÞ(TeO2 ) glasses.
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Fig. 4. Magnetic susceptibility
x(CuO) Æ ð1  xÞ(TeO2 ) glasses.

versus

temperature

for

the

susceptibility data appear to follow a Curie–Weiss
behavior ðM=H ¼ C=ðT  hÞÞ for all samples except for
the sample with x ¼ 0:10 where it was found that the
data could be satisfactorily ﬁtted to a negative temperature-independent constant plus a Curie temperaturedependent contribution. The temperature-independent
constant for this sample was determined from a hightemperature extrapolation of M=H versus 1=T plots for
temperatures above 200 K. After subtracting these
temperature-independent constants from the measured
susceptibility data, the resulting M  =H ð¼ M=H 
ðM=H Þconstant Þ data follow a Curie–Weiss behavior
ðM=H ¼ C=ðT  hÞÞ as demonstrated in Fig. 5. The
resulting parameters ðM=H Þconstant and the Curie constant C obtained from a least-squares ﬁtting procedure
are listed in Table 3 for all samples.

Fig. 3. Core level Cu 2p spectra for the x(CuO) Æ ð1  xÞ(TeO2 ) glasses.
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addition, the Cu 2p peaks show signiﬁcant asymmetry
with a shoulder on the lower (x 6 0:40 sample) or higher
(x ¼ 0:50 sample) binding energy side of the main peak.
Thus, it is realistic to assume the presence of two separate peaks, one associated with divalent (Cu2þ ) and the
other with monovalent (Cuþ ) copper ions as these are
the only two oxidation states in which Cu can exist in
various glasses [25]. Thus the Cu 2p3=2 spectra for each
glass composition were subsequently ﬁtted to two
Gaussian–Lorentzian peaks. Lastly, satellite peaks are
observed at about 10 eV on the higher binding energy
side of both Cu 2p peaks.

15
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The magnetic susceptibility results for these glasses
are displayed in Fig. 4 as plots of the magnetic susceptibility, M=H , as a function of the temperature T . The

Fig. 5. The inverse of the ‘corrected’ magnetic susceptibility
ðM  =H ¼ M=H  ðM=HÞconstant Þ as a function of temperature for
CuO–tellurite glasses.
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Table 3
Magnetic susceptibility results for the copper telluride glasses
(CuO)x (TeO2 )1x samples and the concentration of Cu2þ ions to total
copper ions
x

(M=H Þconstant
(104 emu/Oe g)

C (107 emu
K/Oe g)

h (K)

[Cu2þ ]/
[Cutotal ]

0.10
0.20
0.30
0.40
0.50

)1.6
0.0
0.0
0.0
0.0

1.79
3.31
6.69
8.17
8.73

)5.58
)11.4
)33.1
)39.8
)54.1

0.794
0.775
0.914
0.824
0.626

one side, the binding energy of the NBO should be lower
than that of the BO. Thus, each O 1s spectrum was
deconvoluted into two Gaussian–Lorentzian with the
lower binding energy peak corresponding to NBO (Te–
O–Cu) and the higher energy peak to BO (Te–O–Te) as
shown in Fig. 6 for the x ¼ 0:20 and 0.40 glass samples.
The resulting peak positions and FWHM for the BO
and NBO peaks (see Table 4) are within experimental
uncertainties the same for all glass samples and only the
relative integrated areas of the peaks change with CuO
concentration. Thus the broadness (FWHM) of the O 1s
peaks as seen in Fig. 2 and listed in Table 2 is directly

4. Discussion
As described in the result section, the doublet peaks
attributed to Te 3d3=2 and Te 3d5=2 in the Te 3d spectra
have essentially the same binding energies and FWHM
for all glass samples, although the binding energies for
the x P 0:40 glass samples are shifted by 0.3 eV to
lower energies. This shift can be explained in terms of
the small diﬀerence in the electronegativity of the two
cations rather than a change in coordination of the Te
from a TeO4 trigonal bipyramid to a TeO3 trigonal
pyramid glass structure. The smaller electronegativity of
Cu (1.90) as compared to that of Te (2.1) should result
in a small increase in the electron density at the Te atom
with the addition of Cu and correspondingly a small
decrease in the Te 3d binding energies, as observed.
Moreover, the 0.3 eV shift in the Te 3d binding energies
for the most concentrated CuO-containing tellurite
glasses is much smaller than the shifts observed in the Te
3d spectra from an earlier XPS study on R2 O–TeO2 (R:
Li, Na, K, Rb and Cs) glasses [26]. Thus it is reasonable
to speculate that the local glass structure remains trigonal bipyramid (TeO4 ) as the Te atoms are replaced by
Cu atoms. Furthermore, the intensities of the peaks
decrease with increasing copper content because Te is
replaced by Cu and hence there are fewer Te atoms in
the sample.
In most XPS studies of oxide glasses, the O 1s spectra
are more informative with respect to the structure of the
glass than the cation spectra. Speciﬁcally, the binding
energy of the O 1s electrons is a measure of the extent to
which electrons are localized on the oxygen or in the
internuclear region, a direct consequence of the nature
of the bonding between the oxygen and diﬀerent cations.
As mentioned earlier, a slight asymmetry in the O 1s
core level peak is apparent, which indicates two diﬀerent
types of oxygen sites present in these glasses. Most
probably, the O 1s peak for the glasses is composed of
two peaks corresponding to oxygen atoms in Te–O–Te
and Te–O–Cu structural units. The oxygen atoms in Te–
O–Te are termed ‘bridging’ oxygens (BO) while those in
Te–O–Cu are ‘non-bridging’ oxygens (NBO). Moreover,
since the BO is covalently bonded to two glass former
atoms while the NBO are ionically bonded only from

Fig. 6. High-resolution O 1s spectra for the (a) x ¼ 0:20 and (b) 0.40
CuO–tellurite glass samples and the resulting NBO and BO peaks
(dashed lines) from the least-squares ﬁtting routine of two Gaussian–
Lorentzian peaks. The smooth solid line is the resultant sum of the two
peaks.
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Table 4
Peak positions, FWHM, peak separation, and relative concentration of NBO resulting from the curve ﬁtting of the O 1s core level for the
xCuO Æ ð1  xÞTeO2 glasses
x

0.10
0.20
0.30
0.40
0.50

O 1s (eV)

FWHM (eV)

DEBO-NBO (eV)

NBO

BO

NBO

BO

529.1
529.1
529.1
529.2
529.1

529.9
529.9
529.9
530.1
530.1

1.9
1.9
2.1
1.9
1.7

1.9
2.0
2.0
2.0
1.9

0.8
0.8
0.8
0.9
1.0

[NBO]/[TO]
Measured

Eq. (1)

0.069
0.169
0.304
0.481
0.625

0.096
0.185
0.315
0.435
0.651

The experimental uncertainty is ±0.2 eV in the energy measurement.

inﬂuenced by the relative areas of the BO and NBO
peaks as broader spectra will be observed when the areas
are comparable, such as for the x ¼ 0:30 and 0.40 glass
samples. One further notes that the measured area ratio,
[NBO/TO], increases roughly linearly with increasing
CuO concentration.
The ability to distinguish the BO and NBO peaks in
the XPS spectra for this TeO2 glass system is unlike the
earlier XPS study carried out on alkali oxide-tellurite
glasses where only a single symmetrical Gaussian–Lorentzian peak was observed from which BO and NBO
could not be separated [26] and hence a change in the
coordination structure of the tellurium atom was inferred from the Raman spectra. Assuming the copper
atoms in the glass behave as network modiﬁers of the
TeO4 trigonal bipyramid structure (introducing NBO),
then each copper oxide molecule will contribute two
NBO atoms in the glass [27]. Hence
NBO=TO ¼ 2x=ð2  xÞ;

ð1Þ

where TO represents the total oxygen. The good agreement between the ratios of [NBO/TO] obtained from the
above equation and determined from the XPS analysis
as shown in Table 4 indicates a consistency with the O 1s
peak assignment and that CuO enters the network as a
glass modiﬁer without the need to consider the presence
of both TeO4 and TeO3 structures. In fact, poorer
agreement was found between the [NBO/TO] ratio
determined from the XPS analysis and that obtained
from a model incorporating both TeO structures (see
Eq. (7) from Ref. [8]).
As discussed earlier, the peak positions for the two
Cu 2p core levels are similar to the peak positions
measured in CuO powder for all glass samples except
the x ¼ 0:50 sample, where a shift of about 1.5 eV to
lower energies is found. This shift in binding energy
cannot only result from a change in the molecular
environment but also from a reduction in the formal
oxidation state of the transition metal ion [29]. Indeed
the asymmetry observed in the Cu 2p spectra is an
indication of the presence of two diﬀerent valence states
for the copper ions in these tellurite glasses. It is well
known that copper compounds containing Cu2þ have

strong satellite peaks while compounds with just Cuþ
have no satellites [28,29]. Hence the appearance of the
satellite peaks at about 10 eV on the higher binding
energy side of the main Cu 2p peaks provides deﬁnitive
evidence for the presence of Cu2þ ions in these glass
samples. Since the only other oxidation state of copper
is Cuþ , the Cu 2p3=2 spectrum was ﬁtted to Gaussian–
Lorentzian peaks similar to the ﬁtting procedure used
for the O 1s spectra, as shown in Fig. 7 for the x ¼ 0:20
and 0.40 samples. (One should note that the satellite
peaks are ﬁtted to two curves as well in order to accurately determine the area under the satellite peak and
thus do not represent a separate contribution from
Cuþ .) The corresponding peak positions and FWHM
determined from the ﬁtting procedures are listed in
Table 5. One further notes that the peak position and
FWHM values for both the Cu2þ and Cuþ are essentially unchanged for each glass sample. This independence of peak position and FWHM values on CuO
content is consistent with a reduction of the formal
oxidation state of the Cu ion being primarily responsible
for any observed binding energy shift in the Cu 2p
spectra as a shift would just result from a change in the
relative abundance of the two Cu ions. As previously
reported [30] the areas under these peaks plus the area
under the satellite peak can be used to determine the
ratio of Cu2þ ions to total Cu ions present. Deﬁning
A1 ¼ area under Cuþ peak which is proportional to the
concentration of Cuþ , A2 ¼ sum of areas under Cu2þ
peak and satellite peaks which is proportional to the
concentration of Cu2þ , then
Cu2þ =Cutotal ¼ A2=ðA1 þ A2Þ:

ð2Þ

The corresponding ratios determined from these relative
areas are reported in Table 5. From these ratios, it is
apparent that copper ions exist predominately (>70%) in
the Cu2þ state for all the Cu–tellurite glasses except for
x ¼ 0:50 glass where only 44% of the copper ions are in
the Cu2þ state. Since Cuþ is more prevalent in the
x ¼ 0:50 sample, a shift in the Cu 2p peak to lower
energies can be anticipated in agreement with the observed spectra.
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sample from the ratios determined for the other samples.
Quantitatively, the two determinations of the ratios are
within the experimental uncertainty for all samples except for the x ¼ 0:50 sample. This is not too surprising
since the magnetic susceptibility is measured on bulk
samples while XPS studies just the surface of the glass
sample. Also the observation that the magnetic susceptibility follows a Curie–Weiss behavior over the entire
measured temperature range indicates that the Cu2þ
ions behave paramagnetically in the host glass network
with only weak interactions between the magnetic ions.
The negative sign of the paramagnetic Curie temperature, h, indicates that the Cu2þ –Cu2þ interaction is
predominately antiferromagnetic in these Cu–tellurite
glasses, probably through a superexchange mechanism
via the neighboring oxygen atoms. The increasing values
of the Curie temperature with increasing copper content
reﬂect not only the increase in the total number of
magnetic Cu2þ ions present with increasing Cu content,
but also an increase in the relative strength of the Cu2þ –
Cu2þ interaction.

5. Conclusions

Fig. 7. High-resolution Cu 2p3=2 spectra for the (a) x ¼ 0:20 and (b)
0.40 CuO–tellurite glass samples and the resulting Cu2þ and Cuþ peaks
(dashed lines) from the least-squares ﬁtting routine. The smooth solid
line is the resultant sum of the two peaks. The satellite peak associated
with Cu2þ has been ﬁtted to two curves in order to accurately calculate
the area under the peak.

The magnetic susceptibility data supports the conclusion of the XPS studies, i.e., the existence of both
magnetic (Cu2þ ) and non-magnetic (Cuþ ) copper ions.
The ratios of Cu2þ /Cutotal (see Table 3) determined from
the Curie constant, C, in conjunction with the copper
concentration determined by ICP show a similar pattern
to the XPS results in that the copper ions are predominately in the Cu2þ valence state and that the Cu2þ /
Cutotal ratio decreases signiﬁcantly for the x ¼ 0:50

The binding energies associated with the Te 3d and O
1s core levels for the Cu–tellurite glasses indicate that
the local glass structure is similar to that of the TeO2
glass former as essentially no energy shifts are found for
these core levels. The asymmetry found in the Cu 2p3=2
peak in combination with the presence of a satellite peak
approximately 10 eV higher in energy provides evidence
for the presence of Cu ions being in the Cu2þ oxidation
state as well as in the Cuþ state. By decomposing the Cu
2p3=2 into two distinct Gaussian–Lorentzian peaks separated by 2.1 eV with the higher energy peak being
associated with Cu2þ , the relative concentration of the
two Cu ions is determined from the relative areas under
these peaks and the satellite peaks. The Cu2þ content is
found to be more than 70% for the glasses with x 6 0:40
and only 44% for the x ¼ 0:50 glass. These ﬁndings are
in reasonable agreement with those determined from
magnetic susceptibility measurements combined with
ICP results. Furthermore the Curie–Weiss behavior,
v ¼ C=ðT  hÞ, with negative Curie temperatures indicates that the predominate magnetic interactions between the Cu2þ ions are antiferromagnetic in nature.
The O 1s spectra for all glasses show slight asymmetry
and are analyzed in terms of two contributions, one
from bridging oxygen (BO) and the other from nonbridging oxygen (NBO). The ratio NBO/TO evaluated
for each glass sample is found to be in good agreement
with the theoretical values assuming CuO enters the
glass network as a glass modiﬁer of the TeO4 trigonal
bipyramid structure with negligible TeO3 structural
units being formed.
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Table 5
Peak positions, FWHM, peak separation, and relative concentration of Cu2þ resulting from the curve ﬁttings of the Cu 2p3=2 peaks for the
xCuO Æ ð1  xÞTeO2 glasses
x

0.10
0.20
0.30
0.40
0.50

Cu 2p3=2 (1)

Cu 2p3=2 (2)

Position

FWHM

Area

Position

FWHM

Area

931.5
931.5
931.9
931.9
931.9

2.53
2.53
2.53
2.53
2.40

2741
6670
7586
15 218
42 882

933.6
933.5
934.0
933.8
933.9

2.80
2.80
3.20
2.90
2.90

8071
8748
20 952
35 273
19 189

DE (eV)

Cu 2p3=2 ðsatÞ
Area

[Cu2þ ]/[Cutotal ]
Eq. (2)

2.1
2.0
2.1
1.9
2.0

5502
7526
13 585
24 582
15 132

0.832
0.709
0.820
0.797
0.444

The experimental uncertainty is ±0.1 eV in the energy measurement and ±10% in the relative concentration of Cu2þ .
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