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Electron spin resonance and optical absorption
spectra of Cu?* ions in Na;S04-ZnS0, glasses
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Electron spin resonance (ESR) and optical absorption spectra of Cu®” ions in Na,S0,-ZnS0,

glasses have been studied. The ESR spectra of Cu

2* jon-doped glasses exhibited a pronounced

peak at g = 2.07 and a shallow quadruplet at g = 2.35, the latter arising from the hyperfine
splitting of g. ESR spectra of Cu®" ion-doped glasses were also studied by varying the
concentration of Cu?" ijons, temperature and composition of the glasses. The optical absorption
spectra exhibited a broad absorption band in the near infrared region, which is attributed to
B, 4—B.q transition. By correlating the ESR and optical absorption data, the bonding orbital
coefficients «? and B% for Cu?* ions have been evaluated.

1. Introduction

Studies of the bonding characteristics, the coordina-
tion and the valence state of transition metal ions in
inorganic glasses are very helpful in understanding the
structure of glass. Electron spin resonance (ESR) and
optical absorption spectra are known to be valuable
sources of information with respect to the local envir-
onment of some transition elements which are intro-
duced in the vitreous matrix, thus giving a certain
knowledge of the structure.

Investigations of the ESR and optical absorption
spectra of transition metal ions (Cu?*)-doped glasses
have been widely studied by various authors in the
borate, silicate and phosphate glass systems [1-16].
ESR and optical absorption spectra of paramagnetic
ions in K,8S0,-7ZnSO, glasses [17-23] have been
studied by several authors and they have concluded
that the paramagnetic ions enter substitutionally at
the zinc ion sites which are octahedrally coordinated
with six sulphate ions. The formation of other binary
alkali zinc sulphate glasses is not known except for
Mn?* ion-doped Na,SO,~ZnSOy glasses [24]. In the
present investigation, the results of ESR and optical
absorption spectra of Cu?* ions in Na,SO,ZnSO,
glasses at room and different temperatures are de-
scribed. The Cu?* ion provides useful information
regarding the structure of its network environment in
a glass, because its electronic and ESR spectra are
simple.

2. Experimental procedure

Copper-doped glasses were prepared by melting ap-
proximate amounts of Analar grade salts, 40 mol %
Na,SO, (99.5% purity), 59 mol% ZnSO,-7H,0
(99.5% purity) and 1 mol % CuSO,-5H,0 in an elec-
tric furnace in an air atmosphere at about 1173 K
for nearly 4 h. The melt was then quenched by pouring
it between two polished brass plates. Similarly,
Na,S0,-ZnS0, glasses of different compositions
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containing different concentrations of Cu?* ions were
also prepared.

ESR spectra were recorded on a Jeol-FE1X ESR
spectrometer operating in the X-band frequencies,
with a field modulation of 100 kHz. The microwave
frequency was set at 9.205 GHz and the magnetic field
scanned between 2250 and 4250 G. DPPH with
g = 2.0036 was used as a standard field marker. Care
was taken to see that the samples were of the same size
and were not exposed to moisture before studying the
above properties.

ESR spectra were also recorded at different temper-
atures (123-423 K). The temperature was varied by
using a JES-VT-3A variable temperature control-
ler capable of regulating the temperature from
523-103 K. A temperature stability of +1K was eas-
ily obtained by waiting about 0.5 h at the set temper-
ature before recording the spectrum.

Optical absorption spectra were recorded at room
and liquid nitrogen temperatures on a Perkin-Elmer
551 spectrophotometer in the wavelength region
700-900 nm. The wave number accuracy for the ab-

sorption bandsis + 5cm™ L.

3. Results and analysis

No ESR signal was detected for undoped glasses.
When Cu?? ions were introduced into the
Na,S0,-ZnSO, glasses, all the samples exhibited
absorption lines. ESR spectra of Cu?* ions in
Na,S0,-ZnSO, glasses at room temperature exhib-
ited a pronounced peak at g =2.07 +0.02 and
a broad and shallow quadruplet at g = 2.35 + 0.02,
the latter arising from the splitting of g, [25]. Such
spectral features are characteristic of the Cu®” ions
present in an axially distorted octahedral sites.
Fig. 1 shows a typical ESR spectra of 1 mol % Cu?*
ions in Na,S0,-ZnSO, glass at different temper-
atures.
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Figure 1 ESR spectra of 1 mol % Cu?* ions in Na,S0O,~ZnSO, glass at room and different temperatures.

TABLE [ Comparison of spin-Hamiltonian parameters of Cu?”

ions in various glasses

Serial Glasses 9 9. Ay References

no. (107%cm™ 1)

1 Na,0-§i0, 2375 2.051 140 [6]
MgO-P,0, 2417 2.059 109
CaO-P,0; 2.408 2.059 109 [10]
SrO-P,0; 2.342 2.063 109
BaO-P,0, 2.408 2.058 108

3 ZnO-P,0; 2415 2.058 109
CdO-P,0; 2.404 2.058 109 [11]
PbO-P,0O; 2.40% 2062 110

4 SrO-B,0, 2.308 2.044 152.7 [14]

S Zn0O-B,0, 2.321 2.039 159 [16]
PbO-B,0, 2.323 2.042 152

6 K,S0,ZnSO, 248 2.06 77 [19}

7 K,S0,~ZnSO, 244 2.06 80 [20]

8 K,S0,~ZnS0, 241 2.06 69 [23]

9 Na,S0,~ZnS0O, 2.35 2.07 107 Present work

From the observed ESR spectra, the spin-Hamil-
tonian parameters have been evaluated [25, 26]. The
spin-Hamiltonian parameters reported for various
glasses are given in Table I for comparison.

The optical absorption spectra of Cu?* ions in
Na,;S0,~ZnSO, glasses at room temperature and
liquid nitrogen temperature are shown in Fig. 2. It
may be seen that only one broad absorption band
exists in the near-infrared region, both at room and
liquid nitrogen temperatures. At room temperature
the absorption band is observed at 12345cm ™%, On
cooling the sample to liquid nitrogen temperature,
a slight blue shift is observed and the band is centred

at 12420 cm ™!, This broad band is identified as the
d-d transition band corresponding to *B;, — ’B,,
transition due to Cu?" ions. The optical absorption
bands reported for Cu?* ions in various glasses are
given in Table 11 for comparison.

4. Discussion
The ESR spectra of Cu®?* ions in glasses were ana-
lysed by using a spin-Hamiltonian:

H = g BH.S, + ¢.B(H.S, + H,S,)
+ AyS. I, + AL(S. I, + S,1,) )
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Figure 2 Optical absorption spectra of 1 mol% Cu?* ions in
Na,S0O,-ZnSO, glass. (a) Room temperature, (b) liquid nitrogen
temperature.

where z was taken as the symmetry axis of the indi-
vidual Cu?* complex. The nuclear quadrupole inter-
action was neglected.

From the observed ESR spectra, the calculated
spin-Hamiltonian parameters were calculated and are
shown in Table III. Owing to considerable overlap, it
was difficult to estimate the perpendicular component
of-the hyperfine coupling constant. A broad peak was
observed corresponding to which the g, value was
calculated.

The observed g, and g, values (g, = 2.35 and
g, = 2.07) are characteristic of the Cu®* ion [31].
Because g, > g, > 2.0023, we can consider that the
ground state for the paramagnetic electron is the
d,2_ > orbital (*By, state).

ESR signals in glasses show a reasonable concentra-
tion dependence. As the Cu?* ion content is increased,

the peak-to-peak height (I) of the resonance line at
g = 2.07 increased. Fig. 3 shows the concentration
dependence of the peak-to-peak height (I,-, ¢7) of the
resonance line at g = 2.07. Significant changes were
observed in the intensity of the ESR spectrum of
1 mol % Cu?” ions in Na,SO,~ZnSO, glasses, when
the composition of the glass was changed. Fig. 4 shows
the variation of the peak-to-peak height (I,-,47) of
the resonance line at g =2.07, as a function of
Na,SO, content. As is evident from the figure, as the
Na,S0, content increases, the intensity of the reson-
ance line at g = 2.07 decreases.

ESR spectra were also recorded at different temper-
atures (123-423 K), in order to study the temperature
dependence of the peak-to-peak height (I,-;¢7) of
the resonance line at g = 2.07. Fig. 5 shows the vari-
ation of the peak-to-peak height (I,-,07) as a func-
tion of temperature for 1mol% Cu?* ions in
Na,S0,-ZnSO, glass. The experimental data are also
compared to the Boltzmann factor, ie. 1/7, and are
shown in Fig. 5. From the figure, it is clear that the
peak-to-peak height (I,-; ¢7) of the resonance line at
g = 2.07 decreased gradually with increasing temper-
ature in proportion to the Boltzmann factor. This fall
in intensity with increasing temperature may be at-
tributed to relaxation broadening.

The ESR and optical absorption spectral data can
be correlated to evaluate the bonding orbital coeffi-
cients as follows [32, 33]

B . 4ha2Bl
g = 2.0023[1 . E_(ZB—,S)J 2
g, = 2.0023[1 - gz‘;g:)] 3)

where A is the spin-orbit coupling coefficient and the
bonding coefficients a2, 7 and B* ( = 1.00) character-
ize, respectively, the in-plane o bonding, in-plane
7 bonding and out-of-plane ® bonding of the Cu(Il)
complexes. a? given in Equation 2 is the bonding
coefficient due to covalency of the o bonds with the
equatorial ligands which measures the electron den-
sity delocalized on ligand ions and p? accounts for the

TABLE II Optical absorption bands reported for Cu?” ions in various glasses at room temperature

System Energy Assignment References
em™1)

Sodium borosilicate 12340 ’B,, — By, 5]

SrO-P,0s 11494 2By, — By, [10]

Na,0-P,0; 11207 B, — By, [13]

SrO-B,0, 12820 2B, — By, [14]

Ba;(PO,), 12000 ’B,,—~ *B,, 27

K,SO,~ZnSO, 11270 2B, — 2B,, [287

ZnO-P,0; 12195

PbO-P,0; 11628

MgO-P,0; 11905 2By, — ’By, 29]

Ca0O-P,0; 11765

BaO-P,0; 11628

R,0-Si0, (R = Li, Na, K) 12500

R,0-B,0; (R =Li, Na, K) 12500 2By, — 2Bzg [30]

Na,0-B,0,Si0, 12700

Na,S0,-ZnSO, 12340 2B,, — B, Present work
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TABLE III Spectral parameters of a Cu?* ion in Na,SO,-
ZnSO, glass at room and liquid nitrogen temperature

Room temperature Liquid nitrogen temperature

g 2354002 236 + 0.02
g 2.07 +0.02 207 +£0.02
4, 107 13
o? 0.77 0.77
2 0.84 0.84
18
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Figure 3 Dependence of the peak-to-peak height, I, -, 7, as a func-
tion of Cu®" ion content in Na,SO,~ZnSO, glasses.

covalancy of the n-bonding between ligands and *B,,
excited state. Their values lie between 0.5 and 1, the
limits of pure covalent and pure ionic bonding [33].
The value of B* may be expected to lie sufficiently
close to unity as to be indistinguishable from it in the
bonding coefficient calculations [31]. Because only
one absorption band was observed corresponding to
the transition “B,, — *B,,, the position of the second
band was estimated by the approximation [33]
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Figure 4 Dependence of the peak-to-peak height, I, -, o, as a func-
tion of Na,SO, content in Na,SO,-ZnSO, glass.

where k? is the orbital reduction factor (k* = 0.77) and
M is the spin-orbit coupling constant { = — 828 cm ™ 1)
[34].

The values of o* and B} obtained in the present
work, o? = 0.77 and B? = 0.84, indicate that there is
a moderate covalency for the o bonding and the
in-plane © bonding is significantly ionic. These values
are comparable to those found for Cu®™* ions in vari-
ous glasses [7, 10, 33].

It may also be noted that the ionic radius of the
Cu?* ion is 0.072 nm, which is very close to that of the
ionic radius of Zn? ™ ions, i.e. 0.074 nm. So it is reason-
able to assume that the Cu?* ions occupy the zinc
ions in these glasses.

5. Conclusion
From the ESR and optical absorption spectra of Cu?*

E(B,, — B,,) = 2k*x @) ion-doped Na,S0O,-ZnSO, glasses, the bonding
e 8 20023 — g, orbital coefficients a2 and B? have been evaluated.
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Figure 5 (a) Temperature dependence of the peak-to-peak height, I,_, o, for 1 mol % Cu®* jons in Na,SO,~ZnSO, glass. (b) Experimental

data compared to the Boltzmann factor, 1/7.
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By comparing these copper-doped Na,SO,—ZnSO,
glasses with other glasses, it can be concluded that
the Cu?* ions are in tetragonally distorted octahedral
sites and they substitute for zinc ions in these glasses.
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