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Electron spin resonance spectra of Gd** ions in

K,S0,-ZnS0O, glasses
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Electron spin resonance (ESR) spectra of Gd** ions doped in K,S0,-ZnS0, glasses have
been studied on an X-band ESR spectrometer at different temperatures (—120 to 150° C). The
ESR spectrum at room temperature exhibits three prominent features with effective g-values of
~b.6, 2.83 and 2.02. The spectra are similar to the “U"" spectra familiar in many oxide and
fluoride glasses, indicating very low and disordered site symmetries with a broad distribution
of crystal fields. Remarkable changes have been observed in the spectrum with changes in the
temperature, concentration and glass composition. The broadening of the g ~2.02 line with
increasing Gd** ion content indicates that the dipole-dipole interaction between the resonant
centres increases with increase in Gd®' ion content. A weak band at 36 350cm ™" is observed
in the optical absorption spectrum of 0.5 mol% Gd®** in K,S0,-ZnS0, glass which has been

assigned to the transition 2S,,, - ®P, ,.

1. Introduction

In recent years there has been considerable activity in
the research on common glasses and other less-
common non-crystalline solids containing rare-earth
ions, because the rates at which, and the mechanism
by which, excited states of rare-earth ions form and
decay are of great importance in the application of
these ions in phosphor, laser and other currently
developed electronic devices. Compared with tran-
sition metal ions, the electron spin resonance (ESR).of
rare-earth ions (Gd** and Eu®") in glassy solids has
been far less extensively studied, although there has
been a considerable number of investigations-in the
ultraviolet-visible region aimed at evaluating para-
meters associated with the lasing action of these ions
in glassy solids [1].

Investigations on the phase diagram studies[2] of
K,S0,-ZnS0, glasses reveal that these glasses can be
obtained over a wide range of binary compositions.
ESR spectra of transition metal ions [3-6] in K,SO,-
ZnSO, system of glasses were studied by various
authors and they concluded that the transition metal
ions go substitutionally to zinc ion sites which are
octahedrally coordinated with sulphate ions. In the
present work, we describe the ESR results obtained
for K,SO,~ZnS0O, glasses doped with trivalent gado-
linium ions.

2. Experimental procedure
The starting materials of this study were analar grade
K,S80,, ZnSO, and GdNO,. After weighing in a
micro-analytical balance, the materials in the follow-
ing proportions were prepared:
(i) xK,80,-(1 — x — y) ZnSO,- yGd,0;;
0.0025 < y < 0.02 in steps of 0.0025 and x = 0.7.
(i) xK,SO,-(1 — x — y) ZnSO,- yGd,0y;
y = 0.006 and x = 0.4, 0.5 and 0.6. '
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The materials were mixed thoroughly and kept in a
muffle furnace at about 350° C for nearly 3h to con-
vert GANO, to Gd,0,; the temperature of the furnace
was then raised to 750°C; the melt was kept in the
furnace for about 4h and was then quickly poured
and quenched on a plane surface.

ESR spectra were recorded on a Jeol-FEIX ESR
spectrometer operating in the X-band frequencies
with field modulations of 100kHz. The microwave
frequency was set at 9.205 GHz and the magentic field
was scanned between 0 and 5000 G. The ESR spectra
were also recorded in the temperature range — 120 to
150°C, to study the temperature dependence of the
intensities of the resonance lines. -

Optical absorption spectrum was recorded at room
temperature on a Perkin-Elmer 551 spectrometer in
the wavelength region 250 to 400 nm.

3. Results and analysis

In undoped samples no ESR signal is detected. When
Gd** ion is introduced into the K,S0,-ZnSO, glasses,
all samples exhibit absorption lines. Fig. 1 shows the
ESR spectrum of Gd** ion in K,S0,-ZnS0O, glass at
room temperature obtained for 0.5 mol % Gd,0;. The
ESR spectrum shows three prominent features with
effective g values of ~ 5.6, 2.83 and 2.02. The spectrum
is similar to that observed by earlier workers in a
variety of glasses doped with Gd*" ion, e.g. methanol
glass [7], borate glasses [7-9], phosphate glasses (ZnO.
P,Os) [8, 10], chalcogenide (T1,SeAs,Se,) glass [10],
silicate glasses [11-13], fluoride glass [14] and fluoro-
zirconate glass [15].

ESR signals in glasses show a reasonable concen-
tration dependence. As the Gd** ion content is
increased, the intensities as well as the linewidth of the
resonance peaks are increased. The ESR signal at
g = 2.02is broadened very much and this shows that
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Figure I ESR  spectrum  of
0.5mol % Gd** ions in K,80,-
2-83 ZnSO, glass at room tem-
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the dipole—dipole interaction between the resonant
centres increases as the Gd** ion content is increased
[16].

From the first derivative resonance curve, the
relative intensity (/) and the peak-to-peak width
(AH,,) are estimated. The number of spins (N) par-
ticipating in the resonance are roughly estimated by
the equation [17]

N = I(AH,)

under the assumption that the intensities of the
resonance per unit number of Gd** ions equal each
other.

Fig. 2 shows the increase in the peak-to-peak height
(I) at the two resonances (i.e. g = 5.6 and 2.02) as a
function of Gd** ion content. The dependence of
relative intensities upon the Gd** ion content for L_se
and I,_,,, resonance lines are shown in Fig. 3. The
variation of the peak-to-peak width (AH,,) and the
Gd** ion content are plotted in Fig. 4. This variation
in the peak-to-peak width (AH,,) with increase in
Gd** ion content in the host glass is due to the in-
crease in the dipole-dipole interaction between the
resonant centres [16].

Remarkable changes have been observed in the
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spectrum when the composition of the K,SO,-ZnSO,
glass is changed. As the ZnSO, content is increased,
the intensities of both the resonance signalsatg = 5.6
and 2.02 are decreased. Fig. 5 shows the variation of
pcak-to-peak height (/) at the two resonances
(g = 5.6 and 2.02) as a function of ZnSO, content.
The decrease in the intensities of the resonance lines at
g = 5.6 and 2.02, as the ZnSO, content in K,SO,-
ZnSO, glasses is increased, may be due to a decrease
in the randomness of Gd’* ions in the host glass.

ESR spectra were recorded in the temperature
range — 120 to 150°C, to study the temperature
dependence of the intensities of the resonance lines.
With increasing the temperature from — 120°C the
intensities of the resonance lines decreased gradually
in proportion to the Boltzman factor. This fall in
intensity, with increase in temperature can be attributed
to relaxation broadening. ESR spectra at different
temperatures are shown in Fig. 6. From the figure, it
is clear that the intensities of the resonance lines at
g = 5.6 and 2.02 are decreased with increase in tem-
perature. The temperature dependence of the peak-to-
peak height (I,_s¢ and I,_, ,) for 0.5mol % Gd** ions
is plotted in Fig. 7.

In Fig. 8, the number of Gd’* ions participating at
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Figure 2 Dependence of the peak-to-peak height (/) at the
two resonances, i.e. g = 5.6 and 2.02, as a function of
Gd** ion content.
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the two resonances (N,_s, and N,_,,) are given as a
function of temperature. In both cases, the number of
Gd** ions participating in the resonance decreases
monotonically when the temperature is increased from
—120to 150° C. Fig. 9 shows the temperature depend-
ence of relative quantities r,_s, = [= Nyose/(Npase +
Nyoag)] and  ry 50 = [=Nyc202/(Nyose + Nzl
for Gd** ions in K,SO,-ZnSO, glass at different
temperatures.

The optical absorption spectrum recorded at room
temperature exhibits a weak band at 36350cm™'
(275 nm). This band has been attributed to the tran-
sition *S;;, = °P,.

4. Discussion
ESR spectra of rare-earth ions in glassy solids are
generally very anisotropic and sensitive to variations
in ligand field from site to site. Owing to this, the ESR
spectra of Gd’* ions in glassy solids are far less
extensively studied. ESR spectrum of Gd** ions in
glasses is characterized by three prominent features
with effective g-values of ~ 6.0, 2.8 and 2.0 with weaker
featuresatg = 3.4 and 4.7. This type of spectrum has
been aptly labelled the U-spectrum [18] in view of its
omnipresence in vitreous materials [19-22] as well as
in disordered polycrystalline materials [18, 23, 24]. To
date, the correct interpretation of the U-spectrum has
been the subject of considerable controversy.

Chepeleva and Lazukin [25] were the first to interpret
the U-spectrum. The g ~ 6.0 feature of the U-spectrum
was attributed to a strong cubic field on the basis of
the solutions obtained for a “cubic” Hamiltonian
in the strong crystal field limit where the Zeeman
interaction may be treated as a perturbation.

Later, Nicklin er al. [19] searched extensively for a
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Figure 3 Dependence of the relative intensity (i.e.

[1g=546/(Ig:5,6 + L, _»)] and [Igzz.oz/(]g:s.s + Loy
upon the Gd** ion content.

single set of “rhombic” crystal field parameters that
could simultancously account for all the principal
features of the U-spectrum, but they attributed the
three prominent features to a distinct type of crystal
field. The g~ 6.0 feature was attributed to a strong
cubic crystal field, as in the Chepeleva and Lazukin
[25] interpretation.

Both Cugunov and Kliava [22] and Koopmans et al.
[26] employed computer simulation techniques in their
analysis, but their final interpretations are distinctly
different. Cugunov and Kliava [22] have attributed the
g~ 6.0 feature to a strong and well-defined rhombic
crystal field and the broad resonance encompassing
g~ 2.0 arising from clusters of Gd*" ions, whereas
Koopmans et a/. [26] have assigned the g ~ 6.0 feature
to intermediate crystal field strength site of axial
symmetry, and have attributed the broadened general
appearance of the U-spectrum to isolated rare-earth
ions at a wide variety of sites.

Recently, Broadbeck and Iton [27] have systemati-
cally analysed the previous interpretations of the U-
spectrum on the basis of a set of criteria and found all
the four previous interpretations of the ESR spectra to
be unsatisfactory. By taking into consideration a wide
range of ESR and optical data, and ab initio computer
simulations of the ESR spectra, they concluded that
glassy or disordered host materials impose virtually
no specific or narrowly defined site symmetries on the
rare-earth ions, with the result that the rare-earth
ions can coordinate themselves with a relatively
large number of irregular disposed ligands. Also the
U-spectrum is expected to prevail only when the
coordination number of the rare-earth cations is
high, i.e. > 6 within the matrices that are structurally
disordered or which allow irregular occupancy of

Figure 4 Linewidth of g = 2.02 resonance, and the num-
ber of Gd** ions participating at g = 2.02, i.e. N,_,q
plotted against Gd** ion content.
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Figure 5 Dependence of the peak-to-peak height (/) atg = 5.6 and
2.02 as a function of ZnSO, content.

nearby sites by chemically inequivalent ions. The site
symmetries of the rare-earth ions are essentially low
and disordered, and are best characterized by a single

low-symmetry glassy site as proposed by Griscom

[28]. :

The interpretation of the U-spectrum which is due
to a broad distribution of site symmetries, contrasts
markedly with results of iron group ions, in oxide
[28], fluoride [29, 30] and sulphate glasses [3-6],
where a more precisely defined site symmetry, usually
octahedral, is normal. From the ESR spectra of para-
magnetic ions in K,SO,-ZnSO, glasses, various
authors [3-6] have concluded that the site symmetry
around the paramagnetic ion is octahedral and goes
substitutionally at zinc ion sites. On the other hand,
the glass structure imposes no such simple symmetry
on the rare-earth ions with their ionic size. It appears
that the Gd** ion in K,SO,-ZnSO, glass “dictate”
their own environments and occupy sites surrounded
by polyhedra of more of less irregularly distributed
sulphate ligands with a high coordination number
> 6.

Theoretically, the admixture of the °P;, state to the
ground state can be written as (1 — o’)"? *S,, + o
¢P,,, where o is a measure of the amount of admixture
[31]. The g-value of this state is then

g = (1 —o")glSp) + o’g (°Pyp) Q)]

where g (°S;,) = 2.0023 and g (°P,,) = 12/7. In
accordance with Baker and Williams [32] we take

2 g
P

where £ is the one electron spin-orbit coupling para-
meter equal to 1534cm ' [33], and W, is the energy
difference between ®S,;, — °P,, (W, = 36350cm™").
Inserting the value of o into Equation 1, we obtain
g = 1.93 which is close to the value of g within
experimental accuracy.

5. Conclusion

The spectra observed in the present work are very
similar to the U-spectra reported for Gd** ions in
many oxide and fluoride glasses. From the ESR spectra
of Gd** ions in K,SO,~ZnSO, glasses, the authors
conclude that the glass structure imposes no simple
symmetry and the Gd*" ions dictate their own environ-
ment in glass and occupy sites surrounded by poly-
hedra of more or less irregularly distributed sulphate
ligands with high coordination number > 6.
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Figure 8 Number of Gd’* ions related to g = 5.6
and g = 2.02 (i.e N,_s¢ and N, _ ;¢ Tespectively)
as a function of temperature.
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Figure 7 Temperature dependence of the peak-to-peak
height (1) (ie. I,_s, and L_,g,) for 0.5mol % Gd’**
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Figure 9 Dependence of relative quantity of Gd**
ions related to g = 5.6 and 2.02 resonances (i.e.

re-se @nd r,_»p, respectively) at different tem-
peratures.
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