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2+

Polycrystalline CaS:Eu phosphors have been prepared by the

reduction of CaSO3:Eu-1/2H20 in a stream of H,

and 900° for 3 to 24 h. All samples have been examined by means

S gas at 450, 600,

of ESR and photoluminescence spectroscopy. The emission intensity
due to Eu2+ increased with the increase of reduction temperatures.
The interstitial Eu2+ ions were observed for the CaS host prepared
even at as low as 450°%. At a higher reduction temperature, the
Eu2+ ion may enter a Ca cite in the Ca$S host lattice substitution-
ally.

A considerable amount of investigation has been done and reviewed1)

recently
on the alkaline-earth sulfides. Driving force behind these efforts is the poten-
tial applications of these materials as a host in PL, CRT, EL-panel and IR detector
phosphors. The purpose of this study on europium activated CaS phosphors (CaS:Eu)
is to show effects of reduction temperatures on ESR spectra of Eu in Ca$S host
crystal.

Europium containing calcium sulfite hemihydrate, CaSO Eu-1/2H20, of spherical

33
particles was prepared as starting material by precipitation using a reaction be-

tween a NaZSO3 solution, and a CaCl2 solution containing a given concentration of

EuCl3 (ITI). Resulting calcium sulfite hemihydrate was reduced to CaS:Eu of spher-
ical particles in a stream of hydrogen sulfide at 450, 600, and 900° for 3 to 24 h
at a single process.

ESR spectra were obtained by using an X-band spectrometer system (Japan Elec-
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tron Optics Co. JM-PE-3X) operating at
about 9.20 GHz and a modulation fre-
quency of 100 kHz at room temperature.
Photoluminescences were measured
under excitation by 254 nm ultraviolet
using a Shimazu RF-502 spectrofluoro-

photometer. Emission spectra due to

Eu2+ obtained were composed of a broad

band emission and were similar to the

other results.z) These profiles were

independent of reduction temperatures.

As shown in Table 1, the relative emis-

2+

sion intensity due to Eu increases

with the increase of reduction tempera-

tures. The intensity also increases

. . . 2+ .
with increasing Eu concentration.

The ESR spectra of CaS:Eu2+, which are
dependent on reduction temperatures,

are shown in Fig.1.

2+

A Eu state has a 4f7 spin confi-

guration, i.e. a half filled f-shell

with 887/2 at a ground state. The elec-

2+

tronspin, S, of the Eu ion is 7/2 and

the nuclear spin, I, is 5/2 for both

153E

151Eu and u. An analysis of the ESR

spectrum for 887/2 of the Eu2+ ion in a

quasi-cubic field is performed. We may

have six groups of lines that consist of
seven lines where positions are in touch
with one another. Each distance between

the neighboring groups is almost equal

and there exist two kinds of structure

151

patterns due to two isotopes Eu and

153Eu. The characteristic hyperfine pat-

151

terns due to the Eu isotope (natural
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Table 1. Photoluminescence intensitya)

2+

of CaS:Eu” in varying reduction

temperatures and Eu concentrations

(a.u.)

Reduction Eu concentration / mol%
temperature/°C 0.001  0.01 0.1
450 13 21 21
600 36 67 84
900 37 69 85

a) Observed at an excitation wavelength

of 254 nm.
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Fig. 1. ESR spectra of CaS:Eu.
a:450 °C,0.1 mol%, b:600 °C,0.1 mols,
c:900 °C,0.1 mol%, d:900 °C,0.01 mols,

e:900 °c,0.001 mols.
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abundance 47.8% and magnetic moment 3.441) and 153Eu isotope ( natural abundance

52.2% and nuclear magnetic moment 1.521 ) can be used to identify Eu2+ by ESR.

151

The hyperfine interaction constant, A, of Eu is about twice as large as that

of 153Eu (151Eu/153Eu = 3.441/1.521 = 2.262), and, the peak intensity ratio of
51850 to "®3ku is about 1 ('°'Eu/"33Eu = 47.8/52.2 = 0.916).
The ESR spectra are composed of four components due to 151Eu, 153Eu, Mn2+, and

F+, as assigned in Fig.1. These clear hyperfine structure revealed an isotropic

crystal field of the CaS cubic crystal phase. A series composed of 6-lines due to

Mn2+, having a nuclear spin of 5/2, which was a minor impurity contained in the

host lattice, is recognized. The ESR spectra of Mn2+ in CaS:Mn were discussed in

3)

an F' center signal at g=2.0032 due to a sulfur vacancy, VS’
4) 5)

detail by Yamase.

which was discussed in detail by Auzin and Shanker, could be also identified.
Table 2 lists values for g factors and hyperfine interaction constants, A, obtained
in this study and other investigators. These results agree with those in the
literature.>~8)
The ESR absocrption lines of CaS:Eu are brought to broadening compared to that

2+ 2+ are different from one another.

of SrS:Eu,g) because ionic radii of Ca and Eu
If a Ca ion is substituted by a Eu ion, the substitution may lead to some distor-
tion of the host crystal. We examined the crystalline lattice distortion by the
line broadening method with X-ray diffraction method. We could not obtain an
accurate information, because the resulting crystalline size was much larger than
1000 X, However, if the instrument correction is not applied, the higher the re-
duction temperature becomes, the less the resulting distortion becomes relatively.
As is seen from Fig.1, deviation from the baseline became smaller with in-
creasing the reduction temperature. The hyperfine structure superimposes upon
the broad signal appeared in the whole field. It was recognized that the Eu2+ ions
existed in interstitial positions in the CaS crystal and the interaction between

Eu2+ ions increased with increase in the Eu concentration. The interstitial Eu2+

ions were observed for the CaS host prepared even at as low as 450°. At a higher
reduction temperature, the Eu2+ ion may enter a Ca site in the CaS host lattice

substitutionally .
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Table 2. Comparison of ESR parameters of CaS phosphors.
All values of A are in cm™
Activator g A(Mn) A(151Eu) A(153Eu) Ft Meas.temp Ref.
factor g factor

En?* 1.990 30.4 13.4 300 K 5
Eu?* . 30.6 - r.T,%) 6
Mn2* 2.001 75.7 R.T. 7
None 2.0032 R.T. 8
Eu?* 1.9952 31,1 13.7 2.0032 R.T. This work
Mn2* P) 2 0115 76,0 R.T. This work
a) R.T.: Room temperature. b) Minor impurity.
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