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Blue luminescence of ZnS-Sn luminophores™*
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In this paper the experimental results of certain luminescence properties of tin-activated ZnS
are presented. It was found that tin, which enhances luminescence, does not introduce its
own luminescence centres into the blue-green emission range. Thermoluminescence curves
show that Sn occupies the ZnS electron trape.

Introduction

The characteristic orange and red photoluminescent emission of Pb- and Sn-activated
ZnS was first described in papers [1-4]. Mita and Sugibuchi [4] presented a model
of the red emission centre in ZnS-Ge, based on measurements of excitation, emission,
and absorption spectra, and the results of studies on EPR in ZnS luminophores
activated by elements of the IV B group. The data presented by these authors [4]
indicate that tin (concentration 10~2) in ZnS forms the level of the red emission
centre with a maximum near 1.72 eV. Uehara [5] studied the structure of lumines-
cence centres in ZbS and Ca3(P04)2 activated by the elements IIl B and IV B of
the periodic system. Analyzing the emission, reflection spectra and thermolumines-
cence curves Uehara suggested (from the aspect of the theory of molecular orbitals)
an energy structure of the luminescence centres formed by the Ge2+ and Sn2+ ions
in the Ca3(P04)2 and In in the ZnS. As it was shown in studies [6-8] tin intensifies
the blue and green luminescence in ZnS and ZnS-Cu. The intensification of the lumi-
nescence emission is considerable and the values of the intensification coefficient
depend on the concentration of tin in ZnS [6, 7]. It seems to be ofa great importance
from practical viewpoint to get the information which would confirm or reject
the hypothesis concerning the luminescence centres of tin in ZnS.

In the investigations presented here an attempt was made to study the basic
photoluminescent properties of Sn-doped ZnS and to compare them with those of

self-activated ZnS luminophores obtained under the same conditions with the same
host material.

* This work was carried on under the Research Project MR. 1.5.
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Results of measurements

The luminescence measurements, i.e. thermoluminescence, emission spectra and
temperature quenching curves were made on powdered phosphors obtained by a si-
milar method to that described in paper [6]. The tin concentration in ZnS was
5X10~4 g/g. The photoluminescence emission spectra at a temperature of liquid
nitrogen were prepared by means of a monochromator DMR-4 and a photomulti-
plier EMI 9558 QB. The samples were excited by UV-radiation from a mercury lamp
(313 nm, 365 nm). To obtain the termoluminescence measurements the sample was
heated in an apparatus at a constant speed of 0.3°/s at temperatures ranging from
83 to 473 K. Figure 1 shows two thermoluminescence curves (standarized to height
with respect to stationary emission) for a tin-doped luminophore (solid line) and for
self-activated ZnS (dotted line). The samples were excited by the same wavelength
of UY-radiation (the radiation intensity and excitation time were identical in both
cases). Both sulphides gave an intensive blue thermoluminescence in a comparatively
wide range of temperatures and their main thermoluminescence emission maxima
were slightly shifted (133-138 K). As it can be seen from fig. 1the introduction oftin

Fig. 1. Thermoluminescence of SA ZnS (dotted line) and tin-activated ZnS (solid line)
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into ZnS causes a certain deformation of the termoluminescence curve, another
distinct maximum is formed in the region of 188 Kand the main thermoluminescence
maximum is shifted towards the lower temperature with respect to that of ZnS,
The positions of the thermoluminscence ihaxima for ZnS-Sn are in fair agreement
with those noted for this type of luminophores by Uehara [5].

The thermoluminescence curves of both samples are not elementary and it may
be assumed that these luminophores contain at least a few groups of electron traps
of relatively wide energy bands. The contributions of the various electron trap groups
to the thermoluminescent emission are changing.

It may be assumed that in the energy structure of ZnS tin occupies the position
at the electron trap level of ZnS thermic energy of about ET = 0.34 eV. This conclu-
sion would be in agreement with the energy model suggested in paper [4] for ZnS
activated by the elements of the IV B group of the periodic system.

Figure 2 shows two excitation spectra at room temperature on the ZnS-Sn (solid
line) and of the self-activated ZnS (dotted line). The two phosphors are characterized
by a similar location of the maxima of their luminescence efficiency. Each of them
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Fig. 2. Excition spectra of ZnS-Sn (solid line) and ZnS (dotted line)
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is composed of two distinct bands, the one with a higher energy (3.90 eV) may cor-
respond to the absorption edge, and the other band (3.65 eV) may due to the charac-
teristic absorption of the centres.

The comparison of the two curves (excitation spectra) allows to state the increase
ofthe quantum efficiency for ZnS in the vicinity of the edge absorption. In the present
investigations the SA ZnS-Sn photoluminescence spectra were resolved into single
bands. This procedure of resolving continuous spectra into single bands makes it
possible either to confirm or reject the hypothesis concerning the formation of lumi-
nescent emission centres in the blue-green ranges by the tin ions in the ZnS. The
resolution of the continuous spectra into single bands was carried out by means of
the Aencev -Fok method [9, 10]. The contours of the various spectra of zinc sulphi-
des were obtained by excitation with different wavelengths, infrared stimulation
and by making use of the phosphorescent emission of these luminophores.

In the figure 3 (the functions of the relative number of N quanta and energy hv)

Fig. 3. ZnS-Sn Photoluminescence spectrum excited by a wavelength of 313 nm and the single
emission band forming this spectrum
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the ZnS-Sn photoluminescence spectrum contour and its component bands with the
maxima in the region of 2.92, 2.78, 2.66, 2.50, 2.42, 2.30 eV are presented. While
comparing these band positions with the ones of the self-activated zinc sulphides
reported by Fok [9] and Bukke et al. [10], it is seen that the same emission bands
2.92, 2.66, and 2.50 eY are present in both these types of luminophores in the violet-
-blue range. The appearence of an additional band 2.78 eV for ZnS-Sn would indicate
the presence of tin luminescence centres induced by tin ions. It was, however, found
that the photoluminescence spectrum of self-activated ZnS obtained from the same
host material (zinc sulphide of a lumiophore purity) gave emission bands identical
to those emitted by a tin-doped luminophore. Figure 4 shows the contour of SA ZnS
photoluminescence spectrum and the single bands into which it could be resolved.
As, however, the 2.78 eV band also occurs in SA ZnS (fig. 4) thus tin is not responsible

Fig. 4. SA ZnS photoluminescence spectrum excited by a wavelength of 365 nm and the single
emission band of this spectrum
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for its presence in the luminophore. This band 2.78 eY may be connected with
either the dopant contained the zinc sulphide of luminophore purity or perhaps with
the presence of the luminescence centre formed during the heat treatment of the
luminophore in the atmosphere of air and sulphur.

From the results of the resolution of the ZnS and ZnS-Sn spectra into single
emission bands it might be inferred that tin does not introduce its own emission
bands into the blue-green range and that the intensification of the luminescence of
these sulphides is not related to luminescence centres introduced by tin.

The different shapes of the ZnS-Sn luminophore photoluminescence spectra are
due to the differences in the contribution of the various emission bands. Varying
conditions of luminophore excitation are responsible for the different contributions
of the various emission bands. Our hypothesis that tin in ZnS does not give its own
bands in the blue-green emission range is substantiated by the luminescence curves
illustrated in fig. 5 (the curve is standardized to one height). The process of tempe-

Fig. 5. Quenching temperature curve of SA ZnS (dotted line) and ZnS-Sn (solid line)

rature quenching for SA ZnS (dotted line) and ZnS-Sn (solid line) begins in the
region of 253 K and is similar for both luminophores. These curves in the temperature
ranges of 253 K and 383 K can be described by the following equation:

V=1+ Ce-'*2"

where C — constant, E — thermic energy of the centre activation.
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Conclusions

From the results of experiments on certain luminescence properties of tin-activated
ZnS presented in this paper the following conclusions may be drawn:

— tin does not introduce its own emission bands into the blue-green range of
luminescence,

— tin, as a dopant, occupies the position of the electron trap level in ZnS and
increases the concentration of this type of trap in ZnS-Sn.

The debayograms prepared [8] for ZnS and ZnS-Sn are identical for the both
structures. From the comparison of the ion radii (Zn2+ = 0.74 A, Sn2+ = 1.12A,
Sn4+ = 0.71 A) it can be suspected that the tin ion Sn4+ incorporated in the ZnS
lattice occupies the defect which was left by the zinc ion forming the level of the
electron trap (thermic energy ET= 0.34 eV) in ZnS.

It can be supposed that the tin ions incorporated in the ZnS lattice occupy the
defects left by the zinc ions and that, compensating for the negative electric charge
in the crystals, they facilitate the formation of centres characteristic of self-activated
ZnS luminophores. Tin ions incorporated in the ZnS crystal lattice compensate the
negative electric charge in the crystal and are conducive to creation of centres charac-
teristic of autoactivated ZnS luminophores.

References

[1] Gartick G. F. J., Proc. Phys. Soc. 62A (1949), 817.

[2] Smith N. W., Kroger F. A., J. Opt. Soc. Am. 39 (1949), 661.

[3] Mita Y., J. Phys. Soc. Japan 20 (1965), 1822.

[4] Mita Y., Sugibuchi K., Intern. Conf. on Lumin., Budapest 1966, p. 1158.

[5] Uehara Y., Intern. Conf. on Lumin., Budapest 1966, p. 1149.

[6] Kutaszewicz S., Acta Phys. Polon. A45 (1974), 499.

[71 Kutlaszewicz S., Zeszyty Naukowe WSI w Biatymstoku 6 (1973), 47.

[8] Michalski C., Doctor’s Thesis, Institute of Physics, Technical University of Warsaw, Warsaw
1979.

[9] Fok M. V., Zh. Prikl. Spektr. 16 (1969), 926.

[10] Bukke E. E., Voznesenskaya T. |., Golubeva N. P., Gorbacheva N. A., Ilyukhina Z. P,
Pansyuk E. I, Fok M. V., Trudy FIAN 50 (1972), 25.

Received, August 30, 1979,
in revised form, November 6, 1979

Fony6asi MIOMUHECLEHUMA Cynb(uda UMHKA C MPUMECbi0 0/10Ba

B paboTe MpuvBefeHbl OMbITHbIE Pe3yNbTaTbl HEKOTOPbLIX /IOMUHECLEHTHBLIX CBOWCTB Cynb(uaa
LMHKA, aKTUBMPOBAHHOTO 0/I0BOM. BbISIBfIEHO, UTO 0/10BO, BbI3bIBasi YCUEHWE SIIOMUHECLLEHLIN
cynbuia UMHKA He BBOAUT COGCTBEHHbIX LIEHTPOB IIOMUHECLIEHLMM B 061acTy rony6oBaTto-3e-
NéHoli amuccun. KpuBble TeMnepaTypHOro BbICBEUMBAHUS MOKA3bIBAOT, UTO O/10BO B CyNb(uae
LMHKa 3aHMMaeT MOMOXEHWE 3M1EKTPOHHON OBYLLKU.



