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Abstract

The luorescence emission spectrum ol StS: Sm phosphor in the visible region is recorded.
It consists of three groups of emigsion bands which are well resglved into discrete lines. On
the basis of Lhe crystal field theory, the aplitting pnttom of Sm3* energy levels in SrS lattice
is evaluated,
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Introduction

Alkaline earth sulphide phosphors activated by specific metallic impuritics gained con-
siderable practical importance after the discovery of infrared stimulation and sensitized lu-
minescence (Tomaschek 19445 Rothschild 1934). A good deal of work has been done on the
luminescence properties of $t§ phosphors doped with a number of activators., lowaever, in-
vestigations on SrS: Sm phosphors carried out till date are inadequate and in certain cascs,
controversial ag well. These facts motivated us Lo undertake a fresh investigation of fluores-
cence spectrum of Sr8: Sm phosplor, The primary objective of this paper is to interpret
the site of the luminescent centre and the levels mvolved in the emission, on the basis of the
crystal ficld theory,

_ The samples were prepared by the techniques previously described in our earlier paper
on the flourescence of Sr$: Ce and BaS: Ce phosphors (Thomas Baby, Thomas & Nampoori
-1985). Illgh purity SrS was used as the base material, A number of samples with vary-
ing samarium concentrations were prepared by doping the base material with the required -
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amounts of samarium oxide and carbon (reducing agent) in the presence of sodium thiosul-
phate as flux, The mixture was fired at 950°C for about one hour. Lfficient phosphors were
obtained by quenching the fired samples to room temperature. The powder thus oblained
was converited into pellets of 10mm radius and 3 mm thickness.

The phosphors were excited using a pulsed Nitrogen Laser (337.1 nm) of peak power 250
KW. Fluorescence spectra were recorded using a 0.5m Jarrel-Ash monochromator coupled
with PMT, pre-amplifier and a chart recorder. All the measurements were carried out at
room temperature, Several samples were prepared by varying the parameters like activator
concentrations, firing temperature, firing time and concentration of flux. In this paper, we
report the effect of erystal field on the encrgy level structure of $m*F in 518 lattice,

The §m®*™ emission in SrS consists of three groups of intense lines ('Table 1) in the
region 550-675 nin (Fig.1). These bands are attributed to the well known transitions . Teiy,y —
Gu,],‘ by, = Bi1yyy and 1(,5,2 — by (Marfunin 1979). The ocenrrence of the sub lovels
is due to the splitting of the free ion term of the Sm™t under the influence of the ligands of
the swrrounding jons. In the present case, since SrS crystallises in Va7 structure (Keller
& Peutit 1959), an impurity ion occupying as $r?t site will exporicnce a cubic erystal fiold
with oclahedral co-ordination. In such an environment (Lea,Leask & Wolf 1962), the [ree
ion terms with J = 5/2 and J = 7/2 will split into two and three sub lovels respeclively,
So cvulontly, the first group of emission bands will consists of four lines and the second will
comprise of six lines,

Table 1. Wavelenglhs and assignmoent of (uorescence emission bands
in SrS: Sm phosphor

Group Level Transitions Wavelength Wavenumber (#)em 1)
‘ {nm) Observed Caleulated
8— 7 5561 17982 17982
T— 7 5597 17867 L7867
1Gspp =8 My, 8- 8 5669 17640 17613
7—- 8 5705 17528 17528
8—17 5963 16770 16740
) ] T— 7 6015 16625 . 16625
Gypg Ihyp 8-6 6035 16570 16600
T— G 6066 16485 1G4R5
88— 8 6051 16525 HGhah
7— R 6097 16401 L6110
8- 81 6436 15538 15538
7 8(1) 6183 15425 15423
“Gm —b Hopy 8-+ 83 6198 15389 15384
7— 8(2) 6539 15293 15274
88— 6 6570 15221 15267

T— 6 6622 15101 15152
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An analysis of the crystal lield splitting can be made by [ollowing the method suggested
by Zhong and Dryant (1980). Lea et al. {1962) have shown that within a manifold of
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Figure 1: Fluorescence spectrwn of Sr8:5m phosphor.

angular momentum J of 4f* configuration the general operator equivalent potential with
cubic symmetry has the form

Il = By(0OF + 50%) + Bs(0f - 210§) (1)

where x,y,% axes have been chosen along the < 100 >, < 010 >, < 001 > direclions, respoc-
tively. Using the notation of Lea et al, (1962) the Hamiltonian is then

().1 Oﬁ
— i A —_| a2 |y —= :
I =wiz TS +{1- | DF(G)) (2)

wliere

04 = 0%+ 501, 0 =0§ - 2104
LFA) =W, Bgl6)=1-|2| (3}

and —1 < 2 < 1, whon 2 runs from -1 to +i. The Hamiltonian covers all possible combina-
tions of the fourth and sixth degree terms, The scale and pattern of the crystal field splittings
are determined by the coeflicients I3y and g which are

By = Ay < > By De = Ag < > ¥ ()

where < vt > and < »% > are the mean fourth and sixth powers of the radii of the 4f electrons
of the impurity ion and 3 and ¥ are the Steevan’s multiplicative constants (Sieevans 1952),
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The geometrical coordination factors Aq and Ag are given by the point charge Céystnl field
model. Freeman and Watson (1962) gave the respective values of < > and < ¥ > for the
Sm*t ion as 1.897 a}, and 8.7775 a3 (an is the Bobr radius) r.espectwcly. Here the ‘va.]‘uc.:s
of W and z are both positive since the Sm?* ion in S§rS experiences an octahedral crystal

field.

(8)

(A)

Figure 2: (A and B). The splitting pattern of the 84775 and ® Iy o manifold of the §m3* ion
in the Sr§ lattice, E is in em™ and z is a dimensionless parameter defined in the text,
The broken lines indicate the values of 2 used to evaluate the scale factor W{inem™1)
required for the experimental determination of crystal field parameters.

In order to identify the various sub levels giving rise to the six lines occurring in the
"G’m -6 75 level and also to find out the level scparation between these sub levels, an
analysis of the spectrum has been carried out, It is found that these six lines can be grouped
into two sets consisting of three lines, each group being scparated by an average amount of
115 em~!, The lines in each group are found to be separated by 75 em™! and 140 em~!
(Tig.3). The splitting pattern of the %177, level of the Sm** jon in a cubic field is given in
(Tig.2A). An exact fit with the above pattern occurs lor the scale faclor W = 6.08¢m ™} and

z = 0,97. Using the Equations (3) and {(4) the crystal field parameters calculated are By =
0.98, Bg = 23821078, 44 < v >=393 em~L.

For the 1G5, —® Iy, transition, the separation is found to be 115 em™1. The lines in
each group are separated by 122 em™! and 149 em™! respectively, The splitting patiern of
8 Hy/y level of Smt jon is shown in Fig.2B. For this group, the best fit is obtained when W =
2.249cm~1! and z = 0.52 giving By = 0.019,, Bg = 1.79 x 1075 and A4 < #! >= 7.79em™!.,
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Thus the values of A4 < 7! > oblained using the experimentally measured W and z from
Equations (2) and (4) which coincides with the values of A4 < 7' > oblained theoretically
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Figure 3: The energy level scheme showing the various sub levels and transitions which give
to the fluorescence speetrum ol SrS:Sm.

from the point charge crystal field calculations. The model suggests that Sm3* dissolves in
St§ substitutionally,
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