
Ind ian Journal of Pure & Appli ed Physic~ 

Vol. :lX. April 20()O. pp 24R-257 

Luminescence and XRD studies of some (ZnS:l % wt CaS) and 
(CaS : 1 % wt ZnS) phosphors 

S Bhushan . P K Dewangan & Sunil Saxena 

Schoo l of Stutiie~ in Phys ics. Pt Ravishankar Shukla University. Raipur 492 010 

Receiveti 19 Novemher 1998: rev ised 19 August 1999; accepted 4 February 2000 

The results of luminescence. ahsorption and XRD studies of some (ZnS : 1% wt CaS) and (CaS : 1% wt ZnS) phosphors when 

doped with impurities like Cu. Sm/Pr and CI have been presented. Emission peaks at 420 nm (due to Cu). 480 nm (due to Zn) 

and in the rc~ion 730-740 nm (due to Sm Sm/Pr) have heen found . Ahsorption spectra consists of a numher of peaks due to 

11<1 ti ve latti ce alongwith the rresence of dillerent ingred ients used. ZnS hased systems have been found to he more susceptihle 
to oxidation. 

I Introduction 
Both alkaline earth sul phide and zinc sulphide phos­

phors are well known phosphors I . ~. The crystal struc­

ture. ioni c radii. io nic ity and band gaps of these 

material s are such that poss ibi I ity of sol id solutions may 
be ex pected which may gene rate new systems for phos­
phors. Such a possibility was anticipated by Lehmann5 

also. Howe ver. not muc h efforts were made in this 
direction. Viney el al. h

• attempted to mix CaS with CdS. 
Sen and Bhushan 7 x recentl y re ported luminescence in 

ZnS mi xed CaS when doped with impurities like Cu, La 

and C I. It was found that CaS affec ted the emission 

profoundly. Poss ibi lities of replaceme nt of Ca by Zn up 
to a certain proportion, Ca go ing into interstiti a ls of ZnS 

and CaS and ZnS with impuriti es used giving their own 

cmissi ons were shown. They also reported structural 

studies of these systems. It was found that due to oxida­

tion of orig inal material s, formation of ZnO and CuSO~ 
took place. However, explanati on given on the origin of 
emi ss ion bands re lllained valid . To enhance such stud­
ies. the present paper dea ls with luminescence and struc­

tural studi es of Z nS :CaS phosphors when doped with 
impurities like C u. PrISm and C I. 

2 Experimental Details 
The phosphors were prepared by firin g a mixture of 

appropriate amount s o f CaS (From National Physical 
Laboratory. New De lhi , maxilllum impurities Cu 20 
ppm and Fe 50 ppm, firing of CaS alone gave no emis­
~ i on ), ZnS (grade L Joh nson and M atthey, UK), copper 
acetat e (A R, BDH ), sa laTium/praseody mium nitrate 
( Indian Rare Earths Ltd. 99.99% pure) and ammonium 

chloride (AR, BOH) at a temperature of about 1050 °C 

under the continuous fl ow ofN1 and H1S gases. 99 .99£Y, 
pure sulphur was also added III the above mixture up to 
5%. All the concentrations used were by weig ht of 

CaS/ZnS. Emission spectra were studied under the ex­
citations of 3650 A Hg radiations photo-luminescence 
(PI) and ac electric field electroluminescence (EL) using 

a Jarell-Ash monochromator and RCA 62 17 photo-mul ­
tiplier tube. For the absorption spectral studies a Varian 
(VIS-UV) OMS-I 00 spectrophotomete r was used and 

XRD studies were made at RSIC Nagpur using Fe Ka.. 

radiation from a computerized diffracto eter. 

3 Results and Discussions 

3.1 Spectral studies 

It has been observed that PL spectrum,j of CaS : Cu. 

CI shows a peak at 420 nm which i ~ related to the 
presence of Cu. Due to mixing ofZnS a peak at 480 nm 
appears which has been re lated to the presence of Zn in 
CaS. With the increase in concentration ofZnS this peak 
becomes max imum at a concentration of I to 1. 2."i (;{ 
after that concentration quenching takes place . Th is 
mean s that luminescence centres due to Z n are formed 
giving ri se to e mi ss ion at 480 nm. In S m/Pr doped 
samples,j lD a peak in the red region (730-740 nm ) has 

bee n observed . EL spectra are also found to show similar 
behaviour. Since gradual shift in emission co lours due 
to increasing concentration of ZnS has not been ob­
served, therefore, possibility of forming a common lat­
ti ce i.e. monophas ic structure has been ignored . In 
ZnS :Cu,CI peaks at 440 nm and 620 nm are obse rved II 
whose intensit ies reduce due to addition of CaS. In 
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presence of Sm/Pr, a red peak (720-730 nm) alongwith 
the 440 nm peak has been observed . Peak at 620 nm is 
suppressed completely . In this system also, no gradual 
shift in emission colours is observed due to increasing 
concentration of CaS . 

However, peaks which are shifted from band gap va lues 
may be due to creation native lattice defects . Other peaks 
may be due to impurities . Changes in absorbance va lues 
are also observed due to the presence of impurities. 

3.2 XRD studies 
Absorption spectra for the two kinds of systems are 

shown in Figs I and 2 and their corresponding data are 
presented in Tables I and 2. Band gaps of CaS and ZnS 
are 4.8 eV and 3.72 eV respectively. Peaks correspond­
ing to exact values of band gaps are not seen mostly. 

The XRD diffractograms for different CaS phosphors 

are shown in Figs 3-5 and corresponding data are pre­
sented in Tables 3-6. On comparing with powder dif­
fraction file (PDF) in CaS:Cu. CI prominent lines of CaS 
alongwith some prominent lines of Cas, some lines or 
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Table I - Absorption data of different CaS phosphors 

(CaS: I 0;, wt Zns): Cu( I %). C I ( I %) (CaS: 1% wt Zns) : Cu( 1%). Sm( I %).CI( 1%) (CaS : 1% wt ZnS): Cu( I %). Pr (1 % ). C I( 10;, ) 

Peak Values Peak value~ Peak values 

(nm) E(eV ) A bsorhance (nm) E(eV) Absorbance (nm) E(eV) Absorbance 

28() 00 4 .336 (l . II ] 2R7.7 4 .3 10 0. 149 260.6 4.762 0.369 

292.7 4.D() O.04X 294 .4 4.2 12 n.08 I 265 .7 4 .670 03-'4 

:1 14.7 3.940 O.O6() 3 14.7 3.94(} 0.095 269.9 4.597 o.:n l 

.\55.4 3.489 O.OT2 3S5.4 3.4R9 O.OX I 309.7 3 007 O. 19 I 

338.4 3.667 0.-'4-' 

55 1.7 2.248 0.050 551 .7 2.24R 0. 109 35 1.1 3.5-'4 0.427 

T ahle 2 - Absorption data of different ZnS phosphors 

(ZnS: I 0;" wt CaS ): Cu( I %). CI ( I % ) (ZnS : 1% wt CaS) :Cu( 1%).Sm ( I %). C I( 1%) (ZnS : I % wt CaS): Cu ( I %). Pr(I %). CI ( I % 1 

Peak Values Peak V alues Peak Va lues 

I nlll i E(eV ) A hsorhance (n111 ) E(eV) A hsorbance (n m) E(eV ) Ahsnrh:lllcc 

2X(l.I)O 4.-'39 o 107 3 11 .4 3.9X5 0347 26 1.4 4 .747 O.09X 

:; 12.2 3.n2 o 12X 358.X 3.45() O.Ol)() 26R.2 4.627 0.OX9 

-' 54.5 3.498 o I -' I 392.6 3. 15R 0. 106 286.2 4.432 0.112 

5517 2.24R 0.114 3 13.0 3.964 027() 

354.3 3.500 o I XO 

Table -' - XRD data of Cas:Cu . CI Phosphor 
Gener,li lension : 35 kV . Generator Current : 20 mA 

Ohserved va lues Reporled va lues A ss igned Materials I PDF Llili cl' 
(flU) C()nstan i 

(A ) 

28 dIAl II I; d(A ) III ; 

32.155 3.4% 62 3.549 100 CUS04/( I I I) 15-775 

.\ 4.4 10 3. 279 5 3.28 < I CaS(Cubic)/( I I I ) 8-464 5.e)799 

:17.240 3.032 X 3.02 13 CaCI24H20/( I 12) 25-1 090 

39.760 2 X47 27') 2, 846 100 CaS(Cuhic)I(200) X-464 5.6934 

4'). 140 2.32X 12 1 .32 1 10 Cu SO.j/(O 12) 15-775 

5 1.925 2.2 12 4 2.DX 4 N H4C1/( I I I ) 7-7 -'.X2 -'O 

S7.4()S 2 01 4 11 9 2.01 3 7(} CaS(Cuhic )I(22() 8-464 SH)S() 

() r ns 1.745 6 1.73-' 6 N H4CI (2 10) 7- 7 3,!)(}24 

n 17() 1.643 4 1 1.6439 2 1 CaS(Cubic)/(222) 8-464 S.69 3:1 

75.W5 1.579 4 I .SR2 25 NH4CI/(2 11 ) 7-7 3.X6X5 

XS. 655 1.424 17 1.423R 10 CaS(Cubic)/(400) 8-464 S.6l)6() 
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C uSO.!, NH4CI and CaCl 2.H20 appear although some 

prominent lines of the latter material s are missing. Com­

parison has been made from the reported values in terms 

of nearest available values. As far as oossible the ass i£n-
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Ohserved values 

28 d(A ) 

:rz 190 3.492 

34.275 3.2R5 

37. 1 <)5 3035 

,1<).770 VI46 

57.4XO 2013 

()2 .240 1.873 

()3.26() 1.846 

68.775 1.714 

70.635 1.675 

72. I flO I J)44 

74. 750 1.595 

X5.650 1.424 
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Fig. 4 - X-ray dilTractogram of (CaS: 1% wt ZnS): Cu. Sm. Ci 

Tahl e 4 - XRD data or (CaS : I o/r wt ZnS): Cu. Ci phosphor 

Generator tension: 35 kV. Generator Current : 20 rnA 

Reported va lues Assigned Materia ls I 
(lIk /) 

Il li deAl I Iii 

14 3.549 100 CuS04l'(11 1) 

13 3.2R < I CaS(Cubic)/( I II l 

12 3.05 4 ZnS(Wurtzite-IO H)/( 104) 

416 2.846 100 CaS(Cuhic)/(200) 

182 2.01 3 70 CaS(Cuhic)I(220) 

02 1.87 1 02 ZnS( wu rtzite- I 0 1-1 ) 

m U,41 02 Z nS(Wurtzile-I OH)I( 1( 14) 

m 1.7 17 < I CaS(Cubic)I(3 1 I ) 

m 1 678 02 ZnS(Wurtzite- 1 OH )I ( 1(16) 

52 1.6439 2 1 CaS(Cuhicl/(222) 

1.582 25 NH4Ci (2 11 ) 

?~ _ . J 1.4238 10 CaS(Cubic)/(400) 

PDF Lalli ce 
constant 
(A) 

15-775 

8-464 5.6R<)<) 

12-68R 

8-464 5 .6'~OO 

8-464 5N)4() 

12-688 

12-6R8 

8-4Cl4 5.686(, 

12-688 

8-464 56')3<) 

7-7 3.9062 

R-464 5HJ34 
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Tahle 5 - X RD data o f (Cas : 10;", wt ZnS) : Cu. Sm. CI phosphor 

General tension: 35 kY . Generator Current : 20 mA 

Ohserved va lue, Reported values Assigned Material sl PDF Lallice 

(ltk!) constant 
(A) 

2B deAl Illi dlA ) I IIi 

14.6XO 7. 577 II 7.59 77 CaS04.2H201(020 ) 36-432 

2 1.X7'i 5.102 15() 5.20 20 C"Ci2AH201(() I I ) 25- 1090 

29.01 4 3 X65 OX 3.X7 25 N H4CI{Cuhic)/( 1(0) 7-7 3.XM'J 

32. 1()5 3A9 I 225 3.549 100 CuS04f( I I I ) 15-775 

~4.3:15 3. 2XO ()7 3.2X < I CaS(Cubie)/( III ) X-4M 5.6XO 

:1702'1 3.049 04 3.05 04 ZnS(Wurtzite- 1 OH)/( I (4) 12-6XX 

.W .760 2.X47 25:1 2.R46 100 CaS(Cubie)/(200) RA64 5.6934 

42.:l XO 2.67X 02 2.6x 40 Sm(Rhomhohedral/( I 0 15 ) 6-419 

4()2 15 2.325 35 2.321 10 Cu S04f(() 12) 15-775 

52.()70 2.2 10 30 2.23X 4 NH4CI(Cubie)l( II I ) 7-7 3.X277 

57 .505 2.01 2 114 2.0 1:1 70 CaS(Cubic)/(220) X-4M 5.691 () 

()2AX'i I. X6C, 25 I .X7 1 02 Z nS( Wurtzite-IOH ) 12-6XX 

()7.34() 1.7-i6 12 l .n:1 02 NH4CI (Cubic )/(2 1 0) 7-7 3.9042 

72. 10) 1 M.') :> 4 I .M :1 () 2 1 CaS(Cuhie)/(222) X-464 5N)77 

74.X20 I .Wl 02 1.5X2 2.') NH4C1(Cubic)/(2 11 ) 7-7 3.9030 

XI . 145 IAXX O() IAX7 01 Sm 20~(Cubie)/(633) 43-1029 

~n.:no IA6 .') 7 1 IA5 :1 .')0 Sm/( I (16) 6-419 

X5.7 1.') IA2:1 14 IA23X 10 CaS(Cubie)/( 400) X-464 5.6960 

Tahle 6 - XRD data of (CaS : 1% wt ZnS): Cu. Pr. C I phosphor. 

Generator Tension : 35 K Y. Generator current : 20 mA 

Ohserved va lu c~ Reported va lues Assigned Materi alsl PDF Latti ce 
(ltkl ) constanl 

(A) 

2B deAl Illi deAl I IIi 

2X.970 3.X70 14 3X70 25 NH4C1(Cubie)/( I (0) 7-7 3.X70 I 
:12. 19.') 3A9 12 2 10 3.549 100 CUS04 (Orthorhombic)/( I II ) 15- 77.') 

34.26.') 3.2X6 Il(, 3.2X < I CaS(Cubie/( I I I ) X-464 5N)1 

J6. I05 :I. DO I ()<) 3. 13 30 Pr20 1(Monociinie)/(401 ) 24-9 12 
3(dnO 3.061 I 12 3.0.') 04 Z nS(Wurtzite- 1 OH)I( I (4) 12-6RO 
Y)77 .~ 2.X470 24:1 2.X4() 100 CaS(Cubie)I(200) X-4()4 5,(,94 

4(' . 1.')0 2 Am x 2:173 0.') Pr20 ,(Monoelinie)I(600) 24-9 12 
.19.200 2.:1254 3() 2.32 1 10 CuS04(Orthorhol1lhie)I(0 12) 15-775 
52 .01 '1 2.2()7(, .'1 (j 2.2:1 X 4 NH4CI(Cubic)/( I II ) 7-7 3'11,2 77 
.')2 .770 2.17X3 I() 2. I XI 15 Pr20 1( Monoel i nic)l( 3( 4) 24-() 12 

'i7 47() 2.01 :>'1 ')2 2 01 3 70 CaS(Cuhic)I(220) X-4M 5N)5 
(,2.240 I .X(,X 24 I .X71 02 ZnS(Wuilzite- 1 01-1)1 12-6XX 
(, .'1. 14(l I .X4()() 4 I .X41 02 ZnS(Wurtzite-1 OH)I( I 0 14) 12-6XX 
67. :1()5 1.746X 14 l .n3 06 NH-lCl (Cubie)/(2 10) 7-7 3.905 
72. I :10 I .M43 :17 1.64:19 2 1 CaS(Cubie)/(222) 8-464 5HJ77 
7(). 1 X5 1.51 XC) 1/5 19 .') Pr20~ (Monoelinie)/ISI :1 ) 24-9 12 
XI.2 10 I AX73 .') I A8 1 15 Pr20~ (Monoelinic)/(70.') ) 24-9 12 
X.') .690 I A235 12 IA238 10 CaS(Cubie)/( 4(0) 8-464 5.6940 
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Tahie 7 - XRD data or (ZnS: I 9,:, WI CaS) : Cu, Sm, Ci phosflhor 
Gener;llor lem ion: 35 kY, Generator Current: 20 mA 

Ohserved v;i1 uc, Reponed values 

2H dIAl III , ti( AJ 1//; 

.'4'(l45 3.0:n 27') 3.3 1 02 

.' (' . 1-15 3.120 400 ,\. 120 100 

3X.6X5 2.')lJ3 15(, 2.lJ20 04 

.'X.7XO 2. ') I (, 1:17 2lJO 100 

-10.2.'5 2.X 15 177 2~ 1 4 57 

42.0()O 2.!l')X 10 2J)X 40 

4:1.(,70 2.6m 100 2.(,m 44 

~6-040 2.475 2XX 2.4 7)1) 100 

-IX. XXI) 2.:\40 01 2.:130 04 

,0.-120 2.27:1 :iX 22C, 05 

)X.~ I () 1.')9X(, 32 l .lJ9X 05 

"I.X I I) 1.942 4 1 l .lJ39 OX 

('().900 1.9 10 27') 1.9 I I 65 

() 1.070 1905 174 l .lJ04 50 

(,(,J,:\,!) 1.7(,3 72 1.77 33 

71 .70() I J) 5.' 20 1.644 21 

7:'.XX5 I .6:10 1(,(, IJ,3 45 

7:1 I t) .~ 1.62.' 1,2 I .C,2C) 35 

7-1 .'4() 1.59'J :2~ I S)X 02 

XI ')()5 1.477 -1 X 1.-177 2') 

Xh.')7' 1.407 01, 1.-107 04 

X') .170 1.37') ~X I .:no ()6 

se rved I i nes have becn assigned to CaS. Z nS, NH4C1 and 

C uSO.) . D ue to add i t ion o f Z nS some changes in Iatticc 

constants o f C aS al tho ugh not in a regular w ay are 

ohser ved . As i s k nown w hen a small atom is substituted 

for a large 01lL: , the latt ice parameter sm oothl y dec reases 

and in the reverse case it inc reases
t2 In case a mi xed 

latti ce is fo rmed . a regular shift should have appeared in 

the latli ce parameter. T h is result is also in accordance 

w ith Ihe results of lumi nescence stud ies and thu s poss i ­

bility o f fo rming a common latti ce has been ignored . 

Fro m the d iffractogram s o f (CaS : I % w t Z nS): C u, 

Sm , CI (Fig . 4 and T able S) d iffrac ti on lines correspond­

ing to Z nS. CaS. CaSO.). CaCl ~. C uSO.), Sm , NH4C1 and 

Sm~(~, are recogni zed . S imil arl y in case o f (CaS : I % w t 

Z nS): C u. PI'. CI (Fi g. 5 and Table 6) d iffracti on line:-: 

d lle to Z nS. C aS. C uSO.j . NH.)C1 and P~O \ are f ound . 

L ,ltti ce constants have also been ca lc ul ated w hi ch are 

found to matc h wi th the standard va lues. T hus, along­

. \l ith the used materi als in the preparation o f samples . 

Ass igned Malerialsl PDF L; ltli l'C 
(ilk!) con.'aallt 

tA l 

ZnS(Wunzile I OH)I( I (0) 1 2 -0()~X 

ZnS(Wunzite I OH)I(OO I 0) 12- 06XX 

Sm20 , 1(32 1) 43-1029 

Sm/(()09 ) 06-04 1lJ 

ZnO(Zinci te.Syn)/( I (0) 36- 1451 3.4299 

Sm/({) I 5) 06-04 1 ') 

ZnO(Zincitc. Syn)I(002) 36- 145 1 

ZnO(Zincile.sYII)I( 1( 1) 36-1 45 1 

Sml 0 , /( 332) 43- 102') 

S m/(O Hi ) 06-04 1 t) 

S m/( I 0 I 0) 06-041 ') 

N I-I -lCiI(200) 07 -0007 

ZnS(Wunzite-2H)I( I 10) 10-434 

ZnS(Wurtzite- 1 01-1 )1 I I 0) 12-()()RR 

CuSO-l(Chalcocyanile.Syn)/(22) 15- 0775 

CaS (Cubic)l(222) OX-04h4 5. 725X 

u -ZnS(Wurtzitc)l( I 12) 5-492 

ZnS(Wunzilc-1 Ol-l )l( I 10) 1 2- 0()~X 

ZnS(Wunzilc- IOH)/(205) 12-06XX 

ZnO(Zincite. Syn)/( I03) .\C,- 145 I 

ZnO(Zincilc. Sy n)1 :16-145 1 3.2-1') 

N H4CI/(200) 07-0007 

Thu s, a longwith the used m ateri a ls in the preparat ion or 
samples. ex istence of some other m ater i als are abo 
found w hi ch might have occurred due to chemical reac­

ti ons during the process of preparati on . 

T he XRD data of (ZnS : I nlc, wt CaS) : C u. Sm . C I allLl 

(ZnS: 1% w t CaS): C u. Pr, C I prepared separate ly were 

al so in vesti gated and suc h observatio ns for a repre­

sen tati ve sam p les of (ZnS: 1% wt CaS) : C u, Sm. C I arc 

shown in F ig . 6. T he corresponding data are summari zed 

in T able 7. 10 these cases, alo llgwit h the lines associated 

to ing redients used . Th ose o f ZnO are also found . A l­

though these samples w ere prepared under the stri c t 

conditi ons o f CaS phosphors. it appears t hat Z nS com­

pounds are more suscept ible to ox idatio n. Ass ignments 

in these cases also have been confirmed by ca lculatin); 

the latt ice constants. 

4 Conclusion 
T he X RD studi es of different Z nS mi xed C aS anci 

CaS mixed Z nS phosphors show the ex i stence o f differ-
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ent ingred ients used in such systems . Considering lumi­
nescence stud ies also, poss ibility of formin g a common 
lattice i.e. monophas ic structure has not been found. It 
is also found that ZnS based systems are more suscepti­
bl e to ox idation. 
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