
CHAPTER III

CHARACTERISATION OF PHOSPHORS



3.1 Introduction :

38

This chapter gives detailed information 

regarding the structural, electrical, magnetic and optical 

characterisation of SrSO^ phosphors, prepared in the 

present study. The characterisation of phosphor before 

undertaking any luminescence studies is indispensible. 

Such studies help to understand the mechanism of emission 

of light in the phosphor system under investigation. The 

luminescence properties mainly depend on the crystal 

structure, the type of impurity doped and the amount of 

impurity actually gone in the lattice during 

preparation of the phosphors. In the present 

investigation an attempt has been made to characterise 

the phosphors on the basis of structural, electrical, 

magnetic and optical properties.

3.2 Structural Characterisation :

X-ray diffraction studies are used for identif­

ication of Solid Crystalline Substances. The basis of 

the studies is that each substance gives a characteristic 

X-ray pattern and no two chemically distinct substances 

give identical patterns. The positions of lines and 

their relative intensities do not vary appreciable under 

given experimental conditions. If the structure of 

material is known its diffraction pattern can be
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direct calculation of structure of substance from the 
observed pattern can never be evaluated, if the structure 
of starting material is not known.

In the present investigation the XRD study was 
carried out on philips PW-1051 X-ray diffractometer. The 
X-ray machine was operated on 35 KV, 40 niiA, using CuK^ 
radiations with wavelength ^ = 1.54X78 A0. Scanning

rate was 5 mm/ Degree. The XRD patterns for the phosphors 
were recorded within the span of angles between 10° to 
90°. The rate of meter and chart speed were kept 

constant for all the runs.

The X-ray diffraction patterns for typical
/V

phosphors SCqq, SCq^, SCq^, SC.^ and SCgg were obtained 
and are depicted in fig. 3.1 and 3.2. Before obtaining 
XRD patterns, these phosphors were ground in an agate 
morter and sieved through a 325 mesh screen to get, the 
particles of uniform size.

The fig. 3.1 and 3.2 were used to calculate the 
values of 28 (degree) and the corresponding relative 
intensity 'I' (Arb. Units) for the respective phosphors; 
and the values so obtained are presented in Table No. 3.1 
to 3.5. The interplaner distances ' d' have been 
calculated by using well known Bragg's relation and these 
values were compaired with standard values of *d' from 
ASTM car$ No. 5-0593 (Page - 821). The comparision makes
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it possible to obtain 1 h' , *k’ and '1' values for the 

planes in the crystal under study. The calculated *d* , 

observed 'd' (from ASTM Card) and (h, k, 1) values for 

five different phosphors are presented in Table No. 3.1 

to 3.5. From tables it can be noted that the values of 

calculated ’d* and observed *d* are in agreement with 

each other.

It is well known that the structure of the 

starting material (SrSO^), used in the present 

investigation, is orthorombic ; with lattice parameters -

a„ = 8.539 + 0.005 A°, bn « 5.352 + 0.005A° and

CQ = 6.866 + 0.005 A0. Hence in the present 
investigation, fox calculation of lattice parameters for 
SrS0^:Dy and SrS0^:Tb, the formula

is used. The suitable planes were choosed by trial & 

error method. The calculated values of lattice
a.

parameters for SCq^, SCq-j, SC^ and SC^g are given in

the tables - (Table 3.2 to 3.5). The

comparision of the calculated values of lattice parameters 

with standard values renders to suggest that the 
structure of prepared phosphors is also orthorhombic^ and 

there is no change in the structure even after doping

with the activators with and without the charge
*compensator.
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Further from Fig. 3.1 it can be noted that the

peak positions of starting material (SCqq), heat treated 

SrSO^ (SCq^) and Dy added SrSO^ (SCq^) possesses one to 

one similarity. This confirms that the incorporation of 

activator does not bring about appreciable change in the 

crystal structure. This appears to suggest that a traps 

in the present phosphor system are due to host lattice 

defects, rather than activator added. Similar contention 

has been more clearly investigated by other workers for
234

alkaline earth sulphate phosphors, 5 ’ . The comparision 

of relative intensities of heat treated SrSO^ (SCq^) and 

Dy added SrSO^ (SCq^) (Fig. 3.1) shows that relative 

intensity gets increased by the addition of activator.

Fig. 3.2 gives X-ray diffraction pattern with
a.

(SC^g) and without (SC^) Na2S0^ added SrSO^:Tb phosphors.

It can be noted from fig. 3.2, that peak positions are 

same, for both the phosphors similar to that obtained for 

SrSO^ : Dy phosphors. (Fig. 3.1). This shows that the 

addition of Na2S0^ during the preparation of phosphor can 

not be suspected to give rise a new compound. The 

comparision of relative peak intensities of SrSO^:Tb

that, the peak heights of Na2S0^ added phosphors have 

been increased as per expectation. The addition of 
Na2SO^ helps only to incorporate more • number of 

trivalent activator ions like -

8613
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ATbJ+ in to the host lattice for charge compensation. The 

increased population of Tb or Dy ions in Na2S0^ added
JU

SrSO^ (SC^g) phosphor is explained at length in forth 
coming chapter. The comparision of peak intensity at 
around 2© = 42.2°, for with (SCgg) and without (SC^)

Na2S0^ added phosphor appears to indicate that plane 
corresponding to 20 = 44.2° is favourable plane for
incorporation of Tb^+ ions along with Na+ ion in the host 

lattice. In addition to the prominent peaks, the spikes 
with low intensity can be seen to be present in the X-ray 
diffraction pattern (Fig. 3.1 and 3.2). This might be 
due to the noise in the detection system of X-ray
diffractometer or due to the traces of impurities present 
in the starting material. Similar results were reported 
by Rao^ for alkaline earth sulfide phosphors.

Thus the principle findings of structural 
characterisation may be summarised as follows.

1. The structure of SrSO^:Dy and SrSO^:Tb phosphors
with and without Na2S0^ is orthorhombic.

2. The addition of activator ion (Dy^+ or Tb^+) along

with Na+ ion appears to increase the population of 

activator ion in SrSO^ phosphors.

3.3 Electrical Characterisation :
3.3.1 A.C. Conductivity

In order to obtain the information regarding
the conductivity of prepared phosphors, the variation of



current (I) through electroluminescent cell with the 
applied voltage, has been measured for various phosphors. 
The nature of I-V curves for almost all the phosphors is 
similar. In order to avoid repeatation, typical I-V 
plots are shown in fig. 3.3 & 3.4. From the graph it can 
be seen that I versus V plots are not exactly linear. To 
understand nature of I-V curves, the graph of log I is 
plotted against logV and they are as shown in fig. 3.5. 
It can be seen that the plots are linear with slope 
nearly equal to 2 and hence I-V curves can be fitted in

r
the relation0.

Where,

I = (? M. V2) / (32 IT L3)

V = Voltage drop across the phosphor system. 
^ = Mobility of the charge carrier 

I = Current flowing through the E.L. cell.
L = Thickness of thin uniform layer of micro 

crystalline powder (thickness 0.02 cm) in 
electroluminescent cell.

The I-V characteristics are observed to be non­
linear for low and high voltages (Fig. 3.3 and 3.45. 
However in the voltage range 400 to 1000 volts they are 
found to be linear. The slopes of linear portion of I-V 
characteristics gives electrical conductance of 
phosphors.



In the present investigation the electrical

conductance of SrSO^ phosphors with diverse concentration 

of Dy or Tb at room temperature are measured and they are 

listed in table no. 3.6. From table no. 3.6 and from 

fig. 3.3 and 3.4 following points are worth noting.

1. The electrical conductance of SrSO^ : Tb phosphors 

without Na2S0^ decreases with the increase of 

concentration of Tb similar result is obtained for 

SrSO^ : Dy phosphors.

2. The electrical conductance of SrSO^ : Dy phosphors 

without Na2S0^ gives more electrical conductance 

than with Na2S0^ phosphors. Similar results are 

obtained for SrSO^:Tb phosphors.

The decrease in the electrical conductivity of
3+ 3+SrSO^ phosphors with addition of Dy or Tb. ions may be

attributed to the scattering of charge carriers due to

the Dy or Tb impurities. Such a decrease in conductivity
7has been observed in silver halides with Cd and in

Q

sodium nitrate doped with barium .

The decrese of electrical conductance of 

Na2S0^ added SrSO^ phosphors may be under stood as
3 -j*follows : The addition of 2Dy ions in the matrix of 

SrSO^ can replace 3Sr++ ions creating one cataion vacancy 

to preserve the charge Neutrality in without Na2S0^ added 

phosphors.



45
i.e. 2 Dy3+ —> 3 Sr+ +

3+However when a trivalent impurity ion Dy is 
doped along with a monovalent impurity ion Na+, they do 

not create any vacancy.

i.e. Dy^+ + Na+ —^ 2 Sr+ +

This suggest that incarporation of Dy^ + along 

with Na+ in SrSO^ matrix decreases the no. of cation 

vacancy, which results in decreasing the conductivity.

3.3.2 D.C. Resistivity

Attempt was made to determine the d.c. 

resistivity of some typical phosphors whose pellets were 

prepared, by compacting the polycrystalline powder. 

Initially acetone was mixed in the powder phosphor and 

Polyvelene acetate was used as a binder. The mixture was, 

dried and crushed with agate morter. The mixture was 

then put into a dia of 1cm. diaraater under constant pressure of 
7 tones/inch with the help of hydraulic press, for 15 
minutes at room temperature. (300° K).

The apparatus for the resistivity measurement 

is depicted in fig. 3.6. The pellete was mounted between 

circular brass electrode and d.c. voltage is applied to 

the sample up to 350 volts. The current was measured by 

applying different d.c. voltages. Auto range digital 

multimeter meco model 6E was used to measure the current. 

Then, for the sample which is in the form of pellete,
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resistivity is given by

i = (A/I) . (V/d)
Where 'A' is cross sectional area of pellete, 'I' is
current passing through pellete for the voltage 'V' and
'd' is thickness of pellete. The graph of current verses
voltage is plotted for three typical phosphors, scgi ’ 

*
SCq^ and SC^q (fig. 3.7) from which d.c, resistivity was 
calculated .

The d.c. resistivity for heat treated SrSO^ 
(SCq^) was found to be 327.28 m, while for 
SrSO^:,l Wt.7, Dy (SCq^) phosphor it is 20.455 m -n- &

•JU

for SrSO^rO.l Wt.% Dy with Na2S0^ (SC^q), it is found to 
163.64 m-n- . These results can be explained as follows.

Heat treated SrSO^ (SCq^) phosphor gives high 
resistivity. This is because in the preparation of 
phosphor few vacancies might have been created which are 
responsible for giving small conductivity i.e. high 
resistivity for this sample. The resistivity of SCq^ 
phosphor has decreased because in the preperation of

3 + Hh +phosphor 2 Dy ions replaces 3 Sr ions as a result 
there is formation of + Ve ion vacancy which acts as a 
charge carrier. The resistivitiy of SC^q phosphor has 
increased.. This is because Dy^'+ ions along with one 
Na+ ion can replaces 2 Sr++ ions. Hence addition of 

Na2S0^ in SrSO^ : Dy phosphor decreases the + ve ion



vacancy in the phosphor. Naturally conductivity 
decreases and resistivity increases as per the 
expectation.

3.3.3 Thermoelectric Power

Thermoelectric Power measurements enables to
understand the nature of prepared phosphors, wheather
p - type or n - type. The thermoelectric power is the
ratio of thermally generated Voltage to the temperature
difference across the semi-conductor. The temperature
difference across the semiconductor causes the migration
of majority charge carriers. In the steady state
electric field is established which gives rise to open
circuit voltage called as thermoelectric Voltage, which
is proportional to the temperature difference across the
phosphor system. In case of Ionic Solid thermoelectric
power is due to the diffusion of vacancies or

9Interstitials and is given by the expression .

cL - -JS -lj Ail-|/ cp]2KT .
where at is thermoelectric power, 9* , is the freq­
uency of neighbouring ions on a vacancy, *Z' is the no. 
of nearest neighbours, AH is the activation energy for 
Jumping process, € — 1 for vacancy diffusion and
1/2 for interstitial diffusion.

In the present investigation thermoelectric 
power of some typical phosphors SCq1, SCq2, SCq3, SC^q,
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ASC^ and SC^g prepared in the form of pellete was 

measured. The formation of the pellets is described in 
section 3.3.2

The schematic diagram of the experimental set­
up used for thermoelectric power measurement is shown in 
fig. 3.8. The apparatus consisted of two brass 
electrodes. The lower electrode was heated by passing 
current through the heating coil, which is wound inducti­
vely on the lower electrode and heating coil are electri­
cally insulated from each other by placing the insulating 
material between them. The temperature of lower 
electrode can be varied by changing the current through 
heating coil with the help of dimmerstat. The lower 
electrode and heating coil are surrounded by the metal 
cover. The temperature of lower electrode was measured 
with the help of chromel - Alumel thermocouple. The 
temperature of upper electrode is also measured with the 
help of chromel - Alumel thermocouple of 26 S.W.G. The 
upper electrode is kept at constant temperature i.e. at 
room temperature.

The Phosphor which is in the form of pellete 
was coated with silver paint and was employed for thermo­
electric power measurements. The pellete was kept 
between upper and lower electrode and was heated by
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passing the current through heating coil on lower 
electrode. The thermoemf. . generated between two brass 
electrodes is measured with the help of Aplab, 
microvoltmeter.

The maximum thermoelectric power for SrSO^:Dy
phosphor was observed to be 3.266 mv/Oc and it was found
to vary linearly with temperature in the temperature
range 30°C to 300°C. The generation of thermoelectric

power may be attributed to the presence of more cataion.
vacancies formed during the preparation of phosphor.
Further in the measurement of thermoelectric power for
all the pellets, is was found that the polarity developed
across pellete is + Ve at the cold junction. This might
be due to the presence of Sr++ vacancies in the present

phosphor system. The observations of thermoelectric
power measurements reveals that the phosphor material
prepared in the present investigation is of P - type.

10Similar observations have been reported by Jagdale for 
CaSO^ Phosphor.

3.4 Magnetic Characterisation : 
a. Magnetic Behaviour of SrSO^ Phosphors

It is interesting to study the magnetic

properties of these phosphors, because doped atom has its

shell partly filled with electron, and the electrons of 

the unitilled shell provide net magnetic moments and



50

accounts for the magnetic properties of these ions in 
solids. It is belived that the susceptibility change is 
a property of the difference in magnetic character of 
unexcited and trapped electrons.

11In the past Jensen has measured paramagnetic
susceptibility of trapped electrons in alkali hallides.

12Bowers and Melamed have reported the temperature depen-
dance of magnetic susceptibility of Cu- activiated Zns,
while Johnson and Williams1 5 have studied change in

susceptibility of Mn activated Zn?2 phosphors after
15radiating excitation. Mull a and Pawar have studied the 

magnetic behaviour of CaSO^ phosphors.

In the present investigation, with the view to 
understand the behaviour of Dy^+ and Na+ ion in SrSO^ 

lattice, attempts have been made to measure the magnetic 
susceptibility of these phosphors with the special 
interest, to know the effects of charge compensation in 
these phosphors.

b. Magnetic Susceptibility Measurements

There are various methods of measuring the 
susceptibilities of solids and these methods can be 
classified as uniform field and non uniform field 
methods. The important aspects of these methods such as 
applicability, limitations etc. have been summarised by
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Mulay^. In the present study Gouy method is used which

falls in the category of uniform field method, developed
17by French physicist Gouy . The experimental arrangement 

used is photographed in fig. 3.9. In this method the 

specimen is Gouy tube, is suspended from one arm of 

sensitive balance. The lower end of the specimen is 

placed between the poles of an electromagnet which gives 

well defined and extremly uniform field. When the magnet 

is energised, the specimen experiences a force which 

pulls it further in to the field if the substance is 

paramagnetic and pushes it out of the field, if it is 

diamagnetic. Initially weights are added in the pan such 

that deflection must be within scale. Then by changing 

various values of current various deflections are 

measured. The change in deflection gives the magnitude 

of force 'Fs*, which acts vertically on the specimen and 

it can be shown that,

Fs - ^KsAH2 .......  (1)

Where 'A' is the cross-section, of the specimen, and 'H' is 

the strength of the uniform field and Fs is the volume 

susceptibility of the specimen. If we consider the 

atomosphere surrounding, the Gouy tube which has a 

susceptibility Ko and the field at the other end Ho = 0, 

the equation (1) becomes

Fs = \ (Ks - Ko) H2 A (2)
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The experimental arrangement enables to measure the force 

directly.

Hence, Fs = mgg = \ (Ks - Ko) H2 A .... (3)

Where, mg is change in weight of phosphor.

Similar equation for standard reference liquid 

in Gouy tube can be written as -

Fr = mrg - \ (Kr - Ko) H2 A .....  (4)

Where, Kr and mr are the corresponding quantities for 

reference liquid. Equation (3) & (4) yeilds -

Ks - mg (Kr - Ko) + Ko
... ......  (5)
mr

This is well known relation for the measurement of magne­

tic susceptibility of the material.

The Gouy method is perticularly suited for the 

measurement of diamagnetic and paramagnetic susceptibil­

ities of samples obtained in the form of powdered solids, 

liquids and solutions and in all these cases Gouy's 

method provides a measurement of volume susceptibility. 

Experimental set up used for measurement of susceptibility 

consists a semi-micro balance capable of measuring up to 
1 x 10 ^ gram was used to measure the force on the 

phosphor contained in a thin walled pyrex tube of 5 mm 

diameter and 15 cm in length. Small and nearly equal
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amounts of the powder was introduced in the tube and 

packed by pounding after each successive addition with 

the flat end of a ram rod, that snugly fits the tube. 

The experimental procedure elliminated the observed forces 

on the pyrex tube arising from certain paramagnetic 

impurities as well as change in bouyancy of air.

The magnetic field of the order of 7.5 koe was 

applied. The distance between the pole pieces was kept 

constant equal to 3 cm. The reference liquid used was 

benzene. The magnetic susceptibility Kr of which is 
-0.611 x 10"6. The magnetic susceptibilities of SrS0^:Dy 

and SrS0^:Tb were estimated byusing the relation (5).

c. Results and Discussion

The magnetic susceptibilities of SrS0^:Dy

phosphors with and without the addition of Na2S0^ have

been measured and the graph of magnetic susceptibility is

plotted for diverse activator concentration of Dy for

some typical phosphors and it is shown in fig. 3.10. It

can be noted that the magnetic susceptibilities of these

phosphors vary non linearly with the composition in

contrast to the Langivans diamagnetic theory. Similar
8observation have been reported by Mull a and Pawar for 

CaS0^:Dy phosphor. From the curve (Fig. 3.10) it can be 

noted that there is increase in the magnetic susceptibi­

lity in the + ve direction with the increase in the 

activator concentration this can be understood as follows.
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In the present investigation phosphors were 

prepared in the atmosphere of and it is most likely
2+ othat there are number of Sr vecancies or excess S0£

19radicals which acts as paramagnetic species . Further
it is well known that Dy^+ is paramagnetic in nature and

naturally its entry in the host lattice should make the
system more paramagnetic. It is evident that the
concentration of paramagnetic ion in SrSO^ lattice is
increasing with the increase in concentration of Dy,
therefore, this may give rise to an increase in the
magnetic susceptibility, for higher concentration of Dy
in the SrSO^ phosphors. In the process of incorporating

3+more and more Dy ions it is likely that 2 Dy can be
* 2+introduced in the host lattice by removing 3 Ca ions

under the condition of charge balancing, leaving behind 
2-SO^ radical. The ESR study of irradiated SrSO^ rare-

2-earth phosphor shows the presence of SO^ radical which 
are paramagnetic in nature.

From the fig. it can be noted that Na2S0^ added 
phosphors are less diamagnetic this can be explained on 
the basis of charge compensation theory of Kroger and 
Helligmann. According to Charge compensation theory of 
Kroger and Hel1igmann,Na+ ion from Na2S0^ makes an easy 
entry of Dy^+ in SrSO^, by removing 2 Sr^+ ions the 

charge balancing occurs as follows,
2 Sr^ —» DyJ + Na
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Hence more number of Dy Ions can be introduced

in the process of charge compensation. However in
without charge compensator phosphors two ions of DY^+ can

2+be introduced by removing 3 Sr ions under the condition

of charge balancing. But this will, in turn, create the

+ve ion vacancy. As the creation of +ve ion vacancy
3+required a good deal of energy the incorporation of Dy 

will be limited. As a result phosphors prepared with

charge compensator are less diamagnetic than those 

prepared without it as shown in fig. 3.9.

3.5 Optical Characterisation :

The strontium sulphate phosphors prepared in 

the present investigation were tested for their optical 

properties. First, an ultraviolet lamp (mineralite 
U.V.S. 12 USA) emitting predominately 3650 A° Hg 

doublet was used as an excitation source. It was found 

that phosphors do not exhibit fluorescence and 

thermoluminescence under UV excitation. However, the 

phosphors were found to show fluorescence, phosphoresc­

ence and thermoluminescence under X-ray excitation. This 

observation appears to indicate that the host lattice of 

SrSO^ must be a high band gap material.
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FIGURE CAPTIONS

3.1 X-ray diffraction patterns for SCqq
phosphors.

5 SC01 j and

3.2 X-ray diffraction patterns for
phosphors.

SCn and SC^g

3.3 I-V curve for typical phosphors

SCU-
sc16> SC14 and

3.4 I-V curves for phosphors SC^q, 7 and SC sS16 *
3.5 Plots of logarithmic current versus logarithmic 

voltage for typical phosphors SC^q and SC^
3.6 Schematic circuit and sample holder diagram of two 

probe resistivity apparatus.
3.7 I-V curves for typical phosphors SCq^, SCq^, and

3.8 Schematic diagram of the set used for measurement of 
thermoelectric power.

3.9 Experimental set-up for susceptibility measurement.
3.10 Magnetic susceptibility of SrS0^:Dy phosphors as a 

concentration of Dy.
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FIG: 3-3

<—VOLTAGE IN VOLTS —>
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FIG. NO. 3.6
sample in pellete form.
perspx sheet on which upper electrode 
is fitted
perspx sheet on which lower electrode 
is fitted.
upper electrode.
lower electrode
spring to hold the pellete under 
mild pressure.
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FIG NO. 3.8

Schematic diagram of the experimental set-up 
for thermoelectric power measurraents.
1 - Connecting wires to heater.
2 - Sample in the pellete form.
3 - Lower electrode terminal.
4 - Upper electrode terminal.
5 - Thermocouple attached to lower electrode.
6 - Thermocouple attached to upper electrode.
7 - Upper electrode.
8 . - Lower electrode.
9 - Heating coil surrounding the lower electrode.



70

FIG. NO. 3.9
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