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Abstract:

The Chapter covers two studies. One is a comparative study of structural data from the XRD
spectrum of samples synthesized by three different techniques namely, Solid State Technique,
Hydrothermal Technique & Furnace Combustion technique for making Lanthanum Oxysulfide
Crystal. The comparative study of reveals that the furnace combustion technique without flux is
the best technique as the product has perfect hexagonal lattice with space group 164: p3m1 and a
crystallite size of 31.9 nm. The optical energy band gap of lanthanum oxysulfide synthesized by
the furnace combustion technique, calculated from the UV — Visible spectrum is around 4.5 eV.
The furnace combustion technique has several advantages that makes it an industrial-friendly
approach. It acquired less time for preparation, uses less amount of precursors and doesn’t need
any pre or post processing. The yield is also high. In the second study, four down conversion
samples of 1% Ln*" (Ln = Pr, Eu, Tb, Dy) doped La,0,S and six upconversion samples 4% Yb**
- 1% Er**: La,0,S, 12% Yb** - 2% Er**: La,0,S, 4% Yb** - 1% Ho®>": La,0,S, 12% Yb** - 2%
Ho>*: La,0.S, 4% Yb** - 1% Tm®": La,0,S, 12% Yb*" - 2% Tm*": La,0,S were synthesized by
furnace combustion technique. Their structural characteristics as well as optical &
photoluminescence properties were investigated. The XRD and EDAX technique was used for
structural & elemental analysis. The UV — Visible spectroscopy was used for study of optical
properties and the PL spectroscopy was used for photoluminescence studies. The XRD shows
that all samples have similar peaks. The peaks match with JCPDS files of hexagonal lattice.
EDAX spectra confirmed the incorporation of Ln®*" ions in host La,0,S. Crystallite size was
found to be in nano meter. UV — Visible studies were used to calculate optical band gap,

refractive index, absorption wavelength and molar extinction coefficient. The PL excitation



spectra suggest three types of absorption: 4f -5d type absorption in 1% Pr¥*: La,0,S and 1%
Tb*: Lay,0,S; CTS in 1% Eu**: La,0,S and host absorption in 1% Dy**: La,0,S. Only three
samples, 129%Yb**-2%Er®": La,0,S, 12%Yb**-2%H0%": La,0,S, 12%Yb**-2%Tm>*: La,0,S,

among the six gave the upconversion photoluminescence.

Keyv_vord: Comparative Study, Furnace combustion technique, XRD, UV — VIS, PL, EDAX
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4.1 Introduction:

The dependence of the phenomena of luminescence on material parameters, their co-relation
with the spectroscopic transitions, their consequences and their applications have been amply

studied[1][2][3][4][5][6] [71[8][9][10] [11][12].

Amongst the rare earth based materials, oxy sulfides are rapidly achieving technological
importance. They are an excellent laboratory system for the systematic investigation of rare-earth
luminescence because almost all rare earth activators exhibit high luminescent efficiency and
possess the same crystallographic structure regardless of ion size[13]. Lanthanum Oxysulfide is
uniaxial p3m crystal (hexagonal) and wide indirect bandgap (4.6ev — 4.8ev) semiconductor
material [14] [15]. This wide-bandgap enables to minimize the phonon emission, which is a

favourable condition for Photoluminescence [16]. Lanthanum oxysulfide has high thermal as
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well as chemical stability. This gives it applicability in scientific and industrial field like steel
industries  [17][18][21], Catalysis [22][32], Ceramic industries [25], LASER [26],
Electroluminescent [31] & Photoconductive [33] materials. Bi: La,0,S is used as
cathodoluminescent material [19]. Eu®": La;O,S is used in surface temperature imaging [30],
non-contact optical temperature sensor [20] [24] and as scintillator in optical fiber sensor for
detecting Ultraviolet radiation in real-time [34]. Tb®": La,O,S is used as optical sensor for human

skin temperature measurement [27] & in X-ray imaging [29].

Lanthanum Oxysulfide is synthesized by different methods. These include Solid State reaction in
which first nitrate converted into Oxalate then Oxalate decomposed into oxy sulfide
[54][53][45], Sulfur — Carbonate flux method [52], Rose’s mixture flux technique [48], by
passing H, gas at high temperature [51][44][41], using sulfurization agent in melt of alkali metal
salts [50], Catalyst Technique [49][30], Gel thermolysis [47], combustion reaction with
dithiooxamide as fuel [46], Two step method where combustion is followed by solid state
technique [28], Solid State reaction with sulfurization flux ( Na,CO; & S powder) [43],
Precipitation method [42][25], two step method involving hydrothermal and solid state method
[40] by passage of N, / H, gas mixture [55], Solid State flux method [39], reflux method [38],
Solid State reaction in H,S / N, gas atmosphere, Solid State reaction by passing CS, / CO gas in
material which is pre synthesized by hydrothermal method [23], thermal decomposition in
eutectic molten salt [36], One step flux method [35] and ethanol assisted combustion technique

[18][37].

As discussed above, three different techniques were used to synthesized Lanthanum oxysulfide.
First by solid-state reaction, second by hydrothermal reaction and third by furnace combustion

technique. The approach was to limit the amount of precursors to minimize the use of resources.
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This method doesn’t need the use of H,S, CS, or any hazardous gases during the reaction. This
method gives good yield in less time and hence has good scope to become industrial friendly

technique.

The analysis of structural parameters from XRD suggests that the furnace combustion technique
is the best technique to synthesized Lanthanum oxysulfide. In this technique, Lanthanum Nitrate
Hexahydrate and Thioure (an organosulfur compound) is used as precursors with urea — ethanol
as fuel. No pre or post-treatment is required. It gives high yield in less time. This technique is
briefly described in the experimental as well as in result & analysis sections. The technique is
different from the previous ethanol combustion technique. In the previous method, thioacetamide

was used as a precursor and pre or post-treatment was required for completing the production.

As mentioned above, four samples of down conversion 1%Pr**: La,0,S, 1%Eu**: La,0.S,
1%Tb*": Lay0,S, 1%Dy**: La,0,S and six samples of upconversion 4%Yb**-1%Er®*": La,0,S,
12%Yb* -2%Er**: La,0,S, 4%Yb*-1%Ho>": La,0,S, 12%Yb*-2%H0*": La,0,S, 4%Yh*-
1%Tm*": Lay0,S, 12%Yb**-2%Tm**: La,0,S were synthesized by furnace combustion
technique.

To the best of our knowledge, this is the first work to report this kind of industrial friendly,

furnace combustion technique for the synthesis of Lanthanum oxysulfide.

4.2 Experimental Procedure:

As mentioned above, three techniques were used to synthesize the pristine Lanthanum
oxysulfide.

Two samples were synthesized by Solid State method. The precursor for the first sample was



Lanthanum nitrate hexahydrate (La (NO3)3;.6H,0) and thiourea (NH,CSNH,). The mixture of
these materials in stoichiometric proportion was poured in the crucible and kept in the furnace at
1000°C for 8 hours. For the second sample same precursors were used along with the addition of
flux. Sulfur powder used as a flux. The mixture was kept in the furnace for 8 hours at 1000°C.
After the reaction, both the samples were allowed to cool down naturally. They were in porous

form. The samples were crushed into fine powder by using a mortar pestle.

Two samples were synthesized by hydrothermal method. The precursors for the first sample
were Lanthanum nitrate hexahydrate (La(NO3)3.6H,0) and thiourea (NH,CSNH;). The mixture
of these materials in stoichiometric proportion was dissolved in 100ml water and stirred for 5
minutes, then poured in an autoclave and kept at 250°C for 24 hours. The same method with
same precursors were used for the second sample but with added flux (sulfur powder). Products

were filtered and washed by deionized water and dried at 150°C for 2 hours in oven.

Two samples were synthesized by Furnace Combustion Method. For the first sample,
stoichiometric amounts of Lanthanum nitrate hexahydrate (La(NO3)3;.6H,O) and thiourea
(NH,CSNH,) were taken. 2 gm of Urea as fuel, 5 ml ethanol and 10 ml deionized water were
added to get a mixture, which was poured in a crucible and kept in the furnace. The same
precursor and method were used for the second sample with addition of flux (sulfur powder).
The combustion started on a full scale at 490°C in about 20 minutes and a massive amount of
fumes were released. The furnace was shut down and products were allowed to cool down
naturally in the furnace. After 24 hours, the crucibles were taken out from the furnace. The
product was crushed in fine powder form by using a mortar — pestle. A high amount of yield was

obtained.



The XRD characterization of samples showed better results for the Furnace combustion
technique in both cases i.e. with and without flux. It is discussed in the results and analysis
section. As the XRD results were similar in both cases, it was better to go for a simpler technique
by limiting the use of precursors. Hence, furnace combustion technique without flux was used to
synthesize rare earth elements doped Lanthanum oxysulfide. For ready reference, the four

samples of downconversion and six compounds of upconversion are once again listed below.
Down conversion

1% Pr¥*: La,0,S 1% Eu®*: La,0,S 1% Tb**: La,0,S 1% Dy**: La,0,S

Up conversion

4%Ybh3-1%Er": La,0,S  12%Yb*-2%Er®: La,0,S  4%Yb*'-1%Ho%*": La,0,S

12%Yb*"-2%H0%": La,0,S  4%Yb*"-1%Tm>": La,0,S 12%Yb*"-2%Tm*": La,0,S

4.3 Results and Analysis of Down conversion samples:

4.3.1 Structural and Elemental analysis:

A Bruker X-ray diffractometer with Cu Ko radiation with 26 interval between 5°-75° degrees
was used for the study of phase and structural characterization of pristine La,0,S as well as all

doped La,0,S materials.
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Figure 4.1 (a) XRD pattern of material synthesized by the solid-state method without
flux
(b) XRD pattern for a solid-state method with flux
(c) XRD pattern of a hydrothermal method without flux
(d) XRD pattern for a hydrothermal method with flux
(e) XRD pattern for the combustion method without flux
(f) XRD pattern for the combustion method with flux
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Figure 4.2 XRD pattern of pristine La;0,S and 1%Ln*": La,0,S
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Figure 4.3 (a) EDAX spectrum of 1%Pr**: La,0,S
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Figure 4.3 (b) EDAX spectrum of 1%Eu**: La,0,S
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Figure 4.3 (c) EDAX spectrum of 1%Tb*": La,0,S
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Figure 4.3 (d) EDAX spectrum of 1%Dy*": La,0,S
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. Avg.
Synthesis Methods Phase Name with ICDD Crystallite
space group

Density Volume
(g/em?®) (A%%)

Size (nm)
Solid State
Without Flux La,06S(15:C12/C1) 085-1535 52.21 5.466 493.21
Oxolanthanum sulfate
With flux 1% La,0S(15:C12/C1) 085-1535 68.38 5.532 487.34
Oxolanthanum sulfate
Hydrothermal
Without flux La(OH)SO4(14:P121/n1)  073-5330 84.87 4.37 484.33
Lanthanum hydroxide sulfate
1%flux La,06S(15:C12/C1) 085-1535 74.58 5.56 382.36
Oxolanthanum sulfate
Furnace
combustion
Without flux La,0,S(164:P-3m1) 075-1930 31.9 5.83 97.28
Lanthanum oxysulfide
1%flux La,0,S(164:P-3m1) 071-2098 30.7 5.83 97.25

Lanthanum oxysulfide

Table 4.1 Structural data from the XRD spectra of three different synthesis routes
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Avg. Crystallite

. Volume

Materials Phase Name JCPDS no. Size ;

(nm) (A*)

La,O,S 164:P-3m1 75-1930 31.9 97.28
Pré*: La,O,S 75-1930, 13.2
Eu®* : LayO,S 75-1954, 19.5

164:P-3m1 84.33
Tb* : La,0,S 27-0263 & 22.1
Dy3+ : La,O,S 71-2098 18.2

Table 4.2 Structural data of doped La,O,S extracted from the XRD spectra

Elements (Atomic %)

Compound

La S @] Pr Eu Tb Dy
3+

LaZOZS : Pr 38 19 39.5 2.5 - - -
3+

La OS:Eu 40.3 18.5 39.5 - 1.7 - -
3+

La O.S:Tb 39.66 19.65 38.55 - - 2.14 -
3+

La O S : Dy 40.66 19.65 37.55 - - - 2.14

Table 4.3 EDAX data of 1%Ln*": La,0,S from the spectrum with Atomic percentage
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Fig 4.1 shows the XRD pattern of all six samples synthesized by different techniques to obtain
the desired pristine La;0,S. The structural and lattice data from the XRD pattern (fig. 4.1) are
given in table 4.1. It is clear from the table that the solid-state and hydrothermal techniques, with
flux and without flux, did not give the single-phase La;0,S. By solid-state technique with and
without flux, the synthesized phase was bis oxolanthanum sulfate. Peaks were matched with
ICDD/JCPDS file no. 85-1535 for the space group of monoclinic lattice. By the hydrothermal
technique without flux, the phase obtained was lanthanum hydroxide sulfate. All peaks matched
with JCPDS file no. 73-5330. The hydroxide was removed on the addition of flux in precursors

and the phase was again stabilized as bis oxolanthanum sulfate.

In the furnace combustion technique with and without flux, a single phase hexagonal lattice with
a highly crystalline structure was obtained. All peaks matched with JCPDS file no. 75-1930 for
the sample without flux. For the sample with flux of sulfur powder, all peaks matched with
JCPDS file no. 71-2098. The highest intensity peaks in both cases were observed at a 20 value of
28.90° with hkl plane (1 0 1). The lattice parameters for the sample prepared using furnace
combustion technique without flux are, a (A°) = b (A°) = 4.0344 & ¢ (A°) = 6.9016 (ICDD file
number 75-1930) and for with flux the lattice parameters are, a (A°) =b (A°) = 4.0313 & ¢ (A°)
=6.9097 (ICDD file number 71-2098). As can be seen from the XRD pattern for the furnace
combustion method in fig. 4.1, the number of peaks decrease for the samples with flux.
However, broadening in peaks is observed in sample with flux. Thus, it was confirmed that the
furnace combustion technique with flux and without flux was a more appropriate technique for
the synthesis of a hexagonal lattice of lanthanum oxysulfide. Hence, the furnace combustion

technique without flux was selected for synthesis of samples.

Fig 4.2 shows the XRD pattern of doped La,O,S samples. The XRD pattern of the pristine
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La,0O,S is also given for ready reference. There are variations in the peaks of doped La;0,S
samples. The number of peaks increased compared to pristine La;O,S, which indicates the
presence of rare-earth ions in the host. The pattern of all the doped La,0,S samples were found
to be the same. Almost all peaks of doped La,O,S show broadening in comparison to the peaks
of pristine La;0,S. The first peak at 26 value of 12.104  was matched with ICDD file number 27-
0263, four peaks at 20 values of 28.35 ", 36.20°, 39.72" and 52.25 were matched with ICDD file
number 75-1930, three peaks at 20 values of 27.54°, 48.93" & 55.43" were matched with ICDD
file number 75-1954 and one peak at 20 value of 47.31" was matched with ICDD file number 71-
2098. All these files were of the single hexagonal lattice. The highest peak at 26 value of 28°35’
with the hkl plane (1 0 1) was the same as compared with the highest intensity peak of pristine
La,0,S. Table no. 4.2 presents the structural data of doped La,0,S extracted from the XRD and
its comparison with pristine La,0O,S. From the table, the crystallite size and volume of the unit
cell are seen to be decreasing in comparison to pristine sample. The pattern of the atomic radius
is La>Pr>Eu>Th>Dy. So all rare-earth dopant elements have an ionic radius less than the host
element Lanthanum. This is the likely reason behind the decrease in crystallite size and volume
of the unit cell. It can also cause shift of peaks in the XRD pattern as compared to those of
pristine sample. If dopant size is smaller than the base metal, it occupies the interstitial position
leading to strain in the lattice structure. d spacing between the atoms become less, which results
in an increase in the peaks of XRD at a higher order of 26 values, as can be seen from figure 4.2.
Hence, the number of peaks increased at a higher value of 20 on the right side of the spectrum.
For the calculation of lattice parameters, all peaks were compared with standard hkl values. Here
the values of lattice parameters were calculated from the peaks, and the values were a (A°) = b

(A°) = 3.73 & ¢ (A°) = 7.40. Fig. 4.4 shows the EDAX spectrum of La;0,S and 1% Ln*":
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La,0,S. The spectrum shows traces of all lanthanide ions doped into the Lanthanum oxy sulfide
and also identifies the elemental composition of the material. Table 4.3 shows the data extracted

from the EDAX spectrum with an atomic percentage in composition.

4.3.2 UV — Visible analysis:

Shimadzu spectrometer was used for studying UV-Visible characteristics of pristine La,0,S as

well as doped samples of 1%Ln**: La,0,S.
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Figure 4.4 UV-Visible and Tauc’s Plot of pristine La,0,S
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Figure 4.6 Tauc’s plot of Ln**: La,0,S
Compounds A max Band Refractive §&;

(nm) Gap (eV) indexn Molar decadic
extinction
coefficient
mol” cm!

La202S 208 4.95 2.00 20

LaOS: Pr“ 311 3.73 2.20 21
2 2"

La0S: Eu3+ 313 3.77 2.19 31
2 2 "

La0S: Tb3+ 307 3.83 2.18 32
2 2 "

[20S:D 3313 3.82 2.20 27
2 2" y

Table 4.4 UV / VIS data of host La,O,S as well as 1%Ln%": La,O,S
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Fig 4.4 shows the absorbance characteristics of pristine La;O,S and the Tauc’s plot for the same,
while Fig 4.5 shows the absorbance characteristics of four doped 1%Ln**: La,0,S samples. A
0.05 M solution was used for UV — Visible analysis of pristine La,0,S & Ln**: La,0,S. All the
samples were dispersed in water media. Fig 4.6 shows the Tauc’s plot for the estimation of
optical band gap of the samples. Table 4.4 gives the data of the wavelength at which maximum
absorbance is recorded along with the calculated Optical bandgap [56], refractive index [57] and
molar extinction coefficient. The maximum absorbance of La,O,S is at the wavelength of 208
nm and the maximum absorbance of 1%Ln*": La,0,S samples is in wavelength range of 307 nm
to 313 nm. Thus, there is a significant difference in absorbance maximum between La,0,S and
1%Ln*": La,0,S. The possible reason for this significant difference is that there is a predominant
absorption between 2p orbital of O to 4f orbital of Ln** [40][19]. Here the spectra is recorded
for only one concentration value. If a series of concentrations can be used, the results would be

interesting.

For the calculation of optical band gap, Tauc’s plot based on the equation given below was used

[56].
ohv =K; (hv — Eg)" (1)

This equation gives the relation between absorption coefficient o and the optical energy band

gap Eg. The graph plotted between ((xhv)l/ n

— (hv) is used to obtain the value of optical band
gap. Here n = 2 taken for the allowed indirect electronic transition. The bandgap of pristine
La,0,S was found to be 4.96 eV, which decreased in Ln®*": La,0,S. The optical band gap was
3.73 eV for 1%Pr**: La,0,S, 3.77 eV for 1%Eu*": La,0,S, 3.83 eV for 1%Th*": La,0,S, 3.82 eV

for 1%Dy>": La,0,S. The overlapping of wave functions of electrons bound to the Ln* dopant
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ions leads to the formation of an energy band, which might be a possible reason for decrease in

the optical bandgap of doped samples.
The refractive index n was calculated from the equation given by V. Kumar and J. K. Singh [57].
n=KEg )

Where, K = 3.3668 & C = -0.32234 are constant & Eg is the optical band gap.
The refractive index n was found to be 2.00 for La,0,S but varied between 2.18 to 2.20 for Ln®*:

La,0,S samples.

The molar extinction coefficient was calculated from the Beer — Lambert law using the equation

£== 3)

Here A is the amount of light absorbed by the sample for a particular wavelength, L is the
distance that the light travels through the solution and C is the concentration of the absorbing

species per unit volume.

4.3.3 Photoluminescence analysis:
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Figure 4.7(a) emission and excitation graph of doped 1%Pr*: La,0,S

?“cm =580 nm L82028:Eu3+ lex =283 nm

— ,l-'-N
5 -

© o .
= L &
-a u-’D

c

o

j=

N T v T v T T I llff v T T
250 300 350 400 600 650

Wavelength [nm]

Figure 4.7(b) emission and excitation graph of doped 1%Eu**: La,0,S
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Figure 4.7(c) emission and excitation graph of doped 1%Tb**: La,0,S
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Figure 4.7(d) emission and excitation graph of doped 1%Dy**: La,0,S

The PL excitation and emission spectra of Pr**: La,O,S is shown in fig. 4.7 (a). The 4f
configuration of Pr** has 13 energy levels available for transitions [61]. The excitation spectrum
was recorded at the emission wavelength of Aemj 500 nm. The 4f5d transition in Prit: La,O,S is
responsible for the excitation band which has a maximum at wavelength of 282 nm [55][59][60].
The ground state energy level is *Hy and 'Sy is the highest energy level at 48800 cm™ for Pr¥".
The 4f5d transitions are observed at approximately 35460 cm™, which is lower than the highest
excitation energy level of Pr**. The PL emission spectra was recorded at an excitation
wavelength of Aexc 282 nm. A sharp and intense peak is observed at 512 nm and another peak
with lower intensity is observed at 498 nm. The transition from energy level *Pq (20474.93 cm™)
to ground energy level *H, is responsible for peaks at 498 nm and at 512 nm [61]. Two weaker
peaks are observed at a wavelength of 541 nm and at a wavelength of 554 nm, which can be
ascribed to the transition from energy level *Py (20474.93 cm™) — °H;s (2222 cm™).

From the fig 4.7 (b) Eu®": La,0,S, the PL excitation maximum can be seen at 283 nm. The
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monitoring emission wavelength is Aemi = 580 nm. The CTS (charge transfer transition) is
responsible for this, in which transition between 2p orbital of 0% and 4f orbital of Eu®" at 35460
cm™ energy level occurs [19][40]. The Emission spectra was recorded at an excitation
wavelength of Aexc = 283 nm. There are five emission peaks at the wavelength of 581 nm, 587
nm, 596 nm, 616 nm and 626 nm. These are due to 4f-4f the transition. The transition between
energy levels °Dy (17267 cm™) — 'Fo (ground level) is responsible for the emission at a
wavelength of 581 nm. The peaks at 587 nm and 596 nm are due to the transition *Dy—'F; (355
cm™). The emission at wavelengths of 616 nm and 626 nm are due to the transition between °Dy
—'F, (1022 cm™) [61].

From fig 4.7 (c) for Tb**: La,0,S, the maximum excitation is observed at a wavelength of 274
nm for the emission wavelength Aemi = 540 nm. The 4f5d transition is accountable for this
excitation[35][55]. Under the excitation of 274 nm, three emission peaks are observed. The
transition between °D, (20462.60 cm™) —'Fg (ground level ) was responsible for emission peak
at a wavelength of 487 nm. The transition between °D,— Fs (2043.26 cm™) is responsible for
the peak with highest intensity at 543 nm. The peak at 590 nm is due to °Ds—'F, (3266.42 cm™)
[61].

In fig 4.7 (d) for Dy**: La,0,S, the excitation is recorded at an emission wavelength of 540 nm.
The excitation is maximum at a wavelength of 228 nm. The host absorption is accountable for
this excitation [58][59][60]. Under the excitation at a wavelength of 228 nm, there were six
emission peaks spotted at wavelengths of 450 nm, 458 nm, 487 nm, 512 nm, 544 nm & 575 nm.
The highest intensity peak is at 575 nm due to the *Fg;, (21097 cm™) — ®Haia, (3556 cm™). The
transition from *l1s, (22247 cm™) — ®Hayap, is responsible for the peak at a wavelength of 544

nm, which is less intense. The two weak peaks observed at the wavelength of 450 nm and 458
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nm are due to the transition of *I;5, — °His, (ground level). The second highest intense peak
was spotted at wavelength 487 nm due to the transition of *Fg;, — °Hyso. The transition of “Giy,

(23215 cm™) — ®H gy, is responsible for a peak at a wavelength of 512 nm [61].

4.4 Results and Analysis for upconversion samples:

4.4.1 Structural analysis:

A Bruker X-ray diffractometer with Cu Ka radiation was used for the study of phase, and

structural characterization. The 20 interval was taken between 5°-75°.
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Figure 4.8 XRD of upconversion samples

Volume
Materials Phase Name  JCPDS no. Avg.
Crystallite (A%
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Size

(nm)
4%YDb>*-1%Er**: La,0,S 13.2
12%Yb*-206Er®: La,0,S 14.5
4%Yb*-1%Ho%: La,0,S 75-1930, 75- 13.1

164:P-3m1 1954, 27- 84.33

12%Yb**-29%H0%": La,0,S 0263, 71-2098 12.2
4%YDb**-19%Tm*: La,0,S 12.9
12%Yb%*-20%6Tm*": La,0,S 13.2

Table 4.5 Structural data of doped La,O,S samples extracted from the XRD spectra

4.4.2 Photoluminescence analysis:

12%YDb"- 2%Er’": La,0,S

lexc= 980 nm

Intensity (a. u)

L] L] L J L)
500 600 700 800
Wavelength (nm)

Figure 4.9 (a) Excitation & Emission characteristics of 12%Yb*"-29%Er: La,0,S
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Figure 4.9 (b) Excitation & Emission characteristics of 12%Yb**-2%Ho: La,0,S

12%Yb™"- 2%Tm"": La O,S
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Figure 4.9 (c) Excitation & Emission characteristics of 129%Yb**-296Tm: La;Os
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Fig. 4.9 (a) shows the PL upconversion spectrum of 12%Yb**-2%Er: La,0,S under 980 nm
excitation. Three major peaks were observed: “Hiip—"lisn, “Szo—*lis, *Fep—"lisrp with
maxima at 523 nm, 547 nm, and 668 nm, respectively and a minor peak at 800 nm attributed to
Hy1/0—"113» [61]. The Jablonski diagram clearly depicts the well-known mechanisms behind the
PL. The Er*" is solely capable of absorbing the 980 nm photons, as the upconversion is observed
in single-doped materials. However, the absorption cross-section of Yb*" at this wavelength is an
order of magnitude greater. After Yb®" gets excited to its only excited level, ?Fs, it non-
radiatively transfers the energy to the nearest Er** ion. The most probable process for this
transfer called energy transfer upconversion (ETU) or APTE (Addition of Photon for Transfer of
Energy). The Er** has an optical center in *l;1; level. It can radiatively de-excite NIR photons or
it can experience the second boost to the higher levels, most probably by ETU. Two pathways
are observed: (i) *l11—F7p2, or (i) non-radiative de-excitation to *Iy1;, with subsequent phonon-
assisted upconversion to *Fg;. Once in *Fyj, Er** may experience multiphonon de-excitation in
steps down to *Fg),, competing with the radiative emissions from each of the levels on this path.
As the maximum phonon energy in La;O,S is 710 cm™, the multiphonon process is very

probable for such small gaps [24].

Fig. 4.9 (b) displays the upconversion photoluminescence emission spectra of La;0,S: 12%Yb**-
2% Ho®" under 980 nm excitation. The major peak (green emission) originates from the electron
transitions between closely spaced °F, and °S, levels and the Ig ground level. The slightly
weaker emission (red emission centered at 667 nm) is attributed to °F—°Ig transition and the
emission of the lowest intensity peak is located around 760 nm and is due °S,—°I; transition

[61].

PL spectra of the Tm*" co-doped sample is given in Fig. 4.9 (c). The emission is due to the
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3H,—°Hs transitions at 799 nm [61].
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Figure 4.10 (a) Energy level diagram for Upconversion photoluminescence of
129%Yb**- 2%Er*": La;,0,S

As shown in Fig. 4.10 (a), the excitation energy at 980 nm is absorbed by the Yb** as well as
Er® ions. The Yb® ions and Er** ions have the same energy for the first excited state. The
excitation results into transitions from *F7;, — “Fs, levels in Yb** ions and *lis;, — *l11» levels in
Er®" ions. Thus both the ions undergo Ground State Absorption. The energy emitted by the Yb®*
ions while returning to the ground state is transferred to the Er** ions, due to which they are
propelled to the higher energy levels as shown in the diagram. The decay from these higher

energy levels to the ground state “l1s, in Er** ions results in emissions.
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Figure 4.10 (b) Energy level diagram for Upconversion photoluminescence of

129%Yb% - 206H0%": La,0,S & 12%Yb%*- 29 Tm®*: La,0,S

As shown in fig 4.10 (b) for 12%Yb**- 206H0>*: La,0,S, the excitation at 980 nm is absorbed by
only Yb®* ions. This ground state absorption results into the transition 2F,,—2Fsp and
subsequent emission from 2Fs,—2F7,. The emitted energy also triggers the ground state
absorption of Ho** ions from °Ig. The emitted energy from Yb** ions further excites the Ho** ions
at °lg to the higher energy levels. The decay from these higher energy levels to the ground state
®l3 in Ho®" ions results in emissions.

As shown in fig 4.10 (b) for 12%Yb*"- 2% Tm*": La,0,S, the excitation at 980 nm is absorbed by
only Yb® ions. This ground state absorption results into the transition 2F7/2—>2F5,2 and
subsequent emission from 2Fs,—2F7,. The emitted energy triggers the ground state absorption of
Tm?*" ions from *He. The emitted energy from Yb*®" ions further excites the Tm** ions at *Hs to

other excited states as shown in figure. The transition to the ground state *Hg of Tm** ions results
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in emissions.

4.5 Conclusion:

From the comparative study of structural data obtained from the XRD spectra of the three

synthesis techniques for the preparation of Lanthanum oxysulfide, the furnace combustion

technique without sulfur powder as the flux was found to give the best results. It has the potential

to become an industrial friendly technique as it requires less time for synthesis, less number of

precursors and gives a perfect hexagonal lattice. Hence, the four down conversion and six

upcoversion samples were synthesized by using the furnace combustion technique. All peaks

were matched with ICDD files that confirmed the perfect hexagonal lattice. The host La,0,S had

a optical bandgap of 4.96 eV which decreased significantly on doping. The refractive index and

molar extinction coefficient were also calculated.
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