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ABSTRACT

Dysprosium ions Dy*" Doped with nano particular Titanium dioxide was synthesis with help of wet chemical process. Severa
techniques (like UV - Visible spectroscopy and fluorescence spectroscopy) were used to investigate the spectroscopic properties
of of Dy*": TiO, sample. By excitation light with wavelength source equal to 360nm, peaks at the wavelength around 478nm
and 572nm are clearly observed in fluorescence spectrum. The Judd-Ofelt analysis for the spectroscopic properties of prepared
sample showed that peak emission cross-section gem have a suitable value. Depending on the suitable emission cross-section
oem one could suggests to use Dy: TiO, as optical material for Laser action.
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INTRODUCTION

Recently, the photonic materials such as monoaliths, coatings,
fibers and films are widely fabrication by performed sol-gel
process. Due to flexible route, high homogeneity, low
temperature reaction and formation of oxide particles in a
liquid phase, the sol gel process become a favorite process
rather than other process™”. Usually the acid and base are
performed as catalysts for sped up the slowly reaction
process between Titanium alkoxides with water, these lead
to sped up the hydrolysis and condensation of sol gel
process. The Titanium dioxide as a host for rare earth ions
have great focuses in persistent research. In present work,
Sol Gel method is employed to prepare of Titanium dioxide
doped with Dysprosium ions. The spectroscopic properties
of prepared sample Dy: TiO, will be investigated with help
of Judd-Ofelt theory.

EXPERIMENTAL

Samples Preparation

The sol-gel method is performed to prepared samples
(doped and un-doped) by using

1-Titanium iso—propoxide (TTIP) from Aldrich 98%.
2-Ethanol EtOH 99.9% from GCC

3-hydrochloric acid (HCI, 34.5%) from BDH
4-Deionized water H,O

The molar ratio for the H,O: TTIP: HCI: EtOH are equal to
about 1:1:0.1:10, for doping sample Dysprosium (I11) nitrate
hydrate (Aldrich) was used to achieved doping rate of
samples with Dy** around to 5% wt. The Disposa of
alcohol process is achieved by left samples with covers in
room temperature. The Shimadzu UV-VIS Spectrometer and
Shimadzu SpectroFlurometer RF1501 are performed to
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recorded absorption spectrum and emission spectrum, (the
light source at wavelength 360nm is used as excitation light
to emission spectrum).

RESULTS & DISCUSSION
Several peaks are observed in absorption spectrum of doped
sample (absorption spectrum presented in figure (1)), these
peaks are electronic transitions caused by the energy level of
Dy** ions. The absorption bands in the range of 300-900 nm
are equal to about 388nm, 424nm, 451nm and 475nm which
corresponded to the energy level transition of ®His, »— “Fop,
6 4 6 4 6 4 [8-10]

H1512—’ Gl]JZn H1512—’ I15/2 and H15/2 R I:9/2 .
The absorption spectrum is well resolved in order to find the
integrated absorption cross section I’ for each peak or
manifold to Dy*" ions. The I' can be found by Eq.1 [11]:
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Where a(4) is the absorption coefficient as a function of
wavelength A. The values I'is used to measure the line
strength Syeas by EQ. 2 [11]:
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Where J and J’ are the total angular momentum of the initial
ground and final manifold, the value of J found from the
51, designation, p, is the Dy** ion concentration, n is the
refractive indices of the host medium, 4  is mean of
wavel ength to absorption peak which correspondsto the J 2>
J” transition. Thevaluesof I', 2 and Syes are displayed
inTable 1.
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FIGURE 1: Absorption spectrum for Dy**: TiO, sample

TABLE 1: Value of Syess, I and A for each transitions of Dy:TiO,
Transitions s s Xege wavelength  a morption cross section Line Strangth

from ®Hisz  2.cym) ?“nm cm™) S0 2 (cm™)
*Fa 388 0.108 0.36

Gy 424 0.108 0.329

s 451 0.03 0.086

= 475 0.009 0.024

°Fy 761 0.026 0.044

i S 810 0.2257 0.36

Acconi]ng to the Judd-Ofelt JO theory, the line strength between initial manifold J and terminal manifold J’ could write in the
form [*4:

3
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Where Q; is the Judd-Ofelt parameters which represents components of [1 x 3] matrix for Judd-Ofelt parameters (include to
three parameters; Qy, Q4 and Qg). M;; is doubly reduced matrix (or square matrix elements) and represented components of N
X 3 matrix for square matrix elements U® , U® and U®. N represents the number of transitions to fit, which depends on the
number of absorption manifolds actually measured. The square matrix element does not depend on host materials [12-13]. We
have used the values of the U®, U® and U® which calculated by Carnall et al. [14-15], Table (2) involve the value of U,

U“® and U® to Dy*" ions for transition from ground state manifold ®Hg, to some exited manifolds.

TABLE 2: Values of the square matrix elements U® | U® and U®

Transitionsfrom®Hyy, U@ U@ u®
“Fan 0 0.0695 0.0263
‘Gz 0.0004 0.0145 0.0003
152 0.0073 0.0003 0.0654
*Foi 0 0.0047 0.0295
k0 0 0 0.061
°F, 0 0 0.3452
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The parameters Q; determined the transition strength between any two energy levels in these active ions. These parameters
could be found using the S s values (that obtained from equation (1)) into equation (3). Then values of the three parameters;
Q,, Q4 and Qg performed to find transition line strengths for absorption bands by using Eq.3. The values of the measured, Sieas
» Sac , JO parameters and ROOT MEAN SQUARE (rms deviation) are tabulated in Table (3).
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FIGURE 2: Fluorescence spectrum for Dy**:TiO, doped sample

Figure (2) show the fluorescence spectrum for Dy:TiO, sample, the spectrum is recorded when Dy:TiO2 sample is excited by
light with wavelength 360nm. It could observed two peaks at around 478nm and 572nm, these two peaks correspond to the
transition between the levels *Fg, > ®His;, and *Fg, > ®Hig, of Dy*" ions.

The J-O parameters are used with help of EQ.3 to find emission line strengths Sy corresponding to the transitions from the
upper multiplet manifolds states “Fy, to their corresponding lower-lying manifold states °Hy (*Hys, and ®Hyg, ) of Dy** ions.
The values Sy are used to find the radiative transition probabilities A(J;J°) for each excited upper manifolds states “Fg, to the
manifold °Hys, and °Hyg, of Dy** ions, the A(J;J’) isgivenin Eq. (4) [11]:

b A

AT ' 64 ot nins+2
Uy =520 s,

Where Jisinitial manifold, J’ is the final manifold.

The radiative lifetime Traa is given by [11]:

Trag = B F BAUGT ) oo (5)
TABLE 3:Vaueof Spes, Sacand AS for each transitions of Dy:TiO,
Transitions from ®Hys, Sieas Sealc AS
*Fa 0.36 0.409 0.034
“Gue 0.329 0.081 0.175
“l1si2 0.086 0.099 0.009
“For 0.024 0.055 0.022
Fa 0.044 0.061 0.012
F, 0.36 0.349 0.008

Q,=4.376, Q,=5.51 and Q¢=1.011
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Stimulated emission cross-section (0en(M)) give indication about efficiency of a laser transition , and determined by

Fuchtbauer—Ladenburg method 1%

4
Ap

AU

Tem = e Aeps (n(Ap))?

The results of Aem, A\ett , Arad » Trag @Nd Oy @re listed in Table(4) and Table(5). According to the results of present work one
could noted that Dy:TiO, have suitable spectroscopic properties in comparable to those results of Dy:LLF [17], Dy:KYF

[18], Dy:YAG [19], Dy:CGA [

TABLE 4. The Aep, Mg @nd A, for Dy:TiO,

Transsition Aem DMt Arag
-1
nm nm SeCc
From To (nm) (nm) - ( )
*Fop— ®Hys 478 18 128.347
%H 13 572 23 501.047

TABLE 5. The T ;g and Ouyfor Transsition®Fy, of Dy3+ in different host

Transsition Oem *107° (CM?)  Trga(mse)

for 4F9/2

Dy: TiO2 *Fop - °Hizp 0.1292 1.588

(This work) ~ ®Hysp 0.0202

Dy:LLF[17] *Fgp » ®Hysp - 35

Dy:KYF[18] ‘Fon - ®Hizp - 2.700

Dy:YAG [19] ‘Fon - ®Hizp 0.3 2.020

Dy:CGA [20] *Fon — ®Higp 0..51 0.501

CONCLUSION

The wet chemical synthesis method is strongly successes to
syntheses of Dysprosium ions doped Nano_Titania. The
spectroscopic  properties such  as radiative transition
probabilities A (J;J’), emission cross-section and radiative
lifetime 1,4 have suitable values in comparable with other
results, the suitable values give strongly indication about
using Dy:TiO, doped sample as optical material for Laser
action.
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