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Calculation and analysis of Judd-Ofelt parameters for Nd** doped glass and
glass-ceramic

H. Rahimian?, Y. Hatefi 2, and H. Mokhtari *

! Department of Physics, Yazd University, Yazd, Iran
’Department of Physics, Imam Hussain University, Tehran, Iran

Abstract- Nd** doped glasses with chemical composition of 48.5P,05-30CaCl,-20NaCl-1.5Nd,05 were prepared by furnace
melt method. Glass-ceramic samples, containing Ca (POj3), nano crystals with mean size 60 nm prepared from precursor
samples. Absorption spectrum of Nd*® doped samples were taken in the wavelength region 200-1000nm at room temperature.
The experimental oscillator strengths were determined from the areas under the absorption bands. Intensity parameters £2
(t=2, 4, 6) were calculated by refractive index and Judd-Ofelt theory. Intensity parameters for Nd3+ doped glass and glass-
ceramic were analyzed and investigated.

Keywords: Absorption spectra, Judd-Ofelt theory, Optical nano materials, Rare earth elements, transparent glass-ceramics

YAy


http://opsi.ir/article-1-206-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

et Glee 4 Szl JBz OD(V) 5 aiged

Al ga lS 2
s 4 [a) s 51 I ol wcdilole ol o
0 Silogs yu8 VSl il p S e (BI]

D9 oo o3l (V) abaly 3l S oSl dad
' ‘mv '
fcalc (a“]’ bJ ) = 2 [ZEDSED (a‘l b‘] )] (Y‘)

©3(2J +)n’he
S, (adbd)=e* Y o [(af “a|Ju °[|4f "ba")[

9]

, n(n’+2)°
e Sl Yep =

WS el h oS
S asl alS e ple ol aidle Syl s
Sl (SoD Cdx oy 50 92ly 59l slo See
Q [¥lwloas aule lSon 5 | S Lawss
phadbioe ol gLl L clilols  sla il
‘~ S & . e .-
Slaye (eSSl by, Sl esliil b eyl
bliie i g3 sl S & le g e dpmsle
28 ol e aile S8 0 L1 Nd** o slras
el 00is 4...9; ).la.»

L b;-Y

lp 48.5P,05-30CaCl-20NaCl-1.5Nd,03 .S 5
—did g ddod la diges Cewl a8, I alll cole
a5 Wol ad Sl el g wod g, 4 (Sl
ool 0al [0 Flam o j0 yitn cliz> LS i,
4 CaPOs), slojsh (syome (Soalpmaind digas
i 5 aded dles 53 Bl oo At FoNM se3lal
5 ode db b ags Oxhx) om® slul b (Sl
YoooVer o3l j0 ) S0 illae diged 90 2 (5, 0uc
Tyl 5 g2 S 55 51 g Sl - g ol by yiagil
gy 4 bdigel CanSld o pd ol ad 8 561 sles o

s Ao SzsS (g0 olal 50 T Sip b (S

2 Ccarnall et al.

% Least Squares Fitting
4 Perkin Elmer

1Yay

doddio —)

Obme 0 SheS SB polie (Sl ol (o) 2
A>g5 0,50 oyl (00,5 0 5 cde @ alie o
@ Ol Lop)l8 cnl Cnyete el a8 )5 18
(65 b b ealS CosE wl> b glayjd
[P0, o)l o) 5 Sa 5 (oudlS 3 (sloJoe

A pgedyt g Eeie oleS S slagg (e o
SLeS 5 )0 geite (ofwg Sl o Sy s
vl 358 oo 5,8 oolaiul 5,50 00 S job 4y ol
5 Slasl> jo caslsY sle I35 Gos cdsl-ol> 4yl
Slp 4l icmlie 5 WS (o0 rogs | b sl
oSS ey sl S cus ohaasis
Sopsb a4 il sy Glagg 4 lacll>
@ oleon SlS S lp Je g o YL
ol o5 355 (oo 03y el aw ggazme 5l Al & j50
Q cos b clilolr sloyally olsie 4 loyall
O Obme bame 4 oyl ol wsd o aSlis
5 8 b (T ojluil b g wlo (S SleS S
i Ao B (e diged CunSh g po (e
(roge il sl p lp clilolr gla sl
e PSS Gon gy, SISy S
oot Sl elys o yal b el 5[4 A N axs
(979> oo slp o2l S Jlexml JeS
) Sadadls Cond 5 Sl clo 6 e Job
D e sy eess olys oo

gl oloaS (ST 9 5 St 35 555
3OS Jleisl 4 a5 sl oo 0l ald Jloges
Syiin by | Silag 0508 aar Gad oS )b
oo dbe (V) abaly |l oslinul b oo Silags &)

109
mc’® oy~
foo = [e)dv M
£(V) = 23030D (v) /d ™

Sy € oSl g pr eSS4 € 9 M S
Cwoles d e A}‘j B o..\.usg)» O slaxs N

! Oscillator strength


http://opsi.ir/article-1-206-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

2

[}
+

4

o
[m]
3.0 +

Absorption(a.u)

o
=
g T
To +Q o
& P W
9 ~ S —— Glass-ceramic

=
&
f e
=
=3
o
o
o)
£ o
0.0 T T T T T T T T T T T T T l
200 300 400 500 600 700 800 900 1000
Wavelength(nm)
S35 5wl oo Moz 515 5l 1,105 aes (3BT glos ;o Voo e =Yoo M o3l 50 NO* @ 00T Ssl o dlincds g ddicds diged o do 1) JS0o

5 ond dmlxo slayially o Ny Wb abal, 5o

r
Db oo 0l dle by sla 508 slows N
Glodisy 5 o) pac aasie g0 @ (sl
o L el wiboe oo sl g (YIS
Sz bl o il Gla SRy g el
oo el 9o b cow Qe gl g o)l (S
DY A VoS o s

Sal sl 09l o 0 ) Jeux 0 a5 jshiles
S5 NE a4 ea¥T gl jumasns ol
Wges 53,0 ;0 LA 5 Qp L2y &l s ail o asds
Slid gloans oy (Q<<Qocwl alis
5 el o a5 VY Alasbce S5 wad sla il )by
Ao oo lid | oyl

S S amei ¥

b (Sl aied 5 ated pdo b age b
> 48.5P,05-30CaCl,-20NaCl-1.5Nd,0; .S 5
5205y e Yol NO™ 0¥ cy50 I35 (slags Jsbo
Soad sl gl e b leald ol o L g i
Wil diged 5l 15 5 Sl it diged sl Slogs
Gl el Oiao eed 4 g Cewl o0l 005l Ceway
Al e adod 3l 85 b Sl a6l Sal

AT

el 00 ateiie o1 gy g ald o a4 by e
ools Judxs —V-Y

g ated Lo ;o NO™ (g 55, SRS 31 b))
tlomst Sasl a5 ok | wny ol Sl
e Gl el sad pll pde dinb (,eSejll
V USs 5 NO™ 4 00T Sal pum i d 5 a2l gl
dged 90 ;0 Sl pd> sbaly cwl oal eols lis
alie Loyis NO™ oy o0 ¥T Sl jumainds g as
dod il oo Dglite oo b o] slochad s ool
Gl a5 Sl slacdls 4 Mg 4l clls ) s JiS
o el Sl el ol ol 43,5 & s
el 00y aseie | S 4o ,l3S

wdslsle abaly b a5 (o )0 Sologs @08
g adnd gl () ead aulee Slug ojad
03,90 Vo Loty Joaz ;o NO** 4y 0o g ¥T el ot
e ol el jlsel 2l jekie 4wl ot
b sl 5 025 polie o "M Slas o (1 Sils
L awslie j0 a5 oowl V Jouz ;0 O gakal; 5l oolatu!
Jliel a5 il oo SosS (225 g odd drwbre polie
S oo a1 cddl-ols 4y las

Z(fcal _fmed )2 N
é‘rms =\ o (a)

N _—N

par trans

® Root mean square


http://opsi.ir/article-1-206-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

sl ol el S g0 laSoal il g sl o Nd® 0% i sl a8 5l ead Al g 028 Slug bbo,ud ) ojled Joux

odd 00ls pizmen (x10°) IMS polie o (102 em?) O s

Sy oo ok Nd**-Gaiges Nd**-GC aiges
(SL) (Mg (10%em?) | 1 (10%em?) | f,_(10%m?) | f_ (10%cm?)
Far 873 6.65 1.22 36.13 12.74
*Fsi2, “Haorz 802 17.65 19.10 48.48 35.64
*F112.°S31 764 18.65 18.03 57.79 34.21
Foi 684 4.19 1.47 48.21 27.74
G0, 2G 583 35.99 36.19 83.90 82.60
K32, "Gopo, *Grpo 525 18.73 15.22 1.28 2.82
Py 430 3.485 1.94 3.83 3.38
Ormns 3.84 28.54
Q, 4.42 15.13
Q, 15.23 26.37
Qg 12.62 24.04
- . _
Ehosphate glactes. Journal of Non-Crysalline Solch 41 (5! 3l

(TAY-+ A YY)YFup, 13,

[9]. Oomen, E. and A.-M.A. Van Dongen, Europium (llI) in
oxide glasses: dependence of the emission spectrum upon
glass composition. Journal of non-crystalline solids, 1989.
111(2): p. 205-213.

[10]. R.T. Génova , LR.M.1., U.R. Rodr"iguez-Mendoza ,
F. Lahoz , and P.N. A.D. Lozano-Gorr'in , J. Gonzalez-
Platas , V. Lav'in, Optical intensities of Pr®" ions in
transparent  oxyfluoride glass and glass—ceramic.
Applications of the standard and modified Judd-Ofelt
theories. Journal of Alloys and Compounds, 2004.
380(0925-8388): p. 6.

[11]. B. T. Huy, M.-H.S., Jae-Min Lim and Yong-Ill Lee,
Application of the Judd — Ofelt Theory to Dy3+-Doped
Fluoroborate/Sulphate Glasses. Journal of the Korean
Physical Society, 2011. 59: p. 8.

[12]. Choi, J.H ,.et al. Spectral properties of Nd** ion in
new fluorophosphates glasses: Judd-Ofelt intensity
parameters. in High-Power Lasers and Applications. 2003.
International Society for Optics and Photonics.

[13]. Izumitani, T., H. Toratani, and H. Kuroda, Radiative
and nonradiative properties of neodimium doped silicate
and phosphate glasses. Journal of Non-Crystalline Solids,

1982. 47(1): p. 87-99.

O ool gals olftsls S Clidiss 50 5 Kon
b bl 35 50l Sl b IS 4 oS e ST ailoges

[1.

[2].

—

[3].

[ht]

[4].

—

[5].

—_

[61.

—_

[71.

8.

[Ra]

\yag

&= yo

J.H. Choi, A.M., Ashot Margaryan, F.G. Shi, Judd-Ofelt
analysis of spectroscopic properties of Nd**-doped novel
fluorophosphate glass. Journal of Luminescence, 2005.
114: p. 167.

I. Jlassi , H.E., M.Ferid , C.Barthou Judd-Ofelt
analysisandimprovementofthermalandopticalpropertiesof
tellurite glassesbyaddingP205. Journal of Luminescence,
2010. 130(0022-2313): p. 8.

Yu, Y., et al., A new transparent oxyfluoride glass ceramic
with improved luminescence. Journal of non-crystalline
solids, 2007. 353(4 :(p. 405-409.

Hatefi, Y., et al., Ultraviolet to visible frequency-conversion
properties of rare earths doped glass ceramics. Journal of
Rare Earths, 2011. 29(5): p. 484-488.

Hatefi, Y., et al., Frequency-conversion properties of Eu**
doped chlorophosphate glass ceramics containing CaCl2
nanocrystals. Journal of Luminescence, 2011. 131(1): p.
114-118.

A.S. Gouveia-Neto , E.B.d.C., L.A. Buenob, S.J.L. Ribeiro,
Upconversion luminescence in transparent glass ceramics
containing -PbF2 nanocrystals doped with erbium. Journal
of Alloys and Compounds, 2004. 375(0925-8388): p. 5.
G.N. Hemantha Kumar, J.L.R., K. Ravindra Prasad, Y.C.
Ratnakaram, Fluorescence and Judd—Ofelt analysis of Nd**
doped P205-Na20-K20 glass. Journal of Alloys and
Compounds, 20 :(AYAA-+4Y2)FA. +4p. 5,

H. Ebendorff-Heidepriem, D.E., M. Bettinelli, A. Speghini,
Effect of glass composition on Judd-Ofelt parameters and



http://opsi.ir/article-1-206-fa.html
http://www.tcpdf.org

