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Several phy~ i cal properti es ;1I1d optical ahsorption and photoluminescence spectra or Er' + doped PbO-A I10 , -B10 , glas~es 
have heen ~t udi ed . From the measured intensities or v ariou ~ ahsorpti on hand~ or these glasses the .lucld-Orelt parameter~ Q 1' n~ 

and Ur, have heen eva luated. The .I udel-Ollet theory cou ld ~ u cce~s rul l y he appl ied to characteri se the ahsorption and lumi nescence 

~ pec tra orthese g lasse~. From t hi ~ theory variou ~ radiat ive properti es li ke transiti on prohahility A . hranehing ratio p. the radiative 

lire t ime 1". ,111d the emi ss ion cro~s-sect i on0E for va ri ou ~ emi ~sion levels or these gl;]sses have heen determined and reported. 

A n altempt ha~ a l ~ () heen made to throw some light on the environment of Er'+ions i ll PhO-A I10 , -B20 , glass laltice. 

I Introduction 
Optical properti es like optica l absorpti on, lumines­

cence and infrared spectra of various Ln' + ions doped 
alkali and alkaline earth alumino borate glasses have 
extensive ly been in vesti gated in the recent years t

.,. 

However the alkali free alumino borate glasses like 
PbO-A I:p \-B20 1 glasses are moisture res istant , possess 
low rates of crystalli sati on. hi gh electrical resistance and 
mechanica l strength and arc low tox ic when compared 
with the alka line alumino borate glasses. Fu rther in 
contrast to alkaline or alka line earth ox ides, PbO has the 
ahilit y to form stab le glasses due to its dual role, one as 
modifier (if Ph-O is ionic) and the other as glass Fonner 
(if Ph-O is cova lent). It is well established that the 
radi at ive properties of luminescence transiti ons of Ln '+ 
ions in glass latt ice are hi ghl y sensiti ve even for small 
changes in the chemi ca l environment. The transition 
probabi lities of e llli ss ion transiti ons of Ln' + ions are 
ex pected to incre,\se with increase in cova lency Ihat 
depend s upon the network formin g ions. etwork modi ­
fi ers also change the local environlllent of Ln \+ ions to 
some ex tent~'i. lt is for thi s reason we ha ve chosen PbO 
whi ch acts both as network former and mod ifi er instead 
of conventional alkali ox ide as Ihe third co mponent. In 
add iti on alumin ium ions can al so occupy both tetrahe­
dral (net work formin g) sites and octahedral (modifying) 
sites(' . Hence PbO- A I 101- B ~01 is an highl y interesting 

environment for a lasi ng Ln1+ ion like Er1+ incorporated 
in it. Er1+ ion has been chosen for dopin g in PbO-AI 20 1-
B20 1 glass network, because it is hi ghly efficient lasing 
ion since it possesses strong absorption bands in the 
region where pumping sources are eas il y ava ilable7

. 

Though such type of studies have been carried out on 
other glass systems in recent yearsX.'i , similar studies are 
not avai lable on PbO- AI20 , -B20 1 g lass system. How­
ever few studies devoted to electrica l and other phys ical 

. f h' I f' d ' I' J 10 properties a t IS g ass system are oun In Ite rature-' . 
The aim of thi s in vest igat ion is to study the optical 

absorption and flu orescence spectra of Er1+ doped PbO­
A170 1-B70 1 glasses and to apply the Judd-Orelt theory 
1'0; f~f t~a~ s iti on s of Er1+ion and to evaluate various 
radiative properties like tran sition probability, radiative 
life times of various excited states and emission cross 
sections of various emission levels. 

2 Experimental Details 
F I I · I II .. or t le present stuc y a partlcu ar compos ition: 

19PbO-SA I20 , - 76B20 , : I Er20 1 (all in mol%) was cho­
sen. Appropriate amounts of Ana lar grade reagent s of 
PbO, A1 20 1, H:\BO" and Er20 1 powders were thor­
oughly mixed and melted in a platinum crucib le at 
I IS()OC for about 2 h unti I a bubble free I iquid was 
formed . The resultant melt was then cas t in a brass 
mould and subsequentl y annea led at 350°C. T he amor-
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phous state of the g lasses was checked hy X-ray diffrac­
ti on spec trum recorded 0 11 SI EFERT Diffractometer 
Model SO-DE BY E FLUX - 2()()2 fitted with copper 
target and Ilicke l filt er operated at 40 kY, 30mA. The 
samp les were thell ground and opti call y po li shed . The 

fillal d i men .~ i o ll s of the saillpies were ahout I cm x I c m 

x 0 .2 cm. The density d of the glasses was determined 
to all accuracy of 0.00 I by tile standard princ iple of 
Archimedes' usin g xy lene (99 .99% pure) as the buoya nt 
I iq u icl. The refracti ve index II dO l' t he g lass was measured 

using sodiulll va pour lamp (Ie = 589.3 nm) on a preces­
si on re fractometer with monobromo naphthalene as the 
cont ac t layer bet ween the g lass and refracto illeter pri sm. 

The opti ca l absorpti on spectru lll of PbO-A I7 0 ,-B,O , 
glasses conta ining 1::1'1+ ions was recorded on ~ JAS CO 
MODEL 7800 UYIY IS Spectrophotometer in the wave­
length range 30()-H50 nm using undoped g lass as re fer­

cnce. By usin g xenon arc lamp , the intense line \ .xc = 
3R(} nm was ident i fi ed and the sa me was used to record 
the photo luminescence spec truill . T he photolumines­
cc nce spec tru m of the g lass was recorded on Hit ac hi - I ~' 

3() 1 () Flu orescence Spectroph otometer in the wa ve­
length range 38()- 800 nlll lip to a reso luti on of 0. 1 nm . 

3 Results 
From the Illeas ured values of density d, re frac ti ve 

index lid' the average molecular we ight TVI and va ri ous 
ot her phys ical paramete rs like Er ,+ ion concentrati on Ni , 

molar refracti vit v fL . moiec i rial' no larisahi I it v IT . no-

0. 7 

O. S '-------'--___ -L-. 

laron radiu s r l" inter ionic di stance r i of EI)+ ions and the 
fi e ld strength Fi, whi ch are useful in understandi ng 
va ri ous rad iati ve properti es of EI}+ doped g lasses were 
eval uated using standard formul ae 12 and are presented 
in Tab le I . 

The opti ca l absorpti on spectru l11 of Er'+ el oped PbO­
A 120 ,- BJ) J glasses recorded at 1'00111 tnmperat ure in the 
wave length region 3()()-850 nm ex hibi ted seven absorp­
tion hands all from the ground state.) !.;12 (Fig. I ): some 
of these leve ls are assigned to the fo ll owing app ropriate 
e lectronic transition" as fo ll ows: 

T ahle I - V ari ous phys ica l properli es or Er '+ doped 
PhO·A I20 1-13 20 , glasses 

Refract ive index . li d 1.50l) 

(measured at A = "iX<).:l 11111 ) 

Density t! (g.m/c l1 h '2 .7'1,7 

Average molecul ar wc ig. ht /'VI I tn .50 

EI)+ iOI1 cOllcenlratio l1 Ni ( 10 22 iOll s/elll ') I ."i l) 

Mol " r rcfrilc ti vi ty I< M tC Ill - ') 11.2l) 

Mol ec ul ~ ,, ' eleclro l1 ic J1o l ~ l r i s ahilil y a~· x 102,) (C ill ') 4.4 7 

Po larol1 radiu s /'1' (1\ ) IJ)O 

Inler-ionic d istance r; (A ) :l-'n 

Field strcngth F; x t (r -Ih (C Ill · 2) I . I() 

1 

300 400 500 
1008 500 700 eoo 900 

wavelength (nm) 

rig. I - Ahsorpt ion specl rt lill or ErJ+ doped PhO-AbOJ- B20 , g lasses 
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cal absorption spectrum or Et)+ doped PbO-AI20 ,-B20 \ 
glasses recorded at room temperature in the wavelength 
region 300-850 nm ex hibited seven absorption bands all 
from the ground sta te\/2 (Fig. I); some or these levels 
are ass igned to the fo ll ow in g appropriate e lectronic 
transition l

, as fo ll ows: 

~ ~ 2G 2G 2 ~ 4 4 2H 
15/2 ~ G ')12' · 7/2 ' 11 11 ' G '!I2' F,I1' F'/2' F7/2 , 11 /2 ' 

~S 4 F 41 ~ I 
312 ' 'J /2 ' <)/2 ' 11 /2 
The transition energies for these transitions are simi -

I I d t· E 1+ . . I I 1114 ar to t lOse measure or r Ion 111 ot ler gasses " . 
The room temperature f luorescence spectrum excited 

at 380 nm ex hibited several transiti ons as shown ill 
(Fig. 2). 

4 Discussion 
It is we ll known that there is a shi elding of the 41' 

electrons of the rare-earth ions and thi s shie lding allow 
these ions to serve as active centres in solid state laser 
hosts. These ions ex hibit sharp absorption and lumines­
cence transiti ons as they are weakly perturbed by sur­
rou ndin g li gand ato ms. The spectral intensities for the 
observed bands of these glasses which are often ex­
pressed in terms of osci Ilator st rength of forced elec­
tro nic dipole transitions ha ve been analysed with the 
he lp or .Iudd-Ofe lt theory"I I' usin g: 

8 1"(2 111 C ( 11 ~ + 2 ) 2 V (, i.. 7 

f= L£1 i.. (\l/ j IIU lI\jlj t 
3h(2 .1 + 1 )917 " A ~ 2 

.. . ( I ) 

where (2.1 + I) is the multipli city of the lower states, 111 

is the mass of the e lec tron and v is the peak absorption 

in cm- I. T he Judd-Ofe lt parameters Q 2' Q 4 and £1(, were 

computed by the least sq uare fitting ana lys is of the 

ex peri menta l osci Il ator strengths usi ng mat ri x e le­

ments 15 and are presented in Table 2. Experimental 

va lues of asc i Il ator strengths were evaluated from the 

ex pressIOn: 

Tahle 2 - Ahsorpt ion hand energi es. the oscill ator strength I ror 

some or the transit ions and Judd-Orelt intensit y parameters and 

spectroscopic quality factor (n4/~l(,) or E,) + do red PhO-AI 20 ,­

B20 , glasses 

Absorrt ion Ener"y .kx!' x 101' .I~"l x 101' .I-() 
'1 (cm- ) parameters 

n x 1020 

( em1
) 

4 7 
115/2 -7 -G I 112 26440 12.50 1:1. 14 n 2 = II X5 

4 
-7 h n 220R4 0.77 0.7(, ~l~ = 24. :'1 

4 
-7 h l2 2040X O.X7 OXX ill, = 2.2:1 

-7
1

1-1 1112 192:10 7.44 7.5') n~/n(, 

= IO .XX 

-7 ~SJ/2 IX:l75 052 0.4 :1 
4 

-7 1-"<)/1 15:1X4 OJ,7 O.X7 

-7
4 1')11 12500 015 0.20 
4 

-7 11 112 1030<) O.XO OSl 
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( 

1 1 m ('-
I x" = 2 . 302 2 f £ ( V ) d V 

N 1t e A 

... (2) 

where Nil is the A vagadro ' s number and £(v) is the molar 

absorption coeffic ient dete rmined from Beer's law. The 

compari son of ex perimental and theoretical strengths 

show a reasonab le agreement (Table 2). The larger 

differences observed between the calculated and the 

ex perimental values of osc illator st rength s for some of 

the transitions are becau se or 4/~5d mi xingl 7 which may 

contribute to intensities with odd va lues of A in II UAII 

matrix e lements which are neglec ted in Judd- Ofelt 

mode l. Us ing J-O parameters 

D.)" the radiative properti es or various tluorescence 

leve ls observed ror the present glasses are determined. 

The spontaneous emission probabilily A. ror e lectric 

dipole Iransition was calculated using the ex pression: 

.. . (3) 

where (2J + I) is the mulliplicil Y of the upper state and 

V is the wavenumber of the fluorescence peak . 
Then Ihe total emission probabilit y AT in volving all 

the intermed iate terms is ca lculaledusing I Ref. 181. 

IjJ " 

A T ( '11 I ) = ~ A ( '11 I ' \11 I' ) ... (4) 
1jJ , 

T he radiative life lime (t,,) or a slate is ca lcul ated 

usin g Ihe re lationship: 

... (5) 

The flu orescent hranching rali o is obtained from the 

equation: 

A('1f l, \II I ' ) 
~ r ( \1' /' '1f r)= 

AT ( \11 ) 
I 

... (6) 

Finally the sti mulated emi ss ion cross-sec tion s of the 
measured tluoresccnt level s are eva luated using: 

I ' A ( \1' I ' \1' r ) A 
4 

(J - = -----'----"---
8 1t CI1~LlA 

... (7) 

where A is the peak pos ition of the emiss ion I ine and LlA 
is the effecti ve band width of the emi ss ion tran siti ons. 

The va lues of the transiti ons probabil il y A( \I'I ' \If l') , 

the lotal tran siti on prohability AT (\I/,) and the f1u ort!s­

cence branching rati o ~r obta ined for some of the lumi ­
nescence trans iti on are presented in Tab le 3. 

Earl ier E S R and opt ical absorpt io ll ex peri ments and 
simu lation studies indi cated that the ra re earth ions when 
present in the glass mat ri ces, impose vi rtuall y no spt!­
cifi c or narrowly defined site preference in the network 
thou gh there is a poss ibi I ity forthese ions to occupy sites 
with non-centro sy mmetric potential I ') wh ich is known 

to contribute significant ly to 122, Howeve r the ene r~y 

and certain spectral profiles of some transitions in Ihe 
absorption or Er l+ ions th row some li ght on the ir coor­

dinat ion. The energy va lue 19230 Clll- I for ~ l lv' ~ 2H 1112 

for Erl+ ions in the present sys tem suggest predollli­
nantl y 8-9 coordination20 Eight coord inati on ror Er

l
+ 

ions in these glasses may be assumed due to four p;lir or 
oxide ions coming frolll four tetrahedra constitul ed hy 
AIO~ or BO~ unit s. The presence of BO~ units in these 
glasses is con finned by studyi ng TR spectra of these 
glasses (Fig. 3). The IR spectrulll of PbO-A I,O I- B,O \: 
Er~+ glasses recorded in KBr matrices at roon; t emp~r; l ­
ture shows absorpt ion bands ( in add it loll to Ihe sta ndard 
bands due to stretching vibra li ons of 13-0 bonds or 130 \ 
unit s betwee n 120()-1600 cm- I

) al H)83.6 CI11 -
1 dlld 

833.6 CI11- 1 which are elm; 10 the st retching vibrali ons or 

B04 units. The presence of eve n PbO.j units ca nnot he 

Tahlc ~ - Vari olls radi ativc propcrli cs o f Er~+ dopcd PhO- 1\ 120 1- B10 -, gl'lsscs 

Emission Transit ion A M A il'r 1R 13,. 'Ir Emission no,s-

(nm ) (11 111) (., - I) (s- I ) (ms) 'cCiioll 
I' 1(1 , 

(J 'x IW (cnn 

, ·1 
- 11 ')/2 -7 11:\11 ,11)2 .. '1 ,11) .0 2~ :n (,Y) I 0. 15 ~5]O O.()X 

~F'i/l -7 III )/2 4(,5 .() 1(' .0 IX25 62~(, 0. 1 (, 21).52 (U I 

~S511 -7 ~II SC )(,4.0 ]70 152(, 2X34 (U5 53.XO 024 
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rul ed out in these glasses as there is a presence of some 
weaker bands in IR spectrum} of these glasses (Fig. 3) 
around 550 cm- I. 

We ha ve al so evaluated Q A va lues for various lantha­
nide ions (starting from Pr'+ to Er' +) doped PbO- AI 20 ,­
B}O, glasses. The Q } va lues for Pr '+glasses 4 .88 X 1O-2() 

} .\+ -}() } E ,+ cm , Ho glasses 5.829 x I () cm , and r glasses 

11 .85 x IO}() cm} show an increasin g trend with increas­

ing atomic number of 'Ln ' + i o n s~ But according to 

Krupke' s theoretical ca lculati ons} l, the values of Q? for 

free Ln \+ ions should decrease w ith increasing at; mic 

number. The present di screpancy may be accounted for 

as being due to the effec ts of covalency, nephelau xeti c 

and dielectric of the medium}2 The Q } va lue is in 

general strongly dependent on cova lent bonding and on 
structural changes in the vicinity or Ln.\+ ions. Ln ' + ions 

Illay ha ve coordinati on number 4 to 12 w ith decreasing 
trend (or increasing covalency effects) w ith increasing 

. l\ b . L \+ . HI E 1+ atomiC ' num er ;, ot 11' Ions. ence t l e present I" 

ions may have high coordinati on number in the present 
glasses when compared w ith oth er Ln '+ ions ; thi s may 

be assumed due to the decreasi ng bond length s of meta I 

li gand ions. W hi le Q } is related to short range effec ts, 

the parameters Q.I and Q(, are related to the long range 

erfec ts. The values of these two parameters viz., Q .1 and 

5:2(" are in fact strongly dependent on the vibrati onal 
frequenc ies or L n \+ ion linked to the li gand atoms. 

Earli er detail ed studi es on rare earth spectroscopi.1 

revealed that the v ibrati onal tran siti ons are more intense 
for lower atomic number ions ( li ke Pr' +) and the hi £'" her 

2750 2250 1750 

atomi c number ions (like H O' +, Er \+) of rare earth seri es 

and hence higher va lues of Q 4 and Qo at the beginning 

and the end of the series; we have in fact obtained the 

va lues of Q .1 for PI}+, Ho'+ and EI} + glasses as 22 .22 x 
IO-}O, 17. 15 X 10-20 and 24.37 X 1O-2

() respecti ve ly . The 

hypersensiti ve nature of transitions 2G I II2 and 2H III} may 

be understood due to strong 4(-5d mi xing and / or due 

to the contribution of odd terms of II UAII. 
The radiati ve properti es of Er' + ions (or any of L n\+ 

ions) depend on a number of factors such as network 

former and modifier of the glass. The va lue of ~r ( i .e.) 

the branching ratio (Table 3) of the luminescence tran­

sitions characteri se the las ing power of the potent ial 

laser transiti ons. The ~r va lues obtained for the impor-

I · . . 21-1 .1 1 .1p .1 1 I .jS tant aSlng transitions ')/} ---7 IS/}' ')/} ---7 1.112 a III • ,12 

---7 \ .1 /2 are found to be comparable to th at or alka li 

alumino tluoroborate glassesl.1. 

From thi s study it may be conc luded that ./-0 pa rame­

ters combined w ith the photoluminescence spectra of 

alkali free aluminoborate glasses doped w ith Er '+ have 

allowed ca lculati ons or induced emiss ion tran si t ions and 

y ielded useful informati on on the radiati ve properties. 
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