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WTRAC'P 

The temperature dependence of the widths and 

ahlfts in the energy levels  of Eu3+ in the lumines- 

cence spectra of crystals of europlur trie-thenoyl- 

trlfluoroacetonate are meaaured. The erperirontal 

data are interpreted from the point of vier of the 

theory of the spectra of impurity eentree in C r J r B t a l 8 0  
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KARASYOV AND MIROCHNICK 648 

me thermal behavior of the wldths and poaitione 

of sharp opt ical  t rans i t ions  of (41) impuri- ionr 
in rare-earth crystal6 was aotively investigated by 

a number o f  authors 1l=&ana succescfully interpreted 
in t e r n s  of interaotiono between l a t t i c e  vibrations 

(phonona) and ionr. In general, the molecular and 

ImpuriQ crystale,  where the ohanges of a nuclear 

equilibrium positions and vibtat lonal  frequencies du- 

ring optioal t ransi t ion a re  mall were investigated. 

I n  t h i s  paper we inveetigated in d e t a i l  the tem- 

perature dependenoe of the widths and positions 

Stark manifolde in ths lurinemence spectra of 

Eu(!PIA)3phm(P!!A- thano~ltrifluoroacetone, phen- 1,lO- 

phenanthroline). I n  europlumy -diketonee the oherrfcal 

bDnd between 5u3+ Ion( luminnscence center) and ligands 

have far more complex nature than etudied in cl-3J. 

!be coordination polyhedron of mostg-diketonee is a 

eligtllly dlatorted tetragonal ant ipr ica  with eight- 

. l?hus,Eu3+ is  surrounded by eixt$ 

of 

apox atruoture 

o q g e n  and two nitrogen atom8.The interaotions between 

sU3+ and liganda In Eu(T!C~)~phen have ionic character 

dth weak covalent component.l!he eleotronic t ranai t ions 

of inner isolated (4i)electronia -11 of ~ 1 3 +  ion 

are  reapoaaible for lmineacence, in oonnection w i t h  

this,  the interaction between optloal transit ion6 

and phonona l a  mall and aeaording[1,2]the d e r o r i p  
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LUMINESCENCE SPECTRA OF EUROPIUM 6 4 9  

t ion from the point of vlev of t h e  theory of the 

speotra of Impurity centres In orystals I s  poseible, 

We re8 t r l c t  our presentation of the luminea- 

cone8 apektrua of Eu(TTA)3phen t o  three groups(Stark 
ranlfolde) of optical  t raael t ions ?Dom7Fp( jd,1,2). 

The value6 O f  the marlmume of the linea(am") are: 

17241bo -7F0) ; 16940,16915,16725(~0-7F~) and 16356, 

16321,16229,16141 ,l%79(b0-7~).!Che intensity of the 

l ines  of WF,,~ transit ione is re- small in ompa- 

rieon r i t h  the intensity of the strong l i nes  of the 

%lo - 7F2 t ransi t ion which emitte the basic radiant 

enerw. 

of the % - 7Fj(jr0,1,2)traaS1tions in  the 77 - 300 K 
temperature range ie ahom i~ Pig.land 2. One can see 

that a l l  widths Increase a8 temperature Inamasee:the 

w i d t h s  of a given manifold e rh ib i t  charaoterist ic and 
similar temperature dependences. The temperature de- 

pendence in the 100 - 300 K temperature range is 

euperlinear, and in the 77- 100K range I s  weaker. 

This weak teaparatme dependence in the 0 - I00 K 

temperature range probably explained ?qy "residual" 

temperature independent Gaursian oontributlon 

!Che temperature dependenoe of the line4widths 

Lint-width may be resolved Into homogeneous 
(Lorentsian) and inhaaageneous(Gauaeian) oontributiane 

uelng the  numerioal tables ompiled by Peeener L 4 3 
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650 KARASYOV AND MIROCHNICK 

20 4ul 
PIG.1- Temperature dependence of the llnerldths 

of fire strong l ine8 of the 5% 7F2 tran- 

sition. A - 16356emw1, 0- 16321&1~', 

A - l6229cmo1, X - 16141 ca-', 0 - 1597901n~~~  
Error bars on experimental points are 90% 

For example, t h e  analye18 of the line sbapeT=--l6229 

a"', %o-7B2 transition at 77 K l a  ahom In Mg.3. 

The l ine shape i a  deecribed 

for given value of the absciem K and ardinate H are 

given value8 of ooefficient : - = 1.2 a (1) 

a Voigt function,rhere 

d dL 

31; 

&!OB Flg.3: L 1.5 E 0.254 a= 0.60 

h 2.0 HI 0.140 a t  0.75 
'PBE aoeffioientr "aw for different scan = 0067 

K are oloeeu, it means that, indeed, the lizre ahape 

18 demribed by a Voigt function. Thus: gL10,81  (2) 
4 h 
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LUMINESCENCE SPECTRA OF EUROPIUM 651 

120 

m . ; 80 
c, 

60 

40 

20 

* I  

100 150 200 250 30U-1,K' 

Pig.2 - Temperature dependence of the lineridthe 
5 of the  l ines of the Do - 7F0,1 transitions 

0-172410m~~ (a, - 7F0) ; x -1694O0m-~, 
6-1691 5Cm-I , -16725cmm1 (a, - 7F1 ) , 

Big.3 - Low-temperature line shape of 16229~8"' 

<a, - 7F$. 
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652 KARASYOV AND MIROCHNICK 

On the other hand, according[3J for r a t i o  of the 

Gaueeian end Lorentzlan countonre: 

where/-- t o t a l  half-rldth of the countour. In 0- 

a a s e f t  22cao1 and from sgetem of eq.(l) and (3) 
we found: Ad,,= 120aD1, AdG- 15ca’’ 4 

the residual linewidth (Gaussian contribution) r e  

can find by extrapolation of the temperature depen- 
d a c e  of t o t a l  linewidth t o  T- 0. Bor 4 

we found Adc = 15ama1, that in good agreement with 

value, which we found br abwe-dsacribed mausis of 

a Voigt countour. !Be snalyeis of the l i n e  shape0 ie 

shown that a t  77 K the countoure of the l i n e e ~ r 1 7 2 4 1  

cmol( ?Do - 7F0) ; 7 =16229mo1, 

Iv 

= 162290r01 

yu 

4 I 16321~01 , 7- 
1 6 1 4 1 n ” ( ~ 0  - 7F2) are demribed by a Voigt function 

and the l i nes  7 I 16940c1a~~, J - 16915a~-~ have Lo- 
rv 

I ’ a t S i U  shapdf 5D - 7p4) 
0 

One oan see (P1g.l and 2) that broadening 
experimentally observed 

7Fj( g =I ,2 

spectra of ImpurIQ centre8 in oqstals. ‘Phe fol lor ing 

oxpression(Debye approXipat1on)la doscribing the ten- 

perature dependence of the homogeneous l ineridth: 

of the Stark  nanlfolde 

I s  re11 described by the theory of the 
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LUMINESCENCE SPECTRA OF EUROPIUM 653 

where 8 - is an effeotive Debye temperature ,d -constant 

integral  ($has been tabulated by L i n a n  [ 5 ] . Thue, 

for the l ines  

found 8 o 150 2 50 K; cA/ 1205amo1, d2 ~ I O s a m ~ ~  , reti- 

pectively; for 7 = 1 6 9 4 0 ~ m ~ ~  (5D0 - 7F1) @ = 150 -+WK 
One can see (Fig.2) that linewidth of the s inglet  

traneit ion ?Do - 7F0 is increased by only 3cm-I over 

77 = 300 K temperature range. For any given optical 

t ransi t ion the t o t a l  linewidth mar be expressed as 

the sum of the high- and lo-uing transit ion states.  

So a l l  t ransi t ions studied have common b0 exited let= 

vel(in practioe, temperature 

conclude that thermal broadening of the s t a t e s  7F,,2 
determine, in general, the broaUening aeohanime in 

the linewidths of the transitions 5D0 - 7F1,2, re* 

pectively. 

=16229ar'1,16321ar -1 ( 5 Do - 7F2) we 

independent), we nay 

From oorpariron the temperature dependence of the 

experimental homogeneous linewidthe of the - 7 Fl,2 
(Pig.4) t ransi t ions w i t h  temperature dependence dee- 

eribed by expre~rion(4) we may eonclude that broade- 

ning of the energy levels 7Fr,a i a  deterrined by a 

predominant Raman relaxation proaes8ee. 

The ther ra l  s h i f t  can be qualitatively explained 

in the following ray: It is known that during emi- 

rion of a F -  quantum in the Moesbauer effect or  the 

sera.. phonon l i ne  in the case of an optiaal  transi- 

.. 
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654 KARASYOV AND MIROCHNICK 

L 60 

40 

20 

- 

- 

- 

t 

50 100 150 200 250 300 

pie.4 - Temperature dependenoe of the homogeneous 

lineridthae 0 -  16229~r-1 %= 16321cm=1 
(ao - 7F9; X -16940~~- 'l '?Do- F,) 

t i o n  the m i t t e d  frequency i s  modulated w i t h  the ther- 

mal vibrations of the la t t ioe ,  Be a r e r u l t  the poei- 

t ion of the oero - phanon line i e  desorlbed by the 

expre asion? J = $, L 1, Jc [$) ( 5  1 2 cz 

The nean square velosity (299of atomic vibrations i n  
a l a t t l a e  inareaoee a8 the temperature increase6 

uhioh caui)8es a decrease of the frequenoy of the ze- 

ro-phonon l ineo  

The temperature shifts of inwetigated l i nes  

a re  ahom i n  Big.5 and 6. One can nee that temperatu 

r e  ahifte for dlfferent  Stark manifolds are qualita- 

tivelr different.  !Chue, upon warming the line 17243d 
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LUMINESCENCE SPECTRA OF EUROPIUM 655 

ffi c 

A 

1, K" 

\ 
\, 

Hg.5 - Peak positions of f i r e  etrong lines o f  

the %lo - 7F2traneition plotted against 

temperature .A - 16356cmn1 , 0  - 16321~m-~, 

0 .I 16229amo1, A - 161410mn1, x .. 159790n~' 

(?Do - 7P0) ehift t o  the blue; two l ineo I694.0cno1 

and 1 6 9 1 5 c ~ ~ ~ ( % ~  - 7Fl)ahift t o  the blue, but 16752 

cm" ehlft  t o  the red. Burther, three linee of the 
?Do - 7F2 transition 16356cn=' , 1 6 3 2 1 ~ ~ ~ '  16229anw1 

shift t o  the blue, but two lines 161410d1, 1 4 9 7 9 ~ ~ 1 ~ ~  

ehift t o  the red. We think that obsemed rhifte t o  

the blue ugon warm- (theee ohiftr are  not desarlbed 

by erpresslon(5) are conneated t o  the nephelauxetic 

effect  and to  the direet effeotr Qf thermal erprn 

slon outweighing the effeota of vibration#. Upon u a ~  
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42 

a 

-4 

-a  
Pig.6 - Peak poeltione of the lines of 5D0- 7 Fot1 

tureithe ground state 7 Fo I s  sero refereooe 

transitlone plotted against temperature. 
A - 17241am-’(poeition a, etate vereue tempera 

point) ; 0 I- $990 m-’, 0 - 1691!jurn1 9 

X - 1675201~- ( Do -9Fl) 

ring the areraga dletanaee batween Bu3+ and llgrnde 

are inorereed.A8 a reeult, the screening of the 4f- 

eleotrons by the anerlapping charge clouds of the 

surrounding liganda i e  deareased and effective nuclear 

charge is  lncrea8ed. !The Bu3+ ion exitation enerW 18 

inareaaed and t h i a  lead8 t o  ob8emed shif t8 t o  the 

blue. !Ehue, the eris8ion freuquenciee in Eu(l!!CA)3phen 

depend8 not only by thermal vlbratlone, but the direot 

effect8 of thermal expaneion. gLpanslon and I t 8  effect 
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LUMINESCENCE SPECTRA OF EUROPIUM 657 

might ba expected to be large in a re la t ively sof t  

o r p t a l s  such as - diketones. 

of the 5 Do - 7F0 , 
ly, that  Stark sublevels have a different m e t r y  
typed. llhe polnt e m e t r ~ ,  of chelate Eu(!M!A)yphen id 

C2v [6J .  The long axe of chelate ha8 orientation along 

axe x; * s - s m e t r y  axe; 

For group C2* , the components of eleotrlc(P) and 

magnetic(Y) dipole moments of t ransi t ions have a next 

symmetry types l6‘J a 

B 
The qualitatively different temperature shift8 

t ransi t ions ie deaoribed,probab- 
9 9  

IIG - symmetry plane 

cm-I 
16356~rn=~ - Bl, 16351- B2, 16229ca=’A., bo = 7F2 

me components of e lec t r io  and magnetic dipole moaente 

of - 7F4transitions have a different  orientation 

t o  the long axe of ohelate. Tho temperature expan- 

sion or contraotion of the average dirtanaiea bet- 

ween gU3+ and ligandr aause se lea t i re  aotion on the 

eleatria and nagnetla dipole romonts of transitions 

?Do - 7Bj w i t h  different  oriontation t o  the long 
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658 KARASYOV AND MIROCHNICK 

axe of the chelate, that, probably, lead to quallta- 

tively different temperature shifts of l ines.  
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