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THE IWi"i'SIT1ES OF f-f  TRANSITIONS U D  BOIPDIKG IN FLU OR IN AT^ 

LAXTHANIDE @-DIKETONE CHELUES 

S.S.L.SURANA, R.C.&!ATHUR* AFD S.P.TAIVDON 
Department of Physics, University of Jodhpur, Jodhpur, India. 

Interest  in the  in tens i ty  of lanthanide 1-1 spectra have 

begun nearly f o r t y  years ago, but most of t h e  work r a e  done a f t e r  

the  publication of the  theory of lemthanide in tens i ty  by Judd' md 

Ofelt' independently i n  1962. Since then a number of lenthanide 

complexes having 0-, I- or mixed donor l lg rnds  have been studied f o r  

t h e  one reason or the  other. Varioua $-diketone chelates  were 

studied3-' for the  reason tha t  they proved t o  be good las ing  materials. 

The present communication extends t h i s  study f u r t h e r  t o  fluorinated 

$-diketone chalates  of P a  and Nds,which gives useful infarm8tlon 

regarding in te re l sc t ronic  repulsion, q i n - o r b i t  interact ion,  

nephelauxetic effect  and banding in these chelatss.  

The v is ib le  spectra of lanthanides arise' due t o  forbiddm 

t rans i t ions  r i t h i n  t h e  ground 4 p  configuration. To the f i r s t  

approximation the  energy leve l  s t ruc ture  of 4P c c n l i g u m t l ~  ~8;l 

be con8idered t o  arise from the  e l e c t r o s t a t i c  and magnetlo 

Interact ion8 betwem t h e  4f electrona. These in te rac t ions  o m  ba 

expressed in terms of Slatet-Candon parameters F)I[ and Landel 

parameter 541- 

Am a result of t h e  Cwplex8tion, oontraction o r  expansian of 

rave functions =our, which I 8  r d l m t e d  by the  ohangem in d u e 8  of  

FK rmb kf pahmetem r i th  n r p w t  to the o o ~ ~ p ~ d l ~  fm im 
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390 SUlUNA, PUTIiUR, AND TANDON 

values. Th i s  phmomennon i s  known a8 nephelnuxetic effect ' ,  and can 

b e  expressed by the  nephelauxetic r a t io  fl defined as 

where c and f r e f e r  t o  t h e  complex and f r e e  ion  respec t ive ly .  

If t he  degree of covalency (b112) is defined R E  the  amount 

of 4f-ligand mixing i n  t h e  metal wave func t ion ,  then t h e  mete1 wave 

func t ion  can be written10 as 

. . . (2 )  

On s impl i f i ca t ion  of eq. (1) with t h e  help of eq. ( 2 ) ,  we 

g e t  a r e l a t i o n  between $ and b112, given by 

The +ve and -ve values of b f o r  a comilex correspond 

covalent and ion ic  charac te rs  respectively.  

t o  

The f c + f  t r a n e i t l o n s  a r e  assumed t o  be  forced-e lec t r ic  

d ipo le  i n  na ture ,  occuring by the  mixing of a h igher  energy configu- 

r a t i o n  of oppoeite p a r i t y  with the  4 p  configuration. The equation 

derived by Judd and Ofe l t  f o r  t h e  o s c i l l a t o r  s t r eng th  P of a 

t r a n s i t i o n  between a ground s t a t e  <p l++,l and an excited s t a t e  

lp t&,> of t h e  l a n t h d d e  ion i n  so lu t ion  i s  

1 2 

. . . ( 4 )  

Th values a r e  ueua l ly  t r ea t ed  a s  empirical parameters. 

These q u a n t i t i e s  a r e  r e l a t e d  t o  t h e  r a d i a l  wave func t ions  of t h e  

s t a t e s ,  t he  r e f r a c t i v e  index of t h e  medium and t h e  l igand  f i e l d  

parameters rrhich cha rac t e r i ze  t h e  environmental f i e ld .  

m8vLTS UD DISCUSSICl88 

The ahe la t e s  of Pr" and Bd3+ with acetylacetono (U), 

t r l f l uomace ty lace tone  ('!PA) a d  hexsfluoroacetylacetoae (HFA) were 
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FLUORINATED W I D E  P-DIKETONE CHELATES 39 1 

prepared by t h e  usup1 methods''' 12. The a b s o r p t i o n  measureaents  i n  

t h e  reg ion  360-1300 nm were c a r r i e d  out  wi th  a Carl Z e i s s  VSU-2 

Spectrophctometer  u s i n g  methanol a s  so lvent .  The experimental  and 

c a l c u l a t e d  v r l u e s  of t h e  e n e r r y  l e v e l s  and o s c i l l a t o r  s t r e n g t h s  o f  

t h e  ebso-lption bands have been c o l l e c t e d  in  T a b l e s  1-4. 

The S l a t o r z o n d o n  p n r a a e t e r s  Fz, F4,  Fg and t h e  Lande' c4* 
p a r a n , e t e r  f o r  t h e  c h e l a t e s  under  s t u d y  were eva lua ted  by express ing  

t h e  energy as a T a y l o r  s e r i e s  expansion by Wong's method13 and have 

been c o l l e c t e d  i n  Table  5. In calcul .a t1ng t h e s e  parameters  t h e  

c o o p o s i t e  bands observed a t  cv 12500 ca-I  and 13450 cm'l i n  c a s e  o f  

Nd3+ c h e l a t e s  were not  cons idered .  In  most of t h e  c a s e s  F k s  and g,, 
of l a n t h a n i d e  complexes e x h i b i t  a d e c r e a s e  from t h e  v a l u e s  of t h e  

cor resaonding  p n r a s e t e r s  of f r e e  ion ,  because on complexation 

expansion of t h e  c e n t r a l  r e t e l  i o n  o r b i t a l  t a k e s  p lace .  

The c a l c u l a t e d  FK parameters  were used t o  compute t h e  

nephelauxet ic  r a t i o  p and t h e  bonding parameter  bl/', u s i n g  r e l a t i o n s  

(1) and (3). 

The dedree  of covalency i n d i c a t e d  by b1l2 d e c r e a s e s  In t h e  

o r d e r  M > !TFA > HFA. The r e d u c t i o n  i n  parameters  with r e s p e c t  t o  

t h e  f r e e  i o n  p n r a s e t e r s  f o r  Nd3+ c h e l a t e s  I s  l e s s  t h a n  that  observed 

i n  c a s e  of Pr3+ c h e l a t e s .  It shows t h a t  t h e  bonding due t o  41 metal 

o r b i t a l s  - l i e a n d  o r b i t a l s  I n t e r a c t i o n  i s  weaker i n  Nd& c h e l a t e e  

t h a n  t h a t  in t h e  corresDonding Pr3+ c h e l a t e a .  

The i n t e n s i t y  Th parameters  were c a l c u l a t e d  from Pexp u s i n g  

eq. (4 )  by Carnal1 et. a1.I4 method. The parameters  have been 

c o l l e c t e d  i n  Table  5 ,  alorrg wl th  t h e  energy parameters .  In c a s e  of 

Nd3+ c h e l a t e s  under  s t u d y  T4/Ts i s  n e a r l y  c o n s t a n t ,  whereas T2 shows 

an a p p r e c i a b l e  change. With the increase i n  the o m i l l a t o r  strongth 

of the hypersensitive band in t h e  region 16500-18000 am", T2 parameter  

shows a gradual  l n c r e a e e .  PrS c h e l a t e e  under  s t u d y  do not show any 

such r e g u l a r i t y  in t h e s e  parameters .  The r .m.6 .  d e v i a t i o n  o b t a i n e d  
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392 SUBANA, MATAUR, AND TANDON 

Table 1. Energy value6 (in cm'l) of bands of Nd3+-chrlater 

M T F A  H F A  
Level 

Ec a1 em % a1 'em % el 

0 

11440 

12384 

13333 

14605 

15805 

17 16 7 

19007 

194 18 

20852 

21060 

21506 

23250 

0 

11380 

14607 

15606 

17 16 7 

18976 

19399 

20804 

209 14 

2 1460 

23150 

0 0 

11364 11413 

12346 

13363 

14590 14705 

16000 15919 

17232 17197 

19084 19124 

19631 19504 

21008 21056 

21097 21122 

21698 21515 

22970 22982 

0 0 

11481 11464 

12398 

13385 

14640 14735 

15873 15878 

17226 17274 

19139 19152 

19531 19541 

21031 21042 

21242 21190 

21710 21585 

23118 23051 
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FLUORINATED L A " I D E  P-DIKETONE CIIELATES 393 

6 T a b l e  2. O s c i l l a t o r  s t r e w t h s  (P x 10 ) of Bd3+-chelstes 

Spectral  AA TF A ? P A  
region 

exp P, a1 exp Pc a1 exp *C al 

11000- 12000 

12000-13000 

13000-14000 

14000-15000 

15500-16500 

16 500- 18000 

18500-19200 

19200-20500 

20500-21100 

2 1100-21500 

21500-22000 

2.05 1.94 

8.96 9.26 

11.00 10.55 

0.72 0.82 

0.31 0.22 

33.45 33.55 

4.50 4.34 

1.33 1.63 

0.25, 0.52 

1.30 ' 0.18 

0.35 0.26 

2.27 

10.30 

13.30 

0.55 

0.41 

38.10 

5.71 

1.63 

0.39 

1.84 

0.47 

2.14 3.23 

10.80 72.co 

12.92 16 00 

0.96 1.80 

0.26 0.60 

38.13 47.00 

4.93 6.35 

1.68 1.81 

0.6 1 0.27 

0.19 1.56 

0.30 0.58 

2.68 

12.91 

15.34 

1.15 

0.31 

47.00 

5.98 

2.24 

0.72 

0.23 

0.36 
? 

22000-24000 0.46 0.38 0.56 0.40 0.49 0.48 

r.a.e.dev1atlon 23-60 x 10 - 4-70 10'' - +6.13 x lo'? -7 
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394 S W ,  UTHUR. AND TANDON 

Table 3. Energy values ( i n  cm'l) of bands of Pr3+-cfielates 

M TFA H F A  

16806 16803 16920 17129 16920 17144 

20242 20241 20661 20706 20747 20796 

20833 20747 21231 21310 21322 21319 

22123 21945 22523 22511 22472 22476 

r.m. 8-deviation 2 9 9  - + 114 - +114 

6 Table 4. Oscillator strengths (P x 10 ) of Pr3+-che18tes 

M TFA H F A  
Level 

exp pC al exP pc el e m  p C a l  

2.90 2.89 6.09 6 -09 5.07 5.07 

4.51 6.62 4.31 5.36 3.C? 4.63 

7.05 6.77 6.53 5.44 5.60 4.70 

9.12 8.66 19.64 19.64 16.70 16.70 

-6 r. m. I. deviation 2 1 . 7 2 ~ 1 0 ' ~  - +O. 7 5 ~ 1 0 ' ~  - +O .76 ~ 1 0  
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396 SURANA, PIATHUR, AND TANMN 

for Pr- c h e l a t e r  i s  a l s o  high as compared t o  t h a t  obtained f o r  t h e  

corresponding Nd* chela tee .  Also t h e  va lues  of T 2  required t o  ob ta in  

t h e  b e s t  f i t  a r e  in some caeer15 negat ive  and consequently a r e  

meaninglees in terms of t h e o q ,  s ince  by d e f i n i t i o n  T h  > 0. These 

obeerrratlona suggest t h a t  t h e  i n t e n e i t y  theory of Judd-Ofelt i n  t h e  

present  form i e  not app l i cab le  t o  Pr3+ chela tea .  

The au thom are g r a t e f u l  t o  t h e  Council of S c i e n t i f i c  and 

Indurtrial Research, Ind ia  and t o  Prof. A.N.!Ugam, Head, Department 

of Phyr ic r ,  Univers i ty  of Jodhpur, Jodhpur f o r  provid1r.g t h e  

n e a e r r u g  f r o i l i t i e r o  
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