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THE INTENSITIES OF fe— f TRANSITIONS AND BONDING IN FLUORINATED
LANTHANIDE p-DIKETONE CHELATES

S.5.L.SURANA, R.C.MATHUR* AND S.P.TANDON
Department of Physica, University of Jodhpur, Jodhpur, India.

Interest in the intensity of lanthanide f«>f spectra have
begun nearly forty years ago, but most of the work was done after
the publication of the theory of lanthanide intemsity by Judd1 and
Ofe].t2 independently in 1962. Since then a number of lanthanide
complexes having O-, N- or mixed donor ligsnde have been studied for

the one regson or the other. Various p-diketone chelates were

studied3'7 for the reason thet they proved to be good lasing materials.

The present communication extends this study further to fluorinated
g-diketone chelates of Pr>* and N4>, which gives useful information
regarding interelectronic repulsion, spin-orbit interaction,
nephelauxetic effect and bonding in these chelates.

8 due to forbiddem

The visible spectra of lanthanides arise
transitions within the ground 4fn configuration. To the first
approximation the energy level structure of 4!' configuration may
be considered to arise from the electrostatic and magnetic
interactions bYetween the 4f electrons. These interactions can be
expressed in terms of Slater-Condon parameters Py and Lande'

parameter C‘ ¢

As a result of the complexation, contraction or expansiomn of
wave functions ccour, which is reflected by the changes in values of
Pp and C“ parameters with respect to the corresponding fres ien
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values. This phenomenon is known as nephelauxetic effectg, and can

be expressed by the nephelauxetic ratio g defined as
c
g = PE /7L e (1)

where ¢ and f refer to the complex and free ion respectively.

b1/2

If the degree of covalency ( ) is defined as the amount

of 4f-ligand mixing in the metal wave function, then the metal wave

function can be writtenlo as

<COupl = (1-0)1/2 ¢ af| - b/ eee(2)

2
< 044 panal

On simplification of eq. (1) with the help of eq. (2), we

1/2

get a relation between g and b s given by

% . [%(1-e)]1/2 e (3)

The +ve and -ve values of b for a complex correspond to

covalent and ionic characters respectively.

The fe&>f{ transitions are assumed to be forced-electric
dipole in nature, occuring by the mixing of a higher energy configu-
ration of opposite parity with the 4!“ configuration. The equation
derived by Judd1 and Ofe1t2 for the oscillator strength P of a
transition between a ground state <fo Vﬁl and an excited state
|tn\k;,> of the lanthanide ion in solution is

RSN &yl ™) 1 yy,° oo (8

TA values are usually treated as empirical parameters.

These quantities are related to the radial wave functions of the
states, the refractive index of the medium and the ligand field

parameters which characterize the environmental field.

RESULTS AND DISCUSSIONS

3+

The chelates of Prs+ end N3 with acetylacetone (Ad),

trifluorvacetylacetone (TPA) and hexafluorcacetylacetone (HFA) wers
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. 2 .
prepared by the usual methoasn’1 « The absorption measurements in

the region 360-1C00 nm were carried out with a Carl Zeiss VSU=-2
Spectrophctometer using methanol as solvent. The experimental and
calculated vzlues of the energy levels =2nd oscillator strengths of

the sbsorption bands have been collected in Tables 1-4.

The Slstor-Condon parameters Fo, F4, Fe and the Lande' Q;f
paraneter for the chelates under study were evaluated by expressing
the energy as a Taylor series expansion by Wong's me‘t:hodl:5 and have
been collected in Table 5. In calculating these parameters the

1 and ~ 13450 cm™! in case of

composite bands observed at ~ 12500 em™
Nd3+ chelates were not considered. In most of the cases Fés and §4f
of lanthanide complexes exhibit a decrease from the values of the
corresponding parareters of free ion, because on complexation

expansion of the central metal ion orbital takes place.

The calculated FK parameters were used to compute the
2
nephelauxetic ratio £ and the bonding parameter bl/ , using reletions
(1) and (3).

21/2 gecreases in the

The degree of covelency indicated by
order AA > TFA > HFA. The reduction in parameters with respect to
the free ion parameters for Nd3+ chelates is less than that observed
in case of Pr3+ chelates. It shows that the bonding due to 4f metal
orbitals - ligand orbitals interaction is weaker in Nd3+ chelates
than that in the corresponding Pr3+ chelates.

The intensity TA parameters were calculated from Pe using

eq. (4) by Carnall et. al. 1% method. The parameters have be:z
collected in Table 5, along with the energy parameters. In case of
Nd3+ chelates under study T4/T6 is nearly constent, whereas Tz shows
an appreciable change. With the increase in the oscillator strength
of the hypersensitive band in the region 16500-18000 cn'i, !2 parameter
shows a gradual increase. Pr§+ chelates under study do not show any

such regularity in these parameters. The r.m.s. deviation obtained
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Table 1. Energy values (in cm™l) of bands of Nd>*—chelates

Level M A FA
E exp Eg al E exp Ee al E exp B, al

4 ) 0 0 0 ) )

9/2
ip s/2 11440 11380 11364 11413 11481 11464
I 239 ;o 12384 12346 12398
‘e, P s, /2 13333 13363 13385
‘rg /2 14605 14607 14590 14705 14640 14735
|, /2 15805 15605 16000 15919 15873 15878
‘o, /2 17167 17167 17232 17197 17226 17274
"67 p 19007 18976 19084 19124 19139 19152
%aq /2 19418 19399 19531 19504 19531 19541
‘Gg /2 20852 20804 21008 21056 21031 21042
%, /2 21060 20914 21097 21122 21242 21190
‘cu /2 21505 21460 21598 21515 21710 21585
% v 23250 23150 22970 22982 23118 23081
r.m.s.deviation +74 +57 +56
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Table 2. Oscillator strengths (P x 106) of Nd&-chelates

393

Spectral AA TFA HFA
reeton Pexp Pe al Pexp Peal 1;exp Peal
11000-12000  2.05 1.94 2.27 2.14 3.23 2.58
12000-13000  8.96 9.26 10.30  10.80 12.C0  12.91
13000-24000  11.00  10.95 13.30  12.92 16.00  15.34
14000-15000  0.72 0.82 0.5 0.96 1.80 1.15
15500-16500  0.31 0,22 0.41 0.26 0.60 0.31
16500~18000  33.45  33.55 38.10  38.13 47.00  47.00
18500-19200  4.50 4.34 5.71 4.93 6.35 5.98
19200~20500  1.33 1.83 1.63 1.68 1.81 2.24
20500-21100  0.25 0.52 0.39 0.61 0.27 0.72
21100-21500  1.30 0.18 1.84 0.19 1.56 0.23
21500-22000  0.35 0.26 0.47 0.30 0.58 0.36
22000-24000  0.46 0.38 0.56 0.40 0.49 0.48
r.m.s.devigtion +3.60 x 107" +5.70 x 1077 +6.13 x 1077
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Table 3. Energy values (in cm‘l) of bands of Pr ' -chelates

AA TFA HFA
Level
Eexp Ecal Eexp I':cal Eexp E<:a1
1D2 16806 16803 16920 17129 16920 17144
SPO 20242 20241 20661 20708 20747 20796
3P1 20833 20747 21231 21310 21322 21319
3
P2 22123 21945 22523 22511 22472 22478
T.m.8.deviation +99 +114 +114
Table 4. Oscillator strengths (P x 106) of Prot_chelates
AA TFA HF A
Level
1’exp PcaJ. Pexp 1><:al Pe:rp PcaJ.
b, 2.90 2.89 6.09 6.09 5.07 5.07
3Po 4,81 6.62 4.31 5.36 3.E87 4.863
3P1 7.06 6.77 6.53 5.44 5.80 4,70
%, 9.12 8.66 19.64  19.64 16,70  16.70

r.m.s. deviation zl.'72x10'6

40.75x10~8

+0.76x10

-6




1102 Alenuer 0g 22 :¥0

v pspeo jumog

- - - - - 00°1¥L L8°% i A% 44 60°22¢ prICF 9313
04°3 99°1 93°v - - - - - - Lponpe
¥1°g 63°1 10°v ¥2eT 0 6¥96°0 137169 69°% 68°2¥ 6L°01¢ vad
€0°9 03°1 €64 99¥1°0 0LG6°0 L1 ° 634 g9V ¥3av $3°80¢ YL
29°3 G0°3 AP 0041 *0 £3¥6°0 06°G69 L3 06°1¥% 03°€0¢ vy¥
muamﬁonolﬁum ()
- - - - - 00°¥88 gl-g TL°08 ol °lgg ppuoT 2213
8T *¥ 28V L6*3 - - - - - - oﬂosaa
2APA 04°G 9€°¢3 0T20°0 1666°0 0L°bL8 02°S v 6% L8°0gg VdH
1§ 2529 LiY #3°81 £690°0 ¥066°0 038°¢48 9l °g 4108 86°L3¢ var
FAREA 0s°Y 6v° 9L 0301 *0 1646°0 0L 248 S6°¥ g9°8% 92°¥3¢ L4 4
8338120~
IBT2UO- PN (¥)
9. ¥ 3 W 9 ¥ 2
X
gO¥X"aL  JOTX"L 01X m\ﬁa ¢ 'S r d d
§93¢1340-  Id PUE Pi JO SI33duerud £3tsuejul pue Fuypuog ‘ABxsuy g 9TqB]



04:22 30 January 2011

Downl oaded At:

396 SURANA, MATHUR, AND TANDON

for Prs"' chelates is also high as compared to that obtained for the
corresponding Nds"' chelates. Also the values of '1‘2 required to obtain

15 negative and consequently are

the best fit are in some cases
meaningless in terms of theory, since by definition T, > O. These
obaservations suggest that the intensity theory of Judd-0Ofelt in the

3+

present form is not applicable to PrY" chelates.
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