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INDUCTIVE EPB'ECT OE SUBSTITUENTS AND T U I R  

INFLUEZlCE ON THE RATE Oli' T W W T U R E  ~ U E " , C  

Or" Xu3+ LUMIXXSCENCE I N  MIW LIGAND EUXOPILJM 

p -  DIKECONATYS 

KEY WORDS: Irrminoocence Spectra, Ehropiuro, 
) - diketones 

VoE.IZBrasyov, A.G.Mirochnick and EN.Shchelokov 

I n s t i t u t e  of Chemistry Ear  East Science Centre, 
Academy O f  Sciences of the  US%. V h d i V G s t O k -  22, 
690022. USSR 

The mechaniam of diss ipat iun of e lec t ronic  
exci ta t ion energy of r a r e  ear th  element( REE) ions 
i n t o  the vibration components of the cioser  and the 
f a r t h e r  surroundings i s  a problem of considerable 
theore t ica l  and prac t ica l  in te res t .  Temperature quen 
ching of REI luminescence in chelate8 was studied i n  
a nuxcber of papers/? - 6/ which revealed t h e  impor- 
tance of the energy posit ion of the  lower t r i p l e t  le- 
v e l s  of the organic ligand and the  resonance excited 
l e v e l  of the FLFZ ion. AS the  temperature is ra i sed ,  
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932 KARASYOV, MIROCHNICK,  AND SHCHELOKOV 

the two dominating processes  are/7/ temperature quen- 
ching and partial r e d i s t r i b u t i o n  of e l e c t r o n s  from 
t h e  lower Stark’s components of the  HE1 e x c a e d  l e v e l  
t o  t h e  higher  ones. These two f a c t o r s  are , a s  a r u l e  
used t o  expla in  t h e  observed temperature depandences 
of lumine scence l i n e s  

The present  i n v e s t i g a t i o n  d e a l 8  with theeffect 
of donor- acceptor  a c t i v i t y  of t e rmina l  groups of the 
organic  l igand  on r a d i a t i o n l e  8s d i s s i p a t i o n  o f  U3+ 
e l e c t r o n i c  e x c i t a t i o n  energy t o  the surrounding li- 

- d ike tona te s  with mixed li- 
g a d s  were employed: 
1. Tris -j3 - dike tones  Eu ( p  )3Phen, wherey i s  DFM 
(dipivaloylmethane) , AA (acetylacetone)  , EA (benzoyl- 
acetone) ,  UaM (dibenzoylmethane), TTA ( thenoy l t r l f l u -  
oroacetone) ,  HEAA (hexafluoroacetylacetone), TEwA 
(trifluoroacetylacetone) , and Phen i s  I ,lo - pherian- 
t h r o l i n e .  
2. Tetrakis -/ - diketones:  

diphenylguanidine , 

3. Ehropiwn t e r n a r y  complexes w i t h j  - dike tones ,  a 
ni t ra to-group and phosphine oxides  : 

a)  Eu ( J  )2 N03(TPP0)2, where p i s  Bn,DBM, TTA, 

b )  Eu (,8 J2 b03(TBPO)2 , where J is  DBM, TTA , 

g a d s  e 

The fol lowing 

a)  D A G  [Eu ( ) I  4] where i s  AA,U,TTA, md DPhG i s  B 
b)  M[IQA(AA)~]  , M is L i , N a ;  

TPPO - tripnenylphosphineoxide; 
TBPO - t r ibu ty lphosphine  oxide 

4. aCropium carboxylatodibensoylethanates: 

[a (D~)2(RC00)]2KO , R is CH3 , c3t17 
lPhe luminescence of p o l y c r y s t a l l i n e  J!? - diketo-  

n a t e s  was exc i t ed  by t h e  W l i g h t  of a DIiSh - 250 
lamp Passed through an UPS- 6 f i l t e r  and r e g i s t e r e d  
by an SDL -1 spectrometer with an automatic recorder .  
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Eu3+ LUMINESCENCE 933 

Inves t iga ted  was t h e  temperature dependence of l i n e  
i n t e n s i t i e s  of b%a.rk’s co,.lponents of  5C0 - ’F. t r a n  - 
s i t i o n s (  j = 0,1,2 ) by c d i i n u o u s  e x c i t a t i o n  in t h e  
100 - 300 K temperature range. m e  temperature was 
r a i s e d  by gradual  evaporat ion of n i t rogen  i n  a flow- 
through q u a r t s  D e w a r  flask.The i n t e n s i t y  of each l i n e  
was measured a t  l e a s t  a t  12 temperatures.  Temperature 
-induced r a d i a t i o n l e s s  l o s s e s  of U3+ luminescence 
were measured i n  terms of t h e  a c t i v a t i o n  energy (da) 
inferred from t h e  s lope of t h e  In I = E( I/ T )curve 
p l o t t e d  according t o  the Arrenius equat ion /I,L/ 
(I - re la t ive i n t e n s i t y  of t h e  luminescence band, !b 
temperature ) . 

J 

4. W i s  -p - dike tona tes ,  

I I Eu 

Comparative a n a l y s i s  of donor p r o p e r t i e s  of 
similar l i g a n d s  w i t h  differ? e n t  s u b s t i t u e n t  s r e q u i r e s  
that the complexes under cons idera t ion  have t h e  same 
composition, coordinat ion number, d e n t a c i t y  of the  
ligands and more or less  s i m i l a r  geometr ica l  parame- 
t e r s .  !these requirements  are met by compounds of com- 
pos i t i on  3l.1 ( p  l3l?hen , where j 9  a r e j  -diketon 
AA, DPM, 138, DBM, TTA, TPPAA, U’AA, and men- l,l& 
phenanthroline.  A l l  t h e s e  spec ie s  are mononuclear com 
plexes  in which every m3+ i s  surrounded by six O X Y  - 
gens of t h e  three] - dike ton  
of t h e  n e u t r a l  b iden ta t e  l i gand ,  i.8. phenanthroline.  

e s :  

6s and two n i t r o g e n s  
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9 3 4  KARASYOV, MIROCHNICK, AND SHCHELOKOV 

d u r o p i u m ~  - dike tona te  complexes with aromatic  a m i i  
n e s  posses  s i m i l a r  luminescence s p e c t r a ,  which ref- 
l e c t  s t h e  s i m i l a r i t y  of t h e i r  coordinat ion polyhed- 
rons. The s t r u c t u r e s  of €b(DPM)3Eben and !iu(Ari)3Phen 
were repor ted  in / 8 / and /9 /, r e spec t ive ly .  

Table I con ta ins  t h e  va lues  of t h e  a c t i v a t i o n  
energy f o r  t h e  above s e r i e s  of europium - diketona- 
t ee .  Fmr t r i s - p -  d ike tona te s  it shows a s teady  dec-  
r e a s e  i n  t h e  fo l lowing  order :  

mat is, r a d i a t i o n l e s s  l o s s e s  of Eu3+ e x c i t a t i o n  
energy c o n s i s t e n t l y  decrease  when passing from a l k y l  
and a r y l  subs t iLuents  t o  f l u o r i n a t e d  ones.The t a b l e  
indicates tha t  does not  c o r r e l a t e  with t h e  va lues  
of energy gaps between t h e  l o w e r  t r i p l e t  l e v e l s  of the  
corresponding l i gands  /2-4/ and t h e  resonance exc i t ed  
l e v e l  of m3+. The sequence of Ea va lues  i n  Table 1 
a l s o  shows no c o r r e l a t i o n  with t h e  5D0 - 5D1 gaps,  
as long as f o r  a l l  t h e  s e r i e s  of europium)? - diketo-  
n a t e s  t hese  gaps are approximately t h e  same (- 1700c$ 
Therefore t h e  sequence of a c t i v a t i o n  e n e r g i e s  can n o t  
be explained by thermal  deac t iva t ion  of t h e  5D0 ex - 
[ ;c i ted  resonance l e v e l  of Eu3+ v i a  t h e  l i gand  t r i p l e t  
l e v e l s  and h igher  exc i t ed  l e v e l s  of Fu3+. It should 
oe a l s o  noted that  t h e  s e t  of h igh  frequency vibra-  
t i o n s  of (CH3I3, CH3 , C6% , CF3 , and C 
for t h e  complexes s tud ied  is s i t u a t e d  in t h e  600 - 
1600 cm" range ,so t h a t  the  above - mentioned sub- 
s t a n t i a l  decrease i n  E, when passing from a l k y l  and 
m y 1  s u b s t i t u e n t s  t o  f l u o r i n a t e d  ones can be ha rd ly  
explained i n  terms of  j u s t  a decrease in the  vibra-  
t i o n  energy of the l igands.  
The s p e c t r a l  luminescent p r o p e r t i e s  of lantanide,!? - 
d ike tona te s  a r e  known to be e s o e n t i a l l y  dependent on 
t h e s t a t e  of t h e  chemical bond between the BE€ and the  

P 
.d 

DPM 7 AA 7 BA 7 DBM 7 TPAA g TTA 7 HFU 

0 groups 
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Eu3+ LUMINESCENCE 935 

Table I .  Activation energies and Stark's sp l i t t i ng  
7~~ of europium &elates. 

l9.l (BA) 2N03 ( TPP0)2 
iU (DIM) 2N03 ( TPPO)2 a20 
&(TTA),N03 (TPPO)2 190 

1220 

Eu (DW>,NO3 (TBPOj2 290 
EU ( TTA)2N03 ( T€3P0)2 240 

236 
243 
230 
220 
190 
180 
160 

140 
130 
100 
83 

I00 

330 
21 3 
52 

193 
136 

Zrrors  i n  Ea I 0  - 15 P . 
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9 36 KARASYOV, MIROCHNICK, AND SHCHELOKOV 

diketone,  whereas a t  t h e  l a t t e r  poin t  ikformation i s  
very ~ c a r c e .  In mixed l igand  complexes s p e c i a l  a t t en -  
t i o n  should be paid a t  the competing behavidr of li- 
gands with m i  xed-type donor atoms. ‘phis circumstance 
i s  o f t en  ignored in s t u d i e s  of LiEE trim!- diketona- 
tea .  

minantly i o n i c  w i t h  a covalent  con t r ibu t ion  depending 
on the na tu re  of t n e  l igand.  Neutral  b identa te  ligands 
such a s  I ,I% phenanthroline or 2,2’-dipyridyl a c t  as 
6 -  aonors by forming donor-acceptor bonds w i t h  the 
metal. In europium tris-b- dike tona te  complexes aub- 
s t i t u t i o n  of water s o l e c u l e s  i n  t h e  first coordinat icn 
sphere by n i t rogen  atoms o f  aromatic m i n e s  (? , I0  - 
phenanthroline,2,2’ - dipyridyl) l e a d s  t o  a sharp in- 
crease  i n  t he  quantum y i e l d  of luminescence. It appe- 
ars that a s t ronger  6 - bond between the metal and 
the aromatic m i n e  is respons ib le  f o r  a drastic inc- 
r ease  i n  r a d i a t i o n l e s s  energy t r a n s f e r  from t h e  li- 
gand t o  the REI. 

P q u a n t i t a t i v e  expression of the induct ive  ef- 
f e c t  of the  s u b s t i t u e n t s  i s  Taf‘t’s cuns tan t  6 * *  In  
the ser ies  s tudied  t h e r e  i s  a consecut ive i n c r e a s e  in 
the negat ive  induct ive  e f f e c t ,  a decrease i n  t h e  do- 
nation of e l e c t r o n i c  dens i ty  t o  oxygen and, a c c o r d i n p  
l y ,  t h e  U3+ - 
when yasaing from alkgl- o r  a ry l -  conta in ing  /- d i k e  
t o n a t e s  t o  f l u o r i n a t e d  ones. ’Bese e f f e c t s  should be 
accompanied by strenghthenin,  of the HE1 bond wif;hthe 
n e u t r a l  molecule of phenanthroline.  It seems most li- 
kely tha t  t h e  consecut ive decrease in r ad ia t ion leoo  
l o s s e s  i.A t h e  s e r i e s  of -diketonates  DPM, AA r B P 7  
7 DBM 7 TPM 3 TTP 7 HPU a r i s e  8 from stronghthening 
and from a more e f f i c i e n t  energy transfer from the 1% 
gand t o  the REI. In Ng.1 Ea va lues  a r e  p l o t t e d  agai- 
n e t  6 of t h e y  -diketon 

A bond between a -1 and a p  -diketone is predo- 

-diketone bond beoomee more i o n i c  

ea. The va lue  of 6 * was 
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Eu3+ LUMINESCENCE 937 

8 

7 

I 
I 5 d' 

-i i, i 2 3 4 

Pig 1 Corre la t ibn  between a c t i v a t i o n  energy ia 
and t o t a l  Taf' t ' s  constant  6 * in tris-J- 
d i k t t o n a t e s  m(/S )3Phen: 
1 - DPM, 2 - d, 3 - BA, 4 - DBui, 5 - TEAA 
6 - TTA, 7 - HPAA, b - BTkA 

r - c o r r e l a t i o n  c o e f f i c i e n t  

found as a 6um of 6 of the ) - dike tona te  subs t i t u -  
e n t s  ii, and A$ /iO/. Analysis  of t h e  r e s u l t s  ouggests 
a d i v i s i o n  of t h e  d ike tona te s  in two groups ( w i t h  f l u -  
o r ina t ed  and non-fluorinated oubs t i t uen t s )  depending 
on the donor capac i ty  of the subs t i t uen t s .  In  e i ther  
group t h e  dependence i n  Eig.1 is l i n e a r ,  which favo- 
urs our assumption tha t  the coordinat ion polyhedrons 
of t h e p  -diketones posses a similar structure.!L!he 
ex is tence  of the two groups i s  apparent ly  due to zhe 
fact that  f luor ina ted]  - dike tones  have a much h ighe r  
constant  6 *. The I ,lu - phenanthrol ine adducts  of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



938 KARASYOV, M I R O C H N I C K ,  AND SHCHELOKOV 

rll(UPJ~l)~ and i3biA.A)3 have square a n t i p r i s m a t i c  s t ruc-  
t u r e s  /8 ,9  Sievers  &. / i d /  concluded that  di& 
fe rences  betheen t h e  l a te r  two s t r u c t u r e s  cannot be 
a t t r i b u t e d  t o  the presenze of.bulky t e r t -bu ty l  groups 
Perhaps t h e  g r e a t e r  electron-donating a b i l i t y  of DPM 
l i eand  may account for the shortening of t h e  Fh - 0 
bond l eng ths  in t h e  dpm comp1ex.b cohparing t h e  stnr: 
t u r e s  of kLi3 te t rakia- j3-  d ike tones ,  Poray - b s h i t z  
-- e t  --- al l .  /I2 / ar ived a t  the conclusion t h a t  for non - 
f l u o r i n a t e d  l i gands  t h e  t e t r a g o n a l  an t ipr iam i s  a ty- 
p i c a l  lanthanide coord ina t ion  polyhedron, and for f lw 
or ina ted  l i gands  it i s  t h e  dodecahedron. Poray -Koshitz 
and c o l i a b o r a t o r s  say tha t  t h i s  dependency i s  due t o  
the degree of overlapping of  l i gand  o r b i t a l s  and K f h  
ion  o r b i t a l s .  i3rmolaev 2: &. /f3 / q u a l i t a t i v e l y  eva 
lua ted  the r e l a t i v e  superpos i t ion  va lues  of A* ele* 
t r o n  s h e l l 6  with c e r t a i n  l i g a n d s  and es t ab l i shed  that 
f l u o r i n a t e d  l i gands  provide l e s s e r  superposi t ion of 
e l ec t ron  s h e l l s  than t he i r  non-fluorinated analugues. 

2.  Tetrak ia  - - dike tona tes .  

The s t r u c t u r e  of t e t r a k i o  -1 - d ike tona te s  of lUd 
was repor ted  i u  /12/. In  these  mononuclear molecules 
the hh atom is surrounded by oxygen atoms of four) - 
dike tona te  groups forming a dodecahedron.lllhe l a t t e r  
i$ usua l ly  d i s t o r t e d  a 1 i t t l e ; i n  Cs[iiha(W?~~)J, for 
instance, the m i n i m u m  Eh - 0 d i s t ance  i s  2.36 A ,  t h e  
maximum one 2.428 /i4/. 
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939 3+ Eu LUMINESCENCE 

As is  seen from Table 1, t e t r a k i s  - 4  - d i  - 
ketonates show asteaay decrease i n  act ivat ion energy 
da from 770 om-’ t o  470 om-’ in the  s e r i e s  AA 7 Bp 7 

TTA. This decrease in rad ia t ich less  losses  is apparm 
tly due t o  the growing inductive e f f e c t  and the  fact  
t h a t  the kh - 0 bond becomes nore ionic. !l?hus elec- 
t r u n  - vibrat ion in te rac t ions  become weaker and radi- 
a t ion less  re laxat ion of exci tht ion deceleraies. It 
should a l so  be noted tha t  , rather unexyectedly, ra- 
d ia t ion less  losses  f o r  DP~C[~.L(AA)~] proved lower than 
for aL[A (AA)d ( ld= Li, Na) (Table I ) ,  though DPhG 
does have a large enough s e t  of hidh frequency v i b r a  
t i o n s  of NH,CN and C H group.  This suggests a fun- 
damental difference i n  the bonds between the methyl 
groups of europium acetylac-tonate and the outersphe- 
r i c  cation (Id+, DPhG) i n  these two species. With 
D B G [ B ~ L ( A A ) ~ ]  the UPhG cation accepts e lectron densi- 
t y  from the  metriyl group ( a hydrogen bond e x i s t s ) ,  
decreases donation of e lectron densitd t o  the chromo- 
phore group and, accordingly (see Part’l), radiation- 
l e s s  losses  of e lectron exdi ta t ion energy drop. In 
the  case of a l k a l i  metal cat ions (Li’, Na’) there  i s  
no di rec t  t ransfer  of electron density from the  met- 
hy l  group and thus the  inductive donating e f f e c t  of 
the methyl group on the  chromophore group changes in- 
s ign i f icant ly  . 

6 5  

3. ’Pernary complexes of europium w i t h j  - 
diketon es ,  nitrato-group and phos- 
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940 KARASYOV, MIROCHNICK, AND SHCHELOKOV 

The compounds of corndosition kU (J) NO 2 A  
a r e  mononuclear complexes. The europium coord ina t ion  
polyhedron i s  a dodecahedron whose akexes a r e  occupi- 
ed by two oxygene of two ) - dike ton  e groups,  tlvo 
oxygens of t h e  n i t r a t o  - grouy and two oxygens of two 
pmsyhine oxide group6,, The molecular complexes form 
a c r y s t a l  by v i r t u e  of Van-der-Vaals bonds. 

I2 &03 (!PPPO)2. As i s  88821 from Table? 
t h e  a c t i v a t i o n  energy do. drops  d r a s t i c a l l y  (from 1220 
cm" t o  790 cm-?) i n  t h e  series 88 - l>aBn -. TTA, as  
it d i d  i n  t h e  case of co.~pounds considered i n  b e c t i r  
ons 1 and 2.  gain, t h e r e f o r e ,  a d i r e c t  dependence is  
observed between r a d i a t i o n l e s s  l o s s e s  of luminescence 
and t n e  e f f e c t i v e  e l e c t r o n i c  charges  induced by sub- 
s t i t u e n t s  on the chromophore group atoms. Inaeed, whm 
passing from BA and DBM t o  TTA - containing complexes 
t h e  negat ive induc t ive  e f f e c t  af t h e  s u b s t i t u e n t  in- 
creases ,  while the bond between Au3+ and t h e  )? - dike  
tone oxygen atom becomes l e s s  covalent.  x t  the same 
time the donor-acceptor bond &3+ - n e u t r a l  phosphine 
oxide should be s t rengthened and the e f f i c i e n c y  of ex- 
c i t a t i o n  energy transfer from t h e  l i gand  t o  t h e  liEI 
should increase  

b) Considering t e r n a r y  complexes with one and the 

sameP - diketone (UM,TTk) but with d i f f e r e n t  phos- 
phine oxides  (TPPO,TBPO), one might expect r ad ia t ion -  
l e s s  ios8es  would be g r e a t e r  f o r  t h e  complexes with 
TBPO (bearing i n  mind high frequency v ibra t ions) .  
!Chis, however, d i s a g r e e s  w i t h  t h e  experimental  values 
of a c t i v a t i o n  energy: f o r  EX1(DBPB)2N03(TPPO)2 Ea (820 
cm-') i s  g r e a t e r  than f o r  ~QL(DEM)~NO~(T€U?O)~ (29Ocm" 

Ternary complexe 6 with TTA d i s p l a y  approximate- 
l y  the same low va lues  of &a ( 790 and 240 cm-' ). 
Therefore t h e  a c t u a l  a c t i q a t i o n  ene rg ie s  can no t  be 
i n t e r p r e t e d  if we take i n t o  account only the effect  
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of t h e  v ib ra t ion  comyonent of phosphine oxides  energy 
on t h e  el ' f ic iency of exc i t a t ion  energy a a n s f e r ' .  Wm- 
p a r a t i v e  a n a l y s i s  of induct ive  e f f e c t s  of subs t i t u -  
e n t s  in phosphine oxides  shows /.LO/ that  the oxygen 
atoms of the chromophore group rece ive  more e l ec t ron  
dens i ty  i n  t r iouthylphosphine oxide ( 6 * P - 0.39 ) 
than  in TFPO ( 6 * = 9.6 ). I n  t h e  l d t t e r  case, t h e r e  
f o r e ,  t he  donor - acceptor  bond between A'+ and t h e  
n e u t r a l  phosphine oxide molecule i s  s t ronger ,  whicii 
promotes exc i t a t ion  energy t r a n s f e r  from the l igand  
t o  the  REI'. 

4. Wopium carooxylatodibenzoylmethanates, 

0 ?: 0 

L 

0 5' -- J '0 
2 

Eor europiuu carboxylatodibenzoulmethanates tb 
values  of Xa are  as high as ZgJOcm-'[i3u(DBAi)2(Cii 3 C O O j  

2%0 and 5050cm"[ii u (DM)2(C3%COO)] 2 5 0  . 
Apart from t he  high value of r a d i a t i o n l e s s  l o s s e s ,  i% 
was found in  a study of o p t i c a l  p rope r t i e s  of Elr car- 
boxylatodibenzoylmethanates that hea t ing  of pre-co- 
oled ( t o  - 196 )samples t o  - 30 s tops  the  E b  ion 
luminescence, whioh is not  resumed at higher tempera- 
tures. 

Such a pronounced d i s s i p a t i o n  of e leo t ron  ener- 
gy m a y  be a t t r i b u t e d  t o  the special s t r u c t u r e  of eu- 
ropium carboxylatodibenzoylmethanates. An e a r l i e r  in= 
ves t iga t ion  hao ahown that  these  spoc ies  w i t h  mixed 
l igands  are of a dimer o r  polymer s t ruc tu ro  /d5 / ,  
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with bridges betweon the E u ions formed by carboxyl- 
a to  - groups displaying a t r iden ta t e  bridge -. cycl ic  
coordination. This stucture  leads t o  a oonsiderable 
d is tor t ion  of the  inner coordination ephere of hicns 
and enhances t h e i r  in te rac t ion ,  thuo being responsib- 
l e  f o r  t he  high value of radiat ionlees  diss ipat ion of 
the electron exci ta t ion energy. Note t h a t  the radia- 
t ionleso process w i l l  be more intenre  in eWQpAU.m ioo 
b u t y r a t o d i b e n x o j r l , ~ ~ ~ ~ - i ~ t e ,  oince tho  electron donor 
inductive effeot  of %3 (i) groups ( 6 * - 0.115) 
i e  stronger than tha t  of CH3 groups ( 6 * I 0 ). 

50 Stark’s s p l i t t i n g  of 74 l eve l  of 2. 
As the donor ligand bond strength increases 

and the chelating ligand bond becomes weaker, Stark’s  
s p l i t t i n g  of the  71?, l eve l  of t he  Eu ion decreases 
( Table 1 ). Analysis of X - ray d i f f rac t ion  evidence 
/16/ indicates  t h a t  t h i s  e f f ec t  (i.e. t he  increaoe in 
the symmetry of b3+ surroundings) may a r i se  from the  
leve l l ing  of distancos from the  metal t o  the coordi- 
nated atoms of the chelating and the  donor ligand. 
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