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ABSTRACT 

The fluorescent and photoohemi cal properties of 

EulTTT) with copolymers of acrylic acid and ethyl met- 

hacrylate were investigated. Tt was fourid tha t  photo- 

chemical behavior of Eu"' compl exes wi th oopol ymers is 

essentially different from that Eu"'comp1exes with poly- 

acrylic acid-in the former Eu"+luminesoence i n t ens i ty  du- 

ring photolysis noticeably enhances rather than reduces. 
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654 MIROCHNIK, PETROCHENKOVA, AND KARASEV 

Two factors were supposed to cause the enhancement 

of EuC111) luminescence efficiency during photolysis: 

one is responsible f o r  decrease in the efficiency of 

the energy transfer from Eu3+ to -OH vibrational mani- 

f o l d  and the other causes an increase in asymmetric 

binctirig site f o r  EU”’ ions. 

INTRODUCTION 

Synthesis and fluorescent properties of macromole- 

cular complexes in which rare earth ions are directly 
hnnded tlJ polymeric chain have been extensively studied, 

since these complexes can be used as luminescent and 

laser materials of good quality ’-5). However,photo- 

chemical behavior of such lanthanide polymer complexes 

has not been so far investigated in detail. 

It has been recently observed that the luminescence 

intensity of EU(I1I) complexes with copolymers of 

acrylic acid and alkyl methacrylates is noticeably 

enhanced upon W-iryddiation . 697)  

Tn the present work we have prepared Eu(II1) poly- 

mer complexes which contain copolymer ethyl methacryla- 

te-acrylic acid as coordinating ligand and discussed 

their luminescence and photochemical properties by com- 

paring them with those of the corresponding complex of 
E u ( 1 l T )  with polyacrylic acid (PAA). 
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FLUORESCENCE OF Eu(II1) COMPLEXES 655 

EXPERIMENTAL 

Synthesis of copolymers ethyl methacrylate-acrylic 

acid (EMAA) and their macromolecular complexes with Eu 

was described previously6 ) . Composition of the above co- 

polymers was determined from the carboxyl groups content. 

Molecular mass of the polymers was calculated by Stau- 

dinger method,the average molecular mass being equal 

to 2,oX10? Transparent films of EU(III) complexes 

were obtained by pouring the cyclohexanon solutions 

of the compounds studied onto glass or KRr plates. 

The polymer complexes were dried in vacuum at GIOOC. IR 
spectra of complexes prior to and after W-irradiation 

at room temperature in the form of films on KBr plates 

were measured by using Specord 75 IR (Karl Zeiss) spect- 
rophotometer. Emission spectra were determined on the 
SDL-l(LOM0) spectrometer,with a DRSh-250 mercury lamp 
used as an excitation source. 

Fluorescence lifetimes were obtained by using the 

pulsed output (337 nm) of a nitrogen laser (LGI-21) and 

capturing the emission-decay curves with SP-12 oscillog- 

raph. The lifetimes f o r  luminescence decay obtained in 

this fashion were reproducible to within 10-15% . 
Photolysis was carried out by irradiating the tran- 

sparent films of the polymer complexes with nonfiltered 

light of the DRT-250 mercury lamp. 
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656 MIROCHNIK, PETROCHENKOVA, AND KARASEV 

RESULTS AND DISCUSSION 

The Table given below shows the composition of the 

1wpi11 ymer-?h3+ mnplexes obtained. 

The binding of E u ( T T 1 )  by carboxylate groups indu- 

ces significant changes in TR spectrum of EMAA. The in- 

tensity of thr band at  I'T00 om-*assigned to the stret- 

ching vibrations (Jf non-coordinated carboxylate-groups 

is deci*easirig and an absorption band at 1540-1560 cm-* 

appears which corresponds to the asymmetrical P a s  (COO-) 

stretching vibrations of ionized carboxylate groups. 

The effect of Eu3+ coneenti-ation on the magnitudes 

of luminescence intensity and lifetime in Eu-EUA comp- 

lexes are illustrated in Fig. 1. The  EL<^+ concentration 
rrirgetl l'r-orri 2 t o  2(1 wt.% and the data were acquired by 

using exri  tri;tion wRvel eriqt,h of 365 nm and emission 
wavrlength of 615 nm. It, was foirnd that,although the 
luminescence intensity increased with increasing Eu3+ 

content,reached a maxitnun at 72-15 wt % of ions ,and 

then decreased with 8 further increase of ion content, 

the lixninescenct: lifetime remained constant at 220j.B 

' iver the entire range.The insensitivity of the emission 

lifetime t,o I , ~ P  t.ota1 ~u3+concentratiori is a strong evi- 

dence of  the i p t e n w  ot' x w ~ l l  dpfinec-1 metal-ion 

hinciing site which n a t w e  is independent on the Eu"+ 

arnrmrit,. 
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FLUORESCENCE OF Eu(II1) COMPLEXES 657 

TABLE 

Composition of Ih(T.I.1) Poly(acry1ic acid-co- 
ethyl methacrylate) Complexes 

Compound Composition of the LEu3+1in complex 
copolymer (AA mo1.%) (wt .%) 

I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 
IX 

X 

23 ,O 

23 ,O 

23 ,O 

4 0 , l  

4 0 , l  

4 0 , l  

60,9 

60,9 

60,9 

1Oci,@ 

4.6 

13,5 

19.7 

399 

11,2 

18,R 

493 

993 

16,2 

12,3 

Recently, we have reported the results of EXAFS 

investigations of Eu-EMAA complexes with acrylic acid 

(AA) content from 20 up to 40 mol. % 8).The carbowlate 

groups of AA predominantly form monodentate bonds with 

average Eu-0 distances of 2,466 and Eu-Eu distances of 

4,236. 

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

FIG. I. EU~+ luminescence intensity (excitation wave- 
length 3b5 nm and emission wavelength 615 nm) and lumi- 
nescence iifetime as a function of Eu(II1)concentration 
f o r  the Xu-EMAA complexes; ( AA content 2 3 , O  mol % ) 

We believe it is interesting to analyse the kinetics 

of pho todecornposi ti on of the macromolecular complexes 

stiidied,based on the records of changes in Eu3+ lumi- 

nescence intensity ('Do - 7Fz transition, 1 = 615nm). 

Study of Fig.?(a.b,c,dj shows that a photochemical 

behavior of the Eu-EMAA complexes studied is essenti- 

a l l y  different from that of Eu-FAA complex: in the 
former Eu"' luminescence intensity during the poly- 

mer photl~,c_test~~ctiori noticeably enhances rather than 

reduces. Upon UV-irradiation the Eu3* luminescence in- 
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I0 20 
Tfme / h 

t 

I 10 
Tim 1 b 

4 

I 
2 

3 

4 
1 ' 
0 I0 20 

time / h 

FIG.2. Dependence of emission intensity of Eb3+ on 
time of irradiation of Eu-EXAA complexes at 300K: 
a) 1 - VII; 2 - VIII; 3 - IX: b) I - IV; 2 - v; 7 - VI: 
(see Table). 
C) 1 -1; 2 - 11; 3- 111: d )  1- 11; 2- V;3- VIII;4 - X; 
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660 MIROCHNIK, PETROCHENKOVA, AND KARASEV 

tensity rises by 2-5 times depending on the composition 

of the macromolecular complex.Such differences in a 
photochemical behavior of Eu-ER6AA and Eu-PAA complexes 

confirm that several effects take place in the process 

which can be summarized as follows: 

(i) It 1s kriown that nonradiative quenching pathway 

through energy transfer to the -OH vibrational manifold 

of macromolecular ligand and coordinated water molecu- 

les represent the dominant mode of radiationless deac- 

tivation of the emissive Do state’) . Insertion of the 
comonomer into PAA polymer chain makes molecular 

vibration of the complexes decrease ( V(0H) = 3400cm-*; 

v(COOCH, 1 = 1700cm-*). Lifetime measurements indicate 

that Eu-PAA complex is more influenced by OH-groups 

than Eu-WAA during photolysis (Fig. 3 1. 
(ii) Insertion of the comonomer into PAA chain results 

in a demease of quenching by the energy transfer bet- 
ween Eii ions.  Since m3+ does not coordinate como- 
nomer,it prevents EU~+ ions from localizing. 
(iii) If the enhancement of Eu3+ emission intenuity du- 

ring photolysis depended solely on the change of the 

enerpz transfer to -OH vibrational manifold of macro- 

molecular ligand,the enhancement of emission in 

I?u-INAh complexes of equal AA-content would dec- 

rease with a decrease in Eu3+ concentration (because 

complexes of low m3+ concentrations contain a greater 

5 

.3 

3+ 
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. 
I 1 I I I I I I a .  4 

0 5 I0 
UV Irradiation time / h 

Fig.3. Dependence of luminescence lifetime on time 
of irradiation of Eu(1TI) polymer complexes at 3OOK: 
7 - 11: 2 - I; 3 - X ( see Table) 

number of OH- quenchers per each europium atom ) .  

On the contrary, Fig.2(a-c) shows that the enhan- 

cement of Eu3+ emission during photolysis increases 

with a decrease in Eu3+ concentration. These facts 

suggest two factors for the emission enhancement: 

one is responsible f o r  energy transfer to -OH vibratio- 

nal manifold while the other is due t o  the change of the 

Eu3+ local site. Due t o  steric hindrances,in synthesi- 

zing polymer complexes structures of unsaturated 

coordination are formed. Photolysis of macromolecular 
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662 MIROCHNIK, PETROCHENKOVA, AND KARASEV 

complexes causing destruction of the macromolecular li- 

end ,promotes decrease of a number of steric hind- 

rances and increases the number of carboxylate ions 

asymmetrically bound to EU3+.Since Eu3+ does not 

coordinate comonomer,insertion of bulky comonomer 

into PAA chain makes it easier to form coordinatively 

unsaturated structireS.As a result,the above processes 

of increase in the asymmetry of the Eu3+ environment 

during photolysis must be more noticeable in complexes 
of low AA-content. 

Since initial macromolecular complexes of low m3+ 
concentration contain a greater number of the carboxy- 

late groups per Eu3+ ion, a greater probability f o r  

formation of asymmetric binding site f o r  Eu3+ ion must 

ex j s t  during photodecomposition of such complexes. 

Such conclusion is confirmed by analyzing the ex- 

perimental dependences of k3+ emission intensities on 

W-irradiation f o r  polymer complexes of different metal 

and acrylic acid content ( Fig.?,). Fig.2(a,b,c) show 

that in Eu-ENIAA complexes of equal AA-content, 

the mi PSI on enhaneemen t j ncreases wi th the decrease 
in metal concentration. Upon photolysis of Eu-EblAA com- 

lexes (Fig.Xi,cornpounds II,V,VIII,X ) of similar EU3+ 

concentrations, the enhancement of luminescence intensity 

is less noticeable with a increase in AA-content.For 

e!xamyle,in complex 1 (Fig.2,d) having a minimum AA-cont- 

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



FLUORESCENCE OF Eu(II1) COMPLEXES 663 

ent (23,O mol.%) emission becomes 4 times more intense 
after UV-irradiation,while in complex V (40,l mo1.% AA) 

the emission intensity increases only by 2 times.Finally, 

in complex X ( 100 mol % AA ),there is no enhancement of 

m3+ luminescence intensity at a11 (moreover,emission 

intensity decreased during photolysis) 

m e  results obtained in this work demonstrated 

that efficiency of enhancement of Eu3+ luminescence in- 

tensity in Eu-EMAA complexes during W-irradiation de- 

pends on composition and structure of the complexes. 

Low metal and AA-content cause a decrease in the 

efficiency of the energy transfer from Eu 3 +  to -OH 

vibrational manifold and increase asymmetric binding 

site f o r  Eu(II1) ion during photolysis. This results 

in increased Eu3+ luminescence efficiency . 
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