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Abstract 

The copolymer (PAAAB) of acrylic acid (AA) and YoacryloylqJ.aminobenzoic acid (AAB) was prepared by polymeric reaction. The 
fluorescence properlies of the Eu :~ 0 ~PAAAB complex were investigated. "l'lle fluorescence intensity of Eu :~* in the Eu ~' ~PAAAB complex 
is strongest when the Eu 3 ~'~ content in the system is 8.0 wt.%, and exhibits concenm~tion quenching with a further increase in Eu '; ~ content. 

The fluorescence properties of the bimetallic complexes Eu :~ ~'' --copolymer-M (M ~ Sr ~ +, Co ~ +, To 3 ÷, Gd -~ +, Nd 3 +, Dy 3 ~', Er ~ + ) were 
also investigated in detail. Energy transfer occurs between the ions of the systems, i.e. from Gd ~ + or Tb 3 + to Eu "~ + and from Eu "~ + to Sr ~ ~, 
Co 2 +, Nd 3 +, Dy 3+ or Er "~ +. The fluorescence intensities are increased significantly in Eu ~ +--copolymer-.Gd ~+ and Eu 3 ~-copolymer-Tb 3" 
systems and decreased in the other bimetallic systems. 

geywords: Bimetallic complexes: Eu '~ *-PAAAB coi.plex; Fluorescence properties 

1. Introduction 

The fluorescence properties of trivalent europium are of 
considerable interest with regard to energy transfer processes 
and the use of europium in laser systems [ I-6].  The fluores- 
cence properties of Eu ~ +-polymer systems in which Eu ~ ~ is 
directly bound to the polymer chain have been widely inves- 
tigated in recent years because of their potential I~ser appli- 
cations [7-9] .  The effect of low molecular weight ligands 
on the fluorescence properties of EuS+-polyacrylic acid 
derivative has been investigated previously [ 10]. The copol- 
ymer of acrylic acid (AA) and Noacryloylq~-aminobenzoic 
acid (AAB) was prepared, and the fluorescence properties 
of Eu 3 *-copolymer were studied. The fluorescence proper- 
ties of the bimetallic complexes Eu'~+~copolymer-M 
(M ~ Co 2 ' ,  Sr 2 +, Gd 3 +, Tb 3 +, Dy 3 +, Er 3 ~ or Nd "~ + ) were 
also investigated in detail. 

2. Experimental details 

2.1. Materials 

Europia (Eu203) (99.99%) was purchased from Yue 
Long Chemical Factory, Shanghai, People's Republic of 
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China, and used as received. EuCI3 was prepared from Eu203 

following the literature method [9]. Other monomeric mate- 
rials were purchased from Beijing Chemical Factory, Peo- 
ple's Republic of China. 

2.2, Poly(acrylic acid-co-N-acrylofl°p-aminobenzoic acid) 
(PAAAB) 

Acryloyl chloride, prepared according to the lite~'ature 
[ I 1 ], was polymerized by the free radical initiator azoiso- 
butyronitrile (AIBN) in dioxan (volume ratio of monomer 
to solvent, 1 : 1 ) at 50 °C under a nitrogen atmosphere for 12 
h. The concentration of acryloyl chloride unit in the solution 
was 6.15 X I 0 - 3 mol m! - i. 

A certain amount of the above solution was hydrolysed, 
hydrogen chloride was removed by bubbling with nitrogen, 
the solvent was evaporated and the molecular weight of 
poly(acrylic acid) (PAA) obtained was determined to be 
2.7 × 103 by viscosity measurement. 

PAAAB was synthesized by a method similar to that 
reported in Ref. [12]. The detailed preparation procedure 
was as lollows. Poly(acryloyl chloride) solution ( l0  ml) 
was diluted with N,N-dimethylformamide (DMF) to 25 ml; 
50 ml of DMF solution containing 16.87 g ofp°aminobenzoic 
acid and 5 ml of pyridine was added with stirring at~d cooled 
in an ice bath. After 18 h of reaction, the mixture was poured 
into a large amount of water; the precipitate was filtered under 
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Table I 
Relative fluorescence intensity (RFI) of Eu-PAAAB" complex prepared in 
different solvents at Am ffi616 nm ( ~  ffi 396 nm) 

Solvent o/"-Xo HCON(CH~) 2 H20 

RFI 73.9 143.8 22.5 

• At 3 ÷ content was 7.0 wt.% in Eu s ÷-PAAAB system. Amount of AAB unit 
in the copolymer was 30.83 mol.%. 

3. Results and discussion 

3.1. Selection of  the solvent 

In the preparation procedure of the ]",U 3 +-PAAAB com- 
plex, the solvents used had apparent effects on the fluores- 
cence intensity of Eu 3+ (Table !) .  The results in Table 1 
indicate that DMF is most suitable for sample preparation. 

reduced pressure and washed with distilled water and ethyl 
ether several times. The polymer was dried and powdered by 
grinding. 

The copolymer PAAAB containing different contents of 
AAB unit was obtained by using different molar ratios ofp- 
aminobenzoic acid to polyacryloyl chloride, and was char- 
acterized by Fourier transform infrared (FTIR) 
spectroscopy, IH nuclear magnetic resonance (NMR) spec- 
tro~opy and elemental analysis [ 10]. 

2,3, Eu s* -PAAAB-M complexes 

The procedure was similar to the preparation of the Eu s +-  
PAAAB complex [ 10]. An aqueous solution of a stoichio- 
metric amount of a second metal ion was added to the com- 
plex in DMF solution; the mixture was heated at 80 °(2 with 
stirring for 8 h. The second metal ions were Co 2 +, Sr -~ +, 
Gd s +, Tb 3 +, Dy s +, Nd s + and Er s +, which were obtained 
from their chlorides or nitrates. 

2,4, Fluorescence measurements 

A Hitachi model MPF-4 fluorescence spectrophotometer 
was used for the meMueement of the fluorescence spectra of 
the complexes. Dried fine powder samples were used at room 
toml~'~ature, 

3,2. Chelate structure of  the complexes 

In order to obtain structural information on the Eu 3+- 
PAAAB complex, Xoray photoelectron spectroscopy (XPS) 
was used (Table 2). 

By comparison cf  the binding energy (BE),  it was found 
that BEv..3d5/2 in EU 3 ÷ - P A A A B  was 0.90 eV lower than that 
in EuCI3, while BEo,~ and BENIm in the complex were 0.8 eV 
and !. I eV respectively higher than those in PAAAB. This 
shows that Eu s + in the complex is coordinated by both N and 
O atoms. 

The DMF solution of Eu s *-PAAAB after reaction was 
poured into distilled water and the complex obtained was 
filtered. The filtrate residue was then ignited. Had the filtrate 
contained unreacted Eu 3 +, then after ignition traces o f E u 2 0  s 

would have been in evidence. As this was not the case, it was 
evident that Eu s + completely coordinated with PAAAB. Fur- 
thermore, the atomic absorption spectrum of the filtrate indi- 
cated no absorption of Eu s +. This suggests that Eu s+ is 
completely coordinated with PAAAB, and the content of 
Eu "~ ÷ added to the PAAAB solution is equivalent to the con- 
tent of Eu s + in PAAAB-Eu 3+. As an example, XPS of 
Eu~+-PAAAB-Tb 3÷ was performed (Table 2) in order to 
study the effect of addition of a second metal ion on the 
fluorescence properties of Eu s + and the interaction between 
the ions in the bimetallic system Eu s +-PAAAB-M. BEEu3dS/ 
2 in Eu s ÷-PAAAB-Tb s ÷ is 1.9 eV lower than that in EuCls 
, while BEr~d is slightly higher than that in TbCis. This 
indicates that some interaction exists between Eu 3+ and 
T b  3 + ° 

2,5, Atomic absorption measurements 3,3, Effect of  the content of  Eu J + in the complex on the 
fluorescence intensity of  Eu ~ + 

A Hitachi model ! 80-70 polarized Zeeman atomic absorp- 
tion spectrophotometer was used for the measurement of 
Eu 3. atomic absorption. 

Table 2 
gindi~ ~ (BE) of the ~mpl~ 

As shown in Fig. 1, tile fluorescence intensity of Eu 3 + is 
strongly influenced by the Eu 3 + content in the Eu 3 + - p A A A B  

complex and reaches a maximum when the Eu ~ + content is 

[~1C]$ - I ! 37.0 - TbCI~ 
- - 158.2 

PAAAB 532.2 400.1 _ 
l~l~ *-PAAAB 533.0 401.2 ! ! 36. i - 
EtI? ~"PAKAB"I~S * - 400.5 1135.1 158.3 
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Fig, I, Relationship belweefl the fluorescence intensity of Btt ~ + at 616 nm 
in PAAAB~Eu s* and the Eu:*" content. The mole r|llio of the nitrogen- 
conu~ntng unit in PAAAB was 45.4%. 

x a . a /  Excitation E m i s s i o ~ ~  

wave length  ( tun ) 
Fig. 2. Fluorescence spectra of Eu3+-PAAAB (-  x -),  1Eu3+-PAAAB = 
Sr 2÷ ( ~ )  and Eu~'-PAAAB.42o 2+ ( . . . ) .  

8.0 wt.%. This result shows that the Eu 3 +-PAAAB complex 
contains ionic aggregates in which the metal ions are aggre- 
gated together, so that the local concentration of Eu '~ + ions 
in these regions is much higher than the overall average con- 
centration. Eu 3 + is uniformly bound to the copolymer at 
lower Eu 3+ content; the fluorescence intensity of Eu 3+ 
increases with increasing Eu 3 + content and reaches a maxi- 
mum at an Eu:' + content of 8.0 wt.%, which is the critical 
concentration at which Eu 3 + ions begin to form ionic aggre- 
gates. As soon as ionic aggregates are formed, non-radiative 
energy transfer between Eu 3 + ions can occur. Thus the flu- 
orescence intensity of Eu 3+ subsequently decreases with a 
further increase in Eu 3 + content; this is a typical concentra- 
tion quenching pattern. 

3.4. Fluorescence properties o f  Eu s '  -PAAAB-M 

complexes 

The fluorescence spectra ofEu 3 + - P A A A B - M  (M = Sr 2 +, 
Co 2+) are shown in Fig. 2. Compared with the Eu 3 + -  

PAAAB complex, the excitation peaks at 379 and 396 nm of 
Eu 3+ in Eu3+-PAAAB-Sr  2+ are reduced; this is more 
remarkable in Eu 3 +-PAAAB--Co 2 +. This indicates that the 
addition of Sr 2 + or Co 2 + to Eu 3 +-PAAAB facilitates the 
quenching action of the fluorescence of  Eu 3 +. Fig. 3 shows 
~he relationship between the fluorescence intensity of Eu 3 + 
in Eu 3 +-PAAAB--Sr  2 + (Co 2 + ) and the Sr 2 + ( or Co ~ + ) con- 
tent in the system. The fluorescence intensity of Eu 3+ in 
Eu 3 + - P A A A B - S r  2 + decreases linearly with increasing Sr 2 + 
content, whereas the fluorescence intensity ofEu 3 + in Eu 3 + -  
PAAAB--Co 2+ decreases exponentially with increasing 
Co 2 + content and almost disappears at 2 -10  wt.% Co 2 +. 

Although the ianthanide metal ions Nd 3 +, Gd 3 +, Tb 3 +, 
Dy 3 + and Er 3 + have a similar outer shell electronic structure, 
ionic diameter and certain physicochemical properties to 
Eu 3 +, their fluorescence in complexes with PAAAB is very 
weak (except that Tb 3 + exhibits strong fluorescence at 545 
nm), and the effects of these ions on the fluorescence prop- 
erties of Eu 3 + in the complexes are very different (Fig. 5, 
see below). 

The fluorescence excitation spectra of Eu 3+ in Eu "~+- 
PAAAB-Tb 3+ and Eua+-PAAAB are shown in Fig. 4. It 
can be seen that the fluorescence intensity of Eu 3+ in the 
former is higher than that in the latter, while the fluorescence 
intensity of Tb 3 + in Eu 3 + - P A A A B - T b  3 + is lower than that 
in Tb3+-PAAAB (Fig. 4).  The results show that energy 
transfer from Tb 3 + to Eu 3 ÷ exists and the fluorescence inten- 
sity of Eu 3 + increases. It can also be seen in Fig. 4 that the 
shape and position of the peaks of the two spectra of Eu 3 + in 
Eu 3 +-PAAAB and Eu 3 + - P A A A B - T b  3 + are almost the 
same. This may suggest that energy transfer between Tb 3 + 
and Eu 3 + is probably a non-radiative transfer process. 

The effect of  the content of the second metal ion on the 
fluorescence intensity of Eu 3+ is shown in Fig. 5, Fig. 5 
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Fig, 3. Fluorescence intensity ofEu ~* vs, Co 2. ( .... ) and Sr ~* 1~ A ~) 
content in Eu ~ *-PAAAB-M 2.. For Eo ~* ~PAAAB~Co 2., the floo~,~cence 
intensity was at 616 nm/309 n m, and for I~u ~ + ~PAAAB-Sr 2 ~'. it waJ at 616 
nm/396 nm (Eu 3÷ content, 7.0 wt.%). 



124 R-s. Li et al. I Journal of Photochemistry and Photobiology A: Chemistry 99 (1996) 121-125 

• -~  ~ m .  = 6 1 6 a m  J ~ ~  

d 

Fig. 4, Fluoresoence excitation spe~,ra of Eu ~* in Eu~*-PAAAB-I"o ~ * 
( ) and Eu~*-PAAAB ( . . . ) .  and ofTb ~* in Eu~*-PAAAB-Tb ~* 
(= X ~) and Tb ~* =PAAAB ( - ,  ~), 

0 eMe ~ e e 10 eontent.vtZ 
I~ ,  $, Rel~oaship between the metal content Md [ l ~  inte~aity of 
[~t~* iai~ts*~PAAAB~Vl~ J ~ - 6 1 6 n m ,  TheEu s* conlent in the systems 
was T,$ wt,%, The mole mile of AAB In PAAAB was 30,83%, = • !,. Tb; 

shows that the fluorescence intensity of Eu :~ ÷ is reduced with 
i ~ i n g  second ion content in Eu3÷-PAAAB - 
DY ~* (~'~*,Nd ~÷) to a certain extent, This suggests that 
energy t r a n s ~  from Eu 3 + to Dy 3 +, Er ~ + or Nd 3" exists, 
and ~ ions exhibit quenching effects on the fluorescence 
ofEu ~÷, In contrast, Gd 3+ and Tb 3+ may enhance the fluo- 
rescence intensity of Eu 3 + in the bimetallic systems to dif- 
f e t ~  degrees, i,e, energy transfer from Gd 3 + or Tb 3 + to 
Eu s~" exists in these complexes, Eu 3 + exhibits a maximum 
f l ~  intensity vs, the Gd 3+ or Tb 3+ content. This 

suggests that ionic aggregates exist in both E u  3 +-PAAAB- 
G d  3 + and E u  3 + - P A A A B - T b  3 +. Unlike the single metal sys- 
tem of E u  3 +-PAAAB. in which the ionic aggregates are 
formed only by Eu 3 +. the ionic aggregates are cemposed of 
both Eu 3 + and Gd 3 + (or To 3 + ) in the bimetallic systems. 

The energy transfer from Tb 3 + to E u  3 + in Eu 3 +-pAAAB-  
Tb 3+ occurs at low Tb 3 + contents. Thus the fluorescence 
intensity of Eu 3 + increases with increasing Tb 3+ content, 
and reaches a maximum at a Tb 3 + content of 4.0 wt.%; at 
this content, the two energy transfer processes between E u  3 + 

and Tb 3 + and Tb 3 + and Tb 3 + are balanced. With a further 
increase in Tb ~ + content, the fluorescence intensity of Eu 3 + 
decreases gradually, because the energy transfer between 
Tb 3 + and Tb 3 ÷ is more domin~mt than that between E u  3 + 

and Tb s +. The fluorescence intensity of Eu 3 + in Eu 3+- 
PAAAB-Gd 3 + shows a similar tendency. From the curves. 
it scems that the efficiency of energy transfer from Gd 3 + to 
Eu 3 + is higher than that from Tb 3 + to Eu 3 +. 

In order to obtain further information about the efficiency 
of energy transfer in the bimetallic complexes, the relation- 
ship between the fluorescence intensity of  Tb 3 + at 545 nm 
and the Tb 3 ÷ content in Eu 3 +-PAAAB-Tb 3 ÷ is shown in 
Fig. 6. The fluorescence intensity ofTb 3 + in Eu 3 +-PAAAB- 
Tb 3 ÷ is strongly decreased compared with that of Tb 3 + in 
Tb 3 +-PAAAB at the same Tb 3 + content. The maximum 
fluorescence intensity of Tb 3 + in Eu 3 +-PAAAB-Tb 3 + is 
only 40% of that in Tb 3*-PAAAB. The results support the 
fact that energy transfer from Tb 3 + to Eu 3 + exists in EU 3 + -  

PAAAB-Tb 3 +, Moreover, the Tb 3 ÷ content at which the 
fluorescence intensity of Tb 3+ reaches a maximum is 6.0 
wt.% in Tb~+-PAAAB and 8.0 wt.% in Eu3+-PAAAB- 
Tb ~ ÷, This confirms the result that the energy transfer from 
Tb ~ * to Eu ~ * is more dominant than that from Tb 3 + to Tb 3 + 
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Fig, 6. Relationship between the To 3 ÷ content and fluorescence intensity of 
1"o 3. at 545 am in ToS+-PAAAB ( -  × - )  and Eu3+-PAAAB-Tb 3+ 
( -  [] - )  (Eu 3÷ content, 7.5 wt.%). The mole ratio of AAB in PAAAB was 
30.83%. 



B.-s. Li etal./Journal of Photochemistry and Photobiology A: Chemistry 99 (1996) 121-125 125 

in Eu 3 +-PAAAB-Tb 3 + at low Tb 3 + contents. From Fig. 5, 
it can be seen that Dy 3 +, Nds + and Er 3 + facility, re the quench- 
ing of the fluorescence of Eu s + to different extents; the flu- 
orescence intensity ofEu 3 + decreases with increasingcontent 

of the ions. 

4. Conclusions 

Eu 3 + ionic aggregates exist in the Eu 3 +-PAAAB system 
at an Eu 3 + content of 8.0 wt.% at which the fluorescence 
intensity of Eu 3 + reaches a maximum. In ternary complexes 
of Eu3+-PAAAB-M ( M w S r  2+, C o2+, DY 3+, Er3+ or 
Nd 3 +),  the second ion has a strong quenching effect on the 
fluorescence of Eu 3 +. There is energy transfer from Gd 3 ~0o or 
Th~ + to Eu 3 + in Eu ~ +-PAAAB-Gd 3 + (Tb 3 + ); tile fluores- 
cence intensity of Eu ~ + increases in both systems. 
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