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The fluorescence of aqueous solutions of' Eu(IIi) complexes with EDTA 
and ~\'TA has been investigated. Intensities of' the fluorescence bands have 
been measured as a function of complexone concentrations in the solutions and 
the pH. The results are interpreted in terms of the different torms of Eu(III) 
complexes and their relative stabilities. 

(Keywor&v Ethylenediaminetetraacetic acid; Europium(III) complexes: 
Fluorescence; Nitrilotriacetie acid) 

Einflufi yon pH und Konzentration der Komplexbildner auf die Fluore~zenz der 
Komplexe des Europium( ] i I ) mit Ethylendiamintetrae~.~.ig.~diure und Nitrilotri- 

essig~'iiure in wiifirigen L68ungen 

Die Fluoreszenz yon w/~Brigen LSsungen der Komplexe des Europium(III) 
mit Ethylendiamintetraessigs~ure und Nitrilotriessigs/~ure wurde untersucht. 
Die Intensit/~ten der Fluoreszenzbanden in Abh£ngigkeit yon pH und Konzen- 
tration der Komplexbildner wurden auf der Basis vorkommender Komplex- 
geometrien und deren StabilitS~ten interpretiert. 

Introduction 

When Eu(I I I )  is complexed, the intensity of fluorescence emitted by 
its solutions increases. Several types of Eu( I I I )  complexes have been 
investigated to date, but only over a narrow range of pH values and 
concentrations of complexing solutionsl-'Z 
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The p re sen t  p a p e r  gives an accoun t  of an i nves t i ga t i on  of E u ( I i I )  
complexes  wi th  e t h y l e n e d i a m i n e t e t r a a c e t i c  acid (EDTA) and  nitrilo~ 
t r i ace t ic  ac id  (NTA), as a func t ion  of  eomplexone  concen t ra t ions ,  over  
a wide range  of  so lu t ions  pH values .  The  inf luence  of these  p a r a m e t e r s  
on the  in tens i t i es  of  E u ( I I I )  f luorescence bands  a t  ? , = 5 9 0 n m  and 
X = 6 1 5 n m  is discussed.  These  b a n d s  co r respond  to S D 0 ~ F  1 and  
5 D 0 ~ F  2 t r ans i t i ons ,  r espec t ive ly .  

Experimental 

The solutions containing Eu(III)  complexes were made from EuC13~ 
obtained by dissolving Eu203 (spectroscopically pure, prepared in our labo- 
ratory) in hydrochloric acid (AR standard, POCh, Gliwiee) and EDTA or 
NTA (both AR standard, POCh, Gliwice). The Eu(III)  concentration was 
0.01 tool/din 3 in all experiments. The following molar ratios Eu :complexone 
were employed : 1 : 1, 1 : 2, 1 : 3, 1 : 4 and 1 : 5 with pH values of 3.0, 5.5, 7.5, 10.0 
and 11.5, and 1:0 and 1:0.5 with pH values 3.0 and 5.5 [higher pH values could 
not be employed here because of the precipitation of Eu(OH)3 under conditions 
of complexone deficiency]. The pH values of the solutions were brought to the 
values required by means of additions of ammonia solution (AR standard, 
POCh, Gliwiee) or of hydrochloric acid solution, and they were measured using 
a pH-meter  (26, Radiometer,  Copenhagen). Both complexone solutions and the 
hydrochloric acid and ammonia solutions did not exhibit any fluorescence 
under irradiation at the excitation wavelength and thus they were used without 
any further purification. The corrected fluorescence spectra were registered 
using Perkin-Elmer MPF-3 and MPF-44A spectrofluorometers. The radiation 
source was a xenon lamp, and the exciting wavelength was X = 394nm. The 
same conditions were employed for registering the fluorescence spectra in all 
experiments. 

Results and Discussion 

The  f luorescence s p e c t r u m  of  u n c o m p l e x e d  E u ( I I I )  shows two 
cha rac t e r i s t i c  m a x i m a  a t  X = 590 n m  and  X = 615 nm. These  bands  arise 
f rom t r ans i t i ons  ~D0~TF1 (A J = 0, _+ 1), and  5 D 0 ~ F 2  (A J = 2), respec-  
t ive ly .  The  complexes  of E u ( I I I )  w i th  EDTA and  N T A  exh ib i t  
f luorescence  a t  the  same  wave leng ths ,  b u t  w i th  inc reased  in t ens i ty .  The  
dependences  of  the  in tens i t i es  of the  f luorescence bands  on the  pH and  
the  complexone  concen t r a t i ons  are  d i f fe ren t  for the  two  complexes .  F o r  
so lu t ions  wi th  E u  :EDTA = 1 : 1 the  i n t e n s i t y  of  f luorescence is p rac t i -  
ea l ly  i n d e p e n d e n t  of pH over  the  whole  range  i n v e s t i g a t e d - - t h i s  is 
i l l u s t r a t e d  in Figs .  1 and  2. I n  the  presence  of an excess of  EDTA the  
i n t ens i t y  of  b o t h  b a n d s  increases  wi th  increas ing  pH of the  solut ions ,  
b u t  the  t y p e  of  curve  o b t a i n e d  depends  on the  Eu:EDTA ra t io .  F o r  
so lu t ions  wi th  Eu  : EDTA = 1 : 2 the  i n t e n s i t y  of f luorescence begins  to 
increase  a p p r e c i a b l y  when  the  pH reaches  7.5. F o r  so lu t ions  wi th  



Fluorescence of Eu([II)  Complexes 909 

CLt/. 

5 
2 1:2 

1 

3 S 7 ~0 

Fig. 1. The intensity of the fluorescence band at X=590nm for 
Eu:EDTA = 1:1, 1:2, 1:3, 1:4 and 1:5 as a function of the pH 
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Fig. 2. The intensity of the fluorescence band at. ), = 615nm for 
Eu:EDTA = 1:1, 1:2, 1:3, 1:4 and 1:5 as a function of the pH 

Eu:EDTA = 1:3, 1:4  and  1:5 the  increase  is a l r e a d y  e v ide n t  a t  
pH = 5.5. The  g rea tes t  rise in the  f luorescence i n t ens i t y  is observed  for 
pH values  7.5 to  10. W h e n  the  pH increases  fu r ther ,  f rom 10 to 1 t .5,  the  
effect is only  s l ight .  The  obse rved  dependence  of the  f luorescence b a n d  
in tens i t i e s  on the  pH and  eomplexone  concen t r a t i ons  can be co r re l a t ed  
with  the  d i f ferent  an ionic  fo rms  of EDTA (H4Y), with differen~ 
d i ssoc ia t ion  cons t an t s  6. Acid ic  solut ions ,  pH = 3.0 and 5.5, con ta in  a 
m i x t u r e  of anions,  (H y )a - ,  (H2y)~-  and (HAY)- ; a t  pH = 7.5 the  
(H y)a form p r e d o m i n a n t e s  and  a t  pH = 10.0 and above  the  ions 
(H y ) a -  and  y4 -  are  mos t  i m p o r t a n t .  I nc rea s ing  concen t r a t i ons  of more  
h igh ly  cha rged  n e g a t i v e  ions cons t i t u t e  an  impor tan . t  fac tor  con t r i bu t -  
ing to  the  increased  i n t e n s i t y  of  the  f luorescence  bands .  
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Turn ing  now to the changes in fluorescence in tens i ty  b rough t  about  
by solution composi t ion changes showed t h a t  for the  Eu/EDTA sys tem 
at  pH = 3.0 the in tens i ty  increases with the p ropor t ion  of  EDTA for 
Eu:EDTA = 1:0, 1:0.5 and 1:1. Increas ing the EDTA excess up to  5- 
fold has no fur ther  effect. For  solutions at  pH = 10.0 and 11.5 the 
fluorescence in tens i ty  reaches a s teady  level for an EDTA excess 3-fold 
and above.  The fact  t h a t  for Eu  :EDTA = 1 : 1 the intensities of both  
fluorescence bands  are vi r tual ly  cons tan t  over the whole pH range 
inves t igated  can be t aken  to indicate t h a t  only one form of the complex 
exists in solution the most  stable one, namely  (Eu Y)-. I f  the complexone 
is in excess at  p H  > 7.5, the intensities of bo th  fluorescence bands  
increase this m a y  be connected with the existence of new complex 
forms, e.g. (Eu Y2OH) s- (Refs.3,7). 

For  the Eu/NTA system, the fluorescence intensities are in general 
lower t h a n  for the Eu/EDTA system. Over  the  whole pH range 
inves t igated  (3.0 to 11.5) the in tens i ty  of fluorescence is higher for 
higher p ropor t ions  of' N T A  (Eu : NTA = 1 : 2 to 1 : 5 compared  with 1 : 1). 
The  results for the Eu/NTA sys tem are shown in Figs. 3 and 4. For  
Eu  : NTA = 1 : 1 and 1 : 2 there  is only a slight increase in the ~ = 590 nm 
band  in tens i ty  when the pH rises f rom 3.0 to 11.5. For  the remaining 
solutions ( E u : N T A  = 1:3, 1:4, and 1:5), the in tens i ty  of this band  
increases when the pH rises f rom 3.0 to 5.5, bu t  then  remains  cons tan t  
when the  solutions are made  more alkaline. The in tens i ty  of the 
?, = 6 1 5 n m  band  also increases slightly for all solutions invest igated 
over the pH range 3.0 to 5.5. Wi th in  this pH range the composi t ion of 
the NTA (H3X) solution changes,  as can be inferred f rom the appro-  
pr ia te  dissociation cons tants  6. At  pH = 3.0 two ionic forms (HX)  2 and 
(H2X)- as well as H3X are present.  At  pH = 5.5 and 7.5 the ion (HX)  2- 
predominates ,  and above  pH = 10.0 the Xs-  ion. These ions have less 
effect on the intensities of the fluorescence bands  t h a n  the ions derived 
f rom EDTA. 

The intensities of  bo th  fluorescence bands  increase in acid solutions 
(pH 3.0 and 5.5) as the p ropor t ion  of  NTA increases for Eu  : N T A  ratios 
1 : 0, 1 : 0.5, 1 : 1, 1 : 2 and 1 : 3. F u r t h e r  increases in the  NTA propor t ion  
have no effect. S t rongly  alkaline solutions (pH = 10.0 and 11.5) give 
cons tan t  fluorescence intensities when the excess of NTA is two-fold 
and greater.  

The fact  t h a t  the fluorescence is s t ronger  when the excess of-N2rA is 
two-fold and  greater  (compared with the  case Eu  : NTA = 1 : 1) indicates 
tha t  two different complex forms are present:  at E u : N T A  = 1:1, E u X  
and when the eomplexone is in excess, (EuX2)3- - -and  possibly also 
others.  
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Fig 3. The intensity of the fluorescence band at ), = 590 nm for Eu : NTA = 1 : 1, 
1:2, 1:3, 1:4 and 1:5 as a t~mction of the p H  
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Fig. 4. The intensity of fluorescence band at ?, = 615 nm for Eu : NTA = 1 : 1, 
1 : 2, 1 : 3, 1 : 4 and 1 : 5 as a function of the pH 

C o m p a r i n g  the  two complexones ,  the  i n t e n s i t y  of the  X = 6 1 5 n m  
band  increases  more  wi th  EDTA, while  the  k = 590 nm b a n d  is f a v o u r e d  
b y  NTA.  The  k = 615 nm b a n d  is a resul t  of a hype r sens i t i ve  t r a n s i t i o n  
a D 0 ~ T F 2 ( A J = 2  ) and  the  k = 5 9 0 n m  b a n d  is due  to an a l lowed 
t r a n s i t i o n  "SD0~7F 1 (A J -- 0, + 1). Because  b o t h  these  b a n d s  arise as a 
resul t  of  v ib ron ic  coupl ing  s,9 connec t ed  wi th  the  inf luence e x e r t e d  b y  
the  l igand field on the  4 f  o rb i t a l s  of  Eu ,  the  i m p o r t a n t  q u a n t i t y  is 
the  i n t e n s i t y  r a t io  for the  X = 6 1 5 n m  and  k = 5 9 0 n m  bands ,  
-~ = a D 0 ~ F ~ / a D 0 ~ V F 1 ,  which  p rov ides  i n f o r m a t i o n  a b o u t  the  i n t e n s i t y  
bo r rowing  of these  b a n d s  which  is t a k i n g  place.  The  p resen t  resul t s  
have  been  used to  ca lcu la te  t he  va lues  of  ~ over  the  whole  range  of  
complexone  concen t r a t i ons  and pH va lues  e m p l o y e d - - t h e y  have  been  
col lec ted  in Tab le  1. 

The  fact, t h a t  the  ~ va lues  are low ind ica t e s  that, i n t e r ac t i ons  lead ing  
to  v ib ron ic  coupl ing  are  weak  for bo th  t y p e s  of  complex .  F o r  Eu/EDTA 
complexes  the  va lues  increase  wi th  increas ing  c omple xone  excess and  
wi th  r is ing pH. F o r  Eu/NTA complexes  t h e y  change  only  v e r y  s l ight ly .  
The  smal l  changes  of ~ for  Eu/EDTA and  i ts  nea r  c o n s t a n c y  for 
Eu/NTA over  a wide pH r ange  ind ica te  that, the  m e c h a n i s m  lead ing  to  
a mod i f i ca t i on  of the  t r a n s i t i o n  d ipole  m o m e n t  which  cont ro l s  the  
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Table 1. The ratio of the intensitie6' of the ~ = 615 nm and )~ = 590 nm fluore~'cence 
5 D 0 ~ F  2 

band~ of Eu(III)  complexe,~, ~ - - -  
5 D o f f  1 

t~at, io p H  
Complex Eu :complexone 3.0 5.5 7.5 10.0 11.5 

in solution 

E u / E D  T A  

E u / N T A  

1:0.5 0.69 0.69 
1 : 1 0.95 0.95 0.95 1.11 1.07 
1:2 1.00 1.04 1.11 1.40 1.47 
1 : 3 1.00 1.23 1.38 1.66 1.68 
1:4 1.00 1.47 1.67 1.70 1.78 
1 : 5 1.00 1.50 1.61 1.78 1.75 

1:0.5 0.40 0.37 
1 : 1 0.61 0.61 0.60 0.41 0.44 
1:2 0.59 0.54 0.51 0.51 0.48 
1:3 0.53 0.48 0.48 0.50 0.47 
1:4 0.47 0.54 0.53 0.54 0.52 
1 : 5 0.46 0.50 0.48 0.48 0.48 

i n t ens i t y  changes  of the  bands  is caused  by  d ispers ion  in t e rac t ions  of' 
t he  l igands .  I t  should  be n o t e d  t h a t  the  ~ va lues  for EuC13 (in the  
absence  of' complexones )  are  ve ry  low, ca. 0.1. I n  the  presence of  
complexones~ these  va lues  are  a p p r e c i a b l y  lower when  there  is a 
def ic iency  of the  complexone  t h a n  when E u : c o m p l e x o n e  = 1:1, or 
when  the  complexone  is in excess.  

W o r k  on iden t i fy ing  the  forms of E u ( I I I )  complexes  and  de t e rmin -  
ing the i r  s t ab i l i t i e s  on the  bas is  of  f luorescence m e a s u r e m e n t s  of these  
complex  so lu t ions  is being cont inued .  
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