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Influence of pH and Concentration of Complexing Agents
on Fluorescence of Samarium(III), Gadolinium (1III),
and Terbium (III)— Ethylenediaminetetraacetic Acid

or Nitrilotriacetic Acid Complexes in Aqueous Solutions
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The fluorescence intensity of aqueous solutions of Sm(III), Gd(III) and
Th(III) complexes with EDTA or NT A was investigated as a function of
complexone concentration over a wide pH range. For Sm(III) and Th(III)
complexes the ratio of intensities of hypersensitive and allowed bands was
calculated in order to obtain information about intensity borrowing of the
fluorescence bands as a result of vibronic coupling.
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Ewnfluf} von pH und Konzentration der Komplexbildner auf die Fluoreszenz der
Komplexe von Samarium(IIl), Godolintum(I1il) und Terbium(IIl) mit
Ethylendiamintetraessigsiure und Nitrilotriessigsdure in wifirigen Losungen

Die Abhangigkeit der Intensititen der Fluoreszenzbanden wéaliriger
Losungen der Komplexe von Sm(IIT), Gd(III) und Th(III) mit Ethylen-
diamintetraessigsdure und Nitrilotriessigsdure von der Konzentration der
Komplexbildner wurde in einem weiten pH-Bereich untersucht. Fir die
Komplexe des Sm(III) und Th(III) wurde das Verhéltnis der hyperempfind-
lichen und erlaubten Banden berechnet, um Informationen iber geborgte
Intensititen der Fluoreszenzbanden infolge vibronischer Kopplung zu er-
halten.

Introduction

The fluorescence of some Sm and Th complexes has been studied
previously; however, only over a limited range of ligand concentrations
and pH values!—7. Fluorescence of Gd complexes has not been in-
vestigated at all.
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The present work is a continuation of our studies of rare earths
metal complexes with £D7T'4 or NT A8. The results on the fluorescence
of Sm(I1T), Gd(III) and Tb(I1IT) complexes in aqueous solution over a
wide range of complexone concentration and pH values have been
obtained. The influence of these parameters on the intensity of the
fluorescence bands arising out of different characteristic transitions in
the lanthanide ions is discussed.

Experimental

Solutions containing Sm(III), Gd(I1I) and Tbh(III) complexes were made
from SmCl;, GACl; and ThCl,, obtained by dissolving Sm,05, Gdy03 and Th,0,
(spectroscopically pure, prepared in our laboratory) in hydrochloric acid (AR
standard, POCH, Gliwice) and EDTA or NTA (both AR standard, POCH,
Gliwice). The Sm(I1I), Gd(111) and Th(III) concentrations were 0.01 mol/dm3 in
all experiments.

The following molar ratios Sm(Gd, Th): 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. The pH
values of the solutions were brought to the values required by means of
additions of ammonia solution (AR standard, POCH, Gliwice) or 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
wavelengths and thus 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 wavelengths were 402nm for Sm(III), 274nm for
Gd(ITT) and 372nm for Th(III).

The registration of fluorescence spectra was carried out using 100-fold
amplification of emission for Sm(ITI) solutions and 3-fold for Tb(ITI). For
Gd(IIT) solutions the amplification was unity.

Results and Discussion

The fluorescence spectrum of uncomplexed aqueous Sm(ILI)
exhibits three characteristic maxima at 563, 596, and 640 nm, corres-
ponding to transitions 4Gyp—%Hs, 4Gsp—"9Hq,, and 4Gys—5Hgm,
respectively®. The last one is a hypersensitive transition (AJ = 2).

Complexes of Sm(III) with EDTA and NTA show the same
maxima, but with an increased intensity. The fluorescence of solutions
complexes Sm/EDT A and Sm/NT 4 is influenced in a different manner
for each complex, by both the complexone concentration and the pH of
the solution (Figs.1 and 2), similarly as in the case of Eu(II)
complexess.
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Fig. 1. The intensity of the fluorescence bands at » = 5396nm (—A—) and
640nm (—QO—)forSm: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 bands at x = 596 nm (—A—) and
640nm (—QO—)for Sm:NT74 =1:1,1:2,1:3,1:4, and 1:5 as a function of
the pH

The 563 nm band is omitted from further considerations because its
intensity is low and little affected by the experimental conditions. The
intensity of the 596 nm band is much greater than that of the 640nm
band over the whole range of experimental conditions.

For solutions of Sm/EDTA the intensity of fluorescence of both
these bands increases with increasing pH. This effect is slight for
solutions with Sm : EDT'A = 1: 1 for pH over 7.5, but in the presence of
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an excess of the complexing agent it becomes more marked. For pH
values above 10 the fluorescence intensity reaches a steady level. On
increasing the complexone concentration, the fluorescence intensity
increases most noticeably on changing the Sm: EDT A4 ratio from 1:1
to 1:2. Complexone excesses beyond two-fold have less effect.

With Sm/NT'4 complexes, the intensities of both bands increase as
the pH is raised from 3.0 to 5.5, but then remain steady up to
pH = 11.5. For solutions with Sm : N74 = 1:1 the fluorescence inten-
sity is practically constant in the pH = 3.0-5.5 range, unlike the
situation when an excess of N7 4 is present. For this Sm: N7 4 ratio
[as well as Th(Gd)/: NT'A = 1:1] the fluorescence could be studied
only up to pH = 5.5, since at higher pH values a slight turbidity of the
solution is observed as the hydroxide begins to precipitate.

The fluorescence spectrum of uncomplexed Th(III) exhibits four
maxima at 491, 545, 585, and 621 nm, corresponding to transitions
5D, —"Fg, 5D, —7F;, 5D, —7F,, and 5D, —7F;, respectively?. The 545
and 491 nm bands are strongest; the 585 and 621 nm bands are so weak
that they will be ignored in further discussion. The 491 nm band due to
the 38D, —"F, transition is hypersensitive.

Under the same conditions of excitation the fluorescence bands of
Tb(I1I) complexed by EDT A or NT A in aqueous solution appear at
the same wavelengths, but are much stronger. Similarly as with Sm,
fluorescence intensity generally increases with increasing complexones
excess and increasing pH (Figs.3 and 4).

With Tb:complexone =1:1 (for both complexones) there is
virtually no fluorescence increase on reducing the acidity. In the
presence of at least two-fold complexone excess the fluorescence
intensity rises with pH, for EDTA up to pH = 10.0, but with NT4
only up to pH = 5.5.

The fluorescence spectrum of Gd(IIT) consists of one band, with a
maximum at 312 nm, and this band is due to a 6P, —883; 5 transition?.
Gd(ITT) complexes with EDT 4 and NT A give a fluorescence band with
the same maximum, but with an increased intensity. The fluorescence
of solutions with Gd : EDT'A = 1 : 1 is markedly stronger than for other
compositions (Fig.5).

This contrasts with the behaviour of the other lanthanides. The
fluorescence intensity decreases slightly but regularly with increasing
complexone concentration. For all Gd/EDTA solutions the fluo-
rescence bands increase in intensity between pH = 3.0 and 5.5, but
beyond pH = 7.5 there is a gradual intensity decrease.

For Gd/NT A complexes, the fluorescence band intensity decreases
somewhat with complexone excess above three-fold (Fig. 6).
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Fig. 3. The intensity of the fluorescence bands at A =491nm (—O-—) and
545nm (—A—)forTb:EDTA =1:1,1:2,1:3,1:4, and 1 :5 as a function of
the pH

3 5 ¥ 10 12 pH

Fig. 4. The intensity of the fluorescence bands at » = 491nm (—QO—) and
545nm (—A—) for Tb: NTA =1:1,1:2,1:3,1:4, and 1:5 as a function of
the pH

The intensity increases markedly with rising pH in the pH = 3.0-5.5
range; above pH = 5.5 intensity changes are small. For solutions with
Gd:NTA = 1:1, the fluorescence intensity is lower, as with the other
lanthanides, and hardly changes over the whole pH range investigated.

In general, the fluorescence intensity of Gd complexes is about 100
times stronger than of Sm complexes and about 3 times stronger than
the fluorescence of Th complexes.
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Fig. 5. The intensity of the fluorescence band at » =312nm for
Gd:EDTA=1:1,1:2,1:3,1:4, and 1:5 as a function of the pH
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Fig. 6. The intensity of the fluorescence band at » =312nm for
Gd:NTA4 =1:1,1:2,1:3,1:4, and 1:5 as a function of the pH

The dependence of the fluorescence intensity of Sm and Thb
complexes with ZD7'A and NTA on solution pH is broadly similar
(Figs. 1-4).

For (Gd complexes the character of the dependence is very
different—the effect is particularly marked with Gd/EDTA (Figs.5
and 6).

The observed changes in the fluorescence intensity of Sm and Tb
complexes with EDTA as a function of the pH of the solution and
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complexone concentration are associated with the existence of different
anionic forms of EDT A (H,7Y), with different dissociation constants0.
As the acidity of the solution diminishes, the proportion of more highly
charged ions [(H3Y)~, (H, Y)?~, (HY)3—, Y4 ] increases, which accounts
for the increased intensity of the fluorescence bands.

The fluorescence spectra of complexes solutions, registered under
appropriate experimental conditions can be used to obtain information
about the different forms of the complexes and about their stabilities.
The near constancy of the band intensities over the entire range of pH
values investigated for both solutions of Sm and Th complexes with
EDTA at lanthanide: EDT A = 1:1 indicates that probably only the
most stable form of the complex is present in solution, i.e. (SmY)~ and
(ToY)~.

Increasing intensity of fluorescence bands for both metals for
lanthanide : EDT' A > 1:2, particularly at higher pH values may be
taken as an indication of the presence in solution of also other complex
forms?.

The changes in the fluorescence band intensities for the Sm/N7T' 4
system are associated, in acid solution (pH = 3.0), with the occurrence
of the 1:2 complex, in addition to the 1:1 one. The proportion of the
1:2 complex increases at greater complexone concentrations. With
increasing pH, from pH = 5.5, the influence of an excess of NT4 (H;X)
is slight.

With the Tb/NTA system, the fluorescence band intensities at
pH = 3.0 are all the same, except for Tb: N74 = 1:1. This is most
probably due to constant proportions of both known Tb/NTA
complexes (i.e. 1:1 and 1:2), independent of the complexone excess.

To generalize, stronger fluorescence for Sm:NTA and
Th:NTA > 1:2 compared with 1:1 is associated with the existence of
different forms of the complexes in solutions : (SmX,33~, (ThX,)3~, and
SmX, ThX.

It is characteristic that with Sm and Th complexes the fluorescence
intensity consistently—though to a different extent—increases when
the complexone concentration is raised.

In the case of Gd complexes, the differences in the behaviour of the
fluorescence as a function of the pH and of the complexone
concentration are connected with the fact that the energy level of the
excited state of Gd(III) is high—the fluorescence appears in the UV
(312 nm).

For Gd/EDTA the fluorescence intensity is greatest at
Gd:EDTA = 1:1. The intensity decreases when there is an excess of
the complexone and particularly is somewhat more noticeable under

13%
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alkaline conditions (pH = 11.5)—it is in evidence even at
Gd:EDTA=1:1.

For Gd/NTA complexes the fluorescence intensity is greatest for
solutions with Gd: N7T'A = 1:2. If the complexone excess is greater
than about three-fold, there is a slight intensity decrease. Solutions
with Gd: NT' A = 1:1 gave decidedly the lowest fluorescence intensity,
which is agsociated with only one complex being able to form, GdX.
With an excess of NT4, 1:2 complex can form as well.

The hypersensitive bands observed for Sm and Th (Sm 640nm,
4Gy —%Hgm; Th 491nm, 5D, —7F,) arise as a result of vibronic
coupling connected with the influence of the ligand field on the 4f
orbitals of Sm and Tb.

The ratio of the band intensity for the hypersensitive transition to
that of the allowed one, 7, gives information about the oceurrence of
intensity borrowing of these bands. The values of v were calculated for

Sm and Th: 4G5 —6Hy o = 5D, —"Fs
- R
4G5, —Hy 2 o SDy—7F;

the values are presented in Table 1.

7 (Sm)

Table 1. The ratio of the intensities of the hypersensitive and allowed fluorescence
bands of Sm(II1) and Tb(l1I) complexes

Composition of complex pH

solution 3.0 5.5 7.5 10.0 11.5

1:1 0.50 0.48 0.44 0.53 0.53

1:2 0.48 0.44 0.46 0.46 0.47

Sm:EDTA 1:3 0.54 0.43 0.43 0.44 0.44
1:4 0.41 0.43 0.43 0.44 0.43

1:5 041 045 045 047 044

1:1 0.28 0.35 — — —

1:2 041 0.38 0.40 0.37 0.36

Sm:NTA 1:3 0.39 0.36 0.36 0.37 0.36
1:4 0.30 0.38 0.39 0.42 0.42

1:5 0.36 0.38 0.38 0.40 0.39

1:1 0.62 0.60 0.59 0.60 0.59

1:2 0.61 0.60 0.59 0.57 0.57

Th: EDT A 1:3 0.60 0.59 0.59 0.58 0.57
1:4 0.60 0.59 0.58 0.57 0.58

1:5 0.60 0.58 0.59 0.57 0.60

1:1 0.58 0.57 — — —

1:2 0.66 0.70 0.69 0.69 0.70

Th:NTA 1:3 0.64 0.69 0.69 0.71 0.70
1:4 0.64 0.70 0.70 0.69 0.69
1:5 0.64 0.68 0.69 0.70 0.70
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The fact that the values of 4 obtained are low indicates that

interactions leading to vibronic coupling are weak for both Sm and Tb
complexes. Also, the values of n do not change over the range of
experimental conditions employed. This can be taken to indicate that
the mechanism leading to a modification of the dipole moment for the
transition, which determines the observed band intensities, is caused by
dispersion interaction of the ligands.
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