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Eu(III) complexation constants with glutamine and serine in aqueous
methanol
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Abstract

A problem of long-term interest in lanthanide chemistry is whether a ligand resides in the cation inner or outer solvation shell. We have
been using deviations from Beer’s Law on hypersensitive peaks to determine the complexation constants as a function of temperature in
water and mixed solvents via the Benesi–Hildebrand method. In our previous studies using alanine and glycine, as well as in this
investigation, only a single complex forms. Enthalpy and entropy data are used to predict if a complex is outer or inner sphere in water.
These results will be compared to other lanthanide complexation systems.  2000 Elsevier Science S.A. All rights reserved.
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1. Introduction plexes as methanol was added to the solvent system [6]
and this investigation of the solvent dependence of the

Investigations of the complexation between lanthanide complexation between Eu(III) and glutamine and serine
ions and ligands in aqueous organic solvents have provided was initiated.
information about lanthanide coordination number changes
and the nature of the species as inner or outer sphere
complexes [1,2]. In recent years, the substitution of Eu(III) 2. Experimental
for calcium and magnesium has resulted in lanthanide
probes in biological systems [3]. Information about how After dissolving dried Eu O (Molycorp) in a slight2 3

many water molecules remain in the inner coordination excess of HClO , the stock solutions were standardized by4

shell of Eu(III) complexes can be used to examine metal EDTA titrations [5]. L-Serine (99%, Sigma) and L-
ion binding to biological molecules by the luminescence glutamine (99%, Sigma) were used without further purifi-
lifetimes method using the Horrocks equation [4]. We have cation. Our previous studies with alanine and glycine had
been investigating the complexation between Eu(III) and demonstrated that no proton is released upon complexation
amino acids in aqueous methanol in an attempt the with the zwitterion in our pH range, and thus complexation
understand the binding of Eu(III) to these molecules of does not change the ionic strength (1.0 M in perchlorate
biochemical interest [5,6]. Based upon Choppin’s thermo- media) in 0.167 M Eu(ClO ) with small quantities of4 3

dynamic model, which predicts that inner sphere complex- HClO or NaOH to adjust the pH. Thermostated Cary 34

es have positive enthalpies and entropies and that outer spectrometers were used to record the absorbance for each
sphere complexes have negative enthalpies and entropies solution at 15, 20, 25 and 378C. At constant europium
[7], Eu(III) with glycine was predicted to be inner sphere concentration the addition of either amino acid to the
[5]. This result was confirmed by the use of ultrasonic solution increases the absorbance, a feature absent when
relaxation methods [5]. However, alanine [8] had negative excess non-coordinating NaClO was added. The absorp-4

enthalpy and entropy of complexation in water and ap- tion increase is attributed to complexation between Eu(III)
peared to be outer sphere. Glutamine and serine complexes and the amino acids and the small increase in absorption is
with Eu(III) in water were similar to the glycine system attributed to a higher extinction coefficient for the complex
and were predicted to be inner sphere [9]. Other differ- than for the free Eu(III) ion. Measurements were carried
ences were observed between alanine and glycine com- out between 250 and 500 nm, with absorption at 464.8 nm

used to determine the complexation constants. In each
*Corresponding author. solvent mixture, the absorbance was investigated at con-
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stant metal ion and amino acid concentration as a function
of operational pH reading to determine the experimental
region where absorption is independent of concentration.
No attempt was made to correlate the pH meter reading
with real solution acidities in aqueous methanol since we
work in a region where the complexation is pH indepen-
dent. For one-to-one complexes, the Benesi–Hildebrand
method has been useful in determining the complexation
constants [10]. Alternate forms of this expression can be
derived for the highest complex in a series [11]. Difference
spectra between the test solution containing the Eu(III), the
amino acid and the solvent versus the reference solution
containing the metal ion, ionic media, and the same solvent
as the test solution are obtained using matched 1.00-cm
cells (Helma). The Benesi–Hildebrand equation is:

1 /DA 5 (1 /M KD´L ) 1 (1 /M D´) (1)o o o

with DA as the absorbance difference between the two
Eu(III) solutions; D´ is the extinction coefficient differ-

Fig. 1. Benesi–Hildebrand data for 0.167 M Eu(III) with serine at 258C
ence between them; M is the total Eu(III) concentrationo at 464.8 nm and an ionic strength of 1.0 (NaClO ).4

which is constant in these experiments; and L is the totalo

ligand concentration. Thus, a plot of 1 /DA as a function of summarized in Table 1. The variation of equilibrium
1/L gives a straight line with an intercept equal too constants with temperature, called the van’t Hoff equation,
(1 /M D´) and a slope equal to (1 /M KD´), therebyo o can be used to calculate the entropy and enthalpy of
allowing the calculation of the complexation constant by complexation by the following equations:
dividing the intercept by the slope. We attempted to refine

o o othe calculation by using our calculated equilibrium con- DG 5 2 RT ln K 5 DH 2 TDS (2)
stant to re-determine L , and then re-plot the data accord-o

ing to Eq. (1). This attempt failed in that a negative which can be rearranged to give:
intercept was found and the only parameter in Eq. (1)

o oln K 5 2 (DH /RT ) 1 DS /R (3)which could be negative is D´ which would require that
the extinction coefficient for the complex is lower than that and a graph of ln K as a function of the inverse absolute
of free metal, and this fails for two reasons: (1) this result otemperature gives a straight line of slope 2DH /R and an
is contrary to experiment where the absorbance increases ointercept of DS /R. For each system, the van’t Hoff plots
as complex forms; and (2) the slope would also have to be were used to determine the complexation enthalpy and
negative, which was also not observed. entropy, and a typical result is shown in Fig. 2. These

results are summarized in Table 2 and Figs. 3 and 4.

3. Results and discussion Table 1
Equilibrium constants for the formation of the Eu(III)–amino acid
complexes as a function of solvent and temperatureThe first experiments done at each solvent composition

were to determine Beer’s Law for Eu(ClO ) . At each Percent water 158C 208C 258C 378C4 3

solvent composition and temperature, Beer’s Law was Europium(III)–serine
observed for the Eu(ClO ) even at absorbancies greater 100 0.8760.12 0.9160.10 1.0260.12 1.076.0104 3

than one. Second, for each solvent composition it is 80 1.0860.15 1.0160.14 1.0360.12 0.9760.12
60 0.9260.12 1.0460.10 1.0860.12 1.106.010necessary to determine a range where the absorbance is
40 0.9760.22 1.0960.21 1.1060.18 1.1660.21independent of the pH and in water this is between pH 2
20 0.7260.11 0.7760.11 0.7660.11 0.8660.12

and about 5 and is an actual pH. However, in aqueous 10 1.8360.21 1.7760.23 1.8060.23 3.006.48
methanol the pH meter reading loses its significance other

Europium(III)–glutaminethan as an operational parameter to indicate where the
100 1.1160.24 1.3460.23 1.5160.17 1.6760.23

absorbance measurements are reproducible. 80 1.0060.08 1.1460.11 0.9860.12 1.0960.13
The Benesi–Hildebrand data are linear at each solvent 60 0.5860.10 0.5460.11 0.6060.11 0.5960.12

40 0.8360.11 0.7160.11 0.7360.17 0.5060.10composition and temperature. Fig. 1 is a sample plot of the
20 0.5360.08 0.6060.10 0.6060.10 0.6060.12data for Eu(III) with serine at 258C. The stability constants
10 0.5460.12 0.6460.12 0.8560.11 0.9160.15were obtained for both amino acid systems and are
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Fig. 4. Complexation entropy for Eu(III) with serine and glutamine.

Fig. 2. van’t Hoff plot for Eu(III) with glutamine in 10% water /90%
are near unity this is even more evident since mathemati-methanol.

o o ocally DH and TDS must be almost equivalent when DG
is near zero. Even though it has been hypothesized that theTable 2

Complexation enthalpy and entropy for the Eu(III)–amino acid complex- entropy and enthalpy nearly compensate for each other in
es as a function of percent water many lanthanide equilibrium systems, the entropies were
Percent Serine Serine Glutamine Glutamine calculated from the intercept. The glutamine result in 40%
water enthalpy entropy enthalpy entropy water originally was calculated to have both a more

(kJ /mol) (J /mol-K) (kJ /mol) (J /mol-K) negative slope and intercept. Thus, the addition of 16 new
100 6.861.7 2366 1364 47612 metal / ligand compositions were studied and made an
80 23.161.1 21064 1.4616 565 average difference in the equilibrium constants of 60.03, a
60 5.662.4 21968 2.062.2 267

result which was well within the calculated error limits.40 5.262.1 1867 27.163 225610
These revised values are included in the tables and figures.20 6.861.5 2165 2.462.7 569
The presence of both a negative enthalpy and entropy for10 1867 66623 1866 57619

the 40% water system is difficult to explain in terms of
inner versus outer sphere complexes. In the Eu(III) alanine

Because the absorbance errors are relatively large and the
system, a small maximum in enthalpy was observed at

complexation equilibrium constants are relatively small,
80% water, and then the enthalpy decreased as more

the results have some scatter. The reported errors are those
methanol was present in the solvent [6], and this maximum

directly obtained by the least-squares analysis. Although
is absent for both amino acids in this study. In aqueous

the absolute errors reported look low, the percent error in
methanol within the solvent range studied, the preference

the enthalpy and entropy values range from 22 to over
of europium for water over methanol in the inner solvation

1000%. In lanthanide systems, it is not uncommon for the
shell is well known, and should not be different with a

enthalpy and entropy terms to follow the same general
difference in these amino acids. As methanol is added, it is

relationship. In our system where the equilibrium constants
expected that the relative concentrations of inner sphere
complex will increase, but also outer sphere complexes
may also form. Thus, it may well be that the thermo-
dynamic differences observed might reflect varying ratios
of outer sphere to inner sphere complex in these solvated
Eu(III) ions and this ratio is a function of the ligand.

Fig. 5 compares the results of this study with previous
systems. The following conclusions can be drawn: the
complexation enthalpy and entropy in water are consistent
with predominantly inner sphere complexes between
Eu(III) and simple amino acids. It is interesting that all
four amino acid systems have similar complexation con-
stants in water. Except for the glycine system, the addition
of methanol, a solvent with a lower dielectric constant than
water has relatively little effect upon the complexation.
This is consistent with our hypothesis that complexation of

Fig. 3. Complexation enthalpy for Eu(III) with serine and glutamine. the Eu(III) is with the neutral amino acid, since the overall
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Because the amino acids are zwitterions with a positive
charge on the amino groups, it is not surprising that the
magnitude of the complexation constants are significantly
lower than those observed when the ligands have overall
negative charges.


