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ABSTRACT: The formation of lanthanide (La, Pr and Nd) complexes with L-isoleucine 
have been studied as a function of pH values. The titrations were performed at 25 
degrees C, and the ionic strength of the medium was maintained at 0.10 M by using 
potassium nitrate. The formation curves of their complexes (n-p[L]) were obtained by 
means of the titration data. Then the stability constants were determined in relation to 
these curves.  
The complexes were synthesized in the mixture of water-ethanol. The coordination of 
the complexes were determined by elements analysis, 13C-NMR, 1H-NMR  and IR 
methods. These complexes are formulated as Ln(HIle)3.(NO3)3.3H2O; (Ln: La, Pr and 
Nd,; L-Ile: L-isoleucine). Comparision of the IR, 13C-NMR and 1H-NMR  spectra of the 
ligand with those of their complexes shows that isoleucine acts as a bidentate ligand 
bonding the lanthanide ions through the amino and carboxylate groups. 
Key words: Complex, coordination, lanthanide, L-isoleucine. 
 
Introduction 
For a long time, lanthanides and their compounds are widely used in many 

industries especially in agriculture and biotechnology industry based on bioactivities of 
lanthanide compounds including lanthanide amino acid chelates.  

Survey of the literature shows that studies on the lanthanide complex formation 
with amino acids need to be paid attention for solving the disagreements on the 
coordination modes between lanthanides and amino acids. In this report, the formation 
of some lanthanide (III) isoleucine complexes will be studied as a function of pH and 
the coordination of lanthanides with L-isoleucine will be clarified by using IR, 1H-
NMR and 13C-NMR spectrometries. 

Results and disscussion 

1. Stability constant calculations 

It is well known that amino acids exist in the “zwitter” ionic form (figure 1). L-
isoleucine possesses two different functional groups, e.g. carboxyl and amino groups 
that can be used for complexation with lanthanides.[3, 4]. 

 

 

 

 

 

 
Fig. 1: The “zwitter” ionic form of L-isoleucine. 
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In acid medium, L-isoleucine (H2Ile+) dissociated following equations 

                    H2Ile+   =   H+   +    Hile                           
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From the pH titration of a 2:1 mixture of the ligand and lanthanide ions and L-
isoleucine alone, complex formation carried out following these reactions: 

Ln3+    + HIle    =    LnIle2+   + H+ 

LnIle2+    + HIle    =    LnIle2
+   + H+ 

The stability constants of complexes was calculated by using Bjerrum method 
relying on the ralations between n values (the average number of ligand molecules 
bound per metal ion) and Ile- concentration. From experimental standpoint, n may be 
expressed in terms of the total isoleucine concentration (CH2Ile+), the concentration of 
Ile- and the total Ln3+concentration (CLn3+): 
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n and [Ile-] values can be calculated from the experiment data. If n versus p[Ile-] is 
plotted (figure 2), then approximate values of the stepwise formation constants, k1 and 
k2 are obtained at n = 0.5 and n = 1.5.   

 

 

 

 

 

 

 

 

Fig. 2: Dependence of the average number (n) on p[Ile-] 
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The results from experiment showed that the end point (n > 0,6) was indicated 
by the incipient formation of precipitates, presumably of lanthanide hidroxides. So that, 
only first stability constant k1 was calculated at n = 0,5 following the equation (6) and 
showed in table 1. 

 

                                                                                                                           (6) 

 

Table 1: Stability constants k1 of lanthanide complexes 

Lanthanides (Ln) La Pr Nd 

Lg k1 4.65 4.69 4.72 

2. Synthesis and determine the coordination modes between lanthanides 
and L-isoleucine in complexes 

Lanthanide nitrates and L-isoleucine dissolved separately in mixture of H2O & 
C2H5OH (volume ratio 1:1) were mixed together and the resuling solution was kept at 
50-60oC in about 6 hours on a water bath. The complexes were obtained  following the 
reaction: 

Ln(NO3)3 + 3HIle → Ln(HIle)3(NO3)3.nH2O 

The coordination compounds of lanthanides and the ligand were concentrated by 
solvent evaporation and the water contents reduced by successive additions of absolute 
etanol. After cooling, crystals of complex that were separated from solution are filtered, 
washed by absolute ethanol and stored in exsiccator. 

The lanthanide, nitrogen and nitrate contents in isolated complex were 
determined and the obtained results were showed in table 2. The results showed that Ln, 
N and NO3

- contents that have been determined by experiments agreed with calculated 
data from proposed formula Ln(HIle)3(NO3)3.nH2O.  

Table 2: Elemental analysis of lanthanide complexes 

Ln (%) N (%) NO3
- (%) 

Proposed formula 
Cal. Found Cal. Found Cal. Found 

La(HIle)3(NO3)3.3H2O 17.99 18.24 10.87 10.62 24.08 24.87 

Pr(HIle)3(NO3)3.3H2O 18.19 17.95 10.85 11.63 24.02 23.86 

Nd(HIle)3(NO3)3.3H2O 18.54 18.22 10.80 10.58 23.92 24.55 

IR spectra of L-isoleucine and its complex with Ln3+ were obtained in KBr 
pellets on a Magna-IR 760 Nicolet infrared Spectrophotometer in the range of 400-4000 
cm-1. The obtained results were showed in table 3 belows. 

 

][]lg[lg
][

1
11

−−
− =−=→= IlepIlek

Ile
k  



VAEC-AR 07--42 
 

The Annual Report for 2007, VAEC 
 

283

Table 3: Band assignment of the IR bands of ligand and lanthanide complexes 

Compound √as
COO

- √s
COO- √NH

+
3  √NH 2  √1

NO3
 √2

NO3 √3
NO3 √O-H 

L-isolơxin 1571 1418 2961 - - - - - 

La(HIle)3(NO3)3.3H2O 1581 1387 - 2930 1031 1331 1495 3373 

Pr(HIle)3(NO3)3.3H2O 1586 1385 - 2931 1020 1320 1487 3372 

Nd(HIle)3(NO3)3.3H2O 1585 1387 - 2935 1024 1332 1489 3374 

IR spectra of complexes and ligand not only had differing shape but also 
position of specific bands. They demonstrated the complex formation between Ln3+ and 
L-isoleucine. 

The IR spectrum of L-isoleucine exhibited a band at 2961 cm-1, which was 
assigned to vibration of the +NH3 group. The ν NH3 band appears at a region lower than 
that expected for ν NH3 band (3400 cm-1), probably due to strong interaction between 
NH3 and COO groups in the zwitter ion. 

In the spectrum of the ligand, the bands corresponding to νa COO and νs COO 
vibrations were observed at 1571 cm-1 and 1418 cm-1. In IR spectrum of complex, the 
band due to νa COO and νs COO vibrations were shifted to lower wave number 
appearing at about 1585-1586 cm-1 and 1384-1387 cm-1 . Besides, the position of ν NH2 
band was at a lower region than that normally observed, and hence NH2 group of L-
isoleucine was coordinated to the lanthanide ions.  

Three additional bands at 1408.82 cm-1, 1234.71 cm-1 and 1029.87 cm-1 in the 
spectra of complex were assigned respectively to ν3, ν2 and ν1  modes of coordinated 
nitrate ions. 

Besides, in the spectra of complex, The new broad band appears near 3400 cm-1 
was assigned to vibration of OH- group in crystalized water molecules. This agreed with 
results obtaining from thermal analysis of complex. 

These shifts indicated that L-isoleucine was coordinated to Y3+ ion through 
amino and cacboxylate groups. 

To confirm  results obtaining from analysis of IR spectrums, 13C-NMR, 1H-
NMR of ligand and complexes have been recorded to determine the changes of 
chemical shifts of all positions in ligand and complexes that indicate the evidence of 
functional groups in binding with lanthanide ions. 

Data obtaining from 1H-NMR spectrum of L-isoleucine and complexes (table 4) 
showed that, except fixed signal of D2O (4,7 ppm), The signals of all H atoms (from α 
to δ) were shifted to lower field with significant change at H-α and gradually decreased 
from H-β to H-γ2 after complexation with Ln3+. This result was compatible with the 
lanthanide complexation by the amino (-NH2), since it caused a highly decrease of the 
electron density around the H-α and a lower level decrease ones at remaining H atoms, 
and this decreased in shielding displaces the NMR signals toward a lower field. 
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Table 4: 1H-NMR data for L-isoleucine and lanthanide isoleucine complexes 

Peak position (ppm) 
Coumpound 

D2O H-α H-β H-γ1 H-γ2 H-δ 

L-isoleucine 4.700 3.624 1.938 1.424 1.218 0.895 0.967 

La(HIle)3(NO3)3 4.700 4.450 2.509 1.881 1.540 1.276 1.046 

Pr(HIle)3(NO3)3 4.700 3.749 2.035 1.475 1.255 0.916 1.009 

Nd(HIle)3(NO3)3 4.700 3.741 2.025 1.464 1.258 0.910 1.005 

13C-NMR spectrum (table 5) of L-isoleucine and complexes showed the changes 
of resonance signal positions (chemical shift) of  L-isoleucine after complexation with 
Ln3+. We can see that, resonance signal of the cacboxyl C was slightly shifted downfield 
because of the insignificant affect of ionic bonding between lanthanide ions and 
cacboxyl group causes little decrease of electron density of cacboxyl-C.  

Table 5: 13C-NMR data for L-isoleucine and lanthanide isoleucine complexes 

Peak position (ppm) 
Coumpound 

Ccaboxyl C-α C-β C-γ1 C-γ2 C-δ 

L-isoleucine 174.535 59.993 36.294 24.875 15.102 11.509 

La(HIle)3(NO3)3 174.629 62.595 36.537 25.096 15.300 11.597 

Pr(HIle)3(NO3)3 174.773 64.349 36.736 25.300 15.482 11.704 

Nd(HIle)3(NO3)3 174.830 66.021 36.859 25.071 15.279 11.592 

While, resonance signal of C-α adjacent both cacboxyl and amin groups was 
shifted significantly to lower field (from 59.993 ppm to 62.595 - 66.021 ppm). This 
change are due to the interaction between lanthanide ions to amin (-NH2) group caused 
decrease in electron density at C-α. Besides, coordination between Ln3+ and amin group 
(-NH2) caused much enough effect to pull electron density of the remaining carbon 
atoms at lower level and this effect was gradually decreased following the distances 
between respectively carbon and C-α. 

The changes of resonance signals in 13C-NMR, 1H-NMR spectrums confirmed 
the assessment on coordination mode of lanthanide and L-isoleucine. 

Conclusions 
1. The complexation between Ln3+ and L-isoleucine have been investigated. In 

aqueous solution, LnIle2+ complex (Ln: La, Pr and Nd) formed and stability constants k1 
were calculated by J. Bjerrum method.   
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2. Solid complexes of some lanthanides and L-isoleucine have been synthesized 
and isolated. From the analysis of IR, 1H-NMR and 13C-NMR spectrums of  ligand and 
complexes, the complexes were formulated as Ln(HIle)3(NO3)3.3H2O. In obtained 
complexes, L-isoleucine acted as a bidentate ligand bonding Ln3+ ion through the amino 
and cacboxylate groups. The anion NO3

-, acted as additional ligand occupies a 
coordinated position. 
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