
Introduction

Rare earths are very suitable for a variety of industrial

and biological applications, due mainly to their spec-

troscopic and magnetic properties. In industry, the ap-

plications of rare earths are many, such as in catalysis,

phosphors, magnetic materials, glasses and lasers

[1–14]. In biological systems, the use of trivalente

rare earth ions has attracted a great deal of interest. In

these systems, they usually are used as luminescent

probes in the investigations of binding sites in pro-

teins and other biomolecules, labels in immunoassays

and in non-invasive tests [15–19].

Studies of the coordination chemistry of rare

earth ions with amino acids have been of great impor-

tance on biological systems. Amino acids are impor-

tant compounds and they participate in many bio-

chemical processes essential to living systems; fur-

thermore, some rare earth ions have excellent lumi-

nescence properties. For these reasons the interaction

lanthanide-amino acids has been in the center of at-

tention of many investigations [20–25]. However, in

the literature, no complexes of L-leucine with rare

earth picrates have been reported to date.

Complexes containing picrates as counter ions

have been investigated systematically in our laborato-

ries. Rare earth picrate complexes with several or-

ganic neutral ligands (including the amino acids

glycine, lysine and arginine), involving synthesis,

characterization, studies of properties and structures

have been reported [20, 21, 26–33]. The presence of

the picrate anion (2,4,6-trinitrophenolate) in these co-

ordination compounds is expected to enhance the lu-

minescence properties of these materials, because this

anion acts as a luminescence antenna, absorbing and

transferring energy efficiently to the rare earth ions

and consequently increasing their luminescence

[8, 15, 20, 21, 26–32].

Leucine (2-amino-4-methyl pentanoic acid) is an

aliphatic monoamino monocarboxylic acid and exists

predominantly as zwitterion. This amino acid is a

branched chain essential amino acid that has impor-

tant roles in protein and glucose metabolism, neuro-

transmitter synthesis and lymphoid tisssue metabo-

lism. Leucine has an isoelectric point (pI) of ~5.98

and its pKa values are 2.36 to COOH (pK1) and 9.60

to NH3

� (pK2) [34, 35].

In this paper, we describe the synthesis, charac-

terization, spectroscopy and thermal analysis of rare

earth picrate complexes with L-leucine.

Experimental

The complexes of rare earth picrates, RE(pic)3�xH2O,

with L-leucine were prepared after extensive prelimi-

nary tests to which it was developed a preparation

route to the new complexes; this route is according to

the following: L-leucine (Sigma, purity above 98%,

used without purification) in a molar ratio 1:2

(salt:ligand) was dissolved in ethanolic solution (50%)

heated at 333 K and to this solution the rare earth

picrate (solid) were added; this mixture was stirred at

room temperature (298 K) for several days and only af-
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ter about a week it was observed the formation of the

initial precipitates. Total precipitation was observed

after about two weeks. The precipitates (new com-

pounds) were filtered and dried in a vacuum desiccator

over anhydrous calcium chloride at room temperature.

The compounds were characterized by complexo-

metric titration of the rare earth ions with standardized

EDTA solutions using xylenol orange as indicator [36]

and CHN microanalytical procedures using a

PerkinElmer analyzer (model 240). Infrared absorption

spectra were recorded in the range 4000–400 cm–1 in

KBr pellets, using a Bomem MB-100 FT spectrometer.

Conductance measurements in acetone and nitro-

methane were carried out at 298.00�0.02 K, using an

apparatus composed of a resistance box, a pointer galva-

nometer and a cell (Kcell=0.1223 cm–1), from Leeds and

Northrup. Absorption spectra of the neodymium com-

pound were obtained in a Zeiss DMR-10 spectro-

photometer in the solid state at room temperature using

a silicone mull in a 0.5 mm cell. Excitation and lumines-

cence spectra of the gadolinium, terbium and europium

compounds were recorded with a SPEX-Fluorolog-

1681 spectrofluorimeter; luminescence decay profiles

were measured with an SPEX 1934D phosphorimeter

accessory coupled to a SPEX-Fluorolog FL 212

spectrofluorimeter at room temperature and 77 K. X-ray

diffraction powder patterns were obtained on a Miniflex

Rigaku diffractometer, with CuK� (�=1.5418 �) radia-

tion, in the range 5 to 60° (2�).

TG/DTG curves were obtained on a

Shimadzu TGA-50 thermobalance in the temperature

range 298 to 1173 K with heating rates of 2 and

10 K min–1, under dynamic air and nitrogen atmo-

spheres (50 mL min–1), using platinum crucibles with

ca. 1.5 mg (10 K min–1) and ca. 2 mg (2 K min–1) sam-

ples. DSC curves were obtained on a Shimadzu DSC-50

cell using partially closed aluminum crucibles with ca.

1.5 mg of samples, under dynamic nitrogen atmosphere

(100 mL min–1) in the temperature range 298 to 673 K

and with the same heating rates used for TG. The DSC

cell was calibrated with indium (m.p. 429.6 K and �Hfu-

sion=28.54 J g–1) and zinc (m.p. 692.6 K).

Results and discussion

According to CHN analyses, EDTA titrations (%RE3+)

and thermogravimetry (Table 1) a general composition

RE(pic)32Leu�5H2O [RE=La–Lu (except Pm), Y;

pic=picrate and Leu=L-leucine] was evidenced. The

yellow compounds (due to the picrate anion) display

also the superimposed characteristic hues of the respec-

tive RE3+ ions. They are crystalline powders, odorless,

slightly hygroscopic, soluble in water, acetone, ethanol,

methanol, nitromethane and slightly soluble in aceto-

nitrile. Conductance measurements in acetone solution

(10–3 mol L–1) at 298.00�0.02 K (Table 1), presented

values between 49 and 89 S cm–1 mol–1, showing that all

complexes behave as non-electrolytes [37].

According to X-ray patterns the compounds may

be grouped into three isomorphous series, the first

corresponding to La–Nd (strongest reflections at

2�=15.4, 23.1, 28.6 and 41.7°), the second to Gd and

Tb (6.3, 17.1, 25.1 and 42.4°) and the third to Ho-Lu

and Y complexes (6.6, 10.9, 17.0, 20.5 and 29.3°).

Sm, Eu and Dy complexes are not isomorphous and

they do not belong to these series. Several attempts to

obtain single crystals were unsuccessful.

All infrared spectra are similar and present as a

general characteristic a shift of the 	NH band of

L-leucine to lower frequencies (3190 and 3035 cm–1)

with relation to the free ligand (3382 and 3061 cm–1).

This band shift to lower frequencies and the disappear-

ance of the bands associated with the zwitterion struc-

ture (combination bands at 2127 cm–1, characteristic of

NH3

+ groups of the amino group of free L-leucine) in the

complexes, suggest that L-leucine is coordinated to the

central ion through the nitrogen of the amine group. The

infrared absorption spectrum of free L-leucine shows the

asymmetric (	as(COOH)) and symmetric stretching

(	s(COOH)) bands, located at 1582 and 1409 cm–1, respec-

tively. These vibrations in the complexes

(	as(COOH)~1571 cm–1 and 	s(COOH)~1430 cm–1) do not

present significant changes with relation to the free

ligand, suggesting that the oxygen atom of the

carboxylic group is not used in the ligand-metal ion

bonding and that it is possibly bonded to water mole-

cules through hydrogen bonds [20, 21, 38–43]. Bands

due to the picrate ion at ~1273 cm–1 (	CO), ~1625, 1552

and 1500 cm–1
( ))	as(NO 2

, ~1366 and 1335 cm–1 (	s(NO 2 ) )

were observed in the IR spectra. The bands attributed to

NO2 stretching are indicative of the existence of differ-

ent types of nitro-groups and that at least in part the

picrate anions are coordinated as bidentate ligands

through the phenoxo group and one oxygen of an

ortho-nitro group [20, 21, 27–30]. Broad bands around

3400 cm–1 are attributed to H2O (	1 and 	3), indicating

the presence of water molecules in these complexes.

The visible absorption spectrum of the neodym-

ium complex was recorded in the 560–610 nm region

corresponding to the hypersensitive 2G7/2,
4G5/2 
 4I9/2

transition. From Simpson’s rule [44] it was possible

to obtain the baricenter of this transition

(17176 cm–1), which allowed the calculation of the

following parameters by comparison with data of

standard Nd3+:LaF3 (17.329 cm–1): nephelauxetic pa-

rameter (�=0.991), covalent factor (b1/2=0.067) and

Sinha’s parameter (�=0.908). These values suggest

the presence of a small covalent character for the

metal-ligand bonds.
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The luminescence spectrum of the

Gd(Pic)32Leu�5H2O complex (Fig. 1) at 77 K was re-

corded in the spectral range from 420 to 720 nm under

excitation at 350 nm. This emission spectrum shows a

wide phosphorescence emission band centered

around 527 nm. This band is attributed to the picrate

anion emission. Owing to the large energy gap

(ca. 32000 cm–1) between the 8S7/2 ground state and

first 6P7/2 excited of the Gd3+ ion, this trivalent ion

cannot accept any energy from the excited triplet es-

tate of the organic ligand; for that reason, this spec-

trum was used to calculate the value of the lowest

triplet state of the picrate ligand. The energy level of

the triplet state of this ligand is around 18.975 cm–1.

For the terbium complex no luminescence is observed

for Tb3+ ion at room temperature and 77 K; this can be

due to the lowest excited energy levels of Tb3+ ion

(5D4~20400 cm–1) to be located above the excited

triplet energy levels of the ligand. As a consequence,

energy transfer from the ligands to trivalent terbium

ion is not possible. In the spectral range 420 to

720 nm of this complex at room temperature like the

gadolinium complex only a wide emission band at-

tributed to picrate anion emission is observed.

The excitation spectrum for solid Eu(pic)32Leu

�5H2O complex (Fig. 2) was recorded in the spectral

range from 250 to 590 nm at room temperature and

with the emission monitored on the 5D0 � 7F2 transi-

tion at 613 nm. As in other picrate complexes, this ex-

citation spectrum presents a very broad band, evi-

dencing the ‘antenna effect’ of the picrate ligands in-

dicating that this anion is a good sensitizer for Eu3+

luminescence.

The emission spectra of the europium compound

in the solid state at room temperature (298 K) and

77 K are similar, but at low temperature it is better re-

solved (Fig. 3). In the spectrum obtained at 77 K in

the region of the 5D0 �7F0 transition one broad peak

was observed at 577.5 nm; for 5D0 �7F1 three peaks

were observed at 586.0, 591.2 and 593.3 nm; for
5D0 �7F2 two peaks (612.2 and 615.6 nm) and one

shoulder (621.3 nm) were observed and for 5D0 �7F4

four peaks (687.9, 690.9, 693.0 and 695.7 nm) were

observed too. The existence of a 5D0 �7F0 transition

indicates that only Cnv, Cn and Cs symmetries are pos-

sible around the central Eu3+ ion [45]. As broad bands

for 5D0 �7FJ (J=0, 1, 2 and 4) transitions were ob-

served and the 5D0�
7F0 transition (at 77 K) has a

40 cm–1 half width, these results suggest the probable

existence of polymeric species; that is in agreement

with the biexponential decay of this lumines-

cence [46]. The luminescence decay curve of the 5D0

excited state of Eu3+ ion for solid Eu(pic)32Leu�5H2O

was obtained at 298 and 77 K. These curves fit very

well to double-exponential curves with correlation

coefficients of 0.9994–0.9996. Values of the lifetimes

were calculated to be: �1=83.8 �s and �2=334.5

(298 K); �1=401.0 �s and �2=1284.8 �s (77 K).

Figure 4 shows TG/DTG and DSC curves of neat

L-leucine. TG/DTG curves show only one step mass
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Fig. 1 Emission spectrum of the Gd(pic)32Leu�5H2O complex

at 77 K

Fig. 2 Excitation spectrum of the Eu(pic)32Leu�5H2O complex

at room temperature

Fig. 3 Emission spectra of the Eu(pic)32Leu�2H2O complex at

a – 298 and b – 77 K



loss (�m=100%) between 485–588 K (Tonset=516 K

and Tpeak=563 K). Visual observation of the material

under slow heating indicated that sublimation occurs.

This event is characterized in DSC by an endothermic

peak (Tonset=485 K, Tpeak=524 K and �Hsublimation=

148.1 kJ mol–1). It was observed that the endothermic

peak of L-leucine at 524 K disappears in the com-

plexes RE(pic)32Leu�5H2O indicating that they do not

have free L-leucine. This modification in the DSC

curve confirms that new compounds were formed; in

other words, the prepared complexes are not a simple

mixture of RE(pic)3�xH2O and L-leucine. Figure 5

shows TG/DTG and DSC curves of Er(pic)32Leu�

2H2O complex as a representative of the series.

All complexes exhibit a similar thermoanalytical

profile. TG/DTG curves show one event of mass loss

(7.6%) in the temperature range 298–403 K relative to

elimination of five water molecules. Once dehy-

drated, the anhydrous compounds are stable up to

443 K and the thermal decomposition of these species

in the temperature range 443 to 773 K occurs in four

well-defined steps, reflecting in the DTG curves as

can be seen in Fig. 5. The first mass loss after dehy-

dration in the temperature range 443–513 K repre-

sents 17% of the total mass of the complexes. From

stoichiometry calculations it can be attributed to the

release of one picrate molecule. The second one

(513–593 K) corresponds to 22.4%, attributed to the

release of the leucine ligands. A step between 593 and

673 K (18.8%) can be attributed to the release of the

second picrate molecule and the last one

(673–1173 K) that represents 18.8% of the total mass

of the adducts was attributed to the release of the third

picrate molecule; however between 673 and 1173 K

the loss mass is also due to elementary carbon elimi-

nation. This carbon is formed in the previous steps.

These assumptions were corroborated by micro-

analytical procedures and IR spectroscopy.

For all compounds, the final thermal decomposi-

tion products were the respective oxides, RE2O3

(RE=La, Nd, Sm–Gd, Dy–Lu and Y), CeO2, Pr6O11

and Tb4O7, as evidenced by X-ray powder diffraction

analyses of samples obtained by heating small quanti-

ties of the complexes at 1173 K in an oven. These

X-ray patterns are identical to the ones of the respec-

tive oxides calcinated at 1173 K.

All thermal events observed in DSC curves in the

temperature range 298 to 673 K (heating rate

10 K min–1) are in accord with those observed in

TG/DTG curves. The DSC curve for Er(pic)32Leu

�5H2O shows one endothermic event in the temperature

range 298–393 K (�H =294.7 kJ mol–1) corresponding

to the release of water molecules. Besides, it also exhib-

its two exothermic peaks assigned to thermal decompo-

sition of the complex. The first exothermic peak in the

temperature range 443 to 506 K presents an enthalpy of

–447.3 kJ mol–1 and the second one in the temperature

range 506 to 673 K present an enthalpic value of

–1141.1 kJ mol–1. TG/DTG and DSC curves for all

RE(pic)32Leu�5H2O presented similar profiles. TG and

DSC results for all complexes are summarized in Table 2.

It is important to mention that small amounts of

material were used in all thermal analysis experiments

due to the explosive properties of the picrates and, fur-

thermore, the furnace atmosphere (N2 and air) does not

influence the decomposition processes of the com-

pounds. However, for TG/DTG curves the heating rate

(2 or 10 K min–1) has an influence. TG/DTG curves ob-

tained at heating rate of 10 K min–1 for all complexes

show four steps of mass loss, whereas at heating rate of

2 K min–1 five steps of mass loss were observed in the

temperature range 298–873 K (Fig. 5).
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Fig. 4 TG/DTG and DSC curves of L-leucine obtained in dy-

namic nitrogen atmosphere (50 and 100 mL min–1, re-

spectively), heating rate 10 K min–1 and ca. 2.5 mg for

both samples

Fig. 5 TG/DTG and DSC curves of the Er(pic)32Leu�5H2O

complex obtained in dynamic air (50 mL min–1) and ni-

trogen atmospheres (100 mL min–1), respectively, heat-

ing rate 2 K min–1 and ca. 2 mg for both samples
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