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SYNTHESIS, CHARACTERIZATION, SPECTROSCOPY AND THERMAL
ANALYSIS OF RARE EARTH PICRATE COMPLEXES WITH L-LYSINE
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Rare earth picrate (RE) complexes with L-lysine (Lys) were synthesized and characterized. Elemental analysis (CHN), EDTA titra-
tions and thermogravimetry data suggest a general formula RE(pic);2Lys-2H,0, where RE=La—Lu (without Pm) and Y,
pic=picrate). IR spectra suggest that Lys is coordinated to the central ion through the nitrogen of the a-amino group. Parameters ob-
tained from the absorption spectrum of the Nd compound indicated that the metal-ligand bonds are essentially electrostatic. Emis-
sion spectrum and biexponential behavior of the luminescence decay of the Eu compound suggest the existence of polymeric spe-
cies. Thermogravimetric/derivative thermogravimetric (TG/DTG) and differential scanning calorimetry (DSC) curves of all
complexes are very similar, with five events. The final products are the corresponding rare earth oxides and their X-ray diffraction

patterns are identical to the calcinated oxides.
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Introduction

Interest in the study of the coordination chemistry of
rare earth ions with amino acids is increasing, since
this interaction is of enormous importance in biologi-
cal systems. Rare earth ions are often used as spectro-
scopic probes in studies of these systems. These ions,
however, interact with biological materials in specific
ways, which along with their unique magnetic and
spectroscopic properties make them very interesting
substitution probes for calcium-containing biological
materials [1, 2].

Complexes containing picrates have been inves-
tigated systematically in our laboratories. Several
lanthanide picrate complexes with a series of different
organic neutral ligands (including the amino acids
glycine and arginine), involving synthesis, character-
ization, studies of properties and structures have been
reported [3—11]. The presence of the picrate anion
(2,4,6-trinitrophenolate) in these coordination com-
pounds is expected to enhance the luminescence
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.

Since amino acids participate in many biochemical
processes essential to living systems, their interaction
with metals have been the center of attention of many
investigations, inclusive with rare earths [3, 4, 12-16].
However, in the literature no complexes of L-lysine with
rare earth picrates have been reported.
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Studies of thermal behavior of several lanthanide
compounds have been reported [17-20]. Some ones
described the thermal stability investigation enable to
evaluate of water molecule in the outer or inner coor-
dination spheres and other works the study is about
the only dehydration and thermal decompositon of the
lanthanide compounds. In these studies, the thermal
behavior of the lanthanide compounds is not similar.

Thermal decomposition of hydrated lanthanide
picrates was reported by Miranda et al. [19]. The re-
sults showed that the thermal decomposition of hy-
drated lanthanide picrates occurs in three similar
groups: La—Sm, Eu—Dy and Ho—Lu and Y with differ-
ent numbers of hydration water molecules.

In this paper, we describe the synthesis, charac-
terization, spectroscopic study and thermal analysis
of rare earth picrate complexes with L-lysine.
L-lysine (2,6-diaminohexanoic acid, NH,(CH,),CH-—
(NH,)COOH) is an essential amino acid and is char-
acterized by having an amino group at &-C, which ex-
ists as an inner salt or in the zwitterionic form
NH; (CH,),CH—(NH,)COO [21-23].

Experimental

After extensive preliminary tests it was developed a
preparation route for the new complexes. They were
prepared according to the following: L-lysine (Fluka,
purity above 98%, used without purification) in a mo-
lar ratio 1:2 (salt:ligand) was dissolved in ethanolic
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solution (50%) and the rare earth picrate (solid) was
added to this solution. The solution containing salt and
ligand was stirred and heated (~60°C) until dissolution
of the salt. Immediately it was observed the formation of
a yellow precipitate. The adducts were filtered and dried
under vacuum over anhydrous calcium chloride.

The compounds were characterized by complexo-
metric titration of the rare earth ion with standardized
EDTA solutions using xylenol orange as indicator
(the complexes were dissolved in nitric acid and the
pH value was adjusted to 6.5 by adding ammonium
hydroxide) [24]. Carbon, hydrogen and nitrogen con-
tents of the complexes were obtained by micro-
analytical procedures using a Perkin-Elmer analyzer
(model 240). Infrared absorption spectra were re-
corded in the range 4000400 cm " in KBr pellets, us-
ing a BOMEM MB-100 spectrometer. The absorption
spectrum of the neodymium compound was obtained
in a Zeiss DMR-10 spectrophotometer in the solid
state at room temperature using a silicone mull. Exci-
tation and luminescence spectra of the europium, gad-
olinium and terbium compounds were recorded with a
SPEX-Fluorolog-1681 spectrofluorimeter and the lu-
minescence decay profiles were measured with a
SPEX 1934D phosphorimeter accessory coupled to a
SPEX-Fluorolog FL 212 spectrofluorimeter at room
temperature (298 K) and in liquid N, (77 K). X-ray dif-
fraction powder patterns were obtained on a Miniflex
Rigaku diffractometer, with CuK,, (A\=1.5418 A) radia-
tion, in the interval of 5 to 50° (20).

Thermogravimetric/derivative thermogravimetric
(TG/DTG) curves of the complexes and ligand were ob-
tained on a Shimadzu TGA-50 thermobalance in the tem-
perature range 25-900°C (complexes) and 25-650°C
(ligand) with a heating rate of 2 and 10°C min "', under
dynamic air and nitrogen atmospheres (50 mL min™"), us-
ing platinum crucibles with ca. 1.5 mg of samples (com-
plexes) and 2.5 mg (ligand). Differential scanning calorim-
etry (DSC) curves were obtained on a Shimadzu DSC-50
cell using partially closed aluminum crucibles with ca. 1.5
mg for the complexes and 2.5 to 5.3 for the ligand, under
dynamic nitrogen atmosphere (100 mL min ") in the tem-
perature range 25-400°C (complexes) and 25-550°C
(ligand), with a heating rate of 10°C min"'. The DSC cell
was calibrated with indium (m.p. 156.6°C and AHggo,
=28.54 T ¢ ") and zinc (m.p. 419.6°C).

Results and discussion

According to CHN analyses, EDTA titrations (%
RE’") and thermal analyses (% H,O and % RE,Os)
data (Table 1) it was possible to establish the compo-
sition RE(pic);2Lys2H,0 for all compounds. The
yellow compounds present the characteristic hues of
the respective rare earth (III) ions. They are crystal-
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line powders, odorless, slightly hygroscopic and
slightly soluble in water and acetone. X-ray diffrac-
tion power patterns results indicate that all the com-
pounds are isomorphous. Several attempts to obtain
single crystals were unsuccessful.

All infrared spectra are similar and present as a
general characteristic a shift of NH (a-amine group)
band of the L-lysine to lower frequencies (3250,
3200, 3030 cm') with relation to the free ligand
(3396, 3306, 3062 cm'). The disappearance of the
bands associated with the zwitterion structure (com-
bination bands at ca. 2090 ¢cm', characteristic of
NH; groups of the a-amino group of free lysine) in
the complexes, suggest that L-lysine is coordinated to
the central ion through the nitrogen of the a-amine
group. The free lysine side chain amino group (NH;
group of &-C) presents 8,(NH; ) and 3(NHj3 ) vibra-
tions at ca. 1626 and 1519 cm ' respectively. These
vibrations in the complexes [3,s(NH;) ~1622 cm’!
and 8(NH;) ~1517 cm '] do not show changes with
relation to free lysine, suggesting that this group is
not involved in coordination [25]. The infrared ab-
sorption spectrum of free lysine shows the asymmet-
ric (v,sCOOH) and symmetric stretching (viCOOH)
bands, located at 1580 and 1409 cm™', respectively.
These vibrations in the complexes do not present ma-
jor changes with relation to the free ligand, suggest-
ing 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 molecules through hydro-
gen bonds [3, 4, 26-30]. Bands due to the picrate ion
at~1268 cm™' (vCO), ~1558 and 1492 cm ™' (v4NO,),
~1365 and 1330 cm™! (vsNO»), indicate that at least in
part they are coordinated as bidentate ligands through
the phenoxo group and one oxygen of an ortho-nitro
group [5, 8, 31]. Bands near 3430 cm ' are attributed
to H,O (v; and v, ), indicating the presence of water
molecules in these complexes [3, 4, 5-11].

The absorption spectrum of the neodymium
complex was registered in the solid state at room tem-
perature for the 2G7/2, 4Gspp<— o) transition. The cal-
culated nephelauxetic parameter (f=0.992), covalent
factor (b1/2=0.060) and Sinha’s parameter (6=0.731)
indicated that the metal-ligand bonds are essentially
electrostatic.

The luminescence spectrum of the Gd(pic)s:
2Lys-2H,0 complex at 77 K was recorded under excita-
tion at 350 nm. This emission spectrum shows a wide
phosphorescence emission band centered around 609
nm and was attributed to the picrate anion. Owing to the
large energy gap (ca. 32000 cm') between the *S;,
ground estate and first %p., excited of the Gd** ion, this
trivalent ion cannot accept any energy from the excited
triplet estate of the organic ligand; for that reason, this
spectrum was used to calculate the value of the lowest
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Table 1 Analytical data for RE(pic);-2Lys-2H,0O compounds

RE RE/% C/% H/% N/% H,0/% RE,05/%
calc. exp.  explt calc. exp. calc. exp. calc. exp. calc. exp.’ calc. exp.
La 12.1 12.4 13.5 313 31.2 33 33 15.3 15.8 3.1 32 14.2 15.9
Ce 12.2 12.1 13.5 31.2 30.8 3.3 3.0 15.8 14.8 3.1 3.1 14.9 16.4
Pr 12.2 12.4 12.4 31.2 29.2 3.3 2.7 15.8 14.2 3.1 32 14.8 15.0
Nd 12.5 12.5 12.4 31.1 30.3 3.3 3.0 15.7 15.2 3.1 32 14.5 14.5
Sm 12.9 13.0 13.5 31.0 31.1 33 3.6 15.6 14.9 3.1 33 15.0 15.5
Eu 13.0 13.0 13.3 30.9 30.3 33 32 15.6 15.0 3.1 3.0 15.1 15.0
Gd 13.5 14.0 13.5 30.8 30.0 33 44 15.6 14.7 3.1 3.1 15.5 15.5
Tb 13.6 139 13.1 30.8 30.9 33 3.3 15.5 14.9 3.1 3.1 159 154
Dy 13.8 14.0 14.2 30.7 29.3 3.3 3.0 15.5 14.7 3.1 3.1 15.9 16.3
Ho 14.0 14.4 14.4 30.6 31.0 32 3.3 15.5 16.0 3.1 2.2 16.0 16.5
Er 14.2 14.5 13.6 30.5 29.3 32 3.1 154 14.7 3.0 3.5 16.2 15.5
Tm 14.3 14.8 14.1 30.5 29.8 32 32 154 15.0 3.0 34 16.3 15.7
Yb 14.6 14.7 14.2 30.4 30.3 32 32 154 15.5 3.0 3.1 16.6 16.1
Lu 14.7 14.8 13.2 30.3 29.8 32 2.8 15.3 14.9 3.0 3.0 16.8 15.0
Y 8.1 8.1 7.3 32.7 33.6 3.5 3.7 16.5 16.9 3.3 3.1 10.2 9.2

“complexometric titration with EDTA, "TG data analysis for dehydration and residues and ‘CeQ,, PrsO;; and Tb,0-

triplet state of the picrate ligand. The energy level of the
triplet state of this ligand is around 16447 cm ™. For the
terbium complex no luminescence is observed for Tb**
ion at room temperature and 77 K; this can be due to the
lowest excited energy levels of Tb®" ion
(’D4~20400 cm ") to be located above the excited triplet
energy level 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 at room
temperature only a wide emission band attributed to
picrate anion phosphorescence is observed.

The excitation spectrum for solid Eu(pic);-2Lys:
2H,0 complex was recorded at room temperature and
with the emission monitored on the 5D0—>7F2 transition
at 611 nm. This spectrum shows a very broad band (like
in all picrate complexes) in the region 300-550 nm, at-
tributed to the picrate anions that act as luminescence
antennas, indicating that the picrate anion is a good
sensitizer for the Eu’* luminescence.

Emission spectra of the europium compound in
the solid state at 298 and 77 K are similar, but at low
temperature it is better resolved (Fig. 1). The number
of peaks for a single complex is given by 2 J+1. For
the Dy« F, transition only one peak may be ob-
served; for *Dy—>'F; three peaks; for *Dy—F, a maxi-
mum of five peaks, etc. In the spectrum obtained at
77 K in the region of the *Dy—'F, transitions two
peaks were observed (576.6 and 578.4 nm); for
°Dy—'F; transitions were observed three broad peaks
(588.0, 590.7 and 594.3 nm); for °Dy—'F, five peaks
(609.9, 611.1, 611.7, 614,7 and 624.3 nm) and two
shoulders (617.1 and 618.7 nm) were observed and
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for "Dy—'F, five peaks (692.7, 693.6, 697.3, 702.0
and 704.4 nm) were observed too. The existence of a
’Dy—F, transition indicates that only C,,, C, and C;
symmetries are possible around the central Eu’* ion.
As more than one peak for *Dy—>F, transition and
broad bands for *Dy—’F, (J/=1, 2 and 4) transitions
were observed, this suggests the probable existence of
polymeric species that is in agreement with the
biexponential behavior of this luminescence. The lu-
minescence decay curve of the *Dj excited state of
Eu’" ion for solid Eu(pic)s-2Lys-2H,0 complex was
obtained at 77 K. This curve fits very well to a dou-
ble-exponential curve. Values of 1, and 1, were calcu-
lated to be 240.5 and 1157.8 us, respectively.
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Fig. 1 Emission spectra of Eu(pic);-2Lys-2H,0 at 77K
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Figure 2 shows TG/DTG and DSC curves of
L-lysine. In the temperature range 25 to 166°C there
are two events of mass loss. The first event occurs be-
tween 27 and 90°C (Am=5.0%) and the second be-
tween 90 and 166°C (Am=0.7%). These events corre-
spond to the release of 0.5 water molecule. This result
indicated that the formula of L-lysine is
NH,(CH,)4CH—(NH,)COOH-1/2H,0 (%H,0, calc.
5.8% and exp. 5.7%). The thermal decomposition of
anhydrous species occurs in three steps between
166—650°C (Tonset=212°C to first step) with 97% of
mass loss. The DSC curve shows five endothermic
peaks in the temperature range 25 to 300°C and one
exothermic peak in the temperature range 300 to
550°C. The first (Tpea=71°C) and second peaks
(T5eax=97°C) corresponding to release 0.5 water mole-
cule and phase transition, respectively. This results is
confirmed by DSC curves obtained with heating and
cooling down cycles according to Fig. 3. It can be ob-
served that the first peak disappears during the second
heating while the second endothermic peak is exo-
thermic in the cooling down showing that phase tran-
sition in reversible. During the second heating this
event occur equal confirming the reversibility of the
process. It was observed that the endothermic peaks
of L-lysine at 97, 225 and 234°C disappear in the
complexes RE(pic);-2Lys-2H,0. This modification of
DSC peaks confirms that new compounds were
formed, in other words the prepared complexes are
not a simple mixture of RE(pic);'xH,0O and L-lysine
(compare with Fig. 4).

All complexes exhibit a similar thermoanalytical
profile, in good agreement with the powder X-ray re-
sults. Table 2 reports percentages of mass losses in
TG curves and the temperature peaks of those events
in DTG curves. Figure 4 shows TG/DTG and DSC
curves in the temperature range 25 to 900°C and 25 to
400°C, respectively, for Lu(pic);-2Lys-2H,0 as a rep-
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Fig. 2 TG/DTG and DSC curves of the L-lysine obtained in
dynamic air (50 mL min™") and dynamic nitrogen atmo-
sphere (100 mL min™"), respectively, heating rate
10°C min™" and ca. 2.5 mg of sample for both
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Fig. 3 DSC curves of the L-lysine obtained with heating and
cooling down in dynamic nitrogen atmosphere
(100 mL min™"), heating rate 2°C min~" and ca. 5.3 mg
of sample. a — first heating and b — second heating

resentative of the series. These curves show two
events of mass loss relative to the elimination of two
water molecules in the temperature range 25 to
155°C. The decompositions of the anhydrous com-
plexes in the temperature range 155 to 900°C occur in
three steps, as also shown in the DTG curves, as can
be seen in Fig. 4. These steps correspond to simulta-
neous decomposition of the picrate anions and
L-lysine. These data are corroborated by microan-
alytical CHN analyses.

The residues after thermal decomposition of the
complexes at 900°C were characterized by X-ray dif-
fraction patterns (powder method) as rare earth ox-
ides, RE,O; (RE=La, Nd, Sm—Gd, Dy-Lu and Y),
Ce0,, PrO;; and TbsO;. These X-ray patterns are
identical to the ones of the respective oxides
calcinated at 900°C.

All thermal events between 25 and 400°C ob-
served in DSC curves are in accord with those ob-
served in TG/DTG curves. DSC curves show two en-
dothermic events and two exothermic events.
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Fig. 4 TG/DTG and DSC curves of the Lu(pic);2Lys-2H,0
complex obtained in dynamic air (50 mL min™") and ni-
trogen atmospheres (100 mL min™"), respectively,
heating rate 10°C min™" and 1.5 mg of sample for both
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TG/DTG and DSC curves for all RE(pic);-2Lys-2H,0
presented similar profiles. DSC results for all com-
plexes are summarized in Table 2.

It is important to mention that small amounts of
material were used in thermal analysis experiments
due to the explosive properties of the picrates. It was
observed that the furnace atmosphere (N, and air) and
heating rate (2 and 10°C min ') do not influence the
thermal decomposition processes of the compounds.
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