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Synthesis, characterization and thermal behaviour
on solid pyruvates of light trivalent lanthanides
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Abstract: Solid State Ln-L compounds, where Ln stands for light trivalent lanthanides
(La — Gd) and L is pyruvate, have been synthesized. Thermogravimetry and derivative thermo-
gravimetry (TG/DTG), differential scanning calorimetry (DSC), X-Ray powder diffractometry,
infrared spectroscopy, elemental analysis, and complexometry were used to characterize and to study
the thermal behaviour of these compounds. The results led to information about the composition, dehy-
dration, ligand denticity, thermal behaviour and thermal decomposition of the isolated compounds.
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Introduction

Several investigations on pyruvic acid
(HPy), as well as compounds derivatives of HPy,
have been carried out in biological science
reseaches. However little works on salts of pyru-
vic acid (H;C-CO-COOH) have been described
in the literature. In aqueous solutions the forma-
tion of some metal ions complexes with pyruvic
acid in the ratio of metal: ligand 1:1 and 1:2 have
been established by the spectroscopic method [1-
3]; the stability constants and thermodynamic
functions of complexes formation of lanthanides
with pyruvic acid: AG, AH, AS, have also been
determined [4]. In the solid state the preparation
of europium pyruvate [5], as well as the prepara-
tion and properties of lanthanides and yttrium
pyruvates have also been described [6,7].

The aim of this work has been to obtain
light trivalent lanthanide pyruvates in solid state
and to investigate by means of complexometry, ele-
mental analysis, X-Ray powder diffractometry,
infrared spectroscopy, thermogravimetry (TG) and
differential scanning calorimetry (DSC).
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Experimental details

The sodium pyruvate with 99% purity was
obtained from Sigma. Aqueous solution of sodi-
um pyruvate 0.30M was made by direct weighing
of the solid salt.

Light lanthanides (III) chlorides were
preparared from the corresponding metal oxides
(except for cerium) by treatment with concentrat-
ed hydrochloric acid. The resulting solutions
were evaporated to near dryness, the residues
were redissolved in distilled water and the solu-
tions have been again evaporated to near dryness
to eliminate the excess of hydrochloric acid. The
residues were again dissolved in distilled water,
transferred to a volumetric flask and diluted in
order to obtain 0,30M solutions, whose pH were
adjusted to 5,0 by adding diluted sodium hydrox-
ide or hydrochloric acid solutions. Aqueous solu-
tion of cerium (III) nitrate 0,30M was made by
direct weighing of the solid salt.

The solid-state compounds were prepared
by adding equivalent quantities of hot solution of
sodium pyruvate to hot solution of the respective
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metal chloride or nitrate. The solutions were
maintained in water bath until total precipitation
of the metal pyruvates and the precipitates
washed with hot distilled water to eliminate the
chloride (or nitrate ions), then filtered through
and dried on Whatman n° 42 filter paper, and kept
in a desiccator over anhydrous calcium chloride.

After igniting the compounds to the respec-
tive oxides (CeO,, PrgO;; and Ln,O; Ln = La, Nd
— GGd) the residues were dissolved in a hot solution
of concentrated hydrochloric acid or a hot solution
comprising a mixture of concentrated hydrochloric
acid and hydrogen peroxide for cerium and
praseodymium oxides, and their lanthanides con-
tents were determined by complexometric tritra-
tion with standard EDTA solution, using xylenol
orange as indicator [8]. The lanthanides contents
were also estimated from their corresponding TG
curves. The dehydration of the compounds was
firstly pointed out by their DTG curves and subse-
quently confirmed by the broad endothermic peaks
centered at 75 — 175°C in the respective DSC
curves. The water contents were then determined
from the corresponding mass losses observed in
the TG curves. Next, the ligand content was also
assessed from the TG curves.

X-Ray powder patterns were obtained by
using a Siemens D-5000 X-Ray diffractometer
with CuK,, radiation (A = 1,541 A) and under 40
kV and 20 mA settings. Infrared spectra for sodi-
um pyruvate as well as for its metal-ion com-
pounds were recorded on a Nicolet model Impact
400 FTIR Instrument in 4000-400cm-! range. The
solid samples were pressed into KBr pellets.

The TG and DTG curves were obtained
using a Mettler TA 4000 thermal analysis system
with an air flow of 100 mL min-!, a heating rate of 5
°C min-! and with sample weighing about 7 mg. An
alumina crucible was used for the TG/DTG curves.

The DSC curves were obtained with ther-
mal analysis system model Q10 from TA
Instruments. The purge gas was an air flow of 50
mL min'l. A heating rate of 10 °C min! was
adopted with samples weighing about 5 mg.
Aluminium crucibles, with perforated cover,
were used for recording the DSC curves.

Results and discussion

Table 1 presents the analytical, thermoana-
lytical (TG) and elemental analysis (E.A) data for
the prepared compounds from which the general
formula Ln(L);.nH,O can be established, where Ln
represents trivalent lanthanides, L is pyruvate and n
=3 (La, Ce, Nd, Sm, Gd), 3.5 (Eu), 4(Pr).

X-Ray powder patterns showed that all the
compounds are amorphous. The amorphous state
is undoubtedly due to the decreasing solubility
with increasing temperature, where the precipita-
tion of these compounds occurs fastly near to
ebullition temperature.

The infrared spectroscopic data on sodium
pyruvate and its compounds with the metal ions
considered in this work are shown in Table 2. The
investigation was focused mainly within 1700 —
1400 cmr! range because this region is pontentially
most informative in attempting to assign coordina-

Table 1. Analytical and thermoanalytical (TG) data for Ln(L);.nH,O, where Ln = lighter lanthanides and L =

pyruvate.
Compound Metal (oxide (%) L. lost (%) Water (%) Carbon (%) Hic('(f/oosge“
Caled. TG EDTA Caled. TG Caled. TG Caled E.A Caled E.A
La(L);.3H,0  35.87 36.10 35.57 5223 51.90 11.90 12.00 23.80 23.64 3.34 331
Ce(L);.3H,0  37.80 37.75 37.39 5033 5030 11.87 11.95 23.74 2372 333 3.30
Pr(L);4H,O0 3590 3581 3620 4890 49.07 1520 1512 22.80 2292 3.62 3.73
Nd(L);3H,0  36.62 36.90 37.10 51.62 51.12 11.76 11.98 23.52 2329 330 3.27
Sm(L);3H,O  37.47 3736 37.46 5092 5094 11.61 11.70 2321 2322 325 3.14
Eu(L):3.5H,0 36.96 36.99 36.68 49.80 49.51 1324 13.50 2270 22.57 339 3.37
Gd(L);.3H,O 3836 3827 38.67 5020 50.03 11.44 11.70 22.88 2280 3.21 3.09
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tion sites. In sodium pyruvate, strong band at 1640
cm! and a medium intensity band located at 1406
cmr! are attributed to the anti-symmetrical and sym-
metrical frequencies of carboxylate group, respec-
tively [9,10]. The band centered at 1709 cm! is
attributed to the stretching frequency of the ketonic
carbonyl group. For the prepared compounds the
infrared spectra show a broad band in the range of
3367-3395 cmr'! attributed to hydration water. The
anti-symmetrical and symmetrical stretching fre-
quencies of the carboxilate group are observed
between 1591-1605 and1398-1410 cmr!, respective-
ly. No band due to the stretching frequency of the
ketonic carbonyl group is observed in the spectrum
of these compounds, and its absence undoubtedly is
due to the overlapping bands of anti-symmetrical
stretching frequency of the carboxylate and stretch-
ing frequency of the ketonic carbonyl group, as can
be seen in the Fig. 1. These data show that the bands
due to the anti-symmetrical stretching frequency of
the carboxilate and the stretching frequency of the
ketonic carbonyl group are moved to the lower fre-
quencies in comparison with the ligand frequencies,
suggesting that the metal-ions are coordinate by o.-
ketonic carbonyl and carboxylate groups [11,12].
This behaviour is in agreement with the observed in
compounds of lanthanides with phenyl substituted
derivatives of benzylidenepyruvate [13 -15].

The TG and DTG curves of the compounds
are shown in Fig. 2. These curves show mass loss-
es in two (Ce), three (Pr, Eu), four (Nd, Sm) and
five (La, Gd) consecutive and/or overlapping steps,
without a plateau between the steps and without

evidence concerning the formation of stable anhy-
drous compounds as can be seen in Fig. 3, as repre-
sentative of all the compounds. As previously
stressed, the temperatures corresponding to the
mass losses due to dehydration were depicted from
the DTG curves. The mass losses beginning at 30
°C, observed in all the TG and DTG curves, were
undoubtedly provoked by the purge gas (air) flow-
ing at a rate of 100 mL min-!, as already observed
for other amorphous compounds [16].

For all the compounds, the first mass loss up
to 125 °C (La, Ce), 135 °C (Pr, Sm), 140 °C (Nd,Gd)
and 150 °C (Eu) is ascribed to dehydration, which
occurs in a single step and through a slow process.
This behaviour was also observed during the dehy-
dration of lanthanides and yttrium compounds with
phenyl-substituted derivatives of benzylidenepyru-
vate, and it seems to be characteristic of compounds
obtained in amorphous state [13-16,18].

(b)
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Figure 1. The IR spectra of: (a) NaL; (b)
Lal;.3H,0 and (c) EuL,.3.5H,0.

Table 2. Spectroscopic data for sodium pyruvate and for its compounds with light trivalent lanthanides.

Compound Von (H20) Vasym (COO ) AVasym (c00) Vsym (COO) om’! Ve=oem'
NaL il 1640, - 1406, 1709,
La(L )5.3H.0 3395 1591, 49 1398,

Ce (L )3.3Hz0 337 Tur 1597, 43 1406,
Pr (L)3.4H,0 33860 1593, 47 1400,
Nd (L )s.3H,0 3377er 1595, 45 1402,,
Sm (L )3.3H,0 337 1597, 43 1408,
Eu(L)s.3.5H,0 3392 1601, 39 1406, -
Gd(L )3.3H,0 33670 1605, 35 1410, -

s: strong, m: medium, br — broad;

Vasym (c00 ) and Vsym (coo ) : Symmetrical and anti-symmetrical vibrations of the COO™ group, respectively

AVasym (COO ) = Vasym (COO ) NaL - Vasym (COO) (lanthanide complex)

V(c=0),: ketonic carbonyl stretching frequency.
Vio-ny: hydroxyl group stretching frequency;
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Figure 2. The TG-DTG curves of: (a) Lal.;.3H,0
(m=.6.863 mg); (b) Ce(L );.3H,0 (m = 6.859 mg);
(c) Pr(L);.4H,0 (m = 7.420 mg); (d) Nd (L);.3H,0
(m =6.876 mg); (e) Sm(L);.3H,0 (m = 6.870 mg);
(f) Eu(L);.3.5H,0 (m = 7.413 mg); (g
Gd(L);.3H,0 ( m = 7.342 mg). L=pyruvate.

52

T T T T
0 200 400 600 800 1000
Temperature/°C

T T T T T T T T T
0 200 400 600 800 1000
Temperature/"C

Ecl. Quim., Sao Paulo, 32(4): 49-54, 2007



T T T T T T T
20 40 60 80 100 120 140 160
Temperature/°C

Figure 3. The TG curve of Lal;.3H,0 (m =
6,276 mg) in static air atmosphere. L=pyruvate.

After the dehydration the thermal decom-
position of these compounds occurs in a single
(Ce), two (Pr, Eu), three (Nd, Sm) and four (La,
Gd) steps, with the mass losses in each step char-
acteristic of each compound. After the last step of
thermal decomposition the minimum oxide level
temperatures for the respective oxides were: 330
°C (Ce), 570 °C (Pr), 620 °C (Eu), 660 °C (Nd, Sm),
720 °C (Gd) and 770 °C (La). The less final thermal
decomposition temperature observed for the ceri-
um and praseodymium compounds must be due to
the oxidation reaction (exothermic) of Ce(III) to Ce
(IV) and Pr (III) to PrgOy; respectively.

For all the compounds, except cerium, no
intermediate derivative of carbonate is suggested

by the TG curves, and in disagreement with the
thermal decomposition of lighter trivalent lan-
thanides compounds with phenyl substituted deriv-
atives of benzylidenepyruvate [13,17,18]. Howe-
ver, tests with hydrochloric acid solution on sam-
ples heated up to near the minimum oxide level
temperature, i. €. 500 °C (Pr), 550 °C (Sm, Eu, Gd),
600 °C (Nd) and 650 °C (La), confirmed the elimi-
nation of CO, and the presence of carbonaceous
residue. The formation of carbonate as intermedi-
ate had already been confirmed by the IR spectra
[6]. For the cerium compound the thermal decom-
position occurs directly to CeO, and in agreement
with other cerium compounds [6, 13, 17, 18]

For all the compounds, the final thermal
decomposition residues were the respective oxides:
CeO,, PrcOyy, LnyO; (Ln _La, Nd — Gd) The tem-
perature ranges (68/ °C) and mass losses (%) observed
for each step of the TG curve are shown in Table 3.

The DSC curves of the compounds are
shown in Fig. 4. These curves show endothermic
and exothermic peaks that all accord with the mass
losses observed in the TG curves. The broad
endothermic peak in the range 75- 175 °C, for all
the compounds is attributed to the dehydration.
The dehydration enthalpies found for lanthanum
to gadolinium compounds were: 82.1; 93.3; 70.8;
74.7; 58.8; 125.0 and 94.8 KJ mol-!, respectively.

The exotherms observed for all the com-
pounds with evidence of one (Ce); three (Pr— Gd) or
four (La) peaks between 175 — 550 °C, are attributed

Table 3. Temperature ranges 6 / © C, mass losses (%) for each step of the TG curves of the

compounds, Ln(L);.nH,O. Where Ln = lanthanides and L = pyruvate.
steps Am
Compound P '
First second third fourth Fifth Calced TG
La (L);.3H,0 6, C 30-125  125-320  320-440  440-530  530-770
64.13  63.90
Loss% 12.00 16.62 11.66 7.58 16.04
Ce(L );.3H0 0rC 30-125 125-330 - - -
6220  62.25
Loss%  11.95 50.30 - -
Pr(L);.4H,0 6, C 30-135 135-300  300-570 - -
64.10  64.19
Loss% 15.12 14.20 34.87
Nd (L);.3H,0 6/°C 30-135 135-320  320-440  440-660
63.38  63.10
Loss% 11.98 16.11 13.89 21.12
Sm(L);.3H,0 6/°C 30-135 135-290  290-445  445-660
62.55  62.64
Loss% 11.70 16.70 18.93 15.31
Eu(L);.3.5H,0 6/°C 30-135  135-300 300-620 - -
63.04  63.01
Loss% 13.50  21.44 28.07
Gd(L);.3H,0 6/rC 30-140  140-300  300-450  450-550  550-720
61.64  61.73
Loss% 11.70 16.04 19.85 5.44 8.70

Amr — total mass losses calculated assuming that the find solid products of thermal decomposition of the
obtained compounds are oxides: CeO», PrsO;; and Ln,Os (Ln - La, Nd — Gd).
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Figure 4. The DSC curves of: (a) LalL3.3H,0 (m =.
4912 mg); (b) Ce(L )3.3H,0 (m = 4.826 mg); (c)
Pr(L);.4H,0O (m = 5.061 mg); (d) Nd (L)3.3H,0 (m =
4.934 mg); (e) Sm(L)3;.3H,0 (m = 4.983 mg); (f)
Eu(L);.3.5H,0 (m = 5.020 mg); (g) Gd(L)3.3H,0 (m
= 5.276 mg). L=pyruvate.

to the thermal decomposition of the anhydrous com-
pounds, where the oxidation of the organic matter
takes place in consecutive and/or overlapping steps.

Conclusions

From TG curves, elemental analysis and
complexometry results a general formula could
be established for these compounds in the solid
state. The X-Ray powder patterns verified that
the light trivalent lanthanide pyruvates were
obtained in the amorphous state.

The TG/DTG and DSC curves provided
information concerning the thermal stability and
thermal decomposition of these compounds.
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Sintese, Caracteriza¢@o e comportamento térmico dos piruvatos de lantanideos leves no estado solido.

Resumo: Foram sintetizados compostos Ln-L no estado solido, onde Ln significa os lantanideos leves
trivalentes e L & o piruvato. Estes compostos foram caracterizados e estudados utilizando-se a
Termogravimetria e Termogravimetria derivada (TG/DTG), calorimetria exploratoria diferencial (DSC)
difratometria de raios X pelo método do pd, espectroscopia na regido do infravermelho, analise elemen-
tar e complexometria. Os resultados permitiram obter informacOes com respeito a composicao,
desidratacdo, sitio de coordenacdo, comportamento térmico e a decomposi¢ao térmica destes compotos.

Palavras-chaves: lantanideos leves; piruvato; caracteriza¢do; comportamento térmico.
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