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Abstract

Some new compounds of cinnamic acid with the latter trivalent lanthanides and yttrium(lll) were synthesized in the
solid state. The compounds have the general formulagLmlhere Ln represents trivalent Eu to Lu or Y ions and L is
the cinnamate anion @Els—CH=CH-COO"). Thermogravimetry (TG), derivative thermogravimetry (DTG), differential
scanning calorimetry (DSC), infrared absorption spectra and X-ray diffraction powder patterns were used to characterize and
to study the thermal behaviour of these compounds.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction infrared absorption spectra and X-ray diffraction
powder patterns were also used to characterize and

Solid-state compounds of cinnamic acid with to study the thermal stability and thermal decomposi-

cobalt(l), nickel(ll) and copper(ll) metals have been tion of solid-state cinnamates of the former trivalent

prepared in aqueous solution and characterized by lanthanideg4].

chemical analysis, magnetic moments measurements, This paper reports the characterization and ther-

vibrational and electronic spectra. Their thermal mal analysis studies on the latter trivalent lanthanides

behaviours were studied by using thermogravime- and yttrium(lll) cinnamates by using X-ray diffraction

try and differential thermal analysid]. Solid-state powder patterns, infrared absorption spectra and ther-

compounds of cinnamic acid with manganese(ll), moanalytical techniques (TG, DTG, DSC).

zinc(Il) and lead(ll) metal§2], as well as alkali earth

metals, except beryllium and radiuf8], have also )

been prepared from aqueous solutions and they have?- Experimental

been studied by using thermoanalytical techniques

(TG, DTG, DSC) and X-ray diffraction powder pat- The cinnamates of Eu to Lu and Y(Ill) were pre-

terns. Thermoanalytical techniques (TG, DTG, DSC), Pared by the addition of an aqueous solution of the
respective lanthanide or yttrium nitrate to an agqueous

* Corresponding author. solution of sodium cinnamate. The solids obtained
E-mail addressmassaoi@ig.unesp.br (M. lonashiro). were washed with distilled water and ethanol until
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elimination of the nitrate ions and the excess of cin- 3. Results and discussion
namate ions, dried in a forced circulation oven at
50°C and kept in a desiccator over anhydrous cal-  Table 1presents the analytical and thermoanalytical
cium chloride. These compounds were studied by TG, (TG) data on the prepared compounds. The chemical
DTG, DSC, IR absorption spectroscopy and X-ray analysis results permitted to establish the stoichiom-
diffractometry. etry of the prepared compounds indicating the rela-
The metal contents of the compounds were de- tion M:L:H,O = 1:3:0.4 for europium and gadolinium
termined by complexometric titration with standard compounds and M:E 1:3 for the terbium to lutetium
0.01000 M EDTA solution, after samples of the com- and yttrium compounds.
pounds had been ignited to the metal oxide and The X-ray powder patterns (Fig. 1) verified that the
dissolved in nitric acid solution as such as from the compounds have a crystalline structure, with evidence
TG curves. The cinnamate contents were determined of the formation of two isomorphous series. In the first
from the TG curves. series are the europium to dysprosium compounds.
The TG and DTG curves were recorded on a model The holmium to lutetium and yttrium compounds be-
SDT 2960 thermal analysis system from TA Instru- long to the second isomorphous series.
ments. The purge gas was an air flow of 150 mInlin The cinnamate anion has two different potential
A heating rate of 20C min—! was adopted, with sam-  donor sites for the formation of bonds with metal ions:
ples weighing about 7 mg. Alumina crucibles were the carbon—carbon double bond and the oxygen atoms
used for recording the TG and DTG curves. of the carboxyl group. The infrared data were used to
The DSC curves were obtained using a DSC 2010 elucidate the coordination between the metallic ions
from TA Instruments. The purge gas was an air flow and the anionic ligand.

of 150 mimirrL. A heating rate of 206C min—1 was Table 2lists the main IR bands of the compounds.
adopted, with samples weighing about 5-6 mg and alu- For the europium and gadolinium cinnamates, the
minium crucibles with perforated covers. bands in the region 3700-3060 tfare assigned to

The X-ray powder patterns were obtained with HGZ the stretching of the OH group (@H)) from coordi-
4/B horizontal diffractometer (GDR) equipped with a nated water. The bands in the region 1634-1636%cm
proportional counter and a pulse height discriminator. are assigned to the(c=c) vibrations. It is suggested
The Bragg—Brentano arrangement was adopted, usingthat the coordination does not take place between
Co K, (A = 1.7889A) and a setting of 38kV and the m-electron system of thesc bond and the metal
20 mA. The infrared spectra were recorded on a Nico- ions, because a change to lower frequencies, relative
let FTIR-730 spectrophotometer in the spectral range to the sodium salt, is not observed in the compounds.

4000-400 cm?! using KBr pellets. However, a significant change to lower frequency
Table 1
Analytical and thermoanalytical (TG) results
Compound Ligand loss (%) Metal content (%) Water (%)
Calculated TG Calculated TG EDTA
[EuL3-0.4H,0], 69.50 69.58 25.30 25.29 25.15 1.20 1.13
[GdL3-0.4H,0], 68.90 68.77 25.95 26.03 25.82 1.19 1.23
[TbL3], 69.53 69.68 26.47 26.32 26.55 - —
[DyL 3], 69.12 68.98 26.90 27.16 27.18 - —
[HoL3], 68.84 68.85 27.20 27.26 27.31 - -
[ErL3], 68.58 68.42 27.47 27.66 27.62 - —
[TmL3], 68.39 68.45 27.67 27.45 27.53 - -
[YbL3], 67.94 67.89 28.16 28.24 28.17 - —
[LuL3], 67.78 67.70 28.33 28.25 28.16 - -
[YL3], 78.71 78.52 16.76 16.99 16.80 - —

aCinnamate ion.
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Fig. 1. X-ray powder diffraction patterns of the compounds: (a) [F04H;0],; (b) [GdLs-0.4H,0],; (c) [TbL3s],; (d) [DyLs),;
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[HOLB]n; (f) [ErL3]n; (g) rl-mL3]/l; (h) [Ybl—3]n; (l) [LULC’:]M; (J) [YL 3]ll (L= Cinnamat@-

can be observed for the stretchinCOO™) as com-
pared with that for sodium cinnamate. This confirms
that the coordination of the ligand to the metal ions
is made through the oxygen atoms of the COO
groups. The insolubility of the latter lanthanides and
yttrium(lll) cinnamates in polar and non-polar sol-
vents is in agreement with experimental data found in
the literature suggesting a polymeric struct{tes],

€

and is also in agreement with the experimental data
obtained for the former lanthanides cinnamdtgs

TG and DTG curves of the compounds are shown in
Fig. 2. For the europium and gadolinium cinnamates,
the TG and DTG curves (Fig. 2(a) and (b)) exhibit
mass losses in three steps. The first step between
270 and 282C is attributed to dehydration, in agree-
ment with the lighter lanthanides cinnamalép The
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Table 2
IR spectra (cm?) of the compounds [Ln$:0.4H,0], and [LnLs],, where Ln represents lanthanides ions and L is the cinnamate ion
Compound v(O-H) (H,0)? v(COO") v(C=C)
NaL-H,O 3100-3600 1549 (s¥ 1637 (s)
[EuL3-0.4H,0], 3060-3700 1503 (s) 1636 (s)
[GdL3-0.4H0], 3110-3720 1503 (s) 1635 (s)
[TbL3], 1503 (s) 1636 (s)
[DyL 3], 1503 (s) 1636 (s)
[HoL 3], 1508 (s) 1636 (s)
[ErL3], 1508 (s) 1635 (s)
[TmL3], 1506 (s) 1634 (s)
[YbL3], 1507 (s) 1634 (s)
[LuLs], 1507 (s) 1635 (s)
[YL3], 1508 (s) 1635 (s)
aStretching frequencies.
b Strong.
Am
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Fig. 2. TG and DTG curves of the compounds: (a) [E0@L4H,0], (7.327 mg); (b) [Gdk-0.4H,0],, (7.306 mg); (c) [Tbls], (7.391 mg);
(d) [DyLs], (8.571mg); (e) [Hok], (7.471mg); (f) [Erls], (7.391mg); (9) [Tmls], (8.431mg); (h) [Ybls], (7.710mg); (i) [Lulg],
(8.087 mg); (j) [YLg]. (7.751mg)(L = cinnamatg.
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thermal decomposition of the anhydrous compounds For the full series of lanthanide(lll) cinnamate,
occurs in two consecutive steps between 300 andthe former lanthanides (La—Gd) were obtained as
600°C (Eu) and 300 and 59 (Gd), with the for- hydrated compounds, while the latter lanthanide
mation of the respective oxides, £ and G@Os. (Tb—Lu) cinnamates were obtained in the anhydrous
For the terbium to lutetium and yttrium cinna- state. For the lighter trivalent lanthanide (La—Sm)
mates, the TG and DTG curves (Fig. 2(c)—(j)) show cinnamates, except the cerium(lll) compound, the
that these compounds were obtained in the anhy- dehydration temperature as well as the temperature
drous form, since no mass loss due to dehydration is of thermal decomposition decrease with increasing
observed in the TG curves. The thermal decompo- atomic number of the lanthanide ions. However, for
sition of the compounds occurs in two consecutive the latter trivalent lanthanides (Eu—Lu) cinnamates, no
steps between 290 and 53D, with formation of the correlation was found in the temperature of thermal
respective oxides, 7 and LnOs. decomposition with the increasing atomic number.
The formation of oxy- or dioxycarbonate, £@, The temperature range and the percentage mass loss
CQg, as intermediate as reported in the thermal decom- observed in each step of the thermal decomposition
position of lanthanide compounds with 4-dimethyl- are shown inTable 3.
aminobenzylidenepyruvate and 4-methoxybenzylide- The DSC curves of the compounds are presented in
nepyruvatg6,7] was not observed during the thermal Fig. 3. These curves show endothermic and exothermic
decomposition of the compounds studied in this work. peaks attributed to crystalline transition, fusion and

Table 3
Temperature range and the percentage mass loss observed in each step of the TG curves of the latter lanthanides and yttriufh cinnamates
Compound Steps
First Second Third
[EuL3-0.4H,0], T (°C)° 270-282 300-490 490-600
Am (%)° 1.13 38.30 31.28
[GdL3-0.4H,Q], T (°C) 270-282 300-430 430-590
Am (%) 1.23 35.67 33.10
[TbL3], T (°C) 290-390 390-500
Am (%) 41.10 28.58
[DyL 3]s T (°C) 290-370 370-510
Am (%) 37.45 31.53
[HoLs3], T (°C) 290-370 370-510
Am (%) 40.40 28.45
[ErL3], T (°C) 300-400 400-530
Am (%) 36.76 31.66
[TmL3], T (°C) 310-400 400-520
Am (%) 49.70 18.75
[YbL3], T (°C) 300-395 395-530
Am (%) 43.30 24.59
[LuLg], T (°C) 310-400 400-500
Am (%) 38.34 29.26
[YL3], T (°C) 290-390 390-530
Am (%) 48.05 30.47

aCinnamate ion.
b Temperature.
¢Mass loss.
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Fig. 3. DSC curves of the compounds: (a) [BtlL4H,0], (5.325mg); (b) [Gdk-0.4H,0], (5.835mg); (c) [Tbls], (6.179 mq); (d) [Dyls],
(5.431mg); () [Hok], (5.447mg); (f) [Erls], (5.578 mg); (9) [Tmls], (6.089mg); (h) [Ybls], (6.026 mg); (i) [Luls], (5.959mg); ())
[YL3], (6.015mg)(L = cinnamatg.

thermal decomposition. The thermal event attributed as those for the DSC curves. In these experiments,
to the crystalline transition was confirmed by X-ray simultaneous fusion and water condensation were

diffraction data.

observed. After the fusion, the DSC curves show a

For the europium and gadolinium cinnamates sequence of thermal events in the range 3202480
(Fig. 3(a) and (b)), the first endothermic peak at 280 (Eu) and 350-500C (Gd) attributed to the oxidation
and 275C, respectively, is due to the crystalline (exo) and thermal decomposition (endothermic) of

transition. The second endothermic peak at 300
(Eu) and 305C (Gd) is attributed to simultaneous

the organic matter, in correspondence with the first
mass loss of the anhydrous compounds observed in

fusion and dehydration. The evidence that the dehy- the TG curves. The exotherm in the temperature range
dration is associated with the fusion was provided 520-600C (Gd) is attributed to the oxidation of the

by experiments on samples heated in a long glass carbonaceous residue resulting from the anterior step,
test tube under approximately the same conditions in correspondence with the last mass loss of the TG
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curve. For the europium cinnamate, no thermal event 4. Conclusion

is observed in the range 480-60D, suggesting that
the heat involved in the last mass loss of the TG curve
occurs above 60TC.

For the terbium cinnamate (Fig. 3(c)), the endother-
mic peaks at 235 and 26C are due to the crystalline
transition and the endothermic peak at 3C5is at-
tributed to the fusion of the compound. The exotherm
with the peaks at 425 and 485G, followed by a
endothermic peak at 45& are attributed to the ox-
idation and thermal decomposition of the organic
matter, respectively, in correspondence with the first
mass loss of TG curve. The exotherm in the temper-
ature range 455-60@ which beginning overlapped
the peak at 455C is attributed to the oxidation of

the carbonaceous residue resulting from the anterior

The TG curves and chemical analyses confirmed a
general formula for these solid compounds. The X-ray
powder patterns verified that the heavier lanthanides
and yttrium cinnamates studied in this work have a
crystalline structure, with evidence of formation of
two isomorphous series, as well as the crystalline
transition that occurs with the heating. The TG, DTG
and DTG curves provided previously unreported in-
formation concerning the thermal behaviour of these
compounds.
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