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Synthesis, thermal and spectroscopic study of solid bivalent transition metal compounds of Mn(II), Co(II), Ni(II),
Cu(ID) and Zn(II) with p-aminobenzoate as ligand were performed. The thermal study was performed in oxidative
and pyrolysis conditions, using the thermoanalytical techniques: Simultaneous thermogravimetry and differ-
ential thermal analysis (TG-DTA), differential scanning calorimetry (DSC), DSC-photovisual system and evolved
gas analysis (EGA) by TG/DSC-FTIR. Infrared absorption spectroscopy (FTIR) and powder X-ray diffractometry
(PXRD) were employing in the spectroscopic study. The general formula M(L), nH,O has been established by TG-
DTA, elemental analysis and complexometry with EDTA, where M represents Mn, Co, Ni, Cu and Zn, L is p-
aminobenzoate and n = 0 (Mn, Co), 1 (Ni), 1.5 (Zn), 2 (Cu). In oxidative condition (dry air atmosphere), the
thermal decomposition occurred in one, two or three steps, with formation of the respective oxides (Mn304, CoO,
NiO, CuO and ZnO). Under pyrolysis condition (N, atmosphere), the thermal decomposition occurred in three or
four steps, with mass loss still being observed up to 1000 °C. DSC-photovisual system curves provided in-
formation about of the dehydration and phase transformation processes, as well as their enthalpies. The EGA
data allowed the identification of gaseous products evolved during pyrolysis and oxidative decomposition. The
results of the FTIR and PXRD also provided information on the ligand’s denticity and crystallinity of the com-
pounds.

1. Introduction

4-aminobenzoic acid or p-aminobenzoic acid (H-pABA), whose mole-
cular formula is C;H,NO, with molar mass of 137.14 g mol ", is a cyclic
amino acid that belong to a great group of biologically significant aromatic
compounds. It’s obtained as a crystalline powdered white/white-yellowish
needles, also known as vitamin Bx, frequently found in food, produced by
essential symbiotic bacteria and is metabolized constantly in our bodies
[1-3]. H-pABA is a precursor of folic acid and in high concentrations has
been studied in the inhibition of bacteria and viruses, showing anticoagulant,
antioxidant and immunomodulatory properties. In vivo and in vitro assays
have demonstrated efficacy in the treatment of ocular viral herpes, primarily
related to its capacity to induce the synthesis of endogenous interferon in the
human body [2,3]. In recent years, transition metal complexes with mole-
cules that have biochemical properties, such as amino acids, benzoic acids
derivatives and others organic substances have been reported as biomarkers
and new drugs, in catalysis and as luminescent material [4-14].
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The literature contains reports of the thermal behavior and spectro-
scopic study of aminobenzoic acid coordination compounds with lanthanide
ions and yttrium [15,16]. However, no previous work has been reported on
about systematical thermoanalytical study of compounds formed of by p-
aminobenzoic acid/p-aminobenzoate with the Mn(II), Co(II), Ni(Il), Cu(Il)
and Zn(1I) ions in pyrolysis and oxidative conditions. Thus, the present study
describes the synthesis, characterization and thermoanalytical study of these
compounds. The characterization was performed using thermoanalytical
techniques (TG-DTA, DSC, EGA) and complementary techniques (com-
plexometry with EDTA, elemental analysis, powder X-ray diffraction
(PXRD) and infrared spectroscopy (FTIR)).

2. Experimental
2.1. Synthesis

The p-aminobenzoic acid (H-pABA, C7H7NO2) with 99% purity was
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obtained from Sigma and it was used as received. Bivalent manganese,
cobalt, nickel, copper and zinc carbonates were prepared by adding
slowly with continuous stirring saturated sodium hydrogen carbonate
solution (0.1 mol L™ %) to the corresponding metal chlorides or sulphate
copper solutions (50.0 mL, 0.1 mol L™') until total precipitation of the
metal ions. The precipitates were washed with distilled water until the
elimination of chloride or sulphate ions (qualitative test with AgNO3/
HNO; solution for chloride and BaCl, solution for sulphate) and
maintained in aqueous suspension. Solid-state Mn(II), Co(II), Ni(I[), Cu
(II) and Zn(II) compounds were prepared by mixing the corresponding
metal carbonate aqueous suspension with 110 mL (slight excess) of
aqueous suspension p-aminobenzoic acid 0.1 molL™!, and heated
slowly to near ebullition, until neutralization of the acid. The solutions
with the precipitates were maintained at ambient temperature, filtered
and washed with ethanol to eliminate the possible presence of p-ami-
nobenzoic acid added in excess. The solid was then dried at 50 °C in a
forced circulation air oven for 12 h and kept in a desiccator over an-
hydrous calcium chloride.

2.2. Experimental equipment and conditions

In the solid-state, metal ions, hydration water and stoichiometry
were determined from TG curves. The metal ions were also determined
by complexometry with standard EDTA solutions after igniting the
compounds to the respective oxides and their dissolution in hydro-
chloric acid solution [17,18].

Carbon, hydrogen and nitrogen contents were determined by mi-
croanalytical procedures, with a CHN Elemental Analyzer from Perkin
Elmer, model 2400.

X-ray powder patterns were obtained by using a Rigaku MiniFlex
600 X-Ray Diffractometer employing CuKa radiation (A = 1.54056 A)
and setting of 40 KV and 15 mA.

Infrared spectra were obtained by using a Nicolet iS10 FTIR spec-
trophotometer, using ATR accessory with Ge window. The FTIR spectra
were recorded with 32 scans per spectrum at resolution of 4 cm ™ ?.

Simultaneous TG-DTA and DSC curves were obtained with two
thermal analysis systems, model SDT 2960 and Q10 respectively both
from TA Instruments. The purge gas was dry air or nitrogen, for TG-
DTA, and nitrogen for DSC both at a flow rate of 100 mL min~ 1. A
heating rate of 10 °C min~! was adopted, with samples weighing about
10 mg for TG-DTA and 2 mg for DSC. Alumina and aluminum crucibles,
the latter with perforated cover, were used for recording the TG-DTA
and DSC curves, respectively.

The images were obtained on equipment Mettler-Toledo DSC 1 stare
system coupled to OLYMPUS digital camera; model SC 30 which in-
corporates a 3.3 megapixel CMOS sensor, optical sub-assembly me-
chanic Navitar 1-6232D with 6.5 X zoom. The experimental conditions
were similar to those used to obtain the DSC curve.

The identification of evolved gases (EGA) in dynamic dry air and
nitrogen atmospheres were carried out using a TG-DSC 1 Mettler Toledo
coupled to a Nicolet FTIR spectrophotometer with gas cell and DTGS
detector, with KBr windows. The furnace and heated gas cell (250 °C)
were coupled through a heated (225 °C) 120 cm stainless steel transfer
line with diameter of 3.0 mm, both purged with dry air and nitrogen
(50 mL min~!). The FTIR spectra were recorded with 16 scans per

spectrum at a resolution of 4 cm ™ 1.

3. Results and discussion

The analytical and thermoanalytical (TG) results are shown in
Table 1. These results permitted to establish the stoichiometry of the
compounds, which are in agreement with the general formula: M
(L)2nH50, where M represents Mn, Co, Ni, Cu and Zn, L is p-amino-
benzoate and n = 0 (Mn, Co), 1 (Ni), 1.5 (Zn), 2(Cu).

The TG-DTA curves of the compounds in dynamic dry air and ni-
trogen atmospheres are shown in Fig. la-e (air) and f-j (N»),
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respectively. These curves show mass losses in one (Mn), two (Co, Ni,
Cu) and three (Zn) steps (air) or three (Mn, Co) and four (Ni, Cu, Zn)
steps (N5) and thermal events corresponding to the losses.

The thermal stability of hydrated (I) and anhydrous (II) compounds
in air and nitrogen atmosphere, as well as the final temperature of
thermal decomposition (III) in air, as shown by the TG-DTA curves,
depends on the nature of the metal ion and atmosphere used and they
follow the order:

Air atmosphere N, atmosphere

(M Cu > Ni > Zn
(IDMn > Zn > Co > Ni > Cu

(M Cu > Ni > Zn

(ID Mn > Co =Ni =Z7Zn >
Cu

(I Mn > Co=Ni > Zn > Cu

In air atmosphere a great similarity is noted concerning the TG
profiles of the manganese and cobalt compounds, Fig. 1(a, b), as well as
of the nickel and copper one, Fig. 1(c,d). On the other hand, zinc
compound display another TG-DTA profile, Fig. 1(e).

For N, atmosphere, the similarity is also noted in the TG profiles of
the manganese and cobalt compounds or nickel and zinc ones, while
copper compounds display a different TG profile. Thus, the TG-DTA
curves in each atmosphere are presented separately and the features of
each of these compounds are discussed bases on its similar thermal
profiles.

3.1. TG-DTA in dry air atmosphere

3.1.1. Manganese and cobalt compounds

The TG-DTA curves of these compounds are shown in Fig. 1(a and
b). These curves show that both compounds were obtained in the an-
hydrous state, and stable up to 330 °C (Mn) or 300 °C (Co) and the
thermal decomposition occurs in a single step up to 425 °C (Mn) and
410 °C (Co), with losses of 76.96% and 75.65%, respectively. In cor-
respondence with the mass loss, the DTA curve exhibits a large and
sharp exothermic peak at 400 °C (Mn, Co), attributed to oxidation of the
organic matter and/or of the gaseous products evolved during the
thermal decomposition. The total mass loss up to 425°C (Mn) and
410°C (Co) are in agreement with the formation of Mn30,
(Caled. = 23.31%, TG = 23.15%) and Co30,4 (Calcd. = 24.23%, T-
G = 24.40%) as final residue, respectively. For the cobalt compound,
the last small mass loss between 920 and 950 °C, corresponding to an
endothermic peak at 930 °C is attributed to reduction reaction of Co304
to CoO (Calcd. 1.60%, TG = 1.50%) [4].

3.1.2. Nickel and copper compounds

The TG-DTA curves are shown in Fig. 1(c and d), respectively. The
first mass loss between 70 and 160 °C (Ni) and 95-185 °C (Cu), corre-
sponding to an endothermic peak at 135 °C and 170 °C, respectively, is
attributed to dehydration with loss of 1 (Ni) and 2 (Cu) H,0
(Caled. = 5.16%, 9.19%; TG = 5.22%, 9.98%).

The anhydrous compounds are stable up to 295 °C (Ni) and 240 °C
(Cu) and above this temperature the mass loss occurs in a single step up
to 410 °C (Ni) and 340 °C (Cu) with loss of 73.67 and 68.85%, respec-
tively. In correspondence with the mass loss, the DTA curve shows a
large and sharp exothermic peak attributed to the oxidation of organic
matter and/or gaseous products evolved during the thermal decom-
position. The total mass loss up to 410 °C (Ni) and 340 °C (Cu) is in
agreement with the formation of NiO (Caled. = 21.41%,
TG = 21.30%) and CuO (Caled. = 21.39%; TG = 21.25%), as final
residue.

3.1.3. Zinc compound
The TG-DTA curves are shown in Fig. 1(e). The first mass loss
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Table 1
Analytical and thermoanalytical (TG") results for M(L),nH,0 compounds.
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Compounds Ln (oxide)/% L (Lost)/% Water/% C/% N/% H/% Final Residue
Caled. EDTA TG Caled. TG Caled. TG Caled. EA TG Caled. EA TG Caled. EA TG
Mn(L), 23.31 23.15 23.04 76.69 76.96 - - 44.04 44.49 4420 8.56 899 859 370 3.05 371 Mn304
Co(L), 24.23 24.40 2435 7577 75.65 - - 43.51 43.16 43.44 8.46 9.11 8.45 3.66 3.11 3.65 Co304
Ni(L)»H,0 21.41 21.30 21.11 73.43 73.67 5.16 5.22 41.29 41.04 41.44 8.03 8.42 8.06 4.05 4.58 4.07 NiO
Cu(L)2-2H,0 21.39 21.25 21.17 68.92 68.85 9.69 9.98 38.76 38.15 38.87 7.53 698 7.55 4.32 4.60 436 CuO
Zn(L)»1.5H,0  22.31 22,40 2215 70.28 70.62 7.41 7.23  39.52 40.07 39.60 7.68 716 7.70 4.16 3.85 417 ZnO
L = p-aminobenzoate, n = number water molecules.
2 TG in air atmosphere.
% Exoup }30 f) - Exoup Fig. 1. TG-DTA curves of the compounds in dynamic
a) o —to dry air (a-e) and N (f-j) atmospheres: (a) Mn(L)>
= 20 & (m = 10.0529 mg); (b) Co(L), (m = 10.0004 mg);
60 - 60 (¢) Ni(L)2H,0 (m = 10.0968 mg); (d) Cu(L),2H,0
40 40 =1 (m = 10.0061 mg); (e) Zn(L);1.5H,0 (m =
%6 0 10.0419 mg); (f) Mn(L), (m = 10.0319 mg); (g) Co
ol w0 g )”"’ i (L), (m=10.0275mg); (h) Ni(L),;H,0 (m =
b) " 80 10.0207 mg); (i) Cu(L);2H,0 (m = 9.9928 mg) and
a 60 2 () Zn(L)>1.5H;0 (m = 10.3032 mg).
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between 30 and 110 °C, corresponding to an endothermic peak at
105°C is attributed to dehydration with loss of 1.5H,0
(Caled. = 7.41%; TG = 7.23%)

The anhydrous compound is stable up to 305 °C and above this
temperature the mass loss occurs in two consecutive steps between 305
and 370 °C and 370-510 °C with loss of 22.20% and 42.42%, corre-
sponding to a small endothermic peak at 325 °C attributed to the
thermal decomposition and a large and sharp exothermic peak at 495 °C
attributed to oxidation of the organic matter and/or of the gaseous
products evolved during the thermal decomposition. The total mass loss
up to 510°C is in agreement with the formation of ZnO
(Calcd. = 22.31%; TG = 22.40%), as final residue. The small en-
dothermic and exothermic peaks at 195 °C and 210 °C, without mass
loss in the TG curve were attributed to melting and recrystallization,
respectively. The fusion and recrystallization were confirmed by DSC-
Photovisual system. In the images, it is possible to visualize the melting
of the material, followed by its recrystallization (see Fig. 2(e) and video
in supplementary material).

3.2. TG-DTA in N, atmosphere

3.2.1. Manganese and cobalt compounds
The TG-DTA curves of manganese and cobalt compounds are shown
in Fig. 1(f and g), respectively. These curves show that the compounds
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are anhydrous and stable up to 335 °C (Mn) and 300 °C (Co) and above
this temperature the thermal decomposition occurs in three consecutive
steps, between 335 and 395 °C, 395-560 °C and 560 > 1000 °C, with
losses of 31.71, 30.70 and 6.34% for Mn and 24.73, 32.33 and 11.98%
for Co, respectively. In correspondence with the mass losses which are
still being observed up to 1000 °C, the DTA curves show endothermic
peaks at 365 °C, 445 °C, 495 °C, (Mn) and 330 °C, 480 °C, 560 °C, (Co),
attributed to the thermal decomposition of the compounds. The last
step of mass loss in the TG curves, associated to the exothermic peaks at
867 °C (Mn) and 762 °C (Co), is attributed to the pyrolysis and reaction
of carbonaceous residue with manganese and cobalt oxides that lead to
a partial reduction (endo) of MnxOy to MnO and CoxOy to CoO and
oxidation (exo) of carbonaceous residue to CO,, resulting in an exo-
thermic balance in the DTA curve [19,20]. The EGA analysis in dy-
namic N, atmosphere shown the presence of the CO, up to 867 °C (Mn)
and 762 °C, as the indicated by the DTA curves, see Figs. 3S and 4S in
the supplementary material.

For de cobalt compound, is observed an indicative of the en-
dothermic event in DTA curve at 77 °C, without mass loss in TG at-
tributed to reversible phase transition. The reversible phase transition
was confirmed by heating and cooling DSC curve (see Fig. 1S in the
supplementary material).
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Fig. 2. DSC curves of (a) Co(L), (m = 2.0017 mg), (b) Ni(L),'H,0 (m = 2.0840 mg), (c) Cu(L)>2H,0 (m = 2.0650 mg), (d) Zn(L)>'1.5H,0 (m = 2.1560 mg) and (e) Micrographs of the

zinc compound at different temperatures.

3.2.2. Nickel and zinc compounds

The TG-DTA curves are shown in Fig. 1(h and j). The first mass loss
between 90 and 160 °C (Ni) and 30-115 °C (Zn) corresponding to an
endothermic peak at 145 °C (Ni) and 100 °C (Zn) is attributed to de-
hydration, with loss of 1 and 1.5H-0, respectively (Calcd. = 5.22%,
7.41%; TG = 5.30%, 7.50%)

The anhydrous compound is stable up to 300 °C (Ni, Zn) and above
this temperature, the mass loss occurs in three consecutive steps be-
tween 300 > 1000 (Ni, Zn). The first two steps of mass loss occurs
between 300 and 415 °C, 415-560 °C (Ni) and 300-370 °C, 370-560 °C
(Zn), with losses of the 32,47%, 14,36% (Ni) and 21,82%, 32,14% (Zn),
corresponding to endothermic peaks at 390 °C, 530 °C (Ni) and 325 °C,
520 °C (Zn) attributed to the thermal decomposition and pyrolysis of
the compounds.

The last step of mass loss in the TG curve of the nickel compound
(555 > 1000 °C; TG = 10,25%), associated to the exothermic peak at
765° C, is attributed to the pyrolysis and reaction of carbonaceous re-
sidue with nickel oxide, resulting to a partial reduction reaction of
Ni,Oy to Ni’, As also observed for the cobalt and manganese compounds
[19.20]. The EGA analysis in dynamic N, atmosphere also shown the
presence of CO, up to temperature 765 °C, see Fig. 5S in the supple-
mentary material. For the zinc compound, in pyrolysis condition, the
mass loss up to 560 °C suggest the formation of the ZnO and carbo-
naceous residue (TG = 61,46%). The last mass loss occurs between 560
and 1000 °C, associated with and endotherm between 620 and 765 °C,
is attributed to reduction reaction of the ZnO to Zn® by the carbo-
naceous residue and evaporation of Zn% (boiling point = 907 °C) [21].
For both compounds with mass losses still being observed up to
1000 °C.
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The endo and exothermic peaks at 200 and 210 °C, without mass
loss in TG curve of zinc compound are attributed to melting followed by
recrystallization, respectively (see supplementary material).

3.2.3. Copper compound

The TG-DTA curves are shown in Fig. 1(i). The first mass loss be-
tween 95 and 180 °C, corresponding to an endothermic peak at 170 °C
is attributed to dehydration with loss of 2H,O (Calcd. = 9.69%,
TG = 9.85%)

The anhydrous compound is stable up to 250 °C, and above this
temperature, the mass losses occur in three steps, being the first one a
fast process, followed by the last two slow processes, with mass losses
still being observed up to 1000 °C.

The steps that occur between 250 and 310°C, 310-500 °C,
570 > 1000 °C with losses of 56.10%, 4.81%, 5.87%, corresponding to
endothermic peaks at 290 °C and 815 °C, are attributed to the thermal
decomposition and pyrolysis of the compound.

3.3. Differential scanning calorimetry (DSC)

The DSC curves of the cobalt, nickel, copper and zinc compounds
are shown in Fig. 2a—d.

These curves show endothermic and exothermic peaks in agreement
the thermal events observed in the DTA curves up to 250 °C. The en-
dothermic peaks at 154 °C (Ni), 168 °C (Cu) and 107 °C (Zn) are at-
tributed to dehydration. The endothermic peaks at 79 °C for cobalt
compound is attributed to reversible phase transformation, as suggested
by cyclic DSC analysis (Fig. 1S), while the endothermic peak at 196 °C
followed by an exothermic one at 207 °C for zinc compound are
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Fig. 3. FTIR spectra from the gaseous products

a
) b) evolved during the thermal decomposition of zinc
H,0 compound in dry air (a) and N, (b) atmospheres.
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attributed to melting followed by recrystallization, respectively, con-
firmed by DSC-fotovisual System and PXRD of the sample heated at
different temperatures (see video and Fig. 2S). The dehydration en-
thalpies found for the compounds were: 81.1 (Ni), 54.1 (Cu), 107.2 (Zn)
kJ mol?, and the phase transformation enthalpies were 21.0 (melting)
and 12.5 (recrystallization) kJ mol ~! for the zinc and 2.7 kJ mol ! for
the cobalt compound.

3.4. Evolved gas analysis (EGA by TG/DSC-FTIR)

The main gaseous products evolved during the thermal decom-
position of the synthesized compounds were analyzed by EGA in both
atmospheres (dry air and N»). The infrared spectra collected at different
temperatures for the gaseous products released during the thermal
decomposition (air) and pyrolysis (N») of the zinc compound are pre-
sented in Fig. 3a (air) and b (N,). For the other compounds, the FTIR
spectra are shown in the supplementary material.

The thermal decomposition in dynamic dry air and nitrogen atmo-
spheres, of the compounds showed the released the gaseous products in
three (anhydrous compounds) and four (hydrated compounds) main
steps. For the hydrated compounds (Ni, Cu and Zn), in both atmo-
spheres the presence of bands between 3980 and 3351 cm™! and
2225-1210 cm ™! in the spectrum collected (Fig. 3a and b) were related
to the vibrational modes of water molecules, and are in agreement with
the dehydration process.

In following steps of the thermal decomposition in dynamic dry air
atmosphere, the main gaseous products identified were CO,, CO, NHs,
N,0 and aniline for all the compounds, exception for cobalt and copper
compounds. For these compounds, the EGA analysis showed no pre-
sence of NHj;. The release of CO, and CO are characterized by the
presence of the bands in the FTIR spectra at 2356 cm™! (LCOO0),
668 cm ™! (8C00), 2227-2037 cm™'. The bands in 3045cm™!
(wC — Hy,), 1622/1510cm™' (WC = Cy,y), 1273 cm™ ! (WC — Nymine)
1173-1085 cm ™! (8CCC,,), 875cm™! (BC — H,,) 746 cm ™! (SCCN)
and 987 and 930 cm™! (6N — H), and bands between 2250 and
2130 cm ™! (WN,O — asymmetricalandsymmetrical) were assigned to the
vibration modes of the groups present in aniline, N>O and NH3; mole-
cules [7,16,22-24].

In dynamic nitrogen atmosphere, the gaseous products released
during the pyrolysis of the anhydrous synthesized compounds were
CO,, CO, NH3 and Aniline for copper, nickel and zinc compounds.
However, for the cobalt and manganese compounds were detected only
CO,, CO and aniline, and CO, and aniline, respectively. The gaseous
products were identified by the presence of the bands previously

described in the discussion of the FTIR spectra for the compounds
analyzed by EGA in dynamic dry air atmosphere (see Fig. 3b and sup-
plementary material).

3.5. Powder X-ray diffraction (PXRD)

The powder X-ray diffraction patterns (Fig. 4) show that all the
compounds have a crystalline structure, without evidence for formation
of isomorphous compounds. In addition, the degree of crystallinity also
was analyzed for these compounds, and it follows the order
Mn =Zn > Ni > Cu > Co.

3.6. Infrared spectroscopy (FTIR)

The IR spectra show bands related to vibrational modes of H-pABA,
Na-pABA and transition metal compounds in Fig. 5 and Table 2. For the

[50000
a)
= b)
rie o
A A "o 70 3 o 50 6o
) ©)
o
O
d)
e)
: JLA A MAAAJI\A_/\.J\ . WSV N , .
10 20 30 40 50 60

206/°

Fig. 4. X-ray powder diffractograms: (a) Mn(L),; (b) Co(L); (c) Ni(L);H0; (d) Cu
(L)22H,0; (e) Zn(L)>'1.5H,0.
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Fig. 5. FTIR spectra of (a) Na-pABA, (b) H-pABA, (c) Mn(L),, (d) Ni(L)2H20, (e) Cu
(L)22H,0 and (f) Zn(L)1.5H,0.

Table 2
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H-pABA, the IR spectrum shows bands related with vibrational modes
of the acid dimeric form (vC = O) in 1662 cm ™! and its amino group
(—NH;) in 3460 cm ™! (1N — H), 3364 cm™* (5N — H), 3381 cm ™+
(harmonic band NHj3; group), 1623 em™! (N — H) and 1310 cm ™!
(vC — N) [16,22,24-26].

For the Na-pABA and synthesized compounds, the band in
1662 cm ™! was not observed. Nevertheless, it is observed the presence
of strong bands attributed to the asymmetrical and symmetrical fre-
quencies of the carboxylate group. The difference between asymme-
trical and symmetrical stretching (Av = 1,CO0™ — 15 COO ™) of the
carboxylate group observed for the Na-pABA was compared with those
observed for the synthesized compounds (see Table 2), and it was
possible to suggest three different coordination modes of carboxylate
group with the metal ions [16,22,27-29].

For the cobalt, nickel and copper compounds the IR spectra show
two asymmetrical and one (Ni, Cu) and two (Co) symmetrical carbox-
ylate stretches (see Table 2 and Fig. 5), indicating the existence of two
different coordination modes of the carboxylate for these compounds
[30]. For these compounds, the Av observed was similar
(Av = 148 — 137) and lower (Av = 120 — 117) than the Av values
observed for the sodium salt (Av = 140), indicating that the co-
ordination of the carboxylate group occurs in bidentate bridging and/or
chelating mode [27].

For the Zn(pABA),'1.5H,0 the IR spectrum shows large separation
of the asymmetrical and symmetrical carboxylate stretches (Av = 192),
greater than the observed for the sodium salt, see Table 2. These results
suggest that the interaction of the carboxylate group to the zinc ion
occurs in the unidentate form [27].

The bands related to the carboxylate group in the FTIR spectrum of
the manganese compound, unlike that occurring for the zinc com-
pound, showed a decrease of the separation. In this case, the Av value
suggests that the carboxylate group coordinates to the metal ion in the
bidentate chelate mode, see Table 2 and Fig. 5 [27].

The vibrational modes of the amino group of the synthesized com-
pounds were also analyzed and compared with H-pABA and sodium
salt. The results showed changes in the absorption wavenumbers of this
group for some of the metal compounds. According to the changes
observed in the wavenumbers and intensity in which the bands refer-
ring to the amino group appear in the FTIR spectra of the synthesized
compounds (see Table 2 and Fig. 5) it may be suggested that for the

Main vibrational data (FTIR) for the p-aminobenzoic acid, their sodium salt and compounds synthesized.

Assignment [23-26] H-pABA Na(L)-0.5H,0 Mn(L), Co(L)2 Ni(L)>"H,O Cu(L),2H,0 Zn(L)»'1-5H,0
vasNH, 3460,, 3377y 3469, 3452, 3365 3225,, 3265w
vsNH, 3363, 3315, 3359, 3366, 3299, 3134, 3212,
vOH 3000-3250,, 3223, 3184, 3420, 3500,
vCH 3010-3050,, 3045/3012,, 2988/2900,, 3074/2988,,,

N—H:--0/0—H-N 2300-3000,,

vC=0 1663,

8NH, 1623, 1598, 1633,

vC=C 1598, 1605, 1596, 1603s 1610/1603, 1610,
vC=C 1574, 1582, 1593,
vasCOO ™~ 1538y 1498, 1528/1512 1519/1502 1530/1505; 1567,
vC=C 1522, 1515,
vC=C 1441, 1437,
80H 1421,

vsCOO ™~ 1398, 1389, 1394/1380y 1382, 1388, 1375y
vC—N 1310, 1264, 1316, 1308g 1320, 1308, 1326,
vC—OH 1289,

soutlNH2 1072,y 1084, 1066, 1092, 1099,,

8CH 1018, 1015, 1018,,
soutCH 842, 845,, 848, 846, 851 863,
soutCH 770ys 782y 787ys 785ys 78245 778ys
8C—C—C 699,, 692, 703, 695, 7001, 700,
Avascoo— — vscoo— 140 109 148/118 137/120 142/117 192

vs: very strong; s: strong; m: medium; w: weak; vw: very weak; v: stretching vibrations; vas: asymmetrical stretching vibration; vs: symmetrical stretching vibration; vas(COO-):
asymmetric carboxyl stretching vibration; vs(COO-): symmetric carboxyl stretching vibration; 8: in plane bending vibration. Sout: out of plane bending vibration.
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nickel, copper and zinc compounds the amino group participates in the
metal-ligand interaction [16,22].

However, no significant changes were observed in the wavenumber
in which the bands of the amino group appear in the FTIR spectrum of
the cobalt and manganese compounds (Table 2) indicating that the
amino group do not participate in the metal-ligand interaction for these
compounds.

4. Conclusion

By TG-DTA, complexometry and elemental analysis results it was
possible to establish the general formula M(L), nH,O for the synthe-
sized compounds, where M represents Mn, Co, Ni, Cu and Zn, L is p-
aminobenzoate and n = 0 (Mn, Co), 1 (Ni), 1.5 (Zn), 2 (Cu).

The TG-DTA results provided information on the composition, de-
hydration, thermal stability, thermal decomposition, phase transfor-
mation, as well as the gaseous products that evolved during the thermal
decomposition of these compounds in pyrolysis and oxidative condi-
tions. The main gaseous products released during thermal decomposi-
tion and pyrolysis of the complexes were identified by EGA as CO, CO.,
N,0, NH; and aniline in air atmosphere and CO, CO,, NH3 and Aniline
in nitrogen atmosphere, in addition to water for the hydrated com-
pounds.

The DSC curves in nitrogen atmosphere provided information on the
phase transformation and dehydration enthalpies for the compounds, as
well as enabled to determine the reversibility of phase transition phe-
nomena. The micrographs obtained during heating in DSC curves by
DSC photovisual system confirmed the physical phenomena observed in
zinc compound.

The powder X-ray patterns showed that all the compounds have a
crystalline structure, without evidence of the formation of isomorphous
compounds.

IR spectroscopic data suggest different modes of coordination for
the synthesized compounds, being bidentate bridging and/or chelate
for Co, Ni and Cu, unidentate for Zn and bidentate chelate for Mn
compound.
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