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THERMAL DECOMPOSITIONS OF ZINC(II)
BENZENEDICARBOXYLATES

W. Brzyska and D. Wanczowska-Fonfara

DEPARTMENT OF INORGANIC AND GENERAL CHEMISTRY,
INSTITUTE OF CHEMISTRY, MARIE CURIE SKEODOWSKA UNIVERSITY,
20-031 LUBLIN, POLAND

(Received January 27, 1987)

The thermal decompositions of zinc(II)benzenedicarboxylates were studied in air atmosphere
at a heating-rate of 10 deg min ™!, Zinc phthalate and isophthalate were dehydrated in one step
and next decomposed directly to ZnO. Zinc terephthalate was dehydrated in two steps and then
decomposed directly to ZnO.

Metal complexes with benzenedicarboxylic acids are little known. In recent years
we have studied the thermal decompositions of benzenedicarboxylates of some
transition metals: scandium(III) [1], zirconium(IV) {2} and copper(ll) [3]. As a
continuation of our work on the thermal decompositions of carboxylates of
transition [4] and inner transition elements [5-6], we now report the thermal
decompositions of zinc(IT) benzenedicarboxylates in air atmosphere.

Experimental

Zinc(II) phthalate, isophthalate and therephthalate were prepared by adding a
0.1 M solution of ammonium benzenedicarboxylate to a hot 0.2 M solution of zinc
nitrate (pH 4..5-5.0). The precipitate formed was heated in the mother liquor for
0.5 hon awater bath at 333-343 K, filtered off, washed with water to remove NH; ,
and dried at 303 K to constant mass.

The contents of carbon and hydrogen in the zinc benzenedicarboxylates were
determined by elemental analysis by using V,0, as oxidizing agent.. The zinc
contents were determined by ignition of the complexes to ZnOat 1173 K. The water
contents were determined from the TG curves and by isothermal heating of the
complexes at a definite temperature.
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In order to confirm the chemical compositions of the obtained salts, their IR
spectra and the spectra of the benzenedicarboxylic acids were recorded over the
range 4000400 cm "' with a UR-20 spectrophotometer. The results are given in
Table 1. The diffractograms of the prepared complexes were recorded with a

DRON-2 diffractometer.

Table 1 Analytical data

Zn, % C, % H, %
Complex
caled. found caled. found caled. found
ZnL*-1.5H,0 (1, 2) . 25.48 25.67 37.42 37.46 2.14 1.97
ZnL-2H,0 (1, 3) 24.62 24.71 36.15 35.93 3.03 2.94
ZnL-3.5H,0 (1, 4) 22.35 22.10 32.82 32.52 3.80 4.14

* L = CeH,(COOY ™ ;

(1,2), (1, 3), (1, 4) = positions of COO~ groups
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Fig. 1 TG, DTG and DTA curves of zinc(I1) phthalate hydrate
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Fig. 2 TG, DTG and DTA curves of zinc(Il) isophthalate hydrate

The thermal stabilities of the prepared complexes were studied by means of TG,
DTG and DTA techniques. The measurements were made with a derivatograph at
a heating rate of 10 deg min ~ 1. The samples were heated in ceramic crucibles in air
atmosphere. The results are presented in Figs 1-3 and Table 1.

Results and discussion

Zinc(IT) phthalate, isophthalate and terephthalate were prepared as white
crystalline solids, sparingly soluble in water. They are characterized by low
symmetry and a large unit cell. The complexes are hydrated with various degrees of
hydration, and with a molar ratio of metal to ligand of 1:1 (Table 1).

Analysis of the IR spectra of the prepared complexes confirms their formulation.
In the IR spectra of zinc phthalate, isophthalate and terephthalate, there are broad
absorption bands with maximum at 3260-3200 cm™! and a sharp band at
16301600 cm ™!, which indicate the presence of crystallization water molecules,
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Fig. 3 TG, DTG and DTA curves of zinc(Il) terephthalate hydrate
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absorption bands at 1580-1530 cm ™! anf 1410-1390 cm ™! due to asymmetric (v,,)
and symmetric {v,)) vibrations of the COO~ ion (Table 2) and bands at
530-450 cm ! due to the Zn—O bonds.

The magnitude of separaton of the asymmetric and symmetric bands (v,v)
of the COO~ group increases in the sequence: iso-

Table 2 Frequencies of absorption bands of COO™ group {cm™ ']

Compound Voog Vi COO™ Av,, v, COO~ Av, Vae—Vs Zn—0
C,H,(COOH), (1.2) 1685 1580 — 1400 — 180 —
ZnL-1.5H,0 (1.2) — 1530 50 1390 10 140 455
C,H,(CO0), (1.3) 1690 1580 — 1920 — 160 —
ZnL-2H,0 (13 — 1540 40 1410 i0 130 475
CHA(COO), (1.4) 1690 1570 — 1420 — 150 —
ZnL-35H,0 (14 — 1580 10 1400 10 180 530
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phthalate < phthalate < terephthalate, which indicates the increasing ionic bond
participation in the complexes. This is a result of the change in position of the
COO ™ group in the benzene ring and of the changes in the steric and induction
effects and the different symmetries of the complex molecules. The C= 0 band at
1690-1685 cm ™! in the IR spectra of the benzenedicarboxylic acids does not appear
in the spectra of the complexes, which indicates the absence of the COOH group.

In the spectra of these complexes, the vibrations of Zn—Q are not pure ones on
account of conjugation of the C—O and C—C group vibrations. The frequency of
the absorption bands of the Zn—O vibrations increases with increasing distance
between the carboxylic groups in the benzene ring, which indicates the increasing
bond stability.

Zinc phthalate probably exists as a dimer, Zn,L,-3H,0, whereas the
isophthalate and terephthalate form polynuclear complexes and the zinc ions are
bonded through benzenedicarboxylate ions. Zinc terephthalate has a chain
structure due to the para position of the COO™ groups.

When heated the benzenedicarboxylates of zinc decompose in two or three steps.
Zinc phthalate and isophthalate (Figs 1-3, Table 3) lose one molecule of
crystallization water endothermally when heated, and next the phthalate
hemihydrate and the isophthalate monohydrate decompose directly to ZnO over
the range 613-993 K. Zinc terephthalate is dehydrated in two steps to the
accompaniment of two endothermic effects, and the monohydrate, then decom-
poses directly to ZnO at 683-993 K. The crystallization water molecules lost
endothermally at 393-513 K are probably outer sphere water, whereas the water
molecules lost during the decomposition process are inner sphere ones. The
decomposition of the complexes is accompained by an endothermic effect, and the
combustion of the organic ligand and carbon deflagration by an exothermic one.
The most stable complex is zinc terephthalate, which decomposes at 683 K. This
fact confirms the results obtained on the basis of the IR spectra. The final product of
decomposition of all zinc benzenedicarboxylates is ZnO, which forms at
983-993 K.
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Zusammenfassung — Bei einer Aufheizgeschwindigkeit von 10°-min~! wurde die thermische
Zersetzung von Zink(IT)benzoldikarboxylat in Luft untersucht. Zinkphtalat und -isophtalat wird
zunichst in einem Schritt dehydratisiert und anschlieBend zu ZnO zersetzt. Zinkterephtalat wird vor der
endgiiltigen Zersetzung zu ZnO in zwei Schritten dehydratisiert.

Pestome — B BoaaywmHo#l aTrMocdepe mpH ckopocTd Harpesa |() rpaa/MHH HM3y4eHO TepMHYECKOE
pasnoxeHue Oensonaukapboxcunarop uMuka. dermpparauus ¢ranata- u m3odpTanata LUHKA
1poTexaeT B OJHY CTAJMIO ¢ NOCIEAYIOUIAM passiokeHHeM 6e3BOIHOTO MPOAYKTA NPAMO IO OKHCH
uunka. Peakuus germapatauuu TepedraliaTa LUMHKA ONpPOTEKaeT B JBe cTamuy, a obpasyroimuics
UPOUYKT 34TE€M PA3JIAracTCs JO OKHMCH LUHKa.
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