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Abstract

Co(II), Ni(II}, Cu(IT), Zn{IT) and Cd(I1) 2,5-dichiorobenzoates were prepared and their
compositions and solubilities in water at 295 K were determined. The IR spectra and X-ray dif-
fractograms of the obtained complexes were recorded. The complexes of Co(IT), Ni(Il), Cu(II),
Zn(ID) and CA(II) were obtained as solids with a 1:2 molar ratio of metal to organic ligand and
different degrees of hydration. When heated at a heating rate of 10K min~!, the hydrated com-
plexes lose some (Co, Zn) or all (Ni, Cu, Cd) of the crystallization water molecules and then
decompose to oxide MO (Co, Ni) or gaseous products {Cu, Zn, Cd). When heated at a heating
rate of 5 K min™', the complexes of Ni(II) and Cu(Il) lose some (N1) or all (Cu) of the crystal-
lization water molecules and then decompose directly to MO,
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Introduction

2,5-Dichlorobenzoic acid (HL} is a crystalline solid sparingly soluble in
water, but soluble in ethanol [1]. Its complexes with metal ions are not well
known.

2,5-Dichlorobenzoates of Na() [2], K(I), NHz, Ca(1l) and Ba(IT) [1] have
been prepared as crystalline solids soluble in water, and the complexes of Pb(1l),
Ag(I}, Fe(Il) {1] and Cu(ll) [1, 3] as compounds sparingly soluble in water. The
complexes of Y(ITI) and lanthanides (I11) [4] have been prepared as crystalline
solids with a molar ratio of metal to organic ligand of 1:3 and different degrees
of hydration, sparingly soluble in water. Their IR spectra have been recorded and
their thermal decompositions have been studied. When heated in air, the com-
plexes undergo dehydration and then decompose to oxides, either directly or
with the intermediate formation of LnOCL

This work is a continuation of our studies on the physico-chemical properties
of d-electron metal complexes with dichlorobenzoic acids [5-11]. Its aims were
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to prepare Co(II), Ni(II), Cu(Il), Zn(II) and Cd(II) 2,5-dichlorobenzoates in the
solid state and to examine their physico-chemical properties and thermal decom-
positions in air.

Experimental

2,5-Dichlorobenzoates of Co(I1), Ni(II}, Cu(Il), Zn(Il} and Cd(1l) were pre-
pared by dissolving the metal(1I} carbonates in a hot (~343 K) saturated solution
of 2,5-dichlorobenzoic acid and then crystallizing at room temnperature after fil-
tration to remove the excess of reagents. The precipitates formed were filtered
off, washed with water and dried at 303 K to constant mass. The carbon and hy-
drogen contents of the prepared complexes were determined by elemental analy-
sis {Perkin Elmer CHN 2400 analyser). The chlorine contents were measured by
the Schoniger method. The Co(II), Ni(ID), Cu(Il), Zn(IT} and Cd(II) contents
were determined by the AAS method with an AAS-3 atomic absorption spectro-
photometer (Carl Zeiss, Jena). The crystallization water contents were deter-
mined from the TG curves and by isothermal heating of the complexes at a suit-
able temperature. The experimental results are in accordance with the calculated
data. The IR spectra of the complexes, of 2,5-dichlorobenzoic acid and of its so-
dium salt were recorded on KBr discs on an FT-IR 1725X Perkin-Elmer spectro-
photometer (range 4000-400 cm™). The solubilities in water were determined at
295 K, the saturated solutions being prepared isothermally.

Th
The thermal stabilitics of the prepared 2,5-dichlorobenzoates were deter-

mined with a Paulik-Paulik-Erdey Q 1500 D Derivatograph, with recording of
the TG, DTG and DTA curves. The measurements were made at sensitivities of
100 mg (TG), 500 1 V(DTG) and 500 u V(DTA). Samples (100 mg) were heated
in platinum crucibles to 1273 K at a heating rate of 6pe,=10 or 5 K min~'. The hy-
drated complexes were heated isothermally at a set temperature to constant mass.
The products of decomposition were calculated for the TG curves and were con-
firmed by recordering their X-ray patterns via the powder Debye-Scherrer
method (DRON-2 diffractometer).

Results and discussion

2,5-Dichlorobenzoates of Co(ID), Ni(II), Cu{Il), Zn(IT} and Cd(II) were pre-
pared as crystalline solids with different structures (Fig. 1} and with colours
characteristic of the hydrated M(TI) ions, and with a molar ratio of metal to or-
ganic ligand (calculated from the quantitative composition) of 1:2 and general
formula M{C;H30,Cl3)-nH,0, where n=5 for Co(Il), n=4 for Ni(Il), n=3 for
Zn(1D and n=2 for Cu(1l) and Cd(II) (Table 1). The complex of Ni(1l) is soluble
in water. Its solubility is of the order of 107 mol dm™. The complexes of Cd(II),
Zn(1l), Co(II) and Cu(ll) are sparingly soluble in water, Their solubilities are of
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Fig. 1 Radiogram sheets of Co(II), Ni(II), Cu(Il), Zn(II) and Cd(II) 2,5-dichlorobenzoates

rder of 1077104 mol dm™. The solubilities of the prepared complexes de-
se in the sequence Nl(II)>Cd(II)>Zn(II) Co(II)>CufII).

The IR spectra of 2,5-dichlorobenzoic acid, its sodium salt and its rare earth
element complexes are presented in Table 2. In the IR spectra of the studied com-
plexes, there are broad absorption bands of Valency vibrattons of the OH group
in H:O with max1ma at 3420-3376cm ' and a narrow band &8(H,O) at
15991604 cm™! , confirming the presence of crystallization water molecules.
When the acid is converted to the comp]ex the absorptlon band of the COOH
group at 1704 em™ disappears, and the split bands of the asymmetric valency vi-
brations v,(OCO ) at 1572 cm ™ and 1544-1557 cm™', and the bands of the sym-
metric valency vibrations vs(OCQO™) at 1404 —-1412 cm appear.

The split absorption bands of the asymmetric vibrations of OCO™ group show
[12, 13] that the carboxylate groups coordinate to the metal ion in different ways.
In the IR spectra of the Co(IT) and Ni(II) complexes, the splitting of the absorp—
tion bands arising from the v1brat10ns Vas(OCOT) and v(OCO™) (Av=vaeVy) 18
equal to 172-168 cm™ and 140 cm™', respectively, a little smaller than for the so-
dium salt, suggesting a similar degree of ionic bond character in these complexes
as in the sodium salt. The spectroscopic criterion [12, 13] and our previous work

[7, 9] suggest that the carboxylate group in these complexes is probably both bi-

J. Therm. Anal. Cal., 55, 1999



o £6T 8 Ia7eM U1 AIIqR{0S,

L0106 9T €897 $1E TRIE 8T 16°1 'z LTI SH8TS  O°HTPOYCOID'HD)
(O€1 18T 6E8T e L9EE €T €T 0'€l 60El s¥e6r O'HEUZCO'TO'H'D)
L0108 L6 LS6T I's€ 90°S¢ 'z 11z Tel SZTEl 65°6LF  O°HT-RO (PO ID'HYD)
. 01Tl 8L 91T RTE THTE 8T LLT 11 611 LLOIS  O°HPIN‘CO'ID'HYD)
COIEL 69T  08°9T 0T 8LiE 0¢ co'E 601  FUIT €065 OHS-0D'COYDHYD)
W jow punoj ‘pPaeod punoj PoleD puno} PorEd punoj ‘Pajed SSpPW

€ v[nuao] reourdwyg

ARquiog 10% D% H% W% e[MeLIo

WOLODKIEWICZ, BRZYSKA: 2,5-DICHLOROBENZOIC ACID

642

$01BOZUAGOIOYIP-°T (IDPD Pue (INUZ (110D (EDIN {1100 JO SSN[Ign|os Pue elep [solA[euy | el

J. Therm. Anal. Cal., 55, 1996



643

WOLODKIEWICZ, BRZYSKA: 2,5-DICHLORQBENZOIC ACID

£9L°€18 9F[ L8] 80 [ PSST ‘S651 65He ENSCCOYDYHD)
09L°T18 9¢1 ‘091 30v1 PrST ‘TLSI 765¢ O HT-PO COhD YY)
09L 918 0F! PRI S0¥1 8¥SI ‘7681 yTve O HE U CO D H D)
99L ‘718 vl %91 yOvI 85T “8961 91¥E O'HZ- N FOY D HYD)
09L°T18 Ob1 891 TIvi TEST 0881 9LEE O'HPINC(COYID HYD)
951918 orl1 Tl 412! T6S1 y8S1 0THE O HS- 00 O D H DY
10— AV ©D0)A (©00)"A HOM x3jdwo)

(DN PUE (IDPD “(IDUZ “(1000) (1IN (110D Jo (,_wo ury enoads Y ut spueq uondiosge ansuain2Ieys Jo sa1uanbas g gL

$OJBOZUDQOIO[YIIP-C'T

I Therm. Anal, Cal., 55, 1999



WOLODKIEWICZ, BRZYSKA: 2,5-DICHLOROBENZOIC ACID

644

v.1d ue syead ajunsgiopus ~ 77

woneIpAyop jo afues arneradws - Lz — 1]

PO O ID ML) €T z 59 789 £8P—€LE O'HZ-PO**C“ID'HD)

O*HZUZ OO HYD) £6€ i 3 19°€ £EF£6¢ O HEVZ' (O D YD)

OO HYD) £t 4 $L IS4 ELF~£6€ o' Hz Do YY)

IN“(CO“ID*HYD) 31}2 P Taa 1%l £8P—£6€ O HY IN'CO D H YY)

O'HZ-0D (*O' 1D H Y 80¥ ¢ 001 7T 01 £EP—E5E O'HS-0D ' CO" 1D H™D)
punoy PIED

punoduro)) /AL [ouy ) 30 $507] pryr— wili-11] xa[dwory

U Y O] O 918 BULEAY ¥ e SIIROZUIQOIONYIIP-6Z (INPD PUR (IDUZ “(IDTD DN *([1)0)) JO LoIpAYap U0 ele(] £ G,

S Therm. Anal. Cal,, 553, 1996



645

WOLODKIEWICZ, BRZYSKA: 2,5-DICHLOROBENZOIC ACID

e,

wOm_oUn

UOTIEULIOJ 2prxe Jo aingeiadural — £ 1

Y.L ue syead sruragloxs jo 28uer aumeradway - {11 — T}
uonsodwozap Jo armeiadwa) - f

- - - £L6~E6S £rs POYEOMD HYD)

- - - €L6-E69 €19 O‘HTUZH O D HYD)

- - - £E6-EL9 ‘£E9EES €5g OO HYD)

671 9%1 ££01 €86—€LL €18 INTCOTD HD)

mu,m Nmum MMMM £1T1-8611 ‘C16-€6L £9¢ O HZ- oD O D H D)
punoy "pafes b

2 /ANPISAI JO SSEIN FL Ak -1l I xorduied

SIS O J0 316 BUneay 18 $9)e0zuaqoIofya1p-§°z (IDPD PU2 (INUZ “(IDND (DN "(IDeD Jo uontsodwodap uo ered ¢ AqEL

A Therm. Anal. Cal., 35, 1999



646 WOLODKIEWICZ, BRZYSKA: 2,5-DICHLORCBENZOIC ACID

dentate and monodentate, When these results are compared with the data ob-
tained for Co(Il) and Ni(Il) 3.,4-dichlorobenzoates, the crystallographic struc-
tures of which have been determined [11], it is possible to suggest for Co(II} and
Ni(ID 2,5-dichlorobenzoates the formula [ML(H:0)][MIL2(H20).-nH20, where
n=4 for Co(Il} and n=2 for Ni(II).

The 2,5-dichlorobenzoates of Co(Il) and Ni(I1) have different structures
(Fig. 1), whereas Co(II) and Ni(II) 2,4-, 2,6-, 3,4- and 3,5-dichlorobenzoates are
isostructural {8 ~11]. In the IR spectra of Cu(ll}, Zn(Il) and Cd(11) 2,5-dichlo-
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robenzoates, the bands v,{OCO") are also split and occur at 1568—1592 cm™ and
1544-1458 cm™, respectively, with v,(OCO") at 1404—1408 cm™'. The bands
v.{OCO7) and v(OCO™) in these complexes are shifted to lower frequencies or
are practically the same as for the sodium salt.

On this basis, it is possible to suggest that the carboxylate groups act as both
dibentate chelating and bridging groups. The two bands of wWC-Cl) at
812-816 cm™' and 756 —760 cm™' in the IR spectra of the complexes are insignif-
icantly displaced as compared to v(C—Cl) in the spectrum of the sodium salt (813
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Fig. 4 TG, DTG and DTA curves of CuL,2H,0 (8, =10 K min™)
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Fig. 6 TG, DTG and DTA curves of CdL,-2H,0 (6, =10 K min™)

and 763 cm™"), which suggests that the Cl atoms do not participate in the metal
— ligand bonding. In general, it is possible to state that only the oxygen atoms of
the carboxylate groups take part in the metal — organic ligand coordination.

The 2,5-dichlorobenzoates of Co(II), Ni(1I), Cu(IT), Zn(II) and Cd(II} are sta-
ble in air and can be stored for several months without change. During heating,
they decompose in different ways (Tables 3 and 4, Figs 2—-6). When heated at a
heating rate of 10 K min"', the complexes are stable p to 353—-393 K and next lose
all (Ni, Cu, Cd) or some {Co, Zn) of their crystallization water molecules in the
temperature range 353-483 K, affording anhydrous complexes or less hydrated
ones, which decompose in different ways. The dihydrate Co(II) complex decom-
poses to CoO with the intermediate formation of Co;O4, whereas the anhydrous
complex of Ni(Il) decomposes directly to NiO. The complexes of Co(lI) and
Ni(II) with other isomers of dichlorobenzoic acid decompose in a similar way
[5, 7-9]. The anhydrous complexes of Cu(1I) and Cd(II) and the dihydrated com-
plex of Zn(Il) decompose to gaseous products (volatile chloroorganic com-
pounds of Cu(1T), Cd(11) and Zn(II) are probably formed: a solid residue was not
observed) (Table 3, Figs 4-6). The results indicate that the thermal decomposi-
tions of hydrated Co(II), Ni(I[}, Cu{Ii), Zn(II) and Cd(II) 2,5-dichlorobenzoates
at 10 K min"' can be presented as

CoL2-5H,0 — Col2H20 — C0304 — CoO

NilL2-4H;0O — NiLa — NiO

Cul.p-2H20 — CuLs — gaseous products

Znl.2-3H;0 — ZnL22H20 — gaseous products

CdL;-2H20 — CdL.2 - gaseous products,

J. Therm. Anal. Cal,, 55, 1999
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The prepared complexes were also heated at a heating rate of 5K min . The
2,5-dichlorobenzoates of Co(II), Zn(1l) and Cd(IT) decompose in a similar way
as during heating at a heating rate of 10K min™', whereas the complexes of Ni(II}
and Cu(Il) decompose in a different way (Table 5, Figs 7 and 8). On heating. the
tetrahydrated complex of Ni(II) loses 2 crystallization water molecules, and the

resulting dihydrate decomposes directly to NiO. The oxide NiO is formed at
873 K, whereas at a heating rate of 10 K min™' it is formed at 1033 K. The dihy-
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drated 2,5-dichlorobenzoate of Cu(1l) undergoes dehydration at 363 -423 K, and
the anhydrous complex decomposes to CuQ, which is formed at 913 K.

The thermal decompositions of Ni(II) and Cu(II) 2,5-dichlorobenzoates at
5 K min' can be presented as

Nil2-4H0 — NiL22H20 - NiO
CuL22H20 — Cul.2 = CuO.
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