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Abstract: Physico-chemical properties of 3-chloro-2-nitrobenzoates of Co(ll), Ni(ll) and Cu(ll) were
synthesized and studied. The complexes were obtained as mono- and dihydrates with a metal ion to
ligand ratio of 1 : 2. All analysed 3-chloro-2-nitrobenzoates are polycrystalline compounds with
colours depending on the central ions: pink for Co(ll), green for Ni(ll) and blue for Cu(ll) complexes.
Their thermal decomposition was studied in the range of 293 — 523 K, because it was found that on
heating in air above 523 K 3-chloro-2-nitrobenzoates decompose explosively. Hydrated complexes
lose crystallization water molecules in one step and anhydrous compounds are formed. The final
products of their decomposition are the oxides of the respective transition metals. From the results it
appears that during dehydration process no transformation of nitro group to nitrite takes place. The
solubilities of analysed complexes in water at 293 K are of the order%f 1@2 mol / dnB. The
magnetic moment values of &p Ni2+ and C&* ions in 3-chloro-2-nitrobenzoates experimentally
determined at 76 — 303 K change from 3§70 4.61ug for Co(ll) complex, from 2.15; to 2.874g

for Ni(ll) 3-chloro-2-nitrobenzoate and from 0/26to 1.39 for Cu(ll) complex. 3-Chloro-2-
nitrobenzoates of Co(ll) and Ni(ll) follow the Curie-Weiss law. Complex of Cu(ll) forms dimer.

Keywords 3-chloro-2-nitrobenzoates; complexes of Co(ll), Ni(ll) and Cu(ll); IR spectra; magnetic
moments; thermal stability.

Introduction only with the cations: Ga and B&* [4]. 3-
Chloro-2-nitrobenzoate of Ca(ll) was obtained as
3-Chloro-2-nitrobenzoic acid is a light- trihydrate while that of Ba(ll) as tetrahydrate.
yellow crystalline solid sparingly soluble in Moreover some complexes of transition
water. Its electrolytic dissociation constant islement cations with various isomers of chloroni-
equal to 4.4 - 18(25°C) [1]. The compounds of tro- and chloromethoxybenzoic acid anions were
3-chloro-2-nitrobenzoic acid anion are very littlealso prepared as solids and investigated [5-12].
known. A survey of the literature shows that it iSThe 3-chloro-2-nitrobenzoates of Co(ll), Ni(ll),
possible to find papers on the complexes of varand Cu(ll) have not been obtained so far.
ous ligands with some of d block elements [1-4]Therefore the aim of this work was to prepare
and also on their salts with 3-chloro-2-nitrobenthem in the solid state and to examine some of
zoic acid anion. The salts of 3-chloro-2-nitrobentheir physico-chemical properties including ther-
zoic acid anion were obtained in the solid stateal stability in air during heating to 523 K, IR

Ecl. Quim., S&o Paulo, 31(4): 7-14, 2006 7



spectral characterization, X-ray powder investigaExperimental details

tions, solubility in water at room temperature and

magnetic behaviour at 76 — 303 K. Thermal stabil- The 3-chloro-2-nitrobenzoates of Co(ll),
ity investigations give informations about theNi(ll) and Cu(ll) were prepared by adding the
process of dehydration. The magnetic susceptibilequivalent quantities of 0.1 M ammonium 3-
ty measurements let study the kinds of the way @hloro-2-nitrobenzoate (pH ~ 5) to a hot solution
coordination of the central ions and the nature afontaining the Co(ll), Ni(ll) and Cu(ll) chlorides
the bonding between central ions and ligands. Hnd crystallizing at 293 K. The solids formed
the magnetic moment is known, the number ofvere filtered off, washed with hot water and
unpaired electrons can be calculated. This mayethanol to remove ammonium ions and dried at
also give information on the oxidation state of th&03 K to a constant mass.

central metal ion of a complex. When the number The contents of carbon, hydrogen and
of unpaired electrons on the ion of complex isitrogen were determined by elemental analysis
known the spin-only moment can be calculatedising a CHN 2400 Perkin Elmer analyser. The
The deviation of the measured magnetic momerbntent of chlorine was determined by the
from the spin-only permits the drawing of conclu-Schoéniger method. The contents of metals were
sions on the symmetry of the complex in certaiestablished by ASA method with the use of ASA
cases. The determination of the number 80 spectrophotometer (Varian).

unpaired electrons on the central atom establishes  The IR spectra of complexes were record-
whether the complex investigated is of low or higked over the range of 4000 — 4@@n! using
spin or the ligand form the strong or weak fields.M — 80 spectrophotometer (Carl Zeiss Jena).

Table 1. Elemental analysis data of Co(1l), Ni(I1l) and Cu(ll) 3-chloro-2-nitrobenzoates

Complex C/% H/% Cl/ % N/ % M/ %
L caled. found caled. found calcd. found caled. found caled. found
:C7H304NCI

CoL,-2H,0 33.87 33.67 2.01 200 1431 1430 564 562 11.88 11.80
NilL, - 2H,O 33.87 3358 201 2.01 1437 1435 564 563 11.87 11.85
CuLy - 2H,0 33.60 33.70 1.60 158 1420 1421 560 5.60 12.68 12.64

Table 2. Wavenumbers (cm™) of COO™ bands in 3-chloro-2-nitrobenzoates of Co(11), Ni(1l),
Cu(Il) and Na and of the COOH

Complex Ve=0 Vas0co Vsoco Avoco Veal Vm-0
- C7l—]I;O4NC1
CoL, - 2H,0O - 1590 1400 190 740 500
NiL; - 2H,O - 1590 1410 180 740 480
CuyLs - 2H,0 1610 1410 200 750 530
HL 1710 - - - - -
NaL - 1625 1400 225 760 440
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Figure 1. Dependence of Klvs 20 for Co(ll),

Ni(Il), and Cu(ll) 3-chloro-2-nitrobenzoates.

Samples for IR spectra measurements were pre-
pared as KBr discs.

The thermal stability and decomposition
of the complexes were studied in air using a
Setsys 16/18 (Setaram) TG, DTG and DSC
instrument. The experiments were carried out
under air flow in the temperature range of 293 —
523 K. Samples ranging from 5.20 mg (Co),
5.19 mg (Cu) to 5.05 mg (Ni) were heated in
Al,O5 crucibles.

The thermal stability and decomposition
of the prepared chloronitrobenzoates were deter-
mined by Paulik-Paulik-Erday Q-1500D deriva-
tograph with Derill converter, recording TG,
DTG and DTA curves. The measurements were
made at a heating rate of 10 K-riwith a full
scale. The samples (100 mg) were heated in plat-
inum crucibles in static air to 523 K with a TG
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Figure 2. TG, DTG and DTA curves for Co(ll) 3-
chloro-2-nitrobenzoate.

Table 3. Temperature range of the dehydration process of Co(IT), Ni(TT) and Cu(IT) 3-chloro-
2-nitrobenzoates in air and their solubility in water at 293 K

Solubility/
Complex AT*/K . AH®/kJmol'  mol - dm?

L = C;H304NCl Calcd. Found
CoL; - 2H,O 360-390 725 720 2 130.80 1.30-10
NiL; - 2H,O 364-395 725 720 2 128.80 6.60-10*
CusLs - 2H,0 345-364 3.59  3.60 1 60.01 4.20-10*

AT*" = temperature range of dehydration process, n”= the number of loss of water molecules, AH® = enthalpy of

dehydration process
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sensitivity equals to 100 mg, DTG and DTA sen-lated by the use of Pastsakonstants [13, 14].
sitivities were regulated by computer Derill pro- Magnetic moments were calculated according
gramme. The products of decomposition werito Eq. (1):
calculated from TG curves and verified by the X-
ray diffraction pattern. Hes = 2.83(MT)1/2 1)
The solubilities of 3-chloro-2-nitroben-
zoates of Co(ll), Ni(ll) and Cu(ll) in water were
measured at 293 K. Saturated solutions of the
obtained compounds were prepared unde- ...,
isothermal conditions. The contents of Co(ll),
Ni(ll) and Cu(ll) were determined using ASA
880 spectrophotometer (Varian). 20000
Magnetic susceptibilities of polycrys- .
talline samples of 3-chloro-2-nitrobenzoates o« ., "
Co(ll), Ni(ll) and Cu(ll) were investigated at 76
— 303 K. The measurements were carried ot

mol

x fem
-

using the Gouy method with magnetic field 12000 |- . .
strength of 9.9 kOe. Mass changes wer: L "'a,.,‘.
obtained from Cahn RM-2 electrobalance. The 2000 ‘ ‘ , L e
calibrant employed was Hg[Co(SC}!)for s 100 150 TQ?E 250 200 350

which the magnetic susceptibility was assume:
to be 1.644-18 cm3 - gl. Correction for dia- Figure 3. Dependence between magnetic suscepti-
magnetism of the constituent atoms was calcLbility valuesvstemperatures for Co(ll) complex.

Table 4. Values of magnetic data for 3-chloro-2-nitrobenzoates of Co(II), Ni(11) and Cu(1I)

COLz . 2H20 .

L= C7H3O4NC1 N1L2 2H20 Cl.lzL4 2H20
T/K gm10° g /tin T/K  xwl0® e /ug T/K  xm10° i /1tn
76 22095 3.67 76 7604 2.15 76 110 0.26
123 16969 4.09 123 6193 247 123 340 0.58
133 16142 4,15 133 5909 2.51 133 419 0.67
143 15466 4.21 143 5633 2.54 143 481 0.74
153 14684 4.24 153 5431 2.58 153 530 0.81
163 14036 428 163 5221 2.61 163 583 0.87
173 13595 434 173 5015 2.64 173 645 0.96
183 12799 4.33 183 4810 2.65 183 667 0.99
193 12312 436 193 4654 2.68 193 698 1.04
203 11834 4.39 203 4499 2.70 203 716 1.08
213 11484 443 213 4335 2.72 213 751 1.13
223 10988 4.43 223 4180 2.73 223 742 1.15
233 10468 442 233 4036 2.74 233 764 1.19
243 10082 4.43 243 3912 2.76 243 773 1.23
253 9949 449 253 3811 2.78 253 782 1.26
263 9687 4.52 263 3690 2.79 263 773 1.28
273 9452 455 273 3753 2.86 273 791 1.31
283 9218 4.57 283 3566 2.84 283 791 1.34
203 8983 459 293 3480 2.86 293 791 136
303 8740 4.61 303 3387 2.87 303 791 1.39
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900 — —— — Some of the results of IR spectra analysis
a0 | oesse are in Table 2. The infrared spectrum of 3-chloro-
ol T 2-nitrobenzoic acid shows the following absorp-
b % 7 tion bands [15-18]; a strong band of COOH at
z 7l rd | 1710 cmt, the bands assigned to asymmetric and
m; 500 - I | symmetric vibrations of NOgroup at 1530 crh
5 wof b and 1350 cm, the bands of(C-C) vibrations at
= oL A 1 1610, 1425, 1150 and 1110 émthe bands of
ook ‘ d v(C—H) vibrations at 3100, 900 and 810-Em
Lo and the bands af(C—ClI) stretching vibrations at
oo ¢ ] 730 cml. The bands of skeleton vibrations occur
T —— at 610 and 560 crh[15-18].
50 100 150 200 250 300 350

In the IR spectra of 3-chloro-2-nitroben-
zoates the band at 1710 éndisappears, which
confirms that no COOH is present in the com-
plexes. In these spectra the intense broad absorp-
tion bands at 3570 — 3400 craonfirm the pres-
ence of crystallization water. The bands arising
from asymmetric and symmetric vibrations of
14— . \ . COO group occur at 1610 —1590 énand 1410

r o | — 1400 cnt, respectively. The bands at 1540 —
121 e 1530 cmt and 1360 —1350 cthare assigned to
I . asymmetric and symmetric vibrations of the NO
o 1 group. They are not significantly shifted with
* respect to those of the parent acid, and thus one
o8 /.“ ] must conclude that the N@roup is not coordi-
os | ‘,-‘ 1 nated to the metal ions. Th¢C—CI) stretching
vibration occurs at 750 — 740 édmand the bands
at 530 — 480 crt are assigned to the metal-oxy-
L gen ionic bond. The bands of skeleton vibrations
P - S R T R are shifted to lower frequencies (600 and 5460 cm
50 o 1s 200 250 0 3% 1) compared to those in the acid IR spectrum. The
17K changes in their positions are caused by the inter-
Figure 5. Relationship between magnetic momeniaction between aromatic ring vibrations and the
values vs temperatures for Cu(ll) 3-chloro-2- groups of atoms and ions. In the IR spectra of the
nitrobenzoate. complexes the bands vf{OCO) are shifted to
the lower frequencies whereas the bands of
v{(OCO) are moved to higher or stay at the same
frequencies compared to those of the sodium salt
Results and Discussion (Table 2). Therefore it is possible to assume that
the carboxylate ion is a bidentate, chelating
3-Chloro-2-nitrobenzoates of Co(ll), group [15, 19, 20]. The magnitudes of separation,
Ni(Il) and Cu(ll) were obtained as polycrystalline Av(OCO), between the frequencies due to
solids with a metal ion to ligand mole ratio of 1: 2v,{OCO) and v(OCO) in the analysed com-
and a general formula M¢E;0,NCI), - nH,O plexes indicate a lower degree of ionic bond in
(where M = Co, Ni, Cu and n = 2 for Co and Ni, these compounds compared to sodium salt.
and n = 1 for Cu), and colours: pink for Co(ll), Having a greater ionic potential than a sodium
green for Ni(ll) and blue for Cu(ll) complexes ion, C&*, Ni2* and C@* ions have a stronger
(Table 1). deforming effect on the ligand.

T/K
Figure 4. Dependence between magnetic suscept
bility valuesvstemperatures for Cu(ll) 3-chloro-2-
nitrobenzoate.

L/ng

04
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In order to verify that the prepared com-drates and 3.60 % in the case of monohydrate of
plexes are not converted to the nitrite isomer€u(ll) 3-chloro-2-nitrobenzoate (Table 3). Their
(during precipitation or on heating to 523 K), thetheoretical values are 7.25 % and 3.59 %, respec-
IR spectra of the hydrates of 3-chloro-2-nitrobentively. Considering the temperatures at which the
zoates, and of dehydrated complexes, and also déhydration takes place and the way by which it
sodium nitrite were recorded. A survey of the litproceeds it is possible to assume that the water
erature shows that under the influence of sunligmholecules form outer sphere water [29]. The
or with rising the temperature the nitro complexanhydrous complexes of Co(ll), Ni(ll) and Cu(ll)
es may be transformed to the nitrite analogues are finally decomposed to the oxides of respec-
the endothermic process [21]. It was found thatve metals: CoO, NiO and CuO, which were
the isomerization of the nitro group may accomidentified by IR spectra and X-ray powder dif-
pany the dehydration process of the complex dractograms. The products of the final decompo-
be connected with the transformation process isitions of chloronitrobenzoates were obtained by
its inner sphere [22]. As a monodentate ligandpasting the analysed complexes of Co(ll), Ni(ll)
nitrite ion may be bounded either through a nitroand Cu(ll).
gen atom forming the nitro complex or through The thermogravimetric studies of 3-
one of the oxygen atoms yielding a nitrite comehloro-2-nitrobenzoates of Co(ll), Ni(ll) and
plex. The general effect of coordination via nitro-Cu(ll) were carried out with DSC/TG technique
gen is arise in the frequencies of befiNO, and at 293 — 523 K (Table 3). The obtained results
v,NO, compared to the values for free ionreveal the complexes to be hydrates containing
~1328 cmt and ~1260 cm, respectively [23]. two or one molecules of water of crystallization
The IR spectra recorded for the hydrated andepending on the central ion. As example, the
dehydrated 3-chloro-2-nitrobenzoates of Co(l)TG, DTG and DTA curves of Ni(ll) 3-chloro-2-
Ni(ll) and Cu(ll) show that the nitro group is notnitrobenzoate are presented in Fig. 2.
transformed to the nitrite group with rising tem- The complexes are stable up to
perature. No bands confirming the isomerizatio®45 — 360 K. Next in the range of 345 — 395 K they
of the nitro group through the oxygen atom arelehydrate in one step. The mass losses estimated
observed [22, 23]. from TG curves (3.6 — 7.2 %) correspond to the loss

From the X-ray diffraction patterns from 1 to 2 molecules of water (the theoretical val-
recorded for the 3-chloro-2-nitrobenzoates ofies are equal to 3.59 — 7.25 %) and the energetic
Co(ll), Ni(ll) and Cu(ll) it appears that they areeffects AH = 60.01 — 130.80 kJ - m#&) accompa-
crystalline of low symmetry and large size of thenying these transformation processes confirm the
unit cells. They have different crystal structuresosses of definite numbers of water molecules. The
[24], which have not been determined, becaug@oducts of dehydration process were also charac-
their single crystals have not been obtained so faerized by elemental analysis, IR spectra and X-ray

It follows from earlier studies on the ther-powder diffractograms.
mal stability of 3-chloro-2-nitrobenzoates of The solubilities of 3-chloro-2-nitroben-
Co(ll), Ni(ll) and Cu(ll) that on heating thesezoates of Co(ll), Ni(ll) and Cu(ll) in water at
complexes are explosively decomposed abo#93 K were measured ( Table 3). They are in the
523 K [25, 26]. The thermal stability of 3-chloro- order of 16 — 102 mol - dm3. The Co(ll) 3-
2-nitrobenzoates of Co(ll), Ni(ll) and Cu(ll) was chloro-2-nitrobenzoate is the most soluble, while
studied in the range of 293 — 523 K. The resulthose of Ni(ll) and Cu(ll) the least soluble salts.
reveal that the analysed compounds lose the crysrom the obtained results it appears that 3-
tallization water in one step at 345 — 395 K. Thehloro-2-nitrobenzoic acid may be used as an elu-
process is connected with an endothermic effeent for the separation of transition metal ions by
as shown by the DTA curves [27-29]. The anhyion-exchange chromatography.
drous 3-chloro-2-nitrobenzoates are formed The magnetic susceptibility of 3-chloro-2-
above 400 K. The loss in mass calculated fromitrobenzoates of Co(ll), Ni(ll) and Cu(ll) was
TG curves is about 7.20 % in the case of dihymeasured over the range of 76 — 303 K (Table 4).

12 Ecl. Quim., Séo Paulo, 31(4): 7-14, 2006



The measured values for Co(ll) and Ni(ll) com-Conclusion
plexes obey the Curie-Weiss law suggesting a
weak ferromagnetic interaction (Fig. 3). The mag- 3-Chloro-2-nitrobenzoates of Co(ll),
netic moment values experimentally determined &i(Il) and Cu(ll) were characterized by elemen-
76 — 303 K for Co(ll) and Ni(ll) compounds tal analysis, thermal stability in air, IR spectral
change from 3.67u5 (at 76 K) to 4.61uz (at data, X-ray powder analysis, solubility in water at
303 K) for Co(ll) complex and from 2.15; (at 293 K and magnetic properties. The obtained
76 K) to 2.87u5 (at 303 K) for Ni(ll) 3-chloro-2- results indicate them to be mono-or dihydrates.
nitrobenzoate. These magnetic moment data afdeir thermal stability was studied at
very close to the spin — only values for the respe@93 — 523 K. | twas found that on heating in air
tive ions calculated from  equationabove 523 K, they decompose explosively. When
e = [4S (S + 1)}2in the absence of the magnet-heated they dehydrate to form anhydrous salts
ic interactions for present spin-system. The magvhich next are decomposed to the oxides of the
netic moment values calculated at room temperaespective metals. The solubility of the analysed
ture for Co(ll), Ni(ll) and Cu(ll) ions are equal to compounds in water (at 293 K) is of the order of
3.88 g, 2.83 g and 1.73ug, respectively. For 104 — 102 mol-dm3. The measured values of
Co(ll), Ni(ll), and Cu(ll) ions the magnetic magnetic susceptibilities for Co(ll) and Ni(ll)
moment values may be diffrent, than the spin-onlgomplexes obey the Curie-Weiss law, since they
worth. In the case of Co(ll) compound they arelecrease with rising temperatures. The obtained
higher than the spin-only value. This differencgi values of Co(ll) and Ni(ll) compounds may
between measured and calculated data results freamggest that they are high-spin complexes with
a spin-orbital coupling [30]. For Ni(ll) and Cu(ll) octahedral coordination and the ligands from the
complexes these values are lower. This is due weak electrostatic field in coordination sphere of
the fact that the vectors L and S are aligned by theentral ion. The magnetic susceptibility of 3-
strong field of the heavy atom in opposite direcehloro-2-nitrobenzoate of Cu(ll) increases with
tions and this diminishes the resultant magnetidsing temperatures and the magnetic moment
moment. The experimental data suggest that comalues suggest it to be dimer.
pounds of Co(ll) and Ni(ll) seem high-spin com-
plexes with probably weak ligand fields [31].
The magnetic susceptibility values of 3- Received 25 September 2006
chloro-2-nitrobenzaote of Cu(ll) increase with ris- Accepted 17 November 2006
ing temperatures suggesting a weak antiferromag-
netic interaction (Fig. 4). The magnetic moment
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