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This study presents the synthesis and characterization of solid-state coordination compounds resulted from
the interaction between Mn(Il), Fe(lll) and Co(ll) with 1-(2 bromine, 2 hydroxy, 3 methyl-phenyl)-2-(4
bromine-phenyl-sulphanyl)-ethanone ligand. The synthesized compounds were characterized by using the
following methods: elemental chemical analysis, derivatographic thermogravimetry, IR absorption
spectroscopy, Electron Spin Resonance (ESR) spectroscopy , Mossbauer spectroscopy and X-ray diffraction.
The study of the obtaining reactions of these novel compounds supports the author suggestion that might be
applied in gravimetric determination of Mn(ll), Fe(Ill) and Co(ll).
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Coordination compounds formed from the interaction
of Mn(II), Fe(III) and Co(II) with 1-(3 bromine, 2 hydroxy, 4
methyl-phenyl)-2-(4 bromine-phenyl-sulphanyl)-ethanone
ligand can be classified in the category of coordination
compounds achieved by coordinating )C = O and O(H)
bound to the benzene ring in o position.

In this field of study were also reported other works [1-
7] where are discussed the synthesis and characterization
of new compounds underlining their applications in the
gravimetric determination of metal ions.

Also, the compounds presented in this paper can be
ap;zlic)ed in gravimetrical determination of Mn(II), Fe(IIl) and
Co(ID).

Herein further is described a study of synthesis and
characterization of solid-state complex compounds
resulted from 1-(3 bromine, 2 hydroxy, 4 methyl-phenyl)-
2-(4 bromine-phenyl-sulphanyl)-ethanone and cations such
as Mn(1ID), Fe(IlI) and Co(II) in the reactants combination
ratio of 2:1 for Mn(II), Co(II) and 3:1 for Fe(IIl) respectively.

The obtained coordination compounds were studied
applying methods such as chemical analysis, IR absorption
spectroscopy, termogravimetry, ESR and Mdssbauer
spectroscopy and diffraction X-ray.

Based on the performed studies, it is shown that central
atoms of Mn(II), Fe(Ill) and Co(lI) coordinate with oxygen
atoms from groups of )C=O and O-(H) of C H ,0,SBr,
ligand.

The investigated coordination compounds present a
relatively high thermal stability because they start to
decompose at temperatures very close to 200°C.

These reactions can be applied to determine
quantitatively the respective cations. Moreover, their
reactions take place under normal conditions with 100%
efficiency, and the resulted precipitates can be easily
separated by filtration.

ESR and Méssbauer spectra show that all the
investigated compounds contain central atoms having a
maximum number of odd electrons.

By indexing the X-ray diffractograms it can be shown
that Mn and Co compounds crystallize in monoclinic
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system, while Fe(Il[) compound presents an amorphous
state.

Experimental part

The experimental determinations were carried out using
10" MMnCl, . 4H,0, FeCl,, CoCl, . 6H,0 (Merck A.R.) and a
ligand from 1-(3 bromine, 2 hydroxy, 4 methyl-phenyl)-2-
(4 bromine-phenyl-sulphanyl)-ethanone.

The synthesis of the coordination compounds presented
in this work was performed according to the method
described in literature [8,9] using as solvent a mixture of
ethylic alcohol and water in the ratio of 1:1 (in volumes)
for inorganic salts, and dimethyleformamide (DMF) solvent
for 1-(3 bromine, 2 hydroxy, 4 methyl-phenyl)-2-(4 bromine-
phenyl-sulphanyl)-ethanone.

The obtaining reactions of the new compounds were
performed by mixing and stirring the mixtures of inorganic
salts and ligand at room temperature, for 75 min. These
mixtures were composed of 100 mL from one of each
10" M solutions of MnCl, . 4H,0 and CoCl, . 6H,0
respectively, and 200 mL of 10" M solution of 1-(3 lz)romine,
2 hydroxy, 4 methyl-phenyl)-2-(4 bromine-phenyl-
sulphanyl)-ethanone ligand. In case of Fe(lll) cation, the
mixture was composed of 100 mL of 10" M solution of
FeCl, and 300 mL of 10" M solution of ligand.

The reaction products are precipitates separated by
filtration, washed on a funnel vacuum nozzle, and then
dried at 105°C until a constant weight is reached. Under
the specified conditions, efficiencies of 100% were
achieved.

1.MnCl, + 2(C,H,,0,
+2HCI

2.FeCl, + 3(C,;H,,0,5Br,) »Fe(C H, 0,SBr,), + 3 HCI

3.CoCl, + 2(C._H, 0,Br.) + 2H,0 >Co(C H, 0,SBr,), . 2H,0 +
+2HCI

SBr,) + 2H,0 —Mn(C H, O

15771172

SBr),.2H,0+

The contents of C, H, S, Br and Mn(II), Fe(III), Co(lI)
respectively were determined for each obtained
compound using proper conventional methods [1,2].
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Table 1
ELEMENTAL COMPOSITION OF THE INVESTIGATED COMPOUNDS %

Compounds ¢ H 5 Br M)
Exp. | Calc. | Exp. [ Calc. | Exp. | Calc. | Exp. | Calc. | Exp. | Calc.
Mnlo-2HyO | 29.03 [ 29.15]| 209 | 2.15 | 516 | 5.05 [ 51.54 [ 5168 | 4.43 | 4.52
Fels 28.21 2834|227 239 | 501|511 |5063|5075|4.37 | 446
Coly-2HoO | 2893 [ 29.11| 208 | 2.19 | 514 | 523 [ 51.37 (5148 | 473 | 4.84
The thermal stability of the synthesized compounds was ;
cartied out uing Ya Q15}(I)I(I)D (VoM Bﬁrdapesta) go(C15 ,0,5Br,), . 2H,0 abbreviated as MnL,, FeL, and

derivatograph, following the procedure described in the
previous works [10].

The absorption spectra in the IR range (200 and 4000
cm) were recorded by means of a Perkin Elmer FT-IR 100
spectrometer with KBr pellet technique and the electronic
spin resonance (ESR) spectra were recorded by means of
an [FA Bucharest spectrometer, according to the procedure
described in [10].

Méssbauer spectra of the compound FeL, were recorded
by means of an electrodynamic spectrometer with a
uniform accelerated motion of the source, based on °’Co
isotope in Cr matrix according to the procedure described
in the previously works [10].

The structural analyses of the synthesized compounds
was carried out by XRD methods, according to the
procedure described alsoin [10].

Results and discussions

Based on the synthesis reactions and chemical analysis
of the investigated compounds, it results that to each
central atom of Mn(Il) and Co(II) correspond two anions
of the 1-(3 bromine, 2 hydroxy, 4 methyl-phenyl)-2-(4
bromine-phenyl-sulphanyl)-ethanone ligand, while to each
Fe(IIl) central atom correspond three anions of the same
ligand.

Determined with an error of 10.25%, the elemental
composition of the studied compounds is presented in
table 1 and corresponds to the formula: M(C H ,0,SBr,),.

These experimental data lead to the conclusion that the
new compounds presented in this work have the following
formulae: Mn(C H,,0,SBr,), . 2H,0, Fe(CH,,0,5Br,),,

157712 157712

Tfre temperatures of characteristic stages of thermal
decomposing of the investigated compounds are presented
in table 2. Water in the studied compounds is eliminated at
the following temperatures: MnL, - 220°C, FeL, - 180°C
and CoL, - 230°C.

The Pzreeman Carrol method was used in order to
determine the reaction order and activitation energy [12].

In table 3 are presented the values of the reaction order
and activation energy of the thermal decomposing of
MnL,2H,0, FeL, and CoL, . 2H,0. In the case of thermal
decomposmg of the coordmatron compounds presented
in this paper, reaction order values ranged between 0.4
and 1.5 were recorded [1,4,12,13].

The fractional values of reaction appear due to the fact
that the proper chemical reaction is unfavored by transport
phenomena of the volatile compounds through the solid
layer, interphase phenomena or “vaporization” phenomena
of volatile components at the free surface of the solid
compound. In case of multi-stage thermal decomposition
of the investigated compounds, the augmentation of the
dispersion degree is achieved by the chemical reaction
itself, after the elimination of the volatile component, which
means, a decreasing of the layer the gases will pass
through [3, 4,7, 13].

IR absorption spectra of the studied compounds give
important information on the chemical bonds of the central
atoms Mn(II), Fe(Ill) and Co(II) with ligand atoms.

In the IR absorption spectra of the investigated
compounds, the main purpose was to establish whether
there are absorptions corresponding to bonds such as O-
M, ) C=0 — M and M « OH,, originating from the

952

VALUES OF REACTION ORDER AND ACTIVATION ENERGY OF INVESTIGATED COMPOUNDS

Table 2
CHARACTERISTIC TEMPERATURES OF THERMAL DECOMPOSITION
STAGES OF THE INVESTIGATED COMPOUNDS

Range temperatures of thermal
Compound decomposition stages (°C)
Stage I Stage I Stage III
Mnl, 220 -300 [ 310-3%0 400 - 590
Fels 180 - 360 | 370 - 590 -
Cola 230 —-290 | 300 - 500 510 - 600
Table 3

. Activation energy
Compound Reaction order (J/mol)
Stage IT | Stage IIT | Stage II | Stage ITT
Mnl, 0.8 1.5 39.124 | 40696
Fels 1.7 - 28.291 -
Coly 0.7 14 11.084 | 15.918
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Fig. 1. Structure of ligand 1-(3 bromine, 2 hydroxy,
4 methyl-phenyl)-2-(4 bromine-phenyl-sulphanyl)-
ethanone
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Fig. 2. Thermogram of MnL,2H,0
compound
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interaction of functional groups -O(H) and YC=0 in ligand
and respectively due to the coordination water.

In the low frequency range (450-1500 cm™') occur both
bands corresponding to the valence vibrations of simple
bonds: C-C, C-O, Mn-0O, Fe-O, Co-O, and bands
corresponding to the deformation vibrations of other bonds.
The bands with frequencies of 475 cm™, 470 cm™ and 436
cm' are designated to the corresponding stretch
frequencies: v,, ., v, and v, , respectively. The bands
of vibration frequency of C-O group observed in the region
1277-1297 cm! in the spectrum of ligand are shifted
towards higher wavelengths and become less intense in
the spectra of the investigated compounds.

The stretch (valence) vibrations of carbonyl groups,
occurring in case of ligand at 1705 cm’, in the case of the
studied compounds occur at 1667 cm, 1647 cm™ and
1627 cm! for MnL,, FeL, and CoL, respectlvely This supports
the assumption that the centraf atoms Mn(II), Fe(Ill) and
Co(II) coordinate with the oxygen atom in carbonyl group,
M= Mn,Fe,Co.

M« 0=C(

IR adsorption spectra of the compounds MnL,, FeL, and
CoL, respectively are presented in figure 3. The absorptlon
of OH phenol group in orto position is located in the range
3277-3275 cm’!, but it disappears in the investigated
compounds.

In case of phenols, the most 1mportant band [14-15] is
located between 1147-1237 cm? ( v_,). By substituting
the hydrogen atom with a central atom (Mn(ll) Fe(IIl) or
Co(Il)), the peaks in IR spectra of the investigated
compounds corresponding to OH group disappear.
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Fig. 3. IR absorption spectrum of MnL,-2H,0
compound
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Hence, it can be stated that each central atom binds to
an oxygen atom from the phenol group where, in fact, a
hydrogen atom is substituted with Mn(II), Fe(III) and Co(II)
respectively.

Processing the ESR spectra, it results that the studied
compounds of Mn(Il) and Co(ll) present paramagnetic
propetties. The spectroscopic splitting factor takes values
between 2.0240-2.0217, hence higher than that of the free
electron (2.0023) due to the contribution of the orbital
momentum and covalence degree of bonds where central
atoms such as Mn(I) and Co(Il) are involved (table 4).
This is in agreement with the works reported in literature
[4,5,7] in relation to similar central atoms and ligand type.

Table 4
VALUES OF THE SPECTROSCOPIC SPLITTING FACTOR (G),
INTENSITY OF THE MAGNETIC FIELD CORRESPONDING TO THE
SPECTRUM CENTER OF THE SAMPLE (H,, GAUSS) AND ODD
ELECTRON NUMBER OF THE CENTRAL ATOM (n) FOR EACH
STUDIED COMPOUND

H, n
3243.114.90
3239.114.89
3246.8 | 2.92

Compound
Mnl,
Fels
Colsp

g
2.0219
2.01%4
2.0199

The value of g splitting factor of odd electrons decreases
with the increase of the stability of investigates compounds
in the following order: MnL, . 2H,0<CoL, . 2H,0.

Based on the performed analyses stich a$ chemical
analysis, IR absorption spectra, derivatographic analysis,
electron spin resonance and Mossbauer spectra and X-ray
diffraction, it can be concluded that the central atoms of
investigated compounds present coordination 6 in
octahedral structures. Each central atom is coordinated
by four oxygen atoms provided by two molecules of ligand,
and two oxygen atoms provided by two water molecules
as shown in case of MnL, . 2H,0 and CoL, . 2H,0.

Mdssbauer spectrum of FeL.OH . 3H,0 tecorded at 80 K
is shown in figure 4, and the values of Méssbauer
parameters are shown in table 5.

The interpretation of the Mossbauer spectra recorded at
the temperature of 300K and 80K (fig. 4.), and Mossbauer
parameters show that in the investigated compound the
iron central atom is in the Il oxidation state with high
spin (S=>5/2) which pinpoints a weak character of Fe-ligand
bond as in other compounds [15, 16].

Relative Transmission

Relative Velocity (mm/s)

Fig. 4. Mossbauer spectrum of FeL, recorded at 80 K temperature
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Table 5
VALUES OF MOSSBAUER PARAMETERS OF FEL,
COMPLEX
T (K) | & (mm/fs) | AEq (mmfs) | I' (mm/s)
300 0.90 0.85 0.72
30 0.64 0.24 0.54

The parameter of isomer shift, &, shows a similarity of
s-type electron density around the central atom nucleus.
The value of AE_ leads to the conclusion that Fe(1II) central
atom present octahedral encompassment.

For this compound, it was observed a dependence on
the temperature of the isomer shift that is higher than that
obtained in case of Fe(Ill). This phenomenon is in
agreement with the second-order Doppler effect.

Itis probable that as the temperature increases from 80
to 300 K, at the same time as the oscillations of Fe(Ill)
atoms in the crystalline network increase, it takes also
place a shift of the electronic density of spin s within the
ligand-central atom bond.

Méssbauer spectra of FeL, present a particularity as
regards I"lines. Thus, the values of I' parameter increase
V\?fth lower temperatures, which can be due to the relaxation
effect.

By indexing the X-ray diffractograms of the ligand and
investigated compounds, it results that only FeL, is
amorphous.

The compounds CoL, . 2H,0 and MnL, . 2H,0 and 1-(2
bromine, 2 hydroxy, 3 methyl phenyl) 2-(4 romme-phenyl
sulphanyl) ethanone ligand have coordinated structure,
classified in the monoclinic system having the elemental
cell parameters presented in table 6.

The coordination of ligand by central atoms Co(Il) and
Mn(II) is achieved in the ac plane of the elemental cell
accompanied by its volume compression. In the same time
it can be noted a slight distortion of an angle that leads to
the conclusion that water molecules coordinate with the
central atoms of Co(Il) and Mn(II) above and beneath the
ab plane accompanied by volume compression of
compound elemental cell due to coordination.

It must be mentioned that in the preparation process of
CoL, . 2H,0 and MnL, . 2H,0 compounds, the ligand was
completezly consumeéd due to its characteristics peaks
cannot be found in these compounds.

These experimental data and their interpretation are in
[good e]lgreement with results reported in other works

17,18].

Based on the experimental data acquired through
chemical analysis, thermal analysis, IR absorption and ESR
spectroscopy and X-ray diffraction the structures of the

Table 6
PARAMETER VALUES OF ELEMENTAL CELLS

OF INVESTIGATED COMPOUNDS

Elemental cell |7 alue determined by indexation
parameter HL | MnlyH0 | CoLyHaO
a(d) 14.229 14.500 14.788
b(d) 9.108 6.502 6.711
c (&) 11.486 13.801 14015
o 94° 102° 98°10’
B 90° 90° 92°
vy 90° 90° 90°
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Co L3

Fig. 5. Structures of CoL,-2H,0 and MnL,2H,0 compounds
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investigated compounds were suggested as shown in
figure 5, 6.

Conclusions

In this paper were presented the synthesis and study of
several new compounds Mn(1I), Fe(Ill) and Co(Il) with 1-
(3 bromine, 2 hydroxy, 4 methyl-phenyl)-2-(4 bromine-
phenyl-sulphanyl)-ethanone ligand, in the central atom-
ligand molar ratio of 1:2 in case of Mn(II), Co(Il) and
respectively 1:3 in case of Fe(lll).

REV. CHIM. (Bucharest) ¢ 61 Nr. 10 & 2010

Fig. 6. Diffractograms of HL(1) ligand and
CoL,2H,0 compound

The investigated compounds were characterized by
means of modern technical methods such as elemental
chemical analysis, thermogravimetry, IR absorption
spectroscopy, ESR spectroscopy and Md&ssbauer
spectroscopy and X-ray diffraction. Thus, it was shown that
the investigated compounds are of high spin having
hexacoordinated central atoms, only MnL, . 2H,0 and CoL,
. 2H,0 present crystalline structure of monoclinic
symmetry, FeL, being amorphous.

http://www.revistadechimie.ro 955



The obtaining reaction of the new synthesized
compounds can be used in order to determine
gravimetrically the ions Mn(lI), Fe(lll) and Co(Il) with a
maximum error of * 0.27%.

References

1. FLONDOR, M., ROSCA, L., SIBIESCU, D., Rev. Chim. (Bucharest),
59, no. 12, 2008, p. 1330

2.UIVAROSI, V., MONCIU, M.C., Rev. Chim. (Bucharest), 60, no. 2,
2009, p.132

3. COVALIU, C.I, JITARU, I. DIAMANDESCU, L., CRISTEA, C., Rev.
Chim. (Bucharest), 60, no. 11, 2009, p. 1141

4. SPATARESCU, L., SIBIESCU, D., ROSCA, 1., SECULA, M.S., Study of a
New Complex of Cu(ll), with 1-(3,5 Diiodo, 4 Methyl, 2 Hydroxy,
Phenyl)- 2 Phenylsulfanyl Ethanone Ligand, Bull. Inst. Polit. [asi, Chem.
and Chem Eng. Section, 55, nr. 2., 2009, p. 31.

5. WANG, H.E, SHEN, R., TANG, N., Synthesis and characterization of
the Zn(Il) and Cu(ll) piperidinyl isouexanthone complexes: DNA-
binding and cytotoxic activity, Eur. J. Med. Chem.; 44, nr. 11, 2009,
p.4509

6. ION, E., CALINESCU, M., EMANDI, A., BADEA, V., NEGOIU, D., Rev.
Chim. (Bucharest), 59, no. 1, 2008, p. 12

7. FLONDOR, M. “Coordination compounds of cations of transition
metals”, PhD thesis, Gh.Asachi Tech. Univ. of lasi, 2007

8. POPA, GR., MOLDOVEANU, S., “Organic reagents in analytical
chemistry”, Romanian Academy Press, Bucharest, 1976

9. SITEANU C., HOPIRTEAN E., “Quantitative analytical chemistry”,
Ed. Didactica si Pedagogica Bucuresti, 1972

956 http://www.revistadechimie.ro

10. SPATARESCU. L., SIBIESCU, D., ROSCA, 1., CAILEAN, CRETESCU I,
SECULA M.S., Rev. Chim. (Bucharest), 61, no. 3, 2010, p.306

11. LIPSON, H.S., “Interpretation of X-ray diffraction procedures”, J.
Wiley and Sons Inc., New York, 1978

12. FREEMAN, S., E., CAROLL, B., The application of thermoanalytical
techniques to reaction kinetics. The thermogravimetric evaluation of
the kinetics of the decomposition of calcium oxalate monohydrate. J.
Phys. Chem., 62, 1958, p. 394

13. CRUDU, M., “Study on the use of inorganic compounds in natural
leather processing to prevent environmental pollution” PhD thesis.
Gherghe Asachi Technical University of ‘lasi, 2009

14. NAKAMOTO, K., “Infrared and Raman Spectra of Inorganic and
Coordination Compounds”, Part A and B, 5th Edition, John Wiley and
Sons LTD Chicherster, England 2004.

15. BULHAC, L., “Syntheses, chemical and physical properties and
structure of coordination compounds of iron, cobalt, nickel and copper
with a-dioxins”, PhD Thesis, Chemistry Institute of Moldova Republic
Academy, Chisinau, 2000.

16. GREENWOOD, N.N., GIBB, T.C., “Mossbauer Spectroscopy”,
Chapma and Hall, London, 1971.

17. SIBIESCU, D., TURCUMAN(ANTIGHIN), S., TUTULEA, D., ROSCA,
I., CRETESCU, 1., SECULA, M.S., Rev. Chim. (Bucharest), 61, no. 3,
2010, p.311.

18. SIBIESCU, D., SPATARESCU. I., ROSCA, 1., CRETESCU I., SECULA
M.S., Rev. Chim. (Bucharest), 61, no. 2, 2010, p.130

Manuscript received: 16.12.2009

REV. CHIM. (Bucharest) ¢ 61 Nr. 10 & 2010





