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Synthesis and Characterization of New Metal Compleye
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Abstract: The present paper describes the synthesis of acapwlex dye formed by an acid dye, Acid Orange 1.(C
15510) with a metallic ion (Gt). The resulted compound was characteridedphysico-chemical methods FT-IR, UV-
VIS, AAs spectroscopy and thermal analysis. Thaiokd complex dye may have a good affinity for wawltural silk,
leather, and polyamide fibres. Self associatiothefcomplex has been investigated by spectrosabpilies, as a function
of its concentration.
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1. Introduction the acid dye Acid Orange 7 as ligand. At the saime,t
spectrophotometric analysis was performed for the
8ualitative investigation of the aggregation bebawf the
metal complex dye, at different concentrations guebus
solutions.

Among the synthetic organic dyes, azo dyes is dne
the most representative and large classes. Aéetltlyes
contain the azo group —N=N- as part of their mdlacu
structures and it was estimated that more than dfatfe
commercial dyes belong to these dyes [1-3]. Thetjwa 2. Experimental
applications of the azo dyes are related to caojofibers,
due to their affinity for wool and silk [4], photieetronics,
optical storage technology [5], biological reactof6]
analytical chemistry, printing systems [7, 8] amubd
chemistry [9].

2.1. Synthesis of the metal complex-dye

The synthesis of the Elicomplex combination with

The interest towards these dyes increased dueeio tHAC'd Orange 7 (C.I. %25'510) has mcluded_ the folkogv
thermal properties, mixed donor characters (safthhg], StePS. 0.87g (0.Z80 = moles) of dye (ligand) were
properties that include them as candidates for Imetdissolved in 25 mL ethanol:water 1:1 solution at@0An
complexes. One of the most investigated complex@§lueous solution of 0.31 g of Cug®H,O in 2 mL of
reported in the recent years are related to coppdAter was dropwise added to the previously obtained
coordinated compounds [10] due to their ease &plution. The pH of the reaction mixture was mémed
preparation, structural flexibility, better resiste of the around 7.0 by gradually addition of 25% Nsblution. The
dye for washing, and applicability in biologicalssgms reaction mixture was magnetically stirred for 2.5After
[11, 12]. cooling, the precipitate was separated by filtrtiwashed

It was demonstrated that azo dyes are able to forfith distilled water and dried in an oven at 50°C.
stable azo-metal chelate complexes with outstanding 1he resulted —complex —was purified by
thermal and optical properties [13]. The synthedithe recrysta_lllzatlon from ethanol:acetone mixture i@ ll_at_lo.
complex combination of the azo dyes with differenf € purity of the compound was checked by meltiogp
metallic ions can or cannot involve the participatof the ~analysis. All chemicals employed in this study as p.a.
azo group to the coordination process [14]. commermal products were provided by Acros Orgaaitd

Apart of chemical properties, in aqueous solutitres Chimopar S.A. .
dye molecules or ions present an association tewyden Electronic absorption spectrum_(UV-VIS) of the

form dimers and higher aggregates. This phenomen§AMPlex dye in water (c = 1.0xT0 mol/dnr) was
could be influenced by the presence of the metatsia performed on a CECIL CE 7200 spectrophotometehén t
closely related to the color. range 300-800nm.

Photophysical and colouristic properties of thesdye _ The FT/IR (KBr) spectrum was recorded on a JASCO
are modified in case of aggregates formation (mdéec FT/IR-4200 spectrometer in the range 400-4006.cm_
association) in solution. The self-association gésl in ~ To determine the copper content from the acid dye
solution is due to the interactions by Van der Wdatces, Acid Orange 7 copper complex, two parallel samplese
hydrogen bonds and hydrophobic interactions [15, Tiée ~ digested as follows: 0.02567 g, respectively 0.02%2
dye aggregation is affected by parameters suchyas dVere weighted and transferred into a 100 mL Digbkda

ionic strengths [17]. were added and the temperature was set aiC44@hen

In the present work, a new azo-dye with metallic iothe Proper temperature was reached the water to the
(CU/*) complex was synthesized and characterized, usi@gPirator was turned on and 16.7 mL of 32% hydrogen
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peroxide were added to the sample. The excessdobhgn coordinative link processFor this reason, the valence
peroxide was boiled off by heating for one minutde vibration of the -OH group, which take part in the
digested samples were diluted to 500 mL with déstil coordination, and of the -@®I=N-C framework changed
water. For determination of the copper contenteslign of from the ligand to the complex due to the involvemef a
the sample was applied, using Digesdahl® Digestionitrogen group in the metal-ligand coordinativekliiThe
Apparatus, model 23130-18. most characteristic frequency likely to demonstréite
The copper content was determined by SensAA flanfermation of the M-L link is -OH group band from
atomic  absorption  spectrometer (GBC  Scientifiem™ (s), which migrates towards higher energies: 1820bc
Equipment) equipped with a hollow cathode lampiO-Cu). The —EN=N-C- framework in the ligand at
wavelength 324.7 nm, slit width 0.5, and integmattone  1580-1585 cm (s) migrates in the complex in the same
3s. The flame used was an acetylene-air mixtureeéh way, to higher wavenumbers, 1592-1594'1cr(rCu-N).
absorbance values were recorded and the averagigese results prove the participation of the nitrogtom
absorbance value was further used. of the azo group in the coordination [18].
Thermal analysis was carried out using a Mettler
TGA/SDTA 851/LF/1100 thermoanalyzer system. The
measurement of the sample of about 6 mg was coedluct O
in dynamic nitrogen atmosphere with the flow rafe50

ml/min, using alumina crucibles of 150.. The heating
rate was 1%C /min, in the temperature range of 25-800 NaO;S N=—/—N—
2.2. Aggregation study ‘ o
UV-visible absorption spectra were obtained using a Cu ~
CECIL CE 7200 spectrometer in the wavelength range -

200-700 nm for seven initial dye concentrations;yiey o
between 1.18 and 1.1G M. All measurements were

carried out at 27 2°C. The obtained results are graphed ’
together, plotted as= A/C| N==N—" SO;Na
3. Results and Discussion O

Acid Orange 7 dye with the structure | shown in Figure 2. Structure of the complex azo dye (I1)
Figure 1 underwent complexation reaction with Ciion,

using metal-ligand =1:2 molar ratio, in which ontlye In the UV-VIS spectra, the maximum absorption at
atoms of the —OH functional group are involved e t A=487 nm indicates a colored product due to the Acid

coordination reaction. Orange 7 dye used as ligand. At the same timenitbea

noticed the absence of any electronic transitiothe550-

0 800 nm, which favor a square-planar geometry ardbed

__ ” metal ion [19].

- Atomic absorption spectroscopy was used to

N=—7/N—" \ / ST ONa determine the total copper content of the digestadples.

H Four reference standard solutions of copper wespgred

OH o in the range of 1-5 pg/mL. The absorbance for tandard

solutions was measured at 324.7 nm, using the backd
correction technique. A calibration graph was gldtfrom
the obtained values.
The two diluted digested samples were aspirated in
Figure 1. Structure of the acid azo dye (1) the acetylene-air flame and the absorbance valuse w
measured at 324.7 nm. The copper percentages were
The proposed formula of the new azo-complex dye iscalculated [20], as presented in Tablel.
presented in Figure 2. ) _
The above structure was confirmed by structurtd daABLE 1. Cooper  measurements by atomic absorption
acquired using FT-IR, electronic, and AAs spectr‘glpedroscOpy
measurements, as well as thermal analyBes.FT-IR has

% Cu calculated

proven to be, in this particular case, a suitabbdiique to Sample wi?rﬁfl(e) from the proposed | % Cu (found)

give relevant information to elucidate the way ohting gnt(g formula

of the ligands. The study of the infrared speotneeals the 1 0.02567 7.9 8.23

migration of vibration frequencies for the functidmroups 2 0.02529 8.25
Average copper content (%) 8.24

which were directly involved in the metal ligand
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The TG/DTG curves for thermal decomposition of thequilibrium between two species of the complex dye
complex dye Il show the loss of water in two stepsmonomer and dimer, in the tested concentratione§2g).
(Figure 3). The first step corresponds to the lobthe These data are in concordance with the experimelatizl
physically adsorbed water and of the water molecul@reviously reported by Munteaat al. for direct dyes [23].
bound by weak hydrogen bonds, in the temperaturgera The extinction coefficient corresponding to 488 nm
of 25-70°C. The second step corresponds to the removal décreased with increasing dye concentration. Iisingahe
crystallization water at 106G, and confirms the copper concentration the shape of the spectra was charaged,
tetracoordination. As it can be seen from the T@&eua well. Starting from 1.10 M, a second peak began to form
significant mass loss occurs at 300 probably due to the out of the main one, whose wavelength shifted towar

decomposition of the complex dye [21]. lower values with increasing the concentration. tis
shifts indicates the aggregation of the complex Hyén
7 ] the investigated concentration domain.

—0.C

4. Conclusions

Metallic ion Cd* as ligand and the acid dye Acid
Orange 7 (C.l. 15510) were used in the synthesis of
complex combination dye. The proposed formula fos t
compound was demonstrated by physico-chemical
methods, FT-IR, UV-VIS, AAs spectroscopy and thdrma
analysis. The absorption spectra graphs indicate th
formation of the complex dye Il as new species \ith
increasing of the concentration and could be aatetito
the aggregation of the dye complex.
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Figure 3 TG and DTG curves for thermal decomposition ofcbmplex ACKNOWLEDGEMENT
dye Il (heating rate &/min)
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spectrophotometrically in aqueous solutions, asretfon i
of the concentration of the complex dye in théjrOJeCt 2.4
1.10°+1.10° mol/L concentration range. Different changes

in the UV-VIS spectra of the complex dye Il weresebved

at increasing concentration values, indicating the
aggregation process of the molecules (Figure 4).
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