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ABSTRACT

Co (1), Cu (11), Mn (1), Ni (11) and Zn (I1) complexes of a novel bisazo dye 2, 2* [ benzene-1, 3-diyl di (E) diazene 2,
1-diyl] dianiline were synthesized. Characterization of the ligand and metal complexes has been done on the basis
of elemental analysis, mass, FT-IR, *H NMR, magnetic data and thermal analysis (TGA). From the analytical and
thermal data, the stoichiometric ratio of the complexes has been found to be 1:1(metal-ligand). On the basis of
physic-chemical data octahedral and square planar geometries were assigned for the azo complexes.
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INTRODUCTION

Azo compounds are very important molecules and fatracted much attention in both academics andieabp
research. Thermal properties and suitable absorpand of azo compounds are essential featuresatian to their

application as high-density optical recording males. Besides their classical applications in sstithdyes and
pigments, azo compounds find increasing accedsihiliphoto responsive biomaterials and supramddecystem.

On the other hand, metal-complex dyes find appboaas powerful charge-control agents (CCAs) farets to

create a desired charge level and polarity [1-4].

MATERIALSAND METHODS

All the chemicals and solvents used were of aradytjrade. Metal (Il) salts were used as acetdies.electronic
spectra were recorded on a Shimadzu UV-Visible 1860spectrophotometer in the wavelength range 0f62D

nm using 1cm matched quartz cells. Infrared spaafttegand and complexes were recorded in the regio4000
cm®- 400 cnt on a FT-IR 8400s SHIMADZU spectrometer using KBtlgts. The*H NMR spectra were recorded
in DMSO-g; at 400 MHz using amx400 FT-NMR spectrometer. Eletaleanalyses of C, H and N were done on a
Vario EL 1l CHN elemental analyser. Mass spectrafrthe ligand was recorded with a LC-MSD-trap-XCllgp
mass spectrometer. The molecular melting pointewetermined by open capillary method using electrlting
point apparatus. The magnetic susceptibilitie®atrtemperature were measured by Gouy method.

Synthesis of ligand and complexes
Meta phenylenediamine (1.08g / 0.01mol) was dissblw a mixture of S5chof water and 10cfof concentrated
hydrochloric acid, while 20 ml of concentrated hyehiloric acid was diluted with crushed ice. To thisold
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solution of sodium nitrite (2.59/10 ml water, 0.03@) was added over a period of 30 minutes withtioolus
stirring. Immediately m-phenylenediamine hydrocldersolution was added and stirred for about lhmatidark
yellow colored solution was obtained [8]. The camglagent aniline dissolved in glacial acetic a€id2mol) was
cooled and added to the tetrazo solution slowlywiintinuous stirring and maintaining the tempesa@SC. The
resulting solution was stirred well and sodium atetsolution (79/50ml water) was added till neigedlon. The
dye was washed with cold water and collected bywacfiltration and purified by several recrystadlimns from
water and alcohol.

A solution of 4mmol of metal acetate in 10ml methlawas added to methanol-chloroform (1:1v/v) saati
containing 8mmol of ligand and was refluxed for 2hFhe obtained solution was left at room tempeeatlihe
precipitated complex was filtered, washed with raathi and then recrystallized from methanol-chlonafd1:3v/v)

and dried in vacuum. The yields of all the comptewere almost quantitative.

RESULTSAND DISCUSSION

Characterization of compounds

All the synthesized compounds were intensely colamorphous solids. The ligand was reddish browid,so
Melting point: 88-98C and yield 82 %, soluble in DMSO while the metamplexes were sparingly soluble in
DMF and DMSO. The data were summarized in tablel.

MW: 316, MS: m/z 316 (RI=100%), m/z 214 (RI=20%)]-NCsHsNH,], m/z 198 (RI=28%) [M-NGH,NH,NH,].
The signal appeared in the mass spectrum (Figrifirots the proposed formula. The signal at m/z Bldue to the
cleavage of one of the N=N bond and the fragmentiam/z 198 is due to the product of the cleaxadd@-N bond.
'H NMR (253.13MHz)/DMSO-5 (ppm): 6.58-8.28 (12H, aromatic), 1.90 (4H, )H2.49& 3.49 (DMSO
protons). (Fig 2).

NH2 N=N o ; 2 Q
N=N NH, N=N NH
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Fig 1. Mass spectra of ligand Fig2. NMR spectraof ligand FTIR analysis
IR absorption spectra of all the synthesized comgsuvere recorded in the wave length range of 4D,
The IR data of the azo dyes and their metal congslexere presented in Table 1. The IR spectra optexas were
compared with that of the free ligand in order éedmine the co-ordination sites involved in chietat There were
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some guide peaks in the spectra of ligand, thdipnsf these peaks were expected to change upaat@n. More
common sharp peaks were observed in dye and cosmimthe region of 1625-1400¢mhich were assigned to -
N=N- stretching vibration. Upon comparison, it wiasind that the (N=N) stretching vibration in frégand gets
shifted in complexes, indicating the participat@iazo nitrogen in co-ordination with the metal (M- Aromatic
N-H stretching vibrations were assigned in the eanfj3500-3250cth New bands found in the spectra of all the
complexes in the region 420-500 ¢mave been assigned to metal-ligand vibrationajueacies [5-10].
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Fig 4. IR absor ption spectra of Co (1) complex

61
Scholars Research Library



Arch. Appl. Sci. Res., 2015, 7 (1):59-65

Anitha et al
Table 1: Proposed structure, elemental analysisand | R data of synthesized compounds
Sl No. | Mol. Formula Elemental analysis IR absorption bands
Mol. weight Proposed structures Calculated Found
C:68.34 C:67.84 1623, 3392, 2852, 1392, 1336,
PdBaAn N=N NH, H:5.10 H:4.91
01 CigH16Ns N:26.56 N:27.25
316.35
H C:57.92 C:56.35 | 1650, 3580, 1573, 1371. 451, 838.
02 Co-PdBaAn HN H:3.78 H:4.39
CughaNeCo \ / N:22.51 | N:23.25
373.27 e C0:15.79 | C0:16.01
N/N\©/N\N
H C:57.21 C:58.17 | 1649, 3581, 1546, 1377. 459, 840.
Cu-PdBaAn HN N H:3.73, H:3.31
03 | CiHuNeCu \ / N:22.24 | N:21.68
377.89 /CU' Cu:16.82 | Cu:16.84
N/NO/N\N
H C:58.54 C:57.54 | 1598, 3641, 1542, 1390. 449, 837.
Mn-PdBaAn HN N H:3.82 H:4.13
04 | CigHuNeMn \ / N:22.76 | N:22.79
369.28 /MQ\ Mn:14.88 | Mn:14.91
N/N NXN
H C:57.95 C:58.26 | 1600, 3469, 1485, 1367. 441, 838.
Ni-PdBaAn HN H:3.78 H:3.22
05 | CigHiNeNi \ / N:2253 | N:23.05
373.03 /N.\ Ni:15.73 Ni:15.47
N/N N\N
C:56.93 C:57.72 | 1639, 3463, 1558, 1388. 445, 840.
Zn-PdBaAn H H:3.72 H:4.13
06 CigH14NsZn HN N N:22.10 N:21.07
379.75 \ / Zn:17.22 | Zn:17.08
/Zn\
N/N\Q/N\N

Electronic spectral studies
The electronic spectral studies of all the synttessiligands and their metal complexes have beemedaout in

dimethyl sulfoxide. The formation of metal (II) azomplexes was also confirmed by their UV-VIS spectVhile
the Amax Of complexes were slightly red shifted which arfsem the energy change of intenset* and n-
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n*transition of the conjugated chromophore due te tthelation between metal ions and azo ligand. The
complexation of the dye with the metal ion was ogsgible for a significant hypochromic shift at batht* and n-
w*transition region [12-17]. The electronic absooptidata were depicted in Table 2 and spectra weoers in

Figure 3.
Table 2. Absor ption data of ligand and complexes

compounds DMSO
Amax(nm) | absorbance
Azo ligand 276 3.51
398 412
Co 278 3.70
407 4.1z
cu* 280 4.23
390 4.18
414 4.20
Mn?* 279 3.75
392 4.16
407 4.16
Ni%* 282 4.06
399 4.21
433 4.24
zZn?* 270 3.80
399 4.20
420 4.21
DMSC Dye

Co

Cu

Mn

Ni
Zn

Absorbance

350 200 500
wavelength(nm)

Fig 5. Electronic spectra of dye and complexes

Thermal studies

TGA curves were recorded for metal complexes ofdyms in the range of 25 — 68D in air at the heating rate of
10°C/min. The thermodynamic activation parametersemfoanposition of dehydrated complexes, namely aiva
energy (E*), enthalpyAH?*), entropy AS*) and Gibbs free energy change of decompositkr) were evaluated
graphically by using Broido’s method [18-21].

The thermal stability data were listed in TabldBe data clearly indicated that the decompositioth® complexes
proceeds in single step. Water molecules werebesteen 58C and 208C and metal oxides were formed above
500°C. The decomposition was complete at >8Débr all complexes. The degradation pathway fbcamplexes
may be represented as

[ML (H,0)] » H,O — [ML (H,0)] + nH,O
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[ML (H ,0)]—=H,0 + [MO or MQ)]
Where MO= CuO, CoO, NiO, ZnO and MOMnO,.

The major weight loss for all the complexes wastbin the range of 185-58&. The observed thermal stability
was in the order Ni > Co > Cu > Zn >Mn. Thermodyimohata reveals that Ni complex has the highesvaain
energy of 11.14 kJ/mole. It was clear from the T@GAcomplexes that high activation energy causesdrap
degradation around their decomposition temperaturdsereas low activation energies represent gradual
degradation. The entropy of activation had negatre¢ues for all the complexes, which indicate thia¢
decomposition reactions proceed with a lower fzé® the normal ones.

Table 3. Kinetic and ther modynamic parameter s of complexes

Compound Decomposition Activation energye* kJ/mole | Frequency factém A, AH* AS* AG*
Temgerature min™* kJ/mole JIK kJ/mole
Q)
Co-PdBaAn 292-516 5.06 8.40 5.62 -160.34  108.63
Cu- PdBaAn 238-472 4.24 8.54 5.22 -157.02  98.6B
Mn-PdBaAn 185-529 6.02 8.24 5.23 -162.35  102.27
Ni- PdBaAn 305-495 11.14 7.01 5.58 -198.34  133.47
Zn- PdBaAn 191-568 6.58 8.13 5.00 -162.44  97.8¢7

-0.6

254 —Co

—Cu -0.8 1

2.0 -1.04

-1.2 4

1.5

—\

1.4

weight loss
In(Inlly)

1.09 1.6

-1.84

05- N
2.0 N

0.04
-2.2

T T T T T T T T T T T T ] T
0 100 200 300 400 500 600 05 1.0 15 20 25 30 35
3
Temperature 1/Tx10

Fig6. TGA thermograms Fig 7. plot of In(Inl/y) vs /T for complexes of PdBaAn

M agnetic susceptibility measur ements
The magnetic moment values for cobalt complexe® weamging from 4.03-5.01 B.M. which were in fairegment
with the predicted values of octahedral geometry.

The magnetic moment values for copper (ll) cheleaeging from 1.78-2.01 B.M. which were close te #pin only
value for a tetrahedral or square planar geomdtng slightly higher of the magnetic moment of the*’Calso
supports the same.

The magnetic moments of Mn (II) complexes were Wated from the magnetic susceptibility measuresanid
were found to be in the range of 5.48-5.88 B.Mdjdating the presence of five unpaired electrorts lzence were
high spin complexes.

All the Ni (I) complexes were found to be parametim The magnetic moment values for these complexieging
between 3.09-3.66 B.M. which were in good agreemstit the predicted values of octahedral geométhe Zn
(1) complexes were diamagnetic in nature sinc& &having a & system as expected.
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CONCLUSION

The synthesized azo metal (II) complexes have piateapplication for high density optical recordingedia due to
their absorption spectra and high thermal stabikityrther work with analogs is needed.
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