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Abstract
In this study azo dye was prepared by the reaction of m-phenylendidiazonium chloride
with methyl salicylate, the resultant compound was used as a ligand for complex formation
with Fe+2, Cu+2, Zn+2, Ni+2 and Co+2 ions. The prepared ligand was characterized by H1NMR,
UV-Vis., And FTIR spectroscopy, CHN analysis, in addition the complexes were
characterized by TGA, UV-Vis., FTIR and conductivity methods. The results indicate that the
ligand chelated through phenoxy and carboxyl groups as a O4 quadra dentate ligand, the Co
complex complet its hexagon coordination by bonding with chlorine and the complex wouid
be electrolytic in opposite with rest complexes.
Key words: Azo compounds, 3d metal complexes, transition metal complexes, Azo ligands
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Introduction
Organic reagents have wide spread and miscellaneous applications due to its stability and
high speed of reaction with different metal ions [1], in addition many of them have a high
selectivity and sensitivity which draw a considerable attention. Azo compounds are one of the
mostly important types of organic reagents because azo bond can act as coordination center
usually [2,3] but not always[4], at the same time azo group is considered as a strong
chromophoric center in these compounds [5]. This character makes the azo compounds play a
major rule in qualitative and quantitative chemical analysis of metal ions [6], in addition to
their use as indicators, in industrial field azo compound used from long time as drugs and
dyes, at present they have a wide application in printing, electronic photography, color
formers, liquid crystal display, laser technology, data storage, optical actuators,
photorefractive media, fiber dye, food and cosmetics industry [7]. This study aims to prepare
a ligand from Methylsalicylate with m-phenelendiamine by diazo coupling and then attach the
prepared ligand with ionic metals Co and Ni.

Experemental
Materials
All chemicals used in this study were analytical grade and used without further
purification. CoCl2.6H2O, NiCl2.6H2O, FeSO4.7H2O, ZnSO4 and CuSO4.5H2O mphenelyendiamine hydrochloride, NaNO2, HCl, Methylsalicylate, Methanol, Ethanol, DMSO,
H2SO4 and KOH

Instruments
C.H.N (Shimadzu )elemental analyser, H1NMR (Bruker 400MHz the solvent deuterized
DMSO). FTIR spectra with KBr disc in the range (400-4000) cm-1 (Shimadzu FTIR-8400S).
Electronic spectra were recorded on (Shimadzu UV-Vis. 160A) spectrophotometer.
Conductivty were measured for 0.0001M of complexes in ethanol at 250C using (Philips PWDigital Conductometer). Thermal analysis was done by DSC-TGA (Linseis).

Synthesis of the Ligand
The Ligand was synthesized by dissolving (2 g) of m-phenylenediamine hydrochloride in
a mixture of (2 ml) H2SO4, 10 ml Ethanol, 10 ml of distilled water, the mixture was cooled to
50C. 10ml of cooled 10% aqueous solution of NaNO2 was added dropwise with stirring in
order to obtain the diazonium salt solution. After 30 minute the diazonium solution was
slowly added to a cooled solution of a mixture of (3 g) methylsalicylate and (1.2 g) of KOH to
obtain the Ligand, the dark colored mixture containing the solid precipitate was filtered off,
washed then re-crystallized with 70% ethanol. The reaction scheme is:
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Preparation of metal complexes
The complexes was prepared by the addition of (10 ml)aqueous solution of the metal salt
its concentration 1 M to 0.01 mmole of the Ligand dissolved in 20 ml 50% methanolic
aqueous solution. The darck precipitate was settled over night then recrysallized from 70%
ethanol.

Results and Discussion
H1

NMR

Figure(18) indicates H1NMR spectra of the Ligand contain a singlet band at 2.4 ppm
belong to the methyl protons, a multiplet band between (6-9ppm) belongs to the Aromatic
protons, finally a singlet band at (10.512 ppm) belongs to the phenolic protons.

Electric conductivity
The measured electric conductivity for the complexes in DMSO solvent, the results
indicates that the Co complex is charged complex while the other complexes were neutral
complexes.

Thermal analysis
The TGA thermograms of, figures(1,2,3,4 and 5) Co, Fe, Zn and Cu complexes showing
two conversion regions while in Ni complex they were three . The first one is represented by
losing of hydration water molecules in all complexes [8]. The second conversion region is the
most characteristic and it represents the decomposition point of the complex, at this stage all
the complexes lose their organic part leaving the metal (II) oxide, in Co complex case this its
producing oxide was combined with KCl while in Ni complex this stage produces NiCO3
which is further decomposed at the third conversion to NiO [9,10].
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FTIR spectra:
Figure (6) shows the FTIR spectrum for the ligand that display a broad band at 3381 cm-1
belongs to the stretching vibration of phenolic OH group. This band is merged with weak
aromatic and aliphaic C-H stretching bands at 3067 and 2953 cm-1 respectively. A strong band
at 1674 cm-1 is due to stretching vibration of C=O bond. The low value that took place as a
result of the resonance with aromatic ring which decreases its bond order and hence its force
constant [11]. In addition, the stretching vibration of N=N bond appears at 1612 cm-1. The CO vibration frequency displays two values, the first one at 1215 cm-1 belongs to phenolic
group, and the second one is part of carboxyl group. Finally, there is a very important
absorption band at 847 cm-1 belongs to out of the plane bending vibration of C-H aromatic
group which is characteristic to the para substituted aromatic compounds [12]. The existence
of this group is a good indicator to explain that: the azo group takes the para position relative
to phenolic OH group and does not take the ortho position. Figures (7, 8, 9, 10 and 11) show
the FTIR spectra of the complexes. In complexes there is an existence of weak broad band
above 3300 cm-1 assigned to stretching vibration of OH groups in hydration water molecules
[13]. There is a great alteration in the C=O absorption band in all complexes. This suggests
that the carbonyl group plays a major rule in the coordination with the metal ion. The
stretching vibration of azo group is red shifted to lower frequency. This happens due to the
change of the resonance state in the aromatic ring that which caused by the alteration in its
electronic density through the formation of the complex. The C-O bands is also affected by
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coordination we believe the later band that belongs to phenolic C-O, bond has lost its H atom
and coordinated with metal ion to form the complex. As a result of this coordination, we
observed the appearance of a new band below 520 cm-1 assigned to M-O bond.

Electronic spectra
The electronic spectra of compounds in DMSO solvent are shown in Figures (12, 13, 14,
15, 16 and 17). The ligand shows strong absorption bands at 310, 364 and 457nm with molar
absorbance 5*103, 5.6*103, and 4.8*103 mole.cm-2 respectively. The UV-vis. Spectrum
indicates that the 364nm band belongs to → ∗ transition of –N=N- azo chromophoric
group[14]. While the 310nm band belongs to → ∗ transition of phenolic group[5], finally
the shoulder band at 457nm is due to → ∗ transition of the same group[5]. The excited state
in the → ∗ transition of azo group plays a major rule in the conformational transformations
in the ligand, because it acts to ease the rotation N=N bond. This process is observed in the
cis-trans transformations of the azo compounds. In the electronic spectra of the complexes, we
have observed that the → ∗ transition of azo group is not greatly affected by coordination
which supported the assumption that the azo group did not act as a coordination center with
metals. On the other hand there is a considerable alteration of the bands that belong to
phenolic group which considered as evidence that the phenolic group is one of the
coordination centers that chelated with metal ion. In addition we observed the increase of the
intensity of band of azo group, this may relate to the fact that the quantum probabilistic
transition of this bond is stabilized after complex formation. Indeed the formation of complex
through the contribution of the phenoloic and the carbonyl groups upon complexation through
the chelating with metal ions require fold of the two salicylic parts that close to each other in
the ligand which are accomplished by twisting of the –N=N- bond. The transition state of this
bond may help to satisfy this condition. The above discussion is proceeding for all complexes
as well. Finally, the high values of the molar absorbance of the ligand chromophores act to
cover the d-d transitions in the metal ions of the complexes [15].

References
1- Lodeiro, C. and Pina, F., (2009), Luminescent and chromogenic molecular probes based on
polyamines and related compounds, Coordination Chemistry Reviews, 253, 1353–1383.
2- Anitha ,K. R.; Venugopala Reddy and Fasiulla,(2015), Studies on metal (II) complexes of
bisazo dye 2, 21 [benzene-1,3-diyl di (E) diazene 2,1-diyl] dianiline, Arch. Appl. Sci. Res., 7
(1),59-65.
3- Anitha, K. R.; Venugopala Reddy and Rao, K. S.Vittala, (2011), Synthesis and antimicrobial
evaluation of metal (II) complexes of a novel bisazo dye 2, 21 [benzene-1, 3-diyl di (E)
diazene 2, 1-diyl] bis (4-chloroaniline), J. Chem. Pharm. Res., 3(3), 511-519.
4- Raj, H. D. and Patel Y. S.,(2015), Synthesis, characterization and antifungal activity of metal
complexes of 8-hydroxyquinoline based azo dye, Advances in Applied Science Research,
6(2), 119-123.
5- Abd-Alredha, L; AL-Rubaie, R. and Mhessn, R. J. (2012) Synthesis and Characterization of
Azo Dye Para Red and New Derivatives, E-Journal of Chemistry, 9(1), 465-470.

117 | Chemistry

2016 ( ﻋﺎﻡ1)  ﺍﻟﻌﺪﺩ29 ﺍﻟﻤﺠﻠﺪ
Ibn Al-Haitham Jour. for Pure & Appl. Sci.

ﻣﺠﻠﺔ ﺇﺑﻦ ﺍﻟﻬﻴﺜﻢ ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﺮﻓﺔ ﻭ ﺍﻟﺘﻄﺒﻴﻘﻴﺔ
Vol. 29 (1) 2016

6- Patel, K. S.; Patel, J. C.; Dholariya, H. R.; Patel, V. K.; and Patel, K. D.; (2012), Synthesis of
Cu(II), Ni(II), Co(II), and Mn(II) Complexes with Ciprofloxacin and Their Evaluation of
Antimicrobial, Antioxidant and Anti-Tubercular Activity, Open Journal of Metal, 2, 49-59.
7-

Sidir, Y. G.; Sidir, I.; Berber, H. and Tasal, E. (2011), An experimental study on relationship
between hammett substituent constant and electronic absorption wavelength of some azo dyes,
Journal of Science and Technology, 1, 7-11.

8- Stamatatos, T. C.; Katsoulakou, E.; Nastopoulos, V.; Raptopoulou, C. P.; Manessi-Zoupa, E.
and Perlepes S. P., (2003), Cadmium Carboxylate Chemistry: Preparation, Crystal Structure,
and Thermal and Spectroscopic Characterization of the One-dimensional Polymer
[Cd(O2CMe)(O2CPh)(H2O)2]n, Z. Naturforsch. 58b, 1045 – 1054.
9- Petrofsky, J. L.,(1964), Complexes OF Iron(II) Cobalt(II)Nickel(II) and Copper(II) With 2-a
Pyridylmethyleneaminomethyl)Pyridine, Doctora Thesis, University Of Florida, USA.
10- Isaacs T. (1963), the Mineralogy and chemistry of the Nickelcarbonates, Doctora Thesis,
Sheffeld University, UK.
11- Gans, P. (1975), Vibrating molecules, 1st. edition, Chapman & Hall, London.
12- Silverstein, R. Webster, F. and Kiemle, D.(2005), Spectrometric Identification of Organic
Compounds, 7th. Edition, John Wily & Sons, Inc., USA.
13- Nakamoto, K. (1982), Infra-Red Spectra of Inorganic and Coordination Compounds, 2ed.
Edition,Mc-Grow Hill, Japan.
14- Mohammed, I. A. and Mustapha A. (2010), Synthesis of New Azo Compounds Based on N(4- Hydroxypheneyl)maleimide and N-(4-Methylpheneyl)maleimide, Molecules, 15, 74987508.
15- Lappert ,M. L. (1968), Inorganic Electronic Spectroscopy, 1st. edition, Elsevier, Netherlands.

118 | Chemistry

2016 ( ﻋﺎﻡ1)  ﺍﻟﻌﺪﺩ29 ﺍﻟﻤﺠﻠﺪ
Ibn Al-Haitham Jour. for Pure & Appl. Sci.

ﻣﺠﻠﺔ ﺇﺑﻦ ﺍﻟﻬﻴﺜﻢ ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﺮﻓﺔ ﻭ ﺍﻟﺘﻄﺒﻴﻘﻴﺔ
Vol. 29 (1) 2016

Table (1): FTIR band values
Compound
L
Ni-comp.
Co-comp.
Cu-comp.
Fe-comp.
Zn-comp.

-----3345
3354
3300
3300
3381

1612
1595
1601
1599
1599
1606

1674
1668
1630
1682
1682
1666

1213
1231
1234
1200
1209
1192

-------484
446
513
490
513

3381
--------------------------

Table (2): Elemental analysis of the Ligand
Element %
Practical
Theoretical

C
59.855
60.830

H
4.234
4.148

N
17.603
17.603

Table (3):UV-Vis. Band values
Compound

ε*10-3
L.mol1
.cm-1
5.6
6.1
5.3
4.5
5.1
5

∗

(nm)
364
364
366
365
370
370

L
Ni-comp.
Co-comp.
Cu-comp.
Fe-comp.
Zn-comp.

∗

ε*10-3
L.mol-1.cm-1

(nm)
310
---------------------

ε*10-3
L.mol-1.cm-1

∗

(nm)
457
461
466
465
465
469

5
---------------------

4.8
5
4.9
4.2
4.9
4.9

Table (4) :Physical properties of the Ligand and its complexes
m.p./0C
(dec.)

ΛM/
ohm-1.cm2.mol-

62

235

-----

86

337.7

1.207

Dark brown

88

224.8

32.1

505.85

Dark brown

85

360.9

1.33

CuL. H2O

513.5

Dark brown

84

321.7

1.32

ZnL. H2O

515.4

Dark brown

88

423.6

1.02

Compound

M.wt/
g.mol-1

Colour

Ligand

434

NiL.6H2O

598.7

Reddish
brown
Dark brown

K2[CoLCl2].
H 2O
FeL. H2O

599

Yeild%
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Figure (1): Thermogram of the Ni complex.

Figure (3): Thermogram of the Cu complex.
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Figure (2): Thermogram of the Co complex.

Figure :(4) Thermogram of the Fe co complex

Figure (5) :Thermogram of the Zn complex.
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Figure (6): FTIR spectrum of the ligand.

Figure (8): FTIR spectrum of the Co complex

Figure (10): FTIR spectrum of the Fe complex
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Figure (7): FTIR spectrum of the Ni complex .

Figure (9): FTIR spectrum of the Cu complex

Figure (11):FTIR spectrum of the Fe complex.
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Figure (12): electronic spectrum of the ligand.

Figure (14): UV-Vis. of the Co complex.

Figure (16) :UV-Vis. of the Fe complex.
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Figure (13): electronic spectrum of the Ni complex

Figure (15): UV-Vis. of the Cu complex.

Figure (17): UV-Vis. of the Zn complex.
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Figure (18): H1NMR spectrum of the Ligand.

Figure (19): The general structure of Ni, Cu, Fe and Zn complexes.

Figure (20) :The general structure of Co complex.
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ﺗﺤﻀﻴﺮ ﻭ ﺗﺸﺨﻴﺺ 1,3-Bis (methylsalicylate5-yl diazo)benzene
ﻣﻊ ﻣﻌﻘﺪﺍﺗﻪ ﻟﺒﻌﺾ ﻋﻨﺎﺻﺮ ﺍﻟﺪﻭﺭﺓ ﺍﻻﻧﺘﻘﺎﻟﻴﺔ ﺍﻻﻭﻟﻰ
ﺧﻮﻟﺔ ﻣﺤﻤﺪ ﺳﻠﻄﺎﻥ
ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء /ﻛﻠﻴﺔ ﺍﻟﺘﺮﺑﻴﺔ ﻟﻠﻌﻠﻮﻡ ﺍﻟﺼﺮﻓﺔ )ﺍﺑﻦ ﺍﻟﻬﻴﺜﻢ( /ﺟﺎﻣﻌﺔ ﺑﻐﺪﺍﺩ
ﺍﺳﺘﻠﻢ ﻓﻲ/22 :ﺍﺫﺍﺭ ، 2015/ﻗﺒﻞ ﻓﻲ/30 :ﺣﺰﻳﺮﺍﻥ2015/

ﺍﻟﺨﻼﺻﺔ
ﺗﻢ ﺗﺤﻀﻴﺮ ﺻﺒﻐﺔ ﺍﺯﻭ ﻣﻦ ﺗﻔﺎﻋﻞ  m-phenylendidiazonium chlorideﻣﻊ  .methyl salicylateﻓﻲ ﻫﺬﻩ
ﺍﻟﺪﺭﺍﺳﺔ ﺍﺳﺘﻌﻤﻞ ﺍﻟﻤﺮﻛﺐ ﺍﻟﻤﺤﻀﺮ ﻛﻠﻴﻜﻨﺪ ﻟﺘﻜﻮﻳﻦ ﻣﻌﻘﺪﺍﺕ ﺗﻨﺎﺳﻘﻴﺔ ﻣﻊ ﺍﻳﻮﻧﺎﺕ  Fe+2, Cu+2, Zn+2, Ni+2, Co+2ﺍﺫ ﺗﻢ
ﺗﺸﺨﻴﺺ ﺍﻟﻠﻴﻜﻨﺪ ﺍﻟﻤﺤﻀﺮ ﻣﻊ ﻣﻌﻘﺪﺍﺗﻪ ﺑﻤﻄﻴﺎﻓﻴﺘﻲ  H1NMRﻭ  FTIRﻭ  .UV-vis.ﻭﺗﺤﻠﻴﻞ ﺍﻟﻌﻨﺎﺻﺮ  CHNﻓﻀﻼ ﻋﻦ ﺍﻥ
ﺍﻟﻤﻌﻘﺪﺍﺕ ﺍﻟﻤﺤﻀﺮﺓ ﺷﺨﺼﺖ ﺍﻳﻀﺎ ﺑﻘﻴﺎﺱ  FTIR TGAﻭ  .UV-vis.ﻭ ﺍﻟﺘﻮﺻﻴﻠﻴﺔ ﺍﺫ ﺑﻴﻨﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻥ ﺍﻟﻠﻴﻜﻨﺪ ﻳﺮﺗﺒﻂ ﻣﻎ
ﺍﻻﻳﻮﻧﺎﺕ ﻣﻦ ﺧﻼﻝ ﻣﺠﺎﻣﻴﻊ ﺍﻟﻔﻴﻨﻮﻛﺴﻲ ﻭ ﺍﻟﻜﺎﺭﺑﻮﻧﻴﻞ ﻭ ﺑﺬﻟﻚ ﻳﻜﻮﻥ ﻟﻴﻜﻨﺪ ﺭﺑﺎﻋﻲ ﺍﻟﺴﻦ ﻣﻦ ﻧﻮﻉ  .O4ﻛﻤﺎ ﺍﻧﻪ ﻓﻲ ﻣﻌﻘﺪ ﺍﻟﻜﻮﺑﻠﺖ
ﻓﺎﻧﻪ ﻳﺘﻢ ﺍﻛﻤﺎﻝ ﺍﻟﺘﻨﺎﺳﻖ ﺍﻟﺴﺪﺍﺳﻲ ﻣﻦ ﺧﻼﻝ ﺍﻻﺭﺗﺒﺎﻁ ﺑﺎﻟﻜﻠﻮﺭ ﻭﺑﺬﻟﻚ ﻳﻜﻮﻥ ﻫﺬﺍ ﺍﻟﻤﻌﻘﺪ ﺍﻟﻜﺘﺮﻭﻟﻴﺘﻲ ﺑﺨﻼﻑ ﺍﻟﻤﻌﻘﺪﺍﺕ ﺍﻻﺧﺮﻯ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﻤﻔﺘﺎﺣﻴﺔ :ﻣﺮﻛﺒﺎﺕ ﺍﻻﺯﻭ ,ﻣﻌﻘﺪﺍﺕ ﻋﻨﺎﺻﺮ  ,3dﻣﻌﻘﺪﺍﺕ ﺍﻟﻌﻨﺎﺻﺮ ﺍﻻﻧﺘﻘﺎﻟﻴﺔ ,ﻟﻴﻜﻨﺪﺍﺕ ﺍﻻﺯﻭ.
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