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Abstract:

The preparation and spectral characterization of complexes for Co(mr) Ni (1) Cu(m)
Pd(Il) and Ag (I) ions with new organic heterocyclic azo dye as ligand 2-[1-(2,4-
Dichloro phenyl)Azo ]-a-Amino-1H-imidazole -4-Propionic Acid (DCIPAHS) were
prepared by reacting a dizonium salt solution of 2,4-dichloro aniline with L-Histidine
in alkaline ethanolic solution. The isolated complexes are found to have the general
formula [CoL.Cl2].H20, [NiL2Cl;], [CuLCl2].H20, [PdLCI2] and [AgL2].NO3 were
reacting from azo imidazole ligand and metal chloride (nitrate for Ag () in 1:1 molar
ratio (metal :ligand) for Pd (II) ion and 1:2 for the rest metal ions. These complexes
were characterized spectroscopically by infrared and electronic spectra and along with
elemental analysis, molar conductance and susceptibility measurements. The data show
that the ligand a bidantate and coordinates to the metal ion via the nitrogen atom of azo
and with imidazole N3 atom.Octahedral environment is suggested for Co () Ni (1) and
Cu () metal complexes but square planer for Pd (Il) complex and tetrahedral forAg
(1) complex.

1-Introduction :-

Azo imidazole derivatives are very important class of chemical compounds
receiving attention scientific research? They are highly colored and have been used
as dyes and pigments for along time.®* They are important in drugs®, cosmeties®,
biological activities including antibacterial”, coordination capacity® and participate in
azo coupling reactions. © The coupling of diazonium salt occurs in position 2 of
imidazole ring in alkaline medium to give shining azo imidazole dyes.*®V) Azo
imidazole molecule being the azo imine group (— N=N—C=N—), which is n-acidic and
stabilized low valant metal redox state .*? The azo imidazole reagents does not have
the same interst in research and investigation because of the rarity in the preparation of
this kind of reagents although the imidazole was known before 150 years.*® Anumber
of these azo dyes have been used as chelating ligands“®in addition of the uses as
reagents in analytical chemistry. ®16) The present study reports the preparation and
spectral characterization of new azo imidazole ligand (DCIPAHSs) and some of its

metalcomplexes. Key
words:- Preparation,azo imidazole ligand ,metal complex,

characterization
2-Experimental
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2.1-Apparatus and material

All chemicals and solvents were highest purity obtained from Fluk, Merck and
BDH. The melting points were determined on a Electro thermal,meltaing point 9300.
Elemental analysis(C.H.N) were obtained using 1108 C.H.N elemental analyzer. IR
speatra were recorded using KBr discs in the range (4000-400) cm™on FTIR Teast scan
Shimaduz model 8400S .while the UV-Vis. Spectra recorded in absolut ethanol on
Shimaduz model 1650PC. Molar conductance measurements were determined in DMF
(10 M) at room temperature by usuing conductivity bridge model 31A and the pH
measurements were carried out using aphilips pw 9421 pH meter( pH£0.001). The
metal contents of the complexes was measured by using atomic absorption technique
by shimadzu AA-160. The chloride ion was estimated by Mohr method.®Y Magnetic
susceptibilities were measured by using Faraday method blance magnetic MSB-MKI
was used for this purpose and diamagnetic corrections for the ligand were calculated
using pascal’s constant.®?

2.2-Preparation of the ligand (DCIPAHS)
The hetero cyclic azo ligand was prepared according to the following general procedure
as described for 2-(aryl azo)-imidazoles.®® A diazonium solution was prepared by
dissolving (1.62gm,0.01 mol) of 2,4-dichloro aniline in 6ml of concentrated
hydrochloric acid and 30ml distilled water. To this mixture a solution of (0.75gm,
0.01mol) of sodium nitrate in 15ml of distilled water was added dropwise at (0-5) °c
and left to stand 35min. This diazonium solution was added dropwise into a 800mi
beaker containing (1.93gm, 0.01mol) of L-Histidine dissolved in 200ml of alkaline
ethanol and 30ml of 10% sodium hydroxide at (0-5) °c, the mixture was stirred for
additional 3hrs in ice-bath and allowed to stand over night and acidified with dilute
hydrochloric acid to pH=5.5. The precipitate was filtered off, washed with distilled
water and recrystallized twice from hot ethanol and dried in oven at 60 °c for 24hour.
yield was 81% of redish brown crystals the procedure was seen in
schemel.
2.2-Preparation of complexes
The metal complexes were prepared by dissolved (0.656gm, 0.002 mol )from
ligand in hot ethanol (100ml) and added dropwise with stirring to a stoichiometric

H
& a I}IHZ ':' N
h N=NCI HO—C—C—¢ l
cl cl o H H /
MaNO; N
e ——
HCl+distilled water
L-Histidine
pH=5.5
cl cl

2, 4=dichloro aniline dinzonium chlorid

HO—C—C—C cl
S ow \ /> M
N N Cl

Scheme(1) :-Preparation ot the hgand (DCIPAHS)

amounts of 1:2 (metal:ligand) molar
ratio of Co(Il),Ni(ll) and Cu(ll) chlorides salts and Ag(l) nitrate(0.001mol) or 1:1 ratio
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of Pd(Il) chloride(0.328gm,0.01 from ligand ) dissolving in 30ml buffer solution
(ammonium acetate) at optimal pH for each metal ions. The mixture solution was stirred
under reflux for 40 min. The solid product thus formed was filtered off from the ice-
cooled reaction mixture, washed with 10ml hot ethanol to remove the remaining
unreacted substances and dried at 70°% over night

3-Result and discussion

The reaction of heterocyclic azo ligand(DCIPAHS) with the metal ions mentioned
above different color crystals depending on the nature of metal ion. The complexes are
stable in air and unsoluble in water but soluble in most organic solvents. The analytical
and physical data of the ligand and it's complexes are given in Tablel they are
consistent with the calculated results from empirical formuala of each compound.

Tabil(i):- Analytical data and physical properties of the ligand
(DCIPAHS) and it's complexes.

N Yiel Found (Calc.)%
(0] Optim m.P Molecular formula
Compound al | Colr | ¢ S/O (Mol.Wt) c H N M
pH
55 Redis
1 | L=(DCIPA h | 151 | g1 | CiHuNsOLl ?j;g ?éYS?s %21'123 -
Hs) brow (328.16) ' ' ’
n 2) ) 4)
7.0 | Dark C24H24N100sCls | 3568 | 2.92 | 17.23
2 [ﬁf(')‘zc'z] orang | 163 | 67 Co (358 | (3.01 | (17.4 (g'gg)
' e (804.17) 5) ) 2) '
7.5 C24H22N1004Cls | 36.81 | 2.94 | 17.97
3 | [NiL2Cl] Dark | 504 | 73 Ni (366 | (282 | (178 (;'j%
green (785.91) 8) ) 12 '
6.0 C24H24N100sClg | 35.85 | 2.89 | 17.48
4 [S;JO LoClo] green 523 62 Cu (356 | (2.99 | (17.3 (;'gé)
' : (808.78 ) 4) ) 2) '
6.5 Dark 214 C12H1iNsO2CI4P | 28.27 | 2.08 | 13.67 | 21.29
5 | [PdLCl] brow q 68 d (285 | (2.19 | (138 | (21.0
n ' (505.48 ) 1) ) 5) 5)
7.0 Ref:jls CaaH2oN11O7Cly | 3471 | 259 | 18.44 | 12.79
6 | [AgL2] NOs purpl 187 | 65 Ag (348 | (2.68 | (186 | (13.0
e (826.18) 9) ) 5) 6)

d=decompos
3.1:-Absorption spectra

The absorption spectra in aqueous ethanolic solution 50% (V/V) were studied for
the prepared complexes showed a bthochromic shift ranging between (170-284)nm
depending on the metal ion the absorption spectra of the Co(Il),Ni(I1),Cu(ll),Pd(lI)
and Ag(l) chelat complexes are shown in Figs.1land2
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Figure(1):-The absorbance spectra of free ligand (L)and their
complexes in a suitable pH;con. (1.25-1.75) x 10° M In agueous
ethanolic solution ;(L=DCLPAHS)

L=DCIPAHS
A=[Agl,]. MO,
B=[PdLCl5] -

[
BO0.00 100000 110000

Figure(2):-The absorbance spectra of free ligand (L)and their complexes
in a suitable pH;con. (1.25-1.75) x 10 M In aqueous ethanolic solution
:(L=DCLPAHYS)

3.2-Effect of pH and Time

To optimal pH values on the absorbance for metal complexes solution were
studied in the 50%(v/v) ethanolic as shown in Figs.3 and 4.The ligand (DCIPHSs)
formed a very stable complexes with metal ions Co(I1) ,Ni(I1),Cu(I1),Pd(I1) at pH(6.0-
7.5) except Ag(l) 7 .This result with the fact of the lower basicity of the nucleus,will
lead to shift of reaction for the more acidic region.*% Also the reaction is complete
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in 10 min at room temperature and remains stable for about 24 hour.This show the
ligand (DCIPAHS) strong coordination with all metal ions. The result are shown in

Figs. 5 and 6.
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Figure(3):-The absorbance spectra of DCIPAHSs -

Figure(4):-The absorbance spectra of DCIPAHs -
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Fig (5):-Effect of time on the absorbance
of

~ metal complexes ;at room temp. M=Co
(m), Ni(m) and Cu(m).

Time(min)

Fig (6):-Effect of time on the absorbance
of

of metal complexes ;at room temp.
M=Pd (m), Ag(l)
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Composition of chelate complexes were investigated by mole ratio method at fixed
concentration of metal ion and increasing concentration of ligand at optimum pH and
Amex. This method indicated that. The more probabie structure of complex was 1:1 for
Pd(Il) ion and 1:2 for the Co(Il) ,Ni(Il),Cu(ll) and Ag(l) ions as shown in Figs7 and 8.

The results are given in Table2.

Fig.(7):-Molar ratio method (M:L) Fig.(8):- Molar ratio method (M:L)

DCIPAHs-meatal chelates DCIPAHs-meatal chelates
at optimal pH and concentration at optimal pH and concentration
- = 0.4 - J'r
0.5 0.2
& Cu (1) o & Bd (1) ¢ o 1 2 3 4
m o AT a T ry b 4 - Ag(ly Meole LiMale M

a NigH) Mole L/ Mole M

3.4-Determination of the metal complexes stability constants

Stability constant (B) values are obtained spectrophotometrically by measuring the
absorbance of a mixture of ligand and metal solution at fixed wavelength (xmax )and
optimum pH values. The degree of formation of the complexes are obtained from the
relation ship® p=(1-a./4a%c?) for 1:2 metal complexes and B=(1-a/a’c) for 1:1 metal
chelate and a=Am-As/Am where As and Am are the absorbance of the partially and
fully formed complex respectively at optimium concentration. The calculated 3 and log
B values for the prepared complexrs are given in
Table2.
3.5-Molar conductivity

The data obtained from the measurement of molar conductance of the complexes
are shown in table 2 were carried out in DMF(10-*M) at room temperature. The values
indicate that the chelate complexes of Co(Il) ,Ni(ll), Cu(ll) and Pd(ll) ions are non-
electrolytes nature, where the values suggest that no anions outside the coordination
spheres. 528 But the high value of molar conductivity (63.17S.cm.?mol™) for the Ag(l)
complexe indicating that this complex is 1:1 electrolyte and suggest that NO3™ anion
present outside the coordination spheres®?.

Table (2) - Metal :ligand stability constant values molar conductivity
optimal concentration and wave length with molar absorpitivity (€)
of chelate complexes
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Optima

Optlma | Molar : MO|aI’
Ligand Metal M?tal | molar |er\:\$\[/1e( absorpitivity L*.mol* Log | conductivit
g lons I én dq | cone.x 1 (€)ﬁ104L;1m0I B
: 10°M )nrrr;:x o s.molt.cm?
DelPAH [ Com) | 1:2 | 1.25 | 478 11.28 | 9.65x10° | 9.91 11.32
S, Amax=

€=13.9 x 1 Cu(ll 1:2 1.75 632 3.43 1.30x10* | 10.1 8.31
0

104
L.mol* )

et pd (m) | 1:1 1.50 527 10.73 | 6x10° 6.77 9.19
Ag(l) | 1.2 | 125 | 485 12.96 | 1.5x10% | 12.1 63.17

3.6-Infrared spectra

Infrared spectra data (KBr disk) of ligand (DCIPAHSs) and its complexes are
summarized in table3. The comparison between spectrum of the ligand with those of
the coordination complexes have revealed certain characteristic differences. Azo ligand
spectrum show two weak bands at 3391cm™ and 3327 cm™ due to v(OH) and v(NH2)
groups @®These bands are remained in the same region in free ligand and in chelate
complexes. Thus the remaining of hydroxyl group (OH) and amine group v(NH>)
indicats its not involvement in coordination with metal ions.?® The medium band at
3300cm™ in the spectrum of the ligand may be attributed to the group v(NH) of
imidazole ring.®%The unchanged of this band in all complexes means that the v(NH)
group dose not participate in coordination .Y Spectrum of ligand shows two weak
bands at 3088cm™ and 2924 cmdue to v(CH) aromatic and aliphatic respectively.
These bands are stable in position and intensity in both ligand and its metal complexes.
The free ligand shows a strong band at 1593cm™due to v(C=0) of carboxylic group.®?
This band is stable in position in both ligand and complex . Another strong band appeare
at 1576cm™ in the ligand spectram which is due to v(C=N).®® In this spectra of
complexes this band was shifted to a higher frequencies at (1585-1560)cm* with a little
change in shape. These differences suggest a coordination of the metal ions with
nitrogen atom N3 of imidazole ring.®% The v(N=N) stretching vibration appears band
at 1481cm™ in the free ligand spectrum. This band appearing at (1475-1435)cm™ with
different in shape and reduced in intensity in prcpared complexes spectra. Both bands
shifted and reduced intensity dueto complex formation.®® Some other new bands
appeared in the region of (510-440) cm in the complexes spectra which are not present
in the spectrum of the ligand may attributed to the v(M-N) band.®® Thus the above IR
spectra data lead to suggest that ligand behaves as a bidentate chelating agent and the
coordination sites are the nitrogen atom of azo group nearst to phenyl ring and N3 atom
of the imidazole ring to give five-membered chelat ring.Representaive example for their
spectra are given in Figs. 9,10 and 11.
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Figure(9):- IR spectrum of the ligand (DCIPAHs=L)
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Figure(10): IR spectrum of the complex
[Co (L)2Cl2].H20
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Figure( 11): IR spectrum of the complex
[PALCI;]

Table(3) :-Characteristic IR absorption bands of the ligand
(DCIPAHS) and its complexes in cm™ units (KBr disk)

v(N-H) v(C=0) | v(C=0) _ _ . v
No. | Compound v(O—H) | v(NH,) imidazole | Asym. sym. v(C=N) | v(N=N) | Imid.r.de (M—N)
1 | L=(DCIPAHs) | 3391w | 3327m | 3300m | 1593s | 1463s | 1576s | 148ls | 1054s -
1590s
2 [ﬁo(')‘ZC'Z] 3405br. | 3335w | 3315w 14255 | 1585s | 1475s | 1085s | 485w
12
3 | [NiL:Cly] 3406wbr. | 3332m | 3310w | 1594s | 1490m | 1578s | 1435m | 1105s | 505w
1
4 [Suo LoCl] | 3395w | 3335m | 3305w 5985 | 14355 | 1580m | 1455m | 1065m | 465w
112
5 | [PdLCly] 3398w | 3328w | 3310w | 1595s | 1506s | 1568s | 1470s | 1103s | 510w
6 | [Ag L2] NOs 3403w | 3325w | 3308w | 1597s | 1430s | 1560m | 1475m | 1105s | 440w

W=weak; s=strong; br.=brod; m=medium; Asym=Asymetry; sym=symmetry.

3.7-Electronic spectra and magnetic properties

The electronic spectra data and the magnetic moment of prepared complexes are
listed in table 4.The ligand is characterized by three absorption bands in UV-visible.
These bands are appearing at the position 214nm (46729cm™) and 244nm (40984cm™)
the first one can be attributed to a m— transition with in hetrocyclic imidazole ring®”
while the second UV band observed at a longer wavelength can be ascribed to the
excitation of the m-electrons of the phenylsystem.®” The caracteristion third visible
band occurred at 364nm( 27472cm™) may by due to a m—n" charge transfer transition
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mainly from the aryl moiety to the imidazole ring. 3% This band showed at a red shift
on coordination with a metal ions. #1829
Cobalt(Il) complexes

The magnetic moment for the Co(ll)- complexes has been found to be 5.07 B.M
which is with range of distorted (z-out) octahedral high spin( hybridization, sp3d?)
geometry. “%4) The electronic spectrum of this complex show three absorption bands at
962 nm(10395) cm™, 478 nm(20921cm™) and 380 nm(26316cm™) there are assigned
to Tigp—*T20m (v1) ; “*Ti9m—*A0m@ (v2) and* Tige—*T1gp) (v3) transitions
respectively, which are characteristic of octahedral sterochemistry. 4041

Nickel (11) complexex

The value magnetic moment for the Ni(ll)- complexes is found to be 3.61B.M wich
may suggest an octahedral high spin (hybridization ,sp3d?) structure. The d-d transitions
electronic spectrum of this complex shows three bands at 974nm(10267cm™), 648nm
(15432 cm™?) and 562nm(17794cm™) wich are suggesting the existence  of
3A2g—3TogE (V1) ; 3A0g—3T1gE (v2) and *Axgr—3T1g(p) (v3) transitions
respectively with an octahedral configuration.(“o"‘z)
Copper(l1) complexes

The magnetic moment for Cu(ll)- complexes found to be 1.82 B.M due to presence
of one unpaired electron in this complex. The electronic absorption spectrum of this
complex shows abroad band around 632nm(15823) cm™. This band is assigned to the
transition 2Eg— T-g. It is reasonable to assign distorted octahedral structure (z-out or
z-in) and hybridization sp3d? geometry. *18:40.42)
Palladium(I1) complexes

The zero magnetic value of Pd(ll)-complex indicate a square planer geometry
(hybridization, dsp?) which is the sterochemistry for this complex a tetra coordinate.
The electronic spectrum of this complex show absorption band at the position
527nm(18975cm™) which is attributed to !A;g — Big transition in a square planer
symmetry®°4%

Silver (I)complex

The UV-vis spectrum of Ag(l)-complex with ligand (DCIPAHS) do not show any d-
d transition bands. The magnetic susceptibility moment for ion Ag(l) (d'°) which is
characteristic of teterhedral stero chemistry at 1:2 (M:L) and hybridization sp®
geometry. (2039

59



AL-Qadisiya Journal For SCIENCE Vol . 16 No.2 Year 2011
ISSN 1997-2490

s

AT |
10" OWE

Fig( 12) :- The suggested structural formula of complexes
M=Ni(Il) ;x=0,Co(ll) and Cu(ll) ;x=1
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Table(4):- Electronic spectra and magnetic moments values of

complexes
Absorption if
No. Complexes A max NM bands vcm? Transition '?Be M)
962 V1
10395 4 Tlg(F)—>4ng(|:)
[CoLCl,] .Hz0 478 V2
1 20921 “Tig0—*Acgr) 5.07
380 V3
26316
*Tigep—'Tige)
974 V1
10267 SAg0 — 3To0m
648 V2
2 [Ni L2 Cl] 15432 3A0 — 3Tge 3.61
562 V3
17794 3Azg — 3T1g(p)
[CU L2C|2] H,O 632
3 15823 2Eg—2Tog 1.82
[Pd L Cl;] 527 .
4 18975 1AL — 1Big dia
5 | [AgLz] NOs 485 — — dia

Accoding to these results the structural of these complexes may by proposed in figs.12,13 and
14,
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Fig(14):- The proposed structural formula of Ag(I) ~complexes

nConclusions
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In this present study we report the preparation characterization and spectroscopy
study of new azo ligand derived from imidazole and its complexes with
Co(ID),Ni(ID,Cu(Il) Pd(ll) and Ag(l) metal ions. The isolated complexes were
characterized by vailable techniques.The aryl azo imidazole ligand (DCIPAHS) behaves
as a bidentate chelating agent and coordinating through the N3 atom of imidazole and
another nitrogen atom of azo group which is the farthest of imidazole ring to form five-
memberd metalo ring. The coordination of the metal ions Co(ll),Ni(1l) and Cu(ll) with
ligand (DCIPAHS) are to give hexa coordinated show octahedral stereochemistry but
Pd(Il) and Ag(l) complexes are a tetra coordination to give a square planer and tetra
hedral symmetry respectively.
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