DIYALA JOURNAL FOR PURE SCIENCES

g
W
—

Synthesis and Spectroscopic Study of New Bidentate Schiff Base
type (NN) and it’s Complexes with Mn", Fe", Co", Ni", Cu"
and Cd" Ions.

Waleed K.M, *Haider D.J, Kwalha M.S and Sajid M.L ,

Synthesis and Spectroscopic Study of New Bidentate Schiff Base type (NN)

and it’s Complexes with Mn'!, Fe', Co", Ni'l, Cu'' and Cd" Ions .

Waleed K.M, *Haider D.J, Kwalha M.S and Sajid M.L,
Department of chemistry, collage of Education for pure sinces---Ibn Al-
Haithem, University of Baghdad.

*Department of chemistry, collage of since, Waste University.

Received 12 May 2014 ; Accepted 15 June 2014

Abstract

four coordinated complexes for divalent metal ions : Mn, Fe, Co, Ni, Cu and Cd have
been synthesized using bidentate Schiff base ligand type (NN)formed by the condensation of
o-phenylenediamine , p-methylbenzadehyde and furfural in methanol. The ligand was reacted
with divalent metal chloride forming complexes of the types :[M(L)CL] where : M'=Mn, Fe,
Ni, Cu, and Cd . These new compounds were characterized by elemental analysis,
spectroscopic methods (FT-IR, U.V-Vis, 'HNMR (for ligand only and atomic absorption) ,
magnetic susceptibility, chloride content along with conductivity measurement. These studies

revealed that the geometry for all complexes about central metal ion is tetrahedral.

Key words : Schiff base, o-phenylenediamine, furfural.
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Introduction

Schiff bases compounds have a great importance in coordination chemistry, due to their
ability to form a range of complexes which have applications in different fields [1,2].They are
found useful in catalysis, medicine as antibiotics and anti-inflammatory agents and in the
industry as anticorrosion [3-7] Schiff bases complexes containing nitrogen atoms as donor
atoms play an important role in biological system and represent models for metalloproteinase
and metalloenzymes [8]. Metal complexes of Schiff base have also been used in oxidation
reaction[9] and for binding metal ions via the nitrogen atom lone pair, especially when used in

combination with one or more donor atoms to form polydentate chelating ligands or
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macrocycles [10]. Finally many Co(II), Ni(I), Cu(Il), and Zn(II) schiff base complexes have
been reported the geometry of these complexes depend on the ligand donor atoms [11]. In this
paper report synthesis and characterization of new schiff base ligand N-furan-2-ylmethylene-
N -(4-methylbenzylidene)-benzene-1,2-diamine ~ from  reaction  furfural and  p-

methylbenzaldehyde with 1,2-phenylenediamine and it's complexes with divalent metal ions:
Mn,Fe,Co,Ni,Cu and Cd.

Experimental

Materials and physical measurement.

All chemicals are from fluka and Redial-Dehange Company. Elemental microanalysis
were carried out by C.H.N analyzer, model 1106(Carlo-Erba). Metal contents of the
complexes were determined by Shimadzu-A-A-680G Atomic Absorption Spectrophotometer,
IR spectra were recorded as KBr discs by using Shimadzu 8300 FT-IR spectrophotometer in

range 1400-400 cm ™. Electronic spectra of the prepared compounds were measured in range
(200-900)nm for 1073*M solution in DMSO at 25 C° by using Shimadzu 160

Spectrophotometer with 1.000+ 0.001 cm matched quarts cell. Molar conductivity

measurements of the complexes solutions were recorded at 25°C for 107*M solutions of

samples in DMSO by using PW 525 digital conductivity meter. Chloride was determined by
using potentiometer titration method in a (686-Titro processer-665 Dosrmat-metrohm swiss).
Magnetic moments were measured with a magnetic susceptibility balance (Jonson Matty
Catalytic systems division). 'HNMR spectrum was acquired in DMSO-ds solution using a
Brucker AMX400 MHz spectrometer with tetramethylsilane (TMS) as an internal standard
for "HNMR.

Preparation of ligand
The ligand N-furran-2-ylmethylene-N -(4-methylbenzylidene)benzene-1,2-diamine was

prepared by modification of literature[12]. A mixture of 4 mmole (384mg) furfural, 4 mmole
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(480mg)4-methylbenzaldehyde and 4mmole (432mg) of 1,2-phenylenediaminein 30 ml
methanol was refluxed for 6hrs, the reaction mixture was cooled in ice, the pale brown
product which was first formed, was filtered and washed with methanol and dried over

anhydrous, calcium chloride.

Preparation of metal complexes

All complexes were prepared by dissolving 2 mmole (456mg) of new ligand in 20 ml
absolute ethanol. The solution was added gradually with stirring to 20ml solution of
respective metal(Il) chloride (2mmole). The mixture was stirred for 6 hrs, at 60°C. The
resulting solution was evaporated under vacuum to remove. The solvent the colored solid
complexes separated one in each case. The product was filtered, washed several times with

ethanol and recrystallized from hot ethanol and air dried at room temperature.

Results and discussion

The pro-ligand was prepared as in scheme-1. The new ligand dissolves in DMSO and
DMF, some physical properties and microanalysis C.H.N of the ligand were listed in table-1.
Important infrared bands of the ligand and it's complexes together with their assignments are
collected in table-2. IR spectrum of free ligand (Fig.1) displayed a band at (1111)cm™ due to
vec-o-c for furan cycle[13]. The spectrum showed new bands at (1612) cm™ and (1550) cm™
assigned to vC=N(imine)[14], this is a good evidence to formation of Schiff base compound
and indicating the azomethine bands are nonequivalent. In addition of these bands, the
spectrum appears bands at (1010) cm™, (1267) cm™ and (1481) cm™ and (1465)cm™ due to
vC-N, vC-H (aromatic), vC=C(aromatic) and vCHj3 respectively [12]. The U.V-Vis spectrum
of the free ligand (Fig.3) exhibits two high intense absorption peak, the first at 278 nm (35971
cm™ ) and the second at 299nm(33445 cm™) due to m—n* and n—n* electronic transition
respectively[14]. The data of electronic spectrum for the ligand were listed in table-3. The

predicated '"HNMR spectrum of the free ligand (Fig.5) showed peaks at SH:8.48(1H),
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8.10(1H), 7.60(4H), 7.32(4H), 6.41(2H), 5.75(1H),2.78(for DMSO-ds solvent) and 1.27(3H
for cHs group)[15],these data are listed in table-4.

Complexes

The reaction of the ligand (L) with metal (IT)chloride salt of Mn, Fe, Ni, Cu and Cd
were carried out in solvent under reflux (scheme-1). All complexes are stable in solution
(table-3) and dissolve in DMSO and DMF solvents. The molar conductivity Values for all
prepared complexes in DMSO solvent in 107*M at 298°K (table-1) indicated non electrolytic

nature[16].0n the bases of elemental analysis data (table-1), the molecular formula for
prepared complexes was assigned to be [M(L)Cl] where: M"=Mn, Fe, Ni, Cu and Cd. The
suggested molecular formula was also supported by spectral measurement as well as molar

conductivity and magnetic moment.

Magnetic moment

The value of effective magnetic moment peff for he prepared complexes
Mn(II),Fe(II),Ni(II), and Cu(II) are shown in (table-3), which exhibit peff.(5.42,4.35,3.81 and
1.94) B.M respectively which can be a normal values for tetrahedral complexes compared
with what have been found in the literature [17], while peff. For Cd(II)complex showed that
the complex to be diamagnetic.
Atomic absorption

The atomic absorption measurements (table-1) for all complexes gave approximated

values when it comparison with theoretical values.

Chloride content
The chloride content were determined by using potentiometric titration method which
showed that all prepared complexes contain chloride, this indicated the coordination between

metal ions and CI” (table-1).
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IR spectra

Infrared spectral data for all complexes are listed in table-2. The IR spectra for
complexes gave a different spectra in comparison with that of free ligand(L). The IR spectra
of all complexes (Fig.2) exhibit a shift in two bands for v(C=N) (iminic) to lower frequency
and appeared as signal band (with shoulder) at range (1598-1592)cm™ , when it comparison
with that of free ligand , this shift can be related to the delocalization of metal ion electronic
density in m-orbital of the ligand and formation m-back bonding (dn-pm) which indicates the
coordination between N atom of iminic group (C=N) and metal ion [18]. The above
observation were further indicate by the appearance of new band in IR spectra of all

complexes at range (594-590)cm™! due to V(M-N) [12].

Electronic spectra

The electronic spectral data for all complexes are summarized in table-3. The
electronic spectra of the prepared complexes exhibit peaks around (265-272) nm (37736-
36764)cm™ and at range (33445 - 33112)cm™ related to m—n*For intra ligand and new peak
at range (380-396)nm (26315-25253)cm’! refers to charge transfer (C.T) transition. The
electronic spectra confirm the stability of the prepared complexes in DM SO solvent and the
structure of complexes in solution are in accord with their structure in the solid state. The
electronic spectrum of Mn(II) complexes appeared a peak at 685nm (14598)cm’! refers to (d-
d) electronic transition type °A; —*T; of tetrahedral Mn(Il)complex[19]. The U. V-Vis
spectrum of Fe(I) complex (Fig-4) displayed new absorbance peak at 788nm (12690)cm’
attributed to (d-d) electronic transition type SE»—T, of tetrahedral Fe(I) complex[19]. The
new absorption peak in electronic spectrum of Co(Il) complex at 676nm (14793)cm™! can be
assigned to (d-d) electronic transition type *Ax(F)—*T2(P) this result is a good evidence for
Co(II) tetrahedral geometry [19]. The electronic spectrum of Ni(I[) complex shows two new
peaks with weak intensity, the first appeared at 525nm (19047)cm™ and the second at 680nm
(14706)cm™ can be assigned to (d-d) electronic transition type >Ti(F)—°T2(F) and

3T1(F)—>T1(P) respectively, in fact this result is a good agreement with previous work of
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Ni(Il) tetrahedral geometry[15,19]. A new absorption peak at 776nm(12886)cm™ was

observed in electronic spectrum of Cu(Il) complex which had been attributed to (d-d)
electronic transition type *T>—2E, a position of this peak is a good agreement with reported
for Cu(ID)distortion tetrahedral geometry[20]. The U.V-Vis spectrum of Cd(Il) complex
exhibited a new peak at 380nm (26315)cm™ attributed to charge transfer electronic transition

(C.T) normally prefers tetrahedral Coordination[15].

Conclusion

On the bases of elemental analysis, molar conductivity, magnetic moment, chloride
content and spectroscopic studies [FT-IR, U.V-Vis,'HNMR(for lignd only),Atomic
Absorption] for the ligand and it's complexes, we suggest that the ligand behaves as bidentate
on complexation with metal ion via two N atoms of iminic groups which formed tetrahedral

geometry about divalent metal ion.
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Table-1: some physical properties and molar conductance for free ligand and it's

complexes.
Compound M.wt Colour Yield m.p Am
g.mol! % Ce Ohm'.cm?.mol!

Ligand(L) 288 Brown 89 198 .

Ci9 Hi6N2O

[Mn(L)CL:] 414 Pale 78 270 9.24
Brown

[Fe(L)CL] 415 Pale i15 210 6.46
Brown

[Co(L)CL2] 418 Pale 82 274 7.68
Red

[Ni(L)CL] 417.7 Pale 84 265 8.43
Red

[Cu(L)CL] 4225 Pale 74 240 5.42
Brown

[Cd(L)CL] 4714 Yellowish 88 260 421
Brown
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Table-2: Elemental analysis for free ligand(L) and it's complexes.

Compound Found % , (Calc)%

M C H N al

Ligand (L) - (79.16) (5.55) (9.72)

C1o HigN,O 78.64 5.08 9.24

[Mn(L)CL]  (13.28) (55.07) (3.86) (6.76) (17.13)
12.96 54.84 3.52 6.43 16.78

[Fe(L)C,] (13.49) (54.94) (3.85) (6.74) (17.10)
12.78 54.16 3.24 5.92 16.82

[Co(L)CL] (14.11) (54.54) (3.82) (6.69) (16.98)
13.63 54.17 3.18 5.94 16.46

[Ni(L)CL] (14.05) (54.58) (3.83) (6.70) (16.99)
13.86 53.96 3.28 6.04 16.42

[Cu(L)Cl,] (15.03) (53.96) (3.78) (6.62) (16.80)
14.86 53.74 3.33 6.15 16.24

[CA(L)ClLy] (23.84) (48.36) (3.39) (5.94) (15.06)
23.64 48.02 2.84 5.32 14.86
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Table-3: Importante bands (cm‘i) of infrared spectra for free ligand and it's
Y

complexes
Compound VC=N VC-N VM-N
Ligand (L) 1612 (s) 1010 (s) -
Ci19 Hi6N20 1550 (w)

[Mn(L)ClL] 1594 (s) 1016 (m) 590 (w)
[Fe(L)Cl] 1594 (s) 1016 (s) 594 (w)
[Co(L)CL] 1596 (m) 1016 (s) 586 (w)
[Ni(L)CL] 1592 (m) 1014 (m) 588 (w)
[Cu(L)CLy] 1598 (s) 1016 (s) 592 (m)
[CA(L)CLy] 1596 (m) 1016 (m) 586 (m)

S=strong, m=medium, w=weak

Table-4: Magnetic moment (peff) and U.V-Vis spectral data in DMSO for free ligand

and it's complexes

Compound Meff A \'a €max Assignment Suggested
B.M nm cm’! L.mol’! Structure
.cm’!
Ligand (L) 278 35971 2148 Tt
C19 Hi6N3O 299 33445 235 n—m*
[Mn(L)CL] 5.42 272 36764 2142 Tk Tetrahedral
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302 33112 2348 n—m*
382 26178 286 C.T
685 14598 98 OAI1—*T,
[Fe(L)CL] 4.35 270 37037 2142 - Tetrahedral
300 33333 2354 n—mu*
380 26315 290 C.T
788 12690 11 SE—T,
[Co(L)CL] 4.62 265 37736 2146 - Tetrahedral
299 33445 2358 n—m*
396 25253 270 C.T
676 14793 193 4Ax(F)—*Ty(P)
[Ni(L)CL] 3.81 272 36764 2144 n—* Tetrahedral
302 33112 2348 n—m*
382 26178 286 C.T
525 19047 18 3TI(F)—Ta(F)
680 14706 17 3Ty (F)— 3T (P)
[Cu(L)CL] 1.94 270 37037 2146 - Tetrahedral
300 33333 2352 n—m*
392 25516 192 C.T
776 12886 41 2T,—’E
[Cd(L)CL] Diamagnetic 270 37037 2146 - Tetrahedral
301 33223 2352 n—m*
380 26315 200 C.T
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Table-5: 'HNMR spectral data for free ligand(L) measured in DMSO-ds

Functional group o (ppm)
-CH; 1.34(3H,S)
DMSO 2.78(S)
(Ar-CH)five ring 5.75(H,S)
6.40(2H,S)
Ar-CH 7.32(4H,S)
Ar-CH 7.60(4H,S)
-N=CH 8.10,8.48(2H,S)
B sHmapzu
w - (IR Il
25 : " : ¥ b 3 “E b i | il
3 ng -1 | ]
25—
g mé?-.mlm.“.ﬂi.en- .HGIJ 2800 2400 2000 1000 1600 1400 1200 1000 .SDG- 600 o 400
mment; Mo, of Scana; 10 DrarbeTirne, OS0AM432 11:18:20

Fig.1: IR spectrum of ligand (L)
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Fig.2: IR spectrum of Fe(II) complex

DaTa EEO 1

£x
—-= DARLLE
'\-\.__\_\_:l-

] -
I [
, .
I
L .
! | 8.500 | } 1
) : CasbIu. | |
¥ .
W
S
j &k
1 )
w @ 1™ I
1 ]
L ¥ ]
g r L_
s pGZ_' +8.80R | M
i P 200.0 180 ,.8¢HH DIV, ) 93@
o]
'k iw 12:28 12729 '11 [Seo.onn___0.0334)
|

Fig.3: Electronic spectrum of ligand (L)
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Fig-4: Electronic spectrum of Fe(II) complex
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