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ABSTRACT

A novel set of Cobalt(ll), Copper(ll) and Nickel(ll) complexes of ligands, (E)-2-(((2,5-
difluorophenyl)imino) methyl)phenol (A), (E)-2,4-dibromo-1-((2-hydroxybenzylidene) amino)
anthracene-9,10-dione (D) & (2)-1-((1-([1,1'-biphenyl]-4-yl)-2-bromoethylidene) amino)-2,4-dibromo
anthracene-9,10-dione (E) were synthesized and characterized. Their structures were investigated
on the basis of CHN, conductance measurements and spectral studies (‘HNMR & *CNMR, FT-
infrared and Electronic spectroscopies), cyclic voltammetry. It has observed from spectral and
analytical studies that metal complexes have the composition of (ML,.X,) and one mole of ligand
behaves as bidentate chelating agents around the corresponding metal ion. From solubility test, we
obtained that metal complexes of ligands A, D and E had no ionic properties and dissolve partially
in polar and slightly in nonpolar solvents. These results confirmed the behavior of metal complexes
as weak electrolyte from their low value of molar conductivity. Conductance data and solubility test
of the complexes enhanced them to be (1:2 M:L ratio). All data confirmed an octahedral geometry
of these complexes and their structures as {{M (A, D or E),(CH,COO),], when M= Co or Ni} and {[Cu
(A, D or E), Cl,J}. Cyclic voltammetry measurements were accomplished of Cobalt(Il), Copper(ll) and
Nickel(ll) complexes using Pt wire as counter electrode and Ag/AgNOQ, as reference electrode and
(Bu,N+PF_+) as supporting electrolyte. The result exhibit the irreversible process showing single one
electron transfer process of Cobalt(ll) and Nickel(ll) complexes and unique quasi-reversible redox
couple is attributed to Cu(ll) complexes.

Keywords: Cobalt, Copper, Nickel, Schiff bases, Metal complexes, Cyclic voltammetry.

INTRODUCTION are including azomethine functional group (HC=N),

Schiff base was invented by Hugo-Schiff
which is named after line,' They are defining as
condensation results of the reaction between
aldehyde or ketone with primary amine and theses

which is reversible reaction and commonly carry out
in acid or base medium, or with high temperature.?
Synthesis of Schiff base depends on the dehydration
of carbinolamine which considers as the rate
determination step of the reaction and this is the
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reason of using acid as catalyst.® They comports as
a Flexi-dentate ligand and generally coordinates by
the oxygen phenolic group and the nitrogen atom
of azometheine group.* In Schiff base, azomethine
N-atom and other donor atom such as O-atom act
a necessary role in coordination chemistry and
easily coordinate to metal atoms to obtain various
complexes.>87 The aromatic aldehyde Schiff bases
having effective conjugation and are more stable.®
It should not use high acid concentration due to
the basicity of amine compounds, so if the amine
protonation happens and turns to non-neucleophilic,
the equilibrium is drawn to the left and this will ban
carbinolamine formation. Thus, different Schiff bases
preparation are best accomplished at modestly
acidic pH.® Schiff bases are considered as useful
chelates due to their different specification such as
easy synthesis, precise steric, structural varieties
and electronic control on their structure. Lately,
worthy utility have progressed in the preparation
and identification of the complexes including Schiff
bases for using as catalysts.'®".121314 Schiff base
compounds have been vastly studied for their
antibacterial, antifungal, antitumor activities.'®1617

CV defines as a kind of potentiodynamic
electrochemical study. In CV technique, the relation
between the potential of working electrode and time
is linear."®'® CV is drawn between the current of the
working electrode and the applied voltage.®® CV is
usually employed to explore the electrochemical
features of an analyte in solution or of the compound
which is adsorbed on the electrode surface.?' The
advantage of CV is quite based on the analyte
under survey. The substance should be redox
active with in the potential window to be scanned.??
In reversible couples, the substances frequently
shows irreversible cyclic voltammetry wave, which is
watched when foremost substance can be recovered
after a forward and reverse scan in the same cycle. In
the spite of reversible couples are easier to analyze,
they provide less information than more complexes
wave forms.2 The wave form of reversible couple is
complex due to the united effects of polarization and
diffusion, this variation mainly result from this effect,
of analyte diffusion rates, the wave form is influenced
too by the electron transfer rate.?*

Because of broad area of applications
of the metal complexes of Schiff bases, we now
report this present investigation which deals with
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new octahedral Cobalt(ll), Copper(ll) and Nickel(ll)
complexes with Schiff bases A, D and E. We have
synthesized, characterized these compounds using
CHN, FT-IR, electronic spectroscopy, 'H and '*C NMR
and studied analytical and electrochemical features,
which were achieved by CV technique of Schiff base
ligands as co-ligands for their coordination behavior
in their complexes using various techniques.

EXPERIMENTAL

Materials

All reagents, starting materials as well as
solvents are employed to prepare Schiff bases in
addition to their metal complexes were obtained
from Aldrich, BDH, Fluka and Merck and were used
as received. Tetrabutyl ammonium tetrafluroborate
(TBATFB) which act as supporting electrolyte was
purchased from Aldrich Chemical Co.

Instrumentation

All m.p. in degree Celsius were checked
with a capillary devices and were recorded on electro
thermal VeeGo Digital model VMP-D.Jenway. All
the compounds were routinely characterized and
checked by FT-IR, 'H NMR and *C-NMR, CHN,
electronic spectroscopies and CV. Infrared spectra
were measured in KBr disc (400-4000 cm-) in Japan
(a Shimadzu model 8400S FTIR spectrometer).
'HNMR and ®C-NMR were measured on Bruker
400 MHz spectrometer in Deuterochloroform
and Deuterated dimethyl sulfoxide solvents. CHN
analysis were recorded by Perkin CE-440 elemental
analyzer. Electronic absorption spectra in aqueous
solution were recorded by using UV-9200, Biotech
Engineering Management Co.LTD (UK) Single beam
in the region 230—-1100 nm. Molar conductance
was recorded on W.T.W conductivity Master LBR
meter. Electrochemical properties of the synthesized
metal complexes were examined by carried out
the cyclic voltammetry (CV) experiments with CH
Instruments, USA, Digi-lvy (Model DY2300 Series-
potenstiostate/ biopotensiostate, electrochemical
analyzer), in absolute ethanol in the presence of
tetrabutylammonium hexafluoroborate (TBATFB)
(0.10 mol L") as supporting electrolyte and about
10 M complexes. All CV measurements were
measured at r.t. (approximately 25°C) with keeping N,
atmosphere above the solution surface with coupling
with Electrochemical System software (GPES version
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4.7 for Windows). Typical model three electrodes array
composed of Pt -wire working electrode, Pt counter
electrode, and an Ag/AgNO, as reference electrode
under nitrogen were utilized. Potentials were recorded
against Ag/AgNQ, and to eliminate interfering oxygen
and purging the setup, before each experiment the
solutions were bubbled with nitrogen gas. Before each
measurement the working electrode was smoothed
by sand paper to improve electrochemical sensitivity,
providing active surface.

Synthesis of ligands (A, D and E)

The preparation method of ligands A, D,
E was carried out according to method reported
elsewhere by mixing equal amounts (1:1 mole ratio)
each aldehyde or ketone with suitable amine.?®
They were synthesized in ethanol medium using
glacial acetic acid as catalyst by the reaction from
salicyladehyde, 2-bromo-4-phenol acetophenone
or 1-([1,1'-biphenyl]-4-yl)-2-bromoethan-1-one
as based ligands and two amines: 2,5-difluoro
aniline or 1-amino-2,4-dibromo anthraquinone.

Synthesis of ligand A

(2.44 g, 20 mmol) salicylaldehyde in 10
ml warm ethanolic solution (40-50)°C with (1-2)
drops of glacial acetic acid were mixed with (4.64 g,
20 mmol) 2,5-difluoro aniline in ethanol solvent.
Then the mixture was reflexed for 2 h and cooled
to r.t. The mixture was filtered and the precipitate
was washed and recrystallized with absolute
ethanol and then dried to obtain yellow crystals.
Yield: (4.59 g, 99%); m.p: 104-106°C; FT-IR (cm):
v(O-H) stretch 3410, v(C=N) 1604, v(C=C) 1558,
v(C-N) 1371, v(C-0O) stretch 1281, v(C-O) bending
1157; UV-Vis. spectrum, & nm: n—n* 266, n—>wo*
320; 'H-NMR (400 MHz, DMSO- ), 3(ppm): 12.74
(1H, s, O-H), 9.05 (1H, s, -CH=N-), 7.75 (1H, d,
Ard,, =75Hz),7.61(1H,d, ArJ =75 Hz), 7.50
(1H, t, Ar, J,, =5 Hz), 7.38 (1H, t, Ar, J,,, =5 Hz),
717 (1H, s, Ar, J,,, =5 Hz), 6.88 (2 H, d, Ar, J,,, =5
Hz); *C-NMR (100 MHz, DMSO- ), 5(ppm): 166.25
(C-OH), 160.65 (-CH=N-), 159.70 (C-F), 157.66
(C-F), 152.80, 150.60, 133.75, 132.50, 118.80,
118.01, 117.50, 116.85, 114.35. Calculated for
C..H.,F_NO : C, 66.95; H, 3.89; N, 6.01. Found: C,

189" 2

67.00; H, 3961; N, 6.00.
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Synthesis of ligand D

Same procedure as above is followed to
synthesis ligand D by using the following weights:
(1.22 g, 10 mmol) salicylaldehyde and (3.81 g, 10
mmol) 1-amino-2,4-dibromo anthraquinone). Red
crystals;Yield: (1.69 g, 45%); m.p: 230-232°C; FT-IR
(ecm"): v(O-H) stretch 3401, v(C=0) 1683, v(C=N)
1594, v(C=C) 1488, v(C-N) 1388, v(C-O) stretch
1280, v(C-O) bending 1194; UV-Vis. spectrum,
A MM 17" 250, n—n* 300; 'H-NMR(400
MHz, DMSO- ), 8(ppm): 9.75 (1H, s, O-H), 8.38
(1H, s,-CH=N-), 7.55 (1H, s, Ar), 7.44 (2H, t, Ar
J,, =5Hz), 7.22 (2H, t, Ar J,,, = 5Hz), 7.01 (2H,
d, ArJ,, =75 Hz), 6.89 (2H, d, Ar J,,, = 7.5 Hz),
3C-NMR (100 MHz, DMSO- ), §(ppm): 190.00(C=0),
185.01(C=0), 165.13(C-OH), 163.01(-CH=N-),
145.51, 144.92, 130.32, 129.18, 127.54, 126.03,
126.30. Calculated for C, H,,Br,NO,: C, 51.99; H,

21 11

2.29; N, 2.89. Found: C, 50.23; H, 2.433; N, 3.886.

Synthesis of ligand E

Same procedure as above is followed to
synthesis ligand E by using the following weights:
(2.75 g, 10 mmol) [1,1'-biphenyl]-4-carbonyl bromide
and (3.81 g, 10 mmol) 1- amino-2,4-dibromo
anthraquinone). White crystals; Yield: (3.24 g, 85%);
m.p: 128-130°C; FT-IR (cm™"): v(C=0) 1679, v(C=N)
1590, v(C=C) 1485, v(C-O) 1284, v(C-N) 1388;
UV-Vis. spectrum, 1 nm: n—n* 230, n—>a* 319;
'H-NMR(400 MHz, DMSO- ), 3(ppm): 8.13 (2H,
t, Ar J,, = 5Hz), 8.00 (2H, d, Ar J,,, = 5Hz), 7.91
(2H, m, Ar), 7.75 (4H, m, Ar), 7.47 (4H, m, Ar), 2.5
(2H, s, CH, group),’*C-NMR (100 MHz, DMSO- ),
S(ppm): 193.65(-C=N-), 191.04(C=0), 186.21(C=0),
144.88, 138.75, 138.11, 133.03, 132.45, 131.05,
130.31, 130.01, 129.40, 128.75, 128.10, 127.50,
127.33, 127.11, 126.70, 126.25, 65.00 (-CHZ-Br).
Calculated for CH,.Br,NO,: C, 52.70; H, 2.53; N,

28" 16

2.19 Found: C, 53.15; H, 2.952; N, 2.880.

Synthesis of Cobalt(ll), Copper(ll) and Nickel(ll)
complexes

Synthesis of the prepared metal complexes
with ligands A, D and E were synthesized by the reaction
between M(ll) salt with the ligand under reflux.

Synthesis of ACo complex. [Co(A),(CH,COO0),]
(5 ml) of the ligand A (0.232 g, 1 mmol)

in ethanol is added (5 ml) ethanolic solution of the

(0.125g, 0.5 mmol) Co(CH,COO0),.4H,0. The mixture
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was refluxed for 2 h then cooled. Brown precipitate
was filtered and washed with absolute ethanol and
then dried. Light brown precipitate; Yield: (0.172
g, 74%); D.p: 253°C; FT-IR (cm™): v(O-H) stretch
3423, v(C=N) 1604, v(C=C) 1564, v(C-N) 1415,
v(C-0) stretch 1240, v(C-O) bending 1141, v(Co-0)
525,v(Co-N) 469; UV-Vis. spectrum, L nm: n—n*
286, n—n* 310, LMCT 488, d-d 530. Calculated for
C,H,,F,N,O.Co: C, 56.00; H, 3.76; N, 4.35 Found:

30 24" 4 276

C, 58.12; H, 3.532; N, 4.126.

Synthesis of ACu complex. [Cu(A),CL]

The preparation method is similar to the
above, using (0.085g, 0.5 mmol) CuCl,.2H,O instead
of Co(CH,CO0),.4H,0. Dark brown precipitate; Yield:
(0.186 g, 80%); D.p: 288°C; FT-IR (cm™): v(O-H)
stretch 3435, v(C=N) 1602, v(C=C) 1552, v(C-N)
1400, v(C-O) stretch 1219, v(C-O) bending 1135,
v(Cu-0) 541, v(Cu-N) 473; UV-Vis. spectrum, A__
nm: n—n* 272, n—>n* 322, LMCT 475, d-d 967.
Calculated for C, H, ,F,N,0,CuCl,:C, 51.97;H, 3.02;

26 18" 4 272

N, 4.66 Found: C, 52.415; H, 2.770; N, 4.842.

Synthesis of ANi complex. [Ni(A),(CH,COO0),]
The preparation method is similar to the
ACo, using (0.124 g, 0.5 mmol) Nickel acetate tetra
hydrate instead of Cobalt acetate tetra hydrate. Green
precipitate; Yield: (0.153 g, 66%); D.p: 130°C; FT-IR
(em™): v(O-H) stretch 3438, v(C=N) 1601, v(C=C)
1587, v(C-N) 1379, v(C-O) stretch 1224, v(C-0O)
bending 1142, v(Cu-0) 534, v(Cu-N) 464; UV-Vis.
spectrum, & __ nm: n—n* 278, n—>n* 310, LMCT 434,
d-d 731. Calculated for C, H,,F,N.O.Ni: C, 56.02; H,

30 24 4276

3.76; N, 4.36 Found: C, 56.675; H, 3.556; N, 4.491.

Synthesis of DCo complex. [Co(D),(CH,CO0),]
The preparation method is similar to the
ACo, using ligand D (0.49 g, 1 mmol) instead of
ligand A. Red precipitate; Yield: (0.358 g, 73%); D.p:
240°C; FT-IR (cm™): v(O-H) stretch 3439, v(C=N)
1564, v(C=0) 1546, v(C=C) 1417, v(C-N) 1340,
v(C-0) stretch 1269, v(C-0O) bending 1131, v(Cu-0)
533, v(Cu-N) 477; UV-Vis. spectrum, Amax nm:
n—n* 260, n—»n* 310, LMCT 488. Calculated for
C,H_Br,N O. Co:C,48.16;H, 2.46; N, 2.44 Found:

46" 287 4 2710

C, 50.087; H, 2.774; N, 2.345.

Synthesis of DCu complex. [Cu(D),Cl,]

The preparation method is similar to the
ACu, using ligand D (0.49 g, 1 mmol) instead of
ligand A. Red precipitate; Yield: (0.421 g, 86%); D.p:
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233°C; FT-IR (cm™): v(O-H) stretch 3437, v(C=0)
1633, v(C=N) 1587, v(C=C) 1505, v(C-N) 1383,
v(C-0) stretch 1265, v(C-O) bending 1122, v(Cu-0)
560, v(Cu-N) 480; UV-Vis. spectrum, A, nm: n—>n*
260, n—»n* 320, LMCT 470, d-d 960. Calculated
for C,H,,Br,N,O,CuCl,: C, 45.66; H, 2.01; N, 2.54

42" 22

Found: C, 46.078; H, 1.984; N, 2.621.

Synthesis of DNi complex. [Ni(D),(CH,C0OO0),]
The preparation method is similar to the
ANi, using ligand D (0.49g, 1 mmol) instead of ligand
A. Gray precipitate; Yield: (0.431 g, 88%); D.p: 124°C;
FT-IR (cm™): v(O-H) stretch 3444, v(C=N) 1541, v(C=C)
1494, v(C-N) 1421, v(C-O) stretch 1262, v(C-O)
bending 1120, v(Cu-0) 555, v(Cu-N) 475; UV-Vis.
spectrum, & nm: n—n* 230, n—>n* 320, LMCT 429,
d-d 738. Calculated for C, H,.Br,N,O, Ni: C, 48.17; H,

46" 28 2710

2.46; N, 2.44 Found: C, 49.641; H, 2.567; N, 2.965.

Synthesis of ECo complex. [Co(E),(CH,C0O0),]
The preparation method is similar to the
ACu, using ligand E (0.64 g, 1 mmol) instead of ligand
A. Pink precipitate; Yield: (0.346 g, 54%); D.p: 230°C;
FT-IR (cm™): v(C=0) 1687, v(C=N) 1599, v(C=C)
1442, v(C-N) 1336, v(Co-0O) 540, v(Co-N) 471; UV-
Vis. spectrum, &, nm: n—n* 213, n—>x* 290, LMCT
478. Calculated for C H,Br,N,0,Co: C, 49.59; H,

60 38

2.64; N, 1.93 Found: C, 51.013; H, 2.687; N, 2.237.

Synthesis of ECu complex. [Cu(E),Cl,]

The preparation method is similar to the
ACu, using ligand E (0.64g, 1 mmol) instead of
ligand A. red precipitate; Yield: (0.454 g, 71%); D.p:
132°C; FT-IR (cm™): v(C=0) 1687, v(C=N) 1599,
v(C=C) 1483, v(C-N) 1383, v(Cu-0) 562, v(Co-N) 474;
UV-Vis.spectrum, 2, nm:n—n* 240, n—>w* 330, LMCT
467,d-d 954. Calculated for C_ H,,Br,N,O,CuCl,: C,
47.68; H, 2.29; N, 1.99 Found: C, 48.932; H, 2.936;
N, 2.168.

Synthesis of ENi complex. [Ni(E),(CH,CO0),]
The preparation method is similar to the
ACu, using ligand E (0.64g, 1 mmol) instead of
ligand A. red precipitate; Yield: (0.403 g, 63%); D.p:
130°C; FT-IR (cm™): v(C=0) 1665, v(C=N) 1597,
v(C=C) 1412, v(C-N) 1364, v(Cu-O) 555, v(Co-N) 470;
UV-Vis.spectrum, & __ nm: n—n* 225, n—n* 300, LMCT
426, d-d 744. Calculated for C_H,,Br.,N,O,Ni: C, 49.60; H,

60" 38

2.64; N, 1.93 Found: C, 50.489; H, 2.731; N, 1.964.
RESULTS AND DISCUSSION

Synthesis and characterization
New Schiff bases A, D, E were prepared
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by combination of aldehyde or ketone and suitable
amine as described below in experimental procedures
(Scheme 1). Their structures were confirmed by
elemental analysis, solubility test, conductance
measurements and spectral studies ("H-NMR,
8C-NMR, FT-IR and UV-Vis spectroscopy),
determination of ligand-metal bonded ratio and
cyclic voltammetry. Scheme 2 illustrates the reaction

T LT

Salicy 0 aniline

H

ethanol, H"

renux 2h
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of Schiff base ligands A, D and E with Cobalt acetate
tetra hydrate, Copper chloride di hydrate and Nickel
acetate tetra hydrate which gave solids compounds
[ACo, ACu and ANi], [DCo, DCu and DNi] and [ECo,
ECu and ENi]. All these compounds were stable
and they are isolated in good yields. Their analytical
data are corresponding to their experimental and
composition section.

@@

(E)-2-((2,5-difluorophenyDimine) methyDphenol

Schiff base ligand A

H o
o NH2
OH Br
ethsnol H* Br
+
re n ux 2h
o

Salicylaldehyde

1-amino-2,4-dibromo anthraquinone

O‘O eﬂmm)] -
reﬂux 2h

Br
o
O 1-amino-2,d-dibromo anlhraqmnnne

1-([1,1'"-biphenyl]-d-yI)-2-
bromoethan-1-one

(2)-1-((1(11,1"-biphenyl]-4-yl)-2-bromoethylid

(E)-2,4-dibromo-1-((2-hydroxybenzylidene) amino)anthracene-
9,10-dione
Schiff base ligand D

“*%

2,4-dibr

9,10-dione

Scheme 1. Synthetic of Schiff bases A, D, E

Schiff base ligand A

CHACOO);. 4HO0
or CuCL.2H.0
(CH3;COO0);. 4H;0

OH
Br
]
S Q e
° - °

Schiff base ligand D

Br
w o
<
\N Br ethanol
,  Co(CH,COOy, 41,0 —
or CuCh.2H0 r
o . ° or Ni(CH3;CO0),. 4H,0

Schiff base ligand E

ethanol

——— ~
refux 20 o mo°
o x OH

) X— CHacOO .
M= Cuan x=c1
Br,
g
SN Br
Q x/
_ Ho
N
x,
C

Form of complexes ECo, ECu or ENi
M= Co(I), Ni(Il) X=CH;COO,
M= Cu(il) x=c

Scheme 2. Synthetic of Schiff bases A, D, E complexes
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FT-IR spectral studies

The infrared data provide considerable sign
of the formula of ligands A, D and E and their metal
complexes. The FT-infrared spectra gives the worthy
information relating to the behavior of functional
groups coordinated to the M(ll) ions. However, the
existence of a strong and sharp peak at (1590-1604
cm-1) which is related to C=N stretching frequency
and sharp peak at (1371-1388 cm™) due to C-N
stretching frequency in ligands confirm the formation
of ligands. These results are in good agreement
with another studies reported elswhere.?627.2 As
compared with the corresponding starting materials
aldehyde or ketone with amines, the absence of
peak around 1690 cm™ of C=0 stretching band
in ligands and their complexes consider as good
indication to reaction and formation of Schiff bases.
The downward shift of v (C=N) band by (7-53 cm™),
the downward shifts of v (C-N) band by (9-48) cm-'
in all prepared metal complexes suggested the
coordination of nitrogen in (-CH=N-) group with metal
ion center and formation of M-N band.?%° A medium
peaks at 3410 and 3401 cm™in IR spectra of Schiff
base A and D are due to v (O-H) stretch. The same
spectra showed strong bands in 1281 and (1157-
1194 cm) is assigned to v (C-O) stretch and v (C-O)
bending respectively. The change of the position
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of v (O-H) and downward shift of v (C-O) stretch
and v (C-0O) bending by (13-43 cm™), (11-78 cm™),
(15-74 cm") respectively in the complexes suggested
coordination of the (O-H) phenolic in Schiff base A
and D with metal ion center and formation of M-O
band.?'#2 A strong peak at 1679 cm™ in FT-infrared
spectrum of ligand E was due to v (C=0) stretching
frequency. The change of the position of v (C=0) in
FT-IR spectra of metal complexes of Schiff base E
as compared with free ligand is considered good
indication to take part of O-atom in carbonyl group
in the coordination sphere.

Furthermore, the stretching of two
new bands, M(I1)-O and M(Il)-N appeared in
lower wavelength region ranging 525-562 and
464-480 cm' respectively. Which also enhance the
suggestion of the coordination through nitrogen atom
from (-CH=N-) group from Schiff base ligands A, D
and E in their complexes (ACo, ACu and ANi), (DCo,
DCu and DNi) and (ECo, ECu and ENi). In the other
side, the oxygen atom from (O-H) group from A and
D ligands and oxygen atom from C=0 group in ligand
E, take part of the coordination sphere. The important
FT-IR bands for Schiff bases A, D and E and their
Cobalt(Il), Copper(ll) and Nickel(ll) complexes are
given in Table (1).

Table 1: Selected FT-IR bands (cm™) for Schiff bases A, D and E and their Cobalt(ll),
Copper(ll) and Nickel(ll) complexes

Comp. v(O-H) v(C=N) v(C=C) v(C-N) v(C-O) v(C-O) v(C=0) v(M-N) v(M-O)
Stretch Stretch Stretch Stretch Stretch bending Stretch Stretch  Stretch
A 3410 1604 1558 1371 1281 1157 - - -
ACU 3435 1602 1552 1400 1219 1135 - 473 541
ACO 3423 1604 1564 1415 1240 1141 - 469 525
ANI 3438 1601 1587 1379 1224 1142 - 464 534
D 3401 1594 1488 1388 1280 1194 1683 - -
DCU 3437 1587 1505 1383 1265 1122 1633 480 560
DCO 3439 1564 1417 1340 1269 1131 1546 477 533
DNI 3444 1541 1494 1421 1262 1120 - 475 555
E - 1590 1485 1388 - - 1679 - -
ECU - 1599 1483 1383 - - 1687 474 562
ECO - 1599 1442 1336 - - 1687 471 540
ENI - 1597 1412 1364 - - 1665 470 555

Electronic spectral studies

The UV-Vis spectra taken in range of
(210-1100 nm) in ethanol solution of ligands A, D
and E and their metal complexes and electronic data
are presented in Table 2. Data of ligands A, D and E
show the same behaviorin 210-400 nm. They exhibit

two intense absorption bands at short wavelengths,
(230-266) and (300-320 nm) which are assigned
to aryl (m—=* transition), azomethine and carbonyl
groups (n—w* transition) respectively.®*34+% The
UV-Vis spectra of ligands A, D and E are prevailed
by intra-ligand transitions related to aryl ring and
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azomethine group parts. UV-Vis data of the metal
complexes show variation of the electronic transitions
in UV region to (213-286) and (290-330 nm) upon
coordination which are corresponding to t—=* and
n—n* respectively. This is due to the coordination
of the Cobalt(Il), Copper(ll) and Nickel(ll) ions with
ligands A, D, E via azomethine and carbonyl groups.
The new single charge transfer (LMCT) band is
assigned in Copper(ll) and Nickel(ll) complexes at
(426-475 nm). In accordance with previous articles
of Copper(ll) complexes, band centered in (476-434
nm) 21000—-23000 cm is due to phenolate O—Cu(ll)
LMCT transition.®® Further, after complexation new
peaks (Two peaks of Cobalt(ll) complexes, a single
peak of Copper(ll) complexes and three bands for
Ni(Il) complexes) appear in UV-Visible region. UV-Vis
of Cobalt(ll) complexes, ACo, DCo and ECo show
two peaks (915-933 nm), (474-488 nm) assigned
to 4T1g(F)4‘ng(F) and 4T1g(F)4‘ng(P) transitions
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respectively. New peaks are attributed to high spin
octahedral Cobalt(ll) complexes. The “T, g(F)»“Azg(F)
is not observed in the spectra may be it has been
shielded by the broad band of 4T1g(F)a4ng(P)
transition. This is similar to study reported elsewhere
for Co(ll) complex which exhibit two absorption
bands fall of 917 nm and 435 nm attributed to
4T1g(F)a4ng(F) and 4T1g(F)4‘ng(P).37 A single
band in ACu, DCu and ECu complexes at (954-967
nm) is assigned to ng»eg transition supporting a
regular six coordinate octahedral Cu(ll) complexes.3®
While three spin allowed transitions in ANi, DNi and
ENi are attributed to °A, —°T, , °A, —°T, (F) and
3A2993T1g(p) ranging (1060-1084 nm), (731-744
nm) and (475-491 nm) respectively which support
six coordinate Oh Nickel(Il) complexes, which is in
usual scale of reported octahedral complexes.®”
Fig. (1 and 2) show the electronic spectra of ACu
and ENi respectively.

Table 2: Electronic data (nm) of ligands A, D, E and their Cobalt(ll), Copper(ll) and Nickel(ll)

complexes
Comp. n-n* n-n* MLCT T (F)>*T, T, (F)->'T, T,—oe, °A,->°T - °A, T °A, T,
(P) (F) (P) (F) )
A 266 320 - - - - - -
ACo 286 310 - 488 930 - - - -
ACu 272 322 475 - 967 - - -
ANi 278 310 434 - - 475 731 1060
D 250 300 - - - - -
DCo 260 310 - 488 933 - - -
DCu 260 320 470 - 960 - - -
DNi 230 320 429 - 484 738 1067
E 230 319 - - - - -
ECo 213 290 - 474 915 - - -
ECu 240 330 467 - 954 - - -
ENi 225 300 426 - 491 744 1084
2 14
12
15 g 1
g 508
2! S 0.6
5, 2o
0.2
0 0
200 400 600 800 1000 200 400 600 800 1000
b (nm) 3 (nm)

Fig. 1. UV-Vis. spectrum of octahedral Cu(ll) complex ACu

NMR spectral Analysis
The 'H-NMR and '*C-NMR spectra of
ligands A, D, E were obtained using DMSO-,

Fig. 2. UV-Vis, spectrum of octahedral Ni(ll) complex ENi

solvent at room temperature, (See experimental
section). The 'H-NMR spectrum of ligand A exhibited
two singlet peaks at § 12.74 ppm and & 9.05 ppm
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attributed to (O-H) group and (-CH=N-) azomethine
proton respectively, and different peaks arranged
around & 6.88-7.75 ppm distributed among singlet,
doublet and triplet due to seven aromatic protons.
While (O-H) proton and (-CH=N-) azomethine proton
appeared in the spectrum of Schiff base ligand D
as two singlet peaks at 6 9.75 ppm and & 8.38 ppm
respectively, and different peaks arranged around
4 6.89-7.55 ppm due to nine aromatic protons.
Which is in the usual range of reported Schiff base
complexes.®® The 'H-NMR spectrum of ligand E
exhibited a singlet peak at & 2.5 ppm is assigned to
(-CH,-Br) group attached to azomethine group when
the other peaks which appeared around & 7.47-8.13
ppm is attributed to fourteen aromatic rings.

The ®C NMR of the Schiff base ligand A
showed spectral signals at 166.25 ppm, 160.65 and
around 159.70-114.35 ppm assigned to (C-OH),
(-CH=N-) and carbon atoms in aromatic rings. The
spectrum of Schiff base ligand D showed signals
attributed to carbon atoms in (C=0), (C-OH),
(-CH=N-) and aromatic rings around 185.01-190.00,
165.13, 163.01 and around 126.30-145.51 ppm
respectivly. While in *C-NMR spectrum of ligand E,
(-C=N-) and (C=0) signals appeared at 193.65 and
around 191.04-186.21 ppm. The spectra signals at
126.25-144.88 ppm is assigned to aromatic rings
and signal at 65.00 ppm due to (-CH,-Br-) attached
to azomethine group. This direct attachment caused
big shift of azomethine group in ligand E to high
chemical shift (deshielding, low magnetic field) as
compared with ligands A and D and this is attributed
to the electron withdrawing effect of (substituted
-CH,Br). 'H and *C NMR spectra gives further proof
for the composition and the structure for ligands A,
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D and E by providing diagnostic information for the
clarification of the protons position. Assignments
of signals depend on the NMR spectrum which
containing chemical shifts and intensity patterns.
Unfortunately and logically, it is not useful to use the
'H and *C NMR techniques to confirm the formation
of ACo, ACu, ANi, DCo, DCu, DNi, ECo, ECu and
ENi complexes and this is due to the paramagnetic
nature of an octahedral d7 Cobalt(ll), d9 Copper(ll)
and d8 Nickel(ll) ions.

Solubility Test

lonic and nonionic behavior of ligands A, D,
E and [ACo, ACu and ANi], [DCo, DCu and DNi] and
[ECo, ECu and ENi] complexes were investigated
using solubility test. Different solvents were used
in this test depending on their polarity such as
(acetone, H,0, ethanol and DMSO) as polar solvents
and (CCl,, toluene and cyclohexane) as nonpolar
solvents. Solubility test of Schiff base ligands A, D,
E and their complexes in different solvents is given
in Table 3. We obtained from solubility test that Schiff
base ligands D and E are nonsoluble or poor soluble
in polar and nonpolar solvents when Schiff base
ligand A is soluble in most of these solvents. The
smaller size of Schiff base ligand A than D and E may
be the reason of its good solubility. It was clear that
[ACo, ACu and ANi], [DCo, DCu and DNi]and [ECo, ECu
and ENi] are neutral and do not have ionic properties
and this is due to their non-solubility in polar solvents
(acetone, H,0) and partially or poor solubility in ethanol
and nonpolar solvents (CCl,, toluene and cyclohexane).
All these complexes are soluble completely in DMSO
solvent and this related with very big polarity of solvent
and the complexation between these complexes with
DMSO which soluble in it.

Table 3: Solubility test of ligands A, D, E and Cobalt(ll), Copper(ll) and Nickel(ll) complexes

Comp.  Acetone H,0 Ethanol DMSO CCl, Toluene  Cyclohexane
A Soluble Nonsoluble Poor Soluble Soluble Soluble Soluble Soluble
D Soluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
E Poor Soluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
ACo Nonsoluble Poor Soluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
DCo Nonsoluble Poor Soluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
ECo Nonsoluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
ACu Poor Soluble Nonsoluble Poor Soluble Soluble Poor Soluble Soluble Poor Soluble
DCu Poor Soluble Nonsoluble Poor Soluble Soluble Poor Soluble Soluble Poor Soluble
ECu Poor Soluble Nonsoluble Poor Soluble Soluble Poor Soluble Soluble Poor Soluble
ANi  Nonsoluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
DNi  Nonsoluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
ENi  Nonsoluble Nonsoluble Poor Soluble Soluble Poor Soluble Poor Soluble Poor Soluble
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Molar Conductance Measurements

While concentration of the solution was
increased, the conductivity raised. This characteristic is
due to increasing of the number of ions that are settled
in the solution, this rising of conductivity perhaps is due
to the change in the concentration of the electrolyte
or the change in the degree of dissociation.*® For
these reasons, molar conductance should be used to
investigate the difference of the chemical conductivity
with concentration. The molar conductance of [ACo,
ACu and ANi], [DCo, DCu and DNi]and [ECo, ECu and
ENi] were investigated in dimethyl sulfoxide (DMSO)
as solvent and concentration of these complexes were
(10-4-10-5 M) at 25°C. Equation (1) which known as
Kolorash equation was applied and Am vs. (C)1/2
were plotted of all these complexes, for examples see
Figures (3, 4 and 5).

Am =A0-S (C)"? (1)

It was provided that molar conductance
for these complexes raised in dilute concentration.
These measurements are useful to explore the
presence of anions outside the coordination sphere
for metal complexes. Molar conductivity values are
given in Table (4). The complexes showed a lower
molar conductivity values ranging 13-30 ohm cm?
mole which indicated their weak-electrolytic nature
in DMSO solvent. We gained from molar conductance
measurements that all prepared complexes behave
as neutral with nonionic shape and the mole ratio is
1:2 (M : L). These results are similar with the results
of solubility test that showed these complexes did
not dissolve in polar solvents and poor soluble in
nonpolar solvents so these complexes have neutral
and nonionic form and nonionic properties.

Table 4: Molar conductivity values of
Cobalt(ll), Copper(ll) and Nickel(ll)
complexes

No Complex A _(ohm™cm?mole™)

1 ACo 16
2 DCo 21
3 ECo 20
4 ACu 13
5 DCu 14
6 ECu 16
7 ANi 18
8 DNi 30
9 ENi 22
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Fig.5. Molar conductance A VS. Square root of
concentration (C)//"2 for ANi complex

Determination of the stability constant for the
transition metal complexes

It is very important to study stability
constant for the transition metal complexes due to
the importance of the free electron pair in Schiff base
ligands to form complexes between these ligands
and metal ion. There are different ways are used to
calculate stability constant while the determination of
the concentration of complexes are preferred when
the complex is colored.*!

a=A_-AJA, (1)

Where o = degree of analysis, 42, 43 As =
Absorbance of the same quantities of Ligand : Metal,
Am= Absorbance of excess quantity of ligand with
constant volume of metal L : M (1:1), see equation
(2). Where C= Concentration of the ligand when C
ligand = C metal.
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K=1-0/a?C @)
K=1-a/40°C? (3)

In our work, the mole ratio [L: M, 2: 1]
is confirmed so we used equation (3) to calculate
stability constant. Table 5 show that the stability of
Ni(ll) complexes [ANi, DNi, ENi] more than Cobalt(ll)
and Copper(ll) complexes [ACo, DCo, ECo] and [ACu,
DCu and ECu] respectively while Cu(ll) complexes
[ACu, DCu and ECu] less stability than the others. For
a specific ligand, the stability of complexes of metal
ions having the same charge decreases with the
increase of the size of the central metal ion. Thus the
size of the cations increases in the same period.*45
This fact explain the higher stability of the prepared
Ni(ll) complexes than the others.

Table 5: Stability constant of the prepared
complexes with ligands A, D and E

A o Kx10°

S m

ACo 0.121 0.145 0.1655 1.35
DCo 0.232 0.346 0.362 1.344
ECo 0.264 0.276 0.434 1.202
ACu 0.083 0.131 0.366 1.293
DCu 0.211 0.345 0.388 1.048
ECu 0.214 0.345 0.379 1.139

Comp. A

ANi 0.077 0.122 0.368 1.37
DNi 0.189 0.286 0.339 1.705
ENi 0.289 0.367 0.212 1.87

Determination of the metal-Schiff base ligand bonded
ratio in the prepared transition metal complexes

The mole ratio method and continuous
variation method are applied together separately
to confirm the ratio of the metal to ligand to form
the Cobalt(Il), Copper(ll) and Nickel(ll) complexes
with ligands A, D and E. The mole ratio method is
used as easy way for deducing the stoichiometry
in the complexes.*® It depends on the quantity of
one reactant, commonly the moles of metal, is kept
constant, whereas the quantity of ligand is changed.
The mole ratio method is considered as another
option to the method of continuous variations*”
which is also called Paul Job’s method and used in
analytical chemistry to assign the stoichiometry of a
binding event and used in instrumental analysis. The
obtained results suggest (Metal 1 : 2 ligand mole ratio
in their complexes). Fig. (6a-8b) show the application
of mole ratio and continuous change methods on the
prepared metal complexes.

Absoerbance Abszorbance

Absorbance Absorbance

Absorbance

0.4
0.2
0 I I I | I |
0 1 2 3 4
L:M
Fig. 6a. Mole ratio method for DCo complex
1
0.5
0 T l T~ 1
0 0.2 0.4 0.6
Vm/Vtot
Fig. 6b. Continuous change method for DCo
0.4
0.2
0 T T 1
0 1 2 3 4
L:M
Fig. 7a. Mole ratio method for ECu complex
1
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0 0.2 0.4 0.6
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Fig. 7b. Continuous change method for ECu complex
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0
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Fig. 8a. Mole ratio method for ENi complex.
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Fig. 8b. Continuous change method for ENi complex

Therefore, depending on the above
analytical, spectral evidences, solubility test, molar
conductance data and an octahedral d7 Cobalt(ll),
d9 Copper(ll) and d8 Nickel(ll) paramagnetic nature,
it is confirmed that two molecules of the ligands A,
D or E are coordinated as bidentate ligands through
(-CH=N-) N-atom and the phenolate group O-atom
in ACo, ACu, ANi, DCo, DCu and DNi. While ECo,
ECu and ENi complexes exhibit coordination via
azomethine N-atom and the carbonyl O-atom with
corresponding metal ions. Accordingly CHN data
(experimental section) and the other measured
data, the other sites, fifth and sixth in the sphere
coordination of octahedral structure are filled in

two CI- ions in Cu(ll) complexes, ACu, DCu and
ECu. While these sites filled in two CH,COO- ions
in Co(ll) and Ni(ll) complexes, ACo, ANi, DCo, DNi,
ECo and EN.i. It is reported that octahedral geometry
is the most preferred structure for six coordinated
Cobalt(ll), Copper(ll) and Nickel(ll) complexes.*®

Electrochemical studies

Ligand basicity may be affected on the
metal ion oxidation state during complexation
between ligand and metal ion so it is very important
to use electrochemical process to be sure on the
metal ion oxidation state. The significance of cyclic
voltammetry results from its capability to rapidly
supply considerable information over a broad
potential range on the thermodynamics of redox
processes, on coupled chemical reactions, transport
properties of electrolysis reactions, the presence of
intermediates and the stability of reaction products
of the redox reactions and determine the reversibility
of a reaction. Different factors are effecting of the
electrochemical properties and the redox behavior of
the transition metal complexes such as axial ligation
degree, charge type, coordination number, division

of unsaturation, substitution manner and size of the
Chelate ring_49,50,51,52,53,54

Table 6 : Electrochemical parameters for the quasi-reversible process vs. Fc/Fc*
exhibited by Cu(ll) complexes, [ACu, DCu and ECu] in ethanol solution at 100

mv/sec
Complex E2 (V) E. (V)  AE,(mV) E, (V) l,apA l,c LA N
ACu 0.751 0.43 321 0.5905 37.86 5.14 0.136
DCu 0.818 0.501 318 0.6595 28.89 12.75 0.441
ECu 0.719 0.344 375 0.5315 76.41 26.15 0.342
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Fig. 9. Cyclic voltammograms of ECu complex in ethanol solution at 100 mv/sec
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In our study to promote an understanding
of the redox behavior of nine six-coordinate,
three each of Cobalt(ll), Copper(ll) and Nickel(ll)
complexes of ligands A, D and E, cyclic voltammetric
measurements of the complexes were recorded in
ethanolic solution in range from +2.0 to -2.0 V using
0.1 Molar [Bu4N][BF4] at sweep rate of 0.1 V. Sec™.
Same cell setup was used in all CV measurements
and the ferrocene/ ferrocenium couple (Fc/Fc*), EV2=
0.505V, AEp= 130 mV) was employed as a criterion.
We expected the redox potentials of Cobalt(ll) and
Nickel(ll) acetate complexes would shift to more
positive potentials relative to their Cu(ll) chloride
complexes, as it was expected from the electron-
withdrawing and inductive effects of chloride with
comparison to acetate group.

Table 7: Electrochemical
parameters of the irreversible
process exhibited by Cobalt(ll)
and Nickel(ll) complexes, [ACo,

DCo, ECo] and [ANi, DNi and
ENi] in ethanol solution at 100

mv/sec

Complex EP (V) vs Fc/Fc*
irreversible oxidative
process
ACo 1.288
DCo 1.109
ECo 1.213
ANi 1.251
DNi 0.868
ENi 0.752
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Fig. 10. Cyclic voltammograms of ANi complex in ethanol solution at 100 mv/sec

| Pl I“‘"J sl € 1) rate 0.5.0V20:
BA3IE-> pL E';‘ T
&.000E-5
7.500E-5 rz s
TMOE-S LON[ZD DCO
Sl ee < R
O300E3| ps [
GO00E3| pg [
35006-3| Py [
s000e-3| Pe L7 x|
: 4.500E-5
§ 4.000E-3
E 1500F-§
3
JO00F-5
2.5000 -5
2.000F-5
1.5001-%
1.000E 5
S.000E G
0.000E: 0
S5.000E G
=141 3L-5 " i [ 0 . ' . ' 1 .
| -D.52R144 =025 1] 025 05 07s 1 125 15 175 2
A ez L0027 - | Potertial (V)
\_« v e | I Channd |
Fig. 11. Cyclic voltammograms of DCo complex in ethanol solution at 100 mv/sec
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The cyclic voltammograms of free Schiff
base ligands A, D and E do not show any oxidation
or reduction peak in the potential range used. Cyclic
voltammograms of the Cobalt(ll), Copper(ll) and
Nickel(ll) complexes show metal centered processes.
The electrochemical data of Copper(ll) complexes
are tabulated in Table (6) while electrochemical data
of Cobalt(ll) and Nickel(Il) complexes are tabulated in
Table (7). Cyclic voltammogram of the redox process
for Cu(ll) complexes is exhibited in Fig. 9 when the
cyclic voltammogram for irreversible process of
Cobalt(ll) and Nickel(ll) complexes is shown in Fig.
10 and 11. The cyclic voltammograms of Cobalt(Il)
and Nickel(ll) complexes, [ACo, DCo and ECo]
and [ANi, DNi and ENi] are very similar and show
an irreversible anodic wave in the positive range
(+1.109 - +1.288) and (+0.752 - +1.251) respectively
which can be attributed to Cobalt(ll)/Cobalt(l1l) and
Nickel(Il)/Nickel(Ill) processes respectively couple
and this is in good agreement to the articles published
elsewhere.*8% Cyclic voltammograms of the Cu(ll)
complexes, [ACu, DCu and ECu] are very similar
and exhibit a single quasi-reversible one electron
oxidation process (+0.719 - +0.818) (vs Fc/Fc*), with
very large peak to peak separations being observed
(318-375 mV). This redox process associated with
Cu(ll)/Cu(lll) couple and this is in good agreement to
the articles published before.®5” The redox process
which is assigned in Cu(ll) complexes is quasi-
reversible as is clear from the standards adopted:
values of Ipa and Ipc should not be identical and
the ratio of the peak currents (Ipa / Ipc) is not equal
to one (such as 0.136 — 0.441), the E'? values are
independent of sweep rate; the voltage separation
between two peaks Aep lightly raises with increasing
sweep rate (50-500 mV-S-") and is clearly greater
than 59 mV. Anyway, the peak current increases
with the increase of the square root of the sweep
rates. This confirm the electrode process as diffusion
controlled. The oxidation potentials of [ACu, DCu and
ECu] complexes are shifted to lower potential relative
to the corresponding [ACo, DCo and ECo] and [ANi,
DNi and ENi] complexes with comparison to the
redox couple potentials of Cu(ll) chloride complexes
with the potentials of Cobalt(Il) and Nickel(ll) acetate
complexes. This manner can be attributed to the
electron withdrawing properties of chloride regarding
to acetate. The stability of the resulting Cobalt(ll),
Copper(ll) and Nickel(ll) complexes was assigned
to presence of the coordinated azomethine groups
and stabilization by nitrogen donor atoms.%®

CONCLUSION

The pharmacological properties and the
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ability to form complexes of Schiff bases make them
highly important class of organic compounds. Our
team has been a great attracted in preparation of
Schiff base derivatives. The new prepared ligands,
(E)-2-(((2,5-difluorophenyl)imino) methyl)phenol
(A), (E)-2,4-dibromo-1-((2-hydroxybenzylidene)
amino)anthracene-9,10-dione (D) and (Z)-1-((1-
([1,1'-biphenyl]-4-yl)-2-bromoethylidene) amino)-
2,4-dibromo anthracene-9,10-dione (E) were
synthesized in good yields and identified minutely
and utilized for complexation with Cobalt acetate
tetra hydrate, Copper chloride di hydrate and
Nickel acetate tetra hydrate metal salts. Ligands
A, D, E and its Cobalt(ll), Copper(ll) and Nickel(ll)
complexes were prepared and identified elaborately
based on the basis of different physicochemical
techniques like elemental analysis, conductance
measurements and spectral studies ('H-NMR &
8C-NMR, FT-IR, UV-Vis spectroscopy) and cyclic
voltammetry. According to results obtained from
all measurements, analysis and spectral studies
above mentioned, all complexes are mononuclear
and octahedral six-coordinate geometry around
Cobalt(ll), Copper(ll) and Nickel(ll) ions in their
complexes have been proposed. This study reveals
that all complexes have the composition of (ML,.
X,) and one mole of ligand behaves as neutral
bidentate chelating agents around the corresponding
metal ion. Ligands play as N,O, donor group in their
metal complexes coordinating through N-atom in
(-CH=N-) group and the phenol group oxygen atom
(O-H) in the metal complexes of Schiff bases A and
D. While ligand E complexes exhibit coordination
through the azomethine (-CH=N-) N-atom and the
carbonyl (C=0) O-atom with corresponding metal
ions. The study will also give a better understanding
on the electrolyte manner of these complexes.
Electrochemical study was carried out on Cobalt(ll),
Copper(ll) and Nickel(ll) complexes to support the
ion oxidation state. The redox manner of Cobalt(ll),
Copper(ll) and Nickel(ll) species has been probed by
cyclic voltammetry. CV of the Copper(ll) complexes
exhibit a single quasi-reversible one electron
oxidation process which attributed to Cu(ll)/Cu(lll)
couple. While CV of the Cobalt(ll) and Nickel(ll)
complexes show an irreversible anodic wave in the
positive range which can be attributed to Cobalt(1l)/
Cobalt(l11) and Nickel(ll)/Nickel(lll) processes.
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