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Abstract Transition metal complexes of Cr(IlI), Mn(II), Ni(ll) and Cu(ll) of the Schiff base; 1-((2E,3E)-3-
(hydroxyimino)butan-2-ylidene)thiourea were synthesized and characterized on the basis of physical
characteristics, molar conductivity, micro-analytical data(CHN), magnetic moment measurements, Mass
spectra, lHNMR, IR and UV-Vis spectrum data. The elemental analysis data showed the complexes are in 1:1
[M:L] ratio. The molar conductance values revealed the complexes of Cr(IIl), Mn(II), Ni(II) are electrolyte in
nature while the Cu(ll) complex is non-electrolyte. The results of magnetic moment measurements showed
that, the complexes of Cr(IlI), Mn(II), Ni(Il) and Cu(Il) have unpaired electrons. The electronic spectral results
of the Schiff base ligand and its complexes suggested that, the Cr(IlI), Ni(lI), Mn(II) and Cu(Il) complexes have
an octahedral structure.
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Introduction

Schiff base ligands are easily prepared by the
condensation between aldehydes and imines, and
were first reported by Hugo Schiff in 1864, also
known as anils, imines or azomethinesl!l. Metal
complexes of Schiff bases have played a central
role in the development of coordination chemistry.
Schiff bases shows different properties including a
broad range of biological activities antifungal,
antibacterial, anti-malarial, antiviral, anti-allergic
and anti-inflammatory, antitumor properties(2-4.
Schiff base oxime ligands and their complexes are
widely known and studied, some oxime metal
complexes are semiconducting and others have
bioactive properties(S.6l. The first to identify the
oxime ligands was Tschugaeff in his study of
bidentate nature of vicinal dioximes, in the
reaction between Ni(II) salts and
dimethylglyoximel7]-

Several Schiff bases have been investigated as
corrosion inhibitors for various metals and alloys
in acidic media, due to the presence of the C=N
group in the Schiff base molecules, they should be

good corrosion inhibitors®9. Some Schiff base
compounds have recently been reported as
effective corrosion inhibitors for mild steel,
aluminum, copper, and zinc in acid mediall0-12].
This study focuses on the synthesis of Co(Il) and
Cr(Ill) Schiff base complexes obtained from
thiourea. The results showed that Co(ll) complex
has catalytic activity for oxidation of toluene, but
Cr(Ill) complex did not show any catalytic
activityl13] The present work aims to synthesize
and characterize Cr(III), Mn(II), Ni(Il and Cu(Il)
metal complexes of Schiff base derived from
diacetylmonoxime with thiourea.

Experimental

Materials and Methods: All chemicals used were
reagent of BDH or Aldrich including,
Diacetylmonoxime, Thiourea, EtOH, DMF, Ether.
Synthesis of Schiff base:

The Schiff base of 1-((2E,3E)-3-
(hydroxyimino)butan-2-ylidene)thiourea was
synthesized by refluxing 50ml ethanolic solution
of (1.01g, 0.01mmol) of diacetylmonoxime in 50ml
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absolute ethanol with 50ml ethanolic solution of
thiourea (0.76g, 0.01lmmol) for three hours. The
obtained product allowed to cool at room
temperature, filtered and washed with ether and
recrystallized from ethanol, and kept in a
desiccator over silica gel to get white precipitate

(m.p. 195 °C; yield 75%).

The reaction between the diacetylmonoxime and
thiourea yields only one product as outlined in
scheme I

H,N
H,C—C=0 N

S

H,C—C==NOH S

Scheme 1: Synthesis of Schiff base

Synthesis of Complexes:

The Schiff base complexes were synthesized by
adding 1-((2E,3E)-3-(hydroxyimino)butan-2-
ylidene)thiourea (1.59g; 0.0lmmole) in 30ml
absolute EtOH to 0.01 mmole of the salts of
CrCI3.6H20 (2.66 g), MnCl2.4H20 (1.97 g,
NiCl2.6H20 (2.37 g) and CuCl2.2H20 (1.70 g) in
the same amount of the absolute EtOH. The
reaction mixtures were heated under reflux for 3
hours. The complexes were filtered off,
recrystallized from the suitable solvent and kept
in a desiccator over silica gel.

RESULTS AND DISCUSSION:

Microanalysis and molar conductance

measurements:

The elemental analysis data and some physical
properties of the Schiff base and its complexes are
presented in Tablel where the results confirm the
proposed composition. The complexes were
formed in 1:1 (M:L) ratio. The obtained molar
conductance values of the complexes in DMF
solvent lie in the range of 77.6-112.4 ohm-! cm?
mol-! indicating complexes of Cr3+, Mn2*, and Ni2*
are electrolytic while Cu*2 have a molar
conductance value of 23.37 Q! mol! cm? which
indicate its non-electrolyte nature [14].

Table (1): Elemental analysis and some physical properties of the Schiff base(L) and its complexes

Compound Colour M.P. %( Calc.) (Found)
M. wt. o C% H% N% S% Alus) gy
CsHoN3OS white  159.21 195 37.72(37.41) 5.70(5.34) 26.39(26.06) 20.14(19.65) - -
[CrL(H20)CL2]C1.LH.O  Black 353.59 225 16.98(16.62) 3.71(3.52) 11.88(11.52) 9.07(8.82) 101.2 3.79
[MnL(H20)2Cl]Cl1 Grey 321.08 232 18.70(18.44) 4.08(3.81) 13.09(12.87) 9.99(9.78) 77.6 5.70
[NiL(H20)2Cl|C1.2H20 Brown 360.87 233 16.64(16.45) 4.75(4.50) 11.64(11.49) 8.89(8.62) 112.4 2.76
[CuL(H20)Cl12]2H20 Grey 347.70 177 17.27(16.92) 4.35(4.05) 12.08(11.79) 9.22(8.89) 23.37 1.82

Mass spectrum of the Schiff base:

Mass spectra of the ligand showed molecular ion
peaks, which were in good agreement with the
expected values, shown in figure 1.and the mass

fragmentation of the Schiff illustrated in scheme
2. The mass spectrum of the ligand gives a peak

at 159m/zl15l

Fig. (1): Mass spectrum of Schiff base
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NOH
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Scheme 2: Mass fragmentation of the Schiff base

Proton nuclear magnetic resonance spectrum
of ligand:
The Schiff base ligand shows four singlet signals

at 2.50, 3.385, 7.027, and at 9.979 ppm (Fig. 2),
downfield of TMS, attributed to the protons of
CHs, CHs, NH2, and OH respectivelyl16l.

T

21 e - -

Fig. (2): 1H-NMR spectrum of Schiff base

Electronic spectra:

UV-Vis spectral data of the ligand and its
synthesized complexes are presented in table 2
and Figs.3-7 The ligand spectrum exhibits two
absorption bands at 47058 cm-! and 38833 cm-l,
attributed to nm—n* and n—n*  transitions
respectivelyll7l. The Cr(IlIll) complex spectrum
exhibits absorptions at 38833 cm-! attributed to
n—1t* transition, and show a band at 18433 cm-!,
which is due to 4A2g—*T1g transition, an octahedral
structure is suggested for Cr(III) complex[18.19]. The
electronic absorption spectrum of Mn(II) complex
exhibit an absorption band at 38314 cm-! which
are due to n—n* transition, and show two bands
at 24630 cm-! and 21367 cm-!l, attributed to

6A1g—4T1g(P) and 6A1g—4T1g(P) transitions,
which indicates the presence of Mn(ll) complex in
octahedral structurel20l. The electronic absorption
spectrum of Ni(ll) complex exhibits two
absorptions bands at 47393 cm-! and 38167 cm-,
attributed to n—n* and n—* charge transfer and
two bands at 22988 cm-! and 16129 cm-! which
are due to 3Axg(F)—3Tig(P) and 3Axg(F)—3Tig(F)
transitions, respectively, which favours an
octahedral geometry for the complexs[2ll. Cu(ll)
complex spectrum exhibits two absorption bands
at 38461 cm-! which attributed to n—-n* and
19607 cm-! assigned to 2Eg—2T2g transition
suggesting an octahedral geometryl22,23].

Table (2): IR and electronic spectral data of the Schiff base and its complexes

. IR (cm™) UV - Vis
Ligand/ Complexes uNH> uC=N uC=S uM-N uM-N Amax (cm-?)
L CsHoN:0S 3278 1616 1081 5 - 38833,47058
[CrL(H20)2CL|CLH,0 3205 1618 1091 552 552 38986,18433
[MnL(H20)CI|C1 3291 1613 1092 566 566 2 132616?5%3 14
[NiL(H20).C1]C1.2H,0 3299 1613 1086 504 594 22988’?21%’47393
[CUL(H20)CL]2H,0 3178 1628 1116 605 38461,19607
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Fig. (3): UV spectrum of the free ligand L
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Figs. (3-7): Electronic spectra of the Schiff base and its complexes

Magnetic susceptibility measurements:

The Cr(Ill) magnetic moment complex value is
3.84 BM suggests an octahedral geometryl24].
Mn(Il) complex is 5.65 BM which suggests the
high spin six-coordinated octahedral arrangement
of the ligand around the metal ion(25l. The Ni(II)
complex has a value of 2.73 BM indicating a spin-
free octahedral configuration?!. Cu(ll) complex
magnetic moment is 1.79 BM which suggests a
distorted octahedral geometry around the metal
ionl26].

IR spectra:

The infrared spectral data of the ligand and its
complexes are presented in table 2 and figs. 8-12,
IR spectrum of the Schiff base show bands at
3384 cm-! assignable to OH group, and at 1081
cm-! attributed to C=S, the band at 1616 cm-!

attributed to C=N of azomethine groupl27.28l.
Verification of the structures of the metal
complexes can be achieved by comparing the IR
spectrum of the Schiff base ligand with the IR
spectrum of synthesized complexes(29l. When a
Schiff base ligand is coordinated to metal ion at
least one additional atom is introduced into the
ligand vibrating system. It is thus expected that
bond lengths, angles and interacting forces within
the ligand would be altered even at least
slightly30l. The IR spectra of the complexes display
broad bands in the range of 3399 - 3298 cm-!
which is attributed to stretching vibration vOH of
coordinated water molecules bandings with
complexes formationl31,32l, The band assigned to
the azomethine group in the free Schiff base
ligand was observed at vC=N 1616 cm-! and
shifted to lower or higher wave numbers ranging
from 1613-1628 cm-! in the spectra of all
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complexes, this indicates the participation of the
nitrogen atom of the azomethine group in
coordinationl33.34. The band at 1081 cm-! in the
spectrum due to u(C=S) stretching vibrations in
the Schiff base, in the metal complexes this band
is shifted to higher frequency which indicates the
coordination through sulphur atoml35l. The band

ol omT. e A

in the range of 3178-3299 cm! indicates that
the NH2 group is not participating in coordination
with the metal ionsl3¢l. New bands in the range of
504-605 cm-! which could be attributed to vM-N

modes which are in good agreement with those
reported in literaturel(37.38].
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Figs. (8-12): IR specta of the Schiff base and its complexes

Rl ]

Conclusion: The obtained Schiff base and its
Cr(II), Ni(Il), Mn(IlI) and Cu(Ill) complexes were
synthesized and characterized by several physical
techniques, molar  conductivity, elemental
analysis, infrared, proton nuclear magnetic

resonance, electronic and mass spectroscopes. All
the experimental data confirm the existence of an

octahedral geometry for all complexes as shown in
scheme 3
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Scheme 3: Synthesis and structures of the complexes
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