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Abstract:In this paper we report a systematic study on the synthesis of (HeL) and its metal complexes : Co(ll), Fe(ll},
Cu(ll) AND Ni(ll) and characterization as IR frequencies of the bands (cm™) of ligand and its metal complexes, H'-
NMR analyses, mass spectra, electron spin resonance (ESR).
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Introduction :

A series of transition metal comp-
lexes with two thiosemicarbazide Schiff bases,
1- (4- dimethyl aminobenzyl- idene) thiosemi-
carbazide (SBTSC) and 1-(2-pyridin carboxy-
lidene) thiosemicarbazide (PCTSC) were syn-
thesized with Co(Il), Ni(Il), Zn(II), Cd(Il) and
Ag(I) salts (chloride and acetate) [1].

Efficient

homogeneous  catalysts

based on ruthenium [2-5], cobalt [2,3],
palladium [4-6], copper [7,8] in the process of
alcohol oxidation have been reported.
Regarding the heterogeneous metal catalysts,
mostly gold-palladium [9-11], gold [12],
platinum and silver in the forms of nano-
particles, clusters or complexes have been
studied as oxidation catalysts. In these articles,
the catalyst comprised of a central metal atom
and the surrounding organic ligands as well as
polyoxometalates typically oxides of moly-
bdenum, tungsten and vanadium are applied
for effective oxidation of alcohols [13,14]. For

the gas phase oxidation of alcohols, the

suitability of heterogeneous silver catalysts is
considered to be the most fit [15,16].

Recently, the applications of mono-
metallic and bimetallic gold based catalysts in
the liquid phase of alcohol oxidation were
explored in a successful manner[16].

Thiosemicarbazide Schiff base deri-
vatives have considerable anti-bacterial, anti-
malarial, anti-viral and anti-tumor activities
[17]. Complex ions of such thiosemicarbazide
ligands with metal ions are found to produce
synergistic effects on antiproliferative activities
of the parent ligands.

A series of metal complexes of two
thiosemicarbazide Schiff bases with 4-dime-
thyl aminobenzaldehyde and 2-pyridine carb
aldehyde have been synthesized [17].

Metal complex-catalyzed oxidation
reactions are quantitatively the most important
homogeneously catalyzed reactions in chemical
industry [18-20]. In recent years, much work
has been dedicated to the search for efficient,
selective, and

environmentally ~ benign
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economic catalytic oxidation processes to ward
a sustainable development of chemical proce-
sses [21-22].

Experimental:

A. Preparation of the ligand (HsL)
Hydrazine hydrate (1.43 g ,1mol) was

added to 30 cm?® of ethyl alcohol containing
sodium salt of p-hydroxy-methyl benzoate (5.0
g , 1mol). Stirring the suspension at 70Ce for
one hour, The product obtained is filtered off
to give a starting material (hydrazide).
Glucose in 20 cm? dissolved in ethyl alcohol
was added to the hydrazide heating to 60C°
with stirring for an hour. The product obtained
was filtered off the yellowish white to yield the
ligand (HeL) as shown below:

Sodeium 4-((Z)-2-
((2R,3S,45,55,)2,3,4,5,6pentahydroxyhexyliden

e)

hydrazinecarbonyl)phenolate. Called (HeL) .

/

HC—HC OH
\CH-HC/
HO/ \CH—CHZ

Figure (1) Ligand (HsL)

B. Preparation of metal complexes:

A) Preparation of [HsLFe2(S04)2.H20]

complex :

iron(Il) sulphate tetraahydrate
(0.82 g, 1 mol) was added to (HeL) (1.0 g
, 1 mol) dissolved in ethanol 25 cm3. The
mixture was warmed at 70 Cc with
stirring for 1 hour, cool at room
temperature and filtered off the dark

brown precipitate formed.

B) Preparation of [HsLC02(SO4)2.H20]

complex :

Cobalt(Il) sulphate heptahydrate
(0.83 g, 1 mol) was added to (HeL) (1.0 g
, 1 mol) dissolved in ethanol 25cm3. The
mixture was warmed at 70 C° with
stirring for 1 hour, then cool the mixture
at room temperature and then filtered
off and the dark brown precipitate was

obtained.

C) Preparation of [HsLCu2(S04)..H-0].H-0
complex :

Copper(Il) sulfate pentahydrate

(0.73 g, 1 mol) was added to HeL (1.0 g,

1 mol) dissolved in ethanol 25cm?. The

mixture was warmed at 60 C° with

stirring for 1 hour, then the solution was

cooled at room temperature filtered off

and black precipitate was obtained.

D) Preparation of [HsLNi2(S04)2.H20]
complex :

Nickel(Il) sulfate hexahydrate

(0.77 g , 1 mol) dissolved in ethanol 30

cm® was added to (HsL) (1.0 g , 1 mol)

dissolved in ethanol 25 cm’. The

mixture was warmed at 60 C° with

stirring for 1 hour, then the solution was
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cooled at room temperature filtered off
and light brown precipitate was obta-
ined.
E) Preparation of
[H5sLNi2(OAc)s.4H20].H20 complex :
Nickle(Il) acetate (0.73 g , 1 mol)
dissolved in 25cm?® ethanol was added
to (HeL) (1.0 g, 1 mol) dissolved in

ethanol 25cm3. The mixture was
warmed at 60 C° with stirring for 1 hour,
then the solution was cooled at room
temperature filtered off and light green
precipitate was obtained.
F) Preparation of [HsLCo2(OAc):.4H:0].
H:0 complex:
Cobalt(Il) acetate tetrahydrate (0.73
g , 1 mol) dissolved in 25 cm?® ethanol
was added to (HeL) (1.0 g , 1 mol)
dissolved in ethanol 25 cm?® The
mixture was warmed at 60 C° with
stirring for 1 hour, then the solution was
left at room temperature and when off
and dried dark brown precipitate appe-
ared. It was filtered off and at room
temperature.

G) Preparation of [HsLCu2(OAc)s:.4H:Ol.

H:0 complex:

Copper(II) acetate (0.59 g, 1 mol)
dissolved in 25¢cm? ethanol was added to
(HeL) (1.0 g, 1 mol ) dissolved in ethanol
25cm?. The mixture was warmed at 60 C°
with stirring for 1 hour, then the
solution cooled at

was room

temperature filtered off the black

precipitate which was formed. Figure (2)
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showed Experimental setup preparation

of the ligand and its metal complexes.

Ligand

Magnet

Salt

Magnetic stirver

Ethanol with heater

Figure (2) Experimental setup

3) Structural studies of the ligand and its metal
complexes

A. Elemental analyses
Elemental analyses (C, H, N and M )

were performed by Analytical Laboratory of

Al-azhar university , Egypt.

B. Molar conductivity

The molar conductivity of 10° M of

complexes in

determined

metal dimethyl-sulfoxide
(DMSO) using  Bibby
conductimeter MCI at room temperature. The
molar conductivities were calculated according
to the following equation:

AM = VxKxg/Muw Q)

Where: Awm = molar conductivity ( ohm? cm?
mol)

V = volume of the solution (100 cm?)

K = cell constant: 0.92 cm!

M. = molecular weight of the complex

g = grams of complex dissolved in 100 cm?
solution

was

Q) = resistance measured in ohms
C. Mass spectra

The mass spectra of the ligand and its
metal complexes were recorded on JEOL JMS-
XA- 500 mass spectrometer.
D. Thermal analyses

DTA and TGA were carried out on a
Shimadzu DT-30 thermal analyzer in nitrogen
atmosphere, from room temperature to 800 C°
at a heating rate of 10 C° per minute.
E. 'H- NMR spectra

The "H-NMR spectra were recorded on
a JEOL EX -270 MHZ FT- NMR spectrometer in
deuterated dimethylsulfoxide (DMSO) as a
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solvent. The chemical shifts were measured
relative to the solvent peaks.
F- IR spectra

The infrared spectra of solid ligand
and its metal complexes were recorded on
PerkinElmer's infrared spectrometer 681 using
KBr or CsBr discs.
G- ESR spectra

The solid ESR spectra of the complexes
were recorded with ELEXSYS E500 Bruker
spectrometer in 3 nm Pyrex Tubes at 25 Ce.
Diphenylpicrylhydrazide (DPPH) free radical
was used as a g- marker for the calibration of
the spectra. The equation used to determine g-
values was :
g = (g peen) (H peen) / H
Where: g preu = 2.0036
H perr = magnetic field of DPPH in gauss
H = magnetic field of the sample in gauss

RESULTS AND
DISCUSSION

I. Preparation and investigation of

(HeL) and its complexes:

The elemental analyses, spectral data
(Tables 1 and 2) reveal that, the complexes are
formed in (1:1) (L:M) stoichiometric ratios. The
complexes are colored, stable in air; soluble in
polar solvents such as DMF and DMSO and
ethanol, CHCl: and insoluble in nonpolar

solvents such as benzen .

Many attempts were made to grow
single crystal, but unfortunately no crystal has
been obtained until now. The reaction of ligand
with metal ions in ethanol led to the formation
of complexes (2)-(8), respectively. The sugg-
ested structures of the metal complexes shown

in Figure (17 - 23).
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Table(1):-Analitical and Physical Tata of the Ligand{HT.) andits Metal Complexes CofTT), Fe(IT),CuTT) and NifTl).
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A. 'H-NMR analyses of the ligand (HsL).
The 'H-NMR spectrum of the ligand

was recorded in deuterated DMSO with Bruker
WP 2000 spectrometer operating at 200.13
MHz. Chemical shift are reported with respect
to an external tetramethylsilane reference.
Table (3) showed '"H-NMR data of the ligand
and spectrum is shown in Figure (3).

Table (3): 'TH-NMR data for the ligand (HeL).

Ar NH | CHOH | CH:OH | CHN
6.880 | 50 | 3.5-4.3 3.3 2.5
*Chemical shift (5) ppm .
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Figure (3) HINMR data for the ligand

23 B3

B. Mass spectra:

The mass spectrum of the free ligand,
Table (4) and Figure (4,5) revealed a molecular
ion peak (m/z) at 338 a.m.u which is coincident
with the formula weight of the ligand and

supports the identity of the Structure.

Furthermore, the fragments observed at m/z =
53, 62, 85, 101, 104, 145, 267, 297, 313 and 336

corresponding to CHyOz CoHeO2, CsHiOs,

C:Hs505, C:Hs0s, C5Hs0s, C1sH17N20s,

CisHizN20s, CisHi7N207, and CisHizN20O7Na

moieties respectively.

C-_ :Hg}::O}_\-l
CyiHiN2OsNa

\¥
,/&

CgHpaNONa

C;Hu_\'gQu_\'a

CgHg.\-;OT'.\_ﬂ

Figure (4) mass spectra of the Ligand(HsL)
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Table (4):- Mass spectrum of the ligand(HsL).

m/z Rel. Int. Assignments

53 19 (CHs02)

62 14 (C2Hs02)

85 7 (C:H103)
101 100 (C4H:03)
104 8 (C4Hs03)
145 6 (CsHs0s)
267 9 (C13H17N2 O12)
297 16 (C13H1sN2 O13)
313 28 (C13H1sN207)
336 8 (C1:H17N207Na)
100
k]
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Relative Abundance
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Figure (5) Mass spectrum of
the ligand (HeL)

C. Conductivity
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The molar conductivity of 1x10° M
solution of the ligand and metal complexes (1)-
(8) in DMSO at room temperature are given in
(Table 1). The value of molar conductance of
all complexes are in the 4.3-14.21 Qlcm? mol?!
range (Table 1), indicating a non-electrolytic
nature of these complexes,[23] confirming the
involvement of the acetate, sulfate, nitrate and
chloride anions in the coordination sphere.

D. Infrared spectra

Important spectral bands of the ligand
and its metal complexes are presented in Table
(2). The IR spectrum of the ligand showed
broad medium intensity bands in the 3630-
3120 and 3110-2500 cm™ ranges, which are
attributed to intra- and intermolecular
hydrogen bondings. The broad medium bands
at 3520 and 3300 cm™ are assigned to the OH
groups, whereas the relatively strong bands
located at 1376 and 1237 cm”, is assigned to

the v(COH).

Tetrabasic multidentate ligand:
coordinating through enolic oxygen[24], imine
(C=N) and ( > C=0) groups. This mode of
coordination is supported by (i) vibration band
of the (C=N) was shifted to lower wave number
with a decreasing its intensity while the other
one band appeared in its original place. (ii) The
appearance of new bands in the 590 and 619
cm? regions are due to the v(M-N) and v(M-O)

vibrations respectively.
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(iii) The strong bands observed

around 1650 and 1630 cm!, characteristic to the
carbonyl (C=0) stretching vibrations were
shifted to lower wave numbers, suggesting
coordination of the carbonyl oxygen atoms to
the metal ion.

The presence of water molecules within
the coordination sphere in all complexes were
supported by the presence of weak bands
around 3500-3310 cm™ due to OH stretching,
H2O deformation, H2O rocking and H0
wagging, respectively. The appearance of two
characteristic bands in the 1160-1099 and 860-
700 and 1620-1370 cm™ ranges in the spectra of
complexes attributed  to

,were

v(COO)

Vasym(COO7)  and  vsym(COO)  respectively,
indicating the participation of the acetate
oxygen in the complex formation [25].

The coordination modes of the acetate
group in the complexes were determined by IR
spectra, by comparing the separations between
the Vasym.(COO") and Vsym (COO").The separation
value (A) between vLasym(COO") and Lsym (COO'),
suggesting a tridentate coordination fashion of
the acetate groups complex (2-8) [26].

Complexes spectra demonstrated strong
to medium bands at 1167-1020 and 853- 695
cm™ belonging to the antisymmetric and
symmetric stretching modes of the sulfate
group. These values are consistent with that

reported for the sulfate species coordinating to

the Cu(Il) in an tridentate fashion. The spectra
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of the ligands and their metal complexes are

shown in Figures (6 - 13).[27]
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Figure(6): IR spectrum of the ligand (HsL)

Figure (8): IR spectrum of
[HsLFe2(II)(SO4)2.H201 complex (3)
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Figure (9): IR spectrum of

[HsLCu2(II)(SO4)2.H20].H20 complex (4)
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Figure (7): IR spectrum of

[H5LCo2(IT)(SO4)2.H20]complex (2)
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Figure (10): IR spectrum of
[H5LNi2(II)(SO4)2.H20] complex (5)
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Figure (11): IR spectrum of

[H5LNi2(II)(OAc)s.4H20].H20 complex (6)
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Figure (12): IR spectrum of

[HsLCo2(I)(OAc):.4H20].H20 complex (7)
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Figure(13): IR spectrum of

[HsLCu2(II)(OAc);.4H20].H20 complex (8)
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E. Electronic spectra and magnetic moments

DMF electronic absorption spectral
bands as well as room temperature effective
magnetic moment values of the ligand and its
metal complexes are reported in Table 5.The
ligand showed three transition bands in the
high energy region. The first band appeared at
270 nm which is assigned to n—n* transition
within the aromatic rings and this band is
nearly unchanged upon complexation. The
second and third bands appearing at 295 and
315 nm may be assigned to n—>n* of the
azomethine group and CT transitions.

The bands were found to be shifted upon
complexation indicating involvement of these
bands in coordination with the metal ions. The
electronic spectra of the Co(Il) complexes (2)
and (7) exhibit three transition bands at 435,530
and 600 nm “Tig(F)—*T2(F) and 435 , 550 and
615 nm respectively. These bands are assigned
to 4Tig(F)—*T25(F) , transitions respectively,
corresponding to  high

spin  cobalt(II)

octahedral complexes[27]. The magnetic
moments of complexes (2) and (7) are 3.32 and
3.21 BM, which are well within the reported
range of high spin octahedral Co(II) complexes.
The low value indicates spin-spin interaction
takeplace between Co(Il) ions. The electronic
absorption spectra of Ni(Il) complexes (5) and
(6) displayed three bands at 435, 560 , and 600
nm and 425, 590 , and 605 nm . These bands
are corresponding to °Az(F) — °Ti(F) and
3A2g(F)—3T2g(F) transitions respectively, indi-
cating octahedral nickel(II) complexes[28].

values of

The magnetic moment

nickel(Il) complex (5) and (6) 2.35 and 2.28 BM,

IJSER © 2017
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which are consistent with two unpaired
electrons state and confirming octahedral
geometry around nickel(II) ions [28]. The low
value indicates spin- exchange interaction take
place  between Ni(Il) ions. The electronic
spectra of copper(ll) complexes (4) and (8)
exhibited bands in the 605 and 615 nm which
are assigned to 2Biz—?Aig (d+?*—d-), and
2B1g—?Eg(d:>-y>—dxy,dyz) transitions respectively.
These transitions indicate that, the copper(Il)
ion has a tetragonally distorted octahedral
geometry[28]. This could be due to the Jahn-
Teller effect that operates on the d° electronic
ground state of six coordinate system, elon-
gating one trans pair of coordinate bonds and
shortening the remaining four ones .

Copper(Il) complexes (4) and (8) show
magnetic moment values are 1.55 and 1.52 BM
, which and consistent with octahedral
geometry around the copper(Il) ion. Dia-
magnetic Iron(Il) complex (3) showed only

intraligand transitions and LMCT.

Table (5):- Electronic Spectra (nm) and
Magnetic Moments (B.M) for the
Ligand and its metal Complexes.

Comp. No. Dggy (1) e (BM)

(1) ligand 270295315

) 270,285 310435.530.600 33

270.290.300 415 535 612 amagnetic
3 270,290,300 415,535,612 Di gn'

(4 270285,305.440,565 605 155

) 270282,303433 360,600 235

(6) 27080300425 590,605 228

0 27082303433 550,615 31

) 270285 300433.528.615 132
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F. Electron spin resonance (ESR)

The ESR spectral data for metal
complexes (2), (4) and (8) are presented in
Table (6). The spectra of copper(Il) complexes
(4) and (8) are characteristic of species,
d’,configuration and having axial type of a
d(x*>y?) ground state which is the most
common for copper(Il) complexes. The metal
complexes showed gii>gi> 2.03, indicating
octahedral geometry around the copper(Il) ion.
The expression G is related to g-values, G =
(g11-2)/ (g1-2). If G > 4.0, then local tetragonal
axes are misaligned parallel or only slightly
misaligned and if G < 4.0, significant exchange
coupling is present.

Metal complexes showed values
indicating spin-exchange interactions takeplace
between the copper(II) ions, which is consistent
with the magnetic moments values (Table 6).
Also, the gii/Ail values are considered as a
diagnostic of stereochemistry. The gi/Ai
values lie just within the range expected for the
octahedral metal complexes. The orbital
reduction factors (Kii, Kv , K), which are a
measure of covalence were also calculated. K
values, for the copper(Il) complexes , indicating
covalent bond character. Also, the g-values
show considerable a covalent bond character.

The in-plane o- covalency parameter,
a2 (Cu) suggests a covalent bonding. The
complexes show (1?values indicating a
covalency character in the in-plane m- bonding.
While (? for the complexes indicating a
covalent bonding character in the out of plane
7t bonding except complexes which indicate

ionic bond character. The calculated orbital
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populations (a%) for the copper(Il) complexes
indicate a d(x>y?) ground state. Complex (2),
show isotropic spectra. The ESR spectra of

complexes (2), (4) and (8) are shown in Figures

(14-16)
ww H ' H ' H H H
p b
:
a an/ Wi
-2000 : : : : :
H v H
, AR O A R
T
Magnetic field (Gauss)
Figure (14): ESR spectrum of
Co(II) complex (2)
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g
s
H
8 000
]
m ' . ' ' . . . " ]
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any A O | N S 5
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Figure (15): ESR spectrum of
Cu(II) complex (4)
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Figure (16): ESR spectrum of
Cu(II) complex (8)
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Table (6): ESR data for the metal complexes.

OfEfr:pler fl |88 {; (t‘) fg; ¢ (ﬁﬁJ | || & G | P
@ 14 -
(4 |219(205|2.09|120) 15 | 50 [3.8|16529) 12727|0.66 | 0.46|0.77| 1825 | 047 | 144|097
[t] 21|208) 20 | 130 17.5) 55 |3.5|16260| 22985( 0.8 |0.51|0.83| 170 |0.63(1.27) 081

a) 3giso= g +2g1
b) 3Aiso=A||+2A_L

0G=(g-2)/(g1-2)
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Figure (18) [HsLCo02(S04)2.H20] complex and

3D structure
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Nao

Figure (19) [HsLCu2(S0O4)2.H20].H20 complex

and 3D structure

Nao

Figure (20) [HsLNi2(504)2.H20] complex and
3D structure
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Figure (21) [HsLNi2(OAc)s; .4H.0].H20

complex and 3D structure
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Figure (22) [HsLCo02(OAc);.4H-0].H-0

complex and 3D structure
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Figure (23) [HsLCu2(OAc):.4H.0]1.H20

complex and 3D structure
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