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Abstract

New metal complexes of Fe(Ill), Co(Il), Ni(II), Cu(Il), Zn(II) and Cd(II) with salicylidene-
2-aminobenzimidazole (SABI) are synthesized and their physicochemical properties are investi-
gated using elemental and thermal analyses, IR, conductometric, solid reflectance and magnetic
susceptibility measurements. The base reacts with these metal ions to give 1:1 (Metal:SABI) com-
plexes; in cases of Fe(I1I), Co(1l), Cu(Il), Zn(II) and Cd(Il) ions; and 1:2 (Metal:SABI) complexes;
in case of Ni(Il) ion. The conductance data reveal that Fe(III) complex is 2:1 electrolyte, Co(II) is
1:2 electrolyte, Cu(Il), Zn(Il) and Cd(II) complexes are 1:1 electrolytes while Ni(Il) is
non-electrolyte. IR spectra showed that the ligand is coordinated to the metal ions in a terdentate
mannar with O, N, N donor sites of the phenolic -OH, azomethine —N and benzimidazole —N3.
Magnetic and solid reflectance spectra are used to infer the coordinating capacity of the ligand and
the geometrical structure of these complexes. The thermal decomposition of the complexes is stud-
ied and indicates that not only the coordinated and/or crystallization water is lost but also that the
decomposition of the ligand from the complexes is necessary to interpret the successive mass loss.
Different thermodynamic activation parameters are also reported, using Coats-Redfern method.

Keywords: electronic and magnetic spectra, IR analysis, salicylidene-2-aminobenzimidazole, ther-
mal anlysis, transition metal complexes

Introduction

The field of Schiff base complexes was fast developing on account of the wide variety of
possible structures for the ligands depending upon the aldehydes and amines. Many at-
tempts were done to prepare symmetric polydentate ligands in order to achieve rare coor-
dination number with divalent metal ions whose importance was mainly due to their abil-
ity to form metal chelates. Even though many Schiff bases using salicyaldehyde and
substituted salicyaldehydes and amines had been studied [1-4], as ligands, no work had
been done with salicyaldehyde and 2-amino-benzimidazole as the basic nucleus of Schiff
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bases. Schiff base metal complexes had been a widely studied subject due to their indus-
trial and biological applications [5]. Because of new interesting applications found in the
field of pesticides and medicine, the metal complexes with tridentate O, N, N or O, N, S
types of alternative structures had attracted the attention of chemists [6, 7]. Cu-Schiff
base complexes derived from cyclocondensation of benzaldehyde and salicylaldehyde
with, o,w-diamines were afforded to prepare heterobinuclear complexes with molybde-
num nitrosyl compounds [8]. The crystal structure of two mononuclear cadmium and a
dinuclear, p-hydroxy-bridged zinc macrocyclic Schiff base complexes were reported [9].
The oxidation chemistry of three Ni(Il) complexes with Schiff base ligands derived from
salicylaldehyde and diamines with different steric demands were studied by cyclic
voltammetry and chronoamperometry [10]. Multidentate imidazole derivatives were
known for their chelating abilities for transition metal ions. Detailed studies on the nature
of bonding and molecular structures of the metal complexes of benzimidazole derivatives
were available [11]. Also, multidentate benzimidazole ligands were incorporated in cross
linked polymeric matrices and their ligating behaviour towards different metal ions to de-
velop new types of chelating ion-exchange resin systems were studied [12]. The develop-
ment of such polymeric ligands could be useful to study the reaction mechanisms in the
biological systems involving imidazole and benzimidazole derivatives [13].

The main target of the present study is to synthesize new Schiff base-metal com-
plexes and determine the coordination capacity of a highly coloured benzimidazole
Schiff base derivative of salicylidene-2-aminobenzimidazole (SABI) that incorpo-
rates several binding sites. The coordination behaviour of SABI towards transition
metal salts is investigated via the IR, magnetic moment and solid reflectance spectra
measurements. The thermal decomposition of the complexes is also used to infer the
structure and the different thermodynamic activation parameters are calculated.

Experimental

Synthesis of the salicylidene-2-aminobenzimidazole (SABI)

This Schiff base was prepared by mixing equimolar amounts of 2-aminobenzimidazole
and the aromatic aldehyde in ethanol. The mixture was refluxed for about 5 hours. The
yellow crystals of the Schiff base that separated on cooling were recrystallized from etha-
nol. The yellow Schiff base product obtained (m.p. 140£2°C) was produced in 85% yield
and subjected to elemental analyses [Calcd. for C4H;N;O: C, 70.89; H, 4.64; N,
17.72%. Anal. Found: C, 70.30; H, 4.40; N, 17.35%].

Synthesis of the complexes

The metal-salicylidene-2-aminobenzimidazole complexes were prepared by adding 25
mL salicylidene ethanol-water (1:1) solutions of the appropriate metal chloride (Fe(III),
Ni(II), Co(II) and Cd(II)) or acetate (Cu(Il) and Zn(1)) (0.01 mole) to 30 mL 0.01 M so-
lution of the Schiff base in the same solvent. The resulting mixture was stirred under re-
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Table 1 Analytical and physical data of salicylidene-2-aminobenzimidazole and its complexes

0
[H,L] yellow 14042 70.30 4.40 17.35 - -
(C1sH;1N;0) (85) (70.89) (4.64) (17.72)
[Fe(HL)(H,0);](C1),3H,0  dark brown  >300 35.29 473 8.47 4.60 270
C14H2N;0,CLFe (70) (35.67) (4.67) (8.92)
[Co(H,L)(H,0):](C1),3H,0  green >300 35.62 4.73 8.65 5.40 210
C14H23N;05C1,Co (72) (34.44) (4.85) (8.86)
[Ni(HL),]H,0 yellow >300 61.72 3.95 14.93 3.85 10.2
CasH2NGOsNi (75) (61.20) (3.64) (15.30)
[Cu(HL)(H,0)](OAc) yellow >300 50.85 4.60 10.86 1.92 120
C16H15N30,Cu (82) (50.99) (4.25) (11.16)
[Zn(HL)(H,0)](OAc) yellow >300 50.55 4.07 10.90 Diam. 125
C16H1sN;04Zn (76) (50.79) (4.23) (11.11)
[CA(HL)(H,0)]Cl yellow >300 41.61 3.22 10.13 Diam. 90
C14H12N;0,CICd (82) (41.84) (2.99) (10.46)
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flux for two hours, after which the complexes were precipitated on cooling. They were
removed by filtration, washed with 1:1 ethanol:water mixture and with Et,O.

The analytical data for C, H and N were repeated twice and collected in Table 1. IR
spectra were recorded on a Perkin-Elmer FT-IR type 1650 spectrophotometer. The solid
reflectance spectra were measured on a Shimadzu 3101 PC spectrophotometer. The con-
ductance measurements were carried out using a Sybron-Barnstead conductometer. The
molar magnetic susceptibilities were measured on powdered samples using the Faraday
method. The diamagnetic corrections were made by Pascal's constant. The thermo-
gravimetric analysis (TG) was carried out in dynamic nitrogen atmosphere (20 mL min ")
with a heating rate of 10°C min™' using a Shimadzu TGA-50H thermal analyzer.

OH N
CH=N—</ :@

N

H

Scheme 1 Structure of salicylidene-2-aminobenzimidazole (H,L)

Results and discussion

SABI metal complexes

The data obtained in Table 1 show that SABI forms a 1:1 (M:SABI) complexes with
Fe(III), Co(1I), Cu(Il), Zn(IT) and Cd(II) ions and 1:2 (M:SABI) complex with Ni(II) ion.
The prepared complexes are found to have the general formulae [M(HL), (HyO),]
(A).yH,0 (M = Fe(II), Ni(II), Cu(Il), Zn(II) and Cd(Il), 4 = Cl or OAc, Z=1or 2, x =
0-3 and y = 0-3) or [M(H,L) (H,0);]Cl,-3H,0 (M = Co(Il)). The phenolic OH group
loses its proton (except for Co(II) complex, where it remains protonated) when coordi-
nated to the metal ions, to serve in reducing the charge on the complex ion. The charge on
the complex is neutralized by the presence of chloride or acetate ions in the outersphere
of the complex. Thus SABI is expected to fill three coordination positions and contribute
a charge of —1. The non involvement of the chloride or acetate ions in the coordination to
the metal ions is also confirmed by the conductance measurements.

IR spectra and mode of bonding

The IR spectrum of the ligand shows a broad band at 3450 cm™', which can be attributed
to the phenolic OH group. This band is absent in all the complexes; except Co(II) com-
plex, where the band still in the same position but its intensity is decreased; indicating co-
ordination through the phenolic OH group [14]. Phenolic C-O stretch band is observed at
1306 cm ' in the free ligand. In all complexes, this band appears at higher wavenumber in
1337-1323 cm" region, confirming the involvement of the phenolic group in complex
formation [14]. However, the band due to the azomethine (C=N) group in the free ligand
is observed at 1610 cm™ [5, 15]. This band is shifted to lower frequency values upon
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complexation suggesting coordination via the azomethine group in all of the prepared
complexes (M —N). In addition, the ligand exhibits a band at 1378 cm™' due to Vey-
ic(C=N) of the imidazole nitrogen (N3). This band is shifted in all the complexes, indi-
cating the involvement of the imidazole (N3) atom in complex formation.

In the far IR spectra of all the complexes, the non-ligand bands observed at
576-518 cm ™' region can be assigned to M—N stretch [16]. Conclusive evidence re-
garding the bonding of oxygen to the metal ions is provided by the occurrence of
bands at 438-420 cm ' (M-0O) [14].

Therefore, the IR spectra indicate that SABI behaves as monobasic acid and the
coordinating sites being Ar—O, -C=N- and —N3 atom of the imidazole ring.

Molar conductivity measurements

By using the relation A= k/c, the molar conductivity of the complexes (A,) Ohm™'
cm® mol ™' is calculated usnig 10~ M solutions in DMF. As seen from Table 1, the
Schiff base under study forms 1:1 (metal/ligand) complexes with the di- and trivalent
metal ions except Ni(Il) ion, which forms [:2 complex. The solubility of the com-
plexes in DMF permitted calculation of the molar conductivity (Ay,) of 107 M solu-
tions at 25°C [17] and, by comparison, the electrolytic nature for each complex. The
molar conductivity for Fe(IIT) complex is 270 Ohm ' ¢cm” mol ™" indicating a 2:1 elec-
trolyte and evidences under these circumstances the non-involvement of the chloride
in coordination to Fe(II) ion. On the other hand, the low conductivity value of the
Ni(II) complex proves its weak molecular nature. The conductance data in Table 1
also indicate that the Co(Il) complex is 1:2 electrolyte while Cu(II), Zn(II) and Cd(II)
complexes are 1:1 electrolytes.

Magnetic susceptibility and electronic spectra measurements

The solid reflectance spectrum of the copper complex gives a band at 17667 cm ',
which is consistent with tetrahedral or square planar environment [18]. The magnetic
susceptibility measurement of 1.92 B.M. is an indicative of the appearance of the
copper complex in a square planar geometry. The solid reflectance spectrum of the
nickel complex is consistent with the formation of an octahedral geometry with the
appearance of three bands at 20800, 18577 and 7980 cm™' corresponding to the tran-
sitions *Agg — T14(P),’Agg - T1, (F) and *A,, — Ty, For the cobalt complex, the
reflectance spectrum shows two bands of medium intensity at 20850 and 12070 cm
which are assigned respectively to the transitions 4T1g (F) - 4T1g (P) and 4T1g (F) -
4T2g (F) of an octahedral cobalt complex [19]. Such data, gathered with their magnetic
moments (3.85 and 5.40 B.M for Ni(II) and Co(II) complexes, respectively), support
hexacoordinate configuration [20]. The magnetic moment of Fe(IIl) complex has
been found to be 4.60 B.M, which was within the range of values corresponding to
high spin octahedral complexes of Fe(III) complexes. Zinc and cadmium complexes
are diamagnetic and are likely to be of tetrahedral structures.
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Thermogravimetric studies (TG)

The TG for the complexes was carried out within a temperature range from room
temperature up to 1000°C. Coordinated water molecules are directly bonded to the
metal ion and are usually eliminated at higher temperatures than those of hydration
[21]. The determined temperature ranges, percent mass losses and thermal effects ac-
companying the changes in the solid complexes on heating are given in Table 2,
which revealed the following findings:

The TG curves of the Fe(Ill) and Co(Il) complexes show a three decomposition
steps within the temperature ranges of 50-970 and 25-780°C for Fe(Ill) and Co(II)
complexes, respectively. The first estimated mass losses of 11.75 % (theoretical
11.46 %) and 19.65 % (theoretical 19.09 %) within the temperature range of 50170
and 25-260°C may be attributed to the loss of three water molecules of hydration for
the Fe(Ill) and Co(II) complexes, respectively. The activation energy for these dehy-
dration steps is equal to 45.76 and 40.24 kJ mol ™" for Fe(III) and Co(II) complexes,
respectively. The loss of coordinated water and ligand molecules take place within
the temperature range of 175-970 and 260—780°C with an estimated mass losses of
61.76 % (theoretical 61.58 %) and 56.0 % (theoretical 55.59 %) for the Fe(IIl) and
Co(Il) complexes, respectively, leaving behind the metal chloride (in case of Fe(III))
or metal carbonate (in case of Co(Il)) as the residue.

The Ni(II) complex of the general formula [Ni(HL),]H,O gives a four-stage decom-
position process. The first stage (from 28-200°C) may represent the loss of water mole-
cule of hydration (estimated mass loss 3.38 %, theoretical 3.29 %). The activation energy
for this dehydration step is equal to 50.93 kJ mol ™. The second (from 200-310°C), the
third (from 310-390°C) and the fourth (from 390-585°C) stages may be due to the de-
composition of the two ligand molecules leaving nickel oxide as the residue. The mass
losses for these temperature ranges are 9.54 % (theoretical 9.47 %), 14.29 % (theoretical
14.39 %) and 52.18 % (theoretical 52.10 %), respectively.

The TG and DTG plots of the Cu(Il) complex are represented in Fig. 1. The
thermolysis curves of [M(HL)(H,0)](OAc) (where M = Cu(Il) and Zn(II) ions) com-
plexes show mass loss in the temperature range of 150-845 and 130-730°C for
Cu(Il) and Zn(Il) complexes, respectively. The decomposition processes occur in
three steps and the overall mass losses amount to 79.49 % (theoretical 78.89 %) and
75.24 % (theoretical 75.40 %) for Cu(Il) and Zn(II) complexes, respectively, which
may be attributed to the loss of the acetate group (CH4 and CO,), coordinated water
and ligand molecules leaving metal oxide as a residue.

The curves of [CA(HL)(H,O)]Cl complex shows that at a temperature of
25-140°C, the estimated mass loss of 8.46 % (theoretical 8.84 %) may be due to the
escape of Cl atom [22]. The ligand moiety and coordinated water molecules start dis-
sociation at 140-310 and 310-630°C leaving behind the metal oxide as residue of de-
composition. The mass losses corresponding to these temperature ranges are 17.50%
(theoretical 17.43 %) and 47.65% (theoretical 47.82%), respectively.
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Table 2 Thermoanalytical results (TG, DTG) of salicylidene-2-aminobenzimidazole complexes

TG range/ DTG/ Mass loss/% Toal
Complex oC o Cma" mass loss/% Assignment
Estimated (Calcd.)
[Fe(HL)(H>0);](C1),3H,0 25-170 102 14.45 (14.23) Loss of 3H,0
Loss 3H,0 (coord.),
175-545 335 28.71 (28.21) SeLand 150,
545-970 825 4335(4342) 8651 (85.86) 05 Of CuaHioNs leaving
metal oxide residue
[Co(HaL)(H;0)5](C1),3H,0 25-260 119 17.73 (17.65) Loss of 3H,0
260-550 368 10.53 (10.59) Loss of 3H,0 (coord.)
Loss of C14H; N30 leaving
550-780 683 46.68 (46.27) 7494 (7451)  LO%s oL CielliTO s
[Ni(HL),]H,0 28-200 160 3.35 (3.29) Loss of H,O
200-310 276 9.54 (9.47) Loss of CoH,
310-390 343 2629 (26.14) Loss of CgHsN;
390585 431 5218 (52100 91.39(91.0) oSS of CisHuN;O leaving

metal oxide residue
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Table 2 Continued

o Total
Complex TG génge/ DT%maX/ Mass loss/% mass l0ss/%  Assignment
Estimated (Calcd.)

[Cu(HL)(H,0)](OAc) 150-300 260 11.38 (11.69) Loss of CO,

300-425 355 9.36 (9.03) Loss of H,O (coord) and CH,4

425-845 590 58.31(58.17)  79.05(78.89) ;‘;izlo(fx(féf{rgﬁ:““g
[Zn(HL)(H,0)](OAc) 130-280 245 20.57 (20.37) Loss of H,O (coord.), CO, and CH,

280-480 396 27.38 (27.78) Loss of C¢HsN,

480-730 620 27.29(27.25) 7524 (75.40) I{;‘g;fgg‘:;iggﬁg‘“g
[C(HL)(H,0)]Cl 25-140 85 8.46 (8.84) Loss of 1/2Cl,

140-310 243 17.50 (17.43) Loss of H,O (coord.) and C,H,

310-630 520 47.65(47.82)  73.61 (74.09)  Loss of CioHsN; leaving

metal oxide residue

$S¢€
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Fig. 1 TG and DTG curves of Cu—SABI complex

In general, the stages of thermal decomposition of the complexes can be written
as shown:

50—-205°C
Dehydration

[M(HL),(H,0),]1(A), -.yH,0

[M(HL),(H,0),J(A), + yH,0

where M = Fe(Ill) and Co(IT)[z=1, x=3, 4=Cl, n=2, y=3]=Ni(ll)[z=2, x=0, 4=0, n=0, y=1]
For the anhydrous complexes:

25-550°C _
[M(HL),(H,0),]J(A), ——— Intermediate (unstable)
550-970°C

Intermediate —— ~ — "=
final decomposition

Metal chloride ; in case of Fe(Ill) complex
or Metal carbonate ; in case of Co(II) complex
or Metal oxide; in case of Cu(ll), Ni(II), Zn(II)
and Cd(II) complexes.

The natures of the intermediates formed in the other subsequent steps are pro-
posed and they give violent decomposition to give the respective metal oxides or
chloride or carbonate as the final products.

Calculation of activation thermodynamic parameters of the decomposed complexes

The thermodynamic activation parameters of decomposition processes of dehy-
drated complexes namely activation energy (£*), enthalpy (AH*), entropy (AS*) and
free energy of decomposition (AG*), were evaluated graphically by employing the
Coats-Redfern method [23]. Figure 2 represents the Coats—Redfern plots of the de-
composition steps of Cu-SABI complex. The data are summarized in Table 3. Ac-
cording to the kinetic data obtained from DTG curves, all the complexes have entropy
which indicates that activated complexes have more ordered systems than reactants.

J. Therm. Anal. Cal., 73, 2003
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Fig. 2 Coats—Redfern plots of a, b and ¢ decomposition steps of Cu(II)-SABI complex

From Table 3, it is obvious that, the nickel complex shows a higher thermal stability
than those of copper. This can be discussed in terms of repulsions among electron
pairs in the valence shell of the central ion. The higher electronegativity of copper
compared to that of nickel leads to a higher repulsion between bonding pairs in the
valence shell of copper ion giving lower stability [6, 24]. Based on the activation en-
ergy values, Zn(Il) complex shows a lower thermal stability than Cd(II) complex.
This can be discussed in terms of repulsion among electron pairs in the valence shell
of the central ion. Both zinc and cadmium ions in the investigated complexes have
multiple bonding (four bonds) in their valence shells. But due to the small ionic size
of zinc than that of cadmium leads to a higher repulsion between the bonding pairs in
the valence shell of zinc which in turn alters the bond angles from those of ideal tetra-
hedral, giving a lower stability [19, 24]. The lower thermal stability of the cobalt
complex may be attributed to the higher repulsion between the multiple-bonding
electron pairs (six bonds) in the valence shell of cobalt, as well as to the higher repul-
sion obtained by the non-bonded pairs of electrons on the axial donating oxygen of
the water molecule and the bonded electrons [19].
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Table 3 Thermodynamic data of the thermal decomposition of salicylidene 2-aminobenzimidazole complexes

C ) Decomposition E'/ A, Arrhenius AS"/ AHY AG"/
Omplexes range/°C kJ mol™ factor/s™ kI mol™ K007 kJ mol™ kJ mol™
50-170 45.76 1.1100° —6.55 70.72 80.30
[Fe(HL)(H,O0)3](C1),3H,0  175-545 107.2 1.8500° -7.95 105.6 107.6
545-970 90.44 1.3700’ —-14.05 83.58 95.16
25-260 40.24 3.1200° -15.89 39.26 41.13
[Co(H,L)(H,0)5]CL,3H,0 260-550 53.66 6.4500° -14.04 50.44 55.86
550-780 167.7 9.210107 -11.92 162.2 170.0
28-200 50.93 1.18|]]0152 -17.22 49.0 51.90
. 200-310 138.0 3.99000 -10.34 136.3 136.4
[Ni(HL).] 0 310-390 270.2 1.3900* -21.38 267.3 260.0
390-585 413.0 7.86010% -39.0 409.0 392.0
150-300 59.40 1.5600° -17.40 57.16 61.84
[Cu(HL)(H,0)](OAc) 305-425 201.4 1.7500° -15.23 198.5 203.7
425-845 112.1 4.3600° -17.16 107.2 117.3
130-280 39.85 3.0200° —-15.58 39.15 40.47
[Zn(HL)(H,0)]OAc 280480 45.80 1.0200° —-15.42 43.78 47.52
480-730 125.5 1.470007 —13.53 121.1 128.25
25-140 124.2 3.67000" -8.87 121.8 123.3
[Cd(HL)(H,0)]Cl 140-310 165.5 1.0300" -6.83 152.8 155.9
310-630 152.1 3.77000’ —-12.75 147.0 155.0

ATOZVAINIZNIIONIANY-Z-ANAAI TADITYS :dVHVM-T1d A9V ‘AdNVHOW
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Structural interpretation

From all of the above observations, the structure of these complexes may be given in
accordance with those previously reported [1, 2, 6, 8-11], which indicate that the
Schiff base ligands coordinated to metal ions through the N, O, N or N, O, S system
according to the structure of the Schiff base used. According to the above explana-
tion, the structure of SABI-di- and tri-valent metal ions is given in Fig. 3.

(OH,)x OH,
| X/
O/M\‘\\ et N
N. N
cux—" :@ (A ¥H,0 c :N_</ @ Cl,. 5H,0
N N
H H

M=CulandZn; A=0Ac;x=1;y=0.
=Cd T A=ClLx=1;y=0.
=Fe I A=Cl;x=3,y=5.

Fig. 3 Structural formula of SABI-metal complexes

Conclusion

The design and synthesis of a new tridentate Schiff base ligand derived from
2-amino-benzimidazole and salicylaldehyde for use in tetrahedral or octahedral mo-
lecular templates have been successfully demonstrated. The synthesis of the ligand
and its complexes proved to be as straightforward as expected, giving high yields of
either the free ligand or its complexes in simple, one-pot reactions. As anticipated,
the ligand coordinates equatrially to four- or six- coordinate transition metal ions to
give square planar (Cu(lIl)), tetrahedral (Zn(I) and Cd(Il)) and octahedral (Co(Il),
Ni(IT) and Fe(II)) environment, around the metal ion anchor. In a similar mannar to
those previously reported for the Schiff base complexes of O, N, N or O, N, S
tridentate ligands [5, 6, 25], it may be possible to try to test these Schiff base com-
plexes as antibacterial, antitubercular, antifungal and anticoagulant activity.

J. Therm. Anal. Cal., 73, 2003
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