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ABSTRACT. Metal complexes of VO(IV), Zr(IV), Th(IV) and UO,(VI) with Schiff base ligands derived from
4-nitrobenzoylhydrazide with 2-hydroxy-5-methylacetophenone (H,L') or 2-hydroxy-5-chloroacetophenone
(H,L?) have been prepared. All the complexes have been characterized on the basis of elemental analyses,
magnetic susceptibility measurement, electronic and IR spectra and thermogravimetric analysis. The IR spectral
data suggested that the ligands behave as dibasic tridentate moiety towards the central metal ion coordinating
through phenolic oxygen, enolic oxygen and azomethine nitrogen atoms. The elemental analyses show a 1:1
metal:ligand stoichiometry for all the complexes except Th(IV) which has 1:2 stoichiometry. The thermal analysis
evidenced that thermal transformations of complexes are processes according to TG curves including dehydration,
thermolysis and oxidative degradation of Schiff base. The final product of decomposition is the most stable
metallic oxide. The kinetic analysis of the thermogravimetric data was performed by using the Coats-Redfern
method. Solid state electrical conductivity of the complexes has been measured in their compressed pellet form
over a 310-413 K temperature range. All the complexes show semiconducting behavior as their conductivity
increases with increasing temperature and a function of ionic size. All the complexes along with ligands were also
screened for their antibacterial and antifungal activities.
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INTRODUCTION

Hydrazones constitute an important class of compounds with a wide spectrum of
pharmacological properties. They are known to possess a wide range of biological applications.
The acid hydrazides have gained importance due to their remarkable applications in the
medicinal field. As these compounds are known to have good biological activities related to the
coordination of bio-metals, the methyl hydrazones can be used in chelation therapy as they have
potential binding sites which form stable complexes. These ligands can exhibit keto-enol
tautomerism. Metal complexes of aroylhydrazones have broad applications in biological
processes such as in the treatment of tumor, tuberculosis, leprosy and mental disorder [1, 2].
The tendency of aroylhydrazones to give intensely coloured metal chelates allows their use as
extraction reagents for the spectroscopic determination of several metal ions [3, 4]. Literature
survey reveals that much attention has been paid to the study of aroylhydrozone complexes
derived from aliphatic, aromatic and heteroaromatic aldehydes [5-8]. Most studies are focused
on complexes of d-block elements, especially those of the first series. However, reports of
aroylhydrazones derived from substituted acetophenone and their complexes with higher valent
elements are scarce. Hence, it was thought of interest to carry out systematic investigation on
VO1V), Zr(IV), Th(IV) and UO,(VI) complexes of hydrazones derived from 4-nitro-
benzoylhydrazide with 2-hydroxy-5-methylacetophenone or 2-hydroxy-5-chloroacetophenone.
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EXPERIMENTAL
Materials and methods

All the chemicals used were of analytical reagent grade. 2-Hydroxy-5-methylacetophenone and
2-hydroxy-5-chloroacetophenone were prepared by Fries migration of methyl and chlorophenyl
acetates using anhydrous aluminium chloride in absence of solvent. Zirconium(IV) acetate was
prepared by reported method [9]. Vanadyl sulfate and nitrates of Th(IV) and UO,(VI) were used
of SD’s fine chemical as received. Microanalyses of carbon, hydrogen and nitrogen of the
complexes were carried on a Vario EL-III elemental analyzer at SAIF, CDRI, Lucknow, India.
Metal content in each complex was determined gravimetrically by decomposing the complexes
with conc. HNOj; and then igniting to metal oxides [10]. The IR spectra were recorded on a
Perkin Elmer Infrared Spectrophotometer in the range 4000-400 cm™ at CDRI, Lucknow, India.
Solid-state electronic spectra of the complexes were recorded on a carry 2300
spectrophotometer at SAIF, Chennai, India. 'H-NMR spectra of ligands were recorded on a
Bruker AC 250 spectrometer at 250 MHz, using TMS as a reference in DMSO-dg. The magnetic
susceptibilities at room temperature were measured on a Gouy's balance using Hg[Co(NCS),] as
the calibrant. Diamagnetic corrections for various atoms and structural units were computed
using Pascal’s constants. TG analysis of the complexes was carried out on Perkin Elmer TG-2
thermobalance in ambient air with a heating rate of 10 °C/min. The electrical conductivity was
measured as a function of temperature (310-413 K) by using a Zentech electrometer. The
samples were in the form of pellets of diameter 13 mm diameter and thickness of which were
pressed under a pressure of ca 3 ton cm™ Good contact area was achieved by liquid silver
painting on the two opposite surfaces of each pellet. The temperature was measured in air using
Cu-Ni thermocouple placed closed to sample. Antibacterial and antifungal activities of the
ligands and their complexes were tested against the bacteria E. coli, S. abony, P. aeruginosa, S.
aureus and B. subtilis and fungi A. niger and C. albicans by the agar cup plate method [11]. A
DMSO system was used as control in this method. The area of inhibition was measured in
millimeters.

Synthesis of hydrazone ligands

The hydrazone ligands H,L' and H,L” used in the present work were prepared by condensation
of 2-hydroxy-5-methylacetophenone or 2-hydroxy-5-chloroacetophenone and 4-nitrobenzoyl-
hydrazide according to the following procedure [12, 13]: into a two neck flask equipped with a
reflux condenser was placed an ethanolic solution of 2-hydroxy-5-methylacetophenone (50
mmol, 30 mL) or 2-hydroxy-5-chloroacetophenone (50 mmol). To this solution 4-nitrobenzoyl-
hydrazide was added drop wise (50 mmol, 40 mL) within about 2-3 min. The resulting reaction
mixture was then refluxed for 4 h on a water bath. On cooling to the room temperature yellow
colored solid was obtained. The resulting solid mass was filtered, washed several times with
ethanol, diethyl ether and subsequently dried over CaCl, in a desiccator.

Synthesis of metal complexes

All the complexes were prepared according to the procedure: an ethanolic solution of hydrated
UO,(VI)/Th(IV)/vanadyl sulfate (0.01 mol) was added to a hot ethanolic solution of ligands
H,L' or H,L* (0.01 mol) [in case of UOy(VI) and VO(IV) complexes methanol and DMF
respectively were used as solvents in place of ethanol]. The resulting mixture was then refluxed
for 5-6 h on a sand bath during which a colored complex was precipitated out in each case. The
separated complexes were filtered off, washed several times with ethanol to remove any traces
of unreacted starting materials, then washed with petroleum ether, and dried in a vacuum
desiccators over anhydrous CaCl,, yield = 68-73%.
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Synthesis of Zr(OH),L (CH;0H),

Freshly prepared zirconium(IV) acetate (0.001 mol) was allowed to react with the Schiff base
(0.001 mol) in methanol (20 mL) under reflux conditions for 2 h. The contents were cooled to
room temperature. A methanolic solution (10 mL) of sodium methoxide (0.002 mol) was added
and the mixture stirred magnetically for 5 min. The mixture was further refluxed for 2 h. The
separated yellow precipitates were filtered, washed with methanol and dried in vacuo at room
temperature, yield = 75%.

RESULTS AND DISCUSSION

All the complexes are dark coloured solids and insoluble in most of the common organic
solvents such as ethanol, methanol, acetone, ether but found soluble in DMF and DMSO. They
are highly stable under normal conditions and all of them decompose at higher temperature.
Analytical data (Table 1) suggest a 1:1 metal:ligand stoichiometry for all the complexes except
Th(IV) which has 1:2 stoichiometry. For ligand (H,L"), the '"H-NMR shows signals at 8 12.95
(1H, s, phenolic OH), 11.34 (1H, s, imino) 7.95-7.30 (7H, m, Ar-H), 3.22 (3H, s, methyl) and
2.44 (3H, s, Ar-methyl). For ligand (HQLZ), the 'H-NMR signals appear at & 12.74 (1H, s,
phenolic OH); 11.20 (1H, s, imino), 8.00 — 7.25 (7H, m, Ar-H) and 3.20 (3H, s, methyl) [14].

Table 1. Analytical and physical data of ligands and their complexes.

Elemental analyses % found (calcd.) Electrical
Compound Colour C H N M COIldl:l]CtiV_i]ty
o(Q cm)

HL Pale yellow éijﬁ% éiig) (31‘5‘3) - -

HoL® Yellow (giég) (Zigg) (g:%) - -
[VOL'(H,0)] Dark olive (iijii) (‘31:(8)(5)) (1822;) (1%2) 240x10°
[Zr(OH):L'(CH;OH).] Ssrllg\iry (jg:ig) (3:2(3)) (ggé) (igég) 3.06 x 107
[Th(HL'52(NOs).] Ssrllg\iry égﬂﬁ) é:gzz;) (3:22) égiég) 7.00x10"
[UO,L'(CH;0H)] Volcana éngg) é:% (gzgg) ég:éé) 3.00x 10”
R R A R R
[Zr(OH),L%(CH3;0H),] |Primrose (gng;) é:gg) (;32) (};:‘5%) 2.00x 10”
- A R
[UO.L*(CH;OH)]  |Primrose é(g):g(z)) é:;) (gég) (ggéé) 250x10°

Infrared spectra

A comparison of the IR spectra of the complexes and the ligands shows that the v(C=0) band of
the ligands appearing at ~1652 cm’' and the v(NH) mode at 3222-3232 cm’™ are absent in the
spectra of all the complexes except Th(IV) complexes. This is presumably due to keto-enol
tautomerism (Figure 1) of the ligands and their subsequent coordination through the enolic
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oxygen [15]. This is further evidenced by the appearance of a new band in the spectra of the
complexes at 1507-1539 cm’ attributed to the azine group >C=N-N=C<, which is absent in the
spectra of the hydrazone ligands. The presence of medium intensity band at 1330-1370 cm’ in
the complexes are assigned to V(C-O) due to coordination of the enolic oxygen after
deprotonation [16]. This supports the view that the amide oxygen is bonded in the enolic form
upon deprotonation in each case. The enolization is favoured by the stabilization of the anion by
the conjugation with the >C=N-N=C< group [17]. The IR spectra of Th(IV) complexes display
V(N-H) and v(C=0) bands suggesting that ligands remains in their keto form. In the spectra of
complexes V(C=N) (azomethine) mode of the hydrazones ~1600 cm” shifts to lower wave
numbers indicating the coordination of the azomethine nitrogen [18]. The coordination through
the azomethine nitrogen is further substantiated by the observed shift to higher wave number by
~30 ecm™ in the V(N-N) mode in the complexes. The magnitude of this shift indicates the
monodentate coordination of the >N-N< moiety, as a shift of >50 cm™ is usually observed in
bidentate coordination [19].

OH
HoN
o + \NH
R =
CHa NO,
EtOH | Reflux
OH OH
OD OH
N\ _ N\/
R = N 3 R = N
CHs CH,
NO, NO,
keto form (HL) enol form (H,L)
Deprotonation
OH
o
N
R = \N/
CHs

NO,
R=-CH;=H,L',R=-Cl=H,?
Figure 1. Keto-enol tautomerism of hydrozone ligands.

The strong IR bands in the range 959-962, 1130-1135 and ~908 cm™ in VOAV), Zr(IV) and
UO,(VI) complexes are assigned to v(V=0), Zr-OH and O=U=O0 vibrations, respectively [20].
In the spectra of Th(IV) complexes, the two additional medium intensity bands observed around
~1390 and ~1055 cm™ are assigned to v, and v, vibrations, respectively of the coordinated
nitrate ion. The difference in magnitude of transitions indicates that the nitrato group is
coordinated to the thorium ion in a monodentate fashion [21]. A new strong band at 1230-1260
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cm’ in the spectra of Zr(OH),L2CH;0H is assigned to the v(C-O) (enolic). The v(C-O) of
CH;0H occurs at ~1034 cm” and this band undergoes a negative shift in Zr(OH),L (CH;0H),
and is observed at ~995cm’™ indicating methanol coordination [22]. The absence of a new band
in the spectra of Zr(IV) complexes in the range 856-962 cm’ due to the Vv(Zr=0) and occurrence
of a new band in the range 1100-1140 cm” due to the v(Zr-O-H) favors the formulation of the
complexes as Zr(OH),L(CH;OH), and not as ZrOL(H,O)(CH;0H),. Non ligand bands
occurring in the range 502-467 cm’' (broad) and 435-408 cm’ (sharp) have been assigned to
V(M-O) and V(M-N) respectively, the v(M-O) band usually occurs at higher energy than the
V(M-N) band. The v(M-O) band is usually broad and strong while v(M-N) band is usually
strong as a larger dipole moment change in involved in the vibration of M-O in comparison with
that in the M-N bond [23]. In VO(IV) complexes, the presence of coordinated water is indicated
by the presence of a broad band in the region 3200-3500 cm™.

Magnetic behavior and electronic spectra

The observed magnetic moments for the VO(IV) complexes are in the range 1.69 and 1.75 B.M.
as expected for mononuclear complexes [24]. The Zr(IV), Th(IV) and UO,(VI) complexes are
found to be diamagnetic as expected for their f° electronic configuration.

The electronic spectra of VO(IV) complexes show four bands at 13,000; 18,000; 23,000 and
32,000 cm™ due to *B, — ’E, B, — *B,, °B, — A, and charge transfer transitions, respectively,
the characteristic features of square pyramidal complexes [25]. The reflectance spectra of the
uranyl complexes exhibit bands at ~19,000; 23,500 and 39,000 cm’ consistent with the vibronic
structure of the triatomic entity of UO,(VI) group.

Thermal study

Thermal analyses of the compounds were studied under dynamic air atmosphere and it has been
observed that the decomposition of complexes involve two steps. The TGA curves for the H,L'
and its complexes are as shown in Figures 2-6. The presence of coordinated water molecule in
complexes is also confirmed by TGA analysis. The VO(IV) complexes are stable up to 143 °C
and thereafter they register a mass loss of 4.45% at 145-185 °C against the theoretical value of
4.58% which corresponds to the loss of one coordinated water molecule. After 210 °C, the
anhydrous complexes start decomposing and continue mass loss was observed up to 700 °C
leaving behind the residue corresponds to stable metal oxides. The UO,(VI) complexes show
mass loss up to 165 °C corresponding to one methanol molecule which is coordinated to the
metal ion to fulfil its coordination centre. The degradation of ligand was observed till 700 °C.
After this, the complexes completely convert into metal oxide and mass become stable. The TG
curves of zirconyl complexes are almost stable up to 140 °C indicating the absence of any lattice
water molecules, and decomposition begins beyond this temperature due to the loss of methanol
molecule. The gradual mass loss of the complexes occurs continue till a constant mass, in which
the ZrO, residue is formed as a final product. Thermograms of Th(IV) complexes indicate the
loss of two equivalent of nitrate per unit of metal complex in the first step. After the total loss of
nitrate, the organic moiety decomposes on further increment of temperature. Although
decomposed fragments of the ligands could not be estimated due to continuous mass loss, the
complete decomposition of ligands occurs at ~700 °C. On further increasing the temperature no
mass loss is observed which may be attributed to the formation of stable metal oxide ThO,.
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Figure 2. TG curve of H,L' ligand.
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Figure 3. TG curve of [VOL'(H,0)] complex.
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Figure 4. TG curve of [Zr(OH)le(CH3OH)2] complex.
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Figure 5. TG curve of [Th(HL"),(NO3),] complex.
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Figure 6. TG curve of [UO,L'(CH;0H)] complex.
Kinetics of decomposition

Non-isothermal kinetics of the both decomposition steps of the complexes was studied. The
values of the degree of decomposition (o) at different temperatures were obtained from TG
curves. From the values of o, corresponding (1- )" values were calculated where n depends
upon the reaction model. The equation of Coats-Redfern [26] was employed. The model, which
corresponds to the linear fit, has been used to give the probable mechanism of the
decomposition. From the slope and the intercept, activation energy (E) and frequency factor (Z)
values were calculated. Using E and Z values, the values of entropy change (AS) and free energy
change (AG) were calculated. The values of E, Z, AS and AG estimated by Coats-Redfern
method are presented in Table 2. The value of AS is large and negative and small value of Z
suggests that the transition state is in highly ordered state than individual reactant and it is a
rate-determining step [27, 28]. The kinetic parameters show a somewhat different trend from
that of thermal stability. This can be due to the fact the decisive criteria in kinetics are often
quite different from those, which decide thermal stability [29].

Electrical conductivity

The electrical conductivity (dc) of the complexes was studied in the temperature range 310-413
K. In all cases the conductivity increases with increasing temperature indicating that these
complexes lie in the range of semiconductors. A plot of logc vs 1/T of compounds under
investigation obeys the equation: ¢ = ¢, exp(-Ea/kT), the symbols having usual significance
[30]. The values of electrical conductivities (o) are listed in Table 1. The electrical conductivity
of the complexes have positive temperature coefficient. That is, with the increase in
temperature, conductivity increases exponentially in the measurement range of temperature. The
increase starts when charge carriers have enough activation energy. Also, during the increase of
temperature the mobility of these carriers increases and this is a property of typical
semiconductors [31]. The electrical conductivity of complexes lies in the range 7.00 x 10" —
1.99 x 10° Q'em™ range at 373 K. The electrical conductivity of complexes follow the order
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VOAV) > Zr(IV) = UOy(VI) > Th(IV). This may be due to the variation of ionic size of the
cation.

Table 2. Thermal data of metal complexes.

Half Activation Free energy
. Frequency |Entropy change h
Compound decomposition Step energ}fl factor Z —(AS) change
temperature (kJ mol™) (S']) I mol K (AG)
0) CR* @mol'KD 1 5 mol™y
: i 32.83 27.33 254.36 38.83
[VOL (H:0)] 432 i 45.44 28.46 261.44 36.77
[Zr(OH), 185 1 34.04 37.45 242.66 31.45
L'(CH;0H),] i 50.36 28.46 275.78 33.97
\ I 38.36 35.45 268.94 4533
[Th(HL)>(NOs).] 403 i 51.23 42.86 274.35 42.45
| i 36.46 29.03 235.48 38.45
[UO L (CH:0H)] 460 II 49.03 32.45 269.77 42.36
) i 36.32 32.33 229.45 48.55
[VOL'(H:0)] 403 1l 51.83 28.93 237.98 45.36
[Zr(OH), 428 i 35.97 45.89 282.23 33.45
L*(CH;0H),] II 45.03 40.32 292.36 31.23
) I 25.83 38.95 284.53 29.32
[Th(HL")>(NOs)2] 460 i 50.86 35.46 289.23 30.53
) 1 29.45 32.44 283.33 28.07
[UO: L'(CH;0H)] 468 i 48.68 38.54 289.45 31.08

*CR = Coat-Redfern,

Table 3. Antibacterial and antifungal activity of ligands and their complexes.

Antibacterial activity Antifungal activity

Compound zone of inhibition (mm) zone of inhibition (mm)

E. coli| S. abony | S. aureus |P. aeruginosa| B.subtilis | A.nigrer C. albicans
H,L' 10.15] 1421 11.24 12.12 12.24 10.24 10.27
[VOL'(H,0)] 11.25] 15.61 13.45 12.42 13.65 12.22 12.34
[Zr(OH),L'(CH;0H),] | 12.12| 14.28 12.48 12.18 16.24 14.22 13.12
[Th(HL")»(NO3),] 13.65 | 18.42 11.26 16.50 13.80 15.34 15.00
[UO,L'(CH;0H)] 12.24 | 15.24 13.10 14.88 13.88 15.34 11.92
H,L* 12.66 | 12.54 12.86 12.93 12.64 10.26 10.24
[VOL’(H,0)] 13.58 | 12.56 15.44 14.54 15.60 10.95 11.24
[Zr(OH);LXCH30H),] | 15.52 | 14.66 13.88 12.96 17.42 10.42 12.44
[Th(HL),(NO3) ] 1536 | 18.24 15.30 15.10 16.40 10.98 12.90
[UO, L*(CH;0H)] 15.62 | 12.77 13.10 12.95 14.95 11.00 10.92

Antimicrobial activity

The free ligands and their complexes were tested for their biological activity against the gram
positive bacteria (S. aureus and B. subtilis) and gram negative bacteria (E. coli, S. abony, P.
aeruginosa) and two fungus A. niger and C. albicans at a concentration of 100 ug/mL by disc
diffusion technique. The results of the antibacterial and antifungal study are given in Table 3. In
a typical procedure, a well was made on the agar medium inoculated with microorganisms. The
well was filled with test solution using a micropipette and the plate was incubated at 37 °C for
48 h. During this period, the test solution diffused and the growth of microorganisms was
affected. The antimicrobial activity was estimated on the basis of size of the inhibition zone
around the cups. From the results it is concluded that the activity of the ligands was appreciably

Bull. Chem. Soc. Ethiop. 2014, 28(2)



264 Amit R. Yaul et al.

enhanced on complexation with the metal. This may be explained by the chelation theory [32],
according to which chelation reduces the polarity of the central metal atom because of partial
sharing of its positive charge with the donor groups and possible mt-electron delocalization with
the whole chelating ring. This chelation increases the lipophilic nature of the central atom,
which favors the permeation of the complexes through the lipid layer of the cell membrane.
Compounds inhibit the growth of the fungi and bacteria to a greater extent as concentration is
increased.
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