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Abstract 

In this study, one new Schiff base hydrazide derived from 2-Methoxy benzaldehyde, 
glycine and hydrazine hydrate as a ligand and its transition metal complexes were synthesized. 
The structures of these compounds were characterized by using elemental analysis, magnetic 
susceptibility measurements, conductivity, molar ratio, electronic, infrared, and NMR spectra, 
X-ray diffraction, and antioxidant analysis. The ligand was found to be a bidentate ligand 
involving the imino nitrogen and the nitrogen of amine in all complexes, in addition to the 
oxygen of the carbonyl group in NiΙΙ complex. The metal to ligand ratios were found to be 1:1 
for all of the prepared complexes. The Co(II) and Ni(II) complexes have been found in a square 
planar geometry, while the complex of Cu(II) has octahedral geometry. Complexes of Co(II) 
and Ni(II) have electrolytic nature but the complex of Cu(II) was not. The ligand and its 
complexes were screened for their antifungal and antibacterial activity. The results indicated 
that these compounds exhibited good antifungal and antibacterial activities. 
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1. Introduction 

1.1 Schiff Bases  

         A German Chemist Hugo Schiff 1864 papered Schiff base and therefore referred to his 
name. The majority of the Schiff bases are represented by the general formula R1R2C=NR3, or  
R1CH=NR2, in which carbon is attached to a hydrogen atom instead of an alkyl or aryl 
group[1]. Schiff bases are derived from the condensation reaction of aromatic/aliphatic 
aldehydes and amines and form stable complexes with different transition metal ions that are 
still relevant to be of great interest in inorganic chemistry,[2] There is a continuing interest in 
metal complexes of Schiff bases because of the presence of both hard nitrogen or oxygen donor 
atoms in the backbones of these ligands. They readily coordinate with a wide range of transition 
metal ions yielding stable metal complexes, some of which have been shown to exhibit 
interesting physical and chemical properties and potentially useful biological activities[3]. 

 

 1.2 Hydrazides 

          Groups of organic derivatives of hydrazine containing the functional active group -
C(=O)NHNH2 are name hydrazides and were produced as far back as 1895 by Kurzius,[4] 
Hydrazides behave similarly to hydrazines, because an alkyl or an acyl radical bound to the 
NH end of NH-NH2 does not influence significantly the reactivity of the NH2 group.[5] 
Hydrazides have been investigated due to their antitumour, antibacterial, antifungal, and 
biocidal activity. Hydrazides have been used widely as antituberculous compounds because of 
their ability to form metal chelates [6] hydrazides have been used widely in medicine, catalysis, 
and analytical chemistry. However, the use of hydrazide metal complexes to inhibit corrosion 
is scarce and so there is a need for a broad spectrum of hydrazide complexes to be synthesized 
and employed in the control of corrosion [7]. 

          In recent years, many biologically important hydrazide derivatives with several 
functional groups have been synthesized from many different carbonyl compounds. They were 
found to possess anticancer [8-11], anti-inflammatory [12], anticonvulsant [13], antiviral [14], 
and antiprotozoal [15] activities. Among the biological properties of this class of compounds, 
antimicrobial activity is the most frequently encountered one in scientific literature. 
Additionally, widely used chemotherapeutic agents such as nitrofurazone [16], furazolidone 
[17,18], and nitrofurantoin [19,20] are known to contain specific hydrazide–hydrazone moiety 
or hydrazide-hydrazone moiety. Encouraged by the facts mentioned above, this study is an 
attempt to prepare a schif base-hydrazide, which can be considered a potential antimicrobial 
agent. 
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 2.1 Methods 

All chemicals used were commercially available from BDH-UK.  The melting points 
were determined in glass capillary tubes at degrees celsius.  Molar conductance in  DMSO  (10-

3 M solution at 25 °C) and molar ratio were measured on Jenway conductivity meter model 
4510-UK, the ligand and its complexes  were  characterized  by comparison  of  spectroscopic  
data, IR spectra of the ligand and metal complexes were measured by using (FT/IR – 140, 
Jasco, Japan) using  dry  KBr as  the  standard reference, 1H  and 13C NMR spectra were 
recorded in a Varian FT – 300 MHz spectrometer(USA) in d6- DMSO solvent  using TMS as 
internal standard,  UV-Visible spectra and antioxidant activity measurements (by Ferric-
bipyridine method) using (specord 200, Analytilk Jena, Germany)  using DMSO as the 
reference for UV-Visible spectra and methanol as a solvent for antioxidant activity 
measurements.  The magnetic susceptibilities of the complexes were measured at room 
temperature using Gouy's method by a magnetic susceptibility balance from Johnson Metthey 
and Sherwood model. Carbon, hydrogen and nitrogen (CHN) were estimated by Vario ELFab. 
The X-ray powder diffraction patterns of the ligand and the solid complexes were obtained 
using XD-2(Shimadzu ED-720, Japan), X-ray powder diffractometer at a voltage of 35 KV and 
current of 20 mA using CuK radiation generator in the range 5o<2θ<70o with a 1o min-1 
scanning rate and a wavelength of 0.154056 nm. Microbiological analysis was carried out using 
the filter paper disc method [6].  

 
2.2 Synthesis of  2-((2-methoxybenzylidene)amino)acetohydrazide hydrate = (Ligand) 

The solid ligand was prepared in 1:1:1 molar ratio by adding dropwise an ethanolic 
solution of glycine (0.01mol) to an ethanolic solution of the aldehyde 0.01mol with stirring. 
The mixture was refluxed for 3 hours with constant stirring and heating[21] until a light brown 
solution of the Schiff base is formed. Then added hydrazine hydrate drop by drop to the hot 
solution of the Schiff base with constant stirring until a light brown precipitate is formed. The 
resulting precipitate was filtered off and washed with ethanol till the solution become clear 
then left to dry. 
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 2. 3 Synthesis of the solid transition metal complexes 

The solid complexes were prepared by adding dropwise a methanolic solution of the 
hydrated metal chlorides (0.008mol) to a methanolic solution of the ligand (Schiff base 
hydrazide 0.008 mol) with stirring. The mixture of each was refluxed for 4 to 6 hours with 
constant stirring until colored precipitates are formed. All the materials solutions were in 1:1 
molar ratios. The resulting precipitates were filtered off and washed with methanol even 
becoming a clear solution, then  left them to dry. 

3. Results and Discussion  
The solubility of colored solids compounds is recorded in (Table 1).The molar  

conductance values  of  CoΙΙ and NiΙΙ complexes  were 142 and 176 mho cm2mol-1, respectively, 
indicating their electrolytic nature . CuΙΙ complex was 9.01 indicating its non-electrolyte [22]. 
Values are recorded in (Table 2). 
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Λm- 
cm2mol-

1 1Ω- 
 

Elemental analysis 

Molecular weight 

 
 
Complex proposed  

formula 
 %CI %M %N %H %C 

found Calc. found Calc. found Calc. found Calc found Calc. found Calc. 

- - - - - 18.65 18.66 6.72 6.71 53.31 53.32 225.27 225.24 L 

142 19.04 19.01 15.79 15.80 11.26 11.26 4.62 4.59 32.19 32.19 373.18 373.10 
[Co (L)(H2O)2]Cl2 

176 19.98 19.98 16.55 16.54 11.84 11.84 4.29 4.26 33.85 33.85 354. 90 354.84 [Ni (L) H2O]Cl2  

9.01 18.79 18.77 16.81 16.82 11.12 11.13 4.57 4.54 31.79 31.80 377.76 377.71 [Cu (L)(H2O)2Cl2] 

 
 
3.1  Molar ratio by conductivity measurements 

       The molar ratio between the free ligand and the divalent metals, CoΙΙ, NiΙΙ and CuΙΙ, by the 
conductivity measurements were used as shown in (Figure 1) and as the following points:  

1. Concerning the CoΙΙ and NiΙΙ complexes, they gave high conductivity values, which indicates 
that these complexes have ionic properties, and this was proven using silver nitrate, Through 
the resulting values, it was found that the ratio between chloride and metals is 2:1[22]  

2. As for the molar conductivity values of the CoΙΙ and NiΙΙ complexes, indicated that the molar 
ratio between the ligand and these metals is 1:1, by confirming the conductivity reading at this 
molar ratio [23].  

3- The conductivity value of the CuΙΙ complex was low, which indicates that this complex does 
not have an ionic nature, the conductivity values of the different molar concentrations of this 
complex were fixed at a certain value, which indicates that the ratio between the ligand and 
copper is 1:1 [24]. 

 

Solubility 
 

 

Yield
% 
 

M.p
/˚C 

Color 
 

Comp. Proposed 
formula 

DMSO DMF D.E. Benz. Acet
. 

CHCl3 CCl4 Hex MeOH EtOH H2O 

S S Ins S S S S S S p.s هns 88.41 173 
Apple 
green 

L 

(C10H15N3O3) 

S p.s Ins p.s Ins Ins Ins Ins S S S 71.55 250 
dirty 

brown 
[Co (L)(H2O)2]Cl2 

[Co(C10H17N3O4)]Cl2 

S p.s Ins هns Ins Ins Ins Ins S S  S 54.69 285 
Olive 
green 

[Ni (L) H2O]Cl2 

[Ni(C10H15N3O3)]Cl2 

S S  Ins S S S S p.s p.s Ins Ins 72.31 201 
Light  
brown 

[Cu (L)(H2O)2Cl2] 
 

[Cu(C10H17N3O4)Cl2] 

Table 1: Some physical properties of the ligand and its complexes  

Table 2: Molecular weight, elemental analysis , and molar conductance  of the ligand and its complexes 
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3.2 IR Spectra of the ligand and its complexes    

 The IR spectra of the complexes were compared with this of the free ligand (Table 3 and 
Figure 2 )in order to determine the coordination sites that may be involved in chelating. In 
complexes of CoΙΙ and CuΙΙ, the ligand acts as bidentate through C=N and NH2, resulting in a 
decrease of the C=N stretching frequency[25] and NH2 stretching frequency[26]. While  the 
ligand acts as a tridentate molecule, through C=N,  C=O, and NH2 groups with NiΙΙ,The 
presence of a broad band at 3422-3448 cm-1 is ascribed to the stretching vibration of 
OH[27][25]. The new stretching vibration observed in the lower frequencies which was noticed 
at  about (580-584) cm-1 and (419-424) cm-1 attributed to M-N and M-O bands, respectively 
[27]. Another band observed at 402 cm-1 in the CuΙΙ complex is attributed to M-Cl[28]. Also 
there are bands (e.g. v(CH3[27], v(C=O)[27], v(CH)[29] , v(C-O-C)[29] [30], v(C=C)[30] 
listed in  (Table 3)  
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- - 3448br 1249s 1466s 2965m 1044s 3050w 3185w 3002m 1437s 1599s 1671w 1663w L 

582m 
- 

424w  3422br 1249s 1466s 2959w 1044s 3048w 3074m 3003m 1437s 1599s 1675w 1638m [Co (L) (H2O)2]Cl2  

584m  
- 

422w 3386br 1249s 1467s 2965w 1045s 3045w 3075m 3004m 1438s 1599s 1684s 1615s [Ni (L) H2O]Cl2  

580m 
402w 

4419m 3448br 1251s 1459s 2960w 1048m 3042w 3020w 3003w 1438m 1602s m1675 w1637 [Cu (L) (H2O)2Cl2]  

) of the ligand and its complexes1-Table 3 : Significant IR spectral bands (cm 

Figure 1 : Curve of mole ratio for the ligand  and metals 
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3.3 NMR Spectroscopy  

3.3.1  1HNMR 

 The 1H-NMR. Spectra of free ligand (Table 4 and Figure 3) show the following signals  the  
azomethine proton  signal  at  8.935 ppm[31]. The signals appear at  7.518 and 7.994 ppm due 
to the NH and NH2 protons, respectively[6]. The  multiplet signals  in  the  region  δ 7.015–
7.150  ppm  for  the aromatic ring[32]. Also, the proton signal of methoxy group appeared at 
3.6 ppm [33-35], while the signals at 2.5 and 3.6 ppm due to the protons of CH2[36] and 
H2O[37], respectively.   

3.3.2   13C NMR 

     The 13C NMR spectrum of   the ligand (Table 4 and Figure 4) show signal at  156.521 
ppm attributed to carbon of azomethine (-CH=N-)[37], and the signal at 158.736 ppm due to 
carbon of amide group[30], The multi signals in the region 111.977-132.981 ppm corresponds 
to the aromatic carbons of benzene ring[38][39], while the signals at 55.762 ppm and 40.026 
ppm due to the carbons of methoxy and methyl groups, respectively[30].  

 

 

 

 

 

 

 

NMR Spectroscopy of the ligand 
1HNMR 13C NMR 

Site Chemical Shift (ppm.) Site Chemical Shift (ppm.) 

CH=N- 8.935 CH=N- 156.521 

NH 7.518 A.R. 111.977-132.981 

NH2 7.994 CH3 55.762 

A.R. 7.500-7.799 C=O 158.736 

CH2 2.5 CH2 40.026 
CH3 3.878 - - 
H2O 3.33 - - 

of the  C NMR positions (ppm)13H and 1Table 4:  
ligand  

Figure 2 : IR spectra of the ligand and its  complexes 
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3.4 Magnetic and electronic spectrum of the ligand and its complexes  

      The electronic spectrum of the ligand in DMSO solution shows intense bands at 37037 
cm-1 and 33333 cm-1attributed to π → π* and n → π* transition of the benzene  and non- 

Spectrum of  the ligand HNMR1Figure 3:   

CNMR Spectrum of the ligand13Figure 4:   
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bonding electrons present on the nitrogen of the azomethine group, respectively[40]. The 
electronic spectrum of the CoΙΙ complex has provided good evidence for the structure of this 
complex as shown in (Figure 5) For the following CoΙΙ complex is square planar suggested. 
This is based on the appearance of 20408 cm-1 and 15873 cm-1 bands in the spectra recorded in 
DMSO solution (Table 5), CoΙΙ complex has a magnetic moment of 2.6 B.M., which lies in the 
range reported for square planar  geometry around the CoΙΙ ion[41]. Moreover, the dirty brown  
of the complex is in good agreement with that reported for square planar CoΙΙ complexes[42]. 
From the above discussion, one can suggest (structure 1) for CoΙΙ complex. The  magnetic  
measurement  of NiII complex indicates  that,  the complex  is diamagnetic and the electronic 
spectra of this complex showed two bands at   12345 cm-1 and 23809 cm-1  (Table and Figure 
5), which are assigned to 1A1g→ 1A2g and  1A1g →B1g  transitions, respectively (Figure 5), 
this supports a square planar geometry  around NiII (Structure 2)[40]. The NiII complex is an 
olive green color which supports this structure [41]. The electronic spectra of CuΙΙ complex in 
DMSO solution (Figure 5) show a band at 19607 cm-1 this band is due to  2Eg → 2T2g transition 
(Table 5), on this basis a distorted octahedral geometry is suggested (Structure 3). The 
broadness of the observed band may be due to Jahn-Teller effect, which enhances the distortion 
of the octahedral geometry. The light brown color of this complex supports the proposed 
geometry [22]. The magnetic moment values of this complex 2.1 B.M. was found to be within 
the range reported for the d9-system containing one unpaired electron. Also  an  intense  
absorptions  at  the  region  24691 cm-1 - 23255 cm-1 were observed in the spectra of all of the 
complexes  were  assigned to  charge  transfer transitions [43]. 

 

 

 

 

 

 

Comp. µeff 
(B.M) 

 UV bands (cm-1) 

Charge transfer 
bands  (cm-1) 

d-d transition 
bands  (cm-1) 

Supposed structure 
π→π* n→π* 

L - 37037 33333 - - - 

[Co (L) 2H2O]Cl2  2.6 - - 23809 20408 , 15873 Square Planar 

[Ni (L) H2O]Cl2  dia - - 24691 23809,2345 Square Planar 

[Cu (L) 2(H2O) Cl2]  2.1 - - 23255 19607 Distorted Octahedral 

ΙΙStructure 1: Complex of L with Co  ΙΙStructure 2: Complex of L with Ni  ΙΙStructure 3: Complex of L with Cu  
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Table 5 : Magnetic moment, electronic spectral data in DMSO solution for the ligand and its Complexes 
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3.5 X-ray diffraction of  the ligand and its Complexes  

  From the X-ray analysis of the ligand and its complexes, the following factors were 
deduced: crystal size, crystalline strain, and crystalline ratio. The crystal size was calculated 
using the Scherrer equation [44-46], and the intercept of Williamson-Hall equation[47]. 

               D = Kλ / β cos θ        (Scherrer equation) 

               D = Kλ / intercept       (Williamson-Hall equation) 

     The resulting values were in nano size (12.17 - 31.64 nm). While the strain of the ligand 
and CuΙΙ complex have crystalline tensile properties through the positive values that resulted, 
the CoΙΙ and NiΙΙ complexes have a crystal compressive property and this is consistent with the 
resulting negative values as well as the size of the particles using William's equation [47] 
confirming these results as the crystal tensile values correspond to the size of the particles 
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Figure  5 : UV-visible electronic spectrum of the ligand and its complexes in DMSO solution 

  



174 
JQUS: Vol. 1, Issue 1, pp 164-185   

 

larger than the size of the particles With crystal compression, and this is what was deduced 
from the (Figures  6 and 7) and recorded in the (Table 6).   

  Strain (ε) = β *cos θ / 4 sinθ 

   The percentage of crystallinity Xc(%) was calculated  based on  the integrated peak areas of 
the principal  peaks[45]. The crystallinity of the complex is calculated relative to the 
crystallinity of the ligand as a ratio, 

  Xc(%) = Acomplex/Aligand *100 

 where  Acomplex and  Aligand are the areas under the principal peaks of the complex and the ligand 
sample, respectively. Where the calculations proved that the ligand has a higher crystal 
property than its complexes. 

 

 

 

 

 

 

 

 

 

 

 

 

X% 
Strain 

(ε)*10-4 
W-H  

D(nm) 

M
ea

n 
D

(n
m

) 

D(nm) 4sinθ β cosθ  
β(FWHM) 
(Radian) θ(Radian) 

C
om

po
un

ds
 

100 9 25.86 22.40 

24.84 0.4313 0.005830 0.005864 0.1080 

L 

22.54 0.7591 0.006426 0.006545 0.1909 

20.24 1.3148 0.007154 0.007575 0.3349 

21.99 1.5198 0.006587 0.007122 0.3897 

1.53 -13 20.40 31.64 

21.19 0.4438 0.006834 0.006877 0.1112 

[C
o 

(L
)2

H
2O

]C
l 2

 

29.38 0.7145 0.004929 0.005009 0.1796 

15.63 1.2950 0.009264 0.009791 0.3297 

60.34 1.4789 0.002401 0.002583 0.3787 

9.64 -36 12.17 18.05 

13.60 0.4487 0.010649 0.010716 0.1124 

[N
i (

L
)H

2O
]C

l 2
 

16.50 0.7475 0.008779 0.008936 0.1880 

20.00 1.3089 0.007240 0.007662 0.3334 

22.10 1.5236 0.006552 0.007086 0.3908 

8.14 23 23.74 17.98 

18.64 0.4597 0.007767 0.007819 0.1152 

[C
u 

(L
)2

(H
2O

) 
C

l 2
] 

23.02 0.7509 0.006291 0.006405 0.1888 

13.67 1.2712 0.01059 0.011170 0.3234 

16.59 1.5410  0.008729 0.009460 0.3955  

Table 6 : XRD spectral data of the highest value of intensity of the ligand and its complexes 
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Figure 6: XRD patterns of the ligand and its complexes 
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3.6 Antioxidant of the ligand 

 Through using the FBRC method [48] compared to the antioxidant (ascorbic acid) which 
was used as a standard material in this analysis , the ligand was a good antioxidant which means 
this ligand can be used as an antioxidant, but with less effectiveness than ascorbic acid, which 
gave 3.3333 mg. compared with ascorbic acid which was 1mg. while the standard deviation of 
this ligand was  ±3.3*10-9(Table 7). 

 

 ligand  Ascorbic acid Comp.  

3 6 number of replicates 

±3.3*10-9 ±2.96222*10-3 Standard deviation 

3.3333 1 Effectiveness (mg) 

 

3.7 Antimicrobial Studies 

 Comparison between the biological evaluation of the ligand and its complexes with the 
standards Gentamicin as (an antibacterial agent) and Nystatin, Miconazole, Itraconazole, and 
Metronidazole as (antifungal agents) against four species of bacteria (Staphylococcus aureus, 

Table 7: result comparison of FBRC for determination of antioxidant 
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Figure 7: particle size and strain by W-H of the ligand and its complexes 
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Bacillus, Escherichia coli, Pseudomonas aeruginosa) and two fungal species (Aspergillus 
Flavus and Candida albicans) (Table 8 and illustrated in Figures 8 – 9). from these results, we 
can summarize that: 
1. Generally, the active property of the free ligand and has complexes is enhanced. 
2. The antimicrobial activity of the ligand is slightly enhanced against the Staphylococcus 
aureus, Bacillussubtilis, Pseudomonas aeruginnosa, and Candida albicans compared to the 
complexes. 
3. The growth of Escherichia coli just inhibited by complexes of CoΙΙ, NiΙΙ and the ligand. 
4. Inhibition zone by complex of CuΙΙ complex is less than the ligand and complexes of CoΙΙ, 
and NiII against Asperagillus flavus.  
 Since the lipid membrane of the cell prevents the passage of non-fatty compounds, meaning 
it allows the passage of soluble substances since the solubility of fats is an important factor for 
penetrating the cell wall, the polarity of the metal ion is greatly reduced due to the overlap of 
the orbitals of the metal ion with the bound. It increases the delocalization of electrons on the 
rings and increases the fatty property in the complexes, which facilitates the penetration of the 
fatty membranes of microorganisms and prevents the association of the metal with enzymes. 
These compounds deactivate enzymes in the cell, which play an important role in the 
metabolism of these organisms. Meaning the denaturation of one or more cell proteins, 
reducing cellular processes[25][49][50]. 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Comp. 
(1000 μg/ml) 

Inhibition zone diameter (mm) 

Bacteria 
 

fungi 

Gram positive Gram negative 

Staphylococcus 
aureus 

Bacillus
subtilis 

Pseudomonas 
aeruginnosa 

Escherichia 
coli 

Asperagillus 
flavus 

Candida 
albicans 

Control DMSO 0.0 0.0 0.0 0.0 0.0 0.0 

S
ta

n
d

ar
d 

Antibacterial agent 
Gentamicin 120μg/ml 23 22 25 23 - - 

A
nt

if
un

ga
l a

ge
nt

 

Nystatin 
100 μg/ml - - - - 25 21 

Miconazole 
50 μg/ml - - - - 8 22 

Itraconazole 
30 μg/ml - - - - 18 20 

Metronidazole 
5 μg/ml - - - - 10 17 

L 16 13 15.3 6.5 27.5 19 

[Co (L) 2H2O]Cl2  12 0 10 16.5 29.5 15 

[Ni (L) H2O]Cl2  13 10.5 7 9 16.5 14 

[Cu (L) 2(H2O) Cl2]  10 9.5 11 0 16 17 

Table 8: Effect of the ligand and its complexes on the growth of bacteria and fungi (Zone of inhibition in mm). 
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Figure 8: Diagram of the ligand and its complexes effect on the growth of bacteria and fungi (inhibition zone in mm). 
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Conclusion 

        In this paper, new Schiff base hydrazide as a ligand obtained by the condensation reaction 
of 2-methmethoxybenzaldehyde, glycine, and hydrazine hydrate gives 2-((2-
methoxybenzylidene) amino) acetohydrazide hydrate = ligand = L , which is characterized by 
spectral analysis. The complexation of this ligand with Co(II) , Ni(II), and Cu(II) ions have 
been done. Based on the  physico-chemical and  spectral  data discussed above,  the  ligand 
behave  as  a dibasic bidentate, coordinating via a nitrogen of imine and primary amine in 
addition to the oxygen of the carbonyl group in NiΙΙ complex. According to the elemental 
analysis and analytical data, we have proposed square planar geometry for CoII and NiII but 
CuII is a distorted octahedral complex. Anti-oxidant study for the ligand reveals it good 
antioxidant compared with ascorbic acid which was a standard antioxidant. The X-ray study 
suggests a crystal system in the nano range for the ligand and its CoII , NiII, and  CuII complexes. 
Also, the ligand and complexes were tested to investigate their antimicrobial effect on some 

Figure 9 : Biological activity of the ligand and its complexes against microbial species 
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hazardous bacterial and fungi such as Escherichia coli, Staphylococcus aureus, Pseudomonas 
aeruginnosa, and Bacillus subtilis as bacteria in addition to Asperagillus flavus and Candida 
albicans as fungi. The compounds exhibited sufficient biological activity which confirms that 
these compounds possess antimicrobial effects 
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