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Abstract— Condensation of 2-hydroxy-1-napthaldehyde and 1,2-phenylenediamine occurs to afford schiff base and its Cu(II) complex in 
quantitative yield under organic liquid-assisted mechanochemical condition efficiently in the presence of DMF as a liquid-assistant grinding 
(LGA) solvent. schiff base and its complex were characterized by IR, powder XRD, Differential scanning calorimetry, thermogravimetric 
analysis and elemental analysis. The analytical data show the composition of the metal complex to be [M(L)], where L is the schiff base 
ligand. IR results demonstrate the tetradentate binding of the schiff base ligand involving two azomethine nitrogen and two phenolic oxygen 
atoms. The powder XRD studies indicated that Cu(II) complex is less crystalline then the schiff base. The operational simplicity, 
environmentally friendly conditions and high yield achieved are major benefits that meet the requirements of green production, including 
saving energy and high efficiency. Structural assignments are based on spectroscopic data. The synthesized schiff base, and metal 
complex were screened for antibacterial activity using gram positive (Staphylococcus aurous) and gram negative (Escherichia coli) and 
antifungal activity using Aspergillum flavus. (gram positive) and Aspergillus niger. (gram negative) as potential antimicrobials and showed 
moderate activity. For all the organism tested the complex compound show higher activity then the schiff base Thus, complexation or 
chelation increases antimicrobial activity. 

Index Terms— Schiff base, Liquid-assisted mechanochemistry, powder XRD. 

——————————      —————————— 

1 INTRODUCTION                                                                     

Traditional synthesis approaches to schiff base complex 
have been incredibly successful, however, they are innately 
wasteful, and as raw materials become more limited, it is essential 
that we struggle to make synthetic chemistry more efficient [1]. 
The traditional synthesis methods mentioned here are solution-
based batch processes, and the inefficiencies related with them 
arise mainly from the need to use large amounts of solvent in the 
reaction, with the attendant need for separation of products by 
chromatography, crystallization, etc. Mechanochemical synthesis 
involves a reaction between solid reactants, i.e. with no added 
liquid that might act as a solvent. However, some reactions in this 
type can result in the generation of liquid during the reaction, e.g. 
when any one of the reactants is a hydrate, producing liquid wa-
ter during the reaction, or when liquid by-products such as water 
or acetic acid are produced as condensates during the reaction [2], 
[3], [4]. [5], These types of reactions are detected to proceed rapid-
ly under mechanochemical conditions, signifying that the liquid 
produced during the reaction may accelerate it. The other class of 
mechanochemical reactions in which a very small quantity of 
liquid is intentionally added to the reaction mixture. Subse-
quent studies have revealed that very small quantity of added 
liquid can dramatically accelerate, and even allow, 
mechanochemical reactions between solids.. In this work, we 
have investigated the solvent-assisted mechanochemical syn-
thesis of 2-hydroxy-1-naphthaldehyde and phenylenediamine 
and investigated metal complexation using Cu(II) acetate as 

test for two step mechanochemical syntheses. Diamine-type 
schiff base complexes are of wide interest, example for fluo-
rescent indicators [6]. biological mimics [7] ‘Jacobsen’ 
epoxidation catalysts [8]. extraction of metal ions from water 

[9] ring-opening poly-merisation catalysts [10]. and organic 
light emitting diode (OLED) applications [11]. Therefore, low-
waste routes to such materials are of practical as well as aca-
demic interest for research. 

2 MATERIAL AND METHOD 
Grinding in all the reaction was carried out in agage mortar 
pestle. Chemical used in this study were obtained from Sigma 
Aldrich with 95% purity.  
   
2.1 Synthesis of Schiff base: [H2(L)] 

2-hydroxy-1-naphthaldehyde, 2mmol (0.3444g) and 2-
phenylenediamine 1mmol (0.1081g) were weighed in to agate 
motor, a small amount of DMF (0.5-1.0ml) was added to allow 
the formation of paste during grinding and the mixture was 
ground for 30min to obtained light brown powder. The 
solvent was removed from the resulting paste of product by 
allowing it to stand for some time in the air. 

2.2 synthesis of Cu(II) Complex: [Cu(L)] 
[H2(L)] schiff base (1mmol, 0.4164g) and Copper acetate mon-
ohydrate (1mmol, 0.1997g) were weighed in to agate motor, a 
small amount of DMF (0.5-1.0ml) was added and the mixture 
was ground for 30min to obtained light green powder. The 
solvent was removed from the resulting paste of product by 
allowing it to stand for 12h in the air. 

2.3 Microbial activity  
The antimicrobial activities of the schiff base and its Cu(II) 
complex in dimethylsulfoxide (DMSO) were performed in 
vitro by serial dilution method. The schiff base and the com-
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plex were dissolved separately in dimethylsulfoxide to pro-
duce three different concentrations (60, 30 and 15μgml-1), 

which were placed on the surface of the culture and

 
 

Table 1: Physical properties of the schiff base ligand and its metal complex 
Compound 

 
Molecular 
formula 

Colour Yeild (%) Found (Calculated) (%) 
C               H             N 

[H2(L)] C28H20N2O2 Light brown 88.6 81.13(80.75)   4.39(4.84)   6.44(6.73) 
[Cu(L)] C28H18CuN2O2 Light green 84.2 70.54(70.36)   3.49(3.80)   5.63(5.86) 

 

Table 2: Infrared spectral data of schiff base and its metal complex (cm-1) 

Compound ν(C=N) ν(O–H) ν(C–H) ν(C–O) ν(C–C) ν(M–N) ν(M–O) 

[H2L] 1641 3396 3035 1215 1466 - - 

[Cu(L)] 1633 - 2855 1239 1411 690 457 
 

Table 3: Energy Dispersive x-ray (EDX) of Cupper(II) complex 
Compound Element Weight (%) Atomic (%) K Ratio Line type 

[Cu(L)] C 66.52 72.80 0.17635 K Series 
 N 12.52 11.75 0.00415 K Series 
 O 19.09 14.86 0.00948 K Series 

 Co 2.87 0.59 0.00823 K Series 
 

Table 4: Thermal analysis of schiff base and its Complex 
Compound Hydration tempt 

oC 
%Weight loss: ob-
served(calculated) 

No. of H2O of 
hydration 

Melting 
point/decomposition 

tempt (oC) 

[H2(L)] - - - 126 

[Cu(L)] 170 3.70(3.63) 1 325 

 

Table 5: Antibacterial activities of investigated schiff base and its Complex 
Compound Escherichia coli: zone of inhibition (mm) 

60μgml-1     30μgml-1     15μgml-1 

Staphylococcus aureus: zone of inhibition (mm) 

  60μgml-1     30μgml-1    15μgml-1 

Schiff base 11                9                 - 14            12            10 

[Cu(L)]  14               12               10 19            17            15 

 
Table 6: Antifungal activities of investigated schiff base and its complex 

Compound Aspergillus flavus: zone of inhibition (mm) 

60μgml-1     30μgml-1     15μgml-1 

Aspergillus niger: zone of inhibition (mm) 

60μgml-1     30μgml-1     15μgml-1 

Schiff base 11                 8                  - 12                  -                   - 

[Cu(L)] 13                 11                9  18                16                14 

 
 
 
 
 

 
incubated at 37oC for two days. The diameter of the zone of 
inhibition produced by the schiff base and complex were 
compared with that of the referenced drugs, Ciproflaxacin 
500mg for bacteria standard and Ketoconozole 200mg for fun-
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gal standard [12], [13]. 

3   RESULTS AND DISCUSSION 
The resuls of the analysis and antimicrobial actibity of the 
schiff base and complex are shown in table 1-6. 

A number of schiff bases and metal complexes have been 
synthesised using the classical method (solution base method). 
An alternative method having green chemistry approach 
might lead to the formation of schiff base complex eliminating 
the generation of the hazardous substances. Herein, the syn-
thesis of schiff base and metal complex using liquid-assisted 
mechanochemistry, which deals with the use of grinding to 
promote reactions between solid-solid reactants were demon-
strated. Reactions of 1,2-phenylenediane with 2-hydroxy-1-
naphthaldehyde were achieved by simply grinding together 
the starting materials in the molar ratio 1:2 using DMF as liq-
uid-assisted solvent. The reactions were completed within 25-
30 min with good yields comparable with classical methods. 
The products were compared with the data obtained from 
classical method 

   In the FT-IR spectrum of schiff base, the strong band ob-
served at 1641cm-1 can be assigned to the -HC=N stretching 
vibration. The spectrum of schiff base also shows several 
bands corresponding to aromatic C–H stretching at 3035cm-1, 
and aromatic C–C stretching 1466cm-1 The absorption bands of 
the aromatic C–O and OH stretching vibration modes are  
cetered at 1215cm-1 and 3396 cm-1, respectively [14]. In the 
spectra of Cu(II) complex, the HC=N stretching vibration band 

is shifted to a lower wave number, 1633cm-1 and this decrease 
indicates the coordination of the amino group nitrogen to the 
metal ion [15], [16]. It is expected that, coordination of nitro-
gen to the metal atom would reduce the electron density in the 
azomethine link and thus lower the -HC=N absorption.  The 
O-H broad band in the schiff base was no longer found in the 
spectra of investigated metal complex and also phenolic C-O 
stretching frequency in the complex was shifted to 1239cm-1 
indicating deprotonation and coordination of the hydroxyl 
oxygen to the metal ion. [17]. ν(M-N) and ν(M-O) were ob-
served in the far infrared region. These bands were absented 
in the spectra of the schiff base. The ν(M-N) was observed at 
690cm-1 as new band in the complex. This occurrence indicates 
that there is coordination between the metal and the lone pair 
of electron on the nitrogen atom of the schiff base. Also, bands 
observed at 457cm-1, indicates the formation of M-O bond in 
complex [18]. 

X-ray patterns of the schiff base and copper(II) complex are 
recorded in the range of 5-400C (θ), the diffractogram and as-
sociated data depict the 2θ value for each peak relative intensi-
ty and inter-planar spacing (d-value). The patterns of the new 
compounds were completely different from the starting mate-
rials. Furthermore, no peak derived from the starting materials 
were observed, indicating that all starting materials were con-
verted to product. The sharp reflections in the patterns testi-
fied to the crystallinity of the LAG products. Base on powder 
x-ray analysis data, Cu(II) complex is less crystalline than the 
schiff base, as shown in Figure 2. 

 
 

 
 
 

 
 

 
Figure 1: PXRD Patterns of pure 2-Hydroxy-1-naphthaldehyde (2-Hnd), pure 1,2-phenylenediamine (O-Pda) and [H2L] schiff base. 

 
 
 
 
 
 
 
 
 

 
Figure 2: PXRD Patterns of Cupper (II) acetate monohydrate (Cu(OAC)), [H2L] schiff base and [Cu(L)] complex product after 30min LAG of Cupper (II) 

acetate and [H2L] schiff base.
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Figure 3: EDX analysis of [Cu(L)] complex showing peak due to Carbon, Nitrogen, Oxygen, and Copper. 

 
Figure 4: Thermogravimetric analysis of [Cu(L)] Complex 

 
EDX can be used to determine which chemical elements pre-
sent in the sample, and can be used to estimate their relative 
abundance. The data generated by EDX analysis consist of 
spectra showing peaks corresponding to the elements making 
up the true composition of the samples being analyzed (figure 
3). Elemental mapping of a sample and image analysis are also 
possible. EDX results of Cu(II) complex showed that, the 
atomic percentage of Carbon, Nitrogen, Oxygen and Copper 
are 72.80, 11.75, 14.86, and 0.59% respectively (table 3). The 
atomic percentage of the component elements were compared 
in all the points analyzed and the results were found to be in  
agreement with each other indicating the uniform distribution  
of the component elements in the sample compound. Fur 
thermore, the result is in conformity with the proposed struc-
ture of the complex.   
  Differential scanning calorimetry (DSC) curve of [H2(L)] schiff 
base shows one endothermic peak at 126.30C which corresponds to 
the melting point of the schiff base. The simultaneous TGA analysis 
of the metal complex were studied from ambient temperature to 
600oC under a nitrogen atmosphere (Fig 4). The curve of Cu(II) 
complex exhibits one and relatively long decomposition step, it 
displays 3.7% weight loss at 1700C which is equivalent to one mole-
cule of water through the calculated result 3.63%, the decomposi-
tion starts at 3250C and complete at 4120C (weight loss 58%). The 
[Cu(L)] complex compound was obtained as powder product con-
taining some amounts of residual water by-product as shown by 

TGA (Thermogravimetric analysis) (table 4), However, on heating 
(1050C, 36h) complete loss of the water occurred to give a material 
with satisfactory elemental analysis. 
  The schiff base and the complex showed moderate microbial ac-
tivity against the organisms tested. For bacterial strains, Escherichia 
coli show 11mm zone of inhibition in the schiff base and 14mm in 
the complex at 60μgml-1. For Staphylococcus aureus which show 
highest activity in both schiff base and complex (14 and 19mm re-
spectively) at 60μgml-1 (Table 5), the activities of both the schiff base 
and complex were compared with the reference drug Ciproflaxacin 
500mg (45mm zone of inhibition), in both the two bacterial isolates 
tested Cu(II) complex showed higher activity than the schiff base 
this is probably due to the greater lipophilic nature of complex. 
Such increased activity of the metal chelate can be father explained 
on the basis of Overtone’s concept and Tweedy’s chelation theory 
[19]. On chelation, the polarity of the metal ion will be reduced to a 
greater extent due to the overlap of the ligand orbital and partial 
sharing of positive charge of the metal ion with donor group [20], 
[21] further, it increases the delocalization of π electrons over the 
whole chelate ring and enhances the penetration of the complex 
into lipid membrane and those block the metal binding sites on 
enzymes of microorganisms [22]. 

Antifungal strains, Aspergillus flavus has zone of inhibition 
11 and 8mm in the schiff base against the complex with higher 
inhibition zone of 13 and 9mm at 60 and 30μgml-1.  Aspergillus 
niger also show 12mm inhibition zone against 18mm in the 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 12, December-2017                                                                                           1565 
ISSN 2229-5518  
 

IJSER © 2017 
http://www.ijser.org  

complex at 60μgml-1 with the metal complex having higher 
zone of inhibition more than the derived schiff base (Table 6).  
 In case of Apergillus niger, the effective antifungal activity was 
not observed against the schiff base at 30 and 15μgml-1, 
whereas in the Aspergillus flavus, it shows no activity against 
schiff based at 15μgml-1. Cu(II) complex showed moderate 
activity compared to the reference drug Ketoconozole 200mg 
(32mm zone of inhibition). Thus, it can be said that, 
complexation or chelation increases antimicrobial activity as 
explained by Overton’s concept and Tweedy’s chelation theo-
ry.   

4 CONCLUSION 

The schiff base and its Cu(II) complex have been synthesized 
and characterized using IR spectroscopy, X-ray diffraction 
study, Energy dispersive X-ray, Differential scanning 
calorimetry, Thermogravimetric analysis, and CHN analysis. 
Antimicrobial studies of schiff base and complex reveal that, 
the complex show better activity compared to the schiff base.  

From the analyses of the schiff base metal (II) complex com-
pound carried out, the general molecular structure is pro-
posed as in Figure 5 

N N CHCH

O O

Cu

 
Figure 5: Proposed molecular structure of complex. 
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