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Abstract— Cardanol is obtained by vaccum distillation of 

roasted cashew nut shell liquid (CNSL).  The preparation 

involves (i) convertion of cardanol into bis(3-pentadecenyl 

phenol)methane (BPPM) using formaldehyde in equimolar 

ratio in the presence of 3% hydrochloric acid solution at 90-

950c for 2 hours, (ii) DFMPM on treat with epichlorohydrin 

followed by the action of sodium periodate, (iii) DFMPM 

under go condensation with L-Valine to form Schiff base 

ligand[2-3]  and finally (iv) Schiff base complex with 

transition metal salts. The characterization includes elemental 

analysis, molar conductivity, IR Spectra,  UV-visible spectra, 

1H NMR spectra, elemental analysis, melting point, 

conductivity, metal ion intake, the nano crystalline nature of 

complexes were confirmed by SEM and XRD analysis. 

Complexes of Cu(II),  Co(II)) and Ni(II) were bioactive and 

also used for the removal of  ions from water.  Studies on 

Schiff base complexes of metals fascinate inorganic chemists 

even today because of their extensive application in diverse 

fields, ease of synthesis and use as biological models. 

Keywords: Cardanol, Formaldehyde, Epichlorohydrin, L-

Valine, Schiff Base 

I. INTRODUCTION 

Schiff bases are some of the most widely used organic 

compounds and are synthesized from the condensation of an 

amino compound with carbonyl compounds[1].They have 

gained importance recently because of their application as 

models in industrial purposes and also exhibit a broad range 

of biological, biochemical, analytical, antimicrobial system, 

anticancer, anti-inflammatory, antibacterial and antifungal 

activities. Studies of new kinds of chemotherapeutic Schiff 

bases are now attracted the attention of biochemists [2,3]. 

They are used as pigments, dyes and catalysts intermediates 

in organic synthesis, and as polymer stabilisers . Imine or 

azomethine groups are present in various natural, natural-

derived, and non-natural compounds. The imine group 

present in such compounds has been shown to be critical to 

their biological activities [4,5]. 

II. MATERIALS AND METHODS 

Cardanol was obtained from M/S Sathya Cashew Chennai 

India, formaldehyde (37% solution) , hydrochloric acid, 

epichlorohydrin, L-histidine, sodium hydroxide and other 

chemicals were used of GR/AR grade quality obtained from 

Merk chemicals. All the solvents used were purified by 

standard methods[6] . Elemental analyses (C,H,N)  were 

performed by using Elementar Vario EL III at STIC, CUSAT, 

Cochin. The IR spectra were recorded in KBr pellets using 

Shimadzu FTIR spectrometer (4000 – 400 cm-1). The UV-

Vis electronic spectra (200 – 800 nm) were recorded using 

Lab India 3000+ double beam spectrophotometer.The micro 

analytical data were collected using Perkin Elmer 2400 

instrument. The metal ion intake were estimated by standard 

methods[7] . 

A. Synthesis of Schiff Base Ligand with DFMPM and L-

Valine 

The Schiff base ligand was prepared by the reported methods. 

Equimolar ethanolic solution of DFMPM and L-valine were 

mixed in 1:2 and refluxed for about an hour. Pour the reaction 

product in ice, (1+2) Schiff base ligand was obtained. The 

precipated yellow compound was filtered washed with water 

and dried over anhydrous calcium chloride[8]. The crude 

sample was recrystalised from 50% absolute alcohol yield = 

62%. Melting point = 2230C. 

B. Synthesis of CU(II), CO(II) and NI(II) Schiff Base Metal 

Complexes 

All the metal complexes were prepared by mixing ethanolic 

solution of Schiff base ligand with the corresponding aqueous 

metal salt solution of Cu(II), Co(II), and Ni(II) nitrates in 2:1 

molar ratio. The resulting mixture was refluxed for about 

twelve hours at 70-800C . A coloured solution appeared on 

standing. The complexes were filtered, washed with ethanol, 

diethyl ether, acetone and hot water and finally dried under 

vacuum at 900C. Yield=65%. 

C. Estimation of Metal ION Intake 

The filtrates obtained in the above method were collected and 

it is used for the estimation of Cu(II), Co(II) and Ni(II) intake 

for complexation using standard methods [9-12]. 

III. RESULT AND DISCUSSION 

The analytical data of the complexes, together with their 

physical properties are mentioned in Table.1. The data 

suggested that the complexes are in ML2 composition in 

which the metal complexes of Cu(II), Co(II) and Ni(II) are 

colored solids, stable towards air and have high melting 

points above (250oC). The complexes are insoluble in water 

and common organic solvents but are soluble in DMF, CDCl3, 

and DMSO. Analytical data suggest that the metal to ligand 

ratio in all the complexes to be 1:2 [13-15].Conductivities of 

solutions of the complexes are non electrolytes because their 

conductivity value were in the range 13-15 ohm-1cm2 mol-

1.However the conductivity value is higher than expected for 

non electrolytes probably due to partial solvolysis of the 

complexes in DMF medium. 

A. Elemental Analysis 

The analytical data suggest that all the complexes are 

mononuclear with the ligand coordinated to the central metal 

atom and the metal to ligand ratio in all complexes was 1:2, 

and their empirical formulae have been computed and are 

given in Table. 1. 

https://www.sciencedirect.com/topics/chemistry/pigment
https://www.sciencedirect.com/topics/chemistry/dye
https://www.sciencedirect.com/topics/chemistry/catalyst
https://www.sciencedirect.com/topics/engineering/polymer
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Complexes / 

Ligand 
Yield Colour Molecular formula 

Mol. 

weight 

Melting 

point 

Elemental Analysis 

C H N 

Ligand L 65 brown C57H102N2O6 878 234 
73.67 

(77.90) 

9.06 

(11.61) 

2.41 

(3.189) 

[CuL2 (NO3)2] 

 
57 grey C114H204N4O8 1819 >250 

73.11 

(75.20) 

8.16 

(11.21) 

1.52 

(3.07) 

[CoL2 (NO3)2] 

 
54 brown C114H204N4O8 1815 >250 

73.41 

(75.37) 

8.11 

(11.23) 

1.27 

(3.08) 

[NiL2 (NO3)2] 

 
59 brown 

 

C114H204N4O8 

 

1814 
>250 

72.44 

(75.37) 

8.75 

(11.24) 

1.97 

(3.08) 

Table 1: Physical characteristics and analytical data of complexes

B. Conductivity Measurements 

The molar conductivity values are given in Table. 2. The 

conductivity was in the range 13-15 ohm-1 cm2 mol-1. It shows 

the complexes are non electrolyte in nature.  For non-

electrolytes conductivity were slightly higher it may be due 

to partial solvolysis of the complexes in DMSO medium. 

Compounds 
Molar conductance 

Ohm-1 cm2  mol-1 

[CuL2(NO3)2] 13 

[CoL2(NO3)2] 15 

[NiL2(NO3)2] 14 

Table 2: Molar Conductance data of the complexes 

C. IR Spectrum Analysis 

The diagnostic IR frequencies of the ligand and its complexes 

are compiled in Table.3 and in fig. 1 – 4 show the spectrum 

of ligand and complexes. The IR spectrum of free ligand is 

compared with that of complexes in order to determine the 

co-ordination sites that may have involved in chelation. 

Characteristic peaks in the spectra of the ligand and 

complexes were considered and compared. The IR spectrum 

of the ligand (L) shows characteristic bands at 2856 cm-1 

,2923 cm-1,1606 cm-1 due to the ⱴO-C,ⱴC-H, ⱴC=N  respectively 

[15-19].  The IR spectra of the complexes exhibited ligand 

bands with the appropriate shifts due to complex formation 

(Patel, M N & Parekh, H M 2006). The IR broad bands of 

metal complexes in the range of 3537-3000cm-1indicate the 

presence of co-ordinated or lattice water molecule . The ⱴC-O   

phenolic stretching frequency is observed around 2856-

2800cm-1 which get shifted to lower or higher frequency 

region indicating co-ordination of phenolic oxygen. Band at 

2934-2923cm-1 and 1628-1584cm-1  were assigned to C-H 

and C=N respectively.The imine peaks in the metal 

complexes showed changes in the ligand indicating co-

ordination of the imine nitrogen atom to the metal ion due to 

co-ordination. Another absorption bands at 763-724cm-1 is 

assigned to M-N bond and 702-668cm-1 is assigned to M-O 

bond [20]. 

Ligand/ 

Complexes 
O-H cm-

1 

O-C cm-

1 

C-H cm-

1 

C=N cm-

1 

C=O cm-

1 

free –COOH 

cm-1 
M-N cm-

1 

M-0 cm-

1 
 max(nm) 

Ligand L - 2856 2923 1601 1489 1455 - - - 

[CuL2(NO3)2] 3537 2800 2934 1628 1492 1444 763 668 

 

320,400,650 

 

[CoL2(NO3)2] 3359 2856 2923 1584 1490 1416 724 702 320, 450,650 

[NiL2(NO3)2] 3000 2856 2923 1601 1489 1455 730 700 
320, 390, 

650 

Table 3: FT-IR frequencies and UV spectrum of the ligand and complexes

 
Fig. 1: FTIR Spectrum of ligand (L) 

 
Fig. 2: FTIR Spectrum of Cu(II)  complex 

 
Fig. 3: FTIR Spectrum of Co(II) complex 

 
Fig. 4: FTIR Spectrum of Ni(II) complex 
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D. UV - Visible Spectrum Analysis 

The UV-visible data of complexes are given in Table. 3 . The 

UV-visible spectrum of Cu(II) complex shows three 

absorption bands at  320nm, 400nm, 650nm. The multiple 

bands have been assigned 2Eg  → 2T2gtransition.The nature 

of band suggests distorted octahedral geometry .The UV 

spectrum of Co(II) shows bands at 320nm, 450nm, 650nm. 

Which are assignable to 4T1g → 4T1g(P), 4T1g → 4A2g, 4T1g → 
4T2g transitions respectively and supports octahedral 

geometry .In the Spectrum of Ni(II) complex, three bands are 

observed at 320nm, 390nm, 650nm.Which are assigned to 
3A2g  →3T2g, 3A2g  → 3A 1g(F), 3A2g  → 3T1g respectively. Thus 

Ni(II) complex is assigned an octahedral geometry [21-22]. 

1) 1H NMR Spectr 

 
Fig. 5: 1H NMR spectrum of ligand 

 
Fig. 6: 1 H NMR spectrum of Ni(II) complex 

On examining the 1H NMR spectrum of ligand (Fig.5), it 

exhibited a multiplet signal at δ=7.003 ppm –7.015 ppm is 

due to substituted aromatic ring protons. The presence of H – 

C = N- group is indicated by the singlet at δ = 7.012ppm. The 

multiplet at δ 6.552 ppm - δ = 6.674 ppm and δ = 5.172 ppm 

– δ = 5.701 ppm were due to the olifinic protons of the side 

chain and – O-CH2 -group of the ligand respectively . On 

examining the 1H NMR spectrum of Ni(II) complex (Fig.6), 

it exhibited a triplet  signal at δ=7.040 ppm –7.092 ppm is due 

to substituted aromatic ring protons. The presence of H – C = 

N- group is indicated by the singlet at δ = 7.040ppm. The 

singlet at δ 6.573 ppm and δ = 5.174ppm were due to the 

olifinic protons of the side chain and – O-CH2 -group of the 

ligand respectively [23]. 

Based on the observations in elemental analysis, FT-

IR, electronic and 1H NMR spectral studies, the proposed 

structure of Ligand (L) and its metal complexes were given 

in Fig.7-8. 

 
Fig. 7” Structure of ligand 

 
Fig. 8: Structure of Schiff base complexes, M=Cu(II), Co(II) 

and Ni(II) 

E. SEM Analysis 

The surface morphology of the complexes has been examined 

using scanning electron microscope. Fig 9 shows the SEM 

images of Ni(II) complex is given below. The SEM images 

showed that the complex is micro crystalline in nature. 

Careful examination of the single crystal clearly indicated the 

nano scale size of the single crystal of the complex. Ni(II) 

complex shows flakes like structure The SEM image showed 

that the complex is nano crystalline in nature [24].  
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Fig. 9: SEM image of Ni(II)complex 

F. X-Ray Diffraction Analysis 

The powder XRD for Cu(II) complexe  was performed. 

Diffraction Pattern is produced when X-rays are diffracted by 

a sample consisting of a large number of randomly oriented 

crystalline particles in the sample complexes. The 

diffractogram is given in fig.10 grain size of complexes are 

shown in table 4. It is evident that the strong and broad peaks 

confirm the complex formation and the appearance of large 

feeble peaks indicate micro crystalline. The grain size of the 

complexes was calculated using Scherrer`s formula. The 

calculated grain size of the complexe is in the range of 

9.68nm. These values suggested that the complexes are in 

nano crystalline size [25]. 

Complex Grain size(nm) 

[CuL2(NO3)2] 9.68 

Table 4: Grain size of the  Cu(II) & Zr(IV) complexes 

 
Fig. 10: XRD of Cu(II) complex 

G. Antibacterial Activity 

Recent studies have stressed the important role of metal ions 

in biological processes and inorganic pharmacology has 

started to be an important field with various heterocyclic 

compounds being used in therapy as diagnostic tools, 

antibacterial, antiviral and anticancer drug. The activity of 

some drug is increased when administered as metal 

complexes [26-27] . The synthesized Schiff base complexes 

were screened for antibacterial activity against E-coli, S-

typhi, S-aureus, gram +ve and gram –ve pathogens namely 

streptomycin and fluconozole . The stock solution (T1=4mg 

and T2=8mg) of the test solution was prepared in DMSO 

solution. From table.6, the metal complexes were found to be 

biologically active and some of the complexes showed 

significantly enhanced antibacterial activity. It is known that 

chelation tends to make the Schiff bases to act as more 

powerful.  

Zone of inhibition (mm) 

 E coli S typhi S aureus 

 + - T1 T2 + - T1 T2 + - T1 T2 

V1 36 - 29 31 26 - 13 14 35 - - 17 

V2 36 - - - 32 - - 18 35 - 12 16 

V3 36 - - - 30 - - 11 34 - - - 

Table 6: Anti bacterial activity data of complexes 

Gram +ve streptomycin and gram –ve fluconozole. Stock solution (T1 = 4mg and T2 = 8mg)

H. Antifungal Activity 

Synthesized metal complexes were screened for their 

antifungal activity against Trichoderm viridae as green fungi 

and Candida albicans as white fungi using agar- well 

diffusion method. Antifungal activity of the complexes is 

almost nearer to the standard drug. It is evident from the 

table.7, that Cu(II), Co(II) and Ni(II) shows activity on co-

ordination [28]. 

 Green fungi (mm) White Fungi (mm) 

 
Well A 

1mg 

Well B 

2mg 

Well C 

4mg 

Well D 

Standard drug 

(+ve control) 

Well A 

1mg 

Well B 

2mg 

Well C 

4mg 

Well D 

Standard drug 

(+ve control) 

V1 21 26 29 33 23 29 32 36 

V2 11 14 16 19 11 13 17 22 

V3 13 15 17 24 - 11 17 21 

Table 7: Anti fungal activity data of complexes 

Trichoderm viridae (  Green) and Candida albicans( White) Fungi

V1
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I. Anti-Inflammatory Activity 

The anti-inflammatory activity of Cu(II), Co(II) and 

Ni(II)performed to evaluate the effect of the invivo and 

invitro stabilization. Bovine serum albumin and 

dichlorofenac sodium solution was used as the standard and 

distilled water as control. The percentage inhibition increases 

with increase in concentration [29]. From table 8, it shows that 

when concentration increases in the case of Invivo, there is a 

gradual increase in Percentage of inhibition for complexes 

Cu(II), Co(II) and Ni(II) .  

Concentrations 

(µg) 

Percentage of 

inhibition 

Invivo 

Percentage of 

inhibition 

invitro 

[CuL2(NO3)2]   

6.25 73.73 28.40 

12.5 75.84 34.37 

25 78.07 56.67 

50 79 68.35 

[CoL2(NO3)2]   

6.25 60.72 42.41 

12.5 69.63 47.08 

25 77.96 51.88 

50 83.35 66.14 

[NiL2(NO3)2]   

6.25 75.61 53.04 

12.5 77.96 59.53 

25 82.12 66.92 

50 89.66 77.17 

50 72.45 61.41 

Table 8: Anti inflammatory data of complexes 

J. Nuclease Activity 

DNA cleavage experiment was conducted using plasmid 

DNA by gel electrophoresis in the presence of H2O2 as an 

oxidant photo induced DNA cleavage experiment have been 

carried out in  UV light .  The results of the experiments are 

in fig.5.20, DNA alone is inactive and these results indicate 

the importance of metal in the complex for observing the 

chemical nuclease activity[30-32]. Higher DNA cleaving 

efficiency indicating the presence of free radicals cleavage. 

Co(II) and Ni(II) shows cleavage. Meta complexes were able 

to convert super coiled into open circular DNA.  

 
Fig. 11: Gel  electrophoresis diagram of complexes 

Lane 1-Control DNA    Lane 2-DNA treated with H2O2 

Lane6-DNA+Cu(II) complex + H2O2    Lane7-DNA+Co(II) 

complex + H2O2 

Lane6-DNA+Ni(II) complex + H2O2     Lane7-DNA+Zr (IV) 

complex + H2O2 

Lane6-DNA+Th (IV) complex + H2O2    

K. Larvacidal Activity 

The metal complex [NiL2(NO3)2] show enhanced larvacidal 

activity. The result obtained is presented in table. 9. The 

action of larvacidal upset the normal behavior and action of 

target organism.  Chelation increases the liphophlic nature of 

central metal atom, which in turn favors the molecule in 

crossing the cell membrane of the microorganism and 

enhancing larvacidal activity of complexes. Brine shrimp 

cytotoxic assay of Ni(II) complex  was performed to evaluate 

its cytotoxic activity.  Sample exhibited 70% cytotoxic 

activity at 600 μg and 50 μg, 60% at 200 μg and 40% at 400 

μg respectively [33-34]. 

Concentration (µg/ml) 50  μg 200 μg 400 μg 600 μg Control -ve control 

Number of brine shrimp per test sample 10 10 10 10 10 10 

Average number of survivors 0 1 0 1 0 0 

Average number of deaths 0 9 10 9 0 0 

Percentage mortality 100 90 100 90 100 80 

Table 9: Brine Shrimp lethality assay of [NiL2(NO3)2]

L. Anticancer Activity 

The viability of cells were evaluated by direct observation of 

cells by Inverted phase contrast microscope and followed by 

MTT assay method. Hela (cervical cancer) cell line was 

initially procured from National Centre for Cell Sciences 

(NCCS), Pune, India and maintained Dulbecos modified 

Eagles medium ( Gibco, Invitrogen). The cell lines were 

cultured in 25 cm2 tissue culture flask with DMEM 

supplemented with 10% FBS, L-valine, sodium bicarbonate 

and antibiotic solution containing: Penicillin (100U/ml), 

Streptomycin (100µg/ml), and Amphoteracin B (2.5µg/ml). 

Cultured cell lines were kept at 37ºC in a humidified 5% CO2 

incubator (NBS Eppendorf, Germany). Entire plate was 

observed at an interval of each 24 hours; up to 72 hours in an 

inverted phase contrast tissue culture microscope (Olympus 

CKX41 with Optika Pro5 CCD camera)   and microscopic 

observation were recorded as images.  Any detectable 

changes in the morphology of the cells, such as rounding or 

shrinking of cells, granulation and vacuolization in the 

cytoplasm of the cells were considered as indicators of 

cytotoxicity [35-39] . The percentage of growth inhibition 

was calculated using the formula: 

% of viability   =  
Mean OD Samples x   100

Mean OD of control group
 

From table 10 it is cleared that when concentration 

increases the viability decreases that means the cytotoxicity 

of the cells decreases there by the cells are not cytotoxic and 

the viability of the complexes decreases in the order Co(II) < 

Cu(II) <Ni(II) [40-42]. 
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Sample  

Concentration 

(µg/ml) 

Average OD 

at  540nm 

Percentage 

Viability 

Control 0.8053  

[CuL2(NO3)2]   

6.25 0.7156 88.86129393 

12.5 0.6427 79.80876692 

25 0.3734 46.36781324 

50 0.2854 35.44020862 

100 0.2319 28.79672172 

[CoL2(NO3)2]   

6.25 0.6703 83.2360611 

12.5 0.6092 75.64882652 

25 0.5038 62.56053645 

50 0.3722 46.21880045 

100 0.2361 29.31826648 

[NiL2(NO3)2]   

6.25 0.6418 79.69700733 

12.5 0.5907 73.35154601 

25 0.4107 50.99962747 

50 0.3247 40.3203775 

100 0.1546 19.19781448 

100 0.1812 22.50093133 

Table 10: Anti cancer data of complexes 

LD 50 VALUE (v1) – 23.6423 µg/ml      LD 50 VALUES 

(v2) – 44.214 µg/ml LD 50 VALUES (v3) – 27.3401µg/ml            

    

Fig. 11: MTT assay of  Cu(II) complex at control, 25 M, 

50 M &100 M 

    

Fig. 12: MTT assay of  Co(II) complex at control, 25 M, 

50 M &100 M 

    
Fig. 13: MTT assay of  Ni(II)  complex, 25 M, 50 M 

&100 M 

IV. CONCLUSION 

Schiff base transition metal complexes of Cu(II), Co(II) and  

Ni(II)) were synthesized from cardanol using L-valine are 

clearly described and characterized on the basis of analytical 

and spectral data. Metal ion in take explains that the ligand 

can be effectively used for extraction of metal ion from 

waters. From the spectral and stoichiometric analysis, a hexa 

coordinated nature was assigned for the Co(II), Cu(II) and 

Ni(II) metal complexes . The nitrate group is present inside 

the coordination sphere. The XRD and SEM studies reveal 

that the complexes are nano crystalline.  Antibacterial study 

showed that the complexes of Cu(II), Ni(II), Co(II) . It is 

cleared that when concentration increases the viability 

decreases that means the cytotoxicity of the cells decreases 

there by the cells are not cytotoxic and from the complex 

viability is decreases in the order Co(II) <Cu(II) < Ni(II).   
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