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Abstract: Syntheses of materials with antibacterial property are immense field of research
in material science. In this paper biologically active new fuchsin based Schiff base
(condensation reaction of new fuchsin and salicylaldehyde) was functionalised on green
synthesized Ag nanoparticle. The Schiff base stabilized Ag nanoparticle wascharacterized by
XRD, FT-IR, SEM and UV-Vis spectroscopy techniques. XRD pattern shows the formation
of nanosilver with face-centered cubic structure. The FT-IR spectrum confirms the formation
and stabilization of Schiff base over the Ag nanoparticle. SEM analysis confirms that
particles areelongated in shape. Antibacterial activities ofprepared compounds were studied
on Gram positive (Bacillus cereus, Staphylococcus aureus)and Gram negative (Escherichia
coli, Klebsiellapneumonia) bacteria.The results revealed that Schiff base capped Ag
nanoparticle showed high biological activity than Schiff base.
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Introduction

Synthesis of Metal nanoparticles  was an intriguing area in research, due to its unusual chemical and
physical properties such as catalytic, electronic, optical, magnetic, as well as its application in diverse field
[1].Various methods of synthesizing nanoparticles have been developed such as chemical reduction which
involves the reduction of metal chlorides or nitrates by strong reducing agents[2], sonochemical[3] ,polyol[4]
,solvothermal[5] ,hydrothermal[6] ,surfactants[7] etc. All these methods pose potential environmental and
biological risks. Hence, researchers focus on green method of synthesizing nanoparticles that was simple, cost
effective, ecofriendly and compatible to pharmaceutical and biomedical applications [8]. A Green method of
synthesizing nanoparticles was focused on three important concepts i) usage of solvent ii) reducing agent iii)
stabilizing agent. Reports on synthesis of silver nanoparticles using chitosan, leaf extracts, starch[9],
enzymes[10],fungus[11] asstabilizing and reducing agents have been explored well.

Biosynthesis of silver nanoparticles using biopolymers such as starch, chitosan, cellulose, protein has
attracted the attention of researchers because of its industrial applications [12]. Among the available
biopolymers starch was found to be non-toxic, biodegradable and costeffective. The present study investigates
the effect of starch on the phase formation and stabilization of nanosilver.
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Schiff base functionalized nanoparticles are of current interest because of their medicinal and
pharmaceutical applications [13]. The structure and functionality of Schiff base possess excellent biological
activity [14]. Sujarania et al reported on the utility of Schiff base [2-(2, 2-diphenyl ethylimino) methyl) phenols)
functionalized silver nanoparticles for biomedicine [15].Recent studies have shown that the antibacterial
activity of silver nanoparticles strongly depends on the nanoscale dimension (size, shape) and surface chemistry
[16, 17]. In order to increase the antibacterial property, we have now integrated the antibacterial property of
Schiff base with that of silver nanoparticles. Schiff base was formed using new fuchsin and salicylaldehyde.
triphenylmethane derivative, Newfuchsin was being used as staining agent in medical field since many
years[18]. Many reports are available in the literature on antibacterial activity of salicylaldehyde [19].Keeping
in view the widespread antibacterial applications of newfuchsin and salicylaldehyde, we set out to coat it on
silver nanoparticles to develop a hybrid product with enhanced antibacterial properties.

The current work reports on green synthesis of silver nanoparticles using a natural polymer starch
which act as reductant and stabilizer for the nanoparticles without using any hazardous chemicals. Further, the
ligand newfuchsin and salicylaldehyde was functionalized on Ag nanocolloid. Antibacterial activities of Schiff
base and Schiff base functionalized Ag nanocolloid are compared.

Experimental

Chemicals

Silver nitrate (99.99%), Starch, New fuchsin(99.9%), Salicylaldehyde (99%), sodium hydroxide were
purchased from Qualigens, India and used as received. Double distilled water was used throughout the studies.

Synthesis of silver nanoparticles

A 40ml of starch (1%) solution was prepared and pH was stabilized (13) using sodium hydroxide
solution and heated at 60oC. For the synthesis of silver nanoparticles, 20ml of Silver nitrate solution (0.001M)
was slowly added to the previously prepared starch solution. The appearance of brown colloid confirms the
formation of silver nanoparticles.To the silver colloid, 10ml of new fuchsin(1M)solution and 10ml of
salicylaldehyde (1M) solution was successively added and stirred for 10 minutes. A portion of the colloid was
collected and used for characterization.

Characterization

UV–Vis spectroscopy was used to analyze the formation of silver nanoparticles using a Hitachi Double
beam spectrophotometer Model U2800, with a scanning wavelength between 200 and 900 nm. Field Emission
SEM (PhilipsCM200 at 200 kV) was used to determine the shape and size of AgNPs. FT-IR analysis was
executed using KBr disc technique (FT-IR spectrometer- ThermoNicolate Company Avatar 330).

Antibacterial activity
[Antibacterial activity of colloid (Nano silver capped with Schiff base and Schiff base) was studied by

the disc diffusion technique. Nutrient Agar (NA) plates were seeded with 8 h broth culture of different bacteria.
In each of these plates, wells were cut out using sterile cork borer. Using sterilized dropping pipettes, different
concentrations (5, 10, 25 and 50 μl/well) of sample was carefully added into the wells and allowed to diffuse at
room temperature for 2 h. The plates were then incubated at 37°C for18–24 h. Gentamicin (10μg) was used as
positive control. The antibacterial activity was evaluated by measuring the diameter of inhibition zone.

Results and Discussion

Synthesis of Silver nanoparticles stabilized with Schiff base
The UV-Vis absorption spectrum was shown in Fig.1.The absorbance at 405nm indicated the formation

of silver nanoparticles in starch matrix. The absorbance value was in agreement to literature reports [20]. After
the formation of silver colloid in starch matrix, the amine (new fuchsin) and aromatic aldehyde
(salicylaldehyde) was successively added to the silver nano colloid in 1:1 molar ratio and stirred for 10 minutes.
TheUV-vis spectrum of the resultant silver colloid was shown in Fig.2.The lmax value of Agcolloid was shifted
to 375, 256 and 210 nm. The shift in the UV absorbance was due to the chemical interaction of amine and
aldehyde to Ag in starch matrix. Similar observation of absorbance peaks for Schiff base was reported
[20].From the UV results, formation of schiff base over the Ag colloid was proved.
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Fig.1.UV-Vis absorption spectrum of silver colloid(inset Agcolloid)

 Fig.2.UV-Visabsorption spectrum of silver colloid capped with Schiff base (colloid picture)

Fig.3 FT-IR spectra of Agcolloid@starch(a) and  Ag colloid @starch@schiffbase(b).
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Fig.4.Scheme of Schiff base

Fig.5.X-ray diffraction pattern of Schiff base capped silver colloid

Fig.5.SEM image of Schiff base capped silver colloid

10 20 30 40 50 60 70

(220)

(200)

(111)

In
te

ns
ity

(a
.u

)

2q



Suba kannaiyan et al /Int.J. ChemTech Res. 2015,8(5),pp 54-60. 58

Fig.6.Antibacterial effect of Schiff base and Ag@Schiff base

To confirm the possible formation of Schiff base functionalized silver colloid, the resultant colloids are
centrifuged and the dried residues are analyzed by FT-IR. Comparison of the IR spectrum of starch stabilized
silver nanoparticle with starch (literature reports) indicates a deviation of both hydroxyl and carbonyl group
which confirms that both are involved in the formation of Ag nanoparticles. The disappearance of peaks at
1067, 1094, 1163 and 1242cm-1 confirm that the interaction between silver colloid and starch was through
CH2OH [21].The spectral analysis is detailed in table.1.FT-IR analysis provides an evidence to prove that starch
acts as interlink between Schiff base and nanoparticles. The silver colloid stabilized by the –OH group interacts
with one of the NH group of new fuchsin amine. The pH in the reaction medium facilitates the addition of –
CHO group of salicylaldehyde to the free NH2 group of amine to form Schiff base. This was confirmed by the
azomethine band (C=N bond)observed in  silver colloid stabilized with Schiff base  at 1641 cm-1  [20].The IR
spectra of Ag colloid stabilized with starch and Ag colloid stabilized with Schiff base are compiled in Fig.3.The
proposed reaction mechanism was shown in the fig.4

Powder X-ray diffraction pattern (Fig.5) was recorded on the powder obtained after centrifuging the
brown colloid. All the peaks appearing in the X-Ray diffraction pattern are indexed based on Ag (JCPDS file #
89-3722).It was reported that starch plays a major role in bio reduction of silver ions to silver
nanoparticles(22).The average particle size estimated was approximately 50 nm.

Figure.6  shows  the  SEM  images  of  the  Ag  colloid  stabilized  with  Schiff  base.  SEM  image
showedaggregated elongatedparticles.The aggregation reveals that the stabilizing agent added was not sufficient
to prevent aggregation.

Table 1. Comparison of FT-IR spectral details of starch, Ag colloid

Antibacterial activity

Antibacterial activities of Schiff base stabilized Ag nanocolloid and Schiff base were compared(Fig.6).
Different concentrations of Schiff base stabilized Ag nanocolloid and Schiff base were injected and incubated at
37oC for 24 hrs.. Gentamicin (10μg) was used as positive control. The antibacterial activity was evaluated by

B.c E.c K. p S.a
Schiff
base

Silver
Functio
nalised
Schiff
Base

Peak assignment Starch Ag colloid
-OHstr 3300-3600 3337
νsym(C–H) 2928 2972
C=O 1639 1637
C-H bending 1067 -----
C-O-H bending 1094 -----
C-O,C-Cstr 1163 -----
CH2OH 1242 -----
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measuring the diameter of inhibition zone. Schiff base capped Ag nanoparticles and Schiff base were screened
using the agar well diffusion method on both gram positive (Klebsiellapneumonia, Staphylococcus aureus ) and
gram negative bacteria(Bacillus cereus, Escherichia coli). We varied the concentration of samples
(5,10,25,50μl) for all the four bacterial pathogens. After 24 h of incubation at 37°C, growth suppression was not
observed in platesloaded with 5 and 10 μl of both the samples.The obtained experimental data clearly shown
that (Table.2) Schiff base capped Ag nanoparticles showed zone of inhibition forEscherichia coli and
Klebsiellapneumonia around10.00-10.58 mm for25 μlconc, while Schiff base has not showed. It has been
observed that Schiff base capped Ag nanoparticles showed more antibacterial activity than Schiff base.

Table2: Inhibition Zone reports

  Conc.
(μl/well)

                               Zone of inhibition (mm)

Schiff base B.c
Bacillus
cereus

E.c
Escherichia
coli

K. p
Klebsiellapneumon
iae

S.a
Staphylococcus
aureus

  5 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
10 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
25 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
50 7.50 ± 0.00 8.00 ± 0.58 8.50 ± 0.58 0.00 ± 0.00

Ag functionalised Schiff base

  5 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
10 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
25 0.00 ± 0.00 10.33 ± 0.58  10.00 ± 0.00 0.00 ± 0.00
50 10.67 ± 0.58 12.00 ± 0.00 12.33 ± 0.58 0.00 ± 0.00

Conclusion

The method shown here was the most convenient way to in situ synthesize and stabilize Schiff base on
green synthesized silver nanoparticle. The reaction pH plays an important role for Schiff base addition reaction
of new fuchsin amine and salicylaldehyde. In conclusion, a simple efficient, fast method, has been developed
for the synthesis of novelSchiff bases over the silver nanoparticle. The Schiff base capped Ag nanoparticles and
Schiff base were screened for their antibacterial activity against gram positive and gram negative bacteria. The
zones of inhibition were determined.Schiff base capped Ag nanoparticles showed potent antibacterial activity
than Schiff base.

Acknowledgements

The authors thank KCG College of Technology for providing all required facilities to carry out the
experiments.

References

1. Kamat, P. V., Photophysical, photochemical and photocatalytic aspects ofmetal nanoparticles,    J.
Phys. Chem. B,2002,106, 7729–7744.

2. Lee, P. C.,Meisel, D.,Adsorptionand surface-enhanced Raman of dyes on silver and gold
sols,J. Phys. Chem.1982,86, 3391–3395.

3. Pei, W., Kumada, H., Saito, H., Ishio, S., Study on magnetite nanoparticles synthesized by
chemicalmethod,J.Magn.Magn. Mater, 2007,310, 2375-2377.

4. Rockenberger, J., Scher, E.C., Alivisatos,A.P., A New Nonhydrolytic Single-Precursor  Approach
toSurfactant-Capped Nanocrystals of Transition Metal Oxides. J. Amer. Chem. Soc., 1999, 121, 11595-
11596.

5. Yanglong, H., Junfeng, Y., Song, G., Solvothermal reduction synthesis and characterization of
superparamagnetic magnetite nanoparticles, J. Mater. Chem., 2003, 13, 1983–1987.



Suba kannaiyan et al /Int.J. ChemTech Res. 2015,8(5),pp 54-60. 60

6. Donya, R., MohdZobir, B. H.,Yun Hin T., Hydrothermal synthesis of zinc oxide nanoparticles using
rice as soft biotemplate, Chem. Central J.,2013, 7:136

7. Andal,V.,Buvaneswari,G., Effect of nature of surfactant on the formation of SeAgβ 2- nanoparticles and
optical properties of SeAgβ 2-  and ZnS/ SeAgβ 2-  nanocomposites, J.Nano Res, 2015,30, 96-105.

8. Shervani, Z., Yamamoto, Y., Size and morphology controlled synthesis of gold nanoparticles in green
solvent: effect of reducing agents. Mater.Lett. 2011, 65, 92–95.

9. Brajesh, K.,KumariSmita, Luis Cumbal,Alexis Debut, RavinandanNath,SonochemicalSynthesis of
Silver Nanoparticles Using Starch:A Comparison,Bioinorg. Chem.Applic, 2014, 784268, 8 .

10. Willner, I., Baron, R.,Willner, B., Growing Metal Nanoparticles by Enzymes,J. Adv.Mater, 2006,18,
1109-1120.

11. Vigneshwaran, N., Ashtaputre, N.M., Varadarajan, P.V., Nachane, R.P., Paraliker, K.M.,
Balasubramanya, R.H., Biological Synthesis of Silver Nanoparticles Using the Fungus
Aspergillusflavus, Mater. Lett.,2007, 61, 1413-1418.

12. German Ayala Valencia , Luci Cristina de Oliveira Vercik , Rosana Ferrari, Andres Vercik, Synthesis
and characterization of silver nanoparticles using water-soluble starch and its antibacterial activity on
Staphylococcus aureus, Starch/Stärke, 2013, 65, 1–7

13. Mahasin Alias, Huda Kassum, CarolinShakir, Synthesis, physical characterization andbiological
evaluation of Schiff base M(II) complexes,J.Associ.Arab Univ. Basic.ApplSci, 2014, 15, 28–34.

14. Wail Al Zoubi.,Biological Activities of Schiff Bases and Their Complexes: A Review of Recent
Works,Int. J. Org. Chem., 2013, 3, 73-95.

15. Sujarania,S., Anitha, T.S.,Ramu,A., Synthesis, Characterisation and toxicity studies of Schiff bases[2-
(2,2-diphenylethylimino)methyl phenols]anchored silver nanoparticles, Dig.J.Nat.Biostr.,
2012,7,1843-1857.

16. Wigginton, N.S., Titta, A., Piccapietra, F., Dobias, J., Nesatyy, V.J., Suter, M.J.F., Bernier-
Latmani,R.,Binding of silver nanoparticles to bacterial proteins dependson surface modificationsand
inhibits enzymatic activity, Environ SciTechnol, 2010, 44:2163–2168.

17. Dal Lago, V., De Oliveira, L.F., De Almeida Gonçalves, K., Kobarg, J., Cardoso, M.B., Size-selective
silver nanoparticles: future of biomedical devices withenhanced bactericidal properties,J Mater Chem,
2011, 21:12267–12273.

18. Kasten, F.H., The Chemistry of Schiff’s reagent,Int Rev Cytol,1960,10,1-100.
19. EilaPelttari, EliisaKarhumäki, Jane Langshaw, HannuPeräkylä, HannuElo,Antimicrobial Properties of

Substituted Salicylaldehydes and Related Compounds, Verlag der Zeitschriftfür Naturforschung,
2007,0939D5075-0700D0487.

20. Raafat, M.,Issa, Abdalla, M. Khedr, Helen Rizk, 1H NMR, IR and UV/VIS Spectroscopic Studies of
Some Schiff Bases Derived From 2-Aminobenzothiazole and 2-Amino-3-hydroxypyridine, J. Chin.
Chem. Soc., 2008, 55, 875-884.

21. Nnemeka,I.,Sule,M., Friday,A.,Philbus, D.,Godwin,E.,Shola,O.,Moses,O.,Rufus,S., Rapid Synthesis of
Silver Nano Particles Capped In Starch and its Anti - Moldactivity,I.j.Sc.In.Res, 2014,9,16-25.

22. El-Rafie,M. H.,Hanan, B., Ahmed, Zahran,M.K.,Facile Precursor for Synthesis of Silver Nanoparticles
UsingAlkali Treated Maize Starch,International Scholarly Research Notices, 2014, 702396, 12.

*****


