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ABSTRACT

ZnS, Ag-N co-doped and ZnS/Fe,O; composite nanoparticles were synthesized by chemical and sol-gel methods.
As-synthesized nanomaterial have been characterized by XRD and TEM techniques and their antimicrobial effects
were studied by paper disc diffusion technique against gram positive (Staphylococcus aureus aBaleptococcus) as
well as gram negative (Pseudomonas aeruginoaad Escherichia co)i bacteria. Doping of Ag and N into ZnS
showed enhanced antimicrobial activity of ZnS. Synthesized antibiotic material exhibited higher activity against
Gram positive bacteria than Gram negative bacteria. Antimicrobial activity of Ag-N co-doped ZnS was also
compared with the activity of two commercially available antibiotics- Gentamycin and Azithromycin. Compositing
of Fe;,O; with ZnS showed antagonistic effect towards the antimicrobial activity of the later.
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INTRODUCTION

In the recent years, due to the development ofsteains, resistance of some bacteria to commordyg bactericide
antibiotics has increased. Some of the antimicta@gents, being used today, are irritant and ewgit;ttherefore,
there is much interest in finding ways to formulatw types of safe and cost-effective biocidal miale either
natural or synthetic. Nanosize inorganic matenslhsas metals and semiconductors during their iatithaction
can cause denaturation of proteins present in balcteell walls [1]. According to some previous o&fs
antimicrobial formulations in the form of semicomtior nanoparticles could be used as effective baidtal
materials [2-4]. It has, earlier, been reported tlenoparticles of Zinc oxide, calcium oxide andgmasium oxide
possess antibacterial property when tested agsimse Gram positive and Gram negative bacteria][BJ9®, the
simple inorganic substances possessing antimidralot@vity are beneficial as they contain mineralich are
essential for human consumption and may exhibiemotintibacterial action even when administeredrall
amounts as nanocrystals. In the present work, s@sZnS, Ag-N co-doped ZnS, fa and ZnS/Fg); composite
have been prepared by chemical and sol-gel methadscharacterized using XRD and TEM techniques. As-
synthesized nanomaterial has been tested for #mimicrobial activity against gram positiv&dphylococcus
aureus and Streptococcus) and gram negativePéeudomonas aeruginosa and Escherichia coli) bacteria and also
compared with the activity of some commonly usetibastics.

MATERIALSAND METHODS

2.1. Chemicals

Zinc nitrate (Zn(NQ),6H,0, MW=297.47g/mol MERCK); Sodium sulfide (Ma9HO, MW=250.04g/mol,
MERCK); Glucose (gH1,0s, MW=180.16 g/mol SRL), Silver nitrate (AgNOMW=169.87g/mol, MERCK); Urea
(CH4N,O, MW=60.06 g/mol, MERCK); Ferric chloride (FeCIMW=162.21 g/mol, MERCK), Citric Acid
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Monohydrate (GHgO,.H,O, MW=210.14 g/mol, SRL); Oxalic acid {0,;.2H,0, MW= 126, SRL), Nutrient Agar
and Muller-Hinton Agar; Nutrient Broth and Mullerii{on Broth.

2.2. Methods

2.2.1 Synthesis of ZnS Nanoparticles

1.0 M sodium sulfide was added, drop-wise, &C7tb equal volume of 1.0 M Zinc nitrate aqueousisioh with
simultaneous magnetic stirring for 15 hours. To phecipitates thus obtained, 1.0 M glucose soluti@s added
drop-wise. The resultant mixture was incubated0&€ or 6 hours and centrifuged at 2000 rpm for 18utes and
the product was dried at 80 for 4 hours and then crushed to a fine powder [7]

2.2.2 Synthesis of N-doped ZnS
10 gm. of as-synthesized ZnS photo-catalyst and 8Durea was mixed well in an agate mortar. Thetuné was
transferred into a ceramic crucible and calcine¢l08°C for four hrs and then cooled.

2.2.3 Synthesis of Ag-doped ZnS

10 g as-synthesized ZnS and 10 ml 0.2 M AgNQueous solution was mixed in a ceramic crucible mixture
was well agitated with glass rod and the solveratén was evaporated in an oven at 110°C. The goedier was
calcined in a furnace at 400 °C for four hrs arahtbooled to room temperature.

2.2.4 Synthesisof Agand N co-doped ZnS

In a ceramic crucible, 10 g of as- synthesized NedbZnS was mixed with 10 ml of 0.2 M Agh@queous
solution. The liquid was evaporated at 110° C #&eddried powder was calcined in a furnace atD@or 4 hours
and then cooled to room temperature.

2.2.5 Synthesis of Fe,O; Nanoparticles

Using ferric chloride as precursor, nanosizegravas prepared by modified sol-gel method [8]. Fechloride was
dissolved in minimum quantity of distilled watemhd solution was acidified with nitric acid followdxy stirring at
65-70 °C. A mixture of Citric acid and oxalic acid 1:1 ratio, was added to the reaction mixtuith \wimultaneous
stirring for one hour. The gel thus obtained wasdiat 11FC and then calcined at 580 for 4 hrs, cooled to room
temperature and grinded to fine powder.

2.2.6 Synthesis of ZnS/Fe,O; Nanocomposite
In a crucible, 10 gm each of as-synthesized ZnSFa@; was thoroughly mixed and then calcined at’@or
2hrs and then cooled to room temperature.

2.3 Characterization of Synthesized Nanomaterial

2.3.1 X-ray diffraction (XRD) analysis:

For determining the crystallite structure and ifes-synthesized photocatalysts powders, theiayéiffraction
(XRD) pattern were obtained using a diffractomegguipped with a Cu target,Kadiation £=1.5405 A) source.
The measurement was made at room temperature asiederating voltage and the applied current ds\4and 30
MA, respectively, over@range 40 —64°.

2.3.2 Transmission Electron Microscopy (TEM) Analysis:

Transmission electron microscopic (TEM) imagesyottisesized material were obtained at SAIF Punjalyvésaity,
Chandigarh, using accelerating voltage 80 KV andnification 2x10. The photo-catalyst powder was dispersed in
acetone by stirring in a tank for 15 minutes. Amlod the suspension thus obtained was mountedcant@n-coated
copper grid; the solvent was allowed to evaporaftere TEM images were obtained.

2.4 Antimicrobial activity of Nanomaterial

Antimicrobial activity of synthesized nanomaternighs tested against both Gram positi@ahyl ococcus aureus
and Streptococcus) as well as Gram negativeseudomonas aeruginosa and Escherichia coli) bacteria using paper
disc diffusion technique [9]. The test bacteriabsts were streaked on nutrient agar in sterilei Bleth. Using a
micropipette, 10, 20 and 30 pl 5mg/ml of the nantemal, dispersed in water, were impregnated, sg#pbr, on
paper discs, each of 5 mm diameters. The antimikalgtivity of the synthesized nanomaterial waaleated in
terms of magnitude of the measured inhibition zafter incubating at 37C for 24 hrs.
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RESULTSAND DISCUSSION

3.1. XRD Analysis

XRD patterns of as synthesized ZnS, Ag doped Zn8pped ZnS , Ag-N co-doped ZnS,Bg and ZnS-FgO;
composite are exhibited in Figures 1.Diffractiorake at 8= 29.2, 48.3 and 57°3correspond to (101), (110) and
(111) planes of hexagonal wurtzite phase of pur€ 710,11] . In the XRD pattern of Ag-N-co-doped<Ztwo
additional peaks appeared af,33%, 63 and 67 indicates the creation of new crystal phases qrindoAg and N

in ZnS. However, it is difficult to assign the ekgosition (interstitial or substitutional) of Agqxd N in the doped
ZnS. In case of XRD pattern of synthesizedzediffraction peaks at 8 = 24.1, 33.1, 35.6, 40.8, 51.0 54.0, 57.5,
63.9 and 659 correspond to rhombohediafFe203 phase [8]. In the XRD pattern all the diffian peaks of ZnS
and Fe203 are observed indicating the successfubfiion ZnS-Fg0; composite.

The average crystallite size of synthesized mdterae obtained using Debeye—Scherrer formula-
D =(KX) /(B cosb) (3.1)

Where D is the average particle si2ejs wavelength (0.15406 nm) of X-rap;is full width at half-maxima
(FWHM) of diffraction peak of highest intensity afids the incident angle of X-ray; K is the geomefector equal
to 0.94. The average crystallite size of as-sysidesl ZnS, Ag doped ZnS, N doped ZnS , Ag-N co-dapesS,
Fe,0; and ZnS-FgO; composite thus obtained were 2.5 nm, 3.6 nm, 7,2.7 nm, 13.2nm and 45.20nm,
respectively.
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Figure- 1. XRD pattern of as-synthesized material (a) ZnS, (b) Ag-doped ZnS, (c) N-doped Zns, (d) Ag-N-co-doped ZnS, (e) Fe,Osand
(f) ZnS- Fe&;03 composite

3.2. TEM Analysis
TEM images of as-synthesizethS Ag-doped ZnS, N-doped ZnS, Ag-N-deped ZnS, F,O; and of ZnS-FgDs

composite are presented in figuésTheir average particle sizes wdoeind to be 2.4 nm, 3.3 nm, znm, 2.5 nm,
13.0nm and 45.0 nm respeiy. Thesevaluesare in fair agreement with those obtained using X&&hnique
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Figure-2. TEM images of as-synthesized nanoaterial: (a) ZnS, (b) Ag doped ZnS, (c) N doped ZnS, (d) Ag-N co-doped ZnS, (€) Fe;03 and
(f) ZnS-Fe,O; composite.

3.3 Antimicrobial activity
Zones ofinhibition produced by some of the synthesizedtamiic materialare shown in figure3 to 6.

-l ;= 4
o™ 7 Staphylococcus aureus

=HMegatwve control

Figure-3. Zone of inhibition produced by ZnS nanoparticles against Staphylococcus aureus

Zone of inhibition (in mm) of as synthesized nantemals acting as antibiotics against different tbea are
presented in tabl&: It is observed that synthesized nanomateriabacitronger antibiotics against Gram posi
(Staphylococcus aureus and Streptococcus) bacteria than against Gram negatifRse(ldomonas aeruginosa and
Escherichia coli) bacteria. Doping of Ag and N show cumulative efffen improving the antimicrobial activity ¢
ZnS. Order of antimicrobial activity of ~N co-doped ZnS against studied bacteria is:

(Streptococcus) > (Staphylococcus aureus)> (E.coli) > (Pseudomonas aeruginosa).
Among the studied salts as antibiotics,O; shows lowest antimicrobial activity against thed#d bacteria
Further, compositing E®; with ZnS shows antagonistic effect in lowering #&tivity of the later. Minimun

effective dose of each synthesized nanomateriafora®d to be 150ug/n

Syntresized undoped ZnS as well as-N co-doped ZnS exhibit much higher antimicrobial acgivihan the
commercially obtained Gentamycin and Azithromyaititziotics

38
Pelagia Research Library



Mamta Yadav et al

Der Chemica Sinica, 2014, 5(6):34-41

ESE

Figure-4. Zone of inhibition produced by ZnS nanoparticles against Streptococcus
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Figure-5: Zone of inhibition produced by Ag-N co-doped ZnS nanoparticles against Staphylococcus aureus

Table-1. Zone of inhibition (in mm) of different as-synthesized material acting as antibiotic against Gram negative (Pseudomonas
aeruginosa and Escherichia coli) and Gram positive (Staphylococcus aureus and Streptococcus) bacteria

Pseudomonas aeruginosa E.coli Saphylococcus aureus Streptococcus
Antibiotic 50 100 150 50 100 150 50 100 150 50 100 150
pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
ZnS 0 mm 0 mm 10 mn, 8 mm 15mm 19 mm 10 mm 17 m@5 mm | 10 mm 18 mm 24 mn|
Ag-ZnS 0 mm 0 mm 11 mn 8 mm 16 mm 20 mMm 11mm mi®| 26 mm| 11 mm 19 mm 25 mm
N-ZnS 0 mm 0 mm 11 mn, 9 mm 16 mm 20 mm 11mm mad | 26 mm | 12 mm 20 mm 25 mm
Ag-N ZnS 0 mm 5 mm 13mm 10 mn 17mm 22 mm 11 qpm21mm 28mm 12 mm 23 mm 29 mm
FeOs; 0 mm 0 mm 10 mm 5 mm 8 mm 10 mm 0 mm 8 mm miR| 0 mm 8 mm 11 mm
ZnS-Fe0; 0 mm 0 mm 8 mm 5mm 10 mm 15 mm 8 mm 15 mm8 min 9 mm 16 mm 19 mng
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Figure 6: Zone of inhibition produced by Ag-N co-doped ZnS nanoparticles against Streptococcus
CONCLUSION

Nano-size ZnS, Ag-doped ZnS, N-doped ZnS, Ag-N epedl ZnS, F®; and FeO;ZnS composite have been
synthesized by simple chemical methods and chaizetieusing XRD and TEM techniques. Antimicrobiffieets

of synthesized nanomaterial were studied agairmshgrositive §aphyl ococcus aureus and Sreptococcus) as well
as gram negativePéeudomonas aeruginosa and Escherichia coli) bacteria by paper disc diffusion technique.
Doping of Ag and N into ZnS showed cumulative effee enhancing the antimicrobial activity of ZnShdéped as
well as Ag and N co-doped ZnS exhibited highervétgtiagainst Gram positive bacteria than Gram riggat
bacteria. Antimicrobial activity of Ag-N co-dopecthd was also compared with the activity of two conmuiadly
available antibiotics. Gentamycin and Azithromyo@ompositing of Fg€3; with ZnS showed antagonistic effect
towards the antimicrobial activity of the later.
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