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The antibacterial activity of silver (Ag) nanoparticles 
is well established and various researchers have provi-
ded different explanations for the same. We have 
tested the activity of similar-sized anisotropic Ag  
nanocrystals. Silver nanocubes and nanohexagons 
were prepared and their antibacterial activity was 
tested against a few bacteria such as Bacillus cereus, 
Escherichia coli, Salmonella typhi, Staphylococcus epi-
dermidis, Klebsiella pneumonia, Vibrio parahaemolyti-
cus and Pseudomonas aeruginosa. It was found that 
the two shapes were active against all these bacteria. 
However, the plot of cell density of different bacterial 
pathogens against the concentration of silver nano-
crystals was found to be different for these two 
shapes. Moreover, half maximal inhibitory concentra-
tion value and minimum bactericidal concentration 
value were also different for the two shapes. XRD 
analysis showed that both the nanocrystals were crys-
talline in nature, but their crystallographic orienta-
tion was different. So, it can be inferred from this 
study that some crystallographic planes are probably 
more active towards reaction with different bacterial 
compositions and hence, responsible for stronger  
antibacterial activity. 

 
Keywords: Antibacterial activity, anisotropic silver  
nanocrystals, crystallographic planes, half maximal inhi-
bitory concentration, minimum bacterial concentration. 
 
NOWADAYS, nanomaterials have become important in the 
fast-developing field of nanomedicine. Therefore, know-
ledge of the properties of nanoparticles and their effect on 
different microbes is essential for different clinical appli-
cation purposes. Due to their unique physico-chemical 
properties, silver nanoparticles (AgNPs) have recently 
gained considerable attention among researchers1�3. 
AgNPs show high surface reactivity with greater versati-
lity for technological applications, especially in the field 
of nano-biotechnology. Nonspherical nanoparticles such 
as hexagons, cubes, triangles, prisms and several types of 

silver nanocrystals exhibit many important properties, 
which makes them useful in sensing and imaging, bio-
medical labelling, photonics and plasmonics among other 
applications, including medical purposes4�8. 
 Antibiotic resistance is a major problem nowadays  
in medical science and hence, has received considerable  
attention. Nanotechnology offers several nanomaterials 
which can be used as nanomedicine; these nanomaterials 
show better results compared to their respective bulk 
counterpart. In healthcare, AgNPs are being widely used 
in nanomedicine, with an annual production of more than 
500 tonnes worldwide9�13. 
 Many researchers have reported that silver nanocrystals 
show better antimicrobial activity against multidrug resis-
tant pathogenic microorganisms. Hence, these have been 
used in different medical devices2�3,14, and also in differ-
ent consumer products such as filters, food containers and 
textiles15�17. It is also reported that these nanocrystals 
show little cytotoxicity18�20, but mechanisms of this toxi-
city need further studies. 
 Recently, AgNPs have been tested against bacteria of 
Gram-positive as well as Gram-negative type by various 
researchers and found to be non-toxic at low concentra-
tion levels. AgNPs also show inhibition of bacterial 
growth at very low concentration compared to that of  
antibiotics, with no report of side effects as of now21�24. 
 Interestingly, like size effect on many unique proper-
ties of silver nanocrystals, its antimicrobial activity has 
also been reported to be dependent on size25�28. Neverthe-
less, research on shape-dependent antibacterial activity is 
on-going. 
 With the aim to study of shape effect on antibacterial 
activity, we prepared silver nanohexagons and silver  
nanocubes of almost the same size, which were tested for 
their antibacterial activity against seven different types of 
bacteria. The study showed that antibacterial activity of 
silver nanocrystals was shape-dependent. Many research-
ers have reported that anisotropic shapes play a major 
role in biocidal activity. Pal et al.29 reported that silver 
nanocrystals of truncated triangular shape showed  
much better antibacterial efficiency than spherical and  
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Abstract

Recently, different nanocrystals have been reported to be the alternative,

optimistic, and novel antimicrobial agent against the many antibiotic‐resistant
bacteria. Here, ligand‐free CdS and Ag‐doped CdS (Ag/CdS) nanocrystals have

been synthesized by chemical methods for the study of the antimicrobial

activity on Escherichia coli and Staphylococcus aureus by Kirby–Bauer diffusion
method to see the effect against Gram‐positive and Gram‐negative bacteria.

These prepared nanocrystals have been characterized by transmission electron

microscopy (TEM), scanning electron microscopy (SEM), and X‐ray diffraction
(XRD). TEM and SEM images confirm the spherical morphology of both the

sample and the respective XRD patterns indicate polycrystalline nature having

a cubic zinc blende structure. Antibacterial activities have been tested with

CdS and Ag/CdS, considering concentrations ranging from 10 to 200 μg/ml.

After 24 h of incubation, the zone of inhibition (ZOI) is measured for each

concentration, which shows that both the nanocrystals are ineffective against

E. coli but much effective against S. aureus at this low concentration range.

Furthermore, Ag/CdS nanocrystals have been found to show much more ZOI

than CdS. Differences in the antibacterial activity can be due to the presence of

different cell wall in E. coli and S. aureus.

KEYWORD S

Ag/CdS nanocrystals, antimicrobial activity, ligand free, TEM, zone of inhibition

1 | INTRODUCTION

Group II–VI semiconductor nanocrystals recently have
attracted considerable attention owing to their unique
size‐dependent optical and electrical properties resulting
from their quantum confinement effect. Their properties
can be tuned finely by doping with different suitable
material, for important technological purposes including
antibacterial activity [1‐3]. Nowadays researchers started

using different nanomaterials as an antibacterial agent
because microorganisms show multiple drug resistance,
which has become a critical issue in the field of medical
science [4‐6], and hence, considerable attention has been
given to the utilization of nanomaterials as an anti-
bacterial agent. Because of their high surface to volume
ratio and their unique chemical and physical properties,
different nanocrystals are coming up as a very good
antibacterial agent [7]. These antimicrobial properties of

Abbreviation: Ag/CdS, Ag‐doped CdS.
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      NATIONAL MISSION ON HIMALAYAN STUDIES (NMHS)
G.B. Pant National Institute of Himalayan Environment (NIHE)

                         Kosi-Katarmal, Almora - 263643, Uttarakhand, India

Ref. No.: GBPNI/NMHS-2020-21/MG/                 Date: 26.06.2020

To,
Er. Vaibhav E. Gosavi
Scientist-C
G.B. Pant National Institute of Himalayan Environment (GBPNIHE)
Kosi-Katarmal, Almora, Uttarakhand-263643

Subject: Approval of the Medium Grant (MG) for the project entitled "Spring Rejuvenation for Water 
Security in Himalaya"

Sir,

I am directed to convey the approval of the Competent Authority for the above-mentioned project at 

a total cost of Rs.4,99,90,911/-(Rupees Four Crore Ninety Nine Lakh Ninety Thousand Nine 
Hundred Eleven Only) for a period of three years, as per the break-up given below:-

Head 1st year
(in Rs.)

2nd year
(in Rs.)

3rd year
(in Rs.)

Total grant

A. Recurring
(i) Salary: 01 JRF @ Rs.31,000/- + HRA @ 8% 

per month for first two years and 

Rs.35,000/- + HRA @ 8% for third year. 12 

JPF/ Project Assistant @ Rs.20,000/-+ HRA 

@ 8% or minimum Rs.1,800/- per month 

for for first two years and Rs. 23,000/- + 

HRA @ 8% per month for third years. 01 

Field Assistant @ Rs.12,000/- fix per month 

for three years.

3684960.00 3684960.00 4174560.00 11544480.00

(ii) Travel(Domestic): 1000000.00 980000.00 760000.00 2740000.00
(iii)Contingency: 810000.00 790000.00 520000.00 2120000.00
(iv)Consumable: 740000.00 740000.00 625000.00 2105000.00
(v) Activities & other project cost: 

Plantation works-78 (ha), Maintenance of 

plants,  Contour Trenching-12985 nos, 

Recharge pits-383 nos, Impervious check 

dams-455 nos, R.R. Dry Check dams-780 

nos, Vegetation check dams-2600 nos, 

Mud/ Stone builds/gully plugging-325 nos, 

Conical ponds-104 nos, Barbed wire 

fencing-65000 Meters, Upstream Water 

storage tank-13 nos, Downstream surplus 

water storage tank- 13 nos, Survey cost, 

Awareness programme, watch & ward and 

others and Meetings and Workshops- 13 

nos., field monitoring etc.

10747044.00 10747044.00 3259343.00 24753431.00

B. Non Recurring
(i) Equipment: Rain Gauges-36 nos Rs.10.80 

lakh, Soil Moisture Sensors-36 nos Rs.43.38 

Lakh, Water Level Recorder-12 nos 

Rs.12.00 Lakh, Laptop/ desktop-1 nos 0.80 

6728000.00 0.00 0.00 6728000.00













 

MAULANA ABUL KALAM AZAD UNIVERSITY OF TECHNOLOGY, WEST BENGAL 
(Formerly WEST BENGAL UNIVERSITY OF TECHNOLOGY) 

Main Campus: NH 12, Haringhata, Post Office - Simhat, Police Station – Haringhata, Pin - 741249 

City Campus: BF-142, Sector -I, Salt Lake, Kolkata -700 064 
 

No.2.12.14/Regis./MTG(SRC)/2020                                                       Dated: 15.12.2020 

To, 

Dr. Shaon Ray Chaudhuri, 
Associate Professor, Department of Microbiology, 

Tripura University, Suryamaninagar, Agartala, Tripura, Agartala, Pin: 799022.  

 

Dear Madam, 
 

With reference to your email addressed to Hon’ble Vice-Chancellor, I am pleased  to inform you that your 

proposal for collaborative work between Microbial Technology Group (Tripura University) and 
COEETM (Centre of Excellence in Environmental Technology and Management” of MAKAUT, WB has 

been accepted by the Competent Authority for implementation with respect to working on treatment at the 

Sewerage Treatment Plant (STP) developed at the Haringhata Campus of the university for nutrient 

removal (ammonia and nitrate).For expediting the work on the proposal floated by you, a Task Force has 
been constituted in the manner as noted below: 

 

1. Dr. Indranil Mukherjee - Convenor 

2. Dr. Ananta Das 

3. Dr. ChabitaSaha 

4. Dr. SharadinduChakrabarty  

5. Dr. Shaon Roy Chaudhuri  
 

You are requested to proceed for implementation of your proposal in coordination with the Task Force 
constituted. The working of the Task Force shall be with immediate effect from the date of issuance of 

this letter. 

 
Thanking you, 

 

With regards, 

 

 
Dr. ParthaPratimLahiri, 
Registrar, MAKAUT, WB.   
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a b s t r a c t

The interaction of 120 MeV Ag7þ swift ions with the chemically prepared cadmium selenide nanocrystals
have been studied in this work through XRD data analysis. Atomic force microscopic study provides the
information that with SHI irradiation, average grain size increases and surface modification takes place.
Thermal spike model gives an idea about the changes in the lattice structure due to SHI irradiation,
which induces lattice geometry reorientation. Such changes in lattice geometry result in modification of
band structure as well as density of states of the bands and therefore modification in the band gap of the
prepared sample takes place. Theoretical study of the band gap tuning has been performed using first
principles based on Quantum espresso Code through PBE þ U analysis, which supports the results as
obtained from experimental diffuse reflectance spectra and Photoluminescence spectral study. Hence,
both the experimental and theoretical study confirm the band gap engineering of CdSe nanocrystals
through SHI irradiation.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Semiconductor nanocrystals of Gr II-VI in the size range of
1e100 nm possess attractive luminescence properties, which are
application for different optoelectronics devices [1]. Among
them, cadmium selenide is one of the important semiconductor
nanocrystals for its versatile applications [2]. These luminescent
properties along with other properties can be modified through
either doping with suitable dopant [3] or through irradiation of
swift heavy ions (SHI), which is found to have the additional
advantage of surface modification of the sample [4]. Swift heavy
ion (SHI) irradiation method has been used widely in recent
times as SHI can induce changes in the material properties at the
atomic level through electron-lattice interaction and that de-
pends on the specification of the heavy ion [5]. Such SHI irradi-
ation results in formation of cylindrical ion tracks due to the
transfer of energy to the lattice structure, which effects the lat-
tice geometry of the sample [6]. Thermal spike model theoreti-
cally explains this phenomenon of ion track formation with

modification in the lattice geometry [7]. Depending on the
specification of the heavy ion, overlapping of ion tracks takes
place, which induces different point defects, defect states, color
centers in the material [8].

SHI has been found to be the most effective against modifi-
cation of the properties of semiconductor nanocrystals, as many
authors reported the change of band gap, specially of Gr II-VI
semiconductor nanocrystals [9]. Among this group, SHI irradia-
tion effect on CdSe nanocrystal has been studied by only a few
authors that are related to the changes in the structural, optical
and electrical properties [10]. CdSe exhibits a direct bandgap of
1.74 eV with exciton Bohr radius of 6 nm, which results in better
carrier mobility. Therefore, CdSe nanocrystals are of great inter-
est for using it in different luminescence devices especially in
LED. Further, SHI irradiation can tune the optical band gap with
significant change in the density of charge carriers for suitable
purposes, so irradiated sample can be application for better
application purposes. Recently, Choudhary et al. [4] has reported
about the decrement in the optical gap with the ion irradiation of
Ag9þ heavy ions. Singh et al. [10] has also studied the effect of
Ni7þ ions irradiation on the structural and electrical properties of
CdSe. Thus, SHI interaction can be utilized in band gap* Corresponding author.

E-mail address: dasratanphy@gmail.com (R. Das).
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