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Aqueous phase one-pot green synthesis of SnSe nanosheets in protein matrix: negligible
cytotoxicity and room temperature emission in the visible region
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We report a rapid, facile, reproducible, and purely green methodology for the synthesis of SnSe
nanosheets in aqueous solution mediated by protein (Bovine serum albumin, BSA). Cyclic
voltammetry studies indicate better thermodynamic feasibility for the reduction of SnSe, while

the cytotoxicity studies revealed no toxic effects up to a concentration of 100 pM.
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Abstract

In the recent times, SnSe has attracted considerable attention as an environment friendly
alternative to cadmium- and lead-based photovoltaic materials. Herein, we report a rapid, facile,
reproducible, and purely green method for the synthesis of SnSe nanosheets (NS) in aqueous
solution of Bovine serum albumin (BSA). Interestingly, BSA itself acted as a reducing agent, as
a stabilizing agent and a shape directing template. The time dependent TEM imaging showed the
self-assembling of the nanoparticles (NPs) into single crystalline NS. A probable mechanism
has been proposed on the basis of the alteration of intrinsic a-helix structure of BSA to -pleated
sheets at the pH (~ 3.0) of the reaction mixture. This directs the self-assembling of small SnSe
NPs to NS like structure. It was further evident that the -NH and the -S-S- linkages in the protein
are involved in the functionalization of the NPs. As grown SnSe nanomaterial was found to
display room temperature photoluminescence (PL), which has been rarely reported. The PL
spectra appeared to be the convolution of two bands at 425 and 470 nm, which were attributed to
the band-gap and trap/surface state emission, respectively. Moreover, the reduction potential
values obtained from the cyclic voltammetry indicate better thermodynamic feasibility for the
reduction of SnSe while, the cytotoxicity studies revealed no toxic effects up to a concentration
of 100 uM. This signifies the potential application of these nanomaterials in photovoltaics and

biomedical context.
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1. Introduction

During the last two decades, nanomaterials and quantum dots (QDs) of diverse metal
chalcogenides such as CdSe, CdS, CdTe, ZnSe, and PbSe with varying morphologies have been
prepared extensively owing to their tremendous optoelectronic applications.'” However, in the
recent times, the focus has been shifted towards developing Cd and Pb free (due to their highly
toxic nature) chalcogenide compounds.® The quest for low toxic, cost-effective, and efficient
photovoltaic materials continues to fuel new research in the field of semiconductor nanocrystals
synthesis.

Recently, tin(Il) selenide (SnSe) has garnered interest as an environmentally benign material
with potential applications in solar cells”'® memory switching devices,'' holographic recording
systems, infra-red, and other energy storage devices such as lithium ion batteries.'> The recent
report by Zhao et al.” illustrates ultralow thermal conductivity and high thermoelectric behavior
of SnSe that makes it promising material for efficient conversion of waste heat into electrical
energy. Basically, SnSe belongs to a family of IV-VI semiconductors and has an indirect band
gap of 0.90 eV and a direct band gap of 1.30 eV in bulk phase.’ This reflects a good overlap of
its band gap with that of the solar spectrum. SnSe has a layered GeS-type crystal structure that
facilitates two-dimensional (2D) anisotropic growth."* The research on 2D semiconductor
nanostructures has also been the topic of recent interest. In spite of the impending role in future
technologies, tin selenides has not received much attention compared to other chalcogenides.
Therefore, SnSe being the newly emerging field of research interest, the integration of synthetic
strategies with green chemistry would lead to greater dimensions to its applications.

Of course, significant amount of work have been reported on the novel synthesis of SnSe, but

majority of these processes are very tedious, and involve stringent experimental conditions i.e.

Page 4 of 25



Page 5 of 25

RSC Advances

15-19
use of electron

high temperature and toxic organic solvents like phosphines, oleylamine,
beam radiation® and laser induced reaction.”' The solid state route? requires a CVD furnace
setup for synthesis. However, one step, room temperature green synthesis of SnSe nanomaterials
in aqueous medium has rarely been reported till date.

Herein, we have employed protein (Bovine serum albumin, BSA) milieu as a soft template for
the synthesis of SnSe nanosheets in aqueous solution. No external reducing agent was employed
and the reaction was carried out at purely ambient conditions. The composition and the structural
role of the BSA in directing the self-assembly of the initially produced nanoparticles into single
crystalline nanosheets has been explained. The as grown SnSe nanosheets displayed room
temperature PL, which was found to be the convolution of band gap as well as surface/trap state
emission. The potential application of as grown nanomaterials in photovoltaics (Li-ion battery)
was explored by carrying out the Cyclic Voltammetry (CV) studies. The reduction potential
values obtained indicate better thermodynamic feasibility for the reduction of SnSe, which has
been attributed to the intercalation of Li ions within the SnSe lattice. Apart from this,
Cytotoxicity studies of the nanomaterials was also carried out, which revealed negligible toxicity
up to a concentration of 100 uM. The as employed protocol for the synthesis of SnSe
nanomaterials aligns with the increasing emphasis on the topic of green chemistry, and further

enhancing the possibility of unique and exciting applications of these nanomaterials, as discussed

in the text.
2. Experimental

2.1. Chemicals
High purity chemicals i.e. Tin (II) chloride dihydrate (SnCl,.2H,0), Sodium sulfite (Na;SO3),
Selenium (Se) powder, Bovine serum albumin (BSA) were obtained from Sigma-Aldrich and

4



RSC Advances

used as received. The reagents such as hydrochloric acid (HCl) and ethanol, used for preparation
of Sn precursor and washing the precipitates were purchased with highest purity available from
sdfine chemicals, Mumbai. Nanopure water (conductivity 0.06 pS cm™) used in the preparation
of precursor solutions and washing purposes was obtained from millipore water purifying

system.
2.2. Synthesis

The precursor solution of tin was prepared by drop wise addition of concentrated HCI to the
aqueous solution of SnCl,.2H,0O (10 mM), until the white precipitates of Sn(OH)CI dissolves.
The precursor solution of Sn was called as solution A. Essentially, SnCl,.2H,O forms an
insoluble basic salt (Sn(OH)CI) in aqueous solution. Therefore, to prepare a clear solution of
SnCl,, HCl solution is added to maintain the equilibrium towards the left-hand of the equation
(D).

SnCly(aq) + H,O(1) = Sn(OH)CI(s) + HCI(I) (1)
The procedure for preparing the stock precursor solution of Se i.e. Sodium selenosulphate
(Na,SeSO;) has been described elsewhere.” ** The precursor solution of Se was named as
solution B, and its concentration was adjusted to make it equivalent to that of solution A. In the
preceding process, solution A was added to 30 uM BSA (prepared in nanopure water; pH~7.0)
with continuous stirring and the resultant solution was labeled as C. On mixing solution B to
solution C with continuous stirring, the color of the resulting solution turned to greenish yellow.
In this procedure, equimolar concentration of both the precursors was used. This final solution
was labeled as D. The precipitates for morphological characterization were obtained by
centrifugation of the solution D at 9000 rotations per minute. The obtained precipitates were

washed thrice with nanopure water followed by ethanol and acetone. Subsequently, the

5
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precipitates were dried under vacuum to obtain a yellow powder. It is to be emphasized here that

no pre-requisites i.e. heating or inert atmosphere was involved in the above synthetic process.
2.3. Characterization

Optical absorption measurements were carried out by using a JASCO V-650 absorption
spectrophotometer. Steady-state PL measurements were carried out at room temperature by using
a Hitachi F-4500 spectrofluorimeter. X-ray diffraction (XRD) measurements were recorded on a
Phillips X-ray diffractometer, model PW 1710 system, using a monochromatic Cu Ka source (A
= 1.54 A). The instrument was well calibrated using standard samples before any measurements.
The electron diffraction and transmission electron microscopic (TEM) images were acquired on
a TEM, Philips model number CM200 with operating voltages 20-200 kV and resolution: 2.4 A.
HRTEM measurements were carried out on model number FEI, TECNAI-F30. Samples for TEM
measurements were prepared by re-dispersing the as obtained precipitates in ethanol and
depositing a drop of as prepared sol on thin carbon coated copper grid and the solvent was
allowed to evaporate. Surface and morphological characterization of as obtained nanomaterials
were carried out on JEOL JSM-T330 Scanning Electron Microscope (SEM). The FTIR spectra
were recorded using a diamond single reflectance ATR probe in an IR Affinity-1 FTIR
spectrometer. The X-ray photoelectron spectroscopy (XPS) of the nanomaterials was carried out
using Mg K, (1253.6 e¢V) source and a MAC-2 electron analyzer. The XPS-analysis chamber has
a base vacuum of 10~ mbar. The XPS binding energy scale was calibrated to C-Is line at
284.5 eV.

PL lifetime measurements were carried out by using a time correlated single photon counting

(TCSPC) instrument (model: IBH, UK). The instrument response function (IRF) of the setup was
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measured by collecting the scattered light from a TiO, suspension in water. The samples were
excited by a diode laser of output wavelength, 374 nm with an IRF of less than 200 ps.

The conformation changes in the protein structure were determined by circular dichroism
(CD) spectroscopy using a BioLogic spectrometer (France, model no. MOS-500), fitted with a
xenon lamp. A cell with a path length of 10 mm was used. Each spectrum was obtained after an
average of three scans.

The Cyclic voltammetric (CV) experiments were carried out using a potentistat-galvanostat
(Bio-Logic Science Instruments, France). A three-electrode cell was used, where a glassy carbon
(diameter ~ 3 mm) and a Pt wire served as the working electrode and counter electrode,
respectively. Ag/AgCl, KCl (3M) was used as the reference electrode. Tetraethyl ammonium
tetrafluroborate (TEABF,) dissolved in 0.1 M acetonitrile was used as the supporting electrolyte.
The as prepared nanomaterials were washed thoroughly with acetone before the experiments. 5pl
of the nanomaterials (re-dispersed in acetone) containing solution (concentration ~ 13.6 mg/ml)
was drop-cast on the glassy carbon electrode to completely cover it up, and allowed to dry in
vacuum oven for 10 minutes. Before the experiments, the electrolyte solution was continuously
purged with high purity nitrogen for 15 minutes. In the experiments, the scan rate was fixed at 50
mV/s.

Cytotoxicity studies were carried out in Chinese hamster ovary (CHO) cells, suspended in
Dulbecco’s modified Eagle’s medium (DMEM) with 10% fetal calf serum were seeded in 96
well plate at a density of 2 x 10° cells/well and incubated at 37°C in 5% CO, humidified
atmosphere. After the cells attachment (12-16 hours), they were treated with increasing
concentrations of test compounds for 24 hours, and cell viability was determined by a

colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay as
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described previously.”” In brief, MTT solution (0.5 mg/ml in Phosphate-buffered saline) was
added to each well, and incubated for 4 hours at 37°C. The blue formazan crystals formed were
dissolved in solubilization buffer (10% SDS (sodium dodecyl sulphate) in 0.01 N HCI) and

detected by absorbance measurement at 570 nm. Cell viability was expressed as percentage (%)

viability compared to the control (100%).

3. Results and Discussion

As already mentioned in the experimental section, the color of the resulting solution (on
mixing precursor solutions) turned to greenish yellow. Fig.1 illustrates the emergence of
excitonic absorption at ~ 350 nm, indicating the formation of tin selenide nanoparticles. The

camera ready picture showing the greenish yellow solution of tin selenide nanoparticles has been

provided in the inset of Fig.1.
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Fig.1. UV-Vis absorption spectra of tin selenide nanoparticles. Inset: Picture showing the

greenish yellow solution of as synthesized colloidal nanoparticles.

The direct and indirect band gap values were determined from the Tauc plots (Fig.S1 & S2)
and obtained as 3.18 and 2.68 eV, respectively. Large blue shift (with respect to the bulk band
gap values of 0.90 (indirect) and 1.30 eV (direct)) in the excitonic peak position clearly indicates
that the as grown nanoparticles belong to the strong confinement regime. The direct band gap
value of the nanoparticles obtained in the present work is comparable to the band gap value of
3.89 eV for the SnSe QDs synthesized by electron beam radiation, as reported by Li et al.?® Of
late, Ling et al.*® also obtained large direct and indirect band gap values of 2.78 and 2.27 eV,
respectively for the SnSe QDs synthesized by an interfacial chemical route.

To determine the chemical form of tin selenide (i.e. either SnSe or SnSe;), the nanoparticles
were extracted in powder form (as discussed in the experimental section) and characterization
studies were conducted thereafter. The XRD of as obtained precipitates (picture shown in the
inset of Fig.2a) have been shown in Fig.2a. The diffraction pattern of the nanoparticles was
found to be in good agreement with the standard JCPDS card no. 32-1382, corresponding to the
orthorhombic phase of SnSe. The diffraction peaks have been designated to their respective
lattice planes (400) and (800)."> *”» ?® The sharp pointed peaks in XRD signify the highly
crystalline nature of the nanomaterial. The HRTEM image has been provided in Fig.2b, where
lattice fringes could be clearly seen. The measured interplanar distance, d = 0.30 nm closely
matches with the standard ‘d’ value of 0.305 nm for lattice plane (011) of orthorhombic phase of
SnSe. In analogy with the XRD, XPS of the nanoparticles further substantiated the formation of
SnSe. Fig.2¢c represents the core level XPS spectra of Sn and Se. The 3ds,, and 3d3,, peaks for Sn

appeared at 486.2 eV and 494.7 eV, respectively, which is an evidence of the presence of (+2)
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oxidation state of Sn in the nanomaterial. Moreover, a little higher binding energy of 486.5 eV
and above corresponds to Sn(+4) state.”*>' The 3ds, and 3ds, peaks for Se appeared at 53.8 eV
and 54.7 eV, respectively. These binding energy values for 3d electronic states of Sn and Se

correspond to SnSe stoichiometry.** **
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Fig.2. (a) XRD spectrum for SnSe nanomaterials corresponding to JCPDS card no. 32-1382.
Inset shows the picture of SnSe nanomaterials extracted in the powder form; (b) HRTEM image
showing the lattice fringe pattern of the nanomaterials; (c) Core level XPS spectra of Sn 3d and

Se 3d.
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To determine the binding sites of BSA involved in the interaction with the nanoparticles,
FTIR spectra of pure BSA and BSA-SnSe were recorded (see Fig.3). The IR signatures of pure
BSA at 1246, 1391, 1520, 1630 and 3043 cm™ are assigned to the C-N stretching/N-H bending
vibrations of amide III, side chain COO of the protein, N-H bending/C-H stretching vibrations
of amide II, C=0O stretching vibrations of the peptide bond (belongs to amide I) and N-H
stretching vibrations of amide A, respectively.”® The peak at 1630 cm™ corresponds to short
segment chains connecting a-helical segments of BSA.* Also, a peak at ~ 564 cm” was
observed (in case of pure BSA), and could be attributed to the disulfide stretching vibrations.*®
The strong resemblance of the FTIR spectra of pure BSA with the BSA-SnSe categorically
indicates towards the significant coating of the former on the surface of the nanoparticles.
Further, a red shift of ~ 28 cm™ and 46 cm™ was observed in the disulphide peak (from 564 to
536 cm™) and bending vibrations of amide III (from 1246 to 1200 cm™), respectively in the FTIR
spectrum of BSA-SnSe as compared to that of pure BSA. On the other hand, a blue shift of 27
cm” (from 3043 to 3070 cm™) and 4 cm™ (from 1520 to 1524 cm™) was noticed in the N-H
stretching vibrations of amide A and N-H bending vibration of amide II of BSA in the presence
of SnSe nanoparticles. These shifts clearly indicate the involvement of —NH and disulfide

linkages in the binding interactions of the protein with the nanoparticles.

11
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Fig.3. FTIR spectra of (a) Pure BSA (b) BSA-SnSe.
Apart from this, the conformational changes in the intrinsic structure of protein (in the presence
of SnSe) are evident from the CD spectral analysis (discussed later).
To determine the influence of such structural perturbations on the morphology of as grown
nanoparticles, TEM images were recorded. Fig.4 represents the TEM images of SnSe

nanoparticles at different time intervals.
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(b)

S0 nm

Fig.4. TEM images showing the (a) self-assembling of primary nanoparticles (image recorded
within 5 minutes of the reaction); (b) formation of sheet like nanostructures (image recorded
after ~ 20 minutes of the reaction); (c) nanosheets of SnSe (bar dimensions = 200 nm) (image
recorded after ~ 2 hours of the reaction); (d) SAED pattern indicating the single crystalline
nature of the nanosheets of SnSe.

Interestingly, it can be observed that the primary nanoparticles formed at the initial stages of
the reaction (Fig.4a & b) were found to self-assemble into a combination of 2D square and
rectangular sheet-like nanostructures (Fig.4c). Some more TEM images showing the formation
of nanosheets has been provided in the supporting information (Fig.S3). SEM measurements of
the as grown nanomaterial were also carried out (shown in Fig.S4), which also confirmed the

formation of sheet like nanostructures. The average length and width of the sheets were found to

13
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be between 100-150 nm. Furthermore, the sheets were single crystalline in nature, as can be seen
from the selected area electron diffraction (SAED) pattern shown in Fig.4d. In general, layered
crystal structures are obtained by using those stabilizing ligands which permit only lateral growth
rather than vertical.'>” The plausible role of protein structure in directing the as obtained self-
assembly of SnSe nanoparticles into 2D structures might be explained as follows. It has been
already mentioned in the experimental section that the precursor of Sn was first added to the
protein solution. At this stage, the pH of the solution was determined to be ~ 3.0. It is a well
reported fact that BSA conformation is more open and expanded at lower pH values leading to

the access of more disulfide bonds.***

Further, the impairment or break down of the hydrogen
bonds eventually results into the transformation of a-helix into p-sheet structure of BSA.*' This
was further substantiated by the CD spectral studies, wherein the negative band at ~ 222 nm
characterizing the a-helix structure of protein*' was shifted to ~ 218 nm on adding the precursor
solution of Sn (having pH ~ 3.0) (see Fig.S2). This peak at ~ 218 nm signifies the formation of
B-pleated sheet structure.*’ The CD spectrum of the BSA solution having pH=3.0 was similar to
the solution containing BSA+Sn precursor solution. Subsequently, the addition of the Se
precursor (Na,SeSO;) turned the color of the resulting solution to greenish yellow. At this stage,
the primary SnSe nanoparticles formed undergo self-assembling, as was observed from Fig.4a &
b. Apparently, it can be anticipated that the 3-sheet structure of BSA is most probably acting as a
shape directing template for the self-orientation of primary nanoparticles into as obtained 2D
sheet-like nanostructures.

Another important observation is the room temperature PL displayed by as grown SnSe

nanosheets (shown in Fig.5a), which has been reported by few researchers.””** The PL appeared

to be the convolution of two bands i.e. Band-I at ~ 425 nm and Band-II at ~ 470 nm. These bands
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were found to be independent of excitation wavelengths and assigned to be originated from
band-gap (BGPL) and trap/surface state emssion (TSPL). The Band-I was attributed to the
BGPL due to its close proximity from the excitonic peak position, while Band-II appeared to
represent was TSPL due to its large stokes shift relative to the excitonic absorption peak. To
further confirm their origins, time resolved PL decay studies (shown in Fig.5b) were conducted

at two emission wavelengths i.e. 420 and 470 nm.
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Fig.5. (a) Room temperature PL spectra; (b) Time resolved PL decay curve (Aexe = 374 nm) of
SnSe nanosheets at two emission wavelengths (420 and 470 nm).
The PL decay curves exhibited multi-exponential (tri-exponential) behavior, which were
analyzed and fitted using equation (1):
I[(t) = ale_t/fl + aze_t/fz + a3e_t/f3 (1)
Where, I (t) is the time-dependent emission intensity, ‘a’ is the amplitude, and t is the lifetime.

The average PL lifetime (<t>) values were deduced using equation (2):

T1 a1+ Ty a2+ T3z as

<T>= @)
a1+ a2+ as
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Such multi-exponential behavior of the binary semiconductor nanoparticles is widely known and

45 In general, most of these reports generally

has been reported by various researchers earlier.
attribute such behavior to the diverse recombination paths owing to the varying degree of size,
shape, surface defects/energy traps between the individual nanocrystals. Still, the origin and the
explanation for this multi-exponential emission dynamics are not very clear and is currently a
subject of debate. Nevertheless, the average lifetime (<t>) (see Table I) obtained by analyzing
and fitting the decay traces at 420 and 470 nm were obtained as 2.1 and 4.0 ns, respectively. The
corresponding * values for the former and the later decay traces are 1.0 and 1.1, respectively. At
large, the shorter life-time is accredited to the band gap excitonic recombination, while the
longer lifetime is attributed to the involvement of surface states in the carrier recombination
process.*® Therefore, these findings confirm our earlier assignments of Band-I and Band-II as
BGPL and TSPL, respectively.

Table I. PL lifetime values of SnSe nanosheets (Aexe = 374 nm) at two emission wavelengths

(hem = 420 & 470 nm)

AemyNM | T1,ns | B1(%) | T2,ns | B2(%) | T3,ns |B3(%)| x> | <t>ns
420 1.04 32 5.57 32 0.095 36 1.0 2.1
470 1.67 41 6.81 44 0.31 15 1.1 ~4.0

The room temperature PL of the SnSe nanosheets has scope for applications in bio-labeling
and bio-imaging.”” Purposefully, the synthesized nanomaterial needs to be biocompatible.
Recently, nanotoxicology has become an important field of research.*® * Several groups have
tried to reduce the level of cytotoxicity of fluorescent QDs like CdSe, which can be used as an

appropriate alternative against organic dyes in bio-labeling.”® It has been shown that BSA

16
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coating render the QDs more biocompatible with reduced cytotoxicity rather than ZnS capping
alone. *° In the present case, the cytotoxicity experiments carried out on CHO cells provided
positive indication (see Fig.6). There was no significant rise in toxicity compared to the control
with the increase in the concentration of SnSe nanosheet colloidal solution. Up to a concentration
of 100 uM, the viability remains almost constant at ~ 90%. This opens up the possibility for the

use of as synthesized nanomaterial in diagnostic and therapeutic purposes.

100+
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Fig.6. Cytotoxic effects of increasing concentrations of the colloidal solution of SnSe nanosheets

in CHO cells as determined by the MTT assay. Values are mean + SEM of three experiments.

The CV of the colloidal solution of SnSe nanosheets was carried out in TEABF-acetonitrile
mixture solution. The onset reduction potential appeared at -0.59 V, as can be envisaged from

Fig.7. To study the effect of Li ions, 0.1 (M) LiBF4 was added to the electrolyte. A large increase

17
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in reduction current was observed indicating that LiBF, facilitates the electron transfer due to
intercalation of Li", as shown in the equation below.
SnSe + 2Li" + 2e = Li,Se + Sn (2)

The reduction potential value was found to shift to -0.45 V in the presence of Li ions due to their
intercalation within the SnSe lattice. At this stage, it is being mentioned here that a reduction
potential of -0.97 and -0.91 V has been reported for SnSe nanosheets and nanoflowers,
respectively, as prepared by using olylamine and 1, 10-phenanthroline at 260 °C.** These values
are higher than -1.06 and -1.4 V reported for SnSe nanocrystals.> ="'

20

—
o
T

o
T

Currrent(pA)

-
o
L

)
(=)
L)

Currrent(pA)
o & A N o N » o

-
=

-3 2 -1 0
1

20 45 40 05 00 05 1.0
Potential (V) vs Ag/Ag’

Fig.7. CV measurements using Ag/Ag" as the reference electrode (a) acetonitrile, TEABF,
electrolyte mixture as blank (b) SnSe deposited on glassy carbon electrode in acetonitrile,

TEABF, electrolyte mixture (¢) 0.1 (M) LiBF4 added to acetonitrile, TEABF4 mixture in the

presence of SnSe.

18



RSC Advances

As compared to previously reported reduction potential values, our present value is higher
thereby, indicating better thermodynamic feasibility for the reduction of SnSe. This demonstrates
that the SnSe prepared using the present method gives better redox characteristics from the point
of view of its application in Li-ion batteries. The material can be thought for use as an anode for

Li-ion battery, after added modifications, which needs further investigation.

4. Conclusions

A purely green methodology was employed for the aqueous phase synthesis of SnSe
nanosheets in the host matrix of BSA. Through time dependent HRTEM imaging, FTIR and
circular dichroism studies, the mechanism behind the formation of SnSe nanosheets has been
proposed. It was revealed that the initially formed SnSe nanoparticles self-assemble into single
crystalline sheets under the influence of B-pleated sheet structure of BSA. Therefore, BSA is
playing three roles simultaneously i.e. as a reducing agent, stabilizing agent and a shape directing
template. The as grown SnSe nanomaterial was found to be photoluminescent and the PL spectra
appeared to be the convolution of band-gap and trap/surface state emission. Cyclic Voltammetry
measurements indicate better thermodynamic feasibility for the reduction of SnSe and thereby,
confer its potential application in lithium ion batteries. Cytotoxicity studies of as grown protein
encapsulated SnSe nanomaterial revealed no toxic effects up to a concentration of 100 puM,
which signifies the advantage of this methodology with a view point of their biomedical

applications.
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