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ABSTRACT

This report demonstrates a facile and green fabrication method for the nickel nanoparticles-lysing &s an efficient
protecting agent. The application of green amino acidyéline) enabled formation highly spherical and veidpersed
nanoparticles with average diametetherange of 10 £2.5 nm. UWis spectroscopy was used as a primary tool to elaborately
study andoptimize the necessary experimental condition for the developed synthetic protocol. Fourier transform infrared
spectroscopy (FTIR) was used to confirm the surface protection of Ni NPs-lygnk molecules whereastomic force
microscopy (AFM) and scanning eteon microscopy (SEM)provided morphological and topographical view of the
assynthesized Ni NPs. In additionmsll angle Xray scattering (SAXS) and-Kay diffracion (XRD) were used to evaluate
compositional characteristics of fabricatedykine proected Ni NPs. The esy/nthesized NiINPs demonstrated excellent
catalytic potential when utilized as heterogeneous catalyst for reductimetbflene Blue (MB) in the presence of sodium
borohydride (NaBk). The observed catalytic reaction was determinefltow pseudo first order kinetics with rate constant
(K) and turn over frequency (TOF) determined to be 0.0224 and TOF value of 0.0b4ddpsectively.Copyright © 20%
VBRI Press.
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Introduction

toxins are adequate but suffer the disadvantages like

The recent advancement in nanotechnology has led tQgngihy protocols, inefficient and incomplete removal of
development of highly efficient materials with diverse .;5red toxins 4-5]. Contrary to this, e reductive

applica_tions in multiple field_s such opFics, electronics and degradation of such colored dyes using highly efficient
catalysis[1]. Metal nanoparticles, in this regards are most 5n5size catalyst is a more rapid, simple and economic
widely utilized and discussed materials because of thelr[13_14]. This strategy is not only viable in terms of

unique characteristics which are widely different from their efficiency and costliness but also greener as it provides
bulk counterpartd]. The nanoscale metals such as gold biodegradable remas like aromatic amine, which are

(Au), silver (Ag), nickel (Ni) and qoper (Cu) are most  eqgily and easily degraded by microorganisms. Lagtg.,
widely studleq materlals_ with mugh interest propagating 51 in” 2008 used Pd nanoparticles with good catalytic
towards their catalytic ~potential when used as yrgperties in the degradation of azo dy#s].[ Similarly,
heterogeneous catalysi§][ In particular, heterogeneous pickel nanoparticles obtained by a wet chemical aggn
catalysis of environmental pollutangsof high concern due ;. 4 aqueous medium were employed for the complete
to the associad health and environmental contamination degradation of Congo Red dyd6]. At present, from

threat. The extensive usage of industrially important dyes, yierse variety of metals availablextensiveinterest has

may lead to their accumulation in fresh water aquifers yoan gbserved towards the nickeétal nanoparticles due
which may cause serious health related issues. Variety 0{10 its widespread and efficiénapplication in numerous
approaches like, adsorptiori | biological discoloration §] fields,
and advanced oxidation processes such as the -phot
fenton reactionq] and photo catalytic degradation by UV
irradiation [L0], visible light [11] and microwave discharge
lamps [L1, 12] are well regarded for the removak o
degradationof dyes from wastewatersAlthough, the
presently utilized strategies for remediation of such colored

for instance, microwave radiations absorbing
Osubstance, household batteries and diverse catalytic
applications 17]. There are numerous reports over the
synthesis and atipation of Ni NPs as catalysHowever,
most of theutilized procedte for the synthesis of NiNPs

are either associated with usage of high energy or
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requirement of especial equipment. In this regard, the usagélhe standar@oncentration of tysine (0.1M), NiCl,.6H,0

of simple wetchemical reduction method provides much (0.1M) and NaBH(0.5M) were preparedThe required
greater privilege based on its simpligityw-cost, rapid and  quantities of each standard concentratiogrevpoured in
choice of simple apparatus. In addition to this, the usage of100 mL volumetric flasks and added ultrapure water upto
various ligand molecules as effective protecting agentsmark for the dilution purpose. To maintain the pH of each
provides additional advantage of easy controlling fresh solution of Ni NPs,acidic HCI (0.1M) and basic
dimension, shape, morphology of -@mthesized NaOH (0.1M)reagents were used respectively.
nanoparticles. In ur previous studyKalwar, N. H.,et al.

(2015) explored the catalytic capability of prepared Ni NPs The route for the synthesis of Ni NPs

for the reduction of pesticideJhe report focused on the In distinctive experiment, 0.02 mL (0.1 M) NiGH,O,

usage of Ekserine as protecting agent and its role in e
producing wquIis_persed _an_d highly activBIi_ NPs for \(/)\ig:ia nr:]t(ég'ip':/é) 1I_C|)y?1rlles;21(:ﬂ385 g?jl_dié%ilt'\rﬂaipsﬁamv:ater
degradation of imidacloprid in agueous soluti6h [Thus, at room temperatureThe appearance of mixed solution

keeping in mind th_e eﬁicien_cy of amino acid as protecting becomes black by the additioi mducing(NaBHy). The
agent and catalytic potential of Ni metal at nasuale pH of the solution was 9.5 without using any basic

dimension, thisstudy explores the capability otlisine to compound. To confirnthe maximum reduction of nickel

function as efficient protecting agent for nickel ions the mixed solution was allowed to left for-18min

nanoparticles. The eaynthesizedNi NPs were further s .
studied for their catalytic potential when utilized for the g?ilgévﬁja?gaihe addition of capping agent to generate nano

reductive degradation of MB in aquecarsvironment in the
presence of NaBjtreductantThe determinethigh reaction
rate constant (0.0224%s and turn over frequency (TOF)
(0.00411 3) indicated the extreme catalytic potential of Ni Water solvated ilysine derived Ni NPs were isolatedth
NPs towards target dye. Moreovére study signifying the  the aid of rapid centrifugation process usingV&8/R
non-poisonous characteristic of Ni NPs that can be easily Compactstar CS 4 centrifuge, operated at 6000rpm for
recowered and reprocessed several tideprived oftheir 3 minutes. The solid Ni NPs were settled doimnthe
activity reduction like fresh Ni NPThe synthesis protocol bottom ail little stick on the walls of centrifugation tube,
of Ni NP does not necessitate extended time preparationthen dry with hot air and collected with 99% purity.

energy or distinctapparatus which result in small sized,

regular shapes andignificantly narrower Ni NPs size  FTIR study protocol

distributions.

Nanoparticle separation

L-lysine capped Ni NPs were segregated from the disperse
. solution by placing large amount into petri dishes followed
Experimental by drying at80°Cin automatic hot water bathRurthermore,
Chemicals and reagents drying step was carried out at 100°C in an oven for at least

. . 30min to ratify the complete evaporationof water
The synthesis protocol of naparticle was conceded by olecules.Then dried material from petri dishes surface

means ofanalytical grade chemicals i.e. 97%, NI6H,O 55 collected by scraping the NPs and psses for FTIR
(E. Merck), 99% L:lysine (Fluka), and other reagents like study.

98%, NaBH,98% NaOH and37%HCI (SigmaAldrich).
For reaction medium ultrapure water was consumed inapp study protocol

current study.
In a typical AFM analysis Q0L of aqueous dlysine

Instrumentation derived Ni NPswere dispersed through drop casting
method on glass cover slip and heated at 60°C for 30 min
followed by air drying up tdmin to corroboratehe glass
surface binding of Ni NPs through evaporation of water
moieties.

Fourier Transform Infrared (FTIR) resultswere
attained by overlapping the specioé L-lysine standard
and L-lysine capped Ni NPsising a Vertex 70 (Bruker,
Germany) with Platinum ATR Diamond. Atomic Force
Microscopy (AFM) results wereollected viaNT-MDT,
NTEGRA (Russia) AFM, MFM and Nanoscope IV
controller. The morphological descriptions of Ni NPs Samples of dispersed -liisine derived Ni NPs were
were recorded througmcanning Electron Microscopy mounted on aluminum Sample holder in small quantities
(SEM) EVO LS 10, AEISS (England), taken on (Gold spuater quarter 7 nm), viaethod of dip coating.
Aluminum Sanp|e holder. Energy dispersive -rdy After that vacuum drylng in a Cressington Sputter Coater,

(Analysis) EDX, was completed with Bruker 123 eV Auto 108, in the presence of Arggas for 2min to clean
(Germany). Xray diffraction (XRD) pattern of the surface and to confirthe removal of solvent from

SEM study protocol

dispersedNPs werecollected using a Bruker Adwae surface.
D8 XRD, Ger many ( Cu a source wi t h 1.5406
wavelengths). XRD study protocol

L-lysine derivedsolid state Ni NPs was isolated from
dispergd solution bycentrifuge the sample to get the
products onto glass tubHot air was carried out for drying

process until complete evaporation of the water. As
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prepared Hysine derived solid state Ni NPs were gathered spectra inFig. 1 that, one broad band above 2851 cis

by scraping the apparent nanopaetclfrom glass of  present with no change®rresponding to the existence of
centrifuge tubes and utilized for XRD analysis. stretchiry frequencies ohydroxyl band at 2921 cfhand
Catalytic Potential of L-lysine capped Ni NPs aminoband at 2853 cthexperienced byCOOH and-NH,
groups. This assures the chemical binding of Ni NPs via

The proficiency of newly synthesized Ni NPs in degrading Smino group linkage on the surface of capping agent.

the contaminants in aqueous medium was checked by usin

MB dye as model test contaminanfAccording to AEM stud

procedure, 3.5 mL of 100 uM MB dye with 10 mM NaBH y

reductant solution present in a cuvette was treated with 0.1The formation of well distributelli NPsis shown through

mg of pure Ni NPs, previous adhered to a-weighted their AFM and MFM image scrapped with L-lysine

glass cover slip. Thalecrease in absorbance intensity molecules as representeih Fig. 2(a,b) respectively.

signifying the depwation of organic dyesat maximum Atomic force microscopy is effective amutecise tool to

absorbance of 650 nm and the data was further used foguantitatively measure the particle size and dimensions

kinetic and catalytic parameters. diverse surfacg such as nanosized material adsorbed on
different substrate surfaces.

Results and discussion

In the present experimental findings, we synthesized
L-lysine derived Ni NPs with rough surface having fne
distributions. The proobf fabricatedL-lysine derived Ni
NPs was investigated through FTIR, AFM/MFM, SEM and
XRD/SAXS analysis.

FTIR study

FTIR spectra for LLysine standard and-lysine derived Ni
NPs are presented kfig. 1.

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Fig. 1. (a) FTIR spectra for ELysine standardb) L-lysine capped Ni
NPs.

The above cited spectra offegupportive proof for
nanoparticlegproductionassessed by similar distributions
which revealsthrough their UWis studies and AFM
images.(Fig. 1(a)) illustrated a witterionic band in the ' -
standardL-lysine spectrum at 2162138cm‘which is not (b)
present in Ni NPspectrum(Fig. 1(b)). Two intense and
broad signals appeared at 1572 camd 1401 ci which Fig. 2. (a) Typical medium scale AFM image of Ni NPs (0.5x@n5um)
allocatedfor hydroxyl groups 71, 22]. Analogoussignals ~ (0) MFMimages of ELysine capped Ni NP.5urm0.5um).

have keen observed at 1651¢mand 1382cri by other _ )
workers P3]. The spectral bands lower than The AFM images represent the color changeNiilNPs

1500cn is allotted to bending vibrations of-B due to  Solution, size dispersion, and systematic diagram of the
methylene groups and the other IR wéakd ranging from creation of Ni NPs througprecise interactions. AFM result

1300935 cm' can be ascribed to stefing vibration of ~ €XPosed that the nickel particlgsoducts correspond to
C-N owing to amino groups2f]. It is clarified from both well dispersed and roughed surfadévery individual

standard Hysine as well as dysine capped NNPs L-lysine molecule cdd possibly be attached on the small
nanocomposites surfacaith similar shapes resulting
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structure. The AFM and MFM results were in good 34.45° 44.48° 60.27° and 71.02° indexed to (110), (111),
agreement reveals through their similar nanoscale (200) and (220) crystal planes of FCC structurgs).[
dimensions and size homogeneity. The crystallite si ze was est
SEM study formula over the intense peak indexed to (200) plane of

Ni. The estimateccrystallite size of 8 nm is consistent

with size determined (7 nm) using SAXS analysis shown in

Fig. 4(b).

For the purpose of SEM imging, Ni NPs were drop casted

from aqueous solution and allow evaporating the water.
The SEM micrographs represent the formation of different
morphological structures with precisely ordered 2D

. . 12000
nanospheres/foils geometnadditionally; have smooth
surface hickness ranging from3000 nm.Conversely the
averagethickness is 20 nnthese nanospheres are found
100-200nm in diameter, 60nm was calculated as an average
diameter, and sizeof spherical Ni NPs ranging from — '%%1
5-80 nm, with arobserved 9 nm averagae as presented = ) =
. . . . . < = =
in Fig. 3(a,b) corresponding to low and high resolution = = =
respectively. The presence of nickel was also confirmed by%'
EDX using same samples of Ni NPs. g 8000
E
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Fig. 4. (a) XRD pattern(b) SAXS plot for L-Lysine stabalized Ni NPs.

The catalytic evaluation of the as-synthesized Ni NPs

The catalytic performance of synthesized Ni NPs was
observed by using UW¥is spectroscopy. The MB dye was
used as a standard pollutant as it is broadly used as an
indicator for the estimation of catalytic activity of
nanoparticles. The degradation of MB cde easily
observed using UWis spectroscopy owing to its
absorption peak in the visible regiah 650 nm 31]. The
un-catalyzed reaction was carried to evaluate the capability

1
- A K il ,
; " & . e
b 24 PR I |

EHT = 2000 kv Signal A = SE1 Mag = 30.00 K X
WD = 10.0 mm | Probe = 20 pA

() of reducing agent along with dye. The reaction was
Fig. 3. (a) Low resolution (b) High resolution SEM micrographs of  performed wittNaBH, (10mM) with MB (100u M) , whi ch
L-lysine @pped Ni NPs. showed only small percentage of degradation (up to 8.5%)
after the expense of 20 min time as showrFig. 5(a).
XRD study In contrast catalyzed reaction carried with Ni NPs in a
The crystal structure and phase composition of thesine ~ Similar sample environment showed complete (100%)

derived Ni NPs were carried out by powdered XRD degradation of MB(100u Mjust within 160 s of reaction

analysis as depicted Fig. 4. The XRD pattern shows that time. It was also observed that the reaction rate of MB
L-lysine protected Ni NPs. The XRD peaks of naized degradation with Ni NPs was enhanced 7.5 times with
nickel stowed characteristic peaks with 6 v a | u e10% glegradation efficiency when compared with results

Adv. Mater. Lett. 2016, 7(8), 616-621 Copyright © 2016 VBRI Press



Khaskheli et al.

of the uncatalyzedreactionFig. 5(b). The data was found
to follow first order kinetics given by equation 1; with rate
constant of 0.0224 séas depicted ifFig. 5(c).
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Fig. 5. UV-vis spectral analysis for catalytic reductive degradation of a
MB: (a) Un-catalyzed reaction carried alone with 100 pM NaBH
(b) Catalyzed reaction carried with 100 uM NaBid the presence of a
0.1 mg of Ni NPs(c) Linear regression plot showing psetfitst order

kinetics for the catalyzed reductive degradation of MB with Ni NPs.
NS = ke (1)
C0
- k/s')F [Analyte| (M
TOF = 1 ( ) [ y ]t:O ( ) (2)

[NiNPs](M)

The turn over frequency (TOF) number was also
calculated to evaluate the efficiency of catalyst
(i.e. provided in equation 2); the TOF of the said riarct
was found to be 0.00411 sec
Conclusion

In conclusion, the study explores the potential capability of
L-lysine amino acid to function as effective protecting
agent for nickel nanoparticles. The elaborate
characterization study indicated formation dfighly
dispersed, homogenous spherical nanoparticles with
average diameter 0of0 *2.5 nm. The asynthesized Ni
NPs demonstrated excellent catalytic potential against
reductive degradation of MB dye in aqueous solution
owing to their high surface to volumeatio and rough
surface architectures. The determined rate constant (K)
0.0224 Sand TOF values 0.00411" $urther numerically
justifies the high surface catalytic capability of Ni NPs.
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