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ABSTRACT

KEYWORDS

Stable silver nanoparticles were synthesized with a passivating monolayer
of 4-methylpiperazine-1-carbodithioic acid (4-M PipzcdtH) - derivative of
heterocyclic amine, 1-methylpiperazine (1-MPipz). Particleswere charac-
terized by elemental analysis and energy dispersive analysis of X-rays
(EDAX). SEM images of powdered samplerevealed spherical shape. Core
diameter of resulting nanoparticles was determined to lie in 3-5 nm range
using transmission electron microscopy (TEM). *H NMR and IR spectros-
copy studies were used to check the particle purity. XRD patterns indi-
cated arrangement of silver nanoparticles with aface centered cubic (fcc)
structure. Surface plasmon resonance peak has been observed at 430 nm.
Paramagnetic nature of particles (u=1.74 B.M.) supports reduction of
silver (I) to silver (0). Lipase activity assay of capped silver nanoparticles
with different core diameters exhibited reduction in activity with decreas-
ing metal feed ratio. Silver (1) complex of 4-M PipzcdtH has also been syn-
thesized and investigated. The results have been compared with those of
4-MPipzcdtH capped Ag nanoparticles.
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INTRODUCTION

A rich variety of methods to prepare silver
nanoparticlesexist. But dueto highly exposed surface,
thenanoparticlestend to aggregateand form largeclus-
terseven during the preparation process. Asaresult it
iscritica to control the particle-particleinteractions so
asto obtain stabledispersions. Silver isreactiveto sul-
phur, inparticular bulk slver often undergoestotanning
dueto formation of Ag,Ssulphur layer. Therefore, in
case of sulphur containing molecules, ligation to
nanoparticlessurfaceisparticularly effectivefor the

contemporary presenceof ac typebond, inwhich sul-
phur is electron density donor and metal atom isac-
ceptor, plusan typebondinwhich metal electronsare
particularly del ocalized inamolecular orbital formed
between thefilled d-orbitals of metal and empty d-or-
bitalsof sul phur . Although, sulphur containing thiols
based ligandsact asversatile capping agents, but they
can bedisplaced from metal surface?, incompatible
with other functional group associated with theligand
and to improve the dimension and properties of
nanoparticles. Dithiocarbamates based capping agents/
ligands have gained substantial attention astherobust
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motifsto construct functiona nanostructures.

Dithiocarbamatesareversatileligandswithawide
range of chemistry. The applicationsof dithiocarbam-
ateligandshave been demonstrated inthe construction
of new supramolecular motifs such as polymetallic
nanos zed macrocrysta $3. Moleculescontaining dithio-
carbamate group congtruct thefunctiona nanostructure
by exchangingtheorigina ligandsof meta. Character-
isticsfor dithiocarbamatesare the presenceof nitrogen
in the anchor group and the capability to bind sym-
metrically with both sulphur atomsto metal surface,
wheremetal isin zero oxidation state. Dithiocarbam-
atesareadso capableof stahilizingtrangtionmetasina
variety of oxidation states for slver +1isthemost sable
oxidation gate. Stabilization of particular oxidation Sate
isdueto charge levelling by o and n back bonding.
Nanomaterialsalso display potentia antibacterial ap-
plications, likesilver nanoparti clescan beincorporated
inwound dressing, footwear, paintsand plasticfor their
antibacterid property®*®. Silver nanoparticlesareaso
used in biosensord® and numerous assayswherethe
nanoparticle materialsare used as biol ogical tagsfor
quantitati ve detectionf®l.

MATERIALAND METHODS

Chemicals

Ethanol (99.5%, Bengal chemicals), carbon
disulphide, toluene, Siver nitrateand dimethyl sulphoxide
(DMSO0), dl from Merck, AR were used as obtained.
1-Methylpiperazine (1-MPipz) (Fluka) wasdried by
refluxing over sodium hydroxidebeads. Thecolourless
liquid obtained after distill ation was stored over sodium
hydroxide beadsin avacuum desi ccator for three days
before use.

Preparation of Chemical CappingAgent/Ligand:
4-M ethylpiperazine-1-carbodithioic acid (4-
M PipzcdtH)

1-Methylpiperazine (0.66 g; 0.66 mmal) in ethanol
(1.5 ml) was cooled to 5 °C. To this cooled solution
carbon disulphide (0.05 g; 0.66 mmol) was added
dowly with stirring when light yellow solid separated.
The product wasfiltered and washed 2-3 timeswith
ethanal. It wasdried in CaCl,, desiccator.
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Preparation of 4-MPipzcdtH capped silver
nanoparticles

A solution of (AgNQ,) (0.113 g; 0.66 mmol) in
ethanol (2.62 ml) was prepared. To thissolution tolu-
ene (26.2 ml) was added and the mixturewas stirred
for 1 minute. Suspension of 4-M PipzcdtH in ethanol
(0.116 g;.66 mmol) wasadded to it whilestirringwhich
yielded ayellow colour. The mixturewas stirred for
another 5 minutes. Ethanolic solution of sodium boro-
hydride (NaBH,) (0.125 g; 3.3 mmol) was added to
theabovereaction mixturewhilestirring, when the so-
lution turned dark black, stirred themixturefor another
5 minutes. Product was filtered and washed several
timeswith ethanol using centrifugationtechnique. Black
particlesweredriedin CaCl-, des ccator for overnight.

Three batches of 4-MPipzcdtH capped silver
nanoparticleswere prepared withtheintia molar ratio
of 4-MPipzcdtH toAgas: 0.5:1, 1:1and 1.5:1. The
resulting particleswerethen denoted as(0.5x1), (1x1)
and (1.5x1) respectively.

Preparation of [Ag(4-M PipzcdtH)](NO,) complex

A solution of silver nitrate (0.113 g; 0.66 mmol) in
ethanol (2.62 ml) was prepared. Suspension of 4-
M PipzcdtH in ethanol (0.116 g;.66 m mol) was added
toitwhiledtirringwhichyielded ayelow colour andthe
mixturewasstirred for another 5 minutes. Theyellow
coloured product wasfiltered and washed 2-3 times
with ethanol using centrifugation technique. Itwasdried
in CaCl, desiccator for overnight.

Elemental analysesand physical measurements

Silver and sulphur weredetermined gravimetricaly
assilver oxide and barium sulphate respectively. Car-
bon and hydrogen analyseswere performed on an au-
tomatic Coleman-33 analyser while nitrogen was
analysed by Kjeldahl’s method. Scanning electron mi-
croscopy (SEM) measurementsof silver nanoprticles
(1x1) and complex of silver (I) were performed on
quanta— 250, model no D9393 having magnification
range 1-100000 X and maximum high voltage of 30
KV, connected to EDAX e ement quantification sys-
tem. Transmission e ectron microscopy (TEM) mea-
surementsof silver nanoparticles (0.5x1) and (1.5%1)
(powder sampl e dispersed in methanol fixed onacop-
per — supported carbon film) were performed on a
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Hitachi microscope (H—7500) 120 KV equipped with
CCD camera. Theinstrument hasresolution of 0.36
nm (point to point) with40— 120 KV opening voltage.
Infrared spectraof ligand 4-M PipzcdtH, 4-MPipzcdtH
capped silver nanoparticlesand Ag (1) complex were
recorded asKBr pelletson Nicolet 5700 FT Infrared
Spectrophotometer in the 4000 - 600 cm™region. In-
frared spectraof the compoundswere also recorded
asnujol mull with cesum chlorideplatesaswindowsin
the 600—200 cm™region.*H NMR spectraof dl these
compoundswererecorded onaBRUKER AVANCE
I1 400 NM R spectrometer using (CD,),SO as solvent.
XRD paternsfor different samplesin powder formwere
takeninrange of 10°—80° with a step size of 0.050 (2
0) with 1 sec counting timeat each step using Cu—Ka.
(=1.540) radiation sourceand adiffractometer system
[ XPERT-PRO]. Magnetic susceptibility measurements
were performed on Vibrating Sample Magnetometer
PAR-155 by varying the magnetic field from— 6000 to
+ 6000 Oe using Cu(OOCCH,),. H,0 as calibrant.
El ectronic absorption spectraof compoundswith sol-
vent (DM SO) asthereference, wererecorded on Bio
Chem UV spectrophotometer (range 900—200 nm).

Biological studies

Theactivity of lipaseenzyme (umol/ml/min) in pres-
ence of compounds, i.e. 4-MPipzcdtH capped silver
nanoparticles((0.5x1), (1x1)and (1.5%1) compound)
and [(Ag(4-MPipzcdtH)] (NO,) was assayed by colo-
rimetric method!” using chromogenic p-nitrophenyl
pa mitate (pNPP) as substrate and subsequent mea-
surement of absorbanceof p-nitrophenol released (A, |
nm). Different concentrations of test sol ution of com-
poundswereused. Effect of incubation timefor opti-
mum concentration of the compounds has a so been
studied. An appropriate control (without addition of
compound) was al so used for each assay.

RESULTSAND DISCUSSION

+CS,

H;C—N
* H3C—N

(1-MPipz)
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Thecarbodithioateligand (4-MPipzcdtH) of present
investigation, used as cgpping agent for synthesisof sil-
ver nanoparticles, has been obtained from saturated
heterocyclic secondary amine, i.e. 1-methyl piperazine
(1-MPipz) by insertion of carbon disulphideasshown
below:

Synthesisof silver nanoparticlesin the presence
of 4-MPipzcdtH ascapping agent and NaBH , as
reducing agent followsthereaction

thanal
AGNO3 + n 4-MPipzeatH + NaBH, "o AanPpzat + NNOy +1252 Het %H2

n=05,1.00r 1.5

Resulted silver nanoparticlesare black, stableand
fairly solubleinnon-polar solvents (dichloromethaneand
DMSO).

4-M PipzcdtH complex of silver (I) wasobtained
according to thereaction
AgNO, + 4-MPipzcdtH—>[Ag (4-MPipzcdtH)] (NO,)

Silver (I) complex is fairly soluble in DM SO
and water.

The 4-MPipzcdtH capped silver nanoparticles
do not melt or decompose even at 350°C whereas,
[Ag(4-MPipzcdtH)] (NO,) does not melt but decom-
poses between 110 - 200°C. (TABLE 1)

EDAX

Chemical characterization using EDAX analy-
sis of (1x1) sample revealed 93 wt% of silver in
addition to 7 wt% of sulphur (Figure 1a). This pro-
vides evidence that sample contains silver and con-
firms the presence of capping agent around silver
particles®. Whereas EDAX study of silver (I) com-
plex ([Ag (4-MPipzcdtH)] (NO,)) showed, silver 43
wit%, sulphur 17wt%, oxygen 15 wt%, nitrogen 11
wt% and carbon 14 wt% (Figure 1b). The data has
further been complemented by elementa analysis
(TABLE1).

/S
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|
H

(A)

( 4-MPipzcdtH)
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Figurel: EDAX spectraof: (a) (Agn4-M PipzcdtH) (1% 1) and (b) [Ag(4- MPipzedtH)]|(NO3)

TABLE 1: Elemental analytical dataand physical data of 4-methylpiper azine-1-car bodithioic acid capped silver nanoparticles

[Agn4-M PipzcdtH (1x1)] and Ag(I) complex

Elemental Analysis

Sr. No Compound (Found); (EDAX); (Calc.) % Decomposition Temperature (°C) Colour
CHN SAg
(6.4) (91.89)
1 Ag n4-MPipzcdtH @) (93) stable Black
(16); (343); (10); (17.5); (395);
2 Ag(4-MPipzcdtH)](NOs) (14); (2,  (11); (@17, (43); 110 Yellow

(20.8) (3.46) (12.14) (18.50) (31.18)

SEM

SEM micrograph of 4-MPipzcdtH capped sil-
ver (1x1) (Figure 2a) revealed that particles are
spherical in shape with size 300-950 nm and pos-
sess regular arrangements but lack uniformity. The
fact that particlesare spherical in shapereveasthat
4-MPipzcdtH is acting as capping agent thus lead-
ing to theformation of particleswith definite shape.
SEM image of Ag (I) complex ([Ag(4-MPipzcdtH)]
NO,) (Figure 2b) showed that thereis no uniformity
insize (980 nm — 400 um) and shape of particles.

TEM

From the TEM study it can be seen that 4-
M PipzcdtH-capped-Ag [(0.5%1) and (1.5%1)]
nanoparticles particles exhibit spherical shapeswith
mgority of particlesfalingintherange3-5nmindiam-
eter (Figure3). The particlesarewell monodispersed
without any aggregation. Thisimpliesthat 4-M PipzcdtH
ligand has been strongly chemisorbed onto the silver
surfaceand thus providesavery efficient passivating
layer on the nanoparticles surface. The average core

diameter of (0.5x1) and (1.5%1) samples is 4 and 3 nm
respectively, which showsthat average core diameter
decreaseswithincreasinginitid ligandtometd feed ra-
tio. Thisbehavior resemblesthe DTC capped Ag® and
AU nanoparticles. Present investigation showsthat
dithiocarbamate derivativeof hetrocyclic aminetoo pro-
videsbetter passivation.

IR studies

Inthefree4-methyl piperazine-1-carbodithioicacid,
4-M PipzcdtH capped Ag nanoparticlesand complex
[Ag(4-MPipzcdtH)](NO,) anew broad band around
3600-3200 cmr?, 3446-3427 cmrtand 3428 cm™ re-
spectively hasbeen observed. The appearance of this
band pointsto formation of N%H bond supporting the
presence of the carbodithioate ligand asaZwitterion
and thisband is attributed to the N%H stretching vi-
bration. The G==Nabsorptionin4-M PipzcdtH capped
Ag nanoparticles and complex [Ag(4-
MPipzcdtH)](NO,) has been observed at higher ener-
gies around 1467-1446 cm™ in comparison to free
ligand (1442 cm). Therisein stretching frequency
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Figure2: SEM Micrographsof: (a) (Agn4-M PipzcdtH) (1x 1) and (b) [Ag(4-MPipzcdtH)|(NO3)

Figure3: TEM Micrographsof capped silver nanoparticles(Agn4-M PipzcdtH): (a) (0.5x 1) and (b) (1.5%1)

has been attri buted to acons derabl e doublebond char-
acter of the bond inthe complexes*Yl. Observation of
oneband at 1018 cm™ for v (SCS) vibration and one
band for v (SCS) stretch at 670 cm™ in the IR spec-
trum of capped silver nanoparticles suggeststhe sym-
metrical chelating bidentate mode of co-ordination to
nanoparticles. Whereas observation of two bandsin
theregion 969-1022 cnmr? (separated by morethan 20
cm) for v (SCS) vibration and one band for v (SCS)
at 679 cm? in the IR spectrum of [Ag(4-

flano Soienoe and flano Teohnology

MPipzcdtH)] (NO,) suggeststheinequivaence of two
sulphur atomsof >NCS, groupfor bindingtosilver (1).
Observation of additional new bandsintheregion 388
—354 cm™ in 4-MPipzcdtH capped Ag nanoparticles
and complex [Ag(4-MPipzcdtH)] (NO,) as compared
tofreeligand (4-MPipzcdtH) hasbeen ascribedtoAg
- Sbonding. Whereas appearance of two bandsat 840
cm? and 1379 cm? in the spectrum of [Ag(4-
MPipzcdtH)](NO,) showstheexistenceof ionicnitrate.
Infrared spectra of 4-MPipzcdtH ligand and silver

e Ve sl e ——
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Figure4: 1H NM R Spectrum of (Agn4- M PipzcdtH)
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Figure5: 1H NM R Spectrum of [Ag(4-M PipzcdtH)](NO3)

TABLE 2: *H NMR spectral data, 8 (ppm) for 4-methylpiper azine-1-car bodithioic acid ligand, 4- M PipzcdtH capped silver
nanoparticles(Agn4-M PipzcdtH) and silver (1) complex (JAg(4-M PipzcdtH)]NO3)

Sr. No. Compound NH (2,6-)CH,(3,5-) CH; CH3;
. 3.740-3.787
1 4-MPipzcdtH 3,650 (s,1H) (81 238 o & CHy) 2.960 (s, 3H)
2 (Algsr;‘{')'\" PipzcatH 3.600(s, 1H)  3.251-3.350 (t, 4H) 2.531-2.540 (t, 4H) 2.109
3 [Ag(&MPipzcdtH)NOs  3.826 (s,1H) 3,376 (t, 4H) 2.509-2.518 —(t, 4H) 2500

nanoparticles capped with4-MPipzcdtH, aresmilarin
appearance except for differenceinintensity of peaks
of capped silver nanoparticles. Thissuggeststhat 4-
M PipzcdtH remained adsorbed on silver nanoparticles
surface. Similar behaviour hasbeen observed for capped
nanoa uminium2 and capped nanosilver*,

NMR studies

'H NMR spectral study showed that particlesare
freefromimpurity. The proton NMR spectrum of free
acid ligand, 4-M PipzcdtH showstheresonance sig-
nas: two overlgppingtripletsaround 6 3.740-3.787 and
asinglet at 6 2.960 ppm corresponding to four -CH.-
(2, 3, 5 and 6) and >N-CH, protons respectively!4,
Appearance of signd at 6 3.650 ppm has been attrib-
uted to proton resonance of N-H asaresult of forma
tion of anew N-H bond (structureA). The appearance
of thisdownfied sgnd further suggeststhe presence of
positive chargeon nitrogen atom (deshielding the pro-
ton) asaresult of proton binding with the nitrogen atom
of CH_-N< groupyielding thezwitterionic form of the
acid ligand. The overall downfield shift because of
deshielding of protons of the methylene groups and
amethyl group clearly reveal ed the presence of the +ve
chargeon thenitrogen atom at the 4" position of the 4-

MPipzcdtH ligand. In the *H NMR spectra of 4-
M PipzcdtH capped silver nanoparticles (Figure4) and
(Ag(4-MPipzcdtH)) (NO,) complex (Figure5), sepa-
ratetripletsdueto 2,6 methylene (6 3.73 - 4.00 ppm)
and 3,5- methylene (6 3.05-3.20 ppm) protons have
been observed on the downfield and upfield sidere-
spectively in comparison to thefreeligand. Johnson*®
hasindicated that the double bond character of the C-
N bond should resultin hindered rotation of the S, group.
Resol ution of thetwo above said signalsin the proton
NM R spectraof the compounds under study in com-
parison to freeacid may result because of the hindered
rotation of the S, group of the4-methylpiperazine-1-
carbodithioateligand. A signal at 6 3.600—3.826 ppm
has been attributed to N — H bond, and a singlet at &
2.109 — 2.500 ppm appears due to CH,, protons of
CH_-N< group of 4-MPipzcdtH upon its co-ordina-
tiontothemeta ion (TABLE 2).

XRD

Andysisof XRD pattern of 4-MPipzcdtH capped
silver nanoparticles [(0.5x1), (1x1) and (1.5x1)]
hasreveded four distinct broad peaksappearingat 260
vauesas

(1) (0.5x1) : 37.66°, 43.7°, 64.19° and 76.90°.
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(a)

(111)

(b)

Figure6: XRD pattern of: (a) Ag(4-M PipzcdtH)](NO3) and (b) 4-M PipzcdtH capped slver nanoparticles(Ag n4- M PipzedtH)
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Figure7: XRD patter n of 4-M PipzcdtH capped slver nanoparticles(Ag n4-M PipzedtH): (a) (1x1) and (b) (1.5%1)

(2) (1x1):37.65°,44.04°,64.31° and 77.18° and

(3) (1.5%1):37.56°,43.86°, 64.08° and 77.06°.
corresponding to crystalline planes which match
with JCPDS card 4-0783 and hence have been
indexed as (111), (200), (220) and (311) for respec-
tive 2 6 values (Figure 6,7). These correspond to
face centered cubic structure (fcc) and hence 4-
MPipzcdtH capped Ag nanoparticles consist of fcc
structure.

Fromthe XRD patterns, it isevident that reflec-
tion lines are quite broad for capped Ag
nanoparticles. The broadening is caused by
nanoparticle size. Hence, the average particles size
was cal culated using Debye Scherrer’s equation™ as:

kA

Dp =
Biz cos B

flano Soienoe and flano Teohnology

Where Dp (diffraction pattern) represents particlesize
innm, k isthe shapefactor (usualy takenas0.94), L is
the X-ray wavelength (1.54 for Cu-K ), 6 isthe Bragg2
sangle in degrees and 3, represents peak FWHM
(full widthat half maximum). Themaximum intensity
peak (111) wasused to find the FWHM. The particle
sizes calculated from Debye Scherrer’s equation for
(0.5x1), (1x1) and (1.5x1) ligand feed ratio are 9.89
nm, 6.37 nm and 5.95 nm respectively (TABLE 3).
The particle size calculated from Debye Scherrer’s
equationislarger thanthoseobsarved from TEM andys's
(5 nm for (0.5x1) and 3 nm for (1.5x1) sample)
(TABLE 4) whichindicatesthat Scherrer’s equation
always tends to underestimate the real size of
nanoparticles. Thiscan beattributed tointrinsic stress
devel opedin silver nanoparticles. The XRD pattern of
[Ag(4-MPipzcdtH)](NO,) complex does not show
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TABLE 3: XRD data of 4-M PipzcdtH capped silver nanoparticlesand particlessizeobtained from TEM

S No. Compqund 20 Particle Size (Dp) nm Particle Size (nm)
(Ag n4-M PipzcdtH) (XRD) (TEM)
(.5x1) 37.66° 9.89 5
2 (A1) 37.65° 6.37
3 (1.5x1) 37.56° 5.95 3

TABLE 4: Effect of compound concer ntration on lipase activity (u mol/ml/min)

Compound Concentr ation

LipaseActivity (u mol/ml/min) of compounds

mg (%) Control  Agn 4-MipzcdtH (0.5x1) (1x1) (1.5x1) [Ag (M PipzcdtH)](NO3)
0(0) 0.729 - - -
3(.1) - 1.032 1.097 1.050 1.116
6(.2) - 0.517 0.763 0.901 1.15
12 (.4) - 0.299 0.305 0.318 0.374
00070+
U.DI.E—- / ooz "™
0,000 0000 -
U.{D:!'E—- /
= Ry rd =
£ 00000 I £ 0000-
& T e I
< 000 / =
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Figure8: Magneticmeasur ementsof: (a) 4-M PipzcdtH capped silver nanoparticles(1x1) and (b) [Ag(4-MPipzcdtH)] NO3)

broad diffraction peaks (Figure 6a).
M agnetic susceptibility studies

Room temperature and magnetic field dependent
susceptibility measurements of the 4-MPipzcdtH
capped slver nanoparticles((0.5x1), (1x1) and (1.5%1)
sample) exhibit room temperature magnetic moment
valuesintherange1.71- 1.73BM. Thep , valuere-
veals paramagnetic nature of the capped silver
nanoparticles having silver in zero oxidation state
(d¥s!). The observed magnetic behavior of 4-
MPipzcdtH capped silver nanoparticles resembles
the magnetic behavior of thiol capped gold

nanoparticles!*® and dithiol capped silver
nanoparticles¥. Hence, origin of the observed mag-
netism should be same as that observed in thiol
capped gold nanoparticles. The complex [Ag(4-
MPipzcdtH)](NO,) exhibits room temperature mag-
netic moment valueto be 0.02 BM corresponding to
diamagnetic nature (d'°) (Figure 8).

Electronic spectral studies

Electronic/optica propertiesof silver reved that it
absorbsstrongly inthevisbleregion dueto surfaceplas-
mon resonance?®! (SPR). El ectronic absorption spec-
tra of 4-MPipzcdtH capped silver nanoparticles
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Figure9: Electronic absor ption spectrum of 4-M PipzcdtH capped silver nanoparticles(Ag n4-M PipzcdtH) [(0.5x1)]

TABLE 5: Effect of incubation timeon lipaseactivity (u mol/ml/min) in the presence of compounds

Time LipaseActivity (u mol/ml/min) of compounds
(minutes) Control Ag n 4-MipzcdtH (0.5x1) (1x1) (1.5x1) [Ag (M PipzcdtH)](NO5)
5 0.714 1.69 1.73 1.83 1.89
10 0.729 0.299 0.305 0.318 0.374
20 0.750 1.22 1.26 1.28 1.32
30 0.838 1.30 1.48 0.979 0.985
40 0.899 1.45 1.65 0.773 1.14

[(0.5x1), (1x1)and (1.5%1)] revealed that for (0.5x1)
sample (Figure9) the surface plasmon resonance peak
appeared at 430 nm, whichischaracteristic of silver
nanoparticles?!. Whereas for (1x1) and (1.5x1)
samples, the absorption peak at 430 nmiswesak. This
can beattributed to thefact that withincreaseininitia
ligand feedratio the particlesizedecreases. Hence, SPR
peek dsodiminishes.
Biological studies

4-MPipzcdtH capped silver nanoparticles ((0.5x1),
(1x1) and (1.5x1) compound) and [Ag(4-
MPipzcdtH)] (NO3) complex exhibit inhibitioninlipase
activity toalargeextent (0.299—0.374 umol/ml/min)
at aconcentration 0.4% (12 mg). The nanoparticles
with compogtion (0.5x1) show the maximum inhibition
of lipaseactivity (0.299 pmol/ml/min) (TABLE 4). Ef-
fect of incubation time has also been studied for lipase

flano Soienoe and flano Teohnology

assay in presence of above—said compounds at a con-
centration 0.4% (12 mg). TABLE 5 showsthat maxi-
mum inhibition of lipaseactivity occurred at incubation
time, 10 minutes.

So the optimum conditionsfor inhibition of lipase
activity from0.729 umol/ml/min in control to 0.299 umol/
ml/min by 4-MPipzcdtH capped silver nanoparticles
((0.5%1), (1x1) and (1.5%1) compound) and [Ag(4-
M PipzcdtH)] (NO3) complex corresponds to a con-
centration of 0.4% (12 mg) at an incubation time of
10 minutes. It hasbeen reported that heavy meta ions
(Co?, Hg*, Niz*, Sn?*, Ag'?) drastically reduce/in-
hibit thelipaseactivity ascompared to Zn?* and Mg?*.

CONCLUSIONS

Inthepresent study stablesilver nanoparticleshave
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been prepared using 4-M PipzcdtH as capping agent.
TEM studiesrevealed particlesize of 3-5nmwhich
are well monodispersed. Magnetic studies showed
that particles are paramagnetic in nature. XRD pat-
terns indicated arrangement of silver nanoparticles
with aface centered cubic (fcc) structure. Enzyme
inhibition study of silver nanoparticles with differ-
ent core diameters has exhibited reductionin lipase
activity with decreasing ligand-metal feed ratio.
Sample (0.5x1) showed maximum inhibition of li-
pase activity.
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