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Abstract

Silver nanoparticle (AgNP) has wide spread spplications in photovollaic cell. biological seasors, biomedical devices,
surface esdanced Raman scaltering (SERS) elc. which are intricately dependent on AgNP shape. size. concentration
and aggregition stes. Here, the particie size, shape and agprepation dependent dipok asd quadrapole surface plasmon
resomances are spectroscopically imvestigated by preparizg AgNPs (dismeter 10-110nm) using sitver nitrute (AgNOs) and
sodissm borohydride (NaBH, as reducing agent) in ageecus savironmest at 0 “C. The AgNP UV.Visible spectra showing
plasmon-induced dipole and quadrupole modes afe corroboraiad by the theon ork of Mie-Gans model and
discrete dipole scattering model DDSCAT and different particle sizes, shapes and possible s a or Clusterization we
pemdicted. All the samples show o o AP Bsswvex, the cumposteations
of nonspherical particle is more § aced by the sppearuace of quadrapole
ahsorption maxima. The mEsimum particle size particula 0 of entration of AgNO; and NaBH,. The
day variation of AgNP kinetics also signalied the osset of quadrupole deformagion of chasters.
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Introduction with & decrense of particle size [4]. The full width 2 half

maxims (FWHM) of the dipole resonance band, in general,
The optical and slectronic properties of soble metal am deter- incremses with the decrease the
mined by their free clectrons in the conduction band. The  scattering of the conduction nuvv-m e particle surface.

electron cload ction band will osciliste about  On the otter hand, the incress
their aguilibeiu mder the influcsce of external  widih is reporiad owing 1o th
electromagnetic fiek ing rise to plasmon resonance. This ~ FWHM also iscreases with metal ruﬂ»t wy omeration
plasmon resonance frequescy is depeadent on Lhe electron fall of @e dipole resonance pesk intensity (6],
density, mass and the size aad shape of the concemed metal
pasticies. The plasmon msonance costrls the oplo-electmaics
peoperties of the metal which leads o their varices applics.
tioms

The band width and plasmon resonance froguescy of =
the absocption spectra changes with the change of partiche The potential use of Ag
shape and size [1-3]. The classical electrodynamics theory  enhanced Raman spectroscopy (SERS),
peadicts & blue shift of the plasmon resomance frequency therupy, electrochemical sensor, drug therapy ||1 |< e
However, the stroag dependence of the optical and electrical
properties of AgNP on it size and shape has restricted
their use in differeat fiekls. For example, molecale adsorbed

selated band
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hmﬂ-l"ﬂlz.)4 on the size of the metal nanoparticles. This, in tum,
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Experimental Determination of 5/s for Finite Nuclear Matter
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We present, for the fird tme, simull d ination of shear viscosity () and entropy density (s)
and thus, 5/ s for equilibraied nuclear systems from A ~ 30 © A ~ 208 at different temperatures. At finie
emperature, 5 is estimated by utilizing the y decay of the sovector giant dipole resonance populated via
fusion evaporation reaction, while s is evalusted from the muclear level density parameter (a) and nuclkear

(1), & ined precisely by the simul dtseevmncdmmgy
mmmwmhxnm The port p nand he & dy
parameter s both increase with temy ling in & mikd & of n/s with The
exlthiq/.nsaholomdbhimpmdmmmsmmla’mmwm

mngly, the n/s values yparsble 1o hhat of the high-temperature quark-gluon plasma,
mummmwmum‘ﬁndqmybe!\emcul{aamdlhemmmmof
many-hody quanium sysems.
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The understanding of fluidity of matter, measured by the
mtio of shear viscosity (4) to entropy density (s), has been
the subject of intense investigations in different areas of
physics. The crucial mtio of 5/ is related to the Reynolds
number and is well defined for both relativistic and non-
relativistic fluids [1]. The temperature vaniation of 5/ s also
provides the crucial signature for liquid-gas phase tran-
siion in matter. String theoretical calculations have put a
universal lower bound, known as the Kovtun-Son-Starinets
(KSS) bound, such that n/s > h/dxk. [2], kg being the
Boltzmann In strongly coupled sy momen-
tum transport is highly inhibited, resulting in a small shear

ity. The prime examples of such highly correlated
systems are the Bose and the Fermi liquids [3-5] at
extremely low temperamres and the quark-gluon plasma
(QGP), produced at high temperatures [6-8]. These quan-
tum systems have very low /s (~5— 10 h/4xkg) [1] and
behave as nearly perfect fluids.

An atomic nucleus is a many-body quantum system in
which the constituent particles, called nucleons, are gov-
erned by strong interaction and show highly correlated
behavior A finite nucleus, therefore, is an ideal system ©
search for near perfect fluidity in matter. Dﬁ':ml mmH
dependent calculations for 5/ s have been p rli

They showed that 5/s values for heavy and light nuclei
were ~(4 — 19)h/4xky and (2.5-125) h/4xks, respec-
tively. Recendy, Dang [15] has proposed a formalism,
based on the Green-Kubo melation and the fluctuation
dissipation theorem, relating the shear viscosity to the
width and the energy of giant dipole resonance (GDR)
in hot finite nuclei The empincally cakulaed values
of n/s for different sy have been compared with

various model calculations. A model-independent high-
anlmldq/slmalmbunpwmdbﬁmw
nuclear systems.

Viscosity is inherently related to the damping of the
GDR, which is conceived, macroscopically, as out of phase
oscillation (isovector) of the prowoon fluid against the
neutron fluid. It is a highly damped motion charactenized
by a very small lifetime (~10°% — 10"* sec). According
to the Brink-Axel hypothesis [16], the GDR can be built on
the ground stake as well as on every excited state of the
nucleus. The GDR built on the ground state (henceforth
called as the ground stae GDR) imndidbywoo
absorption reactions, while that built on e:u:nnl states is
studied by fusion evaporation and inel
reactions. TMlnmshpedthe(DRusmen.

a intermediatke-cnergy heavy ion colllmns in search fora
lqmd—gu plnse lrmnm [9—I”] The ﬁm dtuwal

char ized by the peak energy (Egng), the width (Fgng ),
and the resonance strength (Sgpg). It is observed, both
experimentally and lbamcdly that the I"m. and Sm
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Effect of high angular momentum on y/s of nuclear matter
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The shear viscosity (1) of nuclear matter is investigated in different nucled (nuclear mass A = 59-194) using

| giant dipoke (GDR) width (I") at high angular momenta (/ = 12-54 A) and temperatures

1’ = 1.2-2.1 MeV) collected from the existing literature. 7, calculated from I, is found to increase with 7 and

J. We show that critical temperature included fluctuation model (CTFM) successfully describes J-induced 5 even

beyond critical angular J s values of 7. H . the Fermi liquid drop model (FLDM)

could not explain the data at higher angular momenta. We propose the addition of a J-dependent term with the

FLDM 75 to improve the prediction at such high-J region. The #/s ratio, highly important for measuring fluidity,

is calculated using f and the entropy density 5. The latter is estimated using the Fermi gas formula. Interestingly,

the experimental value of the ratio is independent of J and A and comes within 2.6-6.0 A/4xky, which is very
close 10 those of a partonic system like quark gluoa plasma at high temperature.
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1 INTRODUCTION in the heavy ion collision at the Fermi scale [6]. Theoreti-

g : 3 cally, shear viscosity 1 in nuclear matter has beer estimated
e Study of the ratio of shear viscosity to entropy density  using different model-dependent classical and semiclassical




