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ABSTRACT

The absorption and vel ocity of ultrasound were studied for colloidal solu-
tion of gold (Au)-nanoparticles in polymer molecules refreshed reactive
nascent surfaces of N- polyvinyl pyrrolidone (PVP) in an agueous solu-
tion. Theaverage size of Au-nanoparticlescould bevaried in4-10 nmrange
by conducting the reaction at an elevated temperature 50-60°C. The fre-
quency used were 5-25 MHz and 2 MHz for absorption and velocity at
concentration range 0.5-1.0 wt% of Au-PVP samples in between 5-70°C
temperature. The results demonstrate that the primary reaction during the
Au-nanoparticles-PV P colloidal formation occursin divided groupsin small
micelles for the two lower concentrations 0.05 & 0.1 wt%. Theresults are
analyzed for predicting the enhanced thermal conductivity of the samples
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and discussed in correlation with optical and electrical properties.
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INTRODUCTION

Recently, there have been alimited number of stud-
ies on ultrasonic properties of nanofluids*2. Since
nanofluids are expected to use under flow conditions,
theultrasonicNDT studiesof thenanofluidisan emer-
gent field. When crystalline solidswith nanometer di-
mensionsare suspendedin asuitable basefluidtoform
stable homogeneous suspensions, and thereisan in-
creaseinthethermal conductivity relativeto the base
fluid, theresulting suspensionsare caled nanofluidg4.
Nanofluidsderived by dispersing nanoparticlesof gold
meta inorganic compoundinapolymer compaositestruc-
ture have attracted agreat dedl of interestin scientific
research andindudtrid gpplicationsowingtother unique

fugacity, activity, reactivity and other useful optical or
electrical propertiesfor biosensor, catalysts or other
applications. Inparticular, gold meta of suchsmal par-
ticlesmixesup in selected organic compounds such as
polyvinyl acohol (PVA), PVPinasimpledispersion
reaction inacommon solvent such aswater, resultingin
useful nanofluidsof present interest.

Theacoudtic propertiesof heterogeneousmediawith
acontinuousfluid phase have been of interest in numer-
ousapplications, such aspredicting the effectiveness of
foghorns and describing the acoustics of bubbly and
two-phaseflowsthat are encountered in the process
and the nuclear power generation industries. Morere-
cently therehasbeen anincreasinginterestintheacoustic
propertiesof suspensionsfor acoustic telemetry through
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drillingfluids, aswell asarisingdemand for ultrasonic
particle s zeand concentration instrumentation. Com-
mercia ingruments have been devel oped to character-
izethe propertiesof suspensions using ultrasound®.
Non-linear optica propertiesof colloidal Auand PVP
compositewereinvestigated using Z-scan technique 25
ps pulses at 532 nm near the surface plasmon reso-
nancefrequency of Au nanoparticlesby Hong Shen et
al 1%, Several workers have made the studies on the
suspension of solidsinaliquid aiming to identify the
mechaniam that enableuseful informationtobeextracted
fromtheultrasonicve ocity and attenuationinformation
such asparticlesi ze, concentration and thermophysicd
propertiesof the constituents”%. Recently, therehas
been significant interest in the preparation of metallic
nanoparticleswith various compositions, structures,
shapes and sizes'*'4. Duetotheir unusual chemical
and physical properties, they are expected to have po-
tentia applicationsin many technol ogies, such asopto-
€l ectronic nanodevices, catalysts and chemical sen-
sorg®. Polymershave been found to effective stabiliz-
ersof colloidal metal nanoparticles. Inthe present in-
vestigation, PV Pisused asthe matrix substancefor the
suspension of variousgold nanoparticles.

In the present work we report our novel results of
thestudiesof the ultrasonic attenuationandvelocity ina
polymer colloidal solution with dispersed Au-metal
nanoparticles. Thecolloid solutionsused herehave been
developed by in-situ dispersion and reduction of Au®*
cationstoAu-metal of divided nanoparticlesin poly-
mer mol ecules of refreshed reactive nascent surfaces
of PVPinanagueoussolution at an elevated tempera
ture. Theresult areanalyzed and discussed in correla-
tion with themicrostructure and thermal properties.

EXPERIMENTAL

A freshly prepared homogeneous col ourl esstrans-
parent PV P solution in water has been used. It was
obtained by dissolving 3.0g PVPin 100 ml of double
distilled water. A continuous stirring over amagnetic
stirrer at aconstant temperature of 50-60°C promotes
thePVPdissolutioninwater inaclear solution. Anaque-
ousAuHCI,.3H,0 solution of 1.0 M concentration has
been selected to derivean Au-PVPcolloida solution.
AddingAuHCl,,.3H,0 solutiontothe PV Psolutionwhile
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stirring thetota solution carriesthe proposed reaction.
Inthisway, Au-PV Psolutions of selected Au contents
of 0.05, 0.1, 0.2, 0.5, and 1.0 g in 100ml total solu-
tionswere prepared. Here, asimplereaction of Au®
cations, fromagold metal salt such asAuHCI,.3H,0
with PVP (average molecular weight 40,000 and
polymerisation number n =360 according to PV Pk30)
inionised water is developed to derivethe Au-PVP
nanofluids. They were used as stock solutionsto per-
form the proposed ultrasoni c vel ocity and ultrasonic
attenuation studies.

Thevelocity measurements have been madeby a
standard variable path interferometer technique at 2
MHz. Thetemperaturevariationwasaccurateto+0.5°C
and velocity to+0.1%.

Standard pul se-echo technique (PET) hasbeen used
for ultrasoni c absorption measurementsat different fre-
quencies. Pulsesaresent by a5-25 MHz quartz crysta
and decay isobserved onthe cathoderay oscillograph.
Thedecay ismade exponential by adjusting thelevel -
ling screwsand adjusting the crystal and the reflector
pardld toeach other. Theultrasonicintensity decreases
exponentidly withthepath length. Thustheintensity at
particular distance between the quartz crystal and the
reflector in the experimental arrangement can bewrit-
tenas.
| =1 g% D
where X istwicethe distance between quartz crystal
andthereflector. | isthemaximumintensity and ‘o’ is
theabsorption coefficient. If | and |, aretheintensi-
ties of ultrasonic waves at x, and X, distances from
quartz crystal thenfrom Equation (1) onecanwritethe
followingexpressons.

I, =1.6% @)
I, = 1,67, 3
Onsolvingtheeq. (2) and (3) onecan easlly obtain
thefollowing expressionfor the ultrasonic attenuation.
1 I,
T 206,-x) 0T, K
Theabsorption coefficient is calculated using the
€g. (4). Finally we obtain the values of ultrasonic ab-
sorption coefficient over frequency square (o/ f2). Ac-
curacy intheabsorption measurement is+ 5%. Several
known valuesof ‘o’ and velocity for standard liquids
werejustified so asto have satisfaction in absorption
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and vel ocity measurements. Theobservationswerere-
peated severd times.

RESULTSAND DISCUSSION

Physical propertiesof polymeric colloids

When adding an AuHCl,,.3H,0 solution (0.05to
1.0 M concentration) to aPV P solution (3.09/100ml)
inwater, apolymer complex form by aredox reaction
of AuHCI, withthe PV Ppolymer mol ecul esof refreshed
reactive nascent surfaces caused during the processing
usingthemechanochemica atritionsunder hegting con-
ditions of the solution. Thereaction occursin steps,
depending ontheinitial concentrationsinthetwo solu-
tionsand other experimental conditions. Ultimately, a
colloidd solution consisting of gold metd nanoparticles
embedded in amoiety of modified PV P polymer mol-
eculesappearsinacolloid complex inacharacteristic
equilibrium colour. The occurrence of astable coloured
polymer complex inthisreactionisindicativeof forma:
tion of aninorganic-organic colloid of astable micro-
structure. The photograph of the color of thesamplesis
showninfigurel.

Following our experimental observation, itispro-
posed that the reaction processinvolvesacross-link-
ing of PVPin aspecific polymer structure of an en-
hanced viscosity of the average valuein thetwo reac-
tion componentsof (i) AuUHCI, solutionand (i) the PV P
polymer solution.

Thecrystal structureof theAu- nanoparticlesdis-
persedinthispolymer complex isexamined with X-ray
diffraction. Thecolloid sampledispersed over aglass
plate has been used to measurethe X -ray diffraction.
Accordingtoit, theAu-nanoparticlesoccur intheusud
fcc crysta structure (F,_, . spacegroup) of | attice con-
stant a= 0.414nm, which comparesthebulk valueof a

Figurel: Photograph of thecolor of thesamples, (1) 3.0wt%
PVP, (2) 0.05wt% Au-PVP, (3) 0.1wt% Au-PVP, (4) 0.2wt%
Au-PVP, (5) 0.5wt% Au-PVP, (6) 1.0wt% Au-PVP
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=0.408nm"8, Mogt of theAu-particlesrepresent single
crystallites of atriangular, rectangular or ahexagonal
shapeasstudied with the microstructureusing atrans-
mission electron microscope. TheAu crystallitesare
foundtobeassmall as4to 10 nmof average diameter.
A smilar dimengonof Au-crystallites has been reported
earlier, for examplesee Guptaet d.[*", in other Au col-
loidsor composites.

Ultrasonic velocity and ultrasonic attenuation

Astheultrasonic velocity ishighly sengitiveto the
local structure, we applied it hereto examineitsvaue
inour Au-PV P polymer colloids at sel ected tempera-
turesinthe5-70C range. Theresultsareshown infig-
ure2. Theplot of theultrasonic vel ocity asafunction of
the temperature passesthrough aminimum and maxi-
mum at 48°C and 54°C for 0.05 and 0.1 wt% Au-
PV P samples. For other samplesthevel ocity increases
up to 48°C and then remains constant.

Figure 3-5 show atypical plot of ultrasonic ab-
sorptioninthesampleswith 5-25 MHz frequenciesand
at different temperaturesfrom 5-70°C. As expected
thetemperature dependency of the ultrasonic absorp-
tion in the samples is found to the reversal of the
behaviour of thetemperature dependency of theultra-
sonicvelocity inthesamples.

In the present work, the temperature dependence
of the ultrasonic vel ocity aswell asthe ultrasonic at-
tenuation doesnot follow alinear curvethroughthetem-
peraturerange. Thisseemsto beinacontrary to the
resultsinasampleof puregold metal. Ingenerd, asin
other material§*¢, both the ultrasonic vel ocity and the
ultrasonic atenuation arequite sensitiveto the particles
size, morphology and dispersion of the particles. A
macroscopic interaction of Au particleswiththe PVP
polymer moleculesappearsto beacritica parameter
tocontrol their find vauesinthisspecificexampleof an
inorganic-organic polymer nanocol loidal solution.

Theeffectiveattenuation inthisexamplecan beex-
pressed as:
o=a ta +o
where o isthe contribution from theAu-nanoparticle,
a, . isthe counterpart contribution from the polymer
matrix, o describesthe changeinthefina a-value
owing to amacroscopic interaction between the two
componentsinanAu-PVPnanocolloid structureand
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Figure?2: Aplot of ultrasonic velocity in different concen-
tration Au-PVPpolymer samplesasafunction of tempera-
ture
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Figure4: Aplot of ultrasonic absor ption at 15SMHzin differ-
ent concentration Au-PV P polymer samplesasa function of
temperature

associated modified thermophysical propertiesof the
nenofluid.

Theparameter o - includestheeffectsof themodi-
fied electroni c structure of the specimen. TheAu-PVP
polymer composite el ectronic structureisacomplex
function of size, morphology and topology inAu-meta
nanoparticlesand thosein the surrounding PV P poly-
mer molecules. Occurrence of astable Au-PVPsur-
faceinterfaceisanother crucia physical parameter to
determinethefind o _vaue.

Biwaet a [ analysed the ultrasonic attenuationin
mm sized particles-reinforced polymersby adifferen-
tial scheme and found good agreement between the
theory and experiments. Thesignificant attenuation due
to scattering by the particles-reinforced wasincorpo-
rated inthetota attenuation intheir theoretical mode!.
The observed attenuation in our case could not be ex-
plained by theexact theoreticad modd following thedif-
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Figure3: Aplot of ultrasonic absorption at SMHzin different
concentration Au-PVPpolymer samplesasafunction of tem-
perature
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Figure5: Aplot of ultrasonic absor ption at 25M Hzin differ-
ent concentration Au-PVP polymer samplesasa function of
temperature

ferentid scheme. Wefound that the attenuation dueto
scattering from the Au-nanoparticlesin the nanofluid
(Au+ PVP) isnot significant. It isalsoimportant to
notethat the characteri stic behaviour of the ultrasonic
attenuation intheAu+PVPnano-colloidsisnot found
inany of theindividua componentsof thecomposite®2.
Calculated value of the ultrasonic attenuation in the
sample (0.05wt% A u-nano particlessuspended in PV P)
for 5MHz at 48°C following thedifferential scheme
including the ultrasoni c absorption dueto nanoparticles
and thermo-€l astic | oss becomes 92.44x10°Np/cm.
Herethetherma conductivity ‘K’ ofthe nanoparticles

for the cal culation of thermo-elasticloss[3K/C, (v )7
has been taken following the molecular dynamics
method. \y denotesthe Debyeaveragevelocity of the

waveand C,, denotesthe specific heat per unit volume.
Thetotal observed attenuation in our experiment for
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thesampleis128x10° Np/cm. Alsoitisclear that the
atenuationisdirectly proportiona to thethermal con-
ductivity™,

Thus, itisvery interesting to predict the cause be-
hind theexcessattenuationin the present experimental
veue

Most importantly scientists have been perplexed
by thethermal phenomenabehind therecently discov-
ered nanofluidslikethe present studied material. One
fascinating featureof nanofluidsisthat they haveanoma:
lously high thermal conductivities at very low
nanoparticlesconcentrationg?+%. They havefound that
the Brownian motion of nanoparticlesat themolecular
and nanoscaleleve isakey mechanism governingthe
therma behaviour of nanoparticles-fluid suspensions
(nanofluids). Choi et al.?? proposed the theoretical
model that accountsfor the fundamental role of dy-
namic nanoparticlesin the nanofluids. They havede-
rived agenera expressonfor thetherma conductivity
of nanofluidsinvolving different modesof energy trans-
port inthe nanofluids. Theimportant modeisthermal
interaction of dynamic or dancing nanoparticleswith
base fluid molecules. Even though therandom motion
of nanoparticlesiszero whentime averaged thevigor-
ousand relentl essinteractionsbetween liquid molecules
and nanoparticlesat the molecular and nanoscalelevel
trandate into conductions at the macroscopic level,
becausethereisno bulk flow.

Althoughthefourier trandforminfrared (FTIR) spec-
troscopy resultsof Au+PV Parenot avail ableto com-
parebut the FTIR resultsfor somelike materials-Ag-
nano+PVA areavailableintheliteraturé®?9., InFTIR
results of Ag-nano+PVA, disappearance of severa
bands (837, 711, 650 and 570 cm™) onincreasein the
Ag-nanofiller contentin PVA+Ag suggeststhat thein-
teraction between Ag-nano particlesand thematrix PVA
takesplace.

Thuswe may postul ate that the Brownian motion
of nanoparticlesin nanofluids producesconvectionlike
effects at the nanoscale. Moreover, thethermal con-
ductivity model not only capturesthe concentration and
temperature dependent conductivity, but dso predicts
strongly size-dependent conductivity. The concentra-
tion and temperature dependent conductivity datafor
the present nanofluid are not availablein theliterature.
We can predi ct theanoma ously increased concentra-
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tion/ temperature dependent thermal conductivity of
Au-nano+PV P nanofluid on the basis of observations
on FTIR in other like material§24%9. As we know,
thermo-d agtic ultrasonic attenuationisdirectly propor-
tiona to thetherma conductivity of thecomposite.

CONCLUSIONS

Following conclusions havebeen made as:

» A chemical dispersion of Au-metal nanoparticlesin
an aqueous solution of PV P polymer molecules
formsastable colloidal solutionwith stableoptical
and ultrasonic properties.

» The concentration and microstructure of Au-metal
additivesdeterminethechemica gability andinturn
stableand reproduci blechemical and physical prop-
ertiesintheresultant composite structure.

» TheAu-PVPpolymer colloids, devel oped through
anovd chemica methodinvolving areaction of dis-
persed Au®* cationswith PV Ppolymer molecules
of refreshed reactive nascent surfaces, offer spe-
cific applicationsasoptica materias, biomaterias
and sensors.

» Theeffectiveincreased therma conductivity of the
present nanofluid due to Brownian motion of the
nanoparticles appears as the cause behind the ex-
cessattenuationinthepresent observed experimenta
vaue

» Theachieved resultsin the present investigation can
beused for further study using other methods such
aselectron microscope (SEM, TEM), optical de-
vices, X-ray scattering, surfacetension, viscosity,
FTIR spectroscopy and varioustransform phenom-
enon. Theseresultsexpend future prospectsfor the
gpplication of Au-PVPnanofluids.
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