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Abstract

We have observed weak localization of light for the first time in gold nanofluids
synthesized using marine derived fungus Aspergillus niger. Coherent backscattering of waves by
a disordered scattering medium is responsible for weak localization of light. We have directly
observed this effect using polarized visible light and for different sizes of gold nanoparticles in
nanofluids. The localization parameter k/* obtained from the observation is 1<k/*<5, which is
the precondition for the weak localization of light. The A/* is controlled by the size and
concentration of the particles in the nanofluids. Quadratic scaling is used to study the localization
transition. The localization length obtained is nearly 225 nm. Gold nanoparticles have potential

applications in biomedicine, imaging, catalysis and photonics.
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Introduction

Invisibly small particles of gold can be used to manipulate the properties of light'. There
has been a growing demand of gold nanoparticles due to its application potentiality to improve
efficiency of polymer solar cell % to produce plasmonic grating °, in diverse applications in the
field of biomedicine, catalysis, imaging, photonics, localized surface plasmon resonance, etc. *'°.
Enhanced optical trapping and sensitivity coupled with significant heating is studied using gold
nanoparticles .

Propagation of light waves in disordered, strongly scattering dielectrics is complex and
full of surprises '*. Complex dielectric are structures in which the dielectric constant varies on
length scales that are roughly comparable to the wavelength of light. In disordered dielectric
structures light wave undergo a complicated multiple scattering process. Interference effect can
survive random multiple light scattering and lead to interesting phenomena like speckle
correlations, universal conductance fluctuations of light, and optical Anderson localization 12,13
The most robust of the interference phenomena is weak localization of light '**°, which
originates from the fundamental concept of reciprocity and is observable as a coherent
enhancement of the intensity in the back scattering direction. This enhancement is called the
cone of coherent backscattering. Since the first experimental observation of coherent

backscattering from colloidal suspension '>'°

, the phenomenon has been successfully studied in
various random materials like powders *', photonic crystals *, cold atom gases >, and liquid
crystals 8 Very recently, light localization is used to generate the heat in nanoparticles
suspension %

In this paper we report observation of weak localization of light for the first time in gold

nanofluids synthesized using marine derived Fungus Aspergillus niger. Bio synthesis of Gold
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nanoparticles (GNP) has several advantages over conventional synthesis of GNP, it is cost
effective and enviornment friendly, it does not use any toxic chemical in the protocol 2526
Experimentally we have measured the enhancement of the intensity in the backscattered
direction i.e. the coherent backscattering cone for the two particle size 15nm and 35 nm in
aqueous suspension. This observation allowed us to determine the width of the backscattering
cone and estimate the transport mean free path. The localization parameter k/* obtained from the
observation is 1<k/*<5. To study the localization transition quadratic scaling is used and the
transmission is plotted as a function of inverse of sample thickness. Thus the localization length
obtained is nearly 225 nm.
Experimental
Isolation, identification of test fungus and biosynthesis of gold nanofluid

The test fungi were isolated from sea waters of Bhavnagar coast (Latitude 21°45’' N and
Longitude 72°14" E), Gulf of Khambhat, West Coast of India. The isolate was grown and
maintained on potato dextrose agar (PDA, Himedia) medium and stored at 4 8C until use. The
medium was prepared in aged seawater and distilled water at a ratio of 3:1. One millilitre
inoculum (spore suspension 106/ml) was inoculated in 250 ml PDA medium (prepared in 75%
‘aged’ seawater). The inoculated flasks were incubated at room temperature for 4 days. After
incubation period, the fungal biomass was separated from the medium by filtration and washed
extensively with sterile distilled water. Identification of the test strain (A101) was carried out by
their macroscopic and microscopic characteristics. Confirmed identification was carried out by
the Agharkar Research Institute, Pune. Identification of the fungal isolate was carried out using
D2 region of the Large SubUnit: 28S rDNA-based molecular technique. Marine-derived fungus

Aspergillus niger has been observed to biosynthesize GNPs at different Au(Ill)
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concentrations>>**

. Further, effect of pH on GNP biosynthesis by this fungus was examined.
For this, approximately 5g fungal biomass was exposed to 100ml oflmM gold chloride
(HAuCly) in the pH range 7-10. The inoculated flasks were incubated at 27°C for 72 h under
static condition. Negative and positive controls were also run along with the experimental flasks.
The aqueous solution of GNPs biosynthesized at pH 7 (particle size 35nm) and pH 10(particle
size 15nm) were subjected to further experiments. Fig.1 shows the typical TEM image for the
synthesized gold nanoparticles.
UV-vis spectrometry

Uv-visible spectra were obtained using Elico BL-198 Uv-vis spectrophotometer. For
this, two ml sample from each flask was withdrawn (at predetermined time interval) and the
spectra were recorded in the range of 400-750nm (1 nm resolution). The experiments were
carried out in triplicates. This spectrometer is composed of deuterium, quartz halogen light
source with silicon photodiode detector, attached to a computer. The statistical parameters of
absorbance spectra were determined approximating data with Gaussian distribution.
Backscattering experiment

The typical experimental setup used is schematically depicted in Fig 2. The set up was
similar to that described in ref. [14]. A 10mW He—Ne polarized laser at 632.8 nm was collimated
to diffraction limit. The collimation was checked by shear interferometry. Following the standard
practice, the CBS light was viewed through a non-polarizing 50-50 beam-splitter (anti-reflection
coated) with a small wedge. A detector with translating stage was placed to analyze the angular
peak. The laser beam was linearly polarized. The free beam going through the beam-splitter was
carefully damped. The set up was aligned by placing a mirror in place of the sample and making

the reflected beam go back into the laser. The beam transmitted by the beam splitter was scanned
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by the detector at the focal plane and the intensity profile so obtained was used as the resolution
curve characterizing the system response. This was well described by a Gaussian having a
FWHM of 0.2mrad. The aqueous suspension of the gold nanoparticles were taken in a cuvette
of 10mm path length. It was placed slightly tilted to the incident beam so that the specular
reflection was well away from the backscattered direction. The Brownian motion of the gold
nanoparticles in an aqueous suspension caused an ensemble average over the speckle and
symmetric peaks were observed.
Result and Discussion

Exposure of Aspergillus niger biomass to Au(Ill) solution of different pH (7,8,9,10)
resulted in change in color of the solution ranging from pink to ruby red which revealed that the
test fungus could synthesize GNPs extracellularly at all test pH. Color of the test solution
changed to reddish pink with increasing pH. This is suggestive of decrease in particle size with
increase in pH, as shown in Fig.3. Nucleation and formation of number of particles with smaller
diameter are facilitated at higher pH. Certain proteins are highly active in alkaline range *"**,
hence, formation of nearly mono-disperse smaller size particles with increase in pH of the test
solution could be achieved. Mittal et al., ** observed aggregation of gold nanoparticles when
biosynthesized above and below pH by yeast Geotrichum candidum. Irawani and Zolfaghari *’
reported stability and aggregation as one of the issues involved with biosynthesis of metal
nanoparticles, the particles biosynthesized in the present study showed noteworthy stability in
suspension, even after one year of synthesis, the particles were observed to be very well

dispersed. Das et al., ** suggested electrostatic mechanism as the main stabilization factor for

gold bio-nano conjugate.
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Physical properties of nanoparticles can be comprehended by analyzing the surface
plasmon resonance spectra. Fig.4 shows UV-vis spectra for the biosynthesis of gold
nanoparticles by Aspergillus niger at different pH. The peak observed is the characteristic peak
for the gold nanoparticles at around 540 nm wavelength. Occurrence of a single peak indicates
spherical shape of particles. The highest absorbance was observed is in the range of 533.5 nm to
531nm wavelength (for pH 7 to pH 10), as the difference is very small the shift is not clearly
visible in Fig 4. As Fig.4 reveals biosynthesized GNPs in the present study are all spherical in
shape. According to Mie’s theory ¥ colloidal particle shape determines the number of SPR
peaks. A single peak corresponds to spherical particles while two or more peaks suggest disc or
triangular shape of particles, respectively.

Coherent backscattering (CBS) of light occurs in all disordered media and is the only
major surviving interference effect. When a beam of light is incident on a random medium, there
exist partial waves traversing every possible path in the medium. The CBS effect arises from the
constructive interference of any partial wave with its time reversed counterpart in the medium. In
exactly the backscattered direction, both these two waves have the same phase and constructive
interference results. Away from the backscattered direction, the counter propagating paths
develop a phase difference depending on the relative positions of the first and last scattering
events in the medium. For the ensemble of all possible light paths, these phases will randomize
and the reflection is enhanced within a narrow cone in the backward direction with an angular
width of the order of A/[* where A is the wavelength of light and /* is the transport length in the
medium. This peak shows up only after the ensemble averaging over the large scale sample
specific fluctuations (speckle) that originate from the random medium. The set of relevant

transport parameters are the mean scattering length /=1/<pc>, defined as the reciprocal of the
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average of the product of the single particle scattering cross-section (o) and the density of the
scatterers (p), the anisotropy factor <cos0> which is defined as the average of the cosine of the
scattering angle for a single scattering event and the mean transport length (/*) which is a
measure of a distance in which, the direction of the photon’s motion becomes uncorrelated with
its initial direction and is related as /*=[/(1-<cos0>).

In Fig.5 the backscattered intensity is plotted as a function of the angle for two different
particle size in gold nanoparticle aqueous suspension. The coherent enhancement at
backscattering is between 1.8 and 1.6, consistent with the requirement that the enhancement
factor should be lower than 2. The observed value is typical for the experiments with linear
polarized light, in the colloidal suspension the ensemble average is conveniently obtained by the
Brownian motion of the colloidal particles suspended in the carrier '>'*'*2, Fig.5 confirms that
the experimental data correspond well to the classical theoretical cone shape. The angular width
of the backscattering cone (measured at full width at half maximum) is directly related as w =
0.7(kl*)" for the Gaussian disorder as shown in Fig.5. The width w is obtained from the Fig.5
and thus calculated the scattering mean free path I, transport mean free path 1*, and the
localization parameter kI* listed in Table-1. The width w is inversely proportional to the mean
path observed which is in agreement with the theoretical descriptions wocA/[*. It is also observed
that as the size of the scatterer increases the kl* decreases whereas the width w increases. In
these calculations the <cos0> obtained is 0.93. The results obtained are in agreement with the
experimental numbers listed in ref. [13,14,19,30]. To observe a possible localization transition,
we have measured the transmission coefficient as a function of inverse of sample thickness (L)
for the nanofluid containing 35nm gold nanoparticles. Fig. 6 shows the experimental results for

the particle size 35 nm of gold particles. The dashed line is the theoretical curve for the classical
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diffusion with / = 11.27 nm. The solid line is quadratic fit to the experimental data. It is
observed that the classical diffusion T decreases linearly with the sample thickness and the
experimental results shows quadratic dependence T oc L. This is an expected behaviour for the
localization transition. Fig. 7 shows the transmission coefficient as a function of sample
thickness. The data are plotted on a double logarithmic scale. It shows the exponential decay
behaviour. From this result we expect stronger scattering behaviour of the particles. The solid
line shows exponential fit exp(-L/lj,c). The ljo. obtained is nearly 225nm.
Conclusion

In conclusion we have experimentally observed weak localization of light in gold
nanofluid synthesized using marine derived fungus Aspergillus niger. This is the first
backscattering report for the Aspergillus niger synthesized gold nanoparticles. The TEM and
observed single peak in UV-vis spectra shows the spherical nature of the synthesized gold
nanoparticles. The coherent backscattering experiment was carried out for the two particle size
(15nm and 35 nm) of gold nanoparticles in aqueous suspension. It is observed that 1<kl*<S5.
Further the kl* is inversely proportional to the size of the gold nanoparticles and width of the
backscattering cone is also inversely proportional to the kI*. In the total transmission experiment
a quadratic scaling is obtained using T oc L™ and the localization length li,. obtained from the
theoretical fit exp(-L/ljoc) is nearly 225 nm.
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Table-1. The parameters obtained from the backscattering experiment for the two particle size of
the gold nanoparticles are transport mean free path 1*, scattering mean free path I, backscattering

cone width w, and localization parameter kl*.

d (nm) I*(pm) I (nm) w(mrad) KI*
15 0.292 20.44 4.29 2.9
35 0.161 11.27 5.45 1.5
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Fig.1 shows the typical TEM image of the gold nanoparticles synthesized using marine derived

fungus Aspergillus Niger
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Fig.2. Schematic representation for the backscattering experimental set up.
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Fig.3 shows the pH dependent size variation in the biosynthesized gold nanoparticles and its

solution color in the day light. The size decreases as the color becomes dark pink.
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Fig.4. shows UV-vis spectra for the biosynthesized gold nanoparticles using marine derived
fungus Aspergillus niger. The peak is the characteristic peak for the gold nanoparticles around

540 nm wavelength.
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Fig.5 shows the backscattering cone as a function of angle for the two particle size 15 and 35 nm

of gold particles synthesized using marine derived fungus Aspergillus niger.
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Fig.6 shows the transmission coefficient as a function of inverse sample thickness. The dashed
line shows the classical diffusion with I = 11.27 nm. The solid line, fit to the experimental results

shows the quadratic fit, exhibits the localization transition.
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Fig. 7 shows the log-log plot of transmission coefficient as a function of sample thickness for the
35 nm gold particles. It shows the exponential decay exp(-L/ljoc). The 1, obtained from the same

18 225 nm.
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