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Abstract

In this article, plasmonic nanopaerticles (PNP)emgsed to improve the solar thermal conversion
efficiency and the abortion prosperity under eidifferent wavelength spectrum was compared.
Gold nanoparticles (GNP) is synthesized throughnaproved citrate-reduction method, which
was used to illustrate the photo-thermal conversibPNPs under a solar simulator with eight
filters. Experimental results showed that the tight intensities awavelengthof 720 nm could
reach 0.004 W/cfrwhen applied to two suns. With the increase ofittagliation time, the GNP
temperature increased linearly and the temperaiué be increased by 3.5 K within 300 s. In
addition, there were no infrared, no visible ligahthd no UV filters utilized to compare GNP
photothermal conversion efficiencies in three ngaactrum regions. As eight filters were applied
in the current experiment, more specified wavelersgtectrum and longer time need to be tested
for the purpose of optimisation.

Keywords: plasmonic nanoparticles, wavelength spectrum, ptiwomal conversion efficiency, light

filter.



Nomenclature
A area (M) Greek
¢ specific heat (J/kg-K) ¢ extinction coefficient
d particle diameter (m) g  vowifraction(%)
| solar intensity (W/f) n photothermal conversion efficiency
L distance of light travelled (m) A difference
m  mass (kg) Subscript
p  Radiation transmitted through a sample (%y/m
P, Incident ratiation (W/f) n  nanoparticle
SAR specific absorption (W/g) w wate
T  Temperature (K) UV Ultralét Rays
t time (s) VIS bk
IR  Infear Spectroscopy

1.Introduction

Nowadays it can be recognized thanomaterials could produce completely different
characteristics from the traditional material imis of surface effect, small size effect,
guantum size effect and other physical and chengogperties. Nanomaterials has
been widely applied in the fields of energy, cheatsc automotive, construction,
microelectronics and information. Nanotechnology lteecome a hot topic in the
nanomedicine, nanochemistry, nanoelectronics, natemals, nanobiology and other
public areas.

Nanofluids (NNFs), as part of the nanomateriaibich attracts wide range
applications in practical. Combining photovoltaigdhwsolar thermal utilization such
as solar heat and power plant, it can improve thlzatton of the solar radiation,
reducing the operating temperature of the battagkpThus, the power generation
efficiency can be improved tremendously. In theas@ower plants, due to the heat
transfer medium working at a temperature range 0fBW [/, nanofluids properties
of the metal will be impacted accordingly. What'srey the nanoparticles will be
precipitated and accumulated. Accordingly, furtfesrearch is needed for solar power
applications.

Kim et al. [1] applied thermal energy balancenalyze the thermal performance

of a U-tube solar collector using 20% PG (propylgheol) as the working fluid. In



their study, solar collector efficiency was caltathand energy savings was predicted
for various nanofluids, such as MWCNT, CuO®d, SiG; and TiQ. It was found
that the solar collector efficiency increased ie following order from greatest to
least: MWCNT, CuO, AlO;, TiO,, and SiQ nanofluids. Kim et al. [2] experimentally
investigated the efficiency of a U-tube solar odibe as a function of the
concentration of AlO; nanofluid and the size of the nanaparticles. I§ wancluded
that the A}Os nanofluid was effective in increasing the effiagrof the U-tube solar
collector. In the research work af-Nimr and Al-Dafaie [3], a mathematical model
was developed to test the transient temperatuteibdison of the silver nanofluid
pond at different volume fractions, heat transfeefficients and exposure time
conditions. Comparing with conventional solar parl conquered the traditional
brine ponds troubles, presented nanopaticles hadubadvantages in solar storage.
Chen et al. [4]Kosuga et al. [5], Lenert and Wang [6] and De Betnal. [7] set up test
rigs to investigate the absorption of the gold dves nanoparticles at different
specialized wavelength range of 500-1000 nm. Adirtexperimental results showed
that the temperature increased remarkably andftiteeacy was analyzed as a direct
absorption solar collector.

The working medium in the solar energy systehag an important role in solar
absorption Colangeloet al. [8] investigated the ADs-therminol nanofluids property,
such as stability, viscosity, FI-IR spectra, clusdsee and thermal conductivity. It
would be very helpful to evaluate the non-Newtamdlcharacteristic in the solar
absorption system. Over the past decades, mangrobses devoted to study the
nanofluids photothermal absorption characteristias. recognized that the rate of the
absorption was influenced by nanopaticles lengthmdter, volume fraction and
particle size distributions [9-12}lercatelliet al. [13], Chen et al. [14] arkhrami et al.
[15] investigated TiQ Al, Au, SiO,, silver, copper-oxide and carbon nanotubes at
corresponding optimal heat absorption wavelengthgbt itself with particle sizes,
concentrations, lengths, and diameter. It was fdimadl there is a great difference in
the optimum wavelength, that is, with the growthtla# nanorod diameter and length,

the optimal wavelength increaséscaset al. [16] conducted an experimental study to



investigate the grand optical absorption at wawgtleef 808 nm. It was observed that
when the light intensity was increased, the surfaicéhe nanopartical temperature
was linear. It was stated that the combined miteoteomechanical systems (MEMS)
with the infrared absorbent gold nanoparticals hageificant potential application in

light-actuated switches and mechanical constructiom et al. [17] concluded that

taking advantage of nanofluid photothermal progpen catalyst would also have a
positive effect. Nair [18] performed an experiméntstudy the 20-30 nm Ag/TiV

oxide grain samples in UV-DRS spectra. Their reshtiwed that in the visible light

photocatalytic activity of Ag/TiV oxide better tteeand seven times than TiV oxide
and Degussa P25 respectively. Due to different imgrknaterials, the line of the

absorption TiV/Ag oxide and Degussa P25 decreabedpty at around 390 nm in

UV-DRS spectrum.

In recent years, the application of nanoflund medical engineering has
obtained great achievement-Sayed et al[19] and Ou et al.[20] found that the
malignant cells require no more than half of thev@oenergy leading to benign cells
nobinary. With anti-EGFR/Au conjugates bonded gaaid it has a high efficient
absorption near the visible spectrum band. Takohgaatage of precious metal heat
transfer characteristics, experimental medium i&l g@noparticles in genaral. For
example, in the application of killing cancer ce¥s et al. [21] used nanotubes as the
core of the body to stimulate the outsourcing efahganic matter, in particular of the
laser wavelength action. The cancer cells wouldhdsted up to 42, then it will be
dying. Experimental results showed that the sulvikete of the cancer cells
significantly decreased. When do experiments on mbuosly, equipments can detect
concentrations of the different parts of the goldotabes in the organs. The 700-900
nm nanoparticles carry drugs as targeted heat biasiee to kill the cancer cells. Liu
et al. [22],Bhana et al[23], Zhou et al.[24] andPaci et al[25] performed fundamental
research on the goldnanoparticles that used in dmanufacturing. In the
near-infrared wavelength, gold nanoparticles shogaext! light absorption properties.

Ebrahimian and Ansarifg26] studied the nanofluid performance in VVER-000

nuclear reactor core. Due to the excellent heastes coefficient of the nanofluid, it



would be an ideal method for cooling annular f\ith smaller nanopatrticle size and
bigger volume fraction, the temperature of the fieziter decrease. In addition, it was
found that 0.03 volume fraction and 10 nm size dpQA achieved the best
presentation in regular circulation. Garoosi ef2r] conducted a numerical study to
examine two dimensional containing circular cylindeorrelation parameters:
Rayleigh number, volume fraction, particle sizegetyof nanomaterial, shape of the
enclosure and the orientation of the hot and cylithders etc. However, after Lee and
Kang [28] used aqueous solution nanofluids to eabahe CO2 absorption of the
base fluid, it is concluded that the effect of tenoparticles on the mass transfer
enhancement is more significant in the region cdaturated state than that of the
saturated state.

Mercatelli's results revealed that 270 nm wawgth absorption up to maximum
while at the lowest penetration rate and with tisdume increase penetration rate
show a downward trend [13]. Although in a low camication of GNPs based on the
fluid i.e. 0.15 ppm, the solution has great perfange in photothermal absorption
efficiency. In the near-infrared wavelength absiorptrate to can be creep to T2
within 300 s. Gold nanofluid characteristic withd#ferent circumstance showed
different performance in photothermal absorptiod eadiation [29-30]. Kosuga took
advantage of photothermal films in assembling paldr energy of the solar
spectrumm, temperature rise up to'@@nly in 100 s [5].

It is aforementioned from the above researchksyogold nanofluid has huge
perspective in the near future that can be uségat convention and solar absorption
domain. However, previous studies have shown tlaektinction coefficient do not
represent the real photo-thermal energy convergitotess, especially for the
photothermal conversion experiment in the wholecspen. Therefore, it has still
much room to investigate the photothermal converpemiormance of the GNPs in a
single wavelength. The objective of the current kvisr to use five slices filters to
study the photothermal conversion performance oP&Ky measuring temperature
changes of the fluid in a single wavelength. In ¢herent study, five different filters

will be used to investigate the photothermal cosier performance of the GNPs and



the temperature of the nanofluid changes will beasned in a single wavelength

comparing with other related research results.

2. Experimental approach
2.1. Gold nanoparticle synthesis and characterization

In general, gold nanoparticles can be syntledsizy three methods: citrate
reduction (CR) method, the Brust-Schiffrin methadd the modified Brust-Schiffrin
method. In the present work, we will take citragduction method which is similar to
Chen and Wen [31]Philip [32] and Kim [33]'s preparation of goldnanopatrticle
aggregates with three different methods. The bahkéien is HAuUCI4 in potassium
carbonate (KCOzs) solution (K-gold solution) and then adding (ag&eorbic acid, (b)
alcoholic solvents, (c) NaBH4 respectively. Durihg experiment, all of the solutions
were exposed in the wavelength range of 300 to BQusing Agilent UV-Visible
spectrometer. The result shows that the extinationes have a peak value of weave
occurs at around 700 nm.

During the experiment, gold nanoparticles dispasiare formulated through
simultaneous production and dispersion of the namicfes in situ. GNPs were
synthesized by the citrate reduction method withdid of ultrasonication for particle
morphology control [34]. According to CR method, 810° mol of HAUCL, was
added to 190 ml (DI) water and mixed solution waatée until boiling under the
magnetic blend condition. 10 ml of sodium citrade5@o) was added to the HAuCl4
solution, then, the solutions were placed in the 8@rasonic bath for 30 min until its
color changed to wine-red. GNP dispersions werdigdrby the membrane dialysis
method.

In the current experiment, 100 ml of GNP dispersias added to the membrane
tube with 2-3 nm in diameter, which allows the wkion of the ions but keeps GNPs
at it. Then, the membrane was put in a flask oil@ter, stirred by a magnetic blender.
The DI water was replaced twice per day and tlap &sted for five days. Based on
the UV-Vis spectrum test results, the concentratbrarious impurities diminished

exponentially with the increasing DI water changtimges. In the current work, the



photothermal conversion effect can be ignored. Todd nanoparticles mass
concentration is 0.0028% (1.5 ppm).

The concentration of the gold nanoparticles sotuts measured by an atomic
absorption spectrometer (Varian 220FS SpectrAA Atofbsorption Spectrometer &
GTA110) transmission electron microscopy (TEM) e@aed with an Energy
Dispersive X-ray spectroscope (EDX) was applieddentify the size and shape of
the nanopatrticles and take 200 KV as its bias gelt®ynamic light scattering (DLS)
device (Malvern nanosizer) was used to observepéngcle size distribution in the
solution. As shown in Fig. 1, the gold nanoparsgeesents in clear red-wine color
and in the ball shape according to the TEM images$:ig. 2, almost 90% of GNPs
diameters in the range of 15 nm to 30 nm in thew2ker. Apparently, TEM
measurement is a bit smaller than the DLS valud$PsGdispersion status in the
solution on the basis of the DLS results is illattd in Fig. 2.

2.2. Photothermal conversion experiment

Photothermal conversion experimergglipment was schematically shown in
Fig. 3. For the case of producing big deviationttve sunlight directly, a solar
simulator (Newport Co. Oriel Xenon Arc lamp) was lggx to simulate the light
source. This could generate spectral as similaoks and it can change the radiation
intensity in between 1 am and 2 am. The test fgakn be well performed according
to the ASTM standard (ASTM G-173, 2011), such asperal instability below 5%,
non-uniformity of irradiance of up to 5% and spattmatch (fraction of ideal
percentage) of 0.7-1.25. In order to minimize tleigtion due to the temperature
gradient, GNPs dispersion was spread in the dighame than 3 mm and was covered
with a glass sheet (3.5 cm diameter), which wasrptite solar simulator central spot.
There are different filters below the sunlight prodr which light could through
length, including 410, 520, 710, 860, 1064 nm. Lighrough the filter which
concluding visible spectrum 410, 520, 710 nm anchnefl wavelength 860, 1064 nm
heat gold nanofliud. K-type thermocouple (Omega 9TEK-36-36) was used to
measure the sample temperature located at thenbagater of the Petri dish. In the

labview environment, achieved date was depositesd RC though a data acquisition



hardware (thermocouple input devices, NI, USB-921Channel, 24-bit).

3. Results and discussion

Prior to the discussion, it is worthy to ment&n mass (AM) which is normally
used in the photothermal conversion experimentsjtaiegresents the solar spectrum
at mid-latitudes. According to the standard of ASGVIL73, the solar intensity (I) is
1000 W/nf at AM=1.5. Solar radiation energy concentratedveen 150-4000 nm
wavelength. During this wavelength range it cardivided into three main regions,
i.e., shorter wavelength ultraviolet, longer wawefih infrared regions and visible
regions. Solar radiation energy mainly accumulatdbe visible and infrared regions,
the former accounting for 50% of the total amouhsalar radiation, while another
accounted for 43%, only 7% in the ultraviolet regioin the vicinity of 475 nm
wavelength, solar radiation power reaches the Bighelue. It is found that in the
near-infrared (NIR) region it shows significantly gdbbthermal absorption property
and it could be used for controlling as the extestimulus to motivate drug release
[35]. In the present study, solar simulator cantesimilar to the sunlight wavelength
light intensity, and with filters which only fiveght wavelengths could through it. Its
spectral irradiance can be clearly shown in Fig 4.

Since the Earth is an elliptical orbit arouhd Sun, the distance between the Sun
and the Earth is not a constant. The average distan1.5x18km, therefore, the
Earth's atmosphere solar radiation intensity isoglna constant. It is called "solar
constant" which can be used to describe the iniensithe solar radiation above the
Earth's atmosphere. It refers to the solar radiatimat at the average Earth-Sun
distance and beyond the Earth's atmosphere boued, upit surface area
perpendicular received. After the detection, inteomal academic community agrees
that "solar constant” is taken to be 1357 \W/Buring the current experiment, using 1
Sun, at 710 nm the intersity can reach 1500 ¥Vt only reach maximum 3500
W/m? in the two Sun power. When the "solar constant'temthan twice of the
original value, each specific wavelength of théfigntensity has increased, but not to

multiply increased. At 710 nm, the light intensstiss increased to 2.10x3@v/m?,



while increased to 1.55xFOW/m? at 520 nm. However, at 710 nm, the light
intensities increments are four times that tha8@@ nm. At 410 nm and 1064 nm,
almost no influence on the light intensity when dtd "solar constant”. It can be
observed that increasing the "solar constant"itite Intensities could be changed at
different wavelengths.

Fig. 4 shows the variation of the spectraldraace with wavelength. The solar
radiation spectrum at five different filters, i.410, 520, 710, 860 and 1064 nm are
illustrated. It can be obviously observed that #pectral irradiance in the visible
wavelength is higher than that in the infrared Wewgth. However, as illustrated in
Fig. 5, near the infrared wavelengths, the phototlaé conversion efficiency
performs better than that at visible light wavelnge et al. [21] explored different
lengths goldnanotubes absorption properties anilasinesults was obtained. Zhou et
al. [24] found the advantage of the gold nanoplagigvhich have a high photothermal
conversion efficiency near infrared region, raisthg cancer cell temperaturee up to
42 °C. In their experiment, DI water and nanofluids wéght 300 s, the highest
temperature appeared in the near infrared regian.1@64 nm, the nanofluid
temperature raising 3@, DI water temperature is increased only by’ 2.5At five
different wavelengths, the largest slope occursl@4 nm, that is, with longer
exposure time, the temperature will continue taease. Nanofluid temperature is
increased about 3% at 710/860 nm, but water absorption is lower.

Gold nanopartical temperature can be takeroksien temperature, which can
be measured by thermocouple at the bottom of thle @n the other hand, nanofluid
temperature can be assumed as uniform since thie detite solution is no more than
3 mm.

The photothermal conversion efficiena)) €an be formulated by [29]:

—_ (CWmW + Cnmn)AT
IAAL

n 1)

where G, ¢, are the specific heat of the water and nanopartrelspectively. m my
are the mass of the water and nanoparti€lestands for the whole temperature rise

in aAt time interval. A represents the illumination acdahe fluid in the experiment.
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Since the particle concentration can be |gnored—nzl~0), the photothermal
c,m,

w

conversion efficiency can be rewritten as:

_c,m, AT

A At @

n

Clearly the efficiency is directly linear to thertperature rise rate.

As show in Fig. 6, the efficiency curve is opgnupward parabola. From 410

nm to 520 nm, compared with DI water and GNPs, thalid not significantly

increased. In addition, with the increase of thevelength the eintoiciency curve

turns to a downward trend. When the wavelengths moee than 710 nm, the

efficiency increases linearly, at 860 nm it incexhdy about 5%, and reached a
maximum 20% at 1064 nm. Compared with that in Bigoetween 710 nm and 1064
nm, the light intensity is decreasing, whereas dfficiency shows in the opposite

direction. It has been obviously demonstrated titvate is no relationship between the
light intensity with the absorption efficiency aptiotothermal absorption efficiency.

Their performance depends on the nature prospeafigself.

It is defined that the ratio of the radiant mowransmitted (P) divided by the
radiant power incident (P0) as the transmittancthefsample i.e. P/PO, which reveals
the absorption spectrum. It was measured by amspeeter (PerkinElmer, lambda 35)
of nanogold spitting at various concentrations.sé&da on the Beer's law, the
absorbance can be formulated as the logarithm 1Basef the reciprocal of the

transmittance [29], as shown:
Iog[%j =egh (3)

wheresis the extinction coefficientg represents the volume fraction, L stands for
the length of the light passing through the nandfiuSince@L could be regarded as
a constant value, the former formulation can bepfiad to log (%) x €. Fig.7 can

reflect theextinction coefficient changes directly.

Fig. 7 illustrates the varisation of the goldnoparticals at different mass



concentrations. It shows that similar tendency i&ioled in the current study. The
absorbance spectrum decreases initially with theelgagth range of 300-460 nm,
followed a peak value at around 520 nm and thetiroom tending to decrease till the
end. For the case of same wavelength, the higlgeméiiss concentrations the larger
the extinction coefficient, but the increment ot thbsorption efficiency decreases
with double mass concentrations. There must exisb@imum value between the
increment of the mass concentrations and the dximcoefficient. Compared with
the results shown in Fig. 5, within the infraredvei@ngth region, photothermal
conversion is well performed while the extinctiavetficient is very low. By contrast
to that in Fig. 4, at the vicinity of 710-1064 nthe light intensity is very good, but
the extinction coefficient is almost down to zeBased on the above analysis, not
obvious link between the light intensity and theiretion coefficient is observed. It
somehow depends on the nature of the nanoparticles.

Fig. 8 demonstrates the temperature profileswthe solar simulator combined
with the UV-VIS, UV-IR and VIS-IR waveband spectruitiers radiate under two
cases of DI water and GNPs 300 s. For the casbeoWiS-IR exposure GNPs the
temperature can reach 10, and the DI water temperature rise is very close.5C.

In the UV-IR region, the goldnanoparticles tempamatincreased by only 4C,
whereas the DI water temperature is almost unclthn@dlPs temperature slope is
only 4/300 while the case for the DI water is less tha/300. Markedly different
irradiated with UV-IR, VIS-IR spectrum could be tgp 10/300 for twofold former
cases. In this figure, the UV-VIS, VIS-IR, DI watesmperature can increase about
6 ‘C, it proved that most of the energy of the sun eot@ted in the vicinity of the
visible spectrum. For GNPs, at VIS-IR spectrumcdhtributes to a higher thermal
efficiency and UV-VIS afterwards. It can also beatbthat the temperature slope
shows a decreasing trend after 300 s, i.e. exposm@thuous light, GNPs temperature
would be verge to a stable value exposed lightlong time,

The particle’s capability in absorbing energyr pnit mass can be described as
the specific absorption rate (SAR), as shown in BigAccording to [34], the lowest

particle concentration leats to the maximum SAR.



SAR can be calculated as [29]:

sar=CM*CMAT, ~c.MAT, /g
1000y, At

(4

where AT andAT , are the temperature increments at the gsttiene interval for

A
water and nanofluids respectively. Apparen ’OO(-lA_tN =0, then, the SAR

calculation can be simplified as:

sar=_ CuM, (ATN _ATW]

1000 | At At (5)

And_CuMy (ATN —Aij =CONS, so SAR « (ATy — ATy), i.e. SAR valuation is
10000, At

lie on the difference of the temperature rise betwthe nanoparticle dispersion and
the base fluid.

In Fig. 9, within the VIS-IR region, the SARrceeach to the maximum value of
2kW/g, which is higher that the other two cases, UV-VIS and UV-IR. When the
visible wavelength content reduces, the SAR valgerehses accordingly. As
illuatrated in Fig. 5, the maximum temperatureaténce of GNPs and water is at 710
nm-1064 nm, while the minimum temperature diffeeeraccurs at 410 nm. This
coincides with the present experimental data thatldbwest photothermal efficiency
appeared in the vicinity of the ultraviolet liglit.can be recognized that the optimal
photothermal conversion efficiency could be withive visible light region. In a
previous study, Zhang et al. [29] studied the reftethips between the SAR and the
GNPs concentration changes in the whole wavelergpiges, whereas the current
work is to investigate the relationship between$dR and the other two wavelength
regions of allareasa. Apparently, it is essenbatudy the relationship between SAR
and GNPs mass concentration within a certain waggheregion [29] .

Fig. 10 shows the comparision of the photothermahversion efficiency
between the GNPs and DI water in UV-VIS, UV-IR avilb-IR waveband. Exposed

at different wavelength regions, as demonstratdeign 10, the optimal photothermal



conversion efficiency ) of the gold nanoparticle could reach 30% in VRS-
waveband instead of 20% in a single wavelength I84only 20% that shown in
Fig. 5. It is beyond imagination thaf of the DI water attain 20% in VIS-IR
waveband is equal to 1064 nm. And the differendeevaf n between GNPs with DI
water is 10%, while the most differentials only %860 nm, as shown in Fig. 5.
Compared with the results in Fig. 9, the phototreroonversion efficiency is similar
to the SAR histogram trend in the corresponding &oe UV-VIS/UV-IR/VIS-IR. In
UV-VIS/VIS-IR wavebands, both of them contain visitwavelength regions, when
the temperature increases, SAR anghows better presentations. In He's report [36],
the transmittance of the Cu,@ nanofluids over solar spectrum (250-2500 nm) was
invested by UV-Vis-NIR spectrophotometer accordittg the integrating sphere
principle. For the lights in Fig. 6, the transmmita of the Cu-bD nanofluids are
down to zero near infrared spectra range of 137WB2Bm yet has excellent
transmittance in the 500-1370 nm. It was concluthed the absorption coefficient of
the Cu-HO nanofluids presents the best performance in thewadveband then
sliding smoothly with the wavelength increasingtive visible area, and then rise
abruptly in the infrared. By comparison with thepesximent of [36], the result is
totally different what have achieved from the catrevork. Considering the results
from Figs. 9 and 10, the photothermal conversiditiehcy (1) of the GNPs VIS
waveband has better absorption coefficient thanftimdJV and IR. Recently, Jin et al.
[37] performed a combined experimental and numerstduy to investigate the
photothermal conversion efficiency of the gold ndumdf under natural solar
irradiation condition. In their study, when theilis light range from 500 nm to 800
nm mainly contribute to the absorption which achsegeod agreement. Based on the
comparative analysis, different nanofluid materan reach high photothermal
conversion efficiency in a specified condition @rhs of goldnanoparticle. It can be
recognized that the nanofluid material could hawe potential to absorb the solar

radiation in the VIS-IR light range.



4. Conclusions

This work experimentally investigates the photaotied conversion characteristics
at a single wavelength and waveband of sunlighttechby solar simulators of gold
nanoparticle dispersion. Major findings based oe #xperimental results are as
follows::

(1) There are no direct relationships betwe®sn ltght intensities, extinction
coefficient and photothermal conversion, whch degean the prosperities of the
nanoparticles itself.

(2) GNPs achieves the best photothermal comreedficiencies at 710-1064 nm
infrared waveband. Both the visible light and inéch waveband shows better
temperature rise than that in a single wavelenggon.

(3) Photothermal conversion efficiencies of G&Ps under different filter
conditions show remarkable performance i.e. 20% medraent in vicinity of 1064
nm.

(4) Two thirds of the waveband fields througRR% show prodigious results that
VIS-IR has the best photothermal absorption tha&natimer two regions indicated by
temperature increment and slope.

(5) Both SAR andy show better presentations in VIS-IR wave regiarg g
does have been improved compared with that withdNR$
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Fig. 1. TEM image of GNPs, inset: resulting dispersioneaf-wine color.
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Fig. 2. Particle size distributions in an aqueous mediugasured by
dynamic light scattering (DLS) .



Sun Simulator
Filter

3 3

Top glass

Nanofluid
o

Petri dish (¢3.5cm)

Thermocouple

Data acquisition

Computer

Fig. 3. Schematic illustration of the photothermal convansexperimental system.
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Research Highlights:

« Photothermal conversion characteristics at a swghelength is studied.

- Photothermal conversion characteristics at wavebésdnlight is investigated.
+ GNPs achieves the best photothermal conversiotiggifiies at 710-1064 nm.
« Both visible light and infrared waveband demonstideal temperature rise.



