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Photothermal properties of Fg O, nanoparticles coated with turmeric extract
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In this study, we synthesized magnetite nanoparticles through a modified coprecipitation route and subsequently coated them directly with
Curcuma longaextract. The resulting nanoparticles were then dispersed in distilled water to create a hanofluid. The particle size distribution
ranged between 9 to 18 nm according to Transmission Electron Microscopy and Dynamic Light Scattering. The nanofluid’s thermal parame-
ters were obtained by photothermal techniques, obtaining their thermal diffusivity, effusivity, conductivity, and heat capacity per unit volume.
The Thermal Wave Resonator Cavity was employed to measure the thermal diffusivity, while the Inverse Photopyroelectric photothermal
technigue was used to determine the effusivity value. The obtained thermal parameters were close to the carrier liquid (distilled water), being
a preliminary study that can be analyzed to improve the heat transfer application in other suspension fluids.
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1. Introduction cumin (G1H200g) is the main component of Turmeric, ex-

tensively explored for its therapeutic potential, such as an-
Superparamagnetic iron oxide nanoparticles (SPIONS) argoxidant, anti-inflammatory, antimicrobial, and anticancer
widely used in the development of medical formulations andproperties, as well as thermal insulation properties [6,16-18].
have been regulated by the US Food and Drug AdministraAlso, turmeric has been used for biodiesel and biofuel pro-
tion (FDA) for medical purposes [1]. Magnetite nanopar-duction and as a fuel additive, improving engine efficiency,
ticles (MNPs) are primarily used in drug delivery and hy- retarding the oxidation process, and reducing costs and emis-
perthermia therapy because of their solid magnetic resporsions [3, 19, 20]. Recently, there has been an increased focus
siveness, good biocompatibility, and low toxicity [2]. Also, on the thermophysical properties of MNPs due to their ap-
MNPs have been studied in the engine industry, observinglication as targeted thermal agents in alternative therapies,
the enhanced physicochemical and phytochemical propertigshotothermal-activated drug delivery, and the biofuel indus-
in biofuel addition; and engine performance [3]. Severaltry [20-23]. The key thermal parameters include thermal
magnetite formulations have been developed to improve coleonductivity, diffusivity, and effusivity, which are essential
loidal stability and physicochemical properties [4-7]. Thefor quantitative analysis and extracting information about the
eco-friendly synthesis of MNPs from plant extracts standgmaterial microstructure of the nanoparticles [21, 22]. The
out for their less toxic synthesis waste and low cell toxic-photopyroelectric (PPE) setup is a high-sensitivity, adapt-
ity [8,9]. Green synthesis of magnetic nanoparticles alsable, and non-destructive technique, that has been widely ac-
helps in the energy-sustainable sector through their applicanowledged as a powerful tool for high-resolution measure-
tion in bio-additives, biofuels, Enzymatic biocatalysis, etc.ments of material thermal properties. In this study, semi-
[10-12]. Flavonoids are natural polyphenolic compoundsspherical magnetite nanoparticles were coated with Curcuma
very effective in preventing and controlling cancer diseasedonga extract (GsH104020) Via a coprecipitation-modified
and it has been reported that phytochemical elements add afeute. GgH1¢4020 Was linked to MNPs by -OH bonds at
ganic chains, which helps in the reduction reaction during thehe metallic ions (Fe-OH). Thermal characterization of this
magnetite synthesis process [9, 13, 14]. TurmeBieruma  nanofluid will allow us to determine possible applications in
longa L) belongs to the Zingiberaceae family and mainly heat transport, obtaining their thermal diffusivity and effu-
comprises the following natural polyphenols: curcumin,sivity by Thermal Wave Resonator Cavity (TWRC) and in-
demethoxycurcumin, and bisdemethoxycurcumin [15]. Cur-
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verse photopyroelectric (IPPE) photothermal techniques, re2.3. Particle size and coating
spectively. Thermal conductivity and heat capacity per unit o )

volume were obtained from the thermal diffusivity and effu- Transmission electron microscopy
S'V'.ty relationships. In add|t|o.n, complem_e ntary charact.erl—_rpe synthesized nanoparticles were subjected to sonication
zation to get the shape, organic coating thickness, and size

N costed wih Curcuaonga (VRS0 110 11 0 8 1S vatr ausperson Spsedienty,
was obtained by Transmission Electron Microscopy (TEM) y P PPer g y :

T : samples were analyzed using a JEOL JEM2010 microscope
and Dynamic Light Scattering (DLS). equipped with a LaBfilament operating at 200 keV. The av-
erage size of the nanoparticles was determined by measuring
2. Materials and methods 1.50 parFicIes. The (.)btained. particle size distributions were

fitted using a Gaussian function.

2.1. Materials o .
Dynamic light scattering

Ferric trichloride hexahydrate (FeCI6H,O) (purity, p.a.,
>97%), ferric dichloride tetrahydrate (FeC#H,O) (purity,
p.a.,>99%), ethanol, and potassium hydroxide (KOH) were
acquired from Sigma-Aldrich. This study used commercial

The particles were dispersed in 0.06% citric acid solution.
After filtration through a 45 nm nominal pore size (Millipore)
to remove suspended impurities and sonication for 15 min at

turmeric powder from India (TRS; Curcuma longa IOOWder)30"C, the sample solution was placed in a glass cell. The

and deionized water. All reagents were used as received wit étb?ee);rt)(;r:\m;nntlsévt\;?rlesgirsfic;:mgdcsgzrﬁecri:?jltargntiimzfgr-
out any additional purification steps. ' 9 9 9

based 3D light scattering instrument (LS instruments AG,
Fribourg, Switzerland). The device was equipped with a He-
2.2. Methods Ne laser as a light source, at a 632.8 nm wavelength, with
] ] vertical polarisation.
Turmeric extract preparation
, i _2.4. Photothermal characterization
To prepare the turmeric extract, 20 g of Commercial turmeric
powder was mixed in 400 mL of ethanol 80%. The mixture Thermal wave resonator cavity for thermal diffusivity ( a)
was heated to 20C and stirred magnetically at 400 rpm for measurements

20 min. After the stirring process, the mixture was allowed
to cool [21]. TWRC technique was employed to measure the thermal dif-

fusivity « of the sample [23]. Thermal diffusivity represents

the ratio of thermal conductivity to heat capacity per unit
volume of the material. The one-dimensional heat diffusion
equation derives the theoretical expression for thermal diffu-

Synthesis of MNPs@ GgH104020

FeCk-4H,0 and Fed)-6H,O were separately mixed in de- ="
gassed water. After 30 minutes, they were combined in &V'-

3-necked flask maintained at a temperature ¢iCZ(5ubse- 92T 10T
guently, KOH with a molarity of 7 was added dropwise, fol- Pr A
lowed by adding 50 mL of the previously prepared turmeric - o o
extract (TE). The solution was mechanically stirred at 200  Additionally, a periodic energy boundary condition is ap-
rpm to maintain an inert atmosphere and prevent oxidatioflied to the surface of the sample. ThI.S boundary condition
[8]. Please refer to our recent report [9] for a detailed synthe€nsures that the energy exchange within the sample follows a
sis method. The resulting solution, which had a black colop€riodic pattern.

and a pH of 14, was separated using an external magnetic

field (neodymium magnet). It was then subjected to multi- T Qo

ple washes with water and ethanol to remove both inorganic — %ZT[H cos(wt)]=Re {
and organic impurities. Finally, the solution was lyophilized,

resulting in the MNPs@ & H104020 powder. This pow- x=0, t>0. 2
der was subsequently characterized and stored under VaCULm"I
conditions.

— =0; <0, t>0. D)
o Ox

% [1+ exp(iwt)] } ;

Eq. (2) T represents the sample temperature,-arepre-
sents the thermal conductivity.q@enotes the incident light
. intensity, andv = 27, wherev represents the modulation
Synthesis of MNPs frequency of the light. By solving Eq. (1) with the boundary

i condition expressed in Eq. (2), the solution can be written as:
To compare the properties of our system, bargQze
Q()

nanoparticles were synthesized using the coprecipitation iron - Yo B )
salt method, as described in a separate report [9]. T(,1) 20 P (-oz+iwt), 3)
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FIGURE 1. Experimental set up of TWRC.

whereo; = (1 + j)a;, o;: complex thermal diffusion co- _
efficient of material. a; = \/7v/a, a;: thermal diffusion ~ FIGURE 2. Experimental set up of IPPE.
coefficient of material.

In polar coordinates, the solution can be expressed ! = s/ €s: thermal effusivity of the sample,,: ther-

as [22]; mal effusivity of the pyroelectricy = e4/e,, e,: thermal
' effusivity of gas (airjus = 1/as, p: thermal diffusion length.
Qo w Finally, the thermal effusivity of the sample can be de-
T(z,t) = 3o P <—l’ 2a> termined using the following equation:

‘ e es = bep. (6)
Xexpi|wt—xy/———]. (4)
2 4 Thermal conductivity and heat capacity per unit volume

In TWRC experiment (Fig. 1), the photopyroelectric SignalTo comprehensively characterize the studied sample, itis cru-

is. measured as a function .Of the sample thickpess placed ."E"lal to know its thermal conductivityx) and heat capacity
side the TWRC. The amplitude of Eq. (4) is directly assom—per unit volume c). These parameters can be directly de-

ated with the experimental amplitude of the pyroelectric S€Ntarmined by establishing the relationship between the ther-

sor (23], mal effusivity e, thermal conductivity £), thermal diffusiv-

) ] ) ity (), and volumetric heat capacityd).
Inverse photopyroelectric configuration for thermal effu- e,

sivity (e) measurements K= esv/a pc = o @

The thermal effusivitye can be measured using the inverse Both samples were analyzed at a 0.120 mg/mL concentration,
photopyroelectric configuration, utilizing polyvinylidene di- with bidistilled water as the suspension medium.
fluoride (PVDF) as the pyroelectric sensor [23]. The mod-
ulated light is directed onto the PVDF pyroelectric sensor3  Results
The sample to be analyzed is placed on top of the sensor, us-
ing the thermal paste to ensure good thermal contact betweeéRwo types of nanoparticles were synthesized following the
the PVDF and the sample (as shown in Fig. 2). procedure outlined in Sec. 2. The first type is referred to

Following that, the experimental data was fitted to the theas MNPs, which are magnetite nanoparticles obtained using
oretical equation for the IPPE configuration, represented byhe coprecipitation iron salt method and are used as a refer-
Eg. (5), using the following expression [23]: ence. The second type is MNPs@g81 04040, Which refers

to magnetite nanopatrticles directly coated with TE (turmeric
e(w) _ (1 — eoplp)(l + b) + (e—aplp — 1)(1 — b) (5) extract).
(g—1Lemorlo(L—=b)+ (g+1)err (1 +b)

) Particle size and coating
In Eq. (5), the variablé(w) represents the average tempera-

ture in the pyroelectric detector, which is proportional to theTEM and DLS analysis was conducted to observe the nano-
PPE signal. The parametgrcorresponds to the thickness of metric size and semi-spherical morphology of the synthe-
the pyroelectric sensor, (@m). Additionally, the parameter sized magnetite nanoparticles, as shown in Fig. 3. The parti-
b is a fitting parameter used in the equation. cle size distribution was determined and presented in the
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FIGURE 3. TEM micrographs fo.r a), b) MNPS, and c), d) FIGURE 4. Thermal diffusivity obtained by fitting the experimental
MNPs@GsH104020samples. In (f inset) the organic cover over data of TWRC signals

the nanopatrticles is indicate by the white arrows. The histograms
b), d) show the mean particle size fitted to Gaussian functions. 20 40 60 80 100 120 140

DLS hydrodynamic radius are shown in e), f) for MNPs and ’; 2.0 S MNPs ' ' ' ' '
MNPs@GesH104020 respectively. The second particle size pop- g  Fit M,S\IPS P
ulations could be associated with the particle aggregation of the ; 1.5¢ e
samples. 5 _:_r—::‘*
_ o a 10 T
TEM histogram. The mean particle size, represente@as E e
was calculated from the Gaussian fitting. The average parti- o 05l .,.v’
cle size of MNPs was determined to §e= 10 £ 1 nm, as il- = g"'
lustrated in Fig. 3b). In contrast, the average particle size for % 00
MNPs@GgsH10402¢ (magnetite nanoparticles c.oat.ed with © ., MNPs@CosH10020 |
Curcuma longa extract) wags = 14 + 4 nm, as indicated 43 2 o5  Fit MNPs@CosH104020 . e
in Fig. 3d). By DLS, the MNPs sample showed two main @ R
particle size populations [Fig. 3e)]. The first one, with an av- 8 150 r:r:f—
erage hydrodynamic radius of RBI4= 1 nm and the second S, "~ [ e
with RH: 55 nm. Similarly, the MNPs@¢gH 104020 sample e I
[Fig. 3f)] shows one population with RH: = 2 nm, and the o 0.75p*
. . e
second one with RH: 44 nm. The second population repre- o_

sents _the partlc_le aggregates due t_o their magnetization. The 0.003‘0 PR T T Fr vy BT
organic shell thickness corresponding to the TE polyphenols

in the MNPs@GgH104029 sample was observed by TEM Frecuency (Hz)

and measured over low-contrast areasi(nm), as shown in  FIGURE 5. Fit of Eq. (5) (red continuous line) to the IPPE signal
the inset of Fig. 3f). The MNPs and MNPs@gl;040,,  experimental data.

samples showed nanoparticles in polydispersion using both

techniques, which could be due to their magnetic propertie¥hermal effusivity

that favor particle aggregation of the samples.
From the fit of Eq. (5) to the experimental data obtained from

the photopyroelectric signal as a function of frequency, the fit
parameter b was obtained (Fig. 5), and the thermal effusivity
of the sampleg,, knowing that the pyroelectric thermal ef-

o 2 . .
Figure 4 shows the experimental PPE signal phase as a fun%gzgl%ﬁeeﬁ)_ 530 Wy/s/m™K , was obtained using Ed. (6)

tion of the Relative sample thickness; the blue circles rep-
resent the experimental values for the MNPs@i 04020 Thermal conductivity and heat capacity per unit volume

and the black MNPs. According to Eqg. (4), from the linear

fit (red line) of the photopyroelectric signal phase (shown inFinally, the thermal conductivity, and heat capacity per unit
Fig. 4), the sample thermal diffusivity can be obtained (see volumepc, were calculated using Eq. (7) and are listed in Ta-
Table I). ble I.

Thermal diffusivity

Rev. Mex. Fis70011601
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TABLE |. Thermal parameters and dimensional values of MNPs and MNBs@G4O-o.

Sample RH Radious €s @ K pe
DLS (hm)  TEM(nm) () (=) (%) (%)
1x 108
MNPs 3+1 54+0.5 1484.42454.31  1.61x107749x107'°  0.594+£0.02  3.704+0.13
MNPs@GsH104020 442 T+2 1349.32 +£43.27  1.59x1077+1x107°  0.53+0.01  3.38+0.10
WATER* N/A N/A 1581.17 1x1077 0.60 4.16

*Data obtained from [29], N/A: not applicable.

Previous studies on MNPs have shown that several fademperature, and carrier liquid, also influence the nanopar-
tors influence the values @f;, o, x, andpc. Raykaret al.  ticle thermal parameters and must be considered to obtain
synthesized MNPs suspensions in ethylene glycol with a pamaccurate values.
ticle size of approximately 200 nm and uniform distribu-
tion. The thermal effusivity, diffusivity, and conductivity val- .
ues obtained were 930 WE/nPK, 1.04 x 10~ m?s and, 4. Conclusions

.0'3 Wimk, respect_ively [24]. Horiat _aI. analyzed MNPs The thermal parameters of the analyzed samples were close
in powder form using a photoacoustic technique. They re;

t that f ticle si f10.7 20.56 CLO the thermal values reported of water. The carrier lig-
port & 1ot nanopartic’e Sizes o -.Nm, 20.96 N, ang,iy -ontributes to thermal diffusivity and effusivity (on a

30.43 nm the thermal parameters increased as the nanoparfj;
cle size increased [25]. Another study reported that for Cu'ductivity and heat capacity per unit volume parameters. The

bic nanostructures of MNPs, the thermal conductivity ratio__ .. ; P, ;
L - . ) article size distribution~ 14 nm) in MNPs H1040
of the nanofluids increased with an increase in temperatur% ¢ ) @GsH104020

aller scale than diffusivity), impacting the thermal con-

d vol fracti tina the highest enh ¢ howed a lower thermal response concerning the MNPs.
and volume fraction, reporting the nighest enhancement og, ;o polyphenols, including Turmeric, have been reported
thermal conductivity at 40C [26]. In addition, Honget al.

to provide thermal insulation [18, 30, 31]. These thermal dif-

reporteq " their study that the thermal oconductmty ofa Feferences indicate that the turmeric coating thickness directly
qanofIU|d Increases nonlinearly up to 18% as the volume fraCl'nfluences their properties, acting as a thermal barrier layer
tion of particles increases up to 0.55 vol. % [27]. From the

on magnetite nanoparticles. These results can be considered

results in Table |, itis possible to appreciate that covering th?n future versatile research such as biological areas or the ad-
nanoparticles with Turmeric extract reduces the value of th%itives and lubricant industry.

thermal parameters. Feg, a percentage difference of 9 %
was obtained, for of 1.2 %, of 10 %, andoc of 8.6 %, re-
spectively; these differences reveal the effect of the shell ol\cknowledgment

the MNPs falling their thermal properties, serving as a ther-

mal insulator that generates resistance to the flow of heat. Ndhe authors acknowledge the partial financial support from
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