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Titania–silica (TiO2–SiO2) Janus particles have been explored for their thermal regulation. The thermal regulation
propertywas investigated after applying Janus particles on a cotton substrate. The compositeswere evaluated for
both near infrared (NIR) reflection and heat build-up behavior. TiO2–SiO2 Janus particles treated cotton fabric,
showed significantly higher NIR reflection (i.e. 79% at 1000 nm) and better thermal regulation than TiO2 treated
cotton and control cotton fabrics. The enhanced properties were attributed to the unique structure of Janus par-
ticles, which suggests that these structures can be used as an effective substitute for thewidely studiedmultilay-
ered structures of high and low refractive indices materials.
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1. Introduction

Cool coatings are of immense importance as they can reflect incident
near infrared (NIR) radiations, and thus, minimize the absorption and
transmission of these radiations to the other side of the coatedmaterial
leading to lower temperature. The NIR reflective pigments find applica-
tions in textiles [1–2], paints and coatings [3–4], windows [5] and visors
for firemen's helmets [6]. Recently, various metal oxides such as TiO2

[7–9], ZnO [10–11] and mixtures of Cr2O3 and Fe2O3 [7] have been in-
vestigated for imparting NIR reflectance.

According toMie theory, NIR reflectance is reported to bemainly de-
pendent upon the refractive index (i.e. the electronic structure) and the
particle size of a material [7–8]. Higher is the refractive index, higher is
the NIR reflectivity [7]. Due to its high refractive index, TiO2 has been
widely explored for NIR reflective coatings [2,7–9]. TiO2 nanoparticles
are generally synthesized by sol–gel method [12–15], where hydrolysis
of titanium precursor takes place, followed by their condensation to
yield TiO2 nanoparticles. It has also been reported that the particles
should have an optimum size for high NIR reflection. The particle size
should be more than half the wavelength of the incident radiation. As
per Fresnel's rule, as the particle size decreases upto an optimum
valuewhich is equal to half the wavelength, the NIR reflection increases
[2,10]. Wong et al. [2] applied TiO2 and chitosan–TiO2 based NIR
), ashwini@smita-iitd.com
reflective coatings on cotton fabric and studied the effect of calcination
temperature on NIR reflectance.

Another approach has been the use of multilayers of high and low
refractive index materials to enhance the reflection [5–6,16–17].
Mennig et al. [6] prepared multilayer NIR reflective coatings from
photopolymerizable nanoparticulate sols of surface modified SiO2 and
TiO2 particles on transparent plastic substrates. The reflectivity of al-
most 72%was obtained between 650 and 900 nmby coating six quarter
wave thick layers using SiO2 and TiO2 nanoparticles of 10 and 4 nm di-
ameters, respectively. In another study [5], NIR reflective TiO2/SiO2/TiO2

multilayer structures were fabricated by sol–gel synthesis and spin
coating process using base catalyzed SiO2. In another study [16], multi-
layer film of TiO2–SiO2 was fabricated on a fabric by sol–gel process for
high NIR reflection. The reflectance was observed to increase with in-
crease in the number of deposited TiO2–SiO2 multilayers. However, re-
flectance of ~75% at a wavelength of 800 nm was obtained only after
deposition of 9 layers. Besides, the effective use of these multilayer
structures requires precise control on the size of the component parti-
cles and the thickness of the deposited layers.

Janus particles are unique structures that possess two different ma-
terials on the same particle. For example, TiO2–SiO2 Janus particles have
one half of the SiO2 particle surface covered with TiO2 nanoparticles.
These could also offer thermo-regulation properties as they combine
high and low refractive index materials in their structures. However,
the NIR reflectance and thermal regulation behavior of Janus particles
have not been explored till date to the best of our knowledge.

In the present study, thermal regulation behavior of TiO2–SiO2 Janus
particles treated cotton fabric has been explored and compared with
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Table 1
Sample codes for untreated and treated cotton fabrics.

Sample identity Sample code

Control cotton Cotton
P25 TiO2 nanoparticles treated cotton P25 TiO2–cotton
TiO2 particles (Merck) treated cotton TiO2–cotton
SiO2 particles treated cotton SiO2–cotton
TiO2–SiO2 Janus particles treated cotton Janus–cotton
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cotton fabrics treated with SiO2 and TiO2 particles of similar size and
with commercially available P25 TiO2 nanoparticles.
2. Experimental section

2.1. Materials

Tetrabutyl orthotitanate (TBOT, ≥98%), hydroxyethyl cellulose (HEC,
~92%) and ethanol were purchased fromMerck (Darmstadt, Germany).
Ammonia (25% aqueous solution), cyclohexane (≥99%), sodium carbon-
ate (Na2CO3), paraffin wax (with melting point in the range of 60–
62 °C) and TiO2 particles were purchased from Merck (Mumbai,
India). P25 TiO2 nanoparticles were procured from Evonik India Pvt.
Ltd. (Mumbai, India). All the reagents were usedwithout further purifi-
cation. Double de-ionized water was used in all the synthesis processes.
A plain weave ready for dyeing cotton fabric having areal density of
114 g/m2 supplied by Surya Processors Private Limited (Ghaziabad,
India) was used.
Scheme 1. Schematic representation of the heat build-up experiment.

Fig. 1. SEM micrographs of (a) SiO2 and (b and c) TiO2–SiO2 Ja
2.2. Synthesis of TiO2–SiO2 Janus particles

TiO2–SiO2 Janus particles were synthesized by Pickering emulsion
method, as reported in our previous study [18]. SiO2 particles were syn-
thesized by Stöber method and functionalized with amine groups [19].
In brief, 3 g colloidosomes were dispersed in 20 mL ethanol, followed
by addition of 0.202 g water and 0.075 g HEC. The precursor solution
containing 1.02 g of TBOT dissolved in 5 mL ethanol was added
dropwise to the above mixture and the dispersion was left for shaking
in an incubator shaker at 200 rpm for 3 h at 40 °C. The suspension was
centrifuged at 9000 rpmandwashedwith ethanol. The above procedure
was repeated in order to obtain uniform coating of TiO2 over SiO2 parti-
cles. The suspension was centrifuged again at 9000 rpm and washed
with ethanol in order to remove the unreacted materials. Wax was re-
moved by dissolving in cyclohexane. The TiO2–SiO2 Janus particles,
thus obtained, were calcined at 450 °C for 3 h.
2.3. Attachment of SiO2 and TiO2–SiO2 Janus particles on cotton fabric

Cotton fabric was scoured by washing with a solution containing
1 g/L Na2CO3 and 3 g/L non–ionic detergent (Lissapol–N) at 75 °C for
60 min. The fabric was then washed several times with warm water,
followed by washing with cold water and dried. Calcined TiO2–SiO2

Janus particles were attached on cotton fabric by exhaustion method.
0.25 to 2 wt% of Janus particles were dispersed in 25 mL ethanol by
ultrasonication for 30 min. Scoured cotton fabric of dimensions
10 × 10 cm2 was soaked in Janus particles dispersion at 40 °C for 1 h
with occassional stirring. The fabric was dried at 80 °C for 5 min and
cured at 150 °C for 3 min. The treated fabric was rinsed in ethanol in
order to remove the unattached Janus particles from the surface of cot-
ton fabric. The treatment procedure was repeated again in order to ob-
tain uniform deposition of Janus particles on the surface of cotton fabric.

Cotton fabric treated with SiO2 particles (0.25 to 2 wt%) was also
prepared using the procedure as described above.
2.4. Attachment of TiO2 particles and P25 TiO2 nanoparticles on cotton
fabric

Cotton fabricswere treatedwith TiO2 particles (0.25 to 2wt%) or P25
TiO2 nanoparticles (2 wt%) by padding method. TiO2 nano/particles
were dispersed in 25 mL water by ultrasonication for 30 min. The pH
of the dispersionwas adjusted to 2, using 1Mnitric acid solution. Cotton
fabric was treated with the dispersion using 2 dip, 2 nip method at a
pressure of 2.9 bar and fabric speed of 1.5 m/min. The treated fabric
was dried at 80 °C for 5 min and cured at 150 °C for 3 min, followed
by rinsing in water in order to remove loosely bound nanoparticles.

Various samples including control and treated cotton fabrics were
coded as shown in Table 1.
nus particles at low and high magnifications, respectively.



Fig. 2. HR–TEM images of TiO2–SiO2 Janus particles.

Fig. 3. SEM micrographs of (a) Cotton (b and c) P25 TiO2–cotton (d and e) TiO2–cotton (f and g) SiO2–cotton (h and i) Janus–cotton. Figures b, d, f and h are at magnification of 10 k×,
whereas figures c, e, g and i are at magnification of 120 k×.

899K. Panwar et al. / Surface & Coatings Technology 309 (2017) 897–903



Fig. 4. SEM micrographs of Janus–cotton with varying concentration of Janus particles as (a) 2 (b) 1 and (c) 0.25 wt%.
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2.5. Characterization

Surface morphology of samples was observed under field emission-
scanning electron microscope (FE-SEM) model Quanta 200F, FEI (Eind-
hoven, TheNetherlands). The SEMmicrographswere captured at a volt-
age of 8–10 kV. The samples were prepared by coating them with gold
using sputter coater model Emitech K550X, Emitech Ltd. (Ashford,
UK). Coating of the samples was carried out for ~3 min. The measure-
ments were performed using ImageJ software with 100 readings taken
for each sample. High resolution-transmission electron microscopy
(HR-TEM) was performed using HR-TEM 200 kV with field emission
model, Tecnai G2 F20S–Twin, FEI (Eindhoven, The Netherlands).
For HR-TEM analysis, the samples were dispersed in water by
ultrasonication using an ultrasonication bath, model Elma Transsonic
TI–H–10 (Singen, Germany) for 30 min at a frequency of 35 kHz and
power 90%. A drop of the dispersion was mounted on TEM grid. The
HR–TEMmicrographs were captured at a voltage of 200 kV. NIR reflec-
tance was studied in the range of 800 to 2400 nm using UV/Vis/NIR
Spectrophotometer model Lambda 1050, Perkin Elmer (Waltham, MA,
USA). The X-ray diffraction (XRD) patterns were recorded using
PANalytical X-ray diffractometer (Almelo, The Netherlands), with Cu
Kα radiation (λ= 0.154 nm) at 40 kV. The crystallite sizes were calcu-
lated as per the Scherrer equation,

d ¼ K� λ
β� Cosθ

where, d is themean size of the ordered crystalline domains, K is the di-
mensionless shape factor or Scherrer constant (=0.9), λ is the X-ray
wavelength (0.1542 nm), β is the line broadening at full width at half
maxima (FWHM) and θ is the Bragg's angle.

The anatase and rutile contents in TiO2 nanostructures were calcu-
lated using the following equation [20],

XA ¼ 100
1þ 1:265IR=IA

where, XA is the weight fraction of anatase in the particles, IA is the in-
tensity of anatase (101) peak and IR is the intensity of rutile (110) peak.

Assessment of thermal regulation property
Table 2
Surface temperatures for untreated and treated cotton fabrics (with 2 wt%
concentration of particles).

Samples Surface temperature (°C)

Cotton 72.2 ± 0.6
P25 TiO2–cotton 71.2 ± 0.3
TiO2–cotton 68.7 ± 0.8
SiO2–cotton 69.0 ± 1.2
Janus–cotton 68.4 ± 0.3
The thermal regulation behavior of control and treated cotton fabrics
was evaluated by heat build-up experiment, as shown in Scheme 1. An
insulated chamber open from the topwas used. The fabric sampleswere
placed on the top of the insulated chamber and illuminatedwith IR bulb
of 250W. The distance between IR bulb and fabric was kept constant at
30 cm. The surface temperature of the exposed fabric was measured
with IR laser gun from Raytek, model Minitemp MT-4, with accuracy
of ±2 °C. The chamber temperature was measured with temperature
indicator from Instron, model IDI 302. The heat build–up experiment
was repeated at least three times for each sample and the average
values are reported.

3. Results & discussion

TiO2–SiO2 Janus particleswere synthesizedusing Pickering emulsion
method. The amine functionalized SiO2 (Am–SiO2) particles were used
to stabilize the wax in water emulsion, which on cooling formed
colloidosomes (i.e. solidified wax droplets stabilized by Am–SiO2 parti-
cles). This resulted in masking of Am–SiO2 particles. TiO2 nanoparticles
were deposited on the exposed surface of Am–SiO2 particles by hydro-
lysis and condensation of TBOT. Amine groups present on the surface
of SiO2 particles assisted in the uniformdeposition of TiO2 nanoparticles.
Janus particles were extracted by dissolving wax in cyclohexane and
isolated in the form of powder. They were redispersed in ethanol as
and when required for their application on fabric. The Janus particles
remained dispersed in ethanol for sufficient time required for their ap-
plication on textile substrate.

The morphology of SiO2 and Janus particles was confirmed by FE–
SEM analysis, as shown in Fig. 1. SiO2 particles were observed to possess
smooth surface (Fig. 1a). However, in case of Janus particles, nearly half
of the surface area of each SiO2 particle was found to be uniformly cov-
ered with TiO2 nanoparticles (Figs. 1b and c). Two different types of
morphologies were observed for the Janus particles– one with smooth
Fig. 5. Plots of chamber temperature against time of IR exposure for various samples
treated with 2 wt% concentration of particles.



Fig. 6. Effect of concentration of particles on surface temperature.
Fig. 8. NIR reflectance curves for various samples.
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surface indicative of SiO2 and the other with rough surface indicative of
TiO2. The particles with rough surface, as seen in the figure, indicate the
presence of TiO2 on the upper surface, while the other smooth surface
(i.e. SiO2) is facing downwards and vice–versa.

HR-TEMmicrographs of TiO2–SiO2 Janus particles, as shown in Fig. 2,
further confirmed the presence of TiO2 nanoparticles of diameter ~9 nm
on half of the surface of SiO2 particles.

Various TiO2 nanostructures were applied at a concentration of
2 wt% on the cotton fabrics. Fig. 3 shows the SEM images of P25 TiO2,
TiO2, SiO2 and TiO2–SiO2 Janus particles attached on cotton fabrics.
The particles were observed to be uniformly deposited on cotton fabric.
P25 TiO2 nanoparticles deposited on cotton fabric showed slight aggre-
gation with particle size of ~170 nm (Figs. 3b and c). TiO2 particles (ob-
tained from Merck) were observed to be polydispersed in size with
diameter varying from 100 to 500 nm and were present in the form of
large clusters on the cotton fabric (Fig. 3d and e). SiO2 particles attached
on cotton of size ~550 nmare shown in Figs. 3f and g. The Janus particles
on cotton fabric also showed similar particle size (Fig. 3h and i). The
magnified SEM image of Janus–cotton (Fig. 3i) shows that the exposed
surface of most of the attached Janus particles is rough confirming
that attachment of the Janus particles on cotton fabric was through
the smooth SiO2 surface. Janus particles were calcined at 450 °C prior
to their attachment on cotton fabric. This high temperature could lead
to the degradation of amine groups present on the Janus particles.
Therefore, the attachment of Janus particles could probably be due to
physical adsorption of particles on cotton fabric.

Fig. 4 shows SEM micrographs of cotton fabric treated with varying
concentrations of TiO2–SiO2 Janus particles. Clearly, the use of disper-
sionswith different concentrations of Janus particles could yield treated
fabrics with varying density of Janus particles on their surface. Similar
observations were made for cotton fabric treated with varying
Fig. 7. Effect of concentration of particles on chamber temperature.
concentrations of TiO2 and SiO2 particles, as shown in Figs. S1 and S2, re-
spectively (see supplementary information).

The heat build–up experimentwas carried out in order to determine
the thermal regulation behavior of control and treated cotton fabrics.
The upper surface temperatures for the different samples with 2 wt%
concentration of particles after IR illumination are given in Table 2. On
IR illumination, the surface temperature was observed to increase
with increase in time for all the samples. After 25min of IR illumination,
control cotton showed the surface temperature of 72.2 °C. P25 TiO2–cot-
ton showed slightly lower surface temperature i.e. 71.2 °C. TiO2–cotton,
SiO2–cotton and Janus–cotton showed surface temperatures of 68.7, 69
and 68.4 °C, respectively, whichwere ~3 °C lower than that for untreat-
ed cotton. As the surface temperatures for the three sampleswithmacro
particles were close to each other, it appears that surface temperature is
mainly affected by the size of the deposited particles.

In order to investigate the IR radiation transmission characteristics
of the samples, the temperature of the insulated chamberwas alsomea-
sured. Fig. 5 shows the chamber temperature recorded with respect to
the time of IR illumination for all the samples treated with 2 wt% con-
centrations of particles. The chamber temperature was observed to in-
crease rapidly in the first 10 min of the experiment and then tend to
level off with time for all the samples. Interestingly, the rate of change
of chamber temperature for Janus–cotton sample was substantially
lower compared to that of the other samples. After IR illumination for
25 min, Cotton and P25 TiO2–cotton showed almost similar chamber
temperatures i.e. 69.8 and 69.6 °C, respectively. TiO2–cotton and SiO2–
cotton showed a small reduction in chamber temperature by about
3 °C to 66.7 and 66.9 °C, respectively. On the other hand, Janus–cotton
showed significantly lower chamber temperature of 63.5 °C, which is
Fig. 9.NIR reflectance curves for cotton and Janus–cottonwith different concentrations of
Janus particles.



Table 3
NIR reflectance for untreated and treated cotton fabrics at different concentrations ofmac-
ro particles.

Samples
Concentration of particles
(wt%)

NIR reflectance (%) at
1000 nm

Cotton – 63
P25 TiO2–cotton 2 63
TiO2–cotton 2 73

1 73
0.25 67

SiO2–cotton 2 74
1 66
0.25 64

Janus–cotton 2 79
1 76
0.25 70
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lower by 6.3 °C as compared to Cotton and about 3 °C as compared to
cotton treated with TiO2 and SiO2 of similar size.

In order to confirm the role of Janus particles on thermo-regulation,
the influence of concentration of various particles on treated cottonwas
investigated. The surface and chamber temperatures in heat build-up
experiment as a function of concentration of particles are presented in
Figs. 6 and 7, respectively. As shown in Fig. 6, treatment of cotton with
0.25 wt% of macro particles have significant effect in lowering the sur-
face temperature. However, on further increasing the concentrations
to 2 wt%, the effect levels off with nominal decrease in surface temper-
ature. There is no significant variation on the surface temperature
among the different particles used in the study.

Fig. 7 shows the change in chamber temperature with increase in
concentration of various macro particles. With addition of TiO2 and
SiO2 particles, the chamber temperature decreases only gradually to
68.7 and 69 °C, respectively. However, with addition of just 0.25 wt%
of Janus particles, the chamber temperature was observed to drop sig-
nificantly to 67.7 °C. On further increasing the concentration to 1 wt%,
the temperature dropped to 65.2 °C and then at 2 wt% to 63.5 °C. Inter-
estingly a small application of Janus particles could exhibit substantial
reduction in chamber temperature. The results indicate that Janus parti-
cles are directly responsible for controlling the transmission of IR radia-
tions through the treated fabric.

Thismay be due to the change in IR reflectance property of the Janus
particle treated cotton. Therefore, the reflectance values of the various
samples having 2 wt% concentration of particles were measured in the
NIR range of 800 to 2400 nm and are shown in Fig. 8.

As can be seen from Fig. 8, Janus–cotton shows significantly higher
reflectance over the entire NIR range. Both Cotton and P25 TiO2–cotton
showed almost 63%NIR reflectance in the range of 800–1100nm,which
is the main heat causing region of IR radiations. Although SiO2–cotton
showed NIR reflectance of 74% in the range of 800–1100 nm, but there
was no significant difference in the rest of the region. Similarly, TiO2–
Scheme 2. Schematic representation of the proposed
cotton showed NIR reflectance of 73% in the range of 800–1100 nm. In-
terestingly, Janus–cotton showed NIR reflectance of almost 79% in the
same region,withnearly 16% increase in the reflection compared to Cot-
ton and P25 TiO2–cotton and 6% increase in the reflection compared to
TiO2–cotton.

Fig. 9 shows the NIR reflectance for varying concentrations of Janus
particles. Janus–cotton with 0.25 wt% concentration of Janus particles
showed NIR reflectance of 70%, which increased to 76% on increasing
the concentration to 1 wt%.

Similar trends were observed for other macro particles i.e. TiO2 and
SiO2. These are shown in Figs. S3 and S4, respectively (see supplementa-
ry information). However, the reflectance values for these remained sig-
nificantly lower than that of Janus particles at all corresponding
concentrations. The NIR reflectance values with varying concentration
of different particles are summarized in Table 3.

One of the main factors affecting the NIR reflection is the particle
size. As reported in the literature, the particle size should be more
than half the wavelength of the incident radiation of interest [2,10].
For NIR wavelength of 1000 nm, the required particle size should be al-
most 500 nm. The Janus particles on cotton fabric have a particle size of
almost 550 nm, which is suitable for the NIR reflection as compared to
170 nmof P25 TiO2 nanoparticles on cotton fabric. Usually, the TiO2 par-
ticles used for NIR reflection, as reported in the literature, aremainlymi-
cron or sub–micron in size [7–8]. Surprisingly, though the SiO2 and TiO2

particles of large size could show better reflectance than P25 TiO2 nano-
particles, their reflectances were lower compared to Janus particles.

Another factor affecting the NIR reflectance is the refractive index.
TiO2 has higher refractive index of 2.44 compared to SiO2, which has a
lower refractive index of 1.48. However, P25 TiO2 nanoparticles, which
have high refractive index but small size did not show enhanced ther-
mal regulation. Similarly, TiO2 and SiO2 particles, which have similar
sizes but different refractive indices also did not show marked effect
of refractive index and showed similar thermo–regulation behavior to
each other. On the other hand, the Janus particles, which are a combina-
tion of large–sized SiO2 particles decorated with nano–sized TiO2 parti-
cles on one–half of the surface, are able to show very high IR reflectance.
Janus particles, which have the presence of two different refractive
index materials, i.e. TiO2 and SiO2, may function similar to multilayered
coatings having multiple boundaries for reflection [5,16,21]. The pro-
posed mechanism of NIR reflection from Janus particles treated cotton
fabric is shown in Scheme 2. In these particles, the reflection can take
place from multiple boundaries such as air–TiO2 interface (shown as
a), grain boundaries of TiO2 crystals (shown as b), TiO2–SiO2 interface
(shown as c) and SiO2–fabric interface (shown as d). In comparison,
Cotton, P25 TiO2–cotton, TiO2–cotton and SiO2–cotton show limited in-
teraction with the incident radiations.

It is reported that theNIR reflection is higher for nanocrystalline par-
ticles, due to the presence of large number of grain boundaries, as com-
pared to macrocrystalline particles [7]. In order to study the crystalline
mechanism of NIR reflection of various samples.



Fig. 10. XRD analysis of various TiO2 particles. ‘A’ and ‘R’ represent peaks corresponding to
anatase and rutile phases, respectively.
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structure of various TiO2 structures, XRD analysis was carried out, as
shown in Fig. 10. P25 TiO2 possessed both anatase and rutile phases,
with 86% anatase and 14% rutile phases. However, TiO2 particles pos-
sessedmajorly anatase phase, while a few peaks for rutile were also ob-
served at 37, 38.5 and 68.8°. TiO2–SiO2 Janus particles, on the other
hand, possessed only anatase phase, which is mainly attributed to
their lower calcination temperature i.e. 450 °C. SiO2 calcined at 450 °C
for 3 h displayed only one broad peak for amorphous SiO2 with Bragg
angle at nearly 22°. The XRD of Janus particles shows a low intensity
plot due to small amount of TiO2 attached on the SiO2 particles. Howev-
er, all the peaks correspond to the presence of anatase phase only.

As calculated from Scherrer equation, the crystal size of TiO2 in P25
TiO2, TiO2 and Janus particles were observed to be ~18, ~23
and ~9 nm, respectively. Since Janus particles have smaller TiO2 crystal
size, it has significanlty larger number of grain boundaries resulting in
enhanced NIR reflection.

TiO2–SiO2 Janus particles, due to their suitable particle size, having
combination of two materials of different refractive indices and the
presence of layer of nano TiO2 with large number of grain boundaries
is able to show high IR reflection, and therefore, good thermal regula-
tion behavior. In the literature [6,16], it has been shown that the similar
level of NIR reflection is usually achieved by using a multilayer process,
where 6–9 layers of materials of different refractive indices are deposit-
ed on the substrate. In comparison, the Janus structures, reported in this
study, are simpler to synthesize and easier to apply to a flexible textile
substrate, such as a cotton fabric, to achieve high thermal regulation.

4. Conclusions

In the present study, the thermal regulation behavior of TiO2–SiO2

Janus particles treated cotton fabric is explored. Due to their suitable
particle size, presence of high as well as low refractive indices materials
and nano-sized crystals of TiO2 with large number of grain boundaries,
TiO2–SiO2 Janus particles treated cotton fabric showed higher NIR re-
flection and thus, better thermal regulation behavior as compared to
control cotton, P25 TiO2, TiO2 and SiO2 treated cotton fabrics. These
Janus particles could be used as a substitute for the widely studied mul-
tilayered structures of high and low refractive indices materials for cool
coatings, which require almost 6–7 multilayers and precise control on
the size of the constituents.
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