
Efficient, Hydrophobic, and Weather-Resistant Radiative Cooling
Paints with Silicone-Based Binders
Emily Barber, Dudong Feng, Ziqi Fang, Daniel Carne, Orlando Rivera Gonzalez, Won-June Lee,
Navdeep Vansal, Katherine Raykova, and Xiulin Ruan*

Cite This: https://doi.org/10.1021/acsaom.5c00079 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: Radiative cooling technology has gained significant
interest, in large part due to the discovery of passive subambient
cooling without any external energy input. These technologies,
while pertinent in the areas of climate change and heating,
ventilation, and air conditioning (HVAC) efficiency, have
encountered unique issues, including dampening of their effects
over time due to soiling and UV weathering. This study advances
passive radiative cooling paint technology through the incorpo-
ration of MP-101, a silicone-based binder developed by SDC Inc.,
into hBN-based radiative cooling paints. The introduction of MP-
101 enhances the durability of these paints, addressing issues
related to contamination and ultraviolet radiation. The newly formulated paint exhibits an ultrahigh solar reflectance of 97.8%, an
average temperature reduction of 1.97 °C in West Lafayette, IN, USA, and a hydrophobic surface with a static contact angle of 142°
without any topcoats, implying improved self-cleaning capabilities compared to previous hBN formulations. Comprehensive
investigations into abrasive properties, pigment loading percentages, cooling performance, and UV exposure demonstrated the
optimization of the formula’s durability and cooling performance. The self-cleaning feature not only preserves optical properties over
time but also extends the applicability of the paint to diverse settings, including buildings, transportation, and outdoor electronic
systems, with reduced maintenance requirements and the highest known reflectance of hydrophobic radiative cooling materials.
KEYWORDS: radiative cooling, self-cleaning, hydrophobic, coatings, surface science, climate change

■ INTRODUCTION
In 2015, air conditioning accounted for around 12% of total
energy costs for residential buildings in the USA,1 and in 2021,
around 61% of this energy came from fossil fuels.2 Therefore,
as the energy sector shifts to mitigate the effects of climate
change, attention has been brought to the reduction of HVAC
demand. One promising way to encourage this reduction is by
switching cooling needs from the current form of active
cooling, where energy input is required, to passive cooling,
which uses no energy input. Radiative cooling (RC) relies on
both high emissivity within the ″sky window″ (8−13 μm) and
high solar reflectance, enabling materials to cool below
ambient temperature if more energy is lost through these
methods than absorbed from solar irradiation. There is a
history of people cooling their houses by painting their roofs
white and creating ice in above-freezing temperatures.3,4

Formal scientific studies of radiative cooling, however, started
in the 1970s: the impact of dual-layer aluminum and TiO2/
PVF surfaces was quantified, and daytime below-ambient
cooling was reported on winter days, with a notable boost in
reflectance from the metal substrate instead of the paint
alone.5,6 More recently, a seven-layer HfO2 and SiO2
compound on Ag substrate was developed that reflected 97%

of solar irradiation and cooled almost 5 °C below ambient
temperatures.7 Another approach using a polymer-coated fused
silica mirror demonstrated full daytime subambient cooling of
as much as 8.4 °C.8
RC researchers have also attempted scalable and paintable

technologies without relying on metal substrates. Earlier
experiments and simulations have demonstrated partial-day-
time radiative cooling in dual-layer coatings and predicted the
feasibility of full daytime cooling in TiO2 dual-layer paints
without a metal substrate.9,10 A single-layer porous polymer,
which relied on the high reflectance coefficient between the
polymer and air, allowed for a subambient temperature drop of
6 °C and a reflectance of 96%.11 Additionally, a randomized
bed of SiO2 particles was developed and achieved partial
daytime subambient cooling.12 Three single-layer paints based
on commercial fabrication have been made at Purdue
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University: CaCO3, BaSO4, and hBN based paints with 95.5%,
98.1%, and 97.9% reflectance, respectively.13−15 The hBN
paint achieved this reflectance at much smaller thicknesses
(150 μm) than previous formulas (∼400 μm).15
Despite the demonstration of these low-cost, widely

applicable, subambient RC paints, open questions remain
over the durability of radiative cooling paints in the outdoor
environment. Paints based on the conventional TiO2 pigment
were found to have their reflectance values decline by around
9% after the equivalent of 3 years of soiling and 5.4% after the
equivalent of 1 year of Florida sunshine.16 Additionally, a 20%
reduction in reflectance was found for a hydrophilic surface
after only a year of use for a cooling surface due to weathering
and debris.17 This is a common concern, with many high-
reflectance cool roof technologies losing 10−20% reflectance
after 3 years.18 Although cleaning the paint, while not cost-
effective, could restore its original properties, it is desirable to
develop a dirt-resistant, durable, high-albedo coating.17 Some
previous studies have focused on hydrophobic/self-cleaning
radiative cooling paints and made significant progress in
introducing hydrophobicity while maintaining RC properties.
Notably, Liu et al. used hBN in a PFOTS binder, and while it
demonstrated excellent hydrophobic performance, the reflec-
tance decreased to 96.3% and reflectance in the UV range
showed degradation after 10 days of exposure.19 Other studies
on hydrophobic RC surfaces also present one or more
limitations, including a reduced solar reflectance of less than
95%;20−26 a lack of scalability due to a multilayer structure,
complex/toxic materials, or complicated fabrication proc-
ess;22−30 or insufficient understanding of their durability.20,23

To attempt to address this gap, this paper introduces a
single-layer, self-cleaning, durable formulation of paint using
MP-101, a silicone-based binder produced by SDC Tech-
nologies, Inc. The MP-101 binder exhibits optical properties

comparable to or slightly superior to the commonly used
acrylic, with a solar absorptance of 0.6% compared to 1.1% for
acrylic for a pure film of 50−80 μm thickness. This decreased
absorption facilitates effective radiative cooling by allowing
incoming radiation to interact with the highly reflective hBN
pigment and be rejected from the surface. A sample with 80%
pigment solid volume loading achieved a total reflectance of
97.8%, which, considering error, is comparable to the hBN-
acrylic formulation’s 97.9% reflectance. The paint’s hydro-
phobic nature, with a static water droplet contact angle of
approximately 143° and an advancing angle of 155°, is
expected to create antisoiling properties through the petal
effect. Moreover, pigment loading analysis demonstrated that
52% solid volume concentration of hBN MP-101 maintains
strength comparable to previous hBN acrylic paints, with only
a 1% reduction in reflectance from the peak value of 97.8%.
Field tests showed full daytime subambient temperatures.
Additionally, solar weathering tests showed no noticeable
degradation of the paint’s reflectance after solar exposure,
providing potential for better long-term performance than
acrylic paints. Therefore, this formula demonstrates the desired
self-cleaning ability without substantial compromise to the
paint’s overall strength or cooling ability.

■ RESULTS AND DISCUSSION
In this work, SDC’s polysiloxane-based polymer MP-101 was
tested as a binder for radiative cooling paints in place of the
standard acrylic used in many paint-based applica-
tions.6,10,13,14,31 MP-101, originally formulated for contact
lenses, has high optical clarity and durability both to abrasion
and outdoor elements. Following testing, MP-101 was proven
to have minimal impact on the optical properties that are
required for radiative cooling while also creating a hydrophobic

Figure 1. An introduction to self-cleaning radiative cooling paint. (a) A schematic of how the paint is formulated, including a simple process
involving only stirring and sonication. (b) A picture of a finished paint sample. (c,d) SEM images showing the texture of the surface for an 80%
loaded sample. (e) A hydrophobic roof versus a (f) hydrophilic roof and how rain impacts the debris left on their surfaces.
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formulation that allowed for a strong self-cleaning paint with
no observable degradation due to solar exposure.
To first understand how this paint is formulated, Figure 1a is

provided to show the simple process involving stirring and
sonication that suspends the hBN nanoparticles in the MP-101
matrix. hBN was used due to its high reflectance as well as its
low density and thickness that allows it to be applied to more
applications than a typical RC paint.15 Figure 1b shows the
finished product on a glass slide. Additionally, SEM images
were taken of the 80% loaded paint, as shown in Figure 1c,d.
The SEM images show that the surface of the paint is very
rough and textured at the microscale. Additional SEM images
showing this roughness for a 91% loaded sample can be found
in Figure S1. The paint’s roughness is supported by a paint
porosity of 74%, which was determined using the volume
displacement method to calculate the density of the dried paint
layer and MP-101. In Figure 1e,f, we show a diagram of two
roofs being coated with debris over time and what happens to
that debris when it rains. For a hydrophobic surface (Figure
1e), the roof’s low surface energy/repelling of water
encourages water to stay “on top” of the surface and easily
flow off, carrying debris with it. For a hydrophilic surface
(Figure 1f), the water is trapped on the surface, soaking into
the texture on its surface and slowing down or stopping the
water movement, thereby discouraging debris removal.
Table 1 displays spectral results normalized over AM 1.5

(ASTM G-173) solar data from plain MP-101 and acrylic,

poured onto a glass slide, and measured using a UV−Vis−NIR
spectrometer. This normalization was completed by taking a
weighted average of each reflectance data point with respect to
the magnitude of the AM 1.5 data. The lack of pigment in
these films means that a high reflectance is not anticipated:
instead, an ideal binder would have minimal absorptance so
that once a pigment is added, the chosen binder has minimal
interference with the pigment’s optical properties. Here it was
observed that the acrylic’s total solar absorptance is 1.1%, while
the MP-101’s total solar absorptance was 0.6%, indicating both
to be excellent binder materials with minimal absorption and
MP-101 as a potentially better choice. The optical properties
across the solar spectrum for these nonpigmented films are
shown in Figure S2.
The spectral optical properties of a mixture of MP-101 and

hBN pigment particles with an 80% pigment volume loading
are shown in Figure 2a. It was found that this formulation had
a high reflectance (>95%) for a majority of the solar spectrum,
with some of the highest values across the visible spectrum and
the lowest values around 2−2.5 μm, where there is minimal
solar irradiation (as shown by the AM 1.5 data on the plot).
This is supported by the similar refractive indices (n) of acrylic
and MP-101 as shown in Figure 2b. Additionally, the emission
within the sky window (8−13 μm) measured using an FTIR
spectrometer is reasonably high (0.81), although not as high as
the 60% loaded acrylic formulation’s emission of 0.83,15

despite plain MP-101 and acrylic having around the same

emittance of 0.92, as shown in Table 1. For both acrylic and
MP-101, the extinction coefficient shown in Figure 2b was
highest in the sky window while being generally low in the
solar spectrum. This allows for the similarly high absorptance
and emission observed in the sky window for both binders.
Emission values for additional pigment loadings can be found
in Table S1. Considering the error, the reflectance value of
97.8% is comparable to previous results for hBN acrylic paints
(97.9%)15 due to the similarly low absorptance of acrylic and
MP-101 binders as shown in Table 1. Spectrometry measure-
ments for additional pigment loadings can be found in Figure
S3. Additional spectrometry testing was also done on a two-
layer formulation that utilized a topcoat of MP-101 to further
increase the hydrophobicity. This ultimately decreased the
reflectance of the sample, and the results are presented in
Figure S4.
The surface wettability of the 80% pigment-loaded paint was

characterized through both static and dynamic testing, as
shown in Figure 2c. For static testing, the interior droplet angle
was measured by spreading a sample of paint onto a glass
substrate. After drying, dynamic testing was completed by
slowly adding water to the surface in 5 μL increments until the
point at which the edge of the drop touching the surface
changed. At this point, the advancing angle was recorded as the
angle that the waterdrop makes with the surface from the
interior. Then, the water was removed in 5 μL increments until
the edge of the water droplet contact point changed once
again�at this point, the receding contact angle was measured
in the same way as the advancing angle. The new formulation’s
final contact angle for the static droplet was calculated as 142°,
the final for the advancing drop was 155°, and the final for the
receding drop was 25°. Surfaces are defined as hydrophobic
when their contact angle surpasses 90°; therefore, the hBN-MP
101 paint formulation is highly hydrophobic, enabling its self-
cleaning capabilities. Additionally, a measured contact angle
hysteresis of around 120°, combined with the surface
roughness characterized in Figure 2c,d, alludes to the presence
of the petal effect32�a surface phenomenon (also called the
Cassie−Baxter state) that encourages hydrophobicity and
discourages movement along the surface, as opposed to the
more commonly known lotus effect. Both effects are
demonstrated in Figure 2d. It is important to mention that
due to the presence of the petal effect and not the lotus effect,
this hydrophobicity will likely only lead to self-cleaning when
the surface is at an angle�but the lotus effect would also
require an angle of some degree, and most of the roofs also
provide the angle needed. Additionally, the Supporting
Information shows that once this angle is provided, water
easily removes debris from the surface.
Once the initial samples were tested above, a pigment

loading study was performed on the new formulation. The
paint’s mechanical strength at different pigment loadings was
tested using the Taber Abraser by measuring the weight of
dried samples on a circular aluminum substrate after every 250
abrasion cycles, with consistent abrasion maintained by
sanding the pads every 500 cycles. The abrasion testing data
are shown at different pigment loadings in Figure 3a. It is
expected that as pigment loading decreases, the strength of the
paint increases as there is more binder to hold the paint
together. However, this is not what we observed: the highest
perceived volume loss occurred in the 73% pigment loading
sample. It is hypothesized that this is a testing error, as the
largest pigment loadings lost most of their volume quickly

Table 1. Total Solar Reflectance, Transmittance, and
Absorptance of Pure Acrylic and MP-101 Films of 1.27 mm
Thickness

Reflectance Transmittance Absorptance Emittance

Acrylic 7.9% 91.1% 1.1% 0.92
MP-101 7.3% 92.1% 0.6% 0.92
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through chipping. This hypothesis is supported by the fact that
the largest pigment loadings have much larger volume loss
earlier in the test, which decrease as the number of cycles
increases. Regardless, it was still found that to achieve a similar
cohesion strength to an acrylic paint with 60% loading, the
pigment loading had to be around 52%. Therefore, the paint
requires slightly more binder than an acrylic formulation to
function at the same strength.
The modeled and experimental solar reflectances as a

function of the pigment volumetric loading are shown in
Figure 3ba. For the model, the scattering coefficient and
asymmetry parameter were first calculated by directly solving
Maxwell’s equations using the finite element method in
COMSOL. Next, the effective scattering coefficient and

absorption coefficient for the medium were calculated by
volume averaging the hBN platelets with the MP-101 matrix
based on the filling fraction. Finally, the Monte Carlo method
stochastically modeled photon packets’ transport through the
paint to calculate the spectral response. For both the modeling
and experimental cases, the reflectance of the formulation is
still high at lower measured pigment levels, with an
experimentally measured reflectance of 96.8% at a 52%
pigment loading, which is still comparable to some of the
most reflective RC materials at a similar strength. The
experimental and simulation results more accurately match
around the middle pigment levels. However, the general shape
of the graphs as well as the approximate reflection match as

Figure 2. Characterization of MP-101 + hBN formulation with an 80% pigment loading. (a) The reflectance and absorptance characterization of
the paint through UV−vis−NIR and FTIR spectrometry. (b) The refractive index [n] and extinction coefficient [κ] of MP-101 is compared to
commonly used acrylic, with the shading representing error, most clearly at the edges of the n data. (c) The static, advancing, and receding contact
angles of the loaded paint. (d) Explanation of the petal and lotus effects, both of which can result from a rough surface.

Figure 3. Pigment loading optimization for the new formula. (a) Strength of the different pigment loadings, measured in average volume loss due
to the abrasion normalized to the density of the paint. (b) Experimental and simulation-based reflectance characterization depending on the
pigment loading percentage.
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expected. The exact measurements for the experimental data
can be found in Table S2.
In Figure 4a, the cooling performance of the paint was tested

through an outdoor test using a chamber with a convection
shield at the top. Outdoor testing was completed on the roof of
Herrick Laboratories in West Lafayette, IN, USA. With a
running average time of 5 min, the sample exhibited full 24-h
subambient cooling over the testing period compared to an
ambient thermocouple within the cell. The results exhibit
similar cooling during the day and night, unlike most results,
which show higher cooling at night. This is because of the use
of the ambient cell, which experiences a localized cooling/
heating effect due to its proximity to the white paint and
limited convection. The main conclusion from this graph,
however, is the 100% subambient temperature, with an average
temperature reduction of 1.97 °C. Results using a sidewall
wind shield and open top, as opposed to an enclosed chamber,
are shown in Figure S5 and demonstrate 100% subambient
cooling within the cell with a 5-min running average, although
with more variation likely due to increased convection. GHI
numbers shown on the right-hand y-axis were recovered from
the NSRDB tool developed by the National Renewable Energy
Laboratory (NREL).33 This tool predicts a typical meteoro-
logical year (tmy) through many sources, including multiple
satellites, and includes potential coverage by clouds/debris.

However, it is not the same as the solar irradiation observed
directly at the experimental site in 2023; it is just provided as
an estimate to provide context about what is expected during
that time of year.
In ref 12, a figure of merit (FoM) was created to understand

the daytime performance of an RC material, i.e., during noon
hours under peak solar irradiance. In this paper, we propose a
slightly alternate “daily” figure of merit (dFoM) that seeks to
understand how an RC material creates an impact over a 24-h
period, better capturing the perceived effects of reflectance,
emission, and impact of temperature. To do this, the FoM
from ref 12 is first restated in eq 1

= r RRC (1 )sky solar (1)

where ϵsky is the sky window emissivity, Rsolar is the reflectance
in the solar spectrum, and r = G/E (solar irradiation power/
blackbody surface emissive power transmitted through the sky
window). When discussing a dFoM as opposed to an
instantaneous one, we begin to vary G and T (where T exists
inside the integral of E) by each minute instead of assuming
them to be constant. Then, an average is taken over a 24-h
period to find the final dFoM. The dFoM for this formulation
was calculated from the outdoor testing to be 0.69, and the
FoM for each minute can be seen in Figure 4b. Additionally, it

Figure 4. Outdoor testing results and their calculated figure of merit. (a) Outdoor testing from 9/13/2023 to 9/15/2023 in West Lafayette, IN,
which displayed full subambient cooling over a 24-h period with a 5-min running average. (b) Time-dependent FoM for this outdoor testing over a
24-h period with a 5-min running average, as well as the average dFoM. FoM is shown to be inversely correlated to GHI.

Figure 5.Weathering test results and a comparison of MP-101 to current hydrophobic RC paint literature. (a) Durability analysis for the hBN MP-
101 formulation through accelerated solar irradiation testing. (b) How the new formulation compares to previous literature on self-cleaning paints
focusing on hydrophobicity as well as their final reported reflectance.19−25,27−30
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is worth noting that RC times the blackbody surface emissive
power in the sky window can estimate the net cooling power of
the paint. For ∼300 K, the blackbody surface emissive power is
around 96.5 W/m2, so this means we can estimate that this
paint has a maximum cooling power of approximately 78.2 W/
m2 and a daily cooling power average of 66.6 W/m2.
To understand the long-term performance of the new

formulation, the results of an advanced weathering experiment
are shown in Figure 5a. For this weathering test, ISO 11341,
Cycle A, Method 1 was used with a Q-SUN XE-3 instrument
to test paint samples at different exposure increments (100,
150, 200, and 250 real-time hours) using a filter that allowed
incoming radiation to mimic that of natural sunlight, although
at an enhanced intensity. Notably, no significant signs of
degradation beyond an expected margin of error of
approximately 1% R were observed for any sample, including
52%, 80%, and 91% hBN MP-101, as well as a control sample
of 55% hBN acrylic formulation. This verified that the MP-101
hBN formulation will not degrade quickly due to solar
exposure, demonstrating more promising durability. Exact
data for this experiment can be found in Table S3.
It is also important to note that there have been multiple

other hydrophobic formulations proposed for radiative cooling
paints. In Figure 5b, our work’s hydrophobic and RC
capabilities are compared to previous literature published on
this topic. We focus on reflectance instead of emissivity due to
the larger impact of reflectance in the dFoM defined above. It
can be noted that very few of the proposed formulations are
easily applied single-layer paints. Additionally, compared to the
available literature, the hBN MP-101 formulation has the
highest reflectance while remaining comfortably hydrophobic
and, therefore, self-cleaning.

■ CONCLUSION
The emergence of radiative cooling paints as a promising
solution to help mitigate climate change emphasizes the need
for studying and optimizing their durability for commercial
viability. In this study, we developed a new paint formulation
utilizing SDC Technology’s MP-101 polymer as a binder and
nanoparticle hBN as a pigment. This formulation maintained
ultrawhite cooling capability while incorporating hydro-
phobicity for self-cleaning properties. The optical properties
of the MP-101 binder alone were comparable to or slightly
better than those of the commonly used acrylic, with a solar
absorptance around 0.5% lower. This low absorption
combined with high emission allowed for an effective radiative
cooling by reflecting the incoming radiation away from the
surface. An 80% pigment loading sample of the new
formulation exhibited a total reflectance of 97.8%, which,
when considering error, is the same as that of an hBN acrylic
formulation. The hydrophobic nature of the paint, with a static
water droplet contact angle of around 143°, is shown to
produce antisoiling properties, facilitating self-cleaning through
the petal effect. Analysis showed that a 52% hBN MP-101
loading yielded a comparable strength to previous hBN acrylic
paints, with only a minimal sacrifice in reflectance.
Furthermore, weathering tests demonstrated no noticeable
reduction in reflection for the new formulation, potentially
demonstrating a longer durability than acrylic formulations.
Additionally, the new formulation maintained fully subambient
temperatures over a 24-h period considering a 5-min running
average, with an average temperature reduction of 1.97 °C.
Ultimately, the proposed hBN MP-101 formulation offers a

hydrophobic, strong, UV-resistant, and easily applicable paint
with the highest reflectance among hydrophobic radiative
cooling paints.

■ METHODS

Paint Fabrication
The fabrication of the paint was designed to closely resemble that of a
commercial process to make it easy to scale the paint to a
manufactured level. The first step was to weigh out the three base
ingredients of the paint: the binder, MP-101; the pigment, hexagonal
boron nitride (hBN); and the solvent, dimethylformamide (DMF).
For hBN, a particle distribution size of 332 ± 193 nm was used, based
on previous optimization efforts.15 The exact ratio of these ingredients
was expressed as the pigment loading: for instance, if the pigment
loading of a sample is 60%, then the hBN would comprise 60% of the
final dry solid volume, and the MP-101 would make up the remaining
40% of the solid volume. The volume of solvent needed for this
formulation was approximately ten times the amount of MP-101, but
this amount can vary based on pigment loading (more pigment needs
more solvent) and final desired viscosity (more solvent leads to lower
viscosity). Multiple pigment loadings were made and studied to
optimize the paint’s properties.
Once the materials were weighed, MP-101 and DMF were mixed

until separation could no longer be observed. Then the pigment was
added to the mixture, and the paint was sonicated until the pigment
particles were fully suspended in the matrix. Once the paint was
created, it was plated onto a suitable substrate for the corresponding
measurement.
Density and Surface Wettability Characterization
The hydrophobicity of the paint was characterized by SEM images
and porosity calculations to better understand the structure at a
microscale level. The SEM images were taken on an FEI Nova
NanoSEM at varying magnifications. The porosity (ϕP) of the dried
paint layer was calculated using the following equation, using the 83%
pigment solid volume fraction as an example:

= =
× + ×

1 1
0.83 0.17P S

paint

hBN MP 101 (2)

where ϕS is the solid fraction and 0.83 and 0.17 are the respective
solid volume fractions of the hBN pigment and MP-101 binder,
corresponding to an 83% pigment volume concentration.
To check whether the paint is self-cleaning, static and dynamic

water droplet contact angle tests were performed to characterize the
hydrophobicity of the material. For static testing, a 10 μL water drop
was placed carefully on top using the Rame-́hart 100-22 automated
dispensing system, and a camera was positioned to view the side of
this drop. A picture was taken, and the angle that the water creates
with the sample was measured with a Rame-́hart 290-F1 goniometer.
Then, dynamic testing was completed using the process outlined in
the Results and Discussion section once again using the Rame-́hart
100-22 automated dispensing system and the Rame-́hart 290-F1
goniometer.
Optical Measurements
Next, the optical properties of the new formulation were characterized
by using a Lambda 950 UV−vis−NIR as well as a Nicolet iS50 FT-IR
spectrometer to understand its overall impact on the cooling effect.
With these spectrometers, the spectral transmission, reflection, and
absorption were characterized across wavelengths from 250 nm to 20
μm (250 nm−2.5 μm with UV−vis−NIR spectrometry and 2.5−20
μm with FTIR spectrometry). Following this, the spectral properties
were used together with the AM 1.5 solar irradiation spectra to
calculate the normalized total solar reflectance, transmittance, and
absorptance as well as emittance within the sky window. These results
were then compared to past formulations and modeled optical
properties.
To find the refractive index (n) and extinction coefficient (κ), a

plain sample of MP-101 with a 1.27 mm thickness was plated on a
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glass slide as well as a plain sample of acrylic. Once dried, the two
samples were placed in a Lambda 950 UV/vis spectrometer to gain a
fundamental understanding of their optical properties. n and κ for the
MP-101 binder were calculated first by using spectrometry to measure
the absorptivity, reflectivity, and transmissivity from 0.25 to 20.00 μm.
κ was then calculated using the following process from David Look’s
work:34

= × +x
R t
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where d is the thickness in nm, λ is the wavelength in nm, R is the
reflectance, t is the transmission coefficient, and n was calculated using
the following process:
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where T is the transmittance.
Strength and Weathering Measurements
To further characterize the capabilities of the paint, exposure
weathering was conducted, as explained in the Results and Discussion
section. More information about the standard used (ISO 11341,
Cycle A, Method 1) can be found in Table S4. Due to time and cost
constraints, the time measured was up to 250 h of advanced exposure,
as opposed to the ISO standard’s maximum recommended time of
1000 h, which is a common reduction with this standard.35−38

Outdoor Measurements
For the outdoor testing, samples were elevated off the roof by a 3-ft-
tall metal table and then further insulated from potential conduction
issues with a layer of foam covered by aluminum foil, hollow paper
stilts, and one more layer of stilts within a sample holder also made of
foam covered in aluminum foil. The sample holder was designed to be
close to the edge of the sample without touching the sample to again
reduce conduction. A convection shield was either built on top of the
sample with LDPE (as shown in Figure 3a) or as “walls” around the
entire sample holding mechanism with wooden poles and thin cling
wrap (as shown in Figure S4). Thermocouples were attached on the
underside of the sample, within the cell but not touching the sample,
as well as outside of the holder (“ambient” air) in an ambient house to
minimize direct radiation exposure. Tests were conducted on clear,
low-humidity days from 9/13/2023 to 9/15/2023 to maximize the
cooling effect of the paint.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsaom.5c00079.

Additional SEM imaging, full optical spectrum for acrylic
and MP-101, individual spectral measurements for six
pigment loadings, topcoat study results, additional
outdoor testing method, sky window emission for
different pigment loadings, exact data for Figure 3b,
exact data for Figure 5a, parameters for the weathering
test, and a video of the hydrophobic capability of the
paint (PDF)
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■ ADDITIONAL NOTE
aNotably, the reflectance is explored here instead of emissivity
due to its overwhelming contribution to the cooling power of
the paint, as noted in previous work.
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