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Dip coating process of depositing NHSPs on glass substrates
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EFig. S 1 (a) Dip coating processeses of preparing NHSPs coated glass substrates . Images of NHSPs (b) suspended in

B slurry and (c) in dried form
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Fig. S 2 (a ,c) Average particles size distribution with (b,d) average solid concentrations (sc , m) and

approximate specific gravity (sg, 4) of NHSPs powder samples
NaPMA concentrations.

upon varying (a,b) X-TEOS and (c, b) Y-
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Fig. S 3 Test samples covered with water-resistant black tape for thermal characterization using a

xenon flash lamp set-up.
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Fig. S 4 Test samples covered with water-resistant black tape for thermal characterization



g and A: heat flux & Area of the

k A AT heat flux received,

respectively
q —— AT : temp. difference,

Ax :thickness of the samples
Ax k  :thermal conductivity of the
material / sample

Calculation for k (thermal conductivity)

Since,

g is constant

k; is glass (1.05 W/mK)

k- is NHSPs coated glass

A; = A, is the area of the xenon flash light beam

9 kKAAT
From the equation — ——
Ax
where, q; = g6 =
Then k; is known a
Ax;,Ax.; are measured by an electronic caliper
AT is measured by thermocouples
So m]
m]
kAT Ax,
cCG — -

Ax,

Fig. S 5 Sample calculation for thermal conductivity (k) of the material
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Real-time temperature monitored and
recorded using tracking software, KIDS
(CHINO Corp)

Light source: xenon flash lamp with
build in reflector (Hamamatsu
Photonics)

Spectral distribution: 190 nm - 2000
nm, maximum average input 1J/
flash and 60 W for continuous
flashing

Max. flashing frequency: 60 Hz
Continuous flashing frequency with
the maximum intensity used to heat
up the samples

thermocouples are placed on both
sides of the samples
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Fig. S 6 Amorphous XRD spectra of NHSPs with varying (a) X-TEOS and (b) Y-NaPMA concentrations.
Also, amorphous XRD spectra of calcined-NHSPs with varying (c¢) X-TEOS-C and (d) Y-NaPMA-C

concentrations.
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Fig. S 7 (a) Solid —state 2°Si NMR spectra and (b) elemental analysis using EDX of monodispersed NHSPs
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Fig. S8 Thermogravimetric analysis of the effect of multiple washing of NHSPs samples
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Fig. S 10 Thermogravimetric analysis and differential thermal analysis of NHSPs samples with
varying Y-NaPMA concentrations



(a) VARYING TEOS CONCENTRATION
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Fig. S 11 Particle size distribution of NHSPs powder samples with approximate specific
gravity (sg) and average solid concentration with varying (a) X-TEOS and (b) Y-NaPMA

concentrations.
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Fig. S 12 SEM images of (I) dried and (II) calcined-NHSPs samples with varying X-TEOS concentrations.
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Fig. S 13 SEM images of (I) dried and (II) calcined NHSPs samples with varying Y-NaPMA concentrations



Fig. S 14 TEM images of (I) dried and (II, IIT) calcined NHSPs samples with varying X-TEOS concentrations.



Fig. S 15 TEM images of (I) dried and (II, IIT) calcined NHSPs samples with varying Y-NaPMA concentrations
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Fig. S 17 (I) N, adsorption-desorption isotherm with pore-size distribution calculated by (II) Barrett-Joyner-
Halenda (BJH) method and (IIT) density functional theory (DFT) model of dried NHSPs samples with varying Y-
NaPMA concentrations.
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Table S 1 Physicochemical properties of dried NHSPs with varying X-TEOS concentrations.

NHSPs BJH Pore | DFT Pore | BET surface | Pore

with TEOS diameter | diameter | area(m?2g?!) | volume
concentration | (nm) (nm)

(non-calcined)

1.00 1.587 10.49 69.662 0.331 0.281
0.80 4.6 10.03 53.649 0.303 0.253
0.60 2.17 1.985 105.85 0.213 0.192
0.40 1.50 10.49 79.702 0.416 0.330
0.25 1.59 3.898 109.33 0.694 0.440
0.20 1.9 3.7 89.119 0.788 0.749

Table S 2 Physicochemical properties of calcined-NHSPs with varying calcined X-TEOS-C concentrations.

NHSPs BJH Pore | DFT Pore | BET surface | Pore Pore
with TEOS diameter | diameter | area(m2g?) | volume volume
concentration | (nm) (nm) iccE) oy
(calcined)

1.00 1.591 10.03 54.14 0.277 0.236
0.80 1.588 10.03 96.01 0.464 0.354
0.60 1.58 10.03 68.7 0.314 0.266
0.40 173 10.03 66.98 0.465 0.390
0.25 1.50 10.03 52.69 0.572 0.363

0.20 1.589 14.37 55.086 0.513 0.264



Table S 3 Physicochemical properties of dried NHSPs with varying Y-NaPMA concentrations.

NHSPs BJH Pore | DFT Pore | BET surface | Pore Pore
with NaPMA | diameter | diameter | area(m?g?!) | volume volume
concentration | (nm) (nm) {ccagan: | (CCE ) ner
(non-

calcined)

1.0 1.5 6.69 138.6 0.459 0.467
1.5 1.5 6.39 71.72 0.322 0.291
2.5 1.5 8.00 76.82 0.395 0.330
3.0 1.589 10.03 66.852 0.366 0.339
4.0 1.589 17.99 47.012 0.310 0.186
4.5 1.588 10.03 43.124 0.288 0.196
5.0 1.588 17.99 41.713 0.288 0.158
5.5 1.503 17.99 42.11 0.261 0.195

Table S 4 Physicochemical properties of calcined-NHSPs with varying calcined Y- NaPMA-C concentrations.

NHSPs BJH Pore | DFT Pore | BET surface | Pore Pore
with NaPMA | diameter | diameter | area(m?g?!) | volume volume
concentration | (nm) (nm) (ccgV)pm | (ccg8?)prr
(calcined)

1.0 11.74 6.69 98.325 0.409 0.408
1.5 1.5 7.65 85.345 0.319 0.308
2.5 16.597 8.01 48.79 0.452 0.383
3.0 1.50 10.03 65.12 0.341 0.319
4.0 1.89 17.99 44.503 0.553 0.293
4.5 28.95 10.03 38.772 0.563 0.429
5.0 1.502 17.99 58.252 0.324 0.172

5.5 1.504 9.587 37.685 0.404 0.321



.Table S 5 Thermal conductivity values of different types of glass

Different types of glass Thermal conductivity (W/m K)
based from the references*

Lead (glass) 1.2

Pyrex (borosilicate) 1.3

Soda lime (glass) (20 °C) 1.1

Soda lime (glass) (93 °C) 1.3

*[1]  Incropera F P 2007 Fundamentals of heat and mass transfer (Hoboken, NJ: Wiley)
*[2] Matthews L, Viskanta R and Incropera F 1984 Development of inverse methods for determining thermophysical and radiative

properties of high-temperature fibrous materials International Journal of Heat and Mass Transfer 27 487-95
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Fig. S 20 A typical xenon flash lamp thermal characterization set up.
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Fig. S 24 Average surface temperature change before and after xenon lamp flashing

with respect to the number of dippings in 0.10% solid concentration
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Fig. S 25 Average surface temperature change before and after xenon lamp flashing with

decreasing NHSPs in dip coating solutions
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Fig. S26 Transmittance (a.1) and Reflectance (b.1) of the glass substrate coated by NHSP (0.1% solid

concentration) prepared by dip coating at (single immersion only) at different solid concentration.



Table 6S.

Sample material Thermal conductivity (W | Standard deviation % difference
m'K1) compared to glass

Glass substrate 1.05

1.0 TEOS-0.1%-1x 0.78 0.0176 25.6

1.0 TEOS-0.1%-6x 0.74 0.0217 29.9

Table 7S

Sample material Thermal conductivity | Standard deviation % difference compared

(W m''K1) to glass

Glass substrate 1.05

1.0 TEOS-0.1%-1x 0.98 0.0420 6.50

1.0 TEOS-0.1%-6x 0.78 0.0176 25.6




