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ABBREVIATIONS
 

RT, CC room temperature; DDA, CC drug delivery application; NHSP, CC nano sized hollow nanoparticles; 
EtOH, CC ethanol; SiO2, CC silica, silicate; TEOS, CC tetraethyl orthosilicate; XRD, CC x-ray diffraction; 
NH4OH(aq), ammonia solution; STEM, CC scanning/transmission electron microscopy; TEM, CC 
transmission electron microscopy; TG, CC thermogravimetric analysis; BJH, CC Barrett-Joyner-Halenda 
method; BET, CC Brunauer-Emmett-Tellers Method.
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Fig. S 2 (a ,c) Average particles size distribution with (b,d) average solid concentrations (sc , ■) and 
approximate specific gravity (sg, ◆) of NHSPs powder samples  upon varying (a,b) X-TEOS and (c, b) Y-
NaPMA concentrations.

Fig. S 1 (a) Dip coating processeses of preparing NHSPs coated glass substrates . Images of NHSPs (b) suspended in 
slurry and (c) in dried form



Fig. S 4 Test samples covered with water-resistant black tape for thermal characterization 

Fig. S 3 Test samples covered with water-resistant black tape for thermal characterization using a 
xenon flash lamp set-up.



Fig. S 5 Sample calculation for thermal conductivity (k) of the material



       

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.



Fig. S 8  Thermogravimetric analysis of the effect of multiple washing of NHSPs samples

Fig. S 7 (a) Solid –state 29Si NMR spectra and (b) elemental analysis using EDX of monodispersed NHSPs



Fig. S 9 Thermogravimetric analysis of NHSPs samples with varying X-TEOS concentrations



Fig. S 10 Thermogravimetric analysis and differential thermal analysis of NHSPs samples with 
varying Y-NaPMA concentrations



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. 



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



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, III) calcined NHSPs samples with varying X-TEOS concentrations.



Fig. S 15 TEM images of (I) dried and (II, III) calcined NHSPs samples with varying Y-NaPMA concentrations



Fig. S 16 (I) N2 adsorption-desorption isotherm with pore-size distribution calculated by (II) Barrett-Joyner-Halenda 
(BJH) method and (III) density functional theory (DFT) model of dried NHSPs samples with varying X-TEOS 
concentrations.



Fig. S 17 (I) N2 adsorption-desorption isotherm with pore-size distribution calculated by (II) Barrett-Joyner-
Halenda (BJH) method and (III) density functional theory (DFT) model of dried NHSPs samples with varying Y-
NaPMA concentrations.



Fig. S 18 (I) N2 adsorption-desorption isotherm with pore-size distribution calculated by (II) Barrett-Joyner-Halenda 
(BJH) method and (III) density functional theory (DFT) model of calcined NHSPs samples with varying calcined-X-
TEOS-C concentrations.



Fig. S 19 (I) N2 adsorption-desorption isotherm with pore-size distribution calculated by (II) Barrett-Joyner-Halenda 
(BJH) method and (III) density functional theory (DFT) model of calcined-NHSPs samples with varying calcined -Y-
NaPMA-C concentrations.



Table S 1 Physicochemical properties of dried NHSPs with varying X-TEOS concentrations.

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



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

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



.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 oC) 1.1
Soda lime (glass) (93 oC) 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

Fig. S 20 A typical xenon flash lamp thermal characterization set up.



Fig. S 21 Test samples sprayed with carbon paint for thermal characterization using the xenon flash lamp 
set-up.

Fig. S 22 Thermal conductivity values of 0.1 % solid concentration NHSPs 
coated glass samples with increasing number of dippings 



Fig. S 23 Thermal conductivity values of NHSPs coated glass samples with 
decreasing solid concentration of NHSPs in dip coating solutions

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



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.

Fig. S 25 Average surface temperature change before and after xenon lamp flashing with 
decreasing NHSPs in dip coating solutions



Table 6S.
Sample material Thermal conductivity (W 

m-1K-1)
Standard deviation % difference 

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 

(W m-1K-1)
Standard deviation % difference compared 

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


