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Table S1: The SPR, mass, and concentration of gold nanomaterials (GNPs).

Gold Nanomaterials SPR Wavelength (nm) | Mass of 1 Particle Concentration
(ka) (NPs/mL)

20 nm GNSs 520 8.08x10% 7.00x10%1
30 nm GNSs 520 2.73x10°° 2.00x10%
AuUNPC 520 8.08x10% 7.00x10%1
25 nm x 60 nm GNRs 650 6.50x102° 7.20x101
10 nm x 41 nm GNRs 808 9.80x10% 5.72x10%?
80 nm GNUs 620 5.20x1018 7.82x10°
100 nm GNUs 680 1.02x10°Y 3.84x10°

Gold nanomaterials specifications can be obtained from Sigma Aldrich and Ted Pella:

(https://www.sigmaaldrich.com and https://www.tedpella.com or https://www.bbisolutions.com)


https://www.sigmaaldrich.com/
https://www.tedpella.com/
https://www.bbisolutions.com/

Table S2: calculation of the mass of GNPs and the solution and calculation of the temperature
distribution by a single GNP for each size and morphology.

msCs

GNPs shapes mg(Kg) mg(Kg) 6T, = 55 7
20 nm GNSs 1.69x107 0.003 8T, = 5.7 x 10° 8T
30 nm GNSs 1.64x107 0.003 8T, = 5.9 x 10° 6T
AuNPC 1.69x107 0.003 86T, = 5.7 X 10° 8T
25 nm x 60 nm GNRs 1.40x107 0.003 6T, = 6.9 X 10° 6T
10 nm x 41 nm GNRs 1.68x107 0.003 6T, = 6.2 X 10° 6T
80 nm GNUs 1.22x107 0.003 8Ty = 7.9 X 10° 8T
100 nm GNUs 1.12x107 0.003 8T, = 8.6 X 10° 6T

To calculate the mass of Au:

mg(kg) = Concentration (NPs/mL) x Mass of 1 Particle (kg) X Volume (3 mL)




Table S3. Summary of the measured experimental values of radius and the equivalent radius, the
slopes, and the absorption cross sections.

GNPs Shapes Ror B Slope values (°C*m?/W) | Absorption Cross Section
Req(nM) Oans(m?)

20 nm GNSs 10 1 (2.81 +0.423) x 10~ | (2.1 £0.316) x 10718

30 nm GNSs 15 1 (8.85+0.829) x 10711 | (10.0 £ 0.937) x 1018
AuNPC 10 1 (14.87 £ 1.127) x 107! | (11.2 + 0.847) x 10716
25 nm x 60 nm GNRs 19.16 1.74 (6.34 + 0.656) x 10~** | (16.20 £1.676)x 10718
10 nm x 41 nm GNRs 9.16 2.92 (3.72£0.623) x 10711 | (7.49 + 1.254) x 10718
80 nm GNUs 40 1 (8.46 +1.355) x 107° | (25.5 +4.084) x 1076
100 nm GNUs 50 1 (48.98 +3.237) x 1072 | (18.4 +1.216)x 10715

Table S4. Summary of the Calculated Absorption Efficiency and Absorption Cross Section By Mie

Theory.
GNPs Shapes R or Reg(nm) Absorption Efficiency Absorption Cross-Section
Uabs(mz)
20 nm GNSs 10 0.0077 2.4%x 10718
30 nm GNSs 15 0.012 8.5x 10718
25 nm x 60 nm GNRs 19.15 0.016 18.43 x 10718
10 nm % 41 nm GNRs 9.16 0.007 1.8x 10718
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Figure S1. Temperature elevation of the solvent of the GNPs as a function of time in different power densities. The
solvent is Ultra-Pure Water (UPW)

Absorption Cross Section By Mie Theory

The optical properties of GNSs and GNRs were quantified in terms of their calculated absorption

efficiencies by Mie theory for the homogenous sphere. The required parameters for the calculations are the



radius and the refractive index of the surrounding medium, which is n=1.33 for water, as well as the

excitation wavelength of 808 nm.!

2

Qsca = (an/ )2 21021(2l + 1)(|al|2 + |bl|2) (15)
A
Qext = 53 2212 + DRe(ay +by) (16)
A
Qabs:Qext_Qsca (17)

Here, a; and by are the expansion coefficients in terms of Ricatti-Bessel functions((x) and n (x) ) defined

as follows,

— myp (m)yp’ () -y’ (mx)y(x) (18)
™ my (mao) v’ (0~ (mx) n (%)

_ P m)y' )—y' (mx)p(x)
b= ¥ (mx) n/ ()—9' (mx) n (%) (19)

Here m = ni where n is a complex refractive index and n,, is a real refractive index of the surrounding

m

medium and x=kR, where k is the wavenumber and R is the radius of the particle. After calculating the
scattering and extinction efficiencies, we can determine the absorption efficiency by using eq 20. Fig. S2
(a-b) shows the calculated spectra of the absorption efficiency, Qass, for 20 nm and 30 nm GNS, 25 nm x
60 nm and 10 nm x 41 nm GNRs, and 80 nm and 100 nm GNUSs. The dimensionless efficiencies can be

converted to the g, per unit area by the following expression?

Oaps =Qabs zr? (20)

where Qabs can be obtained from Fig. S2 (a-b) at the wavelength 808 nm and r is the radius or the equivalent

radius. Table S4 of the supporting information summarizes the calculated absorption efficiencies and the



absorption cross sections for 20 nm and 30 nm GNSs, 25 nm x 60 nm, 10 nm x 41 nm and GNRs, and 80
nm and 100 nm GNUs. These experimental values of the g, are evidenced by our experimental

methodology and applying these results into the heat transfer theory and energy balance of the system.
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Figure S2. Calculated spectra of the dimensionless absorption efficiency of 20 and 30 nm GNS (a) and 25

nm x 60 nm and 10 nm x 41 nm GNR (b) by Mie theory. The calculated absorption efficiency of GNRs

based on the equivalent radius.
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