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Figure S1. (a) Component of the MCL system and (b) schematic representation of the PLAL
of Au using an MCL system.

Figure S2. HRTEM image of carbon-encapsulated Au NCs prepared with 104 mW laser
power in the presence of 400 mM polystyrene.
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Figure S3. Raman spectrum of the carbon-encapsulated Au NCs (a) in the presence (400
mM) and (b) absence of polystyrene, respectively. Applied laser power was 104 mW.
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Figure S4. UV-Vis spectrum of carbon-encapsulated Au NCs in the presence (50 mM) and
absence of polystyrene. The average laser power was fixed to 180 mW.
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Figure S5. TEM image of carbon-encapsulated Au NCs prepared under various laser power
in 50 mM polystyrene/toluene solution.
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Figure S6. TEM image of carbon-encapsulated Au NCs prepared under different polystyrene

concentration. Average laser power was fixed to 104 mW.
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Figure S7. TEM image of carbon-encapsulated Au NCs prepared using Quanta-Ray PRO-

250 laser in the presence of polystyrene (400 mM).
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Carbon Layer Thickness Determination

The carbon shell thickness of the Au NCs in Table 1 and 2 was determined through extended
Mie Theory fitting for core-shell type materials, which was applied to the UV-VIS spectra data
in Fig. 4. Spectrum fitting was performed by using MATLAB.

Formula for Mie Theory calculations

To account for the influence of the carbon matrix on the gold particles, we utilized the
extinction cross-section (oext) for core-shell spheres. ext is the sum of the absorption cross-
section (oabs) and the scattering cross-section (osca):

Oext = Ogps t Osca (1)

For particles much smaller than the wavelength of light, the scattering contribution (osca)
becomes negligible due to its R® dependence.S! Thus, simulated extinction cross-section mainly
reflects absorption phenomena similar to the observed experimental UV-Vis spectrum. The
extinction coefficient, oext(w), is given by:

Uext(w) = 4rk Im[a(w)] (2)

where k is the wavenumber of the electromagnetic radiation, and Im[a(w)] is the imaginary
part of the polarizability.S? In the quasi-static regime, the following dipolar approximation for
the polarizability (a(w)) of the core-shell sphere is applies:

Of((x)) _ 4-_7'[ (R n d)3€0 (€shell—€m) (Ecore+265hell)+(RL_;d)3 (€core—€shell) (Em+2€shel) (3)

R
3 (€shell+2€m) (Ecore+255hell)+(_R+d)3 (€core—€shell) (2€shell—€m)

where R is the Au NC core radius, d is the carbon shell thickness, ¢o is the vacuum permittivity,
eshell IS the dielectric function of the carbon shell, ecore is the dielectric function of the Au NC
core.5S3 em is the dielectric function of the surrounding medium (2.2) (here toluene).*

The bulk dielectric function for a metal is given by the Drude model by introducing of (&o)
interband transitions to the polarizability:

2
@p
w2+iwl (R)

(4)

e(w,R) = ¢y —

where wp is the plasma frequency of gold (9 eV).5° I'(R) accounts for size-dependent relaxation,
modeled as:

F(R) = [ +=F 5)
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where V¢ is the Fermi velocity of electrons in Au (1.4x108 m/s).51S5 [, is the bulk metal’s
relaxation constant (0.07 eV).%5 A is a constant with a value near 1. R is the radius of the Au
NC. Thus equation 3 will be represented as follows.S®

e(w,R) = ¢y —

2
Wp

: AV
w?+iw([e +TF)

(6)

The size-dependent dielectric function can be split into real and imaginary parts as eq. (7).5!

g(w,R) = & (w) + igy(w)

()

e1() and e2(w) are real and imaginary parts represented as eq. (8) and (9), respectively.S®

The full size-dependent dielectric function, combining real and imaginary parts, is:

£(w,R) = |100(@) +

& (w,R) = ¢,

ie;(w,R) =

2 2
wp wp
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where ¢1-(w) and 2-(w) are the real and imaginary components of the bulk dielectric function

of Au.s?

Table S1. Adjusted fitting parameters for the UV-Vis spectrum of carbon-encapsulated Au
NCs under different laser powers

e(w, R)°
b 15
€@ (I(R)*x 10 300 400 500 600
(rad/s)
Laser power Re Im Re Im Re Im Re Im Re Im
(mw)
104 -0.5 3 1.65 -1.1 2.7 -0.8 3 -0.6 26 | -04 | 24
180 -0.7 3.3 1.75 -1.25| 3.1 -0.9 3.3 -0.6 3 -0.3 2.8
350 -0.8 34 1.7 -1.3 3.2 -0.9 34 -0.6 3.1 -04 2.9
550 -0.85| 3.6 1.8 -1.4 34 -1 3.6 -0.7 3.2 -0.4 3

a. Dielectric function of carbon shell.
b. Size-dependent relaxation constant.
c.Wavelength-dependent dielectric function of gold at key wavelengths.
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Figure S8. Simulated UV-Vis spectrum of carbon-encapsulated Au NCs under different laser
powers.

Table S2. Adjusted fitting parameters for the UV-Vis spectrum of carbon-encapsulated Au
NPs under different polystyrene concentration

e(w, R)°
e (7 (ﬁ): d73)1015 300 400 500 600
Polystyrene
concentration| Re Im Re Im Re Im Re Im Re Im
(mW)
0 -0.7 | 3.3 15 -14 | 3.1 -1 3.3 | -0.8 3 -05 | 28
10 -0.7 | 3.3 1.6 -1.2 | 3.2 | -0.9 3 -06 | 28 | -04 | 26
50 -05 | 28 1.72 -1.2 | 28 | -0.8 3 -05 | 27 | -03 | 25
100 -0.5 3 1.8 -1.2 | 28 | -0.8 3 -05 | 27 | -03 | 25
200 -04 | 2.7 1.8 -12 | 27 | -08| 29 | -05| 25 | -03 | 24
400 -04 | 2.7 1.8 -12 | 26 | 08| 28 | -05 | 25 | -0.2 | 23

a. Dielectric function of carbon shell.
b. Size-dependent relaxation constant.
c.Wavelength-dependent dielectric function of gold at key wavelengths.
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Figure S9. Simulated UV-Vis spectrum of carbon-encapsulated Au NCs under different
polystyrene concentrations.
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