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Figure S1: Comparison of (a) extinction e�ciency and (b) electric-�eld intensity for a single
Ag nanoparticle with a diameter of 50 nm calculated based on the original (Rioux et al.1)
and re�ned (Johnson and Christy2) dielectric functions.
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Figure S2: Fitting of the (a) real and (b) imaginary components of the bulk dielectric function
of Ag. The Johnson and Christy databases are also shown for reference (scatter dot).

Alloy Dielectric Functions

Figure S1 displays the discrepancies arising in the extinction spectrum and the near-�eld

intensity for the pure Ag reference calculated based on the dielectric functions from Rioux
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et al.1 and Johnson and Christy.2

We used the parabolic relationship in Eq. 3 of the main text to simulate AuxAg1−x alloy

NPs for arbitrary compositions. In this case, three-point reference parameters are required,

e.g., pure Au, Au0.5Ag0.5, and pure Ag. These parameters were taken based on the work of

Rioux et al.,1 except for pure Ag. The pure Ag reference is re�tted based on Johnson and

Christy's2 experimental data to provide more reliable results. Figure S2 shows the �tting

result for the Ag monometallic dielectric function, calculated using Eqs. 1 and 2 of the main

text.

Below, we provided the best-�tted parabolic equations as a function of the molar fraction

of Au (x) based on Eq. 3 of the main text.

ε∞(x) = 0.1798x2 − 0.2943x+ 2.3860 ,

ωp(x) = 0.1976x2 − 0.4932x+ 9.2190 [eV],

ωg1(x) = 1.5618x2 − 3.0541x+ 4.1575 [eV],

ω01(x) = 1.7930x2 − 3.4933x+ 4.0960 [eV],

ω02(x) = 1.6824x2 − 2.1312x+ 3.9850 [eV],

Γp(x) = − 0.50289x2 + 0.50485x+ 0.04043 [eV],

Γ1(x) = − 0.26126x2 + 0.37283x+ 0.06723 [eV],

Γ2(x) = − 1.85264x2 + 2.12212x+ 0.08519 [eV],

A1(x) = 194.952x2 − 191.918x+ 70.217 ,

A2(x) = − 95.606x2 + 108.343x+ 27.270 .

(S1)

Figure S3 shows the behavior of these parabolic equations. This �gure remarks the

following key points.

� The plasma frequency ωp varies only up to ∼ 0.296 eV across all compositions, verifying

that the densities of valence electrons for the two metals and their alloys are nearly

identical.
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Figure S3: Evolution of (a) the frequency parameters (ωp, ωg1, ω01, and ω02), (b) the
broadening factors (Γ1, Γ2, and Γp), (c) the contribution from high-energy transitions (ε∞),
and (d) the amplitude parameters (A1 and A2) as a function of the molar fraction of Au (x).

� ωp = 9.219 eV for Ag. This value is very similar to that obtained by another group3

who also extracted parameters from the Johnson-Christy dataset.

� Both ω01 and ωg1 parameters still retain the same behavior as those in Ref. 1, suggesting

that the band separation varies monotonically with the alloy composition.

� A smaller variation (∼ 0.449 eV) is observed for ω02, which is a consequence of the

comparable band separations in Au and Ag at the L symmetry point.1

� The broadening factors (Γp, Γ1, and Γ2) are higher in alloys than in pure Au and

Ag. This trend is consistent given that alloys are likely disordered materials. Mixed
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Figure S4: (a) Real and imaginary parts of the dielectric function of the Au0.36Ag0.64 alloy
for di�erent nanoparticle radii (rNP). (b) Extinction spectrum (upper panels) and the ori-
entationally averaged electric-�eld intensity (lower panels) calculated from the bulk (εbulk)
and the corrected (εNP) dielectric permittivities of Au0.36Ag0.64 alloy NPs at various rNP.

Au and Ag atoms create a random distribution in the crystal lattice that destroys the

periodicity of the structure.

Figures S4(a) and (b) show the impact of size correction on the dielectric function of the

alloy nanoparticles and the far-�eld and near-�eld spectra at various nanoparticle radii. In

the calculations, the molar fraction of Au was set to be 0.36.
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Spherical Vectorial Functions

Below, we provide the explicit expressions for the spherical vectorial functionsMo1` andNe1`

corresponding to Eq. 7 of the main text, as follows4

M
(1)
o1` =

ψ` (kr)

kr

(
P 1
` (cos θ)

sin θ
cosϕ êθ −

∂P 1
` (cos θ)

∂θ
sinϕ êϕ

)
,

M
(3)
o1` =

ξ` (kr)

kr

(
P 1
` (cos θ)

sin θ
cosϕ êθ −

∂P 1
` (cos θ)

∂θ
sinϕ êϕ

)
,

N
(1)
e1` = `(`+ 1)

ψ` (kr)

(kr)2
P 1
` (cos θ) cosϕ êr

+
ψ′` (kr)

kr

(
∂P 1

n(cos θ)

∂θ
cosϕ êθ −

P 1
` (cos θ)

sin θ
sinϕ êϕ

)
,

N
(3)
e1` = `(`+ 1)

ξ` (kr)

(kr)2
P 1
` (cos θ) cosϕ êr

+
ξ′` (kr)

kr

(
∂P 1

n(cos θ)

∂θ
cosϕ êθ −

P 1
` (cos θ)

sin θ
sinϕ êϕ

)
.

(S2)

where k = 2πnhost/λ is the wave number, nhost is the refractive index of the host medium,

λ is the incident wavelength, P 1
` (cos θ) is the associated Legendre function, r = |r| is the

length of the radius vector r from the nanoparticle center to a point of interest, 0 ≤ θ ≤ π

and 0 ≤ ϕ ≤ 2π are spherical angles, and êr, êθ, and êϕ are unit vectors of the spherical

coordinate system. Additionally, the Ricatti-Bessel functions ψ and ξ are de�ned as

ψ(kr) = krj`(kr) ,

ξ(kr) = krh
(1)
` (kr) ,

(S3)

with j` and h
(1)
` , respectively, are the spherical Bessel functions of the �rst and third kind

(Hankel function), and the prime notation denotes the �rst-order derivative with respect to

the argument in parentheses.
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Figure S5: (a) Extinction e�ciency for gold nanoparticles with a diameter of 50 nm with
variations in the refractive index of the host medium. (b) Evolution of the peak wavelength
of the extinction spectrum as a function of the diameter of the nanoparticles in the di�erent
host media.

Extinction E�ciencies in Di�erent Host Media

Figure S5(a) shows the extinction spectrum for the pure Au nanoparticle (AuxAg1−x with

x = 1) with a diameter of 50 nm embedded in di�erent host media calculated using Eqs.

5 and 6 of the main text. In an aqueous solution, the peak of the extinction spectrum is

centered at 529 nm. Owing to their higher refractive indices, the LSPR spectrum shifts to

544 nm and 569 nm when poly(methyl methacrylate) (PMMA) and OLED polymers are used

as the host medium, respectively. These calculated LSPR wavelengths are consistent with

previously reported experimental results.5�7 Correspondingly, the evolution of the dipolar-

LSPR wavelength as a function of the diameter of the nanoparticles also shifts towards longer

wavelengths as the refractive index of medium increases (see Fig. S5(b)).
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Quantum Yield

The expression for quantum yield can be deduced by considering the intrinsic quantum yield

of the isolated molecule de�ned as

Q0 =
γ0rad

γ0rad + γ0nrad
. (S4)

with γ0rad and γ0nrad are the intrinsic radiative and nonradiative decay rates, respectively. In

the presence of a nanoparticle, the quantum yield is modi�ed to

Q =
γrad

γrad + γ0nrad + γloss
(S5)

due to the strong enhancement in the radiative decay rate, such that γrad ≥ γ0rad, and an

additional nonradiative decay channel, γloss. Here, we assumed that the intrinsic nonradiative

decay of the molecule is not a�ected by the metal, such that γnrad = γ0nrad. By combining

Eqs. S4 and S5, we arrive at the usual expression for the quantum yield as8

Q =
γrad/γ

0
rad

γrad/γ0rad + γloss/γ0rad + (1−Q0)/Q0
. (S6)

However, to clearly evaluate the in�uence of the intrinsic properties of the emissive materials

(Q0), we can modify Eq. S6 as follows

Q

Q0
=

1

Q0

γrad/γ
0
rad

γtot/γ0rad + (1−Q0)/Q0
. (S7)

Here, the equation was divided by Q0, and the sum of the radiative and non-radiative decay

rates was condensed into one variable: γtot ≡ γrad + γloss. After some reordering, we have

Q

Q0
=

γrad/γ
0
rad

1 +Q0 (γtot/γ0rad − 1)
. (S8)
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Figure S6: Mapping of the luminescent e�ciency as a function of wavelength and molar
fraction of Au for di�erent nanoparticle diameters (dNP).

This is Eq. 13 from the main text.

Luminescence Enhancement Mapping

Figure S6 shows the mappings of the luminescent e�ciency of the AuxAg1−x nanoparticles

for di�erent diameters. In the �gure, the region with maximum e�ciency (red spot) becomes

more intense as the size of the nanoparticles is reduced, suggesting that the smaller nanopar-

ticle has the potential to produce higher luminescent e�ciency than the larger one. However,

the adjustable window for wavelength and alloy composition, which enhances luminescence

by more than one order (log (ηem/η
0
em) > 1), becomes narrower in the smaller nanoparticles.
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Figure S7: The light-extraction e�ciency as a function of nanoparticle-dipole distance.

For instance, at dNP = 30 nm, the values of log (ηem/η
0
em) > 1 are only observed at wave-

lengths between ∼430 nm and ∼480 nm, and the adjustability of the Au molar fraction is

limited to x . 0.2. In contrast, although there is a slight decrease in the maximum e�ciency,

the window for obtaining enhanced luminescence is wider when using the larger nanopar-

ticles. As indicated by the 70-nm-diameter nanoparticle, the values of log (ηem/η
0
em) > 1

extend to longer wavelengths up to ∼700 nm, and the compositional adjustment applies to

more extensive x-values ranging from 0 to 1. Therefore, the larger nanoparticles o�er more

options for tuning the Au−Ag compositions to enhance luminescent e�ciency over a broader

working wavelength.

Light-Extraction E�ciencies

Figure S7 shows the far-�eld emissions of a stacked structure calculated using the �nite-

di�erence time-domain (FDTD) method with varying dipole positions. For each point in

the plot, six separate simulations were performed and averaged incoherently. In this case,

two simulations were carried out to account for the dipole positions on the left and right

sides of the nanoparticles, and each simulation was calculated individually in the dipolar
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orientations of px, py, and pz.
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