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Supplementary information

A.l. Determination of the extinction cross sections

Considering a core-double shell nanoparticle as shown in Figure 1, four
regions can be defined: R< Rl, Ry <R< RZ, Ry <R <Ry and R> R3, which
correspond to the core, the first layer, the second layer and the surrounding media in
which the nanoparticle is immersed, respectively. The expression of the incident electric

field in terms of spherical vector functions can be written as [25]:
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From the continuity conditions of the electric and magnetic fields at each interface, a set

of equations can be derived:

fnml(pn(mZx) - 17n‘nll)(n(‘ran) - Cnmz(pn(mlx) =0 (Alz)
fn(p'n(mZX) - vn)('n(mzx) - Cn(p'n(mlx) =0

gnml(p'n(mZx) - anlxln(mZX) - dnm2¢'n(m1x) =0
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GnPn(Mx) = WX, (Myx) = dyp, (Mg x) = 0
Lmay@,(M3y) = pumox,(msy) = fima@,(m,y) + v,max,(m,y) =0
L' (M3Y) = Do n(M3Y) = £ n(Myy) + 0,0 (myy) = 0
0,M9",(M3Y) = AymoX'y(M3Y) = 93’ (Myy) + wymax'(myy) = 0
0,9, (M3Y) = A X (M3Y) = G Pn(May) + wyx,(myy) = 0
m3¢'(2) = ayms,(2) - 0,9",(M32) + 4ty (m3z) = 0
Pn(2) = a,n(2) = 0,0,(M32) + 4, (M3z) = 0
b,ms3¢,(2) - m30,(2) + L, (m3z) - px,(m3z) =0

byé'n(2) = 9'5(2) + L'y (m32) - X'y (m3z) = 0, (A1.13)

where =~ k N ! A x=kR1’ y=kR, z=kR; , (pn(x)zxjn(x)’

1 .
Xn(2) = Xy (X) and $n(0) = xh(n) () = @ (x) + an(x). The solution of the system of

equations defined by [A1.2 - A1.13] allows to determine the expressions for % and bn:

_ m3<p,'l(z) [(pn(mSZ) B Qn)(n(m3z)] B QOn(Z) [901'1("132) B QnX'n(m3Z)]

M€ (2)[0n(M32) - Qurn(maz)] - £,(2)[@(M32) - Qo' (ms2)]
(Al.14)

a

, _MaPn@]9n(maz) - P o(my2)] - 0uD]on(ms7) - Prta(ms2)]

m3fn(z)[<p;l(m3z) - PnX'n(m3Z)] - En(Z) [(pn(m3z) - Pan(m3Z)]

Py M3 (May)[@n(Myy) - Voxa(may)] - mye, (msy)[@,(m,

b myra(me)[0u(mzy) - Vata(mey)] - mou(may)[@n(m,
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_ ﬁ _ msp,(msy) [‘P;z(mz)’) - Wn)('n(mzy)] - m2<p;l(m3y) [<pn(m

On  Maxn(M3y)[Pn(May) - Wik n(mgy)] - maypty(msy) @, (m

Un mZXn(mlx)(pT'l(mZx) - m1‘Pn(m2x)90r'z(m1x)

n
V,=— , ;
fr My X, (myx) @, (myx) - ml‘Pn(mzx)‘Pn(mlx)

W= Wn mzﬁan(mzx)‘Pr’l(mﬂ) - m1‘/’n(m1x)‘»0r'l(m2x)

In Moy (myx) @, (myx) - My, (myx)x, (M%) (A1.19)

When the particle size is small compared to the wavelength mMyX, MyY,M3ZXy,Z < 1,

extinction, scattering and absorption cross sections are described by equations [7] and

[8], where

a; +a,
a = 4nc

a;+a,

ay = (g1 +28,) (e, £3) (283 + £,)f + (28, + 1) (285 + &) (£3 - &5,)

@y =2(g; - &1)(83 - &) (83— £)9 + (81 - ) (65 + 265) (265 + &)

az = (g1 +2&,) (e, — £3)(283 - 2¢,,)f + (265 + £1) (283 + &) (5 + 2¢,,,)

a,=2(g, - &) (85— &) (83 + 2¢,,)9 + (&1 - &) (83 + 26,) (285 - 2¢,,) (A1.23)

where €1, €2 and %3 are the dielectric functions of each region of the nanoparticle, and

— 3 _ 3
m is the dielectric function of the surrounding medium. f= (Rz/ R3) L 97 (Rl/ RZ)

and h= (Rl/R3)3 )



A2. M and N spherical vector functions

M . N

Functions Mjln, pln, jlnprln, used in electric and magnetic fields are

described in the form:

M;y, = - sin ¢m,(8)z,(p)a, - sin ¢7,(0)z,(p)ay

M., = cos ¢m,(6)z,(p)ay - sin ¢7,(0)z,(p)ay

N1y, = cos ¢n(n + 1)sin enn(e)znf)p)ar + cos ¢7,,(0) [Pz (0] ay - sin ¢, (6) [pz,(0)] ”
Zn(p) [pzn(p)]' [pzn(p)]l

a, + sin ¢z, (6)

N1, = sin ¢n(n + 1)sin 6m, (6) ) a, + cos ¢m,(9)

a
PP (A2

. (6) = P1(cos 6)/sin 6 7,(6) = dP,(cos 6)/d6  P.(cos®) , . .

where and

associated Legendre polynomials.



