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Model Ligand Parameters

As the electronic structure calculations are performed in reciprocal space, Eq. (1) needs to

be Fourier transformed into!

v(q) = ar

to obtain the relationship between real-space parameters and g-space ones (which are the

1.50.3eiq~Re—((7|q\/2)2

actual input to the calculations): a = a3, b=0/2,and c = 7.

Table S 1: Model ligand parameters used to passivate surface Ga atoms. The param-
eters relative to the anion passivation [ay = —1, by = 0.7, c; = 0.2, ap = -1, bp = 0.9,
cy = 0.2, where the subscript refers to the number of dangling bonds] were kept con-

stant for all ligands.

cation
Ligand | 1 dangling bond® | 2 dangling bonds"
a b c a b c
A 200 01 070 |200 050 0.60
B 168 08 055 |1.68 033 0.25
C 3.00 08 055 |1.68 033 025
D 3.00 08 055 |4.00 033 025
E 3.00 08 045 |6.00 033 025
F 3.00 08 035 |168 033 025

t Surface atoms may have one or two dangling bonds that need passivating (see main text for details)
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Method

The single-particle energies and wave functions (E,, ¢, and E,, 1. for valence (v) and conduction (c) bands,
respectively) are calculated using the plane-wave atomistic semiempirical pseudopotential method de-
scribed in Reference,? including spin-orbit coupling (we use the GaSb pseudopotentials derived by Magri
and Zunger3).

The reciprocal space decomposition of the CBM is obtained by expanding its wave function ¢, (7) as

a superposition of bulk Bloch states u, %(F)eiw and summing over al bands at a given wave vector k4

Npands

Pepm (E) = Z

n=1

eom (P, e (P [ (2)

The contributions c; from the high-symmetry points (HSP) I', L and X are calculated by summing Pegyn (K)

over all k points within a Voronoi cell Vijsp centred on the specific HSP,® as

csp =100 Y Pupy(k), (S3)
%EVHSP

(where HSP=T, L or X).
The radiative lifetime for the transition 4 — b are obtained in the framework of the standard time-

dependent perturbation theory as: 1°

1 AnFa’ w®
a,

where n is the refractive index of the medium surrounding the nanocrystal (here we assume toluene),
F =3e/(engp + 2€) is the screening factor (here € = n?, and engp is the size-dependent dielectric constant
of the NQD, calculated using a modified Penn model!!), a’ is the fine structure constant, fiw is the energy

of the photon, c is the speed of light in the vacuum, and M, , is the excitonic dipole matrix element
My = YCCS) (o7 S5
a,b Z v,c “v,c <7~/Jv|7|¢C>/ ( )
(e

where the excitonic wave functions {¥(f)} are expanded in terms of single-substitution Slater determinants
{®y,} constructed from the single-particle conduction (c) and valence (v) wave functions and the many-
body Hamiltonian is solved within the framework of the Configuration Interaction (CI) scheme, where we
use a position-dependent screening for the direct and exchange Coulomb integrals.!! Room temperature

thermally averaged lifetimes are calculated by assuming Boltzmann occupation of the excitonic levels.
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Auger recombination rates were calculated within the standard time-dependent perturbation theory
according to the formalism developed in ref.'? following the procedure detailed in ref., '3 where in the
regional screening used in the calculation of the AR integrals a value of 2.4 (toluene) was assumed for the

dielectric constant outside the dot and a Lorentzian broadening of 10 meV was used.
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Charge Density Profile
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S 1: Charge density profiles for NQDs capped with ligands A and F: charge density
contained in equally spaced regions (spherical shells) at different distances d from the
nanocrystal centre (expressed as fractions of the total radius R): the first bar refers to
the charge density contained in a sphere with radius r = R/2 (i.e., d < 50%R - the value
reported in Fig. 2); the following bars show the density contained in 5 equally spaced
spherical shells of width 0.1R, with inner radii ranging from 50%R to 90%R and outer
radii from 60%R to 100%R. It is apparent that ligand F leads to a larger concentration of
the charge density in the dot core, with about 70% [50%] of the charge located within a
sphere with radius 0.6R for R = 2.1 nm [R = 1.1 nm], whereas ligand A exhibits a larger
attraction for the electron, with about 60% [50%] of the charge located between 0.7R and
0.9R for the same size.
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Symmetry of the band edge wave functions and character of

the ground state excitonic transitions

We find the CBM envelope function of the R = 2.1 nm dot to be 45 (i.e., s-like) for dots capped with ligands
A - D, yielding a total orbital symmetry a; =I'1; x a;(s), for A, and a; = Ly, x a;(s), for B - D. The VBM
envelope is found instead to be s-like only for ligand A, yielding and orbital symmetry t; = I'y5, X a1(s),
whereas its symmetry is p-like for all other ligands, with orbital symmetry #; = I'1s, X t2(p)). Here I'j5,,
I'1c, and L. represent the symmetry of the underlying bulk Bloch functions (which transform like ¢, 2; and
a1, respectively), whereas a1, to, etc. are the envelope functions (which are s-like and p-like). Although we
include spin-orbit coupling in our calculations, for simplicity we used here the notation relative to A5, = 0.
In the presence of spin-orbit yg(t2), vs(t1) and 7g(e) are mixed, so that what we refer to as a state with
t, symmetry has some smaller t; and e component, and the same applies for t;. Further details on the
symmetries in NQDs made of zinc-blende materials can be found in ref. 4

These symmetries result in specific rules for the optical transitions in these systems, as they alter the
allowed/forbidden character of the excitonic states that receive contributions from the band edges.

If the VBM is 2-fold degenerate with an overall g, (f;) symmetry and the 2-fold degenerate CBM has an
overall ¢, (a1) symmetry, the ground state exciton is 5-fold degenerate and dark. The next exciton derived
from the band edges is 3-fold degenerate and bright. If, however, the VBM has an overall g, (1) symmetry,
while the CBM is still 4. (a7 ), the ground state exciton has instead a dipole-allowed component, yielding
a partially allowed, 3-fold degenerate, ground exciton, with a much longer lifetime than a fully allowed,

bright exciton. Finally with a g, (t;) VBM and a yg.(t2) CBM, we find a the lowest 100 exciton states to be
dark.
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Radiative Lifetime
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S 2: Radiative lifetimes calculated for NQDs with R = 1.1 nm capped with ligands A to F.
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Auger Electron Cooling times
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S 3: AC times calculated for NQDs with R = 2.1 nm (main frame) and R = 1.1 nm (inset)
capped with ligands A and F: F-capped nanocrystals exhibit increases in the AC times of
over one order of magnitude compared to A-terminated dots, for larger sizes; although
at AE = 0 the reduction is small (a factor of 2) in R = 1.1 nm nanostructures, due to the
strongly oscillating character of the results, the AC suppression can approach 3 orders of
magnitude in these dots.
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