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TEM Characterization and Absorption Spectra

In Figure S1 we show the TEM characterization of the 4.5 ML CdSe-2 ML and 3 ML CdS
shell CdSe-CdS samples in addition to the TEM images of the core only and 1 ML samples in

Figure 1 (c) of the main text. The growth of a 3 ML CdS shell is substantiated by the total

Figure S1: Transmission electron micrographs of the used 4.5 ML CdSe core only and 2 ML
and 3 ML CdS shell CdSe-CdS samples.

thickness of the platelet (3.1nm), which agrees well with a total thickness of 4.5 ML, CdSe
and 2 - 3ML CdS yielding 3.11 nm, where we used the monolayer thicknesses obtained as
the half lattice parameter, which is listed in Table S1 below. As mentioned in the methods
section, the lateral size of the 3 ML CdS shell particles is 18x22nm?, while the initial CdSe
core-only platelet was 8-9x10nm?. Figure S2 shows the absorption spectra of the used 4.5 ML
CdSe core only and 1-3 ML, CdS shell samples.
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Figure S2: Absorption spectra (stacked) of 4.5 ML core-only and 1 to 3 ML (CdS) CdSe-CdS
core-shell nanoplatelets at 300K (b). Clearly a redshift of the lowest exciton transition is
observed as in the PL spectra in Figure 1 (b) of the main text.

Rate equation model

Following Ref. 1 we model the time resolved dynamics in CdSe core-only and CdSe-n ML CdS
nanoplatelets by the means of coupled rate equations. The level scheme of an excited and
ground state is depicted in Fig. S3 and represented by the following rate equations for all

occurring radiative and non-radiative transitions

ngs = —ngs (e + 'Y + v (na + 1)) + ngsyona (S1)

ngs = —nags (I'gs + s +vna) + nesyo (na +1) (S2)

with n;, with i =ES or GS, the state populations, I';g gg the radiative and I'}" = 0 4
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the nonradiative decay rate (constants) and na = ( a Bose
occupation statistics factor. AE = 25.6 meV is the energy difference of both emissive states
taken from the core sample at zero temperature. 7 is the zero temperature ES — GS scat-

tering rate. Equations S1 and S2 form a system of coupled first order differential equations,
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Figure S3: Level scheme of CdSe nanoplatelet emitters: The PL emission consist of an
excited state and ground state exciton emission.

which can be solved by calculating the state eigenvectors.

ngs = Angs+ Bngs

ngs = Cngs+ Dngs (S3)

With the matrix elements:

A = Ty —Ths—(1+na)
B = nav
C = (I+na)v
D = Tl —na (34)
and eigenvalues:
AI/QZA;D:F ‘f+lf+BC—AZD (S5)

A1 and A are negative and \; < Ag, so we attribute Ay as the slow and \; as the fast
decay rate, referred to in the main text as —\g and —\pg, respectively.

We asssume ngs(t = 0) = ngs(t = 0) as initial condition to find our Eigenvectors, as



after photoexcitation, carrier cooling and exciton formation occur on a time scale faster
than our time resolution limit.? The evolution of the PL signal from ES and GS is given in
equations S6 and S6. I is a proportionality factor representing the collection efficiency and

sensitivity of our setup. We obtain:
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Bi-exponential decays with identical decay constants A; and Ay for ES and GS, but
with different amplitudes (1,f, g and h) are obtained. Our global fit model also allows to
express the experimentally accessible time integrated PL ratio of ES to GS emission with the
parameters of the rate equation system for the core-only platelet sample. The time integrated
luminescence of ES and GS is obtained by integrating Igs (t) and Igs (t) over time. Taking
the ratio Rgfgj(fSL (T") of these two quantities eliminates the proportionality factor Iy:

RILPL(T) — Jo Tes@Wdt  Tp o AT epAg? (S8)
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Hence we can fit the intensity ratio R in our fit model with globally shared parameters
for the CdSe core-only sample. For the CdS coated samples this ratio cannot be evaluated
as broadening does not allow for a separation of ES and GS PL intensities. But since we
have also measured the time integrated PL emission of our samples versus temperature, and

this figure of merit is sensitive to the actual non-radiative recombination too, we express the



time integrated sum of ES and GS emission (T.1.) as
T.o o= Itk = [T Iss(tdt+ [ Los(t)dt = SolCps(0" + FAT) + Do (97" + AT )](59)

This quantity is also fitted in our global approach in Figure 4 (main text) with shared pa-
rameters for each sample. The temperature dependence of the fast and slow decay constants
(Ar and Ag) and time integrated PL (T.I.) as well as the time integrated PL intensity ratio
RE544 (T) can then be globally (simultaneously) fitted, i.e. sharing the temperature depen-
dent parameters A, B, C and D (as defined above). The introduction of the non-radiative
decay channels in our rate equation model is justified due to the fact that the PL quan-
tumyield is finite in any sample. For all CdS coated samples we find I'7""? = 0, for the
CdSe-core-only sample we find with F?T’D = 1/ns, a finite zero temperature non-radiative
rate, which may be attributed the not as good passivation without a CdS shell. The acti-

vation energies were considered as equal for ES and GS and range from 11 meV (core-only)

to 16 meV (Core-Shell), reflecting a better passivation by the CdS shell due to a higher ac-

tivation barrier for non-radiative processes. The 1ML sample has with I'y3° = 12/ns and
7% = 98/ns higher zero temperature non-radiative rates, which may be the result of a

not as good sample quality as compared to the other samples, reflected, e.g., in the faster
decay as compared to the 2 ML sample. This is also in line with the order of magnitude
lower intensity at 4 K at the end of the window in Figure 3 (b) as compared to the core-only

sample (a).

Simulations

We have computed the ground state electronic properties of the systems under consideration
using an eight-band k - p model, taking strain, piezoelectricity, and excitonic effects into
account.® The elastic properties of the system were computed using linear elasticity theory?

and both formalisms were implemented within the Sphinx-software library.%® The ligand



was simulated without its influence on the elastic properties of the CdSe/CdS platelet. The
potential barriers imposed by the ligand were realized by its HOMO-LUMO-gap. To quan-
tify the impact of different contributions to the electronic properties, we have subsequently
increased the amount of contributions in our simulations. In the first step, simulations have
been performed taking only bulk electronic properties into account. Second, strain and
piezoelectric potentials were taken into account. Finally, we have incorporated ground state
electron-hole interaction self-consistently within the Hartree approximation.” The respective
transition energies between the electron and hole ground states, ¥, and ¥, are shown as a
function of the thickness of the CdS shell in Fig. 5 (main text).

The CdS shell has a significant influence on the transition energies. Strain and excitonic
effects have a significant influence on the electronic properties. Generally, the computed
energies (at zero temperature) agree well with the measured data for T—4 K. We note that
piezoelectric potentials are of the order of a few meV with their extrema outside of the CdSe
core such that their influence on the electron and hole ground states is negligible. However,
this conclusion is not necessarily valid for excited states. The ground state charge densities
of electron and hole are shown for the core-only system and for a CdSe platelet with a 3 ML
thick CdS shell in Fig. 5 (b) (main text). While most of the charge density is inside the
CdSe core, a visible nonzero charge density in the ligand or CdS shell remains.

To quantify the contribution of electron-hole recombination outside the CdSe core, we
have computed the ground state electron-hole overlap as O = |[(¥ |¥y,)|?. (See main text
table 1) Also the respective percentage of electron-hole overlaps inside the CdSe core, the
CdS shell and the ligand are shown there for the different thicknesses of the CdS shell. In
all cases, more than 95% of the overlap result from the CdSe core. However, a small amount
is leaking into the ligand in the case of the core-only system. This is significantly reduced
by introduction of the CdS shell, already at a thickness of 1 ML. However, for the systems
with 1, 2, and 3 ML thick CdS shells, the percentage of electron-hole overlap inside the CdS

shell is in the order of a few per cent.



The following table includes the used physical constants for the simulations of CdS and

CdSe-CdS nanoplatelets.

Table S1: Lattice and elastic, piezoelectric and dielectric, and electronic band structure
parameters employed for our simulations. If not indicated otherwise, parameters are taken
from Ref. 8. a: Ref. 9. b: Ref. 10. c¢: Ref. 11. The ligand work function of 4.60 eV was
taken from Ref. 12 and the activation energy from Ref. 13.

Parameter CdSe CdS
a (A) 6.052  5.832
Ci (GPa)? 88.1 97.8

)

Cpp (GPa)* | 53.6 59.7
C44 (GPa)a 27.4 30.6
ey (C/m?)> | 0.16 0.29
KC 9.5 8.43

E, (eV) 1.732  2.50
m, (myg) 0.11 0.25
7 3.265  2.721

Yo 1.162  0.841

Y3 1.443  1.152

Ao 0.42  0.065

Ep (eV) 165 210
ac (eV) | -2.8324 -2.7781
ay (V) | 1.1487  1.608
b (eV) | -1.0476 1.0912
d (eV) 310 -3.50




Quantumyield

Our above mentioned rate equation model lets us also obtain the temperature dependent
quantumyield of the samples. Defined as the sum of the population decaying radiatively
devided by the sum of populations decaying radiatively and non-radiatively, we integrate

the population decay over time using the definitions in equations S3 and S4 from above:
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According to equations S7 and S6 it can be shown that the total population decaying
through a radiative or nonradiative channel of ES or GS is Nggos = [~ ( 'gngS)dt =
Jo° nesaslis gsdt, with the radiative channel (r) and non-radiative channel (nr). The
above expression takes the changing populations of ES and GS into account, and hence
provides an exact measure for the nanoparticle’s quantumyield. The results are shown for
exemplary samples in Figure 6 of the main text using the parameters obtained from the
global analysis. Please note that terms including 7y only contribute implicitly via f, g, and
h, but not directly, as no population is destroyed by the inter-level scattering.

Equation S10 is quite complicated with respect to the above defined parameters f, g,
and h, so we compare the result with a simpler approximation, for CW excitation. In the
steady state case (TI) it can be shown that Equation S10 turns into the simple expression

TI _ I'estles
1 T) = m i (511)




It should be noted that this QY is still temperature dependent via the temperature dependent
non-radiative rates 't 55(T), given above in this Supporting Information. Figure 6 (main
text) shows, that Equation S11 is a good approximation within a few percent error for our

nanoplatelets. We remark that this equation resembles well known expressions !4

1
T 14 Ce BalhT

n"H(T) (512)

if equal activation energies are assumed for ES and GS and I'/"" = 0, with C' = (I +
I'Ys) /(I + ') the ratio of non-radiative to radiative rates turns into C' = (I'™" 4 I'™")

ST+ T7) =21 /2" = I /T if the two states are degenerate. We further note that
eqs.510 and S11 are measures for the systems quantum yield and are not to be confused

with the time integrated luminescence signal of eq. S9.
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