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S1. Sample Fabrication

Fabrication of samples for low-temperature spectroscopy. The synthesis of the core/shell CdSe/CdS
NPLs was performed as described by Rossinelli et al.! In these NPLs, square CdSe cores of ~20 nm side
length and a thickness of four monolayers (~1.2 nm) are uniformly surrounded by a shell of ~12 ML
(~3.5 nm) CdS. For single-particle measurements, 70 uL of a dilute dispersion of NPLs in hexane was
spin-coated at 2500 r.p.m onto intrinsic crystalline Si wafers with a 3-um-thick thermal-oxide layer to
obtain a surface coverage of <0.1 pm™. For the ensemble measurement in Figure la, a small drop of

concentrated stock dispersion was drop-casted onto the Si substrate.

S2. Optical Measurements

Experimental setup. The experimental setup, which allows multiple excitation and detection schemes,
is shown in Figure S1. The sample is mounted on a piezo positioning system (Attocube, IXANPz101 and
2xANPx101) inside a closed-cycle helium cryostat (Montana Instruments, Cryostation 2 with LWD
option). To excite NPLs, a 405-nm laser diode (Picoquant, D-C-405) was operated at a repetition rate of

40 MHz and directed to the sample using a dichroic beam splitter (405-nm long pass, Omega Filters).
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The emission from the sample was collected with a 60x extra-long-working-distance (ELWD)
objective [Nikon, CFI S P-Fluor ELWD with a numerical aperture (NA) of 0.7] and sent through the beam
splitter and relay lenses (focal length of 200 mm) into an imaging spectrometer (Andor, Shamrock 3031).
The emission was dispersed with a grating of 300 lines/mm (500-nm blaze) and imaged with an air-cooled
electron-multiplying charged-coupled device (EMCCD) camera (Andor, iXon 888 Ultra). For
fluorescence measurements, an emission filter (450-nm long pass, AHF analysentechnik) was placed
directly after the dichroic beam splitter to filter out the 405-nm excitation light. For time-resolved
measurements, a 50/50 broadband beam splitter cube (Thorlabs, BS013) was placed in the path before the
spectrograph and half of the emission was focused onto an avalanche photodiode (Excelitas, SPCM-
AQRH-14-TR) connected to a time-tagger box (Picoquant, HydraHarp 400) for time-correlated single-
photon counting (TCSPC). The camera shutter signal was connected to the marker input of the time-tagger

box to correlate photon arrival times with the camera frame number.

S3. Data Analysis

Data preprocessing and spectral sorting. All data processing and analysis was performed in the Python
programming language. For the analysis of the spectral frames, a background time series, recorded with
identical settings, but with no laser excitation, was subtracted from the raw data, and the few defective
EMCCD pixels were removed from each spectrum. Then, the k-means clustering algorithm from the
scikit-learn machine-learning library? was used to sort the data into a given number of clusters without
any further preprocessing.

Peak energy separation histograms. To extract the histogram of peak energy separations, the data was
first sorted into a given number of clusters. Then, the peak-finder algorithm from the scipy Python library
was used to decide how many emission peaks are present in the average spectrum of each cluster and to
determine the starting values for the fits to the individual frames. The spectrum from each individual
frame was then fit with the corresponding number of Lorentzian peaks. For the histogram, the energy

separations between all resulting peaks were counted and aggregated for all frames.
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S4. Modeling

Modeling the single-electron excited states in the potential of a surface charge. The single-electron
states in the potential of a single positive charge on the CdS surface were calculated by application of the
variational principle in an effective-mass framework.’ The electron wavefunctions and energies are

obtained by solving the following Schrodinger equation:
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where x and y are the in-plane coordinates, z is the out-of-plane coordinate, and m and mj refer to the

in-plane and out-of-plane effective masses,* respectively. The electron wave function ¥

lp(x' Y, Z) = Z Cl,m,nlpl,m,n (x' Y, Z)
L mn
is expanded as a superposition of orthogonal particle-in-a-box wave functions inside the core NPL:
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where ¢ , are the expansion coefficients, and Ly, Ly, and L, are the core NPL dimensions in x-, y-, and

z-direction, respectively, and dgpep 18 the thickness of the shell. Outside of the core material, the wave
function is zero.
The particle-in-a-box confinement potential is

0<x<L,
Vceonf(x; y,z) =0 for 0<y< Ly
dshell =z= dshell + Lz

and V§ ,¢(x,y,z) = oo outside the NPL core domain. The interaction potential between a charge on the

shell surface and the electron inside the core is calculated with the method of image charges in the 2D-

limit to take into account the dielectric effect:’
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where X, Vsc, and zg. are the positions of the surface charge, e is the elementary charge, &, is the vacuum

permittivity, g,, is defined as

n = [ﬂ]lnl ,

E1t+Ey
&; and &, are the permittivities inside and outside of the NPL, respectively, and z,, are the positions of the

images of the surface charge:

1+ (="
Zn = (Tl + T) (Lz + sthell) + (_1)nzsc :

For the calculations in Figures 4e and 4f of the main text we assumed €cgse = €cqs = €1 The values of
all parameters are given in Table SI. We expanded the orthogonal basis functions up to orders

[ =m =17,and n = 1 due to the strong confinement in the z-direction.
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S6. Supplementary Tables

Table S1. Parameter values used for the single-electron wave-function calculations described in

Section S4.

Parameter Value
me 9.109 x 103! kg
my/me 0.27
mg/me 0.4
Ly, Ly, 20 nm
L, 1.2154 nm
dshell 3.5 nm
Ecdse = €cds = €1 10
& 2
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S7. Supplementary Figures
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Figure S1. The experimental setup used to characterize the photoluminescence properties of individual
CdSe/CdS core/shell nanoplatelets. The sample is mounted on a stack of piezo actuators (labelled X, Y,
and Z) inside a cryostat. To excite the NPLs, we direct a single-mode 405-nm laser with a dichroic beam
splitter through a 60x long working distance objective (0.7 NA). NPL emission is collected with the same
objective and directed to the detectors. A 50:50 beam splitter cube sends half of the emission to the
spectrograph and half of the emission to an avalanche photodiode (APD). A time-tagger box (TCSPC) is
used to measure photon arrival times and ensure synchronization between the EMCCD camera behind the

spectrograph and the APDs.
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Figure S2. Additional optical data for a different individual NPL than the one characterized in detail in
the main text. The data are plotted as in Figure 2 in the main text. (a) Spectral time trace. (b) Intensity
trace. (c) Boxplot correlating the total emission intensity with the number of emission peaks per cluster.
The horizontal line inside the box indicates the median value, the box extends from the lower to upper
quartile values of the data, and the whiskers highlight the span of the datapoints. (d) Histogram of peak

energy differences.
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Figure S3. Spectral sorting on a time-dependent emission spectrum of an individual core/shell quantum
dot (QD). (a) The emission spectrum as a function of time from the individual CdSe/CdS QD investigated
in the work of Beyler et al.® (b) Using machine learning, the spectral time series in panel a can be sorted
into a given number of emission clusters (numbered 1 through 12). (¢) Average emission spectrum of
cluster 10 containing a ZPL at 1.993 eV and a LO-phonon replica at 1.966 eV. The energy difference
between the two peaks matches the 27 meV that corresponds to the LO-phonon energy in CdSe. (d)
Histogram of all peak energy differences observed in the dataset from panel a that matches the peak energy
difference that would be expected from coupling to LO phonons. The frames from cluster 1 were excluded
when constructing the histogram because it was not possible to obtain a correct estimate of the number of

emission peaks for this cluster.
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Figure S4. Histograms of all peak energy differences observed in the dataset from Figure 1b. (a)
Histogram considering all peak energy differences that are observed (same data as in Figure 2g of the
main text). (b) Histogram constructed by only taking the peak energy difference from the highest-energy
peak.
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