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Assignment of the peaks observed in the *H-NMR spectrum of the product of
the DDSe synthesis (Figure 1 in the main text).

The majority of the peaks observed in the *H-NMR spectrum can be assigned to the desired product
1-dodecaneselenol (DDSe).>? The triplet at 0.85 ppm is assigned to the —CHs protons at the end of
the alkyl chain of DDSe. The -CH,- protons next to the —SeH group shift to 2.58 ppm, compared to
1.25 ppm for the -CH,- protons in the middle of the alkyl chain. The quintet at 1.75 ppm is ascribed
to the —CH»,- protons next to the —CH.SeH group, as these protons still feel the electronegative
selenium atom. Finally, the selenol proton gives rise to a triplet at -0.7 ppm. Some of the observed
peaks are assigned to impurities: the weak peaks at 3.62 and 2.79 ppm are assigned to protons that
are part of a diselenide group (DDSe-DDSe), as two electronegative selenium atoms next to each
other will give rise to larger chemical shifts. Another impurity present is a protonated alkyl chain,
dodecane (DDH), which leads to proton signals overlapping with the broad peak at 1.5-1.2 ppm. The
purity of the product dodecaneselenol can thus be calculated by comparing the peaks at 1.5-1.2 ppm
(DDSe + DDSe-SeDD + DDH), the peak at 2.58 ppm (DDSe + DDSe-SeDD) and the peak at 3.62 ppm
(DDSe-SeDD), which indicates that the product consists of 76% DDSe, 22% DDH and 2% DDSe-SeDD.
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Figure S1. 3C-NMR spectrum of DDSe product mixture. The blue numbers in the spectrum indicate
the carbon atoms that the peaks are assigned to. The red crosses indicate peaks assigned to by-
products of the synthesis.
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Figure S2. 'H-NMR spectrum of yellow crystals isolated after a week exposure to light and air,

showing formation of DDSe-SeDD with a purity of 96%.
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Figure S3. A. X-ray powder diffractogram of a sample taken 1 minute after injection of DDSe in a Cu,-
«Se NCs synthesis (red) or DDT in a Cux«S NCs synthesis (black). B. Absorption (dashed lines) and PL
(solid lines) spectra of samples taken 1 minute after injection of DDSe (blue) and DDT (black). The
Cu-Br-DDSe optical spectra are ~15 nm blue-shifted compared to the Cu-Br-DDT spectra, and the
DDSe PL spectrum is much narrower and appears much brighter than that observed for the S-
analogue. Optical transitions in Cu(l) complexes are ascribed to ligand-to-metal-charge-transfer
(LMCT) transitions® that shift to shorter wavelengths with decreasing electronegativity of the ligand.
The blue-shift observed here for the Se-complexes with respect to the S-analogues is therefore
explained by the replacement of S by the less electronegative Se. The PL quantum yield (QY) of a
LMCT transition is determined by the balance between the radiative and non-radiative decay rates,
the former being dictated by selection rules. For both complexes the transition is spin-forbidden,
however the spin-selection rule is relaxed when heavier elements are involved, due to spin-orbit
coupling.* The transition involving the heavier element selenium is therefore more efficient, since it
has a faster radiative decay rate, which makes it more competitive with respect to the non-radiative
decay processes. The band width of LMCT transitions is determined by the magnitude of the nuclear
reorganization of the complex due the creation of an electron-hole pair.* As the soft Lewis acid Cu*

binds stronger to the softer base selenium compared to sulfur, the creation of an exciton leads to a

smaller degree of reorganization and consequently a narrower PL band.
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Figure S4. TEM image of product material one minute after injection of DDSe into the reaction
mixture (0.22 mmol Cu(OAc), 0.075 mmol SnBr4.H,0, 12.5 mL ODE and 0.55 g TOPO) at 220 °C.
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Figure S5. Size histograms of colloidal Cu,..Se NCs shown in Figure 2 of the main text. A. Sample
obtained at a reaction temperature of 220 °C. B-E Samples obtained in different syntheses at a
reaction temperature of 170 °C.
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Figure S6. High-resolution TEM images of stacked Cu,«Se NSs. The atomic layers (~4 per NSs) can be
distinguished.
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Figure S7. A. TEM image of control experiment without halides, using only Cu(l) acetate as
precursor. B. Histogram of thickness and lateral dimensions of the NCs shown in A, showing a low
aspect ratio.
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Figure S8. A. Absorption and PL spectra of CdSe and CulnSe; quantum dots. The dips in the PL
spectrum of the CulnSe,; NCs at ~1100 nm are due to absorption by toluene. The PL spectrum of the
CdSe quantum dots (red line) is a two-sided Gaussian fit combining PL spectra measured with two
different sets of gratings and detectors (the measured spectra are shown in C.) B. Absorption and PL
spectra of ultrathin CdSe nanosheets. The absorption by toluene is clearly observed at ~1100 nm. C.
Normalized PL signals as measured on two different detectors (black) and the two-sided Gaussian fit
through both measured curves (red). For the measurements a Hamamatsu R928 detector with a
monochromator grated at 500 nm, and a Hamamatsu R5509-72 PMT with a monochromator grated
at 1200 nm were used.
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Figure S9. A. PL decay curve of product Cu*-doped CdSe quantum dots obtained by Cu* for Cd*
cation exchange in template Cu,xSe NCs. B. PL decay curve of product CulnSe; quantum dots
obtained by partial Cu* for In®* cation exchange in template Cu,.,Se NCs. Both decay curves were
fitted with a two-exponential function (red line). The decay times are indicated in the figure.
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Figure S10. HAADF-STEM Elemental maps. A-C. CdSe nanocrystals: dots (A), platelets (B) and
nanosheets (C). D-F. CulnSe; nanocrystals: dots (D), platelets (E), nanosheets (F). The maps confirm
the successful cation exchange for both compositions and show qualitatively the same results as the
bulk EDS measurements discussed in the main text.
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Figure S11. A TEM image of template Cu,.Se nanoplatelets with a thickness of 4.2 nm. B. TEM image
of product CdSe nanoplatelets obtained by Cu* for Cd** cation exchange using the Cu,,Se NCs
displayed in A as templates. C. Absorption and PL spectra of 3.9 nm thick product CdSe nanoplatelets
obtained by Cu* for Cd?* cation exchange in template Cux,Se nanoplatelets. D. Absorption and PL

spectra of 4.2 nm thick product CdSe nanoplatelets obtained by Cu* for Cd** cation exchange in
template Cu,.,Se nanoplatelets.
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Figure S12. Size histograms of NCs shown in Figure 4 in the main text.
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Figure S13. A-C. High-resolution TEM images of Cu,.Se quantum dots (A), nanoplatelets (B) and
nanosheets (C). The inset in A shows the FFT of the NC in the frame, the insets in B and C show the
FFT of the full images. The scale bars correspond to 10 nm. D-F. Electron diffraction ring patterns of
guantum dots (D), nanoplatelets (E) and nanosheets (F).
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Figure S14. A-C. High-resolution TEM images of CdSe quantum dots (A), nanoplatelets (B) and
nanosheets (C). The insets show the FFT of the images. The scale bars correspond to 10 nm. D-F.
Electron diffraction ring patterns of quantum dots (D), nanoplatelets (E) and nanosheets (F).
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Figure S15. A-C. High-resolution TEM images of CulnSe, quantum dots (A), nanoplatelets (B) and
nanosheets (C). The insets show the FFT of the images. The scale bars correspond to 10 nm. D-F.
Electron diffraction ring patterns of quantum dots (D), nanoplatelets (E) and nanosheets (F).
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Figure S16. Integrated ED pattern of Cu,,Se nanoplatelets, with the bulk XRD reference pattern for
umangite as vertical lines. The red lines indicate the good matches (at low q values). The
corresponding lattice planes are indicated.

S16



' 1 PDF-card 00-006-0680 1 PDF-card 00-026-1115
J Berzelianite J Krutaite
0.8 0.8
2 06- 2064
z 1 z 1
] 2
£ 044 = 044
0.2 0.2
0'0.""l'"'I""I""I""I""I""q(nm%)0-0-""I""l""l""l""I""I"" q(nm™)
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
1.0 1.0
] PDF-card 00-027-0185 ] PDF-card 00-037-1187
0.8 Klockmannite 0.8 Orthorhombic Cu,Se
206 206
z ] Z 1
g 1 2 ]
= 044 < 04
0.2 0.2
0.0+ e | g (hm) OO,,,,"',/\,\‘\ q(nm?)
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
1.0 1.0
] PDF-card 00-047-1745 ] PDF-card 00-049-1456
0.8—: Umangite i) Monoclinic CuSe
206 206
g 1 2]
X ] L ]
= 04+ = 044
0.2'- 0_2_-
0.0 —T q(m') 0.0~ e e g (nmY)
0 10 0 0 10 20 30 40 50 60 70
1.0 1.0
] PDF-card 00-058-0228 1 PDF-card 01-071-4325
] i ] Bellidoite
08.] Monoclinic Cu,Se 08l
%‘0.6—. §0.6:
g § ]
£ 04 £ 0.4
02 024
0.0+ e g (nm) 0.0+ e e e S e g (nm)
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
1.0 1.0
1 PDF-card 01-086-1240 ] PDF-card 04-004-2178
08.] Hexagonal CuSe 08.] Orthorhombic CuSe,
2064 2064
wv o4 %] =
(= { =
& ] g ]
= 044 £ 04
02 0.2
0.0 Fried e e A et L L] 0.0 L L L AL e i e ]
0 10 20 30 40 50 e 709 0 o 20 30 4 5o e 70"

Figure S17. Integrated ED pattern of Cu,Se nanoplatelets plotted with different bulk XRD
references. The Umangite reference fits best to the signal.
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