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ABSTRACT We report the continuous lateral extension of cadmium selenide nanoplatelets into
nanosheets using continuous injection of precursors at high temperature. We show that we can
obtain CdSe nanosheets with lateral dimensions up to 700 nm and a well defined thickness that
can be tuned with atomic precision. When the nanosheet lateral size increases, they roll on
themselves to form nano-scrolls that can unroll upon surface modification. The final geometry of
the nanosheets can be tuned to different morphologies using precursors that favor the growth of
specific crystal faces. We provide a detailed study of the CdSe nanosheets growth and their

optimization for three different thicknesses.



Introduction

Two dimensional semiconductor nanocrystals are structures with one dimension —their
thickness- smaller than their lateral dimensions. These 2D structures can be produced using
different techniques that include molecular beam epitaxy', exfoliation’, and synthesis in
solution®”. The latter method gives access to colloidal 2D structures, and has several advantages.
It is rapid, gives access to a large quantity of materials with a control of their thickness® that can
be performed in some cases with atomic precision’. The objects obtained are easily processable
through simple precipitation and resuspension in various solvents, and their surface chemistry
can be changed at will using techniques similar to that developed for the spherical NCs*'°. This

11,12
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processability is of technological interest for the development of miniaturized electronic
optoelectronic devices'>. One of the important features for their efficient use in device
fabrication is the possibility to obtain colloidal 2D structures with tuneable, and preferably large
lateral dimensions. Such objects could be an interesting alternative to their spherical'* and rod-
shaped" colloidal counter part, since their two-dimensional geometries are directly compatible
with established device designs and processing approaches developed in the semiconductor
industry. 2D semiconductor colloidal structures of various lateral dimensions and different
compounds have recently been synthesized'®'”. Amongst these materials, the cadmium based
nanoplatelets have seen a rapid development because of their very interesting optical properties,
including high fluorescence quantum yield’, fluorescence emission full width half maximum
smaller than 12nm*”, and ultra-fast fluorescence lifetimes’. On the structural level it was also

shown that the chalcogenide NPLs can be atomically flat’, and can synthesized with different

crystal structures. The team of T. Hyeon has reported the synthesis of wurtzite CdSe



naonribbons”. This synthesis was extended to CdSe nanosheets™, doped CdSe nanoribbons*' and
CdS nanoplates®. The team of Buhro extended the synthesis of Peng® to synthesize wurtzite
CdSe quantum belts** that have morphological and crystalline properties very similar to the
nanoribbons. Both team have studied the formation mechanisms of the wurtzite structures®*>.
We, as well as the team of Peng®*?” have synthesized zinc blende NPLs. We have synthesized
zinc blende CdSe NPLs with three different thicknesses that have precisely defined emission
maxima at 462 nm, 513 nm, and 553 nm, when their lateral dimensions are larger than the 2D
CdSe Bohr radius’. These populations with different thicknesses will be referred to in the
remaining of the text as the 462 NPLs, the 513 NPLs and the 553 NPLs populations. Here we
report a method for the continuous lateral extension of zinc blende CdSe nanoplatelets with
lateral dimensions that can be as small as few nanometers into CdSe nanosheets with lateral
dimensions that can be as large as 700 nm. This method can be implemented either on existing
nanoplatelets to extend them after their synthesis or, to continuously extend small clusters into
nanoplatelets and then into nanosheets. We show that the lateral extension of the 2D
nanoplatelets can be performed along different crystallographic directions depending on the

precursors used during the reaction. The shape of the nanosheets, for example rectangular or

polygonal, can be controlled to a certain extent.
Experimental methods

Chemicals: Cadmium acetate dihydrate (Cd(OAc),.2H,0), trioctylphosphine (TOP), technical
grade 1-octadecene (ODE), myristic acid sodium salt, oleic acid (OA), butanol and selenium in
powder were purchased from Sigma-Aldrich. Ethanol and hexane were purchased from SDS

Carlo-Erba.



Precursor preparation:

The preparation of cadmium myristate is performed as reported elsewhere.?®

Preparation of TOP-Se at 2.24 M. In a glovebox, 1.77 g (22.4 mmol) of selenium in powder is
suspended in 10 mL TOP, and stirred until complete dissolution. The solution is filtered using a

PTFE 0.2 pm filter.

Preparation of Se-ODE at 0.1 M. 140 mL of octadecene is degazed in a three-neck flask.
Under Argon flow, the temperature is set to 180 °C. A solution of 1.18 g of selenium dispersed
in 10 mL of octadecene is slowly introduced into the hot octadecene until complete dissolution,

while the temperature is increased from 180 °C to 205 °C. The solution is heated for 30 minutes

at 205 °C.

Preparation of the injection solution. 0.36 mmol of Cd(OAc),.2H,0 are dissolved into 1 mL
ethanol by mild heating. 0.12 mmol of oleic acid and 0.43 mmol of Se-ODE 0.1 M are then
added to the solution. 1 mL of butanol is added in order to have a monophasic solution. When
TOP-Se is used as a selenium source in place of the Se-ODE, it is diluted in ODE and injected
from another syringe in order to prevent the reaction from starting at room temperature in the

injection syringe.

Synthesis and growth of extended nanosheets emitting at 462 nm. 15 mL of ODE are
degassed for 15 minutes in a three-neck flask. The precursors solution is injected at 240 °C under
Argon from one or two syringes, depending on the selenium precursor used, at a rate of 5 mL/h.

A continuous argon flow through one septum of the three neck flask punctured with a needle



helps the evaporation of the butanol and the ethanol during the reaction. At the end of the
injection, 2 mL of oleic acid are added in the flask, which is then cooled down rapidly. The
solution is diluted in hexane and centrifugated at 5000 rpm. The precipitate contains the 462 nm

emitting nanosheets.

Synthesis of nanosheets emitting at 513 nm. Cadmium behenate is synthesized in situ via
heating 0.35 mmol of Cd(OAc),.2H,0 with 0.7 mmol of behenic acid in ODE under vacuum for
30 minutes in a three-neck flask. The temperature is decreased to room temperature and
0.3 mmol of selenium powder dispersed in ODE are introduced in the mixture under Argon flow.
The temperature is set to 240 °C. As the temperature rises, 0.35 mmol of cadmium acetate are
introduced in the flask when the solution turns orange. After heating at 240 °C for 8 minutes,
2 mL of oleic acid are added and the solution is rapidly cooled down at room temperature.
Hexane and ethanol are added to the reacting solution and centrifugated. The platelets precipitate
while the quantum dots remain in the supernatant. After this step, if the solution contains
462 NSs in addition to 513 NSs, an additional centrifugation in hexane is performed and the

precipitate, that contains a vast majority of 462 NSs, is discarded.

Synthesis of nanosheets emitting at 553 nm. The synthesis of 553 NCs is similar to the one
reported elsewhere®’. In brief, 170 mg of Cd(myr), and 14 mL of ODE are degazed in a three-
neck flask. Under argon flow, the mixture is heated up to 250 °C. 12 mg (0.15 mmol) of Se
dispersed in 1 mL of ODE are injected followed one minute later by 120 mg of Cd(OAc),.2H,0

(0.45 mmol). The solution is heated for 15 minutes at 250 °C.

Small Angle X-ray Scattering. SAXS experiments were performed at the SWING beamline of

the SOLEIL synchrotron (Saint-Aubin, France). Measurements were carried out using a fixed



energy of 12 keV and three sample to detector positions (0.85, 1.07 and 6.56 m). The typical
accessible range of scattering vector modulus q was 0.02 — 10 nm ™' (q = 4= sin 0/, where 20 is
the scattering angle and A = 1.033 A the wavelength). Scattering patterns were recorded on an

AVIEX 170170 CCD camera formed by four detectors and radially averaged.
Results and Discussion

We have first studied the lateral extension of the thinnest CdSe NPLs population with an
emission maximum at 462 nm, the 462 NPLs (Figure 1). It is based on a slow injection of the
precursors solution of cadmium and of selenium in a solution of octadecene (ODE) heated at 240
°C. Figure 1a shows the evolution versus time of the absorption spectra of a typical synthesis that
lasted for 40 minutes. 30 seconds after the onset of the precursors’ injection, two absorption
peaks are already distinguishable with maximum respectively at 462 nm and around 437 nm.
These two peaks correspond respectively to the electron-heavy hole and electron-light hole
transitions of the 462 NPLs, as previously reported’. This suggests that nanoplatelets have
already formed after 30 seconds of injection. Transmission Electron Microscope (TEM) images
of the reaction product after 30 seconds confirms the presence of nanoplatelets that have lateral
dimensions close to 20 nm (Fig. 1b). The nanoplatelets are folded and stacked together, and
some nanoplatelets appear clearly on their side. No other smaller nanoparticles such as the small
clusters forming the nanoplatelets precursors are observed *°. These observations suggest that the
supersaturation threshold of monomers concentration above which the nucleation of
nanoparticles starts is quickly reached just at the beginning of the injection, leading to the
nucleation of small nanoplatelets. After this initial nucleation stage, the concentration of
monomers decreases and the additional precursors introduced during the continuous injection

react with the nanoplatelets already formed to extend them laterally. 10 minutes after the onset of



the injection, the lateral extension of the nanoplatelets is visible on the TEM images. Note that
the absorption spectra are crude extracts of the reaction media diluted in hexane. After 40
minutes of reaction, the absorption spectrum has not evolved much, apart from a small
absorption local maximum at around 512 nm, corresponding to the one-monolayer thicker 513
NPLs population. We confirmed the continuous lateral extension of the NPLs after the first 30s
with TEM images (Fig. 1b). After 10 minutes, we observe that the CdSe nanoplatelets roll up on
themselves to form nanoscrolls. Such rolling of thin nanomembrane of nanosheet has already
been reported in the case of exfoliated, or strained semiconductor structures®', but to the best of
our knowledge it is the first time that such regular, paper like folding, is reported for colloidal 2D
structures. The length of the nanoscrolls depends on the reaction time; from 130 nm on average
after 10 minutes reaction, it grows to 300 nm after 40 minutes reaction. The diameter of the
nanoscrolls does not change during the reaction and is close to 30 nm. When observed with High
Resolution Transmission Electron Microscopy (HRTEM), the walls of the nanoscrolls appear as
alternating bright/dark regions with regular spacing and that are extended almost continuously
along the scroll length. This suggests that the nanoscrolls are formed of one nanosheet that is

rolled on itself instead of several nanosheets aggregated together.

Figure 2 shows Small-Angle X-rays Scattering (SAXS) pattern of dispersion of NSs in hexane
after the synthesis. This technique is well suited to obtain structural information on
nanomaterials in solutions on scales ranging from one to hundreds of nanometers. The scattered
intensity comes from the contrast of electronic density between the electron-rich CdSe and the
electron-poor solvent. In the small wave vector region (q<10”> nm™), we observe marked
oscillations of the scattered intensity at g=0.134, 0.324 and 0.524 nm™. This wave vector range

corresponding to spatial dimensions between 10 to 50 nm, we attribute these oscillations to the



radial dimension of the nanoscrolls. Getting a more precise value of the tube diameter would
necessitate the full fitting of the scattering profile to a theoretical model, which is out of the
scope of this manuscript. However, since the scattering signal is an ensemble average of a large
collection of nanoparticles in solution, the amplitude of the oscillations indicates that the

distribution of diameter of the tubes is monodisperse with a small deviation around the average.

At higher q, a series of three Bragg peaks are observed at nq” with q' =1.19 nm™' and n ranging
from 1 to 3. These peaks and their indexation are consistent with a lamellar order within the shell
of the nanoscrolls caused by the folding of the nanoplatelets on themselves. From q, the distance
between the stacks can be estimated to d =2m/q =5.3 nm. With a platelet thickness of 0.9 nm we
deduce that the distance between two platelets edges is 4.4 nm. This yields an extension of 2.2
nm per capping ligand (oleic acid). to be compared with a maximum extension of an 18 carbons
chain (2.47 nm according to the Tanford formula®®) showing a small overlapping of the two
facing hydrocarbon chains. Altogether, the SAXS experiment confirms the structure observed by
TEM and yield a detailed quantitative information on the stacking of the platelets. Furthermore,
these experiments were realized on liquid dispersions and confirm that the folding of the
nanosheets happens in the solution and not on the TEM grid. The formation of the nanoscrolls
points to an asymmetric source of strain in the nanoplatelets. One asymmetry we could find in
these zinc blende structures is the arrangement of the cadmium atoms that pave the two largest
facets of the nanosheets (see Fig. S1). The alignment of the cadmium atoms from the top and the
bottom plane are rotated by 90 degrees with respect to each other, and the carboxylate ligands
that are bound to these cadmium atoms may introduce an asymmetric strain on the nanoplatelets
that could explain the formation of the nanoscrolls. More detailed studies and modelisation are

necessary to understand in details this unusual folding. Although the lengthening of the



nanoscrolls suggests that the nanoplatelets continue their extension during the reaction, we had
no information on the actual lateral dimensions or the shape of the nanosheets we had
synthesized. We investigated several methods to unfold the nanoscrolls, and we found out that
the growth of one layer of CdS on each side of the CdSe nanoscroll induces their unfolding.
TEM images of the unfolding nanosheets are represented below their rolled counterparts in
Figure 1c. The unfolded nanosheets are almost squares, which suggests that the nanoplatelets
grow laterally along two directions with similar kinetics. A SAXS pattern of unfolded
nanoplatelets is shown on figure 2. We observe that the oscillations of the scattered intensity at
low q (figure 2.A) have disappeared to be replaced by a monotonous decay following a power
law with exponent -2.6. Hence, the scattering signature of the radius of the tube has disappeared.
However, large platelets perfectly dispersed in solution should yield a scattered intensity
decaying as q~. This discrepancy indicates that the large unfolded platelets are aggregated in
solution. Furthermore, the Bragg peaks at higher scattering vectors (figure 2.B), which were
attributed to the stacking of the nanoplatelets within the tubular structure, have also disappeared
and are replaced by two much broader features shifted towards smaller wave vectors (0.8 and 1.6
nm™) also caused by a short term order in aggregates of thicker platelets. Altogether, these
observations are consistent with the unfolding of the nanoscrolls into wide, flat plates, which are
aggregated in solutions. The lateral dimensions of the nanosheets are typically 300 nm, but they
can reach up to 700 nm (see Figure S5). These wide dimensions can be achieved only with a
careful choice of the synthesis parameters such as the temperature, the injection rate, the nature

and the concentration of the ligands. We now discuss the influence of these parameters.

We first explored the influence of the temperature on the nanoplatelets extension, in the range

180 °C — 260 °C, keeping all the other parameters of the synthesis constant. For all the



temperatures tested, the population emitting at 462 nm is always predominant, as seen on the
absorption spectra (figure S2a). TEM images of the NPLs (figure S2b) synthesized and extended
at different temperatures up to 240 °C show that the higher the temperature, the greater the
lateral extension. At high temperature, the nucleation of the first nanoplatelets happens faster
than at lower temperature, when fewer precursors have been injected in the solution. This results
in a lower concentration of small, initial, nanoplatelets which can further extend laterally. For
temperatures > 240°C, aggregated quantum dots are concomitantly formed with the NPLs, as
illustrated in figure S2e, and selective precipitation does not permit to separate them from the
nanosheets. When the temperature is lower than 220°C, we could not obtain nanoplatelets with
dimensions larger than 100nm, suggesting the continuous nucleation of new nanoplatelets during
the injection. We conclude that the optimal temperature to obtain the largest nanosheets while

avoiding secondary nucleation is around 240°C.

We have also investigated the influence of the injection rate when the temperature was fixed at
220 °C. We tested several injection rates, from 11.5 mL/h to 69 mL/h. We found that when the
precursors are added at too high a rate (>69 mL/h), only small NPLs are obtained. Indeed, when
the concentration of monomers in the solution exceeds at all time the supersaturation level at
which nucleation starts®®, small nanoplatelets nucleate continuously, their concentration is high
and their lateral dimensions small. In the other hand, when the injection rate is low (figure S2c),
the supersaturation level is never reached after the initial nucleation stage, and the precursors are
consumed to grow existing NPLs only. However, if the injection is too low (5.75 ml/h), QDs as
well as other NPLs populations (figure S3) start to appear, as it is the case when high

temperature (260 °C) is used for the growth (figure S2b).
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We also explored the influence of the length of the carboxylic acid ligand used during the lateral
extension of the nanoplatelets. Whatever the carbon chain length of the carboxylic acid we
tested, 462 NPLs only are formed with our injection protocol. For short carbon chains, such as
octanoic or undecanoic acid, we obtained nanoplatelets with smaller lateral dimensions that tend
to aggregate easily (Fig. S4), suggesting that long chain ligands favor the growth of the NPLs
instead of their nucleation. We found that oleic acid is the most efficient ligand to obtain the

largest NPLs.

We have seen that temperature, injection rate and size of the carboxylic chains have a strong
influence on the final size and the purity of the nanosheets we synthesize. We now explore the
influence of the precursor of selenium on the growth kinetics and the morphology control of the
NPLs. Similar studies have been performed for CdSe nanocrystals®®, using di-n-octyl phosphine
and di-n-octylphosphinic acid. Here, we choose to compare the extension of NPLs performed
with Se-ODE and with Se complexed with Tri-n-octyl phosphine in various stoichiometries.
These two selenium precursors have been studied in details for the formation of CdSe
nanoscrystals®~°. The lateral extension is performed with stoichiometric TOP-Se (2.24 M) with
a protocol similar to the one optimized for Se-ODE: temperature of 240 °C and injection rate of
69 ml/h. As for Se-ODE, the nanosheets extended with TOP-Se have a first absorbance peak at
462 nm (figure S6). The concentration of Se in the TOP solution is important, if an excess of
TOP remains in solution (for example, when TOP-Se 1 M is used), NPLs are synthesized along
with spherical QDs. On the contrary, when stoichiometric TOP-Se (TOP-Se 2.4 M) the co-
synthesis of QDs is eliminated. Figure 3 shows TEM images of three syntheses, performed either
with Se-ODE (top), or TOP-Se (middle and bottom). The synthesis referred to as TOP-Se*4

(figure 3, bottom) was performed with an injection of 4 times more precursors than the other
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(figure 3, middle), but the injection rates were similar for the two syntheses. For all the
conditions we tested, the NPLs fold to form nanoscrolls (figure 3, left column), but the folding
direction of the nanoscrolls does not depend on the Se precursor used. The nanoscrolls made
with Se-ODE fold with one of their long edge first, whereas in the ones made with TOP-Se fold
with one of their tip first, as represented schematically in figure 3a. To investigate the origin of
the folding difference between these NPLs, we unfolded the nanoscrolls using a CdS overgrowth
as described previously, to obtain flat nanosheets (figure 3b). The unfolded nanosheets revealed
different shapes: rectangles in the case of Se-ODE and TOP-Se*4, and polygons with a larger
number of facets when a lower amount of TOP-Se is used. FFT performed on HRTEM images of
unfolded nanosheets (Figure 3) helps to assign the crystalline orientations of the NPLs with
respect to their shape. First, the 4-fold symmetry of the diffraction patterns confirms that the
NPLs thickness is parallel to a major crystal axis that we choose as [001]°*". For Se-ODE, the
edges are found to be parallel to the (110) and (1-10) plans (Figure 3, top). When TOP-Se is used
as a selenium precursor, additional facets are present and are parallel to the (100) and (010)
plans. In this type of syntheses, NPLs are formed with facets that end with cadmium atoms only
(100) and (010) as well as facets that end with a mixture of selenium and cadmium atoms (110)
and (1-10). When more precursors are injected, however, the facets parallel to the (110) and (1-
10) directions disappear, and rectangular nanosheets are obtained with facets parallel to the
major crystal axis only. We thus conclude that when TOP-Se is used, both facets parallel to the
(110) and (100) plans grow together. They have comparable stability, but the (100) facets are
slightly more stable in our growth conditions and they end up to be the only facets left when
more precursors are injected. On the contrary, when Se-ODE is used, the NPLs facets are only

parallel to the (110) (or (1-10)) direction and the most stable facets are those formed of a mixture
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of Cd and Se atoms (Figure 3). Interestingly, the folding direction of the nanoscrolls does not
depend on the Se precursor used even if the lateral facets differ. They fold along the [110]
direction whatever the exposed facets are. More experiments need to be carried out to confirm

the reason for NPLs folding.

The continuous injection procedure described above leads to 462 NPLs only. We were not able
to make thicker NPLs directly by slow injection of the precursors but we could inject the
precursors solution on seeds of thicker NPLs. To extend thicker NPLs, we have used a seeded
growth approach with a continuous injection of precursors in a solution of small pre-synthesized
thicker NPLs. Seeded growth extension of NPLs has already been reported”, but was limited to
small NPLs. In brief, after the initial synthesis of thicker NPLs, a selective precipitation is
performed to isolate a thickness-pure population of NPLs that are used as seeds. The injection
solution is similar to the ones used for the 462 NPLs, and the quantity of seeds introduced in the
flask 1s computed such that the extended NPLs have a surface 15 to 20 times larger than the
seeds (see Table S1). The absorption spectra before and after the continuous injection on 513
NPLs are represented in figure 5a along with the corresponding TEM images. During the lateral
extension, the NPLs first exciton absorption peak slightly shifts (around 1 nm) to the red. This
red shift takes place at the very beginning of the extension (See figure S7 in the Supporting
Information) and suggests that the NPLs lateral dimensions rapidly exceed the Bohr radius of 2D
CdSe systems. Starting with a population of 31 nm x 9 nm 513 NPLs, we manage to extend them
to a roughly homogeneous population with dimensions close to 70 nm x 55 nm, close to a 14
times increase of the NPLs initial dimensions. However, some precursors are lost into the thicker
population of NPLs that are nucleated, as suggested by the absorption peak at 550 nm,

characteristic of 553 NPLs. It is interesting to notice that the same experimental conditions (same
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precursors quantities, same temperature: 240°C, same injection speed: 69 mL/h) lead to very
different results whether if seeds are present in the initial solution or not. If no seeds are present,
only 462 NPLs are synthesized, as demonstrated above. If seeds of 513 NPLs are present in the
solution, only 513 NPLs are obtained, with a limited secondary nucleation of thicker NPLs. This
observation further confirms the NPLs lateral extension mechanism through continuous reaction
of precursors that we first proposed recently’’. The seeded lateral extension of 513 NPLs has
been extended to a thicker population: 553 NPLs. In this case, small NPLs with an emission
maximum at 550 nm were introduced in ODE prior to the precursor injection, and the
temperature had to be increased up to 260°C to avoid nucleation of thinner NPLs. The
absorption spectra before and after injection are shown in figure 5b. A red shift (around 4 nm) is
also observed during the lateral extension that is confirmed by TEM images: the NPLs extend
from 30 nm x 6 nm to NPLs that are 100 nm x 25 nm. The final NPLs are 15 times wider than
the seeds. The emission spectra before and after the lateral extension are presented in figure 5 for
the two thicknesses studied. After extension, the two NPLs populations loose most of their
fluorescence, although the loss is stronger for the thinner NPLs. This loss of fluorescence upon
lateral extension could be due to incomplete ligand passivation of the very large NPLs surfaces.
Further investigation is needed to determine the reason of the quantum yield loss. In spite of their
large lateral dimensions these thicker NSs do not fold into nanoscrolls. Thicker NPLs are more
rigid and may be stiff enough to resist to the constrains imposed by the ligands on the NPL

surface.
Conclusion

We have shown that we could synthesize CdSe NPLs with lateral dimension that could reach 700

nm. During the extension, the NPLs original thickness remains unchanged, so that we obtain
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nanosheets with a thickness that is controlled with atomic precision. The lateral extension using
continuous injection of precursors has been performed on NPLs of different thicknesses, so that
we obtain CdSe nanosheets with different thickness that differ by just one CdSe monolayer. The
thinnest CdSe nanosheet fold on themselves during the lateral extension to form nanoscrolls that
unfold when an additional CdS layer is grown on the CdSe nanoscrolls. The folding of the CdSe
nanosheet is not observed on thicker samples. We have hypothesized that the folding of the
nanosheet results from the asymmetric constraints imposed by the carboxylic acid ligands on the
large cadmium-rich NPL surface. As it is the case in the growth of CdSe quantum dots into
nanorods, we show that different facets of the NPLs can grow at different speed that can be
controlled with the ligands used during the synthesis. These data should help better understand
the control of the shape of large spherical QDs. The lateral size that we obtain should make the
use and the integration of NPLs in devices easier and could open the way to single NPLs device,

if properly connected.

Supporting Information. TEM images and absorption spectra of nanosheets made at different
temperatures, with different injection rates, different ligands. Evolution in time of the absorption
of 513 and 553 NSs. TEM images and absorption spectra of CdS and CdTe nanosheets. This

material is available free of charge via the Internet at http://pubs.acs.org.
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ABBREVIATIONS

NSs, nanosheets; NLPs, nanoplatelets
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Figure 1.Nanosheets formation and continuous growth: a) Absorption spectra from aliquots

taken at 30s, 10 min and 40 min; b) Corresponding TEM images showing 20 nm wide
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nanosheets after 30 s, 180 nm after 10 min and 300 nm after 40 min; c) TEM images of the

unfolded nanosheets after 10 min and 40 min.
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Figure 2. Small-Angle X-Ray Scattering: A) Low q scattering pattern for unfolded and folded
nanoplatelets. B) High q scattering pattern for the same samples. C) Schematic representation of

the structure of the nanoplatelets. The distance d’ corresponds to the broad Bragg peaks visible at

high q values.
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a) Rolled-up

Se-ODE

TOPSe

Figure 3 Facets control: from left to right, TEM images after the synthesis, and after unfolding.
First row, nanosheets synthesized with Se-ODE. Second row, NSs synthesized using TOPSe.

Third row, NSs synthesized using TOPSe.
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a) HRTEM

Figure 4. Facets control: from left to right, HRTEM images of the NPLs after unfolding and FFT
on the HRTEM images. First row, nanosheets synthesized with Se-ODE, exhibiting only (110)
facets. Second row, NSs synthesized using TOPSe exhibiting both (110) and (100) facets. Third
row, NSs synthesized using TOPSe exhibiting only (100) facets. On the right, the corresponding

model of the platelets with its folding axis has been represented.
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Figure 5. Lateral extension of a) 513 nanosheets and b) 553 nanosheets. Absorption and TEM

images of the initial NPLs and the nanosheets after a continuous injection of precursors.
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