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Abstract: We report the synthesis of CdSe/CdS semiconductor core/shell nanocrystals with very thick (5
nm) CdS shells. As in the case of core CdSe nanocrystals, we show that a thick-shell CdSe/CdS core/
shell structure can be synthesized in either a pure wurtzite (W) or a zinc-blende (ZB) crystal structure.
While the growth of thick-shell wurtzite CdSe/CdS is quite straightforward, we observe that the growth of
a CdS shell on zinc-blende CdSe cores is more difficult and leads to wurtzite/zinc-blende polytypism when
primary amines are present during the shell formation. Using absorption spectra analysis to differentiate
zinc blende from wurtzite CdSe, we show that primary amines can induce a nearly complete structural
transformation of CdSe ZB cores into W cores. This better understanding of the CdSe ligand-dependent
crystal structural evolution during shell growth is further used to grow large (10 nm)-diameter perfect zinc-
blende CdSe core crystals emitting above 700 nm, and perfect ZB thick-shell CdSe/CdS nanocrystals. We
observed that all thick-shell CdSe/CdS QDs have extremely reduced blinking events compared to thin-

shell QDs, without any significant influence of crystalline structure and polytypism.

Introduction

The synthesis of semiconductor nanoparticles (quantum dots
or QDs) with controlled size, shape, and crystallinity is well
documented,' although a detailed understanding of the growth
process is not yet available. QDs physicochemical properties
can be further tuned and optimized by growing a semiconductor
shell on the QD core to obtain a core/shell structure.> While
most of the work on QD synthesis has been focused on QD
core systems, less has been done on core/shell nanoparticles.
Core/shell structures are important, however; they usually have
better resistance to photobleaching and higher quantum yield,
and the QD fluorescence has better resistance to surface
modifications.> Moreover, it has been shown recently, that CdSe/
CdS QDs with thick (5 nm), carefully grown shells have
extremely reduced blinking when observed at the single
nanoparticle level.*> These observations motivate the develop-
ment of methods to synthesize QDs with thick (>5 nm)
epitaxially grown shells with a controlled crystal structure.

Three parameters have to be considered when growing core/
shell materials: (i) the lattice mismatch between the crystal core
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and the crystal that makes the shell, (ii) the band alignment
between the core material and the shell material, and finally
(iii) the crystal structure evolution during shell growth. Each
of these parameters has to be optimized to obtain core/shell QDs
with controlled size, shape, and physical properties. The
influence of the first two parameters has already been studied
in detail. For example, the lattice mismatch between the core
and the shell induces radial pressure in the QD that can be as
high as 4 GPa when the lattice mismatch between the core and
the shell is just 7%.° Low lattice mismatch or gradual lattice
mismatch adaptation via multishell” or gradient shells® is thus
important if thick crystalline shells are to be grown. Different
band alignments between the core and the shell give access to
wave function engineering and type II semiconductor nano-
crystals where the electron and the hole are spatially separated.’
To the best of our knowledge, no studies have yet tackled the
problem of crystal structure evolution when a thick shell is
grown on a core.

Experimental Section

Chemicals. 1-Octadecene (ODE, 90%, Aldrich), trioctylamine
(TOA, 98%, Fluka), oleylamine (70%, Fluka), oleic acid (90%,
Aldrich), trioctylphosphine (TOP, 90%, Cytec), trioctylphosphine
oxide (TOPO, 90%, Cytec), sodium myristate (99%, Fluka),
cadmium nitrate (99.999%, Aldrich), cadmium oxide (99.99%,
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Aldrich), selenium pellets (99.99%, Aldrich), sulfur (99.998%
Aldrich), and tetradecylphosphonic acid (TDPA, 97%, PCI syn-
thesis) were used as received.

Precursors Preparation. Cadmium myristate was prepared
according to a previously published procedure.'® A solution of
cadmium oleate in oleic acid was synthesized by heating 1.45 g
CdO in 20 mL oleic acid at 170 °C under argon for 1 h until it
turned colorless. The solution was then degassed under vacuum at
100 °C. TOPSe 1 M in TOP was prepared by dissolving 7.9 g Se
powder in 100 mL TOP under magnetic stirring. Similarly, TOPS
0.5 M in TOP was obtained by dissolving 1.6 g sulfur in 100 mL
TOP. Sulfur stock solution in ODE (0.1 M) was prepared by heating
320 mg of sulfur in 100 mL degassed ODE at 120 °C until complete
dissolution.

Protocol 1, Synthesis of Wurtzite Structure Nanocrystals.
Nanocrystals were synthesized by a rapid injection of a mixture of
4 mL TOPSe 1 M in TOP, 3 mL oleylamine, and 1 mL octadecene
into a degassed solution of 750 uL. Cd(oleate), 0.5 M in oleic acid,
8 mL octadecene, and 1.2 mL TOPO at 300 °C. The growing CdSe
nanocrystals were then maintained at 270 °C until the desired size
was obtained (typically 3-nm diameter). After precipitation with
ethanol, the dots were suspended in 10 mL hexane.

Protocol 2, Synthesis of CdSe Zinc-Blende Structure Nano-
crystals. NCs were prepared by a procedure adapted from Cao
et al.'® Typically, a mixture of 16 mL ODE, 0.3 mmol of
cadmium myristate, and 0.15 mmol Se powder, 100 mesh, was
degassed on vacuum at room temperature during 1 h and heated
under argon flow up to 240 °C during 10 min. One milliliter of
oleic acid was added dropwise during the growth. After reaction
the mixture was allowed to cool to room temperature, and NCs
were precipitated using ethanol. The precipitate was dispersed
in 10 mL hexane. Small variations of this protocol gave access
to CdSe QDs with sizes ranging from 1.5 to 10 nm (See
Supporting Information).

Synthesis of Thick-Shell CdSe/CdS Using Successive Ion
Layer Adsorption and Reaction (SILAR)'" Protocol. Typically,
2 mL hexane solution of bare CdSe nanocrystals (100 M), 4 mL
octadecene, and 2 mL oleylamine was degassed at 70 °C during
one hour. The solution was then heated to 230 °C under argon
atmosphere. Successive injections of Cd(oleate), stock solution and
sulfur stock solution (0.1 M in ODE) allowed the shell to grow
monolayer by monolayer. The reaction time was adjusted to allow
complete reaction of the precursors injected (typically 10 min
between two injections).

Synthesis of Thick-Shell CdSe/CdS Using Continuous Injec-
tion. Two milliliters of hexane solution of CdSe nanocrystals (35
uM), 8 mL trioctylamine, and 600 uL Cd(oleate), 0.5 M in oleic
acid were degassed at 70 °C during one hour. The solution was
then heated to 260 °C (or 280 °C to obtain spherical nanocrystals)
under argon atmosphere, and a mixture of 3.4 mL TOA, 600 uL
TOPS 0.5 M in TOP, and 1 mL oleic acid was injected in 4 h.

Ligand-Induced CdSe Crystal Structure Transition from
Zinc-Blende to Wurtzite. A mixture containing 3 mL ODE, 2 mL
oleylamine, and 1 mL zinc-blende (ZB) CdSe nanocrystals (about
100 M) was degassed 30 min at 70 °C. Under argon, the solution
was then heated by 20-min steps at: 100, 120, 150, 170, and 200
°C. Samples were taken before and after each temperature step.

Characterizations. Absorption measurements were realized on
a Cary SE UV —visible spectrometer, and fluorescence and photo-
luminescence excitation (PLE) spectra were measured with a Jobin-
Yvon Horiba fluoromax 3. All transmission electron microscopy
(TEM) were taken using a TEM JEOL 2010 with field electron
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Figure 1. Energy difference between the first and the second exciton
obtained after a fit of the low-energy part of the absorption spectra with
three Gaussians versus the energy (E;) of the first exciton for wurtzite
(triangles) and zinc-blende (squares) CdSe nanocrystals. For each crystal
structures, QDs with diameters ranging from 1.5 to 8 nm have been analyzed.
The two lines are the linear fits for each data set (see Supporting Information
for the detailed fitting procedure).

gun. Powder X-ray diffraction (PXRD) experiments are realized
with a Philips X Pert diffractometer with Cu Ka source.

Results and Discussion

Spectroscopic Determination of Wurtzite and Zinc-Blende
CdSe Crystal Structure. CdSe semiconductors exist in two
different crystalline structures at ambient temperature:'> wurtzite
(W, hexagonal symmetry) and zinc-blende (ZB, cubic sym-
metry). They often present a polytypism between the two phases
due to low internal energy differences (<20 meV per atom) and
small structural variations (position of the fourth neighbor). The
crystal structure of large QDs can easily be obtained using
PXRD measurements or high-resolution transmission electron
microscopy (HRTEM) observations. Unfortunately, the use of
these techniques is much more complicated on smaller dots due
to higher signal-to-noise ratios and broadening of X-ray
diffraction patterns. Interestingly, the small structural variations
between the W and the ZB structures lead to significant
electronic and optic differences,'® and changes in symmetry
groups modify the degeneracy of bands especially for ground
hole states.'"* As a consequence, for a given particle size, the
energy difference AE,_; between the first and the second
excitons is different for ZB and W structures in II—VI
semiconductors.'> 7 Such difference is confirmed in Figure 1.
To a first approximation, AE,_; varies linearly as a function of
the first exciton energy E;, both for ZB and W structures.
Furthermore the value of the fit at AE,—; = 0is 1.74 eV for W,
in excellent agreement with literature values for CdSe wurtzite
band gap energy at room temperature. The linear extrapolation
at AE,—; = 0 for CdSe ZB gives a value of 1.67 eV which is
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Figure 2. TEM and HRTEM images of W CdSe (3-nm diameter)/CdS
(2.5-nm thick) nanocrystals. The fast Fourier transform (FFT) of HRTEM
corresponds to [001] zone axis, characteristic of wurtzite structure.

also in excellent agreement with most literature values for the
band gap energy of CdSe ZB at 300 K (1.66 eV).'®2° We can
then use this spectroscopic measurement to accurately and easily
determine the crystalline phase of a CdSe QDs sample as small
as 2-nm diameter, which is impossible by conventional tech-
niques such as HRTEM or PXRD.

Growth of a Thick-Shell CdS on a Wurtzite CdSe Core. The
synthesis of thin core/shell semiconductor nanocrystals with a
W crystal structure is well documented.®'' However, to the best
of our knowledge, no synthesis of thick shell (>4 nm) has been
reported so far with control of the core/shell crystal structure.
The core synthesis described here (protocol 1) is a modification
of a Li protocol,'" which is known to produce W CdSe cores.
The growth of an epitaxial CdS shell is achieved by a SILAR
process that produces spherical, monodisperse, and wurtzite
CdSe/CdS nanocrystals (Figure 2). The HRTEM image reveals
the synthesis of defect-free nanocrystals (Figure 2), and the
excellent crystallinity of the CdSe/CdS is confirmed by powder
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Figure 3. PXRD diffractograms for the different CdSe/CdS nanocrystals
synthesized. (a, f) Bulk diffraction peaks for W and ZB CdS, respectively.
(b) W CdSe/CdS sample (3-nm CdSe core and 2.5-nm CdS shell). (c, d)
Polytypic CdSe/CdS samples obtained with different ZB core sizes; (c) is
2.5-nm CdSe core and 4-nm CdS shell, (d) is 4-nm CdSe core and 2.5-nm
CdS shell). (e) Pure ZB CdSe/CdS sample (3-nm CdSe core and 2.5-nm
CdS shell).

XRD measurement (Figure 3b). Remarkably, relative intensities
of the peaks (210) and (103) indicate that this shell synthesis
perfectly conserves the wurtzite structure and does not generate
any stacking faults perpendicularly to the [001] direction which
would have decreased the intensity of the (103) peak.>' We thus
confirm that, on wurtzite CdSe nanocrystals, a SILAR protocol
permits the growth of a thick, perfectly crystalline, W CdS shell.

Apparition of Polytypism during Growth of CdS Shell on
Zinc-Blende CdSe Cores. Much less has been done on the shell
growth on CdSe ZB cores. Indeed, the first “user friendly”
protocols describing the synthesis of zinc-blende CdSe nano-
crystals dates back to 2005.'%11722 While we expected that
the same procedure used to grow a W CdS shell on W CdSe
could be used to grow a ZB shell on ZB CdSe, we found that
it was not the case. On small (<3-nm diameter) ZB CdSe
nanocrystals obtained with protocol 2, the use of a SILAR
protocol induces the formation of highly polytypic nanocrystals
as revealed by the PXRD measurements (Figure 3c). We can
see the coexistence of characteristic peaks of both ZB and W
structures. Interestingly, common peaks are sharper than pure
wurtzite ones; these diffraction planes are not perturbed by the
presence of stacking faults along the ZB [111] axis. The TEM
image (Figure 4) confirms that the presence of both structures
is not due to a mixture of purely wurtzite and zinc-blende
nanocrystals; the sample is highly homogeneous, and there is
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Figure 4. (a) Polytypic CdSe (3-nm diameter)/CdS (4-nm thick) nano-
crystals.The TEM image reveals a hexagonal prismatic shape. (b) HRTEM
image highlights the presence of wurtzite [210] and zinc-blende [011]
domains when the observation is done perpendicularly to the W c-axis.
Unit cells are drawn in white. (c) Polytypism appears in FFT as blurred
lines. (d) Along the W c-axis it is impossible to distinguish W or ZB, the
overall structure appears wurtzite in the FFT (e). Scale bar on HRTEM
pictures is 5 nm.

no secondary nucleation. HRTEM images (Figure 4) demon-
strate the coexistence of wurtzite and zinc-blende domains
within single nanocrystals.

Silar protocol on larger (>4 nm) ZB CdSe dots also leads to
a pronounced polytypism. The powder diffractogram of this
sample (Figure 3d) shows well-resolved zinc-blende structure
peaks but broader wurtzite ones. The nanocrystals synthesized
are monodisperse and rod-shaped (Figure 5) with a small aspect
ratio (about 1.5). Stacking faults are clearly visible, and it is
possible to distinguish W and ZB domains. Surprisingly, the
geometry of the nanocrystals (rodlike) corresponds to the
wurtzite structure, where the c-axis is the growth direction.

956 J. AM. CHEM. SOC. = VOL. 132, NO. 3, 2010

Figure 5. TEM image of polytypic CdSe (4-nm diameter)/CdS synthesized
using larger ZB CdSe cores. The nanocrystals are rod shaped, and we can
distinguish the coexistence of a wurtzite and a zinc-blende domain on the
HRTEM image (inset) Scale bar on the HRTEM picture is 5 nm.

We concluded that SILAR protocol for the growth of a CdS
shell on ZB CdSe cores induces partial crystalline transition
from zinc-blende to wurtzite which disturbs the epitaxial growth
and leads to polytypic non-isotropic nanostructures. To obtain
thick-shell, perfect ZB CdSe/CdS nanocrystals we have to
change the type of shell synthesis.

Ligand-Driven Crystalline Transition. A main difference
between the wurtzite and zinc-blende protocols described above
is the presence of oleylamine to obtain wurtzite CdSe and CdSe/
CdS nanocrystals. We therefore hypothesized that the presence
of primary amines during the shell growth on ZB CdSe cores
was responsible for the polytypism observed on Figures 4 and
5. If this hypothesis is correct, two scenarios are possible: (i)
the primary amines induce a partial core crystal structure change
from ZB to W, and then the shell grows in a mixture of ZB
and W structure, or (ii) the ZB core remains unaffected by the
primary amines but the shell tends to grow with a W structure
because of the presence of primary amines. To find out which
scenario was correct, we performed the following experiment:
a 2.2 nm diameter CdSe ZB core sample synthesized with
protocol 2 was introduced at room temperature under argon in
an ODE/oleylamine mixture, and slowly heated by steps to 200
°C as described in the Experimental Section. At each temper-
ature step, an absorption spectrum was recorded, and the
evolution of E, — E; vs E; was monitored (Figure 6b). The
first exciton position is found to strongly red-shift as the temp-
erature increases, a trend that we interpret as Ostwald ripening,
while the energy difference E, — E; decreases so that at 200
°C, the QDs appear to be almost perfectly W.

It is hard to conclude if we assisted in a global crystalline
reorganization or if the Ostwald ripening-induced growth leads
to a mixed structure with a zinc-blende core and a wurtzite shell.
The same experiment performed with a 3-nm diameter sample
(Figure 6¢) exhibits a slightly different behavior. We do not
assist in an Ostwald ripening, but a partial dissolution of the
dots occurs with a decrease of AE,_;, indicating a partial
crystalline transition. Finally, for a sample containing large (6-
nm diameter) QDs (Figure 6d), heating in the presence of amines
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Figure 6. (a) Same as Figure 1 (b—d): annealing effect on AE,_; for 2.2-,
3-, and 6-nm diameter ZB CdSe nanocrystals. The starting point (room
temperature) of each experiment is indicated using a double square.

only leads to partial QD dissolution without any measurable
crystalline change.

Differences of behavior observed between the samples of
different sizes during ligand exchange and annealing suggest
that the crystalline transition observed is surface driven. The
higher the surface-to-volume ratio, the more effective the
crystalline transition. This crystalline transition takes place even
though the ligand exchange is not total: even after heating at
180 °C, some carboxylic acids remain on the QD surface as
we can see in FT-IR measurement (see Supporting Information,
Figure S3). This ligand exchange can occur during the degassing
and heating steps of shell growth procedures using amines and
induces a partial crystalline transition before the effective growth
of the shell. We therefore think that scenario 1 is happening.
We conclude that to preserve the core crystal structure, shell
growth on CdSe ZB QDs must be done in the absence of
primary amines. This is a necessary condition.

Perfect Zinc-Blende CdSe/CdS Core/Shell Nanocrystals. To
test whether the absence of primary amines is a sufficient
condition for preserving the core crystal structure using the shell
growth, we have shown that a slow injection of TOPS 0.5 M
in a solution of ZB CdSe cores (3-nm diameter) in trioctylamine
and (Cd(oleate), at 260 °C under argon flux induces the growth
of CdS shell with perfectly ZB core/shell structure. At this
reaction temperature the nanocrystals are monodisperse and
tetrahedral in shape (Figure 7). They exhibit a high crystallinity
as shown in the HRTEM images, and the structure is indeed
zinc-blende as determined by powder XRD (Figure 3e) and FFT
of the HRTEM image (inset, Figure 6). The shape of the
nanocrystals can then be partially controlled by the reaction
temperature. Working at 300 °C allows us to synthesize spherical
zinc-blende CdSe/CdS QDs (see Supporting Information).

Discussion

Since the first organometallic synthesis of colloidal semi-
conductor nanocrystals,’ the influence of ligands during
nucleation and growth has been extensively studied. A judicious
choice of such molecules allows a fine control of nucleation
rate, precursor reactivity, growth rate, and final geometry of

Figure 7. TEM picture of perfect ZB CdSe/CdS tetrahedral nanocrystals
(edge length: 9 nm). FFT of HRTEM image reveals a characteristic [110]
zone axis.

QDs. A wide collection of shapes ranging from rods* and
tetrapods®* to platelets™ has been synthesized. The driving force
of such syntheses is the modulation of relative reactivities of
nanocrystal facets by the use of strongly bonded ligands which
slow down the growth on some crystal directions.”* Rods and
tetrapods are then obtained by using phosphonic acids (generally
hexylphosphonic acid) to poison the w(100) planes. On the other
hand, platelets can be obtained by a low-temperature reaction
of a mixture containing cadmium acetate and fatty carboxylic
acid with a Se precursor.

The results presented above highlight another effect of the
ligands not described thus far. Here, the action of primary
amines is first to promote a zinc-blende-to-wurtzite crystalline
transition and second to induce a subsequent wurtzite shell
growth. Depending on the CdSe nanocrystallite size, when we
anneal ZB CdSe QDs in oleylamine, we can observe an almost
total phase transition (CdSe of 2.2 nm diameter, surface-to-
volume ratio S/V = 0.62), a partial phase transition (3-nm
diameter, S/V = 0.49), or no transition for larger nanocrystals
(6 nm, S/V = 0.27). The transition is then clearly surface driven.
We can hypothesize that a modification of surface ligand nature
and coverage induces a different surface relaxation and equi-
librium state for the whole nanocrystal.?® If the effect is strong
enough, we can assist in a phase transition toward the

(23) Peng, X. G.; Manna, L.; Yang, W. D.; Wickham, J.; Scher, E.;
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thermodynamically stable wurtzite structure. Indeed, for bulk
CdSe the transition temperature from ZB to W is 95 £+ 5 °C,”’
and it has been shown that the transition temperature is about
200 °C for a 3-nm mean diameter nanocrystallite CdSe powder
without ligands.?® It is noteworthy that carboxylic acid-stabilized
ZB CdSe QDs are at least stable up to 300 °C, and subsequent
growth at this temperature allows the conservation of the ZB
structure (see Supporting Information). The main parameter
controlling the crystal structure of CdSe nanocrystals appears
to be the nature of surface ligands?® rather than the temperature.
Particularly, fatty carboxylic acids seem to stabilize the ZB
structure, while fatty primary amines favor the W structure.

The synthesis of CdS shell on core CdSe nanocrystals follows
the same pathway. A partial crystalline transition can occur
during the heating and the degassing steps, depending on the
CdSe nanocrystal radius. Then the subsequent CdS growth leads
to a majority of W nanocrystals with stacking faults (inducing
the presence of small ZB domains) if the core is small enough
to have undergone crystalline transition (nanocrystals Figure
4). On larger nanocrystals, the core remains zinc-blende, and
we assist in a wurtzite CdS growth on one side of the core
(CdSe/CdS Figure 5 and Figure S1, Supporting Information)
due to energetically favorable growth in the W structure and
the slow injection of precursors (SILAR) preventing the
obtention of tetrapod shapes.’®*' Using XPS analysis, we
confirmed the homogeneous growth of a thick CdS shell on
the CdSe core (see Supporting Information).

Growth of Large CdSe ZB QDs. Finally, we applied this
better understanding of the shell growth to the synthesis of large
(15-nm edge length) pyramidal-shaped ZB CdSe cores (See
Supporting Information). Starting from ZB CdSe QDs synthe-
sized with protocol 2, we slowly injected Se ODE and
Cd(oleate), in the core mixture to obtain perfectly ZB CdSe
QDs emitting with a maximum at 707 nm, which is, as far as
we know, the reddest emission obtained with CdSe nanocrystals.
These results confirm that the ZB CdSe band gap is indeed
smaller than the W CdSe one and that large ZB CdSe QDs can
be easily grown using a one-step injection if no primary amines
are used during the growth.

Optical Properties of Thick-Shell CdSe/CdS. Shell growth
can be simply monitored by observing red-shift on fluorescence
spectra and the increase of absorption cross section at energies
higher than the CdS band gap (2.5 eV, 496 nm). These features
are respectively due to electron delocalization into the whole
core/shell nanocrystal and excitonic transfer from the shell to
the core prior to radiative recombination. It is noteworthy that
optical properties of the resulting CdSe/CdS core/shell nano-
crystals are well conserved. Particularly, the quantum yields of
the different samples are always quite high (50—70%) without
any significant correlation between QY and polytypism. The
apparition of stacking faults in the nanocrystal is not followed
by creation of nonradiative recombination centers which would
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Figure 8. Percentage of QDs that have not blinked vs time for CdSe/ZnS
nanocrystals (620 nm emission, 0.5 nm ZnS thickness) (green), zinc-blende
CdSe/CdS NCs (sample imaged Figure 6 in red, about 3-nm thick CdS
shell) polytypic CdSe/CdS NCs (sample imaged Figure 4 in blue and sample
imaged Figure 5 in cyan (about 4-nm thick CdS shell)). All films were
acquired in the same conditions, and the statistics for each sample were
done on at least 120 QDs using automated homemade software. Images
were acquired continuously for 70 s at 33 Hz with a CCD camera.

As previously reported,* the main interest of CdSe/CdS core/
shell structures with thick CdS shells is the strongly reduced
blinking behavior they exhibit. To evaluate the effectivess of
blinking reduction, 70 s movies (at 33 Hz frame rate) of well-
dispersed nanocrystals on a cover-slit under an epi-fluorescence
microscope (0il objective x100) are recorded. Plotting the
fraction of nonblinking quantum dots over time (Figure 8) allows
an accurate comparison of the different samples described above.
Compared to CdSe/ZnS nanocrystals (for which On times are
no longer than 3 s), the three CdSe/CdS QDs samples are very
stable and contain about 30% of dots which do not blink during
70 s. Again, we can conclude that the presence of stacking faults
in the nanocrystal is not followed by creation of traps and does
not affect the optical properties of a polytypic QD compared to
a pure zinc-blende or wurtzite one.

Conclusion

We have described here two ways to obtain perfect wurtzite
or zinc-blende CdSe/CdS nanocrystals with thick CdS shells.
Advantages of working with the ZB setup are (i) the absence
of primary amines in the growth solution suppresses the
possibility of nucleation of CdS and (ii) this dropwise protocol
is more comfortable to use and quicker for production of thick
shells than multi-injections methods. Furthermore, we have
shown in this study that surface ligands exchange on CdSe
nanocrystals can induce a partial crystalline transition from zinc-
blende to wurtzite structure. These structural modifications can
be characterized using a spectroscopic argument (energy dif-
ference between the first and second excitons) and are supported
by the observation of polytypism in CdSe/CdS core/shell
nanocrystals when the shell synthesis protocol uses primary
amines. It then becomes essential to know the initial core
crystalline structure and the influence of shell ligands to improve
the control of complex core/shell nanocrystals synthesis. These
results, focused on CdSe core and primary amines as ligand,
could be extended to other types of materials and surface ligands
and could help to rationalize one step further the II—VI
semiconductors nanocrystals synthesis.
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