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CdTe nanocrystals were synthesized by the hot-injection method with a mixture of oleylamine and octadecene as a solvent. The
influence of the composition of the solvent and of the injection solution on the shape of CdTe nanoparticles was investigated.
Various shapes of CdTe nanocrystals, such as nanodots, nanorods, multipods, and nanowires, could be obtained by changing
the reaction conditions. Tuning the reactivity of both the cadmium and the tellurium precursors at the same time was found to
be the main reason for the shape control of CdTe nanocrystals in this reaction system. The reactivity of the Cd precursor was
controlled by the composition of the solvent, while the activity of the Te precursor could be influenced by using trioctylphosphine
and tributylphosphine in the injection solution.

1. Introduction

CdTe is a direct semiconductor with a bandgap in the bulk of
1.475 eV and a Bohr exciton radius of 7.3 nm. CdTe nanocrys-
tals attract interest due to their pronounced quantum size
effect and optical activity both in the visible and near-infrared
spectral regimes. This makes them interesting candidates
for a variety of applications, for example, in solar energy
conversion [1, 2] or biolaballing [3, 4]. Thus, size and shape
control of CdTe nanocrystals have been a pursued activity
for the past few years [5–11]. Various shapes of CdTe have
been obtained by different kinds of synthetic procedures.
Thehot-injection technique especially allows for synthesizing
particularly uniform particles and offers a means to control
not only the size of the particles, but also their shape. Uniform
quasispherical nanocrystals, nanorods, and tetrapods as well
as nanowires were grown by this method [10, 12–17].

In the hot-injection method, monomer activity during
the nucleation and growth processes plays a key role for shape
control of nanocrystals. Several parameters influence the
monomer activity, like precursor concentration, precursor
activation, and ligands effect. Ligands as an important part in
the synthesis of nanocrystals influence the monomer activity
in several ways. Yu et al. [12] demonstrated how ligands affect

the shape of CdTe nanocrystals in a noncoordinating solvent.
In the present study we investigated the influence of ligands
and solvents onto the shape control of CdTe nanocrystals
growing in a coordinating solvent (oleylamine, (OLAM)). In
our previous works we showed that the growth process of
CdTe nanocrystals in OLAM and with oleic acid (OA) as
stabilizer can be strongly influenced by even small changes
in the reaction conditions, which allows for shape control
while keeping the principal reagents fixed [15]. Here we
investigate further the possibility to control the morphology
of CdTe nanocrystals synthesized in OLAM with OA as
ligand. A variety of shapes (dots, rods, multipods, and
nanowires) have been realized by the hot-injection method
by changing the compositions of the solvent and of the
injection solution.The resulting materials were characterized
byUV-Vis absorption spectroscopy, powder X-ray diffraction
(XRD)measurements, and transmission electronmicroscopy
(TEM).

2. Experimental

2.1. Chemicals. All chemicals were used as received
without further purification: cadmium oxide (CdO, 99%,
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Figure 1: TEM images of CdTe NCs synthesized from different tellurium precursor solutions. (a) Te-TOP-OLAM; (b) Te-TOP-TBP-OLAM;
(c) Te-TBP-OLAM; (d) Te-TOP-ODE; (e) Te-TOP-TBP-ODE; (f) Te-TBP-ODE.

Fluka), tri-n-octylphosphine (TOP, 90%, Aldrich), tri-n-
butylphosphine (TBP, 90%, Aldrich), oleic acid (OA, 90%,
Aldrich), 1-octadecene (ODE, Merck), tellurium powder (Te,
purum p., Fluka), and oleylamine (OLAM, approximately
C18-content 80–90%, Acros Organics).

2.2. Te Precursor Preparation. The general procedure for
preparing Te precursor solutions is as follows. Te was added
to TOP, TBP, or the mixture of them in the glove box. The
mixture was further heated to 200∘C under nitrogen flow till
the dissolution of Te. The Te injection solution was obtained
by diluting this Te solution with OLAM or ODE (Table 1).

2.3. Synthesis of Colloidal CdTe Nanocrystals with Vari-
ous Injection Solutions. A mixture of CdO (0.1mmol), OA
(0.16mL), and OLAM (10mL) was degassed at 100∘C for 1
hour in a 50mL three-necked flask connected to a condenser.
The mixture was heated slowly under nitrogen until most
of the CdO decomposed at ∼290∘C, then another 0.2mL
OA was added to form a clear and colourless solution.
Te precursor solution (including 0.05mmol tellurium) was
injected quickly at 300∘C.The temperature dropped to 260∘C
and maintained this value throughout the synthesis. All

syntheses were stopped after 5 minutes by removing the
heating mantle and by rapidly cooling the flask. Aliquots
were taken out at different reaction times to monitor the
reaction process by measuring the UV-Vis absorbance and
TEM images.

2.4. Synthesis of Colloidal CdTe Nanocrystals with Various
OLAM :OA Ratios. All manipulations were performed using
standard air-free techniques. A mixture of CdO (0.1mmol),
OA (0.16mL), and OLAM + ODE (10mL) was degassed at
110∘C for 40minutes in a 50mL three-necked flask connected
to a condenser.Themixturewas heated slowly under nitrogen
until most of the CdO decomposed at ∼290∘C, then another
0.2mLOAwas added to form a clear and colourless solution.
A Te-TOP-TBP-ODE (0.124mL, Cd/Te = 10 : 7) precursor
solution was injected quickly at 300∘C. The temperature
dropped to 260∘C and was kept at this value throughout the
synthesis. Samples were taken out at different reaction times
between 1 and 5 minutes.

2.5. Characterization. UV/Vis spectra were recorded using a
Carry 100 absorption spectrophotometer. The samples were
dispersed in 1 cm path length quartz cells filled with hexane.
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Table 1: The composition of the Te precursor solutions.

Injection solutions Te (g) TOP (g) TBP (g) Te solution (g) OLAMmL ODEmL
Te-TOP-OLAM 0.5 4.5 0 0.0638 2 0
Te-TOP-ODE 0.5 4.5 0 0.0638 0 2
Te-TBP-OLAM 0.5 0 4.5 0.0638 2 0
Te-TBP-ODE 0.5 0 4.5 0.0638 0 2
Te-TOP-TBP-OLAM 0.7018 6.5428 2.1054 0.1190 2 0
Te-TOP-TBP-ODE 0.7018 6.5428 2.1054 0.1190 0 2
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Figure 2: Absorption onsets of CdTeNCs synthesizedwith different
tellurium precursor solutions: Te-TOP-ODE and Te-TBP-ODE.

The absorbance values were used to calculate the molar
particle extinction coefficients, the NCs diameters, and their
concentration.

2.5.1. Transmission Electron Microscopy (TEM). The size and
morphology of the nanocrystals were studiedwith a Zeiss EM
902A transmission electron microscope with an accelerating
voltage of 80 kV. TEM specimens were prepared by putting
a 10 𝜇L aliquot drop of a very dilute hexane solution onto a
carbon-coated copper grid, which was dried in air at room
temperature.

2.5.2. Powder X-Ray Diffraction (XRD). Powder X-ray
diffraction (XRD) was measured with a PANalytical X’Pert
PRO MPD diffractometer operating with Cu K𝛼 radiation,
Bragg-Brentano 𝜃-2𝜃 geometry, a goniometer radius of
240mm and variable slits. The samples were measured on
low background silicon sample holders and prepared for
the XRD measurements as follows. Nanocrystals in hexane
solution were dropped on the silicon substrate at room
temperature. The XRD data was analyzed using the X’Pert
HighScore Plus software in conjunction with the ICDD
database, version 2.0902.

3. Results and Discussion

In this work, we investigated the influence of the reaction
conditions on the shape of CdTe nanoparticles, which were
synthesized by a hot-injection method in reaction of Cd-
oleate with trialkylphoshine telluride in OLAM as solvent.
OLAM is a common organic compound which can be sur-
factant and solvent at the same time. OLAM reacts with OA
to form an amide in the presence of metal ions [15, 17], which
leads to a destabilization of the nanocrystals and, for example,
facilitates the formation of nanowires by oriented attachment
[17]. Moreover, OLAM was found to activate the metal
precursors; thus, it influences the growth of nanoparticles
[15, 17–19]; diluting OLAM with a noncoordinating solvent
opens up the possibility to tune the activity of the metal
monomers. This turned out to be an efficient way to control
the shape of CdTe nanocrystals [15]. In the following, we
evaluate the possibility to control the morphology of CdTe
nanoparticles by additionally changing the reactivity of the
Te-monomers.

3.1. Effect of Ligands and Solvents in the Tellurium Precursor
Solution on the Shape of CdTeNanocrystals. Various shapes of
CdTe nanocrystals, such as nanodots, nanorods, multipods,
and nanowires, can be synthesized in pure OLAM solution,
only by changing the composition of the tellurium injection
solution (Figure 1). Dissolving tellurium in TOP, TBP, or the
mixture of them and diluting the resulting tri-alkylphosphine
telluride with OLAM or ODE represent a suitable way to
prepare tellurium injection solutions. TEM images of CdTe
nanocrystals obtained with different Te precursor solutions
are showed in Figure 1. In these six reactions we varied
the ligands (TOP, TBP, or the mixture of them) and the
solvent (OLAM and ODE), but we kept the Te concentration
constant.

Comparison between the upper and the lower panel
in Figure 1 shows that even a relatively small amount of
solvent in the injection solution has a big impact on the
morphology of CdTe nanocrystals (Figure 1). This can be
rationalizedwhen taking into account that amine compounds
are known to activate the metal carboxylate precursors [15,
17–19]. Therefore, the ODE solvent in tellurium precursor
solution decreases the activity of the Cd monomers, because
it lowers the overall concentration of the amine and, thus,
reduces the activation of the Cd monomers. All reactions
with injection solutions containing OLAM (upper panel in
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Figure 3: TEM images and histogram of CdTe nanorods at different growth time. (a) 3min; (b) 6min; (c) 8min.

Figure 1) yield particles with elongated shapes. This prefer-
ential one-dimensional growth is an indication for a higher
monomer activity, compared with reactions with injection
solutions containing ODE.

The use of TOP and TBP as ligands in telluriumprecursor
solutions is a good way to control the activity of the Te
monomers. TOP and TBP are similar organic compounds,
with C8 chains in TOP and C4 chains in TBP. Ligands with
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Figure 4: TEM images of CdTe NCs synthesized with different OLAM :OA ratio. (a) No OLAM; (b) OLAM :OA = 1; (c) OLAM :OA = 4;
(d) OLAM :OA = 20.

shorter carbon chains have a higher diffusion coefficient,
which results in a higher monomer activity, compared to
compounds with longer carbon chains. Furthermore, TOP-
Te and TBP-Te differ in the strength of their Te-P bonds;
TOP-Te being more stable. Thus, TBP-Te is more reactive
than TOP-Te. In spite of that, the results of reaction with
TBP-Te and TOP-Te show some similarities; in OLAM both
Te-precursors lead to the formation of nanorods, while the
growth of quasispherical particles can be observed in ODE.
However, a closer look at the development of the reaction
shows that the underlying mechanisms are different. We
compared the absorption onsets of aliquots taken during
reactions with Te-TOP-ODE and Te-TBP-ODE (Figure 2).
In the reaction with TBP, the particles forming during the
first minute are larger than in the reaction with TOP. This
is due to the higher reactivity of the Te precursor containing
TBP. However, because of the formation of larger particles,
a smaller amount of monomers is left for further growth.
Thus, higher monomer reactivity leads to a fast monomer
depletion of the solution, which slows down the growth rate
of the particles at later growth stages. In the reaction with

TOP-Te, the Te precursor is less reactive, which results in the
formation of smaller seeds.There are moremonomers left for
further growth, which is, however, slower, compared with the
case of TBP-Te, because of the lower monomer activity. In
the reactions of both Te precursors with more reactive Cd-
precursor (in pure OLAM) nanorods are formed, due to the
relatively high chemical potential of the solution. A slightly
lower Cd precursor reactivity (with ODE in the injection
solution) leads to the formation of nanodots.

In reactions with Te-TOP-TBP, two Te precursors with
different reactivities are present in one reaction. The more
reactive Te-TBP precursor should react first and be preferen-
tially involved in the seed formation process. The amount of
monomers used up during this growth stage will be smaller,
than in the case of pure Te-TBP precursor, because of the
lower concentration of Te-TBP. Thus, the chemical potential
of the solution remains relatively high, and also enough
monomers are left for further one-dimensional growth of
the nanocrystals. In the reactions with a more reactive Cd
precursor (in pure OLAM), this leads to the formation of
nanowires, while a slightly lower Cd-precursor reactivity
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Figure 5: XRD pattern of CdTe NCs synthesized from OLAM :OA
= 4 (TEM image in Figure 4(c)). Each reflection was fitted with a
single Gaussian (green lines), and the size of the crystallites was
calculated from the broadening of the reflections with the Debye-
Scherrer formula.

(with ODE in the injection solution) result, in the formation
of tetrapods.

With TOP as ligand and OLAM as solvent in tellurium
precursor solution, uniform CdTe nanorods were synthe-
sized. Their growth was studied in more detail by TEM
(Figure 3). Their mean aspect ratio is around 1.6, and it is
almost not changing during the reaction (Figures 3(a), 3(b),
and 3(c)). The elongated shape forms in the beginning of
the reaction and does not change during further growth.
Also the size distribution of the nanorods remains the same.
This shows that the monomer activity does not decrease
significantly during the first 8 minutes of the reaction. In
this case the shape of the nanocrystals would change from
elongated to quasi-spherical; however, the monomer activity
is not sufficient for the further one-dimensional growth of the
nanorods.

3.2. Morphology Control by Changing OLAM :OA Ratio.
In this section, we investigated the possibility to influence
further the morphology of CdTe tetrapods. We used a Te-
TOP-TBP-ODE injection solution, which turned out to be
suitable to synthesize uniform tetrapods (see Figure 1(e))
and changed the ratio between OLAM and OA. In these
experiments, we took the same amount of OA and kept the
same sum volume of OLAMandODE constant (10mL); thus,
the overall CdTe concentration was fixed. In this way we
could exclude that the effects we observe are solely due to
changes in the concentration of the reactants.

Figure 4 shows the different morphologies of CdTe
nanocrystals obtained by changing OLAM :OA ratio from
0 to 20. In our experiment, the use of OA as the only

surfactant leads to the formation of triangular (in the two-
dimensional projection) nanoparticles (Figure 4(a)). With-
out OLAM the reactivity of the Cd-monomers is low (no
amine activation); thus, there is no one-dimensional growth.
The presence of the same volume of OLAM and OA in the
reaction system causes the formation of tripods and tetrapods
(Figure 4(b)). With larger amount of OLAM, the thickness
of the arms of the tetrapods increases, while their length
decreases (Figure 4(c)). With even higher OLAM concentra-
tions, formation of more irregular shapes of branched CdTe
nanocrystals, such as Y-shaped multipods, can be observed.
Also the fraction of flat, two-dimensional CdTe nanoparticles
increases with higher OLAM concentrations (Figure 4(d)).
Thus, the presence of OLAM influences the growth direction
of the CdTe nanocrystals.

Figure 5 shows the XRD patterns of CdTe nanocrystals
shown in Figure 4(c). Each reflection was fitted with a single
Gaussian function (green curves in Figure 5); the sum of
the fitting curves, which corresponds well to the measured
diffraction pattern, is shown as red lines in Figure 5. The
diffraction peaks can be assigned to wurtzite CdTe (ICDD
number 01-073-2871). Results of the calculation of the crys-
tallite dimension in the corresponding directions using the
Scherrer equation with 𝐾 = 1 for undefined geometry
are included in Figure 5. Because of the anisotropic growth
of the nanocrystals, we obtain different values for different
reflections. The relatively sharp (002) peak in the diffraction
pattern is consistent with the preferential growth of the CdTe
NCs in the [001] direction. The crystallite size in the [001]
direction (11.1 nm) corresponds well to the length of the arms
of the tetrapods measured from the TEM images.

4. Conclusions

In conclusion, we demonstrated that various shapes of CdTe
nanocrystals could be synthesized by controlling the compo-
sition of the solvent and of the tellurium precursor solution.
Tuning the reactivity of both the cadmium and the tellurium
precursors is the main reason for the shape control of CdTe
nanocrystals in such a simple system. The activity of the Cd
precursor can be controlled by the concentration ofOLAM in
the solvent, while the use of TOP, TBP, or a mixture of both
phosphines in the tellurium injection solution turned out to
be a suitable way to control the reactivity of the Temonomers.
Changing the reactivity of the Cd and Te precursors at the
same time opens up the possibility to influence the seed
formation and the growth process of the CdTe nanocrystals
and, thus, to control their shape.
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aqueous synthesis of one-dimensional CdTe nanostructures,”
Angewandte Chemie—International Edition, vol. 45, no. 5, pp.
748–751, 2006.

[10] J. Y. Zhang and W. W. Yu, “Formation of CdTe nanostructures
with dot, rod, and tetrapod shapes,” Applied Physics Letters, vol.
89, no. 12, Article ID 123108, 2006.

[11] R. Zheng, S. Guo, and S. Dong, “Synthesis of CdTe nanocrystals
using Te nanorods as the Te source and the formation of
microtubes with red fluorescence,” Inorganic Chemistry, vol. 46,
no. 17, pp. 6920–6923, 2007.

[12] W. W. Yu, Y. A. Wang, and X. Peng, “Formation and stability
of size-, shape-, and structure-controlled CdTe nanocrystals:
ligand effects on monomers and nanocrystals,” Chemistry of
Materials, vol. 15, no. 22, pp. 4300–4308, 2003.

[13] J. Kolny-Olesiak, V. Kloper, R. Osovsky, A. Sashchiuk, and E.
Lifshitz, “Synthesis and characterization of brightly photolumi-
nescent CdTe nanocrystals,” Surface Science, vol. 601, no. 13, pp.
2667–2670, 2007.

[14] V. Kloper, R. Osovsky, J. Kolny-Olesiak, A. Sashchiuk, and E.
Lifshitz, “The growth of colloidal cadmium telluride nanocrys-
tal quantum dots in the presence of Cd0 nanoparticles,” Journal
of Physical Chemistry C, vol. 111, no. 28, pp. 10336–10341, 2007.

[15] X. Jin, J. Li, J. Parisi, and J. Kolny-Olesiak, “Shape control of
CdTe nanocrystals synthesized in presence of in situ formed
CdO particles,” Journal of Nanoparticle Research, vol. 13, no. 12,
pp. 6963–6970, 2011.

[16] J. W. Cho, H. S. Kim, Y. J. Kim et al., “Phase-tuned tetrapod-
shaped CdTe nanocrystals by ligand effect,” Chemistry of Mate-
rials, vol. 20, no. 17, pp. 5600–5609, 2008.

[17] X. Jin, M. Kruszynska, J. Parisi, and J. Kolny-Olesiak, “Catalyst-
free synthesis and shape control of CdTe nanowires,” Nano
Research, vol. 4, no. 9, pp. 824–835, 2011.

[18] L. S. Li, N. Pradhan, Y. Wang, and X. Peng, “High quality ZnSe
and ZnS nanocrystals formed by activating zinc carboxylate
precursors,” Nano Letters, vol. 4, no. 11, pp. 2261–2264, 2004.

[19] N. Pradhan and X. Peng, “Efficient and color-tunable Mn-
doped ZnSe nanocrystal emitters: control of optical perfor-
mance via greener synthetic chemistry,” Journal of the American
Chemical Society, vol. 129, no. 11, pp. 3339–3347, 2007.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


