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High-quality CdSe nanoparticles were synthesized with a
hot-injection method from cadmium stearate and selenium pow-
der in the size range of 2:0� 0:2 to 8:6� 2:3 nm, corresponding
to blue to red emission. The pod-shaped nanoparticles were
formed at low reaction temperature, and exhibited sharp emis-
sion peak.

Semiconductor nanoparticles have generated great funda-
mental and technological interests in recent years. The size-de-
pendent emission is the most attractive property of semiconduc-
tor nanoparticles. Cadmium selenide (CdSe) nanoparticles are
one of the most attractive materials because of their size-depend-
ent emission in a visible region as well as high photolumines-
cence quantum efficiency. This size-dependent optical property
can be applied to LEDs (light-emitting diodes),1,2 lasers,3

nonlinear optics,4 and biolabeling/biotagging agents.5 For this
purpose, the size control of CdSe semiconductor nanoparticles
is quite important. To date, the CdSe nanoparticles have been
mainly synthesized by using dimethylcadmium as a cadmium
precursor,6–8 although this material is extremely toxic, pyropho-
ric, unstable at room temperature, and explosive at high temper-
ature by releasing large amount of gas. Recently, other synthetic
routes for CdSe nanoparticles using alternative cadmium precur-
sors9–11 or single-source precursors12 have been developed, but
an addition of some organic acids or a preliminary preparation
of precursors is requisite to form high-quality nanoparticles.

Here, we report a modified synthetic route toward high-
quality CdSe nanoparticles using cadmium stearate, as a lower
toxic, nonexplosive, and stable precursor, in place of dimethyl-
cadmium, where the size of CdSe nanoparticles was tuned main-
ly by changing the reaction temperature and time. Interestingly,
the pod-shaped nanoparticles were formed at low reaction
temperature. The size- and shape-dependent optical properties
of the CdSe nanoparticles are also presented.

A typical synthesis of CdSe nanoparticles is as follows. Cad-
mium stearate (0.204 g, 0.3mmol), oleylamine (5.0 g), and tri-
octylphosphine oxide (TOPO, 5.0 g) were loaded into a 100mL
three-neck flask and heated at 250 �C under N2 flow. Cadmium
stearate was completely dissolved and formed an optically clear
solution. At this temperature, a selenium solution comprising
selenium powder (0.036 g, 0.45mmol) dissolved in 4.0 g of
tributylphosphine (TBP) or trioctylphosphine (TOP) was swiftly
injected into the reaction flask with a syringe. The resulting
products were purified with acetone/methanol mixed solvent.
During the reaction, aliquots of the reaction mixture were taken
out to investigate the process of the nucleation and growth of
CdSe nanoparticles. The reaction temperatures of 300, 250,
and 200 �C were chosen to examine the temperature dependence
of the size and size distribution of CdSe nanoparticles when syn-

thesized using TOP.
At first, CdSe nanoparticles were synthesized by following

the above method using TBP as a solvent for selenium at
250 �C. The obtained CdSe nanoparticles are spherical and have
the diameters of 2:0� 0:2–3:8� 0:4 nm in the reaction time
from 10 s to 180min. Figures 1a and 1b show the TEM images
of 2:0� 0:2 and 3:8� 0:4 nm CdSe nanoparticles, indicating
that these CdSe nanoparticles are monodisperse, and their size
increases with the reaction time. Figure 2 presents X-ray diffrac-
tion pattern of 3:3� 0:4 nm CdSe nanoparticles, which demon-
strates that the obtained nanoparticles are good crystallites with
typical zincblende phase. Figure 3 shows the UV–vis and PL
spectra of a chloroform solution of the CdSe nanoparticles.
The absorption and emission peaks are tunable in the 460–

Figure 1. TEM images of (a) 2:0� 0:2 nm, (b) 3:8� 0:4 nm,
(c) 4:5� 0:7 nm, and (d) 8:6� 2:3 nm CdSe nanoparticles.

Figure 2. X-ray diffraction pattern of 3:3� 0:4 nm CdSe nano-
particles. The inset shows the unit cell of zincblende phase.
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570 nm range by the reaction time. In case that the CdSe nano-
particles were synthesized using TOP, the resulting CdSe nano-
particles have the sizes of 2:1� 0:2–4:5� 0:7 nm in the reaction
time from 10 s to 180min at 250 �C. TEM measurements
indicate that these CdSe nanoparticles have narrow size distribu-
tions, and grow larger with increasing the reaction time as well
(see Figure 1c). From the UV–vis and PL measurements, the ab-
sorption and emission peaks can be tuned in the 460–570 nm
range by changing the reaction time. In comparison with the case
of TBP, the TOP system gave the larger CdSe nanoparticles,
probably because of the lower reactivity of TOPSe species due
to larger steric hindrance. The reaction would follow the conven-
tional TOP/TOPO mechanism10 except for the preliminary for-
mation of organic acid–Cd2þ complex. It might be noteworthy
that the molecular size of the solvent for Se could control the
nucleation rate.

Next, we have investigated an influence of the reaction tem-
perature on the size and shape of the CdSe nanoparticles in TOP/
TOPO system. At the reaction temperature of 300 �C, the CdSe
nanoparticles of 2:4� 0:2 to 8:6� 2:3 nm were obtained in the
reaction time from 10 s to 180min. The UV–vis and PL meas-
urements demonstrate that the absorption and emission peaks
are tunable in the 530–660 nm range, these wavelengths corre-
sponding to green to red emission. It seems that the particle
growth follows the Ostwald ripening process rather than the pre-
cursor-consuming process because the size distribution drasti-
cally increases for larger particles showing red emission (see
Figure 1d). Consequently, a series of photoluminescence from
blue to red by the excitation with 365 nm UV light was obtained
(see the Graphical Abstract).

Then, the CdSe nanoparticles were synthesized in TOP/
TOPO system at low temperature of 200 �C. Figure 4 shows a
TEM image and UV–vis and PL spectra of the resulting CdSe
nanoparticles. Their shape is not sphere, but bipod, tripod, or tet-
rapod.13 These pod-shaped nanoparticles display sharp emission
peak (FWHM = 29 nm) with a clear Stokes shift compared with
the spherical particles (FWHM = 56 nm) with the similar size
(3:3� 0:4 nm). The PL quantum yields (QYs) of the as-synthe-
sized spherical and pod-shaped nanoparticles are 6.3 and 9.3%,
respectively.14 These values are predictable for the nanoparticles

synthesized in TOP/TOPO system without surface passivation
with inorganic (e.g., ZnS) or organic (e.g., alkylamine) shell,15

but the pod-shaped nanoparticles exhibit significantly higher
PL QY than the spherical ones, the reason remaining to be deter-
mined.

In conclusion, we have succeeded in developing a modified
synthetic method of CdSe semiconductor nanoparticles by using
cadmium stearate in place of dimethylcadmium as a cadmium
precursor. The size can be tuned from 2:0� 0:2 to 8:6� 2:3
nm, corresponding to blue to red emission. Now we have inves-
tigated the formation mechanism and optical properties of the
pod-shaped CdSe nanoparticles as well as the solventless synthe-
sis of CdSe nanoparticles for mass production.

We thank Prof. T. Tsukuda and Dr. Y. Negishi for measur-
ing the PL QYs of CdSe nanoparticles. This work was supported
by Industrial Technology Research Grant Program in ’05 from
NEDO of Japan (T.T.).

References and Notes
1 C. B. Murray, C. R. Kagan, and M. G. Bawendi, Annu. Rev.

Mater. Sci., 30, 545 (2000).
2 A. P. Alivisatos, J. Phys. Chem., 100, 13226 (1996).
3 V. I. Klimov, A. A. Mikhailovsky, S. Xu, A. Malko, J. A.

Hollingsworth, C. A. Leatherdate, H.-J. Eisler, and M. G.
Bawendi, Science, 290, 314 (2000).

4 R. G. Ispasoiu, Y. Jin, J. Lee, F. Papadimitrakopoulos, and T.
Goodson, III, Nano Lett., 2, 127 (2002).

5 M. Han, X. Gao, J. Z. Su, and S. Nie, Nat. Biotechnol., 19, 631
(2001).

6 C. B. Murray, D. J. Norris, and M. G. Bawendi, J. Am. Chem.
Soc., 115, 8706 (1993).

7 A. P. Alivisatos, Science, 271, 933 (1996).
8 C. B. Murray, C. R. Kagan, and M. G. Bawendi, Science, 270,

1335 (1995).
9 L. Qu, Z. A. Peng, and X. Peng, Nano Lett., 1, 333 (2001).
10 Z. A. Peng and X. Peng, J. Am. Chem. Soc., 123, 183 (2001).
11 Y. W. William and X. Peng, Angew. Chem., Int. Ed., 41, 2368

(2002).
12 M. A. Malik, N. Revaprasadu, and P. O’Brien, Chem. Mater., 13,

913 (2001).
13 L. Manna, E. C. Scher, and A. P. Alivisatos, J. Am. Chem. Soc.,

122, 12700 (2000).
14 Determined by comparison with the known yield (0.4%) of

emission at 700 nm from a laser dye, LDS 750.
15 D. Talapin, A. L. Rogach, A. Kornowski, M. Haase, and H.

Weller, Nano Lett., 1, 207 (2001).

Figure 3. UV–vis and PL spectra of different sized CdSe nano-
particles synthesized in TBP/TOPO system (excitation wave-
length: 350 nm).

Figure 4. (a) TEM image and (b) UV–vis and PL spectra of
pod-shaped CdSe nanoparticles together with 3:3� 0:4 nm
CdSe nanoparticles.
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