
Synthesis of Non-Spherical CdSe Quantum Dots 

O. Ivanova
*
, K. Zimmermann

**
, and T. Campbell

***
 

*
 Institute for Critical Technology and Applied Science (ICTAS), Virginia Tech, ICTAS Building, 325 

Stanger St., MC 0193, Blacksburg, VA 24061, USA; phone: (540)231-9575; fax: (540)231-0970; email: 

olgasi@vt.edu  
**

 School of Biomedical Engineering and Sciences, Virginia Tech; ICTAS Building, 325 Stanger St., MC 

0298, Blacksburg, VA 24061, USA; email: kazimmer@vt.edu  
*** 

Institute for Critical Technology and Applied Science (ICTAS), Virginia Tech, ICTAS Building, 325 

Stanger St., MC 0193, Blacksburg, VA 24061, USA; phone: (540)231-8359; fax: (540)231-0970; email: 

tomca@vt.edu  

 

ABSTRACT  

 

We describe the synthesis of non-spherical CdSe 

quantum dots (QDs) through high temperature reduction of 

cadmium and selenium in the presence of TOP (Tri-n-

octylphosphine) and TOPO (Tri-n-octylphosphine oxide). 

High affinity of phosphine oxide to the surface of CdSe 

nanocrystals usually leads to formation of spherical 

particles with diameter between 1.5 and 10 nm. We have 

developed a method that leads to the formation of non-

spherical shapes of nanocrystals. We performed a two-step 

reaction. The first step was carried at 230℃ for 30 minutes. 

The second step was an increase of the temperature from 

230℃ to 270℃ and the execution of the reaction at this 

temperature with varying times. Results indicate that 

performing the reaction at 230℃ led to the formation of 

CdSe QDs shapes of spheres, hexagons, triangle, etc., and 

that processing at 270℃ led to formation of QD squares.  
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1 INTRODUCTION 

 

Quantum dots are semiconductor nanocrystals whose 

properties strongly depend on the size and shape of an 

individual crystal.  The most common chemical synthesis 

of QDs is the hot-injection method developed by Murray, et 

al. [1]. Size and shape control of QDs has been extensively 

explored using this method.  In most cases, a change of the 

surfactant is required to regulate the shape of the resulting 

nanocrystals [2]. Using TOPO as a surfactant ligand usually 

leads to formation of spherical nanocrystals due to the 

strong affinity of TOPO to CdSe. Here we describe a new 

method of synthesis of CdSe nanocrystals with different 

shapes using the TOPO/TOP approach. The presence of 

carbon nanohorns (CNHs) in the reaction mixture led to the 

formation of different shapes of nanocrystals. CNHs are an 

agglomeration of single-walled carbon nanotubes (CNTs), 

with an open end at the center of the CNH and an irregular 

horn-like shape facing out for each CNT [3]. 

 

2 MATERIALS AND METHODS 

 

2.1 Chemicals and materials 

 

Cadmium oxide (CdO)  (99.95%), Selenium powder 

(200 mesh, 99.999%), Tri-n-octylphosphine (TOP) (90%), 

Tri-n-octylphosphine oxide (TOPO) (98%), and 1-

Tetradecylphosphonic acid (TDPA) (98%) were purchased 

from Alfa Aesar and used as received.  CNHs were 

synthesized by Oak Ridge National Laboratories using a 

laser vaporization technique based on previous methods [4]. 

Average diameter of CNHox was approximately 50 nm, 

according to transmission electron microscopy (TEM). 

CNHs were then thermally oxidized by heating to 500°C at 

a ramp rate of approximately 30°C/min and held for 25 

min. The CNHs were then cooled to room temperature. 

 

2.2 Synthesis of CdSe quantum dots  

 

The synthesis of CdSe QDs was performed by a 

colloidal chemistry route described previously [5]. Briefly, 

0.53 mmol of Se was dissolved in 2.4 mL of TOP at 150℃ 

while constantly stirring.  Then 6 mg of CNHs were added 

to the Se/TOP solution and sonicated for ~15 minutes to 

break up aggregates.  Se/TOP/CNHs or Se/TOP solutions 

were left on a hot plate under constant magnetic stirring and 

temperature of 40℃.  Separately, 0.4 mmol of CdO, 0.8 

mmol of TDPA, and 9.77 mmol of TOPO were loaded in 
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50 mL three-neck round-bottom flask and heated to 270℃.  

After ~30 minutes, the CdO solution became optically 

clear.  Se/TOP/CNHs or Se/TOP mixtures were then 

injected into the hot solution of CdO/TOPO/TDPA, and the 

temperature of the reaction mixture decreased to ~220 ℃. 

The reaction was continued at the desired temperature and 

time to achieve the target shape of the nanocrystals. The 

resulting product was then suspended in toluene for 

characterization.   

 

2.3 Separation of CdSe QDs from CNHs 

 

For QD synthesis in the presence of CNHs, the 

CNH+QD suspensions were diluted in additional toluene 

and centrifuged at 3000 rpm for 3 minutes at room 

temperature. The CNHs precipitated due to instability in 

excess toluene and the QD supernatant was removed for 

subsequent microscopic and spectroscopic characterization. 

 

2.4 Characterization 

 

The samples were characterized by Transmission 

Electron Microscopy (TEM; Philips EM420 at 120 kV), 

and Fluorescent Spectroscopy (SpectraMax M2 Multi-

Mode Microplate Reader). The samples for TEM were 

prepared by depositing one drop of diluted solution of QDs 

in toluene on lacy carbon film coated copper grids (300 

mesh, Pacific Grid Tech).  

 

3 RESULTS AND DISCUSSION 

 

Figure 1 shows the optical signatures of two CdSe QDs 

solutions synthesized at the following conditions: 1) 

reaction mixture was heated for 30 minutes at 230℃ after 

injection of Se/TOP/CNHs, followed by probe 1; 2) after 

probe 1 was taken, the temperature of the reaction mixture 

was increased to 270℃ and maintained at this temperature 

for 10 minutes, followed by probe 2. Both probe samples 

 

have brown color in visible light, but when placed under 

UV light (365 nm wavelength) they fluoresce pink and 

blue, respectively.   

Optical properties of the samples were characterized by 

Fluorescence Spectroscopy. The emission spectra for both 

pink and blue solutions had two peaks (Figure 2). The first 

peak was observed at ~360 nm for both probes. The second 

peak was observed at ~640 nm for probe 1 and at ~700 nm 

for probe 2. The two distinct emission peaks could be due 

to the presence of different sizes of nanoparticles in 

solution or unique shapes that emit at two different 

wavelengths simultaneously.  

 

 
Morphology of the synthesized particles was 

determined by TEM. Performing the reaction at 230℃ led 

to formation of predominantly spherical particles (Figure 

3A); however, other shapes, such as hexagons and triangles 

were also present. Although the majority of particles 

remained spherical after increasing the temperature to 

270℃, approximately 20% of the QDs were squares (Figure 

3B).  

 

    

 
Figure 1. CdSe QDs synthesized at different conditions, 

in visible and UV-vis light.  

 

 
Figure 2. Fluorescence spectra of CdSe QDs 

synthesized at different conditions as indicated. Peak at 

~600 nm is due to the toluene.  

 
Figure 3. TEM images of quantum dots synthesized in 

the presence of CNHs at (A) 230℃ for 30 minutes and 

(B) at 270℃ for 10 min.  
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 To determine the effect of time on QD shape formation, 

we extended our reaction times. As in the first synthesis, we 

executed the reaction at 230℃ for 30 min, then increased 

temperature to 270℃ and took probes at 10, 20, and 30 

minutes. TEM images for the samples synthesized at 270℃ 

for 20 and 30 minutes are shown in Figure 4. It is clear that 

with an increase in the reaction time, the proportion of 

quantum dot squares relative to other shapes increased.  

 

     
 

Shape analysis of more than 2,000 particles from all 

samples confirmed that an increase of the reaction time 

leads to an increase of the occurrence of quantum dot 

squares relative to other shapes. Table 1 shows the results 

of shape analysis for samples synthesized at 270℃ for 10, 

20, and 30 minutes.  

  

Table 1. Shape distribution of quantum dots synthesized at 

different conditions, [%] 

Time Spheres Triangles Hexagons Squares 

10 min 51 20 7 22 

20 min 29 29 12 30 

30 min 14 13 9 64 

 

We performed control experiments without CNHs 

present in the reaction mixture. Fluorescence spectra of 

resulting quantum dots are shown in Figure 5. We observed 

one distinct peak for the sample synthesized at 230℃ for 30 

minutes (~600 nm). Particles synthesized at 270℃ showed 

three distinct peaks on fluorescence spectra. The first broad 

peak is in the range of 350 nm. The second peak is at ~630 

nm is due to the presence of toluene. The third peak is at 

~680 nm. The first and the third peaks decrease their 

intensity with increase of reaction time from 10 to 40 min. 

This could be due to the increase in size of nanoparticles 

with increase of reaction time. These fluorescence spectra 

differ significantly from the spectra obtained for the 

quantum dots synthesized in the presence of CNHs, 

suggesting the difference in morphology of the particles.  

TEM images of the samples synthesized in the absence 

of CNHs are shown in Figure 6. The synthesis at 230℃ for 

30 minutes resulted in the formation of mostly spherical 

particles. With increase of the temperature to 270℃, 

different shapes where observed. Increase in the reaction 

time led to increase in the occurrence of square quantum 

dots, as in case of the synthesis in the presence of CNHs. 

However, with the reaction controlled at 30 minutes at 

270℃, we were able to achieve more than 90% yield of 

square particles.  

 

    

 
Figure 4. TEM images of quantum dots synthesized in 

the presence of CNHs at 270℃ for (A) 20 minutes and 

(B) 30 minutes.  

 
Figure 5. Fluorescence spectra of quantum dots 

synthesized in the absence of CNHs.  

 
Figure 6. TEM images of samples 

synthesized in the absence of CNHs at (A) 

230 for 30 min, (B) 270℃ - 10 min, (C) 

270℃ - 20 min, (D) 270℃ - 30 min, and 
(E) 270℃ - 40 min. 
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These results demonstrate that CNHs are not a 

requirement for formation of different shapes of CdSe QDs. 

Moreover, we achieved higher yield of squares in the 

absence of CNHs (64% vs. >90%).  

 

4 CONCLUSIONS 
 

We synthesized different shapes of CdSe QDs in the 

presence and absence of CNHs. When CNHs were added to 

the reaction mixture an unusual fluorescence signature was 

recorded for QDs with two distinct peaks. Performing the 

reaction at 230℃ for 30 minutes led to formation of 

spherical particles, while an increase in temperature to 

270℃ led to formation of non-spherical shapes of QDs. An 

increase in the reaction time at 270℃ made square QDs the 

dominant shape with 64% yield for 30 minutes. However, a 

control experiment without the addition of CNHs 

demonstrated the feasibility of formation of non-spherical 

shapes with squares being the most frequently occurring 

structure. Moreover, in the absence of CNHs, the yield of 

squared was increased significantly (>90% for 30 min). 

Thus, we were able to synthesize square quantum dots with 

a yield of more than 90% in the presence of TOP/TOPO 

organic ligands. Thermo-chemical reasons for the formation 

QD squares are not yet understood. The focus of future 

experiments will be to determine the precise conditions for 

formation of various shapes, as well as modeling of their 

growth mechanisms.  
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