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We herein report the synthesis of high quality hexadecylamine (HDA)-capped CdSe nanostructures via a 
facile and effective non-organometallic method. By varying the growth temperature we monitored the 
size, optical properties and morphology of the as-synthesised CdSe nanoparticles. The nanoparticles 
were characterised using UV–vis absorption and photoluminescence (PL) spectroscopy, Fourier trans- 
form infrared spectroscopy (FTIR), x-ray diffraction (XRD), transmission electron spectroscopy (TEM), 
high resolution electron transmission microscopy (HRTEM) and energy dispersive spectroscopy (EDS). 
The nanoparticles obtained were of high quality and monodispersed with high absorption and emission 
features. The emission and absorption maxima of the as-synthesised materials were red-shifted as the 
growth temperature increased indicating increase in particle size. The XRD analysis showed phase 
transition from cubic to hexagonal while the TEM images consist of both spherical and elongated 
particles as the temperature increased from 110 1C to 200 1C. The FTIR spectra confirmed the capping of 
the as-synthesised material by HDA while the EDS confirmed the presence of the corresponding 
elements. 

 

 
 

 

1. Introduction 

 
Semiconductor nanocrystals also known as quantum dots (QD) 

s have attracted tremendous attention and are widely investigated 
due to their unique electronic and chemical properties which are 
attributed to the large surface-to-volume ratio of atoms and their 
reduced dimensions in relation to the excitonic radius of the bulk 
material known as quantum confinement [1–3]. As a result of their 
size dependent emission wavelength, broad large extinction coef- 
ficient and good photo- and chemical stability compare to the 
organic dye they have been regarded as excellent fluorescent 
probe and are useful in many applications such as biological labels, 
electronic displays, diodes, lasers, solar cells, and gas sensors [1– 

5]. Among the various semiconductor nanostructrured materials, 
selenide semiconductors have attracted considerable interest for 
both fundamental research and technical applications. This is due 
to their strong size dependent properties and excellent chemical 
processiblity. Among these selenide materials, cadmium selenide 
(CdSe) a II–VI semiconductor material because of its tunable 
bandgap across the visible spectrum has emerged as one of the 
most promising materials [6,7]. Its unique chemical and electronic 

 
 

 

n Corresponding author. Tel.: þ 27 765110322; fax: þ 27 214603155. 

E-mail address: oluwafemi.oluwatobi@gmail.com (O.S. Oluwafemi). 

properties give rise to its potential use in many applications [8,9]. 
Thus, it continues to generate research interest leading to the 
development of many synthetic approaches. Several methods have 
been reported for the synthesis of high quality CdSe nanoparticles. 
The most popular route is the high temperature pyrolysis of 
dimethylcadmium [Cd(CH3)2], and tri-n-octylphosphine selenide 
(TOPSe) in the presence of tri-n-octylphosphine oxide (TOPO) as 
coordinating solvent [10]. However  Cd(CH3)2 is highly toxic, 
pyrophoric, unstable at room temperature and explosive at high 
temperature. Hence this synthetic route requires very restrictive 
equipments and conditions, which are not suitable for large scale 
synthesis. This drawback has led to several modifications which 
include the use of less toxic and reactive cadmium oxide (CdO), 
replacement of tri-n-octylphosphine oxide (TOPO) with hexylpho- 
sphonic acid (HPA) or tetradecylphosphonic acid as an alternative 
to Cd(CH3)2 in TOPO reported by Peng and Peng [11], the use of 
tributyphosphine (TBP) to coordinate to Se instead of TOP reported 
by Bowen Katari et al. [12] and the use of single source precursor 
pioneered by Trindade and O’Brien [13] to mention a few. How- 
ever most of these modifications involve high injection tempera- 
ture and the presence of additional stabiliser. Moreover the use of 
CdCl2 as the cadmium precursor with these approaches failed to 
give high-quality CdSe nanocrystals, only bulk CdSe is formed 
using this approach. On the other hand, the single source com- 
pounds are still not commercially feasible for large scale synthesis 
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in addition to the fact that the synthesis requires working with 
toxic and noxious selenium compounds such as carbon diselenide. 

As part of the ever growing trend towards minimising the 
chemical hazards to health and environment which usually occur 
during the synthesis and application of nanoparticles, our group 
have reported a new, safe, inexpensive and facile environmentally 
benign route to organically and aqueous soluble CdSe nanoparti- 
cles [14–20]. This synthetic route meets all the criteria for the 
green chemistry as outlined by Murphy [21,22]. In this paper, we 
report on the synthesis and tunablity of the optical properties, size 
and morphology of high quality HDA-capped CdSe nanoparticles, 
by  varying  the  growth  temperature  and  using  CdCl2   as  the 
cadmium precursor. The nanoparticles were characterised using 
UV–vis absorption and photoluminescence (PL) spectroscopy, 
Fourier transform infrared spectroscopy (FTIR), x-ray diffraction 
(XRD), transmission electron spectroscopy (TEM), high resolution 
electron microscopy (HRTEM) and energy dispersive spectroscopy 
(EDS). The results show that increasing the growth temperature 
leads to an increase in particle size with transformation in both 

shape and phases. 
 
 
 

 
2. Materials and methods 

 

Materials: All the chemicals were used as purchased and were 
of analytical grade. Cadmium chloride, sodium borohydride 
(NaBH4), deionised water (HPLC grade), methanol, toluene, tri-n- 
octylphosphine (TOP), hexadecylamine (HDA), were purchased 
from Aldrich and selenium powder was purchased from Merck. 

Synthesis of CdSe nanoparticles: In a typical room temperature 
reaction, 0.32 mmol of selenium powder was mixed with 20 mL of 
deionised water in a three-necked flask. 0.81 mmol of NaBH4 was 
carefully  added  to  this  mixture  under  nitrogen  flow.  After  2 h, 
0.32 mmol of CdCl2 dissolved in 20 mL of deionised water was 
added to the colourless selenium ion solution. This gave a bright 
yellow solution. The solution was stirred for 30 min followed by 
addition of excess methanol. The resultant suspension was then 
centrifuged. The CdSe produced was dispersed in 6 mL TOP and 
after continuous stirring injected into 6 g hot hexadecylamine 
under nitrogen flow. The growth temperature was held at 110 1C 
and the reaction was allowed to continue for 30 min. Addition of 

3. Results and discussion 

 
The overall chemical reaction of the process is represented in 

Scheme 1. 
Growth temperature has a major influence on the particle size, 

growth rate, and luminescent properties. It also affects the growth 
of the shape of the nanoparticles due to competition between the 
kinetic and thermodynamic growth regime [23]. During the whole 
reaction process, the formation of the CdSe nanocrystals can be 
easily identified from the colour change. As the growth tempera- 
ture increases from 110 1C to 200 1C the colour of the solution 
changes from deep yellow to red. This directly indicates the 
formation of different sizes of CdSe nanocrystals. After 30 min 
there was no change in the absorption spectra. This could be 
regarded as the point of ‘maximum’ diameter and as the termina- 
tion of the experiment. 

Optical analysis: The absorption and photoluminescence (PL) 
spectra of the as-synthesised HDA-capped CdSe nanoparticles at 
different growth temperatures are shown in Figs. 1 and 2. All the 
absorption band edges and the emission maxima are blue-shifted 
from the bulk band gap of the material (713 nm; 1.74 eV), clearly 
showing the quantum confinement effect. The absorption and the 
emission maxima are red-shifted as the growth temperature 
increases indicating increase in particles size. The absorption 
band-edges as calculated using the direct band gap method [24] 
are 2.30 eV (540 nm), 2.11 eV (585 nm), and 1.98 eV (625 nm) for 
110 1C, 160 1C and 200 1C growth temperature respectively (Fig. 1). 
The sharp absorption features are indicative of particles with 
narrow size distributions. The sharpness of the excitonic peak 
diminishes slightly as  the growth temperature increases. This 
broadening may be related to the increase in size distribution 
[10,11]. The particle sizes as estimated from the first electronic 
absorption using Yu's calibration data equation [25] are 2.28 nm 
(110 1C), 2.98 nm (160 1C) and 4.58 nm (200 1C). Similar results 
were obtained using the effective mass approximation (EMA) 
model [26]. 

The emission maxima of all the as-synthesised particles at 
different growth temperatures (Fig. 2) are red shifted in relation to 
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4NaBH4  +  2Se + 7H2O 2 hrs N2 
2NaHSe + Na2B4O7     + 14H2      (1) 

Room temperature 
excess anhydrous methanol to the solution resulted in the rever- NaHSe + CdCl2 30mins CdSe + NaCl   +   HCl (2) 

sible flocculation of the nanoparticles. The flocculate was sepa- 
rated  from  the  supernatant  by  centrifugation.  Excess  methanol 

CdSe 
TOP / HDA 

110, 160 & 200 oC, 30 mins 
HDA- capped CdSe (3) 

(yellow – red) 

was removed under vacuum to give HDA-capped CdSe nanopar- 
ticles. The resultant particles were dissolved in toluene to give an 
optically yellowish solution of nanocrystallites for characterisa- 
tion. The process  was  repeated  for  the  growth  temperature 
of 160 and 200 1C. All measurements shown in this paper were 
performed without any post-preparative size separation of 
nanocrystals. 

Characterisation:  A  Perkin  Elmer  Lamda  20  UV–vis  spectro- 
photometer was used to measure the absorption spectra  while 
room temperature photoluminescence (PL) spectra were recorded 
on a Perkin Elmer LS 55 luminescence spectrometer. FTIR spectra 
were measured using a Perkin Elmer FTIR spectrometer with 
universal ATR sampling accessory. XRD measurement of the 
samples were performed using a Bruker aXS D8 advanced dif- 
fractometer and using Cu Kα radiation (λ¼ 1.5406 Å) operated at 
40 kV and 40 mA. A JEOL 2100 TEM operating at 200 kV was used 
for the TEM, HRTEM and selected electron diffraction (SAD). The 
EDS was performed on a Shimadzu SSX-550 superscan SEM/EDS. 
Carbon tape was used to suspend the powdered samples on to the 
machines. 

Scheme 1. Equations for the formation of HDA-capped CdSe nanoparticles. 
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Fig. 1. Absorption spectra of the HDA-capped CdSe nanoparticles  at different 

growth temperatures of (a)110 1C (b) 160 1C and 200 1C after 30 min reaction time. 

b 

c 

a 

A
b

s
o

rb
a
n

c
e
 /
a
.u

 



O.S. Oluwafemi et al. / Materials Letters 123 (2014) 165–168 167 
 
 

1 

0.9 

0.8 

0.7 

0.6 
a  c 

b 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

450 550 650 750 850 

Wavelength / nm 

 

Fig. 2. Photoluminescence spectra of the HDA-capped CdSe nanoparticles at 

different growth temperatures of (a)110 1C (b) 160 1C and 200 1C after 30 min 

reaction time. 
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Fig. 3. XRD pattern of HDA-capped CdSe nanoparticles at different growth 

temperatures of (a) 110 1C (b) 160 1C and (c) 200 1C. 

 
the corresponding absorption maxima and exhibit band-edge 
luminescence for excitation at 400 nm with the particles emitting 
in the green to red window as the growth temperature increased. 
The emission  maxima  are 536 nm, 2.31 eV (110 1C); 588 nm, 
2.11 eV (160 1C) and 632 nm, 1.96 eV (200 1C). The narrow emis- 
sion line widths indicate the growth of the crystallites with few 
electronic defect sites. This is attributed to the efficiency of the 
capping group (HDA) in electronically passivating the surface 
states or defects which are normally associated with semiconduc- 
tor nanoparticles. The fluorescence peak position remained con- 
stant as the excitation wavelength was varied indicating that the 
origin of the emitting state is similar in all species. This observa- 
tion had also been reported by Soloviev et al. [27] and Wageh et al. 
[28] and had been proposed as a strong evidence for the purity of 
the samples. The peak position and intensity did not show any 
detectable change upon ageing in air after nine months, confirm- 
ing the stability of these materials and effective passivation by the 
capping ligand. 

Structural analysis: Fig. 3 shows the XRD pattern for the HDA- 
capped CdSe nanoparticles synthesised at different growth tem- 
peratures. The results show a phase transition from cubic to 
hexagonal as the growth temperature increases. This might be 
attributed to the faster growth rate that normally occurs at high 
temperatures. The results are in accordance with the previous 
report that, the thermodynamically-stable wurtzite phase is 
achieved at higher temperature, at which thermodynamics, rather 
than the reaction kinetics, governs the crystal growth [10,29–31]. 
The broad nature of the XRD peaks could be attributed to the 
nanocrystalline nature of the CdSe particles. The (110), (103) 
and (112) planes of wurtzite CdSe become more resolved as the 
temperature is increased. 

The TEM images of the as-synthesised HDA-capped CdSe nano- 
particles synthesised at different growth temperatures (Fig. 4) 
show well-defined, monodispersed particles consisting of both 
spherical and elongated particles. The presence of the elongated 
nanoparticles is pronounced at higher temperature. At 110 1C, the 

 

 
Fig. 4. The TEM images of the had-capped CdSe at (a) 110 1C (b) 160 1C and (c) 200 1C (d) the HRTEM image at 200 1C (inlet: SAD). 
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image consist of small, sparsely dispersed spherical particles while 
at 160 1C, the image consist of closely arranged small spherical 
particles. The TEM images obtained at 200 1C (Fig. 3C) consist 
mostly of rod-shaped particles of low aspect ratio (I), dot shaped 
particles (II) and a small percentage of multi-armed rods (III). The 
presence of the elongated particles at 200 1C could be attributed to 
the phenomenon of oriented attachment or self-assembly, due to 
dipole–dipole interactions between the highly charged surface of 
II–VI semiconductor nanocrystals [32,33]. This interaction is not 
very strong at 160 1C thus the materials appeared closely packed. 
Similar observations had been reported by  Jun  and  co-workers 
[34] for CdS nanoparticles. The high resolution electron micro- 
scopy (HRTEM) images of the as-synthesised CdSe nanoparticles 
confirmed their crystalline nature. A representative HRTEM image 
of the CdSe nanoparticles at 200 1C shows clearly the existence of 
lattice planes, confirming the crystallinity of the nanoparticles. The 
selected area diffraction (SAD) pattern consists of distinct rings, 
which further support the crystallinity of the particle (Fig.  4d 
inlet). The pattern can be indexed to hexagonal CdSe. The IR 
spectra of the HDA-capped CdSe nanoparticles show bands that 
are shifted to higher frequencies when compared to the free 
ligand. This shift has been reported for amines bound to CdSe 
[15] and may be associated with the coordination of the capping 
group (HDA) to the surface of the CdSe nanoparticles. The EDS 
measurement confirms the presence of Cd, Se, P and N in the 
as-synthesised  sample. 

 

4. Conclusion 

 
We have reported a facile, inexpensive and environmentally 

benign non-organometallic route for the synthesis and tunability 
of the optical and structural properties of high quality HDA-capped 
CdSe nanoparticles. By varying the growth temperature, size, 
optical and morphology of the as-synthesised HDA-capped CdSe 
nanoparticles were monitored. All the particles show quantum 
confinement with increase in particles size as the growth tem- 
perature increased, with the particle emitting from green to red 
region. The structural analysis shows the transformation from 
spherical to elongated particles and cubic to hexagonal phases as 
the growth temperature increases. The EDS confirmed the pre- 
sence of the corresponding elements. The synthetic route is 
simple, reproducible and promising for the large scale produc- 
tion of highly luminescent CdSe nanoparticles for applications 
purposes. 
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