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Abstract: In this paper, we have interest in the CdSe (cadmium selenide) semiconductor due to their physical and optical properties
that depend on their morphology and size, as well as their possible applications in electronic and optoelectronic fields, for example,
in the fabrication of solar cells or nanotransistors. For this reason, we synthetized nanoparticles of CdSe using the colloidal method,
and varied the pH value: 8 to 12, to know the effect of pH on the samples. The nanoparticles were characterized using the SEM
(scanning electron microscope) and STM (scanning tunneling microscope) to know the morphology and electronic cloud on the
surface of the samples. In each case, we found different sizes (from 6 to 11.5 nm) and shapes as filaments (fibbers), bars and spheres

of CdSe nanoparticles and the 3D-FFT was obtained too.
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Nomenclatures

nm: nanometer

pum: micrometer

dm: the shorter diameter
DM: the largest diameter
I: current

V: voltage

1. Introduction

The nanostructured materials of II-VI group have
attracted great interest due to theirs optical and
electrical properties which depend strongly on their
size. This is the case of CdSe (cadmium selenide),
where their physical properties (electrical and optical)
are better when it is synthesized in nanometric scales
which behavior like a quantum dot [1-7].

The CdSe nanocrystals are undoubtedly the most
studied due to their tunable emission in the visible
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range, and the advances in the different techniques of
its preparation, the possible uses in industrial and
biomedical applications and in other research areas
make it a very promising material [2, 8-11]. This
material is a N-type semiconductor with a direct band
gap of 1.74 eV and shows two crystalline phases:
hexagonal and cubic [12-16].

Among the existing different techniques to
characterizer a material, in this paper we used the SEM
(scanning electron microscope, developed in 1928)
because it is an instrument available to analyze the
morphology of samples. Another is the STM (scanning
tunneling microscope), that determines the electronic
structure  (charge density) of conductors and
semiconductors with the objective to know the
physical properties of the samples [17-19].

In 1982, Binning and Rohrer [20] published for first
time images with resolution atomic of Au (110) and Si
(111) surfaces obtained from STM showing the great

potential of this microscope, in 1989 Feenstra [21]
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used the same technique to study the optical properties
of gold on the GaAs (110) surface. But in specific with
the CdSe nanoparticles, many images obtained from
STM did not exist. Recently, the study of nanoparticles
of CdSe had been
spectroscopy STM showing images of the charge
density and the differential conductance (dI/dV) that
has correspondence to the DOS (density of states) of

through microscopy and

the nanocrystals and thus their conduction and valence
band edges, respectively, but the spectra is the most
used to know their optical properties but not physical
[17,22-24].

In this work, we show different micrographs of CdSe
nanostructured using SEM and STM, showing the
physical properties of the CdSe.

2. Experimental Setup

The nanoparticles of CdSe were synthesized
through a colloidal method using cadmium chloride
(CdCl1,22.5H,0) as a cadmium precursor, selenium
(Se), sodium borohydride (NaBH,), hydrochloric acid
(HCl) and pentasodium tripolyphosphate (called
Extran, 2 mL) as surfactant to regulate the pH in
solution. The growth of the CdSe nanoparticles was
under the following conditions: 15 min of reaction
time to obtain the Cd*" ions (CdCl,¢2.5H,0 + Extran)
and 13 min to Se” ions (Se + NaBH,), molar
concentration 1:1:2 of Cd, Se and NaBH, respectively;
the temperature in solutions must be 75 °C for Se”
and room temperature for Cd>" for each different pH
value (8 to 12, increasing one by one). Both solutions
are mixed for 30 min to create the CdSe nanoparticles
and a clean process was made repeating several rinses
with deionized water and HCI for 15 min, all in
constant stirring.

The samples obtained were characterized using the
SEM and STM with the objective to measure the size
and observe the shape of the particles as well as to
know different physical aspects of the surface
morphology. The SEM (Jeol JSM-65101V) uses a

thermal emission source, such as a heated tungsten

filament to produce electrons, these are focused into a
small beam by a series of electromagnetic lenses into
the SEM column, the electrons of the beam interact
with the sample surface producing various signals,
like secondary electrons, backscattered electrons and
others, these are recorded for an electron detector
forming an image that can be used to obtain
information about the external morphology (texture).
The STM (Nanosurf easy Scan 2 STM) has a metallic
tip (Platinum-Iridium) of 4 mm long; it does a scan on
the surface applying a potential difference between it
and the sample. When an STM tip approaches a
conducting substrate, without touching it, the
electrons are presented with an energy barrier between
the tip and substrate. The barrier can be broken by
applying a tunneling current (I) that is generated by a
voltage (V) between the tip and the surface sample
which is controlled using the STM software. It is
possible to chance the distance in x-, y-, and
z-direction too and the images obtained are in
nanometric scales, as well, we could obtain the profile

of the samples.

3. Experimental Results

The SEM micrographs show the morphological
changes on the surfaces from the samples with different
pH values (8 to 12), forming filaments (fibbers) and
bars (both with different length sizes), and spheres.

At the sample with pH = 8 (Fig. 1a) we can see the
formation of long filaments, greater than 10 um, but
with a diameter in tens of nm, when it was grown with
pH = 9, 10 and 11 (Figs. 1b-1d respectively), the
tendency was to form little rectangular bars with
different long sizes between 0.5 and 2 um, when the pH
= 12 we obtained spheres with a diameter from 0.5 to
1.3 um (Fig. le).

The images show the change in the morphology on
the surface at the process grown ending. It can be
attributed to the pH value, since the potential that
exists between the atoms is affected by this parameter,
making that the lattice parameter as well as crystalline
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structure of system can be modified. In the solution,
the pH affects the solubility and precipitation of
nanoparticles forming different sizes and shapes; in
this work we observed that the nanoparticle size
decreases when the pH is higher. In other elements the
behaviour is similar, for example in the synthesis of
Ag nanoparticles [25, 26], but in some compounds
from the II-VI family it is the opposite effect, mostly
the particle size tends to increase when the pH is
higher, such as the zinc oxide (ZnO) or zinc sulphide
(ZnS) [27, 28].

To know the shape and size of the electronic cloud
on the nanoparticles at different pH values the
micrographs were obtained from the samples using the
STM. From these, the formation of circular bars and
semi-spheres were observed, however, the size and
shape of them are different for each pH value. The
tendency of those is to decrease in size when the pH
value increases. For example, in the case of pH = 8
(Fig. 2a) the particles were measured on average 11.54
nm, while at pH = 10 (Fig. 2b) it is measured 7.51 nm
approximately, see Table 1.

The different shapes and sizes of nanoparticles
depend on pH wvalue that acts strongly in the
nucleation and grown process of the system [29-31],
i.e., having a pH = 8 larger nanoparticles were formed,
compared with the other values in which the particle
size decreases (Table 1). It is because a higher pH
value does not permit that the nucleation process is
favored.

“‘?W £ o d':"A-

Fig. 1 SEM micrographs of CdSe nanostructured at different pH values. (a) pH =8, (b) pH =9, (¢) pH =10, (d) pH =11 and
(e) pH =12.

Another effect observed in the STM micrographs
was the presence of luminescence dots (Fig. 3) on the
surface of the sample with pH = 9 (using a potential of
-1.4 V on it).

That effect has not been observed before for CdSe
and, according to the literature [32, 33], these
phenomena can be attributed to the interaction that
exists between applied potential by the STM tip and p
orbital corresponding to Se. In the initial process,
when the pH is regulated in the solution, some of the
Cd ions are joint with OH ions forming Cd-OH, due
to its same orbital type (S) and because the hydroxyl
jons accept protons or positive ions from Cd*". When
the Se ions (p orbital) are added, the OH ions are
replaced by these forming CdSe, but some of them fail
to place themselves in those places and remain free, it
was recorder like luminescence dots in the STM
micrographs (Fig. 4).

This effect is not seen in all regions on the surface
due to the form and orientation of the nanoparticles
and neither in all samples, an excess of H atoms
inhibits this effect. The pH value affects mainly the
particle size and is notable on the surface of the
samples.

To know the particle size and to be able to quantify
them, the profile was obtained in different areas on the
surface of the micrograph determining an average of
them.

However, in those profiles few perturbations exist
in the curves which were removed by smoothing using



Fig. 2 STM micrographs CdSe. (a) pH =8, (b) pH = 10.

Table 1 Average size of CdSe for different pH values.
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pH DM (nm) dm (nm)

8 11.54 £ 1.03 6.07 £ 0.55
9 10.1 £0.65 571+04
10 7.51+£0.48 5.09 +0.38
11 6.04 £ 0.47 438+04
12 6.90 = 0.58 4.05+0.38

Fig. 3 STM micrographs of CdSe with pH = 9. The narrows in the image identify some of the luminescence dots.
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Fig. 5 Profile of the CdSe micrographs corresponding to

the WSxXxM software, these perturbations are high
frequency noise that are easily recorded by the
microscope [34, 35], represented like a defect on the
surface of the samples.

From the micrographs in Figs. 2a and 2b, we show
the surface profile (Fig. 5) to notice the periodicity on
the surfaces of the samples, from them it was possible
to measure the larger and smaller diameter, recording
the following data (Table 1):

(a) pH = 8 and (b) pH = 10, where DM and dm represent the
largest diameter along the length and width of the particle respectively. The profiles of 9, 11 and 12 have a similar behavior.

With the data shown in Fig. 6, taking the pH = 8
values as a reference, we can see the changes in the
size for different pH values, i.e. the size of it is smaller
when the pH value increases, nevertheless, in the case
with pH = 12 the particle size increases only in larger
diameter, because the pH affects the nucleation and
the grown process.

To know if the micrographs correspond to periodic

arrangement system it was necessary to obtain the FFT
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Fig. 6 Larger and smaller diameter size variation in function of pH values.

Fig. 7 3D-FFT of CdSe micrographs. (a) pH =8 and (b) pH = 10.
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(Fast Fourier Transform) of each one of them, where
identified which
correspond to cubic crystalline structure [36, 37]. The

two scattering centres were
FFT spectra in 3D were obtained from the samples
with pH = 8 and pH = 10, in both cases, two peaks
appear with high intensity due to most of the elements
scatters in one direction, which implies that the system
is most crystalline, thus showing the periodicity of the
system. In Fig. 7, the pH = 8 peaks are thinner than
pH = 10, showing that to increase the pH the
periodicity into the system is losing.

According to the behaviour of the spectra found we
conclude that the effect of pH is to favour the cubic
crystalline phase in the material. It had been working
with the characterization and analysis of the samples
using XRD (X-ray diffraction) and HRTEM
(high-resolution transmission electron microscope)

[37].
4. Conclusions

The SEM micrographs obtained showed the grown
of nanoparticles to form fibers, bars or hemispheres of
different sizes, it depends strongly on the pH value.

STM confirms the formation of nanostructured
CdSe of different nanoparticles sizes, which was
modified when the pH changed in the synthesis
process, they are small at higher pH value, with a
maximum size of grain at pH = 8 and minimum at pH
=11.
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