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APRESENTAÇÃO

A engenharia de materiais, se tornou um dos grandes pilares da revolução 
técnica industrial, devido a necessidade de desenvolvimento de novos materiais, 
que apresentem melhores características e propriedades físico-químicas. Grandes 
empresas e centros de pesquisa investem maciçamente em setores de P&D a fim de 
tornarem seus produtos e suas tecnologias mais competitivas.

Destaca-se que a área de material compreende três grandes grupos, a dos 
metais, das cerâmicas e dos polímeros, sendo que cada um deles tem sua importância 
na geração de tecnologia e no desenvolvimento dos produtos. Aliar os conhecimentos 
pré-existentes com novas tecnologias é um dos grandes desafios da nova engenharia.

Neste livro são explorados trabalhos teóricos e práticos, relacionados as áreas 
de materiais, dando um panorama dos assuntos em pesquisa atualmente. Apresenta 
capítulos relacionados ao desenvolvimento de novos materiais, com aplicações nos 
mais diversos ramos da ciência, bem como assuntos relacionados a melhoria em 
processos e produtos já existentes, buscando uma melhoria e a redução dos custos.

De abordagem objetiva, a obra se mostra de grande relevância para graduandos, 
alunos de pós-graduação, docentes e profissionais, apresentando temáticas e 
metodologias diversificadas, em situações reais.

Boa leitura!

Henrique Ajuz Holzmann
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CAPÍTULO 15

OPTICAL AND ELECTROCHEMICAL PROPIERTIES 
IN CdSe/CdTe AND CdSe/CdTe NANOCRYSTALS 

PREPARED BY AQUEOUS SYNTHESIS
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Ituiutaba - Minas Gerais
http://lattes.cnpq.br/5525892544166668

Miguel Angel González Balanta
Universidade Federal de Uberlândia - ICENP

Ituiutaba - Minas Gerais
http://lattes.cnpq.br/8441780324518328

Silvio José Prado
Universidade Federal de Uberlândia- ICENP

Ituiutaba - Minas Gerais
http://lattes.cnpq.br/8959531982450123

Pablo Henrique Menezes
Universidade Federal de Uberlândia- ICENP

Ituiutaba - Minas Gerais
http://lattes.cnpq.br/4265919709226150

Lauro Antonio Pradela Filho
Universidade Federal de Uberlândia- ICENP

Ituiutaba - Minas Gerais
http://lattes.cnpq.br/2528349851496767

Victor Ciro Solano Reynoso
Universidade Estadual Paulista – Faculdade de 

Engenharia.
Ilha Solteira - São Paulo.

http://lattes.cnpq.br/9800039813867116

ABSTRACT: Colloidal semiconductor 
nanocrystals have attracted attention due to 
their great potentials in sensors, diagnostic 
imaging, biomarkers and so forth. In this work, 
we have investigated the synthesis and optical 
and electrochemical properties of the CdTe/
CdSe(CdSe/CdTe) core/shell semiconductor 
nanocrystal synthesized in aqueous colloidal 
solution. The CdTe(CdSe) cores were firstly 
synthesized in ultrapure water. Afterward, 2 mL 
of freshly prepared oxygen-free NaHSe(NaHTe) 
solution was injected rapidly under vigorous 
stirring. The reaction mixture was then refluxed 
until the completion of the shell at the desired 
shell thickness. Aliquots of the sample were 
taken at 60, 90, 210, 270 min and used to record 
their optical properties. The UV-Vis absorption 
spectra were measured at room temperature in 
the range from 300 to 700 nm. The absorption 
peaks were observed between 526-542 nm. 
The quantum confinement effect was reinforced 
with cyclic voltammetry measurements. Both 
photoluminescence and cyclic voltammetry 
measurements revealed that CdTe/CdSe 
nanocrystals size increasing when the refluxing 
time increased from 2.86 nm for CdTe core to 
3.08 nm for sample refluxing by 270 min. The 
shell thickness increasing from 0.9 to 1.2 nm. 
The surface quality is also studied from both 
techniques, and our results showed a significant 
improvement in surface quality as dangling 
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bonds are eliminated by increasing the shell thickness. Finally, the theoretical study 
of energy levels using the Kane-Weiler method k•p 8 x 8 showed agreement with the 
CdTe/CdSe nanocrystals absorption measurements.
KEYWORDS: Nanocrystals, core/shell, CdTe/CdSe, Colloidal synthesis

PROPRIEDADES ÓPTICAS E ELETROQUÍMICAS EM NANOCRISTAIS DE CdSe/
CdTe E CDSE/CDTE PREPARADOS POR SÍNTESES AQUOSA

RESUMO: Nanocristais semicondutores coloidais tem atraído muita atenção devido 
ao seu grande potencial para aplicações em sensores, diagnóstico por imagens, 
biomarcadores, etc. Neste trabalho, foi estudado a sínteses e as propriedades ópticas 
e eletroquímicas de nanocristais semicondutores do tipo núcleo-casca de CdTe/
CdSe(CdSe/CdTe) sintetizados em solução coloidal aquosa. Inicialmente sintetizou-
se núcleos de CdTe(CdSe) em água ultrapura. Posteriormente, 2 mL de uma solução 
de NaHSe(NaHTe) previamente preparada livre de oxigênio foi injetado rapidamente 
sob agitação para a formação da casca de CdSe(CdTe). A mistura da reação foi 
então submetida a refluxo até adquirir a espessura desejada da casca. Alíquotas 
da amostra foram retiradas após 60, 90, 210, 270 min e usadas para estudar suas 
propriedades ópticas. Os espectros de absorção UV-Vis foram medidos na faixa de 
300 a 700 nm à temperatura ambiente. Picos de absorção foram observados entre 
526-542 nm.  As medidas de absorção confirmaram o efeito do confinamento quântico. 
A fotoluminescência e as medidas de voltametria cíclica revelaram que o tamanho 
dos nanocristais de CdTe/CdSe aumentaram com o tempo de refluxo.  Observou-se 
que o núcleo de CdTe aumentou de 2,86 nm para 3,08 nm na amostra em refluxo 
por 270 min. Por sua vez, a espessura da casca aumentou de 0,9 nm a 1,2 nm. Alem 
disso a qualidade da superfície também foi estudada a partir de ambas as técnicas; 
os resultados mostraram uma melhora significativa na qualidade da superfície, uma 
vez que a ligações erradas foram eliminadas pelo aumento da espessura da casca. 
Finalmente, o estudo teórico dos níveis de energias usando o método k•p 8 x 8 de 
Kane-Weiler mostrou concordância com as medidas de absorção dos nanocristais de 
CdTe/CdSe.
PALAVRAS-CHAVE: Nanocristais, núcleo/casca, CdTe/CdSe, síntese coloidal.

1 |  INTRODUCTION 

Semiconductor nanocrystals have attracted much attention due to their unique 
optical and electronic properties and potential applications in nanolasers, biomarkers, 
and photovoltaic, etc. (BRUCHEZ et al., 1998; PIETRYGA et al., 2016). Great efforts 
have been directed to optimize the synthesis, size and shape control; and understand 
the physics of nanostructured semiconductor nanocrystals (ROGACH et al., 2008; 
SMITH et al., 2010). Currently, these materials are prepared in different configurations, 
for example, the heterostructure core/shell where the nanocrystal is composed of two 
different semiconductors material (EMBDEN et al., 2007; REISS et al., 2009). These 
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nanostructures differ in the location of the charge carriers and may be of type I or type 
II (HINES et al., 1996). In type I, electrons and holes are confined in the core, in type 
II, electrons and holes are spatially separated from the core and the shell. In this work, 
we show the results of the CdTe/CdSe and CdSe/CdTe heterostructures synthesis 
and their optical and electrochemical properties. In CdTe/CdSe heterostructures the 
hole is located predominantly in the CdTe core, while the electron is in shell CdSe; 
and CdSe/CdTe heterostructures, the location of the charge carriers is opposite, the 
electron in the CdSe core and the hole in the shell (KIM et al., 2003). Varying the size 
of these nanocrystals is possible to control the charge separation processes and have 
access to wavelengths that would otherwise be unavailable with a single material, and 
independently control the lifetime of electron-hole pair and the extinction coefficient. 
These materials could find potential application in photovoltaic devices, including 
solar cells and photodetectors by reducing the voltage applied to convert the excitons 
into free charge carriers (HANGARTER et al., 2013; KARTOPU et al., 2019); and 
fluorescent probes in the near-infrared region for diagnostic imaging, image biology, 
and even for new therapeutic approaches due to the low background fluorescence and 
high penetration of emission in the near-infrared (ZHAO et al., 2018).

2 |  MATERIAL AND METHODS 

The synthesis process was performed in two steps. First, CdTe or CdSe cores 
were synthesized injecting the (NaHTe) tellurium or (NaHSe) selenium ions precursor 
solution in a three-necked reactor containing the CdCl2.2H2O solution and thioglycolic 
acid (TGA) dissolved in ultrapure water. The molar ratio Cd2+: NaHTe(Se): TGA was 
1: 0.5: 2 and pH=10.5. The resulting solution was held at reflux for 75 min in the case 
of CdSe core and 90 min for CdTe core. The whole process was conducted under an 
inert atmosphere and constant stirring. In the second step, we synthesized the layer 
coating on the core. For this, the core was dispersed in a new CdCl2.2H2O and TGA 
solution. This solution was put under reflux for 30 min on constant stirring and then, the 
temperature was lowered to 55°C without stopping stirring. At this temperature a new 
solution of NaHTe or NaHSe, depending on the type of coating, was injected. Finally, 
the solution was held at reflux to promote the epitaxial growth of the coating. Aliquots 
of the solution were removed at different time intervals to study the properties of the 
material obtained. all process was conducted in inert atmosphere. To study the optical 
properties, absorption spectra were recorded with a Shimadzu UV-Vis-NIR 3500 and 
photoluminescence measurements were performed on Shimadzu spectrofluorometer 
(RF5301PC). Electrochemical studies were carried out in a standard three-electrode 
cell containing Ag/AgCl as the reference electrode, a platinum electrode and a glassy 
carbon electrode as a working electrode. Cyclic voltammetry studies were performed 
at a scan rate of 0.1 V/s in a potential range of -1.6 to 1.6V.
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3 |  RESULTS AND DISCUSSION

The absorption and photoluminescence spectra of CdTe nanocrystals are shown 
in Figure 1a. The absorption band shows the quantum confi nement effect and sizes 
dispersion of the CdTe nanocrystals. These were used as the core in the core/shell 
heterostructure. The size of the CdTe core could be estimated at 1.88 nm (λ = 450 nm) 
using the absorption peak position and the effective mass model. In Figure 1b PL peak 
position of the core and fi rst aliquot removal, 15 min after injection NaHSe solution to 
form the CdSe shell on CdTe cores are compared. The peak shifts from 528 nm to 548 
nm, indicating the increased size of the nanocrystals and the heterogeneous nucleation 
process, that gives rise to the core /shell structure formation.

Fig.1a. Absorption (blue line) and 
PL spectrum (red line) for CdTe 

nanocrystals (core)

Fig.1b. PL spectrum for CdTe nanocrystals 
(black line) and for CdTe/CdSe 

heterostructure (red line)

Figure 2a shows the absorption spectrum for the different CdTe/CdSe aliquots. 
The absorption spectrum of all samples is characterized by broadband without a clear 
defi nition of the absorption peak, this result suggests a formation of nanocrystals 
families with a dispersed size distribution. In Figure 2b is showed the PL spectra for 
core/shell structure with increasing refl uxing time. The PL intensity increases for the 
fi rst three aliquots and then decreases considerably in the following aliquots. The 
increasing intensity can be explained considering that until the fi rst 90 min of refl uxing 
a thin CdSe shell on the CdTe cores is formed. The thin CdSe shell that forms early 
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in the process, improve surface quality by eliminating dangling bond and completing 
some empty sites; and therefore, refi ning PL intensity. By increasing the CdSe shell 
thickness, the indirect transition that occurs by typical exciton formation in the core/
shell structure decreasing the intensity of the PL. Therefore, increasing the thickness 
of the CdSe layer, decreases the PL in the CdTe/CdSe heterostructure. 

Fig.2a.  Absorption spectra for CdTe/CdSe 
heterostructure in relation with the refl ux 

time. 

Fig.2b. PL spectra for CdTe/CdSe 
heterostructure in function of the refl ux time.

Table 1 shows a summary of the optical properties of CdTe/CdSe heterostructure. 
The theoretical calculations result of the optical absorption peak energies is presented 
in the last column of Table 1.

Heterostructure Rfl x t 
(min)

λABS
(nm)

R (nm) Eg-Exp 
(eV)

Thic - S 
(nm)

Eg-Thr 
(eV)

CdTe/CdSe
RC= 1.88 nm

(495 nm)

15 525 2.26 2.36 0.38 2.36
60 526 2.26 2.35 0.38 2.36
90 531 2.29 2.33 0.41 2.32

210 536 2.32 2.31 0.44 2.28
270 542 2.36 2.28 0.48 2.23

Table 1. Parameters obtained from absorption and emission spectra and theoretical calculations 
for CdTe/CdSe heterostructure

RC: Core radius, Rfl x t: Refl ux time, λABS: absorption peak wavelengths R: Nanocrystal 
radius, Eg-Exp: Optical Gap, Thic-S: Thickness of the shell, Eg-Thr: Gap obtained from the k.p 

theoretical calculations.
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These values were obtained using the Kane-Weiler method k•p 8x8 (PRADO 
et al., 2003), where initially the energy levels of the conduction and valence bands 
were calculated and from this calculation, the absorption energy peaks were obtained. 
Finally, we compare the theoretical absorption peak energies with the experimental 
values, as exposed in table 1, both theoretical and experimental results are in good 
agreement. 

The CdSe/CdTe heterostructure absorption spectrum for all the aliquots is showed 
in Figure 3a. The shape of the broadband centered ~ 510 nm is a typical characteristic 
of the type II core/shell heterostructures.  The absorption peak position varies from 
504 nm to 521 nm indicating the increasing size of nanocrystal.  Figure 3b shows the 
PL spectrum for CdSe/CdTe core/shell structure. Typical behavior of PL for this type of 
heterostructure is observed, the PL intensity decreases with increasing the thickness of 
semiconductor material on the shell. This behavior is a consequence of the relocation 
of the charge carriers and increases coating around the core. 

Fig. 3a.  Absorption spectra for CdSe/CdTe 
heterostructure in relation with the refl ux time

Fig.3b. PL spectra for CdSe/CdTe 
heterostructure in relation with the refl ux 

time

In Figure 4 normalized PL spectrum for CdSe nucleus and CdSe/CdTe 
heterostructure aliquots is showed. 
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FIG. 4   Normalized PL spectra for core CdSe and CdSe/CdTe heterostructure.

Is observed that the PL peak shifts with the increased size of the nanocrystals, 
however, just for the fi rst aliquot a blue shift was observed in relation with the PL peak 
associated with the CdSe nucleus. This behavior is because at the initial stage (fi rst 
15 min refl ux) before the consolidation of the CdTe shell, CdSe(1-x)Tex structures are 
formed around the CdSe core, these structures are characterized by producing the 
displacement for blue emission peak. It was also noted that after this time the thickness 
of the CdTe shell and deterioration of the PL intensity increased. Table 2 shows a 
summary of the optical properties of CdSe/CdTe heterostructure

Heterostructure Rfl x t
(min)

λABS
(nm)

R
(nm)

Eg-Exp 
(eV)

Thic – S
(nm)

CdSe/CdTe
RC = 2.54 nm

(500 nm)

15 504 2.62 2.36 0.04
30 511 2.69 2.35 0.11
60 516 2.75 2.33 0.17
90 521 2.81 2.28 0.23

Table 2. Parameters obtained from absorption and emission spectra for CdSe/CdTe 
heterostructure

RC: Core radius, Rfl x t: Refl ux time, λABS: absorption peak wavelengths R: Nanocrystal radius, 
Eg-Exp: Optical Gap, Thic-S: Thickness of the shell.

The electrochemical experiments were carried out using potentiostat AUTOLAB 
PGSTAT 204 (Metrohm Autolab, Utrecht, Netherlands) equipped with a personal 
computer for data storage and processing. Cyclic voltammetry (CV) was performed in 
a conventional three-electrode cell with 10 mL of supporting electrolyte. Glassy carbon 
electrode was used as a working electrode, Ag/AgCl/KClsat as reference electrode 
and a 0.5 mm diameter platinum wire as the auxiliary electrode. All electrochemical 
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measurements were performed in phosphate buffer (27 °C) at 0.1 V/s. 

Fig. 5a. Cyclic voltammograms for CdSe/CdTe heterostructure

Figure 5a and 5b show cyclic voltammograms recorded with CdSe/CdTe and 
CdTe/CdSe respectively. In a typical CV measurement of nanocrystals, the oxidation of 
the nanocrystals provides an anodic peak, which corresponds to the abstraction of an 
electron from the valence band (VB), while reduction of the nanocrystals, corresponding 
to the addition of an electron to the conduction band (CB), provides a cathodic peak. 
As the size of the nanocrystal decreases, the cathodic and anodic peaks are expected 
to shift toward more negative and positive potentials respectively. Thus, the size of the 
quantization effect can readily be confi rmed. In the present investigation, the charge 
transfer can be viewed as a formation of the noninteracting electron-hole pair. The 
potential difference between cathodic and anodic peaks is correlated to the single-
particle or quasi-particle gap. The peak separation observed in Figure 5a for the sample 
refl uxed at 90 min (CdSe/CdTe) was 2.38 eV, which is consistent with the optical gap 
since the difference between the values was only 4%.
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Fig, 5b . Cyclic voltammograms for CdTe/CdSe heterostructure

From Figure 5b, it was also calculated the peak separation for the sample refl uxed 
at 270 min (CdTe/CdSe) and the value was 2.56 eV, which corresponds only to 12% 
of difference compared to optical gap. Therefore, these results confi rm that the band 
structure parameters determined from CV measurements are in good agreement with 
the values obtained from UV-Vis spectroscopy, showing great reliability between the 
techniques.

4 |  CONCLUSIONS

We have synthesized CdTe /CdSe and CdSe /CdTe semiconductor nanocrystals 
in colloidal solution. We observed that in nanocrystals with CdTe/CdSe heterostructure 
the developing of the thin CdSe shell improves the surface, optimizing the PL. In these 
heterostructures, the radius increase of 1.88 nm to 2.36 nm after 270 min refl ux and 
the maximum thickness of the shell was 0.48 nm. On the other hand, In the nanocrystal 
with CdSe/CdTe heterostructure, the radius increase of 2.54 nm to 2.81 nm after 90 
min of refl ux and the maximum thickness of the shell was 0.23 nm. Finally, we have 
verifi ed that the nanostructuring process of CdSe/CdTe nanocrystals starts with the 
formation of alloy Ternary CdSe(1-x) Tex.
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