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RESUMO 
 
 Introdução: Os materiais compósitos permitem modular as propriedades dos materiais de origem e 
expandir o seu potencial tecnológico. Nesse sentido, materiais compósitos feitos de eletrólitos sólidos 
biopoliméricos e óxido de grafeno podem ser uma alternativa atraente para aplicações em eletrônica orgânica 
devido às suas propriedades eletroquímicas. Objetivo: O presente trabalho tem como objetivo avaliar o 
comportamento eletroquímico de um material compósito constituído de eletrólito sólido biopolimérico de amido 
de mandioca e óxido de grafeno em diferentes concentrações para determinar o efeito dessa concentração e do 
pH utilizado no processo de produção. Métodos: O material compósito foi feito a partir da utilização de amido de 
mandioca plastificado com glicerol, glutaraldeído, polietilenoglicol e com perclorato de lítio como eletrólito. 
Durante o processo de síntese, óxido de grafeno foi adicionado em diferentes concentrações (0, 0,25, 0,50, 1,00, 
1,25, 1,50 e 1,75 %p/p) para avaliar o efeito da concentração deste componente. A síntese foi realizada por 
método termoquímico com aquecimento constante em estufa a 75 ° C por 48 horas. Os filmes foram preparados 
usando soluções de síntese em diferentes pH (5,0 e 9,0). O pH foi regulado pela adição de HCl ou NaOH à 
solução de síntese, conforme apropriado. Resultados e Discussão: Os resultados mostraram que os filmes de 
eletrólito sólido biopolimérico de amido de mandioca sem plastificantes eram rígidos e quebradiços, portanto, 
quebravam facilmente. Os filmes com plastificantes e os filmes de material compósito foram estáveis ao 
tracionamento manual, permitindo sua fácil manipulação sem quebrar. Os filmes apresentaram comportamento 
eletroquímico semelhante em termos de processos de redução de óxido, porém os filmes com óxido de grafeno 
apresentaram sinais com maiores correntes de pico. Filmes feitos em pH 9,0 mostraram 50% mais intensidade 
nas correntes de pico. A adição de óxido de grafeno afetou os parâmetros de corrente e potenciais de pico, sendo 
mais marcante nos filmes preparados em pH 9,0, neste pH os filmes com concentrações de óxido de grafeno 

menores que 1%p/p apresentaram Ep e Ip variáveis, enquanto que nas concentrações de óxido de grafeno maior 

que 1.00 %p/p, o comportamento não apresentou variações significativas. Conclusões: A adição de óxido de 

grafeno modula ou modifica o comportamento eletroquímico de filmes eletrolíticos sólidos biopoliméricos de 
amido de mandioca e o pH de processamento pode variar o efeito da adição de óxido de grafeno. 

 
Palavras-chave: Óxido de grafeno, voltametria cíclica, mandioca, eletrólito de biopolímero sólido, amido. 
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ABSTRACT 
 
 Background: Composite materials make it possible to modulate the properties of the source materials 
and expand their technological potential. In this sense, composite materials made from solid biopolymeric 
electrolytes and graphene oxide can be an attractive alternative for applications in organic electronics due to their 
electrochemical properties. Aim: The present work aims to evaluate the electrochemical behavior of a composite 
material made of solid biopolymeric electrolyte of cassava starch and graphene oxide at different concentrations 
to determine the effect of this concentration and the pH used in the production process. Methods: The composite 
material was made from the use of cassava starch plasticized with glycerol, glutaraldehyde, polyethylene glycol 
and with lithium perchlorate as electrolytes. During the synthesis process, graphene oxide was added in different 
concentrations (0, 0.25, 0.50, 1.00, 1.25, 1.50, and 1.75 %w/w) to evaluate the effect of the concentration of this 
component. The synthesis was carried out by thermochemical method with constant heating in an oven at 75 ° C 
for 48 hours. Films were prepared using synthesis solutions at different pH (5.0 and 9.0). The pH was regulated 
by adding HCl or NaOH to the synthesis solution as appropriate. Results and Discussion: The results showed 
that the cassava starch biopolymeric solid electrolyte films without plasticizers were stiff and brittle, so they broke 
easily. The films with plasticizers and the films of the composite material were stable to the manual traction, 
allowing their easy manipulation without breaking. The films presented a similar electrochemical behavior in terms 
of oxide reduction processes; however, the films with graphene oxide presented signals with higher peak currents. 
Films made at pH 9.0 showed 50 % more intensity in peak currents. The addition of graphene oxide affected the 
current parameters and peak potentials, being more marked in the films prepared at pH 9.0; at this pH the films 

with concentrations of graphene oxide lower than 1.00 %w/w presented variable Ep and Ip, while at 

concentrations of graphene oxide greater than 1%w/w, the behavior did not show significant variations. 
Conclusions: The addition of graphene oxide modulates or modifies the electrochemical behavior of cassava 
starch biopolymeric solid electrolyte films, and the processing pH can vary the effect of the graphene oxide 
addition. 

Keywords: Graphene Oxide, Cyclic Voltammetry, Cassava, Solid biopolymer electrolyte, Starch.  
 

RESUMEN 
 
 Antecedentes: Los materiales compuestos permiten modular las propiedades de los materiales de 
origen y ampliar sus potencialidades tecnológicas. En este sentido, los materiales compuestos elaborados a partir 
de electrolitos solidos biopolimericos y oxido de grafeno pueden ser una alternativa atractiva para aplicaciones 
en la electrónica organica debido a sus propiedades electroquímicas. Objetivo: El presente trabajo tiene como 
objetivo evaluar el comportamiento electroquímico de un material compuesto elaborado de electrolito solido 
biopolimerico de almidon de yuca y oxido de grafeno a diferente concentración para determinar el efecto la 
concentración éste y del pH utilizado en el proceso de elaboración. Métodos: El material compuesto fue 
elaborado a partir de la utilización de almidón de yuca platificado con glicerol, glutaraldehído, polietilenglicol y 
con perclorato de litio como electrolito. Durante el proceso de síntesis de adicionó oxido de grafeno en diferentes 
concentraciones (0, 0.25, 0.50, 1.00, 1.25, 1.50 y 1.75 %p/p) para evaluar el efecto de la concentración de este 
componente. La síntesis fue realizada mediante método termoquímico con calentamiento constante en un horno 
a 75 °C durante 48 horas.  Se prepararon películas utilizando soluciones de síntesis a diferente pH (5.0 y 9.0). El 
pH fue regulado por adición de HCl o NaOH a la solución de síntesis según el caso. Resultados y Discusión: 
Los resultados mostraron que las películas de electrolito solido biopolimerico de almidón de yuca sin 
plastificantes, fueron rigidas y quegradizas por lo que se rompieron con facilidad. Las películas con plastificantes 
y las películas de material compuesto fueron estables a la tracción manual, permitiendo su fácil manipulación sin 
romperse. Las películas presentaron un comportamiento electroquímico similar en terminos de procesos de oxido 
reducción, sin embargo las películas con oxido de grafeno, presentaron señales con corrientes de pico mayores. 
Las películas elaboradas a pH 9.0, mostraron un 50 % mas de intensidad en las corrientes de pico. La adición 
de óxido de grafeno afectó los parámetros de corriente y potenciales de pico, siendo mas marcado en las 
películas preparadas a pH 9.0, a este pH las películas con concentraciones de oxido de grafeno menores al 
1%p/p presentaron Ep y Ip variables, meintras que a concentraciones de oxido de grafeno mayores de 1.00 %p/p, 
el comportamiento no presentó variaciones significativas. Conclusiones: La adición de oxido de grafeno modula 
o modifica el comportamiento electroquímico en películas de electrolito solido biopolimerico de almidón de yuca 
y el pH de elaboración puede hacer variar el efecto de la adición de oxido de grafeno. 

Palabras clave: Óxido de grafeno, Voltamperometría cíclica, Yuca, electrolito sólido de biopolímero, almidón 
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1. INTRODUCTION: 
  

Since its introduction into the industry, 
polymers are undoubtedly one of the materials that 
have generated the greatest impact on the socio-
economic and technological development of 
humanity. However, a large number of tons of 
polymers of petrochemical origin generated have 
negatively impacted the environment due to their 
long periods of degradation, the polluting footprint 
of their production processes, and the remnants of 
micro-contamination produced during their 
decomposition in the ecosystems (Mason et al., 
2018; Castelvetro et al., 2020; Toussaint et al., 
2019). This has generated great interest in 
developing polymeric that are friendly to the 
environment and have a low impact on their 
polluting footprint. In this sense, biopolymers are 
an attractive alternative because they combine 
qualities such as their lower impact on the 
environment, lower energy consumption in 
production processes, origin from renewable 
sources, and easy degradability (Goudarztalejerdi, 
et al., 2015; Palit and Hussain, 2018; Verghese et 
al., 2020; Nasrollahzadeh et al., 2020) 

Biopolymers can be synthesized from 
natural products such as cellulose, starches, 
lignin, keratin, alginate, etc. These biomaterials 
have been used in edible packaging, bags, 
medical supplies, and reinforcements 
(Nasrollahzadeh et al., 2020; Hu et al., 2014; 
Altomare, et al., 2018; 5. Janjarasskul and 
Krochta, 2010). Starches, due to their natural 
abundance, constitute one of the main sources of 
interest in developing biopolymers and 
biomaterials. 

Starch is a natural product found in plants 
and serves a reserve function. It is stored mainly 
in seeds and tubers, so it is very abundant in 
nature. The structure of starch is made up of 
granules composed of two types of polymers; 
amylose and amylopectin. Amylose is a linear 
polymer of glucose linked by α1,4 bonds, while 
mylopeptin has α1,4 bonds and branches in 
sectors with α1,6 bonds. The 
amylose/amylopectin ratio varies according to the 
plant species and, therefore, the structure of the 
starch (Hoover et al., 2010; Malumba, et al., 2017). 
The molecular structure of starch allows hydrogen 
bonding interactions due to the hydroxyl groups of 
the glucose molecules, which will enable it to 
interact with other chains to form packings. Many 
works on applying starch in the development of 
biopolymers have been carried out (Liew and 
Ramesh, 2015; Mohan and Kanny, 2015; 

Tabasum et al., 2018). However, most of them 
focus on the use of cornstarch. More recently,, 
cassava starch has been used to develop 
biopolymers. 

Starch biopolymers have been combined 
with other materials to modulate or vary some of 
their physicochemical properties. The elaboration 
of composite materials from the combination of 
starch biopolymers and other materials such as 
poly (vinyl alcohol), halloysite, polycaprolactone, 
montmorillonite has been reported among others 
(Abdullah and Dong, 2019; Ali et al., 2014; 
Ghanbarzadeh et al., 2013). 

Recently, the electronics industry has 
sought alternatives to develop what is known as 
organic electronics, which consists of developing 
electronic devices from organic materials. 
Conductive polymers are promising materials in 
developing devices such as muscles, artificial, 
electronic tongues, solar panels, smart windows, 
among others (Dubey et al., 2019; Nuñez et al., 
2016; Arrieta et al., 2019). Conductive polymers 
are mainly divided into intrinsically conductive 
polymers (ICPs) and solid polymeric electrolytes 
(SPEs). ICPs conduct electric current by 
displacing charges transmitted through their 
molecular structure, SPEs conduct electric current 
by moving ions through the polymer matrix. 
Cassava starch has been used to develop a solid 
biopolymeric electrolyte (SBPE), which has been 
used for applications such as artificial muscles, 
accumulators, and solar cells (Arrieta et al., 2011; 
Nuñez et al., 2016; Acosta et al., 2015). In 
addition, it has been combined with other materials 
to modulate or improve some of its properties. The 
solid biopolymeric electrolyte of cassava starch 
has been combined with polypyrrole, poly (3,4-
ethylenedioxythiophene), polystyrene sulfonate, 
polyaniline, multiwall carbon nanotube, among 
others (Arrieta et al., 2016; Domene-López et al., 
2019; Arrieta et al., 2018). 

In its oxidized form, Graphene has also 
been used in combination with starch to improve 
its characteristics and properties. Graphene oxide 
(GO) is a graphene sheet (2D) fused to different 
oxygenated functional groups on its edges and 
surfaces, mainly hydroxyls (R-OH), epoxides (R-
O-R), carbonyls (R-CO-R) and carboxyls (R- 
COOH). These functional groups allow the GO to 
form hydrogen bonds with other molecules to 
obtain composite materials. Due to its thermal, 
conductive and mechanical properties, the OG is 
an attractive material for elaborating composite 
materials and achieving properties of interest for 
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technological applications (Zhao et al., 2015; 
Ahmad et al., 2018; Khan et al al., 2016). 

Although the elaboration of starch 
biopolymer composites with GO has been 
reported, the combination of a solid biopolymer 
electrolyte from cassava starch (SBPE-CS) with 
GO has not been reported. Therefore, this work 
studies the electrochemical behavior of composite 
material films of solid biopolymer electrolyte from 
cassava starch with GO (SBPE-CS/GO) at 
different concentrations and processing pH (5.0 
and 9.0) is presented. 

 

2. MATERIALS AND METHODS: 
 

The study was carried out on films of solid 
biopolymeric electrolytes composite material 
made from cassava starch plasticized with 
different concentrations of graphene oxide 
elaborated at pH 5.0 and 9.0. 
  
2.1.   Materials and Reagents 

 
For the synthesis of the composite 

material, the following reagents were used: 
glutaraldehyde (OHC(CH2)3CHO), polyethylene 
glycol (H(OCH2CH2)nOH), glycerol 
(HOCH2CH(OH) CH2OH), lithium perchlorate 
(LiClO4); these reagents were purchased from 
Sigma aldrich. Cassava starch ((C6H10O5)n) was 
extracted in the laboratory and graphene oxide 
(CxOyHz) was purchased from Merck. All solutions 
and reactions were performed using Milli-Q quality 
ultrapure water, purified with a Millipore Direct 
Water Purification System purification equipment. 

 
2.2.   Cassava starch extraction 

 
The cassava starch extraction was carried 

out from 100 g of the tuber of the Manihot 
esculenta Crantz variety. The tubers were 
completely peeled and disintegrated by 
liquefaction in an industrial blender at 24 000 
r.p.m., using 500 mL of ultrapure water. The 
liquefied material (pulp) was sieved with a 200 µm 
canvas. The filtrate was dried in an oven at 50 ° C 
for 24 hours. The starch obtained was washed 
three times with ultrapure water and dried again at 
50 ° C for 24 hours. Finally, the dried and extracted 
starch was sieved through a 50 µm sieve, 
obtaining a powder-fine bright white. 

 
2.3.   Purity determination 

 
The purity of the extracted starch was 

tested by infrared FTIR spectroscopy with ATR. 

The spectra were recorded on a PerkinElmer 
(Spectrum Two) controlled with Spectrum 10 
Software. The spectra were recorded at a 
resolution of 4 cm-1, in a wave number range of 
650 to 4000 cm-1 with a record of 100 scans. 
Additionally, the official method of enzymatic 
hydrolysis of the AOAV (Association of Official 
Analytical Chemists) was used. With both 
methods, a purity of the extracted starch greater 
than 99 % was recorded. 
 
2.4. Preparation of SBPE-CS/GO composite 
material 
 

The composite material was prepared in 
film format. 3 g of cassava starch were dispersed 
in 100 mL of pH-adjusted water, applying constant 
stirring at 1 500 r.p.m. for 15 min. The pH of the 
synthesis water was adjusted by adding HCl 0.1 
mol L-1 or NaOH mol L-1, depending on the case, 
to prepare synthesis solutions of pH 5.0 and 9.0. 
The pH was controlled using a YSI pHmeter (ref. 
Multilab 4010-3W). The dispersed starch mixture 
was heated for 15 min at 75 °C, with constant 
stirring at 1 500 r.p.m. to promote complete 
dissolution of the starch. 

The starch solution was cooled to room 
temperature to add plasticizers and electrolytes 
(lithium salt). In all cases, the same order of 
addition was followed; 1 g of glycerol, 1 g of 
polyethylene glycol, 2 g of glutaraldehyde, and 1.5 
g of lithium perchlorate were added. The solutions 
were heated again to 75 ° C with constant stirring 
(1,500 rpm) for 15 min. Once all the plasticizers 
were completely solubilized, without stopping 
heating and stirring, GO was added according to 
the required amount and heating and stirring were 
continued for another 15 min. The concentrations 
of GO used were 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 
and 1.75 %w/w. Additionally, control films were 
prepared with plasticized starch without GO (GO 0 
%w/w) and starch films without plasticizers. 

The starch solutions were placed in Teflon 
Petri dishes and heated in an oven at 70 ° C for 48 
hours. The films were manually detached from the 
Petri dishes. All the specimens were prepared in 
triplicate. 

 
2.5.   Electrochemical measurements 

 
The evaluation of the electrochemical 

behavior of the films was carried out by DC cyclic 
voltammetry. The measurements were made 
using a Gamry potentiostat/galvanostat (ref. 
1010), controlled with the Gamry V 7.8 software. 
Sweep speed were used at 100 mV s-1, the 
potential range of -2.0 V to 2.0 V, with a record of 
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5 scans per measurement. For the assembly of the 
samples, a dry cell was used, which consisted of 
two 1 x 1 cm steel sheets adhered to acrylic 
sheets. The sample was sandwiched between the 
two plates to which the electrode terminals were 
connected. The records were made using the 
open circuit potential as reference potential (0.10 
V). 
 

3. RESULTS AND DISCUSSION:  
 

All the SBPE-CS/GO films made with 
plasticizers showed good consistency and 
mechanical stability, which allowed them to be 
easily detached from the petri dishes. However, 
the films used as control, made with starch without 
any plasticizer, presented a brittle consistency, 
which caused them to break when detached from 
the petri dishes. Figure 1 shows the films images 
of cassava starch biopolymer without plasticizer 
(Figure 1a), cassava starch biopolymer plasticized 
(SBPE-CS) (Figure 1b), and cassava starch 
biopolymer plasticized with GO 0.75 %w/w 
(SBPE-CS/GO) (Figure 1c). This behavior may be 
due to the fact that the plasticizers allow greater 
flexibility of the films by interacting through 
hydrogen bonds with the glucose chains of the 
starch and generating intermolecular spaces that 
decrease the crystallinity and the stiffness in the 
biopolymer (Zhu, et al., 2013; Mikus et al., 2014). 

The addition of GO can generate the same 
effect as plasticizers because the molecules can 
interact through electrostatic forces and hydrogen 
bonds with the glucose chains present in starch. In 
Figure 2, a diagram of the possible interactions of 
GO with the cassava starch biopolymer is 
presented. GO has functional groups with 
oxygenates (alcohol, ethers, aldehydes, ketones, 
carboxylic acids, and esters). These groups, since 
they are generally located, projecting on the 
surface and edges of the 2D structure of the GO 
molecule, could allow interactions with the 
hydroxyl groups of the glucose molecules of 
starch, generating hydrogen bonds between both 
structures, this type of interaction was reported by 
Peregrino et al. (2014). 

Once the films were prepared, the 
electrochemical characterization was carried out 
by cyclic voltammetry. Figure 3 shows the 
electrochemical response of the films made at pH 
5.0. It can be observed that in all cases, the 
voltammetric curves show an oxidation process in 
the anodic sweep and a reduction process in the 
cathode sweep. Furthermore, in both cases the 
peaks are wide, suggesting a possible overlap of 

electron exchange processes in the area of 
oxidation and reduction potentials. 

The voltammetric signal of the films without 
GO was similar to those that contain GO in 
different concentrations; only a slight difference 
could be seen in the intensity and potentials of the 
oxide/reduction processes. This result may be 
because at acid pH, the opening of the starch 
chains and the unfolding and loss of crystallinity is 
low, so the presence of GO does not significantly 
affect the electrochemical behavior of the 
composite material. 

The electrochemical behavior of the films 
made at pH 9.0 is presented in Figure 4. It can be 
observed that the current intensity of the anodic 
(Ipa) and cathode peaks (Ipc) of the biopolymer 
films with GO made at pH 9.0, did not present 
significant variations among themselves, being 
located at values close to 0.151 mA for the Ipa and 
-0.160 for the Ipc. However, the peak intensities 
were higher than those registered with the 
biopolymer films without GO, 0.016 mA and -0.020 
for the Ipa and Ipc, respectively. Therefore, the 
addition of GO generated an increase in the peak 
current of the oxidation and reduction processes 
by an order of magnitude. This may be due to the 
fact that the basic pH favors the opening of the 
glucose chains of the biopolymer and allows the 
GO to penetrate the starch structure as well as the 
plasticizers and interact through hydrogen bonds, 
which can have repercussions in a decrease of the 
crystallinity of the biopolymer generating greater 
mobility of ionic charges and therefore in the 
conductivity of the biopolymer, reflected in higher 
peak current intensities. 

On the other hand, the potentials of the 
oxide/reduction processes showed that the films 
with low concentrations of GO (0, 0.25, 0.50, 0.75 
and 1.0 %w/w), presented more positive potentials 
in the anodic scans (Epa) and more negative in the 
cathode scans (Epc). Additionally, the oxidation 
potentials (Epa) were markedly more positive than 
those recorded in the SBPE-CS/GO films made at 
pH 5.0 and the reduction potentials (Epc) more 
negative. 

Figure 5 shows the graph of the Ipc, Ipa, 
Epc and Epa values versus the GO concentration 
in the biopolymer films made at pH 5.0. An almost 
linear behavior can be seen in each of the peak 
parameters (potentials and currents). The peak 
cathode current (Ipc) values are in all cases 
approximately 0.10 mA and in the anode peak 
(Ipa) they present currents close to -0.10 mA. The 
anodic (Epa) and cathodic peak potentials (Epc) 
are located at the values of 0.25 V and -0.27 V, 
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respectively, showing a small difference in the 
potential of the cathodic peak of the film made 
without OG, which registered an Epc of -0.33 V.  

Figure 6 presents the graph of the Ipc, Ipa, 
Epc and Epa values of the composite biopolymer 
films made at pH 9.0. The figure clearly shows that 
the currents and peak potentials of the films 
without GO were markedly different. The current 
values of the films without GO were lower (0.016 
mA) than those with GO, which registered currents 
practically equal to each other, with values of 
around 0.150 mA. 

The oxidation peak potentials showed a 
tendency to decrease as the concentration of GO 
in the films increased, registering values of 0.48 V 
for OG concentration of 0 %w/w, 0.34 V for OG 
0.25 %w/w, 0.30 V for OG 0.50 %w/w and 0.25 V 
for 0.75 %w/w. Stabilizing at 0.16 V at the values 
of GO concentrations of 1.00 %w/w, 1.25 %w/w, 
1.50 %w/w and 1.75 %w/w. In the anodic sweep, 
the reduction processes showed similar behavior, 
increasing the potential reduction values in films 
with less than 1.00 %w/w OG and stabilizing the 
values in films with more than OG 1.00 %w/w.  

Films without GO (OG 0 %w/w) presented 
a reduction peak at -0.48 V, films with GO 
concentrations of 0.25 %w/w and 0.50 %w/w, 
presented peaks at -0.41 V and -0.38 V 
respectively, -0.36 V for 0.75 %w/w of OG and 
0.33 V for 1.00 %w/w of OG, stabilizing at this 
value for concentrations of 1.25 %w/w, 1.50 %w/w 
and 1.75 %w/w. This behavior shows that at pH 
9.0, GO can modify the electrochemical behavior 
in SBPE-CS films and that concentrations of GO 
lower than 1.00 %w/w generate a greater oxidation 
capacity. In comparison, concentrations higher 
than GO 1.00 %w/w do not modify the oxidation or 
reduction capacity of the SBPE-CS/GO films. This 
behavior may be due to a possible saturation of 
the oxidation points or zones at this OG 
concentration value. 

Table 1 shows the values of the cathode 
peak currents (Ipc) and anodic peaks (Ipa), the 
cathode peak potentials (Epa) and anodic peak 
(Epc), the ratio of cathode/anode current (Ipc/Ipa ) 
and the half-wave potentials (Ep/2) of the SBPE-
CS/GO films elaborated with several GO 
concentrations at pH 5.0 and 9.0. It can be seen 
that all the redox processes recorded were 
reversible because the proportionality values of 
cathode/anodic currents were close to 1. Films 
made at pH 5.0 showed Ipa/Ipc values closer to 1, 
which shows greater reversibility of its 
oxide/reduction processes.  

The synthesis pH affects the 
electrochemical behavior of the solid biopolymer 
electrolyte films with OG, showing less positive 
values in the films synthesized at pH 5.0 and more 
positive in the films generated at pH 9.0. Possibly 
due to the loss of compaction of the molecular 
chains in the starch produced by low crystallinity 
of the structure. Additionally, the Ipa/Ipc ratio in the 
films without OG at both pH values (5.0 and 9.0), 
present the lowest reversibility (Ipa/Ipc = 0.80), so 
it could be stated that OG facilitates the 
reversibility of the oxidation/reduction processes. 
If the average currents recorded with the films 
made at both pHs are compared, it can be seen 
that the films made at pH 9.0 recorded signals with 
higher currents by 51 % on average. 

 

4. CONCLUSIONS: 
  

It was possible to elaborate a composite 
material of solid biopolymer electrolyte from 
cassava starch with various concentrations of 
graphene oxide (SBPE-CS/GO) at pH 5.0 and 9.0. 
The composite material films presented good 
consistency and stability to manual traction and 
detachment from the petri dishes prepared. 

SBPE-CS/GO films exhibited redox 
electrochemical activity with well-defined oxidation 
and reduction peaks. The redox processes in the 
SBPE-CS/GO films made at pH 5.0 did not show 
significant variations in their behavior, oxidation 
and reduction potentials, and peak currents. On 
the other hand, SBPE-CS/GO films prepared at pH 
9.0 showed substantial variations in 
concentrations lower than 1.0 %w/w of GO and a 
stable behavior without significant variations at 
concentrations higher than this concentration 
value.  

In general, the composite material films 
(SBPE-CS/GO) made at a pH of 9.0 showed more 
intense signals in terms of current intensity, with 
current values 50 % higher than the films made at 
a pH of 5.0. In addition, the electrochemical 
processes showed a higher degree of reversibility 
(determined by the Ipc/Ipa coefficient) in the films 
generated at pH 9.0. 
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Figure 1. Films Images of a) cassava starch biopolymer without plasticizer b) cassava starch 

biopolymer plasticized (SBPE-CS) and c) cassava starch biopolymer plasticized with GO 0.75 %w/w 

(SBPE-CS/GO) 

 
 

 

 

Figure 2. Scheme of hydrogen bonds interactions between starch and graphene oxide molecules 

 

 

a b c 
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Figure 3. Cyclic voltammetry recorded with SBPE-CS elaborated with various concentrations of GO 

at pH 5.0 

 

 

Figure 4. Cyclic voltammetry recorded with SBPE-CS elaborated with various concentrations of GO 

at pH 9.0 
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Figure 5. Parameters of anodic and cathode peaks (Ipa, Ipc, Epa, Epc) versus GO concentration 

(%w/w) used in the elaboration of SBPE-CS / GO films at pH 5.0 

 

 

 

Figure 6. Parameters of anodic and cathode peaks (Ipa, Ipc, Epa, Epc) versus GO concentration 

(%w/w) used in the elaboration of SBPE-CS / GO films at pH 9.0 
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Table 1. Values of cathode peak currents (Ipc), anodic peaks currents (Ipa), cathode peak potentials 

(Epa), anodic peak potenctials (Epc), ratio of cathode/anode currents (Ipc/Ipa ) and the half-wave 

potentials (Ep/2) of the SBPE-CS/GO films elaborated with several GO concentrations at pH 5.0 and 

9.0 

 

pH % w/w OG Ipa Ipc Ipa/Ipc Epa Epc Ep/2 

5.0 

0.00 0.097 -0.120 0,808 0.27 -0.33 -0.03 

0.25 0.071 -0.069 1,029 0.27 -0.24 0.02 

0.50 0.101 -0.103 0,981 0.24 -0.24 0.00 

0.75 0.089 -0.086 1,035 0.24 -0.27 -0.02 

1.00 0.113 -0.122 0,926 0.24 -0.27 -0.02 

1.25 0.071 -0.067 1,060 0.25 -0.24 0.01 

1.50 0.107 -0.112 0,955 0.24 -0.21 0.02 

1.75 0.128 -0.125 1.024 0.21 -0.24 -0.02 

9.0 

0.00 0.016 -0.020 0,800 0.48 -0.48 0.00 

0.25 0.173 -0.180 0,961 0.33 -0.41 -0.04 

0.50 0.159 -0.171 0,930 0.30 -0.38 -0.04 

0.75 0.150 -0.132 1,136 0.25 -0.36 -0.06 

1.00 0.145 -0.163 0,890 0.20 -0.32 -0.06 

1.25 0.148 -0.174 0,851 0.21 -0.33 -0.06 

1.5 0.142 -0.163 0,871 0.20 -0.32 -0.06 

 1.75 0.138 -0.162 0,852 0.24 -0.33 -0.05 

 


