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APRESENTAÇÃO

Nessas últimas décadas as Pesquisas em Química têm apresentado grandes 
avanços com contribuições de estudos, tanto de natureza teórica como prática, 
conferindo especulações investigativas de aspectos, tanto fenomenológicos como 
metodológicos da ciência. 

Além disso, as pesquisas, no campo da Química, têm contado com inúmeros 
programas de pesquisas em todo país permitido uma abrangência de uma variedade 
de área, possibilitando assim, a contemplação de uma diversidade de debates que, 
por sua vez tem corroborado com a produção de produtos inovadores e de qualidade. 

Devido a isso, verifica-se que os inúmeros trabalhos científicos, decorrentes 
desses debates, têm apresentado uma grande contribuição para o avanço da 
ciência, com uma extrema relevância, no que diz respeito, principalmente, a sua 
aplicabilidade para o desenvolvimento da sociedade. 

O e-Book " A Diversidade de Debates na Pesquisa em Química" é composto 
por uma criteriosa coletânea de trabalhos científicos organizados em 33 capítulos, 
elaborados por pesquisadores de diversas instituições que apresentam seus debates 
em temas diversificados e relevantes. Este e-Book foi cuidadosamente editado 
para atender os interesses de acadêmicos e estudantes tanto do ensino médio e 
graduação, como da pós-graduação, que procuram atualizar e aperfeiçoar sua visão 
na área. Nele, encontrarão experiências e relatos de pesquisas teóricas e práticas 
sobre as mais variadas áreas da química, além da prospecção de temas relevantes 
para o desenvolvimento social e cultural do país.

Esperamos que as experiências relatadas neste e-Book contribuam para o 
enriquecimento do conhecimento e desenvolvimento de novas pesquisas, uma vez 
que nesses relatos são fornecidos subsídios e reflexões que levam em consideração 
perspectivas de temas atuais.

Juliano Carlo Rufino de Freitas
Ladjane Pereira da Silva Rufino de Freitas
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A LIQUID-LIQUID INTERFACE BY ELECTROCHEMICAL 
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ABSTRACT: Oil-Water interface 
electrochemistry which uses biosensors as 
working electrodes represents an interesting 
research area, mainly due to new opened 
possibilities. In this context, the analysis of 
water insoluble analytes can be made, without 
the necessity of complicated pre-treatment 
steps. We tested here several materials to be 
used as substrate, as platinum-based and gold-
based plates, which were used to immobilize 
porcine pancreas lipase by cross-linking with the 
bifunctional glutaraldehyde reagent. The lipase 
has the function of produce Glycerol in-situ, 
which was detected by the substrate material, 
since that these biosensors were tested directly 
at an Olive-Oil/Water interface. In this way, this 
system can promote the indirect detection of 
Olive Oil, since that all Glycerol is produced 
from Oil. The gold-based electrode presented 
the higher sensitivity to the detection of glycerol 
in sodium hydroxide solution,  with  6.8  x 10-9 
mol L-1 of limit of detection in experiments 
carried out by chronoamperometry at the Olive 
Oil / NaOH interface, pH 8.0. The indirect 

detection of olive oil was successfully carried 
out at a concentration of 5% in Nujol®, using a 
gold CDtrode modified by oil-active enzymes as 
working electrode. The biosensor was capable 
to detect Glycerol after 8 minutes, less time than 
that used in colorimetric methods.
KEYWORDS: Oil-Water Interface; Biosensor; 
Chronoamperometry; Glycerol; Gold CDtrode.

DETECÇÃO IN-SITU DE GLICEROL GERADO 
EM UMA INTERFACE LÍQUIDO-LIQUIDO 

POR MÉTODOS ELETROQUÍMICOS

RESUMO: Interfaces eletroquímicas do tipo 
água/óleo que utilizam biosensores como 
eletrodos de trabalho representam uma 
importante área de pesquisa, principalmente 
devido as novas oportunidades abertas. Nesse 
contexto, a análise de analitos insolúveis em 
água pode ser feita sem a necessidade de 
etapas complicadas de pré-tratamento. Foram 
testados diversos materiais para ser utilizado 
como substrato, como placas de platina e ouro, 
onde foi imobilizado lipase de pâncreas suíno 
por ligação cruzada com o reagente bifuncional 
glutaraldeído. A lipase tem a função de produzir 
glicerol in situ, a ser detectado pelo substrato 
material, desde que estes biosensores sejam 
testados diretamente em uma interface Óleo 
de Oliva/Água. Deste modo, este sistema pode 
promover a detecção indireta de óleo de oliva, 
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desde que todo glicerol seja produzido do óleo. O eletrodo de ouro apresentou maior 
sensibilidade para detecção de glicerol em solução de hidróxido, com 6.8 x 10-9 mol L-1 

de limite de detecção em experimentos realizados por cronoamperometria na interface 
óleo de Olive/ NaOH pH 8.0. A detecção indireta de óleo de oliva foi sucessivamente 
adicionada em uma concentração de 5% em Nujol ®, usando um CDtrodo de ouro 
modificado por enzimas ativas no óleo como eletrodo de trabalho. O biosensor foi 
capaz de detector glicerol após 8 minutos, menos tempo do que o utilizado em métodos 
colorimétricos.
PALAVRAS-CHAVE: Interface Água/óleo; Biosensor; Cronoamperometria; Glicerol; 
CDtrodo de ouro.

1 | 	INTRODUCTION

Interfacial system with potential electrochemical interests are commonly found 
in nature, as lipid bilayers in cells, when a gradient concentration of ionic species 
controls several types of processes. In this type of system, a difference of Galvanic 
potential can be found, as a conventional battery. As an example, Gavanch et al. [1] 
published a paper related to a nitrobenzene/aqueous solution which contains Cl-, 
Br- and I- as and picrate as free ions. The main aim in that work was to calculate 
the partition of all species in both solutions. Several other studies related to 
organic/aqueous electrochemistry can be illustrated as examples, as the studies 
related to the charge/mass transfer between organic and non-organic phases [1-
3] and electroanalytical chemistry. One example is the electrochemical analysis 
of fibroblasts cells and its interaction with Ag+ ions in an water/dichloroethane by 
scanning electrochemical microscopy (SECM) [4]. Biosensors based in liquid/liquid 
interfaces presents several advantages when compared with the state-of-the-art 
sensors which works in aqueous media, as conventional support electrolytes, since 
that is possible to promote measurements directly in hydrophobic samples without the 
necessity of complicated as in the work of Silva et. al, where the oxidation behavior 
of ferrocene oxidation is studied in an oil/interface, comparing it with oxidation 
on emulsion medium[5]. One additional advantage is related to the possibility of 
miniaturization of the biosensors, turning possible the analysis in situ or in loco [6]. 
Specifically, in this work, one aim was to study a new type of interfacial biosensor, 
based in the immobilization of pig liver lipase, which promotes the conversion of pure 
olive oil in glycerol directly in an oil/water interface. Then, this glycerol, produced by 
homogeneous catalysis, is posteriorly detected directly in the same electrode with 
contains the immobilized lipase. Finally, it was possible to estimate the concentration 
of glycerol from triacylglycerol (TAG), inasmuch as the tri-alcohol concentration is a 
direct result of the hydrolysis promoted by the pig lipase [6]. Gold is the state-of-the-
art electrode to catalysis of glycerol on alkaline medium. Thus, the working electrodes 
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were manufactured based on recordable CD-ROM’s, a technique developed by 
Angnes in 2000 [8].  A notorious interest in this type of research is related to the 
possibility in controlling the end of the reaction in biofuel industry, using a disposable 
device. The possibility of detection of added value molecules from fats reactions, as 
glyceric acid, glyceraldehyde and other, represents an interesting reality too. The 
electrochemical catalytic route of oxidation of glycerol is well established in literature 
[7-9] and the possibility of use electrochemistry to this type of research is a fact. 
On the other hand, the lipase activityis used as probes in clinical diagnosis of some 
types of diseases, as pancreatitis [10]. Then, the possibility of analysis in loco of the 
lipase health could promote an interesting and promisor device. However, commonly 
the concentration of analytes is low and it is necessary to promote very sensible 
devices [11].  Finally, the biosensor was used to promote the transesterification and 
interesterification of TAG´s by immobilized lipases and to promote the hydrolysis of 
TAG´s, resulting in fatty acids and glycerol, which is posteriorly detected in the same 
electrochemical sensor.  

2 | 	EXPERIMENTAL

2.1	Reagents and Solutions

All solutions were prepared using ultrapure water from Milli-Q system and high 
purity reagents were used, excepting the olive oil, which was purchased in a local 
market. Platinum electrodes were synthesized by the sol-gel method, using a Sigma-
Aldrich® platinum acetylacetonate (II), 97% of purity, as precursor. Similar works from 
our research group were published using this method. For more details, please see 
reference [15]. Lipase was purchased from Sigma-Aldrich® (25.000 U/mg), as the 
bovine serum albumin (98% of purity). Both were immobilized in solid substrates, 
utilizing glutaraldehyde (Sigma®, 50%) at a concentration of 0.2 % in phosphate 
buffer 10-3 mol L- 1. Electrochemical studies were carried out in Sulfuric Acid (F. Maia®, 
95-97% of purity) or NaOH (Synth®, 97%) solution.  

2.2	Platinum-lead electrode preparation

Successive portions of Pt acetylacetonate (II) and Lead acetylacetonate (II) 
solutions were added to a previously polished titanium (Ti) plate, with a geometrical 
area of 2.0 cm2, by painting technique. More details of the process can be found in 
Niquirilo, R. V. et al. [13]. After each brushstroke, the solution was evaporated using 
a hot air blower. When finished the 10 mL of solution, the remaining material was 
inserted in a muffle (EDG® 1800 3P-S) at a temperature of 400 oC for 1 hour.
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2.3	Gold electrode from CD (CDtrode) preparation

CDtrodes were constructed from a special type of writeble CD-Roms, which 
contains an ultrafine gold layer. The CD´s were purchased at a local market. The 
technique consists in the removal of the polymer (plastic protection) by adding 
concentrated Nitric Acid for 20 seconds. After that, the electrodes can be cut in the 
desired shape. A geometric area of 2.5 cm2 was established and standardized using 
nitrocellulose as limiting agent. Nitrocellulose is stable on acid and alkaline media, 
furthermore is an isolate agent separating the electric contact of the solution. 

2.4	Electrochemical measurements

All experiments were carried out in an Autolab type III (Metrohm®), in a conventional 
one compartment three electrodes electrochemical cell. The counter-electrode was 
a Pt foil (1 cm2 of geometric area) and a saturated calomel electrode as reference. 
Electrochemical measurements were carried out in alkaline media (pH 8) or in acid media 
(pH 2).  A cleaning step was ever carried out at the metallic electrodes by cycling (100 
times) the in 0.5 mol L-1 H2SO4 solution, under 100 mV s-1 of scan rate. Characterization 
voltammetries were carried out at 50 mV s-1 of scan rate.  Chronoamperometries 
were carried out at the same electrochemical equipment. In an electrochemical cell, 
which contains 10 mL of the support electrolyte, rates of 10 and 100 µL of a 0.1 mol 
L-1 glycerol solution were added consecutively. Chronoamperometrics measurements 
were carried out on the equal conditions of voltammetrys, on a potential of 0.3 V.     
It was pipetted in the electrochemical cell containing 10 mL of electrolyte-support 
aliquots of 10 and 100 μL of 0.1 mol L-1 of glycerol solution to 2.0 mL of Nujol ®, in 
order to construct the calibration curve, obtaining levels referring to concentration of 
0.1 to 1.0 mmol L-1 of glycerol.

2.5	Scanning Electronic Microscopy Measurements

2.5.1 Pt and PtPb/TiOx Electrodes

The microscopy experiments were carried out under low vacuum in a JSM - 
6010LA (JEOL) Compact SEM, at the UFABC Multiuser Center (Santo André-SP), 
with microanalysis module (EDX). Secondary Electrons (SE), with acceleration 
voltage of 15 kV and working distance of the order of 10 mm were used. 

2.5.2 Gold CDtrodes

SEM experiments were performed at the National Center for Energy and Materials 
Research (CNPEM), at the National Nanotechnology Laboratory (LNNANO), located 
in Campinas, using the SEM/EDS model Leo 440i. The Microscope was used in the 
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SE mode, with an acceleration voltage of 20 kV, with detection by EDT (Electronic 
Data Transmission). And for the CD-ROM samples containing immobilized lipases 
micrographs were performed in the SEM Model FEI Quanta 250, in the Environmental 
mode, with acceleration voltage of 6 kV and working distance of the order of 14.1 mm 
at the UFABC Multiuser Center (São Bernardo-SP).

3 |  RESULTS AND DISCUSSION

As previously commented, one of the main aims of this work is to construct 
several types of biosensors and use these materials to promote the detection of 
glycerol directly at an oil-water interface. Triacylglycerol molecules will be hydrolyzed 
by the immobilized enzyme, forming free fatty acids and glycerol. Then, the signal 
will be recognized by the substrate, which is active to the glycerol oxidation.  Glycerol 
oxidation by platinum-based electrocatalysts are well described in literature, generally 
forming glyceraldehyde, glycolic acid, pyruvic acid, formic acid, oxalic acid, and other 
as main products [12, 13].  Our experimental data for the platinum-based electrodes, 
synthesized by the sol-gel method, indicates two well-defi ned peaks at -0.14 V vs. 
SCE (direct scan) and -0.4 V vs. SCE (reverse scan) in alkaline media, pH 8.0, as 
presented in Fig. 1A. For acidic media, pH 2.0, the direct scan results in a peak at 
around 0.62 V vs. Ag/AgCl and 0.0 V vs. Ag/AgCl for the reverse scan. The measured 
currents were 3.1 x 10-4 mol L-1 for pH 2.0 and 9.2x 10-4 mol L-1 for pH 8.0, somewhat 
about three times higher current for the alkaline media.  As indicated in literature, this 
fact is probably related to the formation of platinum oxides which is mostly important 
in alkaline media [14].On the other hand, in acidic media, a preferential absorption of 
OH from the glycerol molecule occurs prior to the oxidation of the polyalcohol [15].

Figure 1. Voltammetric profi les of Pt/TiOx electrodes in absence and presence of glycerol (1.0 
mmol L-1) in: A) sodium hydroxide 0.01 mol L-1, and B) sulfuric acid 0.5 mol L-1. Scan rate = 500 

mV s-1.
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We also studied the use of CDtrodes for the same purpose. As previously 
commented, this type of electrode was constructed from writeble CD-Roms. Figure 2 
shows the voltammetric curves for the glycerol oxidation using the CDtrodes in 0.01 
mol L-1 NaOH solution at a scan rate of 50 mV s-1. 

Figure 2. Voltammetric profi le of the gold electrode in 0.01 mol L-1 sodium hydroxide solution 
(black line) and 1.0 x 10-3 mol L-1 solution of glycerol in 0.01 mol L-1 sodium hydroxide solution 

(Red line). Scan rate: 50 mV s-1.

The electrochemical profi le presented in black is quite similar than that observed 
for conventional polycrystalline gold electrodes, related to the adsorption of OH at the 
electrode surface and posterior formation of gold hydroxides and gold oxides from 
0.5 V vs. SCE. This oxides are reduced in the reverse scan, at about 0.06 V vs. SCE 
[16]. Figure 2 shows also the oxidation profi le of Glycerol using the CDtrode without 
pre-treatments of the surface. As presented in red curve, a single oxidation peak 
can be seeing at a maximum of current of 0.2 V vs. SCE. On the other hand, Fig. 3 
shows the data related to the same experiment, but after the promotion of a cleaning 
step using sulfuric acid (0.5 mol L-1 H2SO4 solution). As can be observed, a very well 
defi ned peak of oxidation of glycerol can be observed at a current peak of 0.3 V vs. 
SCE, somewhat about 350 times higher current after the cleaning process. 
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Figure  3. Voltammetric profi le of the gold CDtrode in 0.01 mol L-1 sodium hydroxide solution 
(black line) and 1.0 x 10-3 mol L-1 solution of glycerol in 0.01 mol L-1 sodium hydroxide solution 
(Red line) after electrochemical cleaning in 0.5 mol L-1 sulfuric acid solution. Scan rate :50 mV 

s-1.

From that previous results, we decided to promote chronoamperometric studies 
for the glycerol oxidation choosing the following parameters optimized parameters 
found in that previous studies. It is possible to observe in Fig. 4 that the gold electrode 
presented a higher sensibility when compared with the Pt-based electrode. The 
working concentration range was determined and optimized from 0.1 to 1.0 mMolL-1, 
with R2 = 0.993 for the platinum electrode and 0.985 for the gold CDtrode. Table 1 
presents the fi gures of merit related to the experiments. 

Figure 4. Calibration curve for the platinum and gold electrodes  for additions of 0.1 mol L-1 of 
glycerol. Inset: Chronoamperometries in 0.01 mol L-1 sodium hydroxide (pH 8.0) at the potential 

of 0.3 V.
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Properties Pt/TiOx Au
Solution NaOH 0.01 mol L-1

Potential of Oxidation -0.14 V 0.3 V
Limito of Quantifi cation (mol L-1) 3.2 x 10-9 2.1 x 10-9

Limit of Detection (mol L-1) 9.8 x 10-9 6.8 x 10-9

Sensibility (A cm-2 mmol-1) 129.1 267.1
Electroative Area (cm-2) 1.26 2.65
Geometric Area (cm-2) 2.00 2.50
Roughness Factor * 0.63 1.06

Table 1. Figures of merit, electroactive and geometric area for the Pt/TiOx electrode and Au 
CDtrode, for the oxidation of glycerol to 0.01 mol L-1 on sodium hydroxide solution.

* The roughness factor is a way of expressing the homogeneity of the electrochemical area, dividing the 
electroactive area by the geometric area.

A comparison between Pt and gold can be found in Table 1. As the data shows, 
CDtrode (pH 8.0) has high sensibility since that presents a lower limit of detection 
(LD) and quantifi cation (LQ), calculated by the equations LD=3S/m and LQ=10S/m, 
where m is the angular coeffi cient of the line, which indicates the sensitivity of the 
method, obtained by the equation of the line obtained by the calibration curve, and 
S is the standard deviation of the chronoamperometry of the blank of the analyte, 
that is, without the addition of glycerol. The values are: LDAu = 6.8 x10-9mol L-1 and 
LDPt = 9.8 x 10- 9 mol L-1. After carrying out the described preliminary studies, we 
started to immobilize the lipase onto the CDtrode surface. The voltammetric profi le 
for the CDtrode modifi ed by lipase (0.05 mg L-1 of lipase or 0.125 U/mg) presents a 
capacitive response, with suppression of the gold faradaic signals. 

Figura 5. Ciclic Voltammetry Scanning to CDtrode with imobilizaded lipase on NaOH 0.01 mol 
L-1 solution.



A Diversidade de Debates na Pesquisa em Química Capítulo 4 51

Figure 6 shows two MEV images, representing the CDtrode before and after 
the surface modifi cation. The modifi cation of the surface is clearly observed by the 
surface presence of islands. 

Figure 6. Scanning Electron Microscopy image in region of gold A) before and B) after the 
immobilization of lipase. Secondary electron energy of 20 kV and 6 kV, respectively.

Figure 7 shows a schematic representation of the biosensor. A brief resume of 
the chemical process can be resumed as follow: The modifi ed electrode is putted 
directly at the liquid/liquid interface, in contact with the support electrolyte (aqueous 
phase) and the olive oil (organic phase).  The immobilized enzymes form free fatty 
acids and glycerol. Glycerol has an important affi nity with the water phase and mass 
transfer occurs between organic and aqueous phases. Finally, the glycerol suffers 
the oxidation at the gold or platinum substrate, fi nishing the process. 

Figure 7. Scheme representing the functioning of the interfacial biosensor based on the 
triacylglycerol hydrolysis (TAG) catalysed by swine pancreas lipases.

The enzyme concentration was optimized, as presented in Fig. 8. Bifunctional 
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reagent glutaraldehyde was used to immobilize the enzymes and serum albumin was 
used as sacrifi ce molecule, mainly to form cross-linking bonds which protects the 
lipase, as described in literature [17].

Figure 8. Graph of the effect of enzyme concentration immobilized on the CDtrodo in the 
biosensor response. Working potential of 0.3 V 30 °C at the interface sodium hydroxide (0.01 

mol L-1)/Olive Oil (2.0 ml).

Electrochemical cell was mounted as described in the schematic representation 
of Fig. 9. 

Figure 9. Schematic representation of the interface NaOH (0.01 mol L-1)/olive oil (2.0 mL) in the 
electrochemical cell.

Chronoamperometric studies were carried out as described in Experimental 
Section. It is possible in Fig. 10 to see that after 30 minutes, the current density 
decayed until almost the initial value. This fact is maybe related to the surface 
poisoning, due to the formation of several reaction products during the process.
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Figure 10. Chronoamperometry at the fi xed potential of 0.3 V for 4000 seconds at the interface 
consisting of Nujol ® (5% olive oil)/0.01 mol L-1 sodium hydroxide (10 mL) at a temperature of 30  

C and gentle shaking.

Finally, the quantity of olive oil in relation to Nujol® was studied, varying the 
percentage from 5 to 75% of olive oil in the oil phase. This study can be found in Fig 
11. As expected, the higher the olive oil quantity, the higher the oxidation currents. 
Also, it is possible to observe that the minimum olive oil quantity was 5%. 

Figure 11. Percentage of olive oil of 5, 10, 15, 20, 25, 50 and 75% in 2.0 mL of Nujol ® as a 
function of the response in the current density.

A decrease in the current density value was observed from the addition of 50% of 
olive oil to Nujol ®. Such phenomenon may be due to the poisoning of the surface of the 
gold electrode by the oxidation by-products of glycerol. However, in other studies the 



A Diversidade de Debates na Pesquisa em Química Capítulo 4 54

same behavior was observed in hydrolytic reactions catalyzed by lipases in reverse 
micelle systems. In these cases, the decrease in activity is not well understood, with 
the possibility of enzymatic deactivation, inhibition by formed products such as fatty 
acids and chemical equilibrium effects [18]. The enzyme initially exhibits a behavior 
of Michaelis-Menten up to the concentration of 75% of olive oil. The values obtained 
for Vmax of 1689 μA cm-2 and KM were approximately 20%.

4 | 	CONCLUSION

It was possible to conclude that the indirect detection of olive oil was successfully 
carried out at a concentration of 5% in Nujol®, using a gold CDtrode modified by oil-
active enzymes as working electrode. The measurement was named “indirect” due to 
the direct detection of Glycerol molecules, which is produced by the in-situ hydrolysis 
of olive-oil. The substrate was responsible to the electrochemical detection per se.  
In relation to the response time, the proposed biosensor allows the detection after 8 
minutes, less time than that used in colorimetric methods. This type of experiment 
can open new possibilities in analytical chemistry. 
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