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Abstract: The recent advances in the supramolecular control in nanostructured films have improved 
the performance of organic-based devices. However, the effect of different supramolecular 

arrangement on the sensor or biosensor performance is poorly studied yet. In this paper, we show the 
role of the composition and nanostructuration of the films on the impedance and voltammetric-based 

sensor performance to catechol detection. The films here studied were composed by a perylene 

derivative (PTCD-NH2) and a metallic phthalocyanine (FePc), using Langmuir-Blodgett (LB) and 
physical vapor deposition (PVD) techniques. The deposition technique and intrinsic properties of 

compounds showed influence on electrical and electrocatalytic responses. The PVD PTCD-NH2 

shows the best sensor performance to the detection of catechol. Quantification of catechol contents in 
mate tea samples was also evaluated, and the results showed good agreement compared with Folin-

Ciocalteu standard method for polyphenol detection.  
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1. Introduction 

One of the challenges in the chemistry of materials is to achieve control over the structuration of 

molecules to enhance devices performance or driven to new applications [1,2,3]. In this context, 
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supramolecular organization plays an important role in sensors performance. For instance, in the 

work of Volpati et al. [4] the role of the ultrathin film architecture composed by phthalocyanines in 
the sensing unit performance was exploited. That work revealed that a sensor array could be built 

using sensing units with identical or similar materials changing the architectures of the ultrathin films.  

Sensors based on nanostructured films are assembled from many different fabrication 
techniques on the nanoscale. Techniques known to produce films with nanostructured architectures 

in solid substrates are Langmuir, Langmuir-Blodgett, Langmuir-Schaefer, Layer-by-Layer, thermal 

evaporation between other [5–8]. These techniques allow the formation of thin films of organic 
molecules including extended π -conjugated ring systems, as phthalocyanines [1,9,10], and perylene 

derivatives [9,11,12,13], forming organized structures and superstructures driven by π-π–stacking 

interactions [1,9]. Both molecules, phthalocyanines, and perylenes are interesting to applications in 
electric and electrochemical sensors due to the noncovalent assemblies of π-conjugated 

chromophores owing to π–π interaction impacting the percolated pathways for charge transport [2].  

Based on the dependence of sensors performance in function of molecular organization and 
nanostructuration of films composed by phthalocyanine and perylene, we explore the possibility of 

generating films from iron phthalocyanine (FePc) and n-butylimidoethylenamine perylene (PTCD-

NH2) with distinct electrical and electrochemical properties. The formation of the films was 
performed using Langmuir-Blodgett (LB) and physical vapor deposition (PVD) deposition 

techniques, while the properties and sensing application were evaluated using electrical impedance 

under interdigitated electrodes (IDE) (electrical properties), and differential pulse voltammetry (DPV) 
under ITO glass electrode (electrochemical properties). The sensorial performance was carried out in 

the presence of standard catechol solution, and the real application was evaluated in tea sample to 

polyphenol quantification.  

2. Materials and Methods 

2.1. PVD and LB films deposition  

The molecular structure of both materials used here, iron phthalocyanine (FePc) (Kodak) and n-
butylimidoethylenamine perylene (PTCD-NH2) (provided by Dr. J. Duff from the Xerox Research 

Center of Canada) are shown in Figure 1. The PVD films of FePc and PTCD-NH2 were fabricated in 

a Boc Edwards vacuum system model Auto 306. The powders were placed into a metallic Ta boat. 
The depositions were carried out by an electrical current at 10−6 torr, being the thickness controlled 

by a quartz crystal microbalance.  

The LB films were grown in a KSV Langmuir trough model 2000. The Langmuir films of FePc 
were formed using a chloroform solution 0.5 mg/mL and deposited at a surface pressure of  

25 mN/m, and PTCD-NH2 were formed using a trifluoroacetic/chloroform (1:10) solution with 0.15 

mg/mL and deposited at a surface pressure of 30 mN/m. Both films were obtained by the symmetric 
compression of the barriers at 10 mm/min with ultrapure water in the subphase.  
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Figure 1. representation of the molecular structure of iron phthalocyanine (FePc) and n-
butylimidoethylenamine perylene (PTCD-NH2). 

2.2. Films characterization 

The role of film composition and nanostructuration on the impedance performance was 

evaluated using an assembly composed of four Pt interdigitated electrodes (IDE) covered with films 

produced with both materials, FePc and PTCD-NH2 using LB (5 layers) and PVD (10 nm) 
techniques. The approximate thickness of 5 LB layers is 9 nm for FePc and 15 nm for PTCD-NH2. 

The Pt IDE contains 50 pairs of digits, each digit presenting 10 μm in width, 5 mm in length and 100 

nm in height, spaced 10 μm each other. The impedance spectroscopy was carried out using an 
impedance analyzer (Solartron 1260A). The frequency range considered was 80 Hz to 1 MHz and, 

applied signal with 50 mV of amplitude. The IDE modified units were immersed in ultrapure water 

and also in 1 μM catechol standard solution (Sigma -Aldrich Brazil). 
The role of film composition and nanostructuration on the electrochemical behavior was also 

evaluated using ITO electrode covered with films produced with FePc and PTCD-NH2 using LB (5 

layers) and PVD (10 nm) techniques. The electrochemical behavior was carried out using a 
potentiostat/galvanostat μ-autolab type III (EcoChimie). The electrochemical measurements were 

performed using the differential pulse voltammetry (DPV) applying a potential range of −1.0 to 

+1.0 V vs. Ag/AgCl, 50 mV of pulse amplitude, and 10 mV/s of scan rate. The measurements were 
performed using a voltammetric cell of three electrodes, with Ag/AgCl saturated 3M KCl as a 

reference electrode, a platinum wire as a counter electrode and ITO covered with the PVD or LB 

films as working electrode. The voltammograms were obtained in supporting electrolyte (0.1 mol/L 
KCl) and also in 120 μM catechol standard solution.  

The roughness for all films deposited onto quartz substrate was estimated using atomic force 

microscopy (AFM). The measurements were performed out in a Nanosurf microscope model 
Easyscan2 in tapping mode and resolution of 1024 dots/line. 
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2.3. Analytical curve  

The PVD PTCD-NH2 film was used to obtain the analytical curve for catechol detection. The 

analytical curves were obtained by impedance spectroscopy and DPV. The analytical curve from 

impedance spectroscopy was obtained through the addition of 1.0 × 10−9, 3.0 × 10−9, 6.0 × 10−9,  
1.0 × 10−8, 3.0 × 10−8, 6.0 × 10−8, 1.0 × 10−7, 5.0 × 10−7 and 1.0 × 10−6 mol/L catechol standard 

solution, while from DPV was obtained through addition of 2 × 10−6, 4 × 10−6, 8 × 10−6, 1.2 × 10−5,  

2 × 10−5, 4 × 10−5, 6 × 10−5, 8 × 10−5, 1.2 × 10−4, and 1.6 × 10−4 mol/L catechol standard solution. 
The electrical impedance technique (absence of supporting electrolyte) is more sensitive than 

electrochemical techniques. Thus, a high concentration of the analyte produces a saturation of the 

impedance-based sensor response (interdigitated electrodes). On the other hand, the electrochemical 
measurements show a response to catechol oxidation only above of 1 µmol/L.  

2.4. Real sample  

The PVD PTCD-NH2 film was applied as a sensor to detect the polyphenol content in mate tea 

sample. The tea sample was prepared by weighing 1.5 g of herb and adding 100 mL of ultrapure 
water, heating at 90 ºC for 15 minutes with constant stirring (300 rpm). The mate tea sample was 

filtrated (hot filtration) and the volume adjusted to 100 mL with ultrapure water. The polyphenol 

determination by impedance spectroscopy and DPV were performed using a 0.002% and 1% (v/v) of 
the tea extract, respectively.  

2.5. Fittings parameters 

Equivalent electric circuits can model impedance curves. Z-View software package (Scribner 

Associates, Southern Pines, NC, USA) was employed for the equivalent circuit fitting. The models of 
equivalent circuit models for IDEs sensors illustrated in Figure 2 were applied for fitting the 

impedance spectra. The first equivalent circuit presented in Figure 2(a) was used for spectra fitting 

when only one semicircle appears in a spectrum at high frequencies, and the low frequency part of 
the Nyquist plot is quite linear. When the IDEs systems showed spectra with two semicircles, the 

second equivalent circuit was used to fit them, as presented in Figure 2(b). The parameter Rs 

represents the bulk solution resistance according to Randles Model. The parallel combination of the 
Cg-Rct represents the geometrical capacitance of the IDE sensor and the charge transfer resistance of 

the films layer. In series with the first RC parallel circuit, the second RC composed by a constant 

phase element, CPE, and R2 present the capacitance and resistance at the interface between the film 
and the solution [14]. The CPE was modelled as a non-ideal capacitor given by CPE = −1/(Ciω)α; 

where C is the capacitance which describes the charge separation at the double layer interface, ω is 

the frequency (rad/s) and α exponent associated with the heterogeneity of the electrode surface (0.5 < 
α < 1). In this circuit, the addition of CPE on the circuit is necessary, which can be ascribed to 

blocking of the diffusion process, once the impedance measurements are made in ultrapure water 

(absence of electrolyte). Thus, the charge separation occurs, and the interface acts as a non-ideal 
capacitor (CPE) [15]. 
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Fit precision is assessed through the chi-square parameter which is the sum of squares of the 

ratio of the standard deviation between the original data and the calculated spectrum. For all spectra 
showed in this work, the chi-square parameter was smaller than 5.6 × 10−4.  

 

Figure 2. electrical equivalent circuit fitted to IDE bare (a), and IDE covered with films 
(b). (c) Scheme illustrating each physic-chemical process included in the model. 

3. Results and Discussion 

3.1. Electrical impedance characterization  

The effect of the thin film composition and nanostructuration on the performance of sensors 
based on impedance spectroscopy was first evaluated in ultrapure water. Figure 3 shows the 

impedance results of the LB and PVD films for both materials and bare IDE immersed in ultrapure 

water regarding Bode (|Z| vs. frequency) and Nyquist (Z’ vs. Z”) plot.  
The impedance spectra profiles of both materials are similar for PVD and LB films. 

Furthermore, the profile found here is similar to that found by Yang working with the detection of 

Salmonella cell suspensions in deionized water using gold interdigitated microelectrodes [16]. This 
impedance spectrum profile (Bode plot) is typically found in systems where the polarization is due to 

a combination of kinetic and diffusion processes [16]. Comparing the Bode plot for all films studied, 

the major differences are observed to the PTCD-NH2 film. The different impedance values for the 
same material in the form of PVD and LB films are related to the molecular organization of these 

materials when processed in different ways. For instance, as discussed in Volpati et al. [4], FePc 

presents an orientation almost parallel to the substrate (between 0º and 45º) in LB film and a 
preferred orientation perpendicular to the substrate (45º to 90º) in PVD film. For PTCD-NH2, the 

molecules are oriented at an angle of approximately 45° with the substrate in PVD films and rather 

more inclined (> 45o) when in LB films (unpublished results). The important point is that the 
conductivity is greatly affected by materials that present anisotropy in the molecular orientation. For 

instance, in the work of Dey and Pal [5], the grown of LbL films of NiTsPc under a magnetic field 

were studied. Their result shows that the magnetic field induces a preferential molecular orientation 
on the LbL films of NiTsPc and this change in orientation was responsible for the observed changes 
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in conductivity values and dielectric constant films. According to Dey and Pal [5], films in which the 

molecules were immobilized with the macrocycle orientation parallel to the substrate had lower 
values of dielectric constant and conductivity. Note that in the case of Dey and Pal [5], the electrical 

devices have been made in Sandwich-Al ITO. This effect is explained by the authors due to the very 

close packing of the molecules to each other, and the process of electronic conduction occurring in 
the molecule to molecule is improved. The authors also suggest that when the molecules are oriented 

perpendicular to the substrate surface, and the macrocycle in a particular direction, the electronic 

conduction by hopping still prevails compared with films in which the molecules have no specific 
orientation or organization [5].  

 

Figure 3. Impedance spectra of IDE bare and IDE covered with PVD and LB films 
immersed in ultrapure water using Bode plot impedance (a) and phase (b), Nyquist plot 
(c) and the magnification of the high-frequency range (d) from the plot (c). The solid 

lines represent fitted data using the equivalent circuits.  

Besides, all PVD and LB films promote an increase in the impedance for lower frequencies 

(~50 kHz), as seen in the Bode plot (Figure 3(a)). The order in the impedance values is LB/PTCD-

NH2 > PVD/PTCD-NH2 > LB/FePc > PVD/FePc. In the low frequencies range (<100Hz), impedance 
related to the double layer (Cd) appear in the spectra and contributes to the impedance value in a 
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frequency-dependent manner: Z = −j/√2πfC, where C is capacitance and f is frequency. In this way, 

the major Cd is presented by the FePc films. The double layer capacitance is attributed to the 
reversible ion adsorption onto the film surface, which gives rise to an electrolyte/film interface, 

where no faradaic (redox) processes are involved. This capacitance can be described according to  

C = εA/d, where ε is the electrolyte dielectric constant, A is the film surface area accessible to ions, 
and d is the distance between the center of the ion and film surface. Thus, once in our case, the same 

electrolyte was used, higher values of Cd could be related to two mainly factors: i) larger surface 

areas promoted by porous (or aggregated) films and ii) shorter distances between ion-surface 
promoted by the material characteristic.  

All impedance spectra show a semicircle in the high frequency range (kinetic control of the 

charge-transfer process) and a quite linear range at a lower frequency (diffusion control) in Nyquist 
plots. The impedance spectrum of bare IDE electrode was modeled using the equivalent circuit in 

Figure 2(a). The impedance spectra of the IDEs coated with films were modeled using the equivalent 

circuit in Figure 2(b). In the presence of film on IDE surface, a resistance parameter was added in 
comparison with the equivalent circuit from the bare. The first RC parallel can be associated with the 

charge transfer equilibrium at IDE surface, once that the circuit parameters show no significant 

changes between the films (Table 1). However, the second RC parallel showed significant changes, 
suggesting an influence of the films on diffusion process. These differences in circuit parameters for 

the same material in the form of PVD and LB films are related to the molecular organization of these 

materials when processed in different ways. Moreover, in the FePc case, the roughness decreases 
from 10.27 nm to 1.4 nm from the LB to PVD films. This decrease of roughness can be ascribed to 

FePc characteristic in aggregates itself through π-π interaction in solution [17], which are transferred 

to Langmuir films. Thus, the PVD technique which uses solid compound produces more 
homogeneous surface during the film deposition. Based on molecular organization and surface 

roughness the PVD technique allows a molecular orientation that favors the insertion of water 

molecules on the FePc films, increasing the CPE values.  

Table 1. Parameters obtained from equivalent circuit fitting from impedance 
measurements in ultrapure water and roughness of the IDE bare and IDE covered with 
PVD and LB films. 

Film 
RΩ / 

Ω 

C/ 
µF sα-1 

Rct/ 

Ω 

CPE/ 
µF sα-1

α R2/ 

Ω 

Roughness/ 
nm 

Bare 301.7 1.30 × 10−10 25122 1.15 0.65 -  

LB/FePc 117.4 1.35 × 10−10 26080 0.0828 0.70 4.19 × 105 10.27 

PVD/FePc 175.1 1.28 × 10−10 26141 0.267 0.68 1.00 × 106 1.4 

LB/PTCD-NH2 131.9 1.35 × 10−10 26471 0.0169 0.82 6.27 × 105 4.10 

PVD/PTCD-NH2 188.7 1.33 × 10−10 22363 0.0164 0.84 1.01 × 106 2.00 
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The PTCD-NH2 films showed small variation not only on the molecular organization (between 

45º and 90º) but also on roughness. The latter being from 4.10 nm to 2.00 nm for LB and PVD films, 
respectively. In agreement with the impedance results obtained to FePc films, the PTCD-NH2 

showed the similar tendency, being the PDV films more homogeneous than LB films. Thus we can 

conclude that molecular organization of thin films on substrate surface influences directly on 
impedance properties in ultrapure water. 

After impedance analysis in ultrapure water, the nanostructured films measurements in standard 

catechol solution were done to investigate the influence of the different composition and molecular 
orientation of the thin films as impedance sensor. The IDEs modified with LB and PVD films were 

immersed in 1.0 × 10−6 mol/L catechol standard solution. All films showed decreases of a semicircle, 

ascribed to increases of charge transfer on the electrode surface (Figure 4). The results indicate the 
LB and PVD films from FePc and PTCD-NH2 showed interaction with catechol molecules. The 

equivalent circuit modeled in this situation was the same that applied to films immersed in ultrapure 

water. However, the Rct decreases as expected, which can be ascribed to the increase of charge 
transfer between the film and catechol molecules, increasing the conductivity of the system. The 

greatest decrease of the semicircle diameter (Rct) in catechol solution was observed to PVD PTCD-

NH2 films, indicating the best sensitivity. This sensitivity is an interesting property to the sensor 
application. Thus, the PVD PTCD-NH2 sensor was used to evaluate the sensing performance in low 

catechol concentrations. 

Table 2. Parameters obtained from equivalent circuit fitting from impedance 
measurements in catechol solution of the IDE bare and IDE covered with PVD and LB 

films. 

Film 
RΩ / 

Ω 

C/ 
µF sα-1 

Rct/ 

Ω 

CPE/ 
µF sα-1

α R2/ 

Ω 

LB/FePc 124.5 1.35 × 10−10 22322 0.0734 0.71 4.66 × 105 

PVD/FePc 183.5 1.27 × 10−10 23068 0.284 0.68 1.10 × 106 

LB/PTCD-NH2 136.3 1.34 × 10−10 22429 0.0162 0.83 5.87 × 105 

PVD/PTCD-NH2 189.4 1.33 × 10−10 19763 0.0168 0.84 8.99 × 105 
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Figure 4. Nyquist plot of IDE with PVD and LB films immersed in ultrapure water 
(square curve) and 1.0 × 10−6 mol/L catechol solution (circle curve). Lines indicates 

equivalent circuit fitting. Inset: magnification of the high-frequency range. 

The impedance measurements were performed using catechol concentrations in ultrapure water: 

1.0 × 10−9, 3.0 × 10−9, 6.0 × 10−9, 1.0 × 10−8, 3.0 × 10−8, 6.0 × 10−8, 1.0 × 10−7, 5.0 × 10−7 and  
1.0 × 10−6 mol/L. The increases of catechol concentration promote increases of charge transfer 

observed through the decreases semicircle diameter (decreases of Rct). The curve of 1/Rct in function 

of catechol concentration showed an exponential dependence, as showed at Figure 5. Linearity can 
be observed from 1.0 × 10−9 to 1.0 × 10−6 mol/L, with linear regression of 1/Rct (1/Ω) = 2.09255 × 

10−5 + 2.09002 × 10−6 [catechol]. 
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Figure 5. response of the PVD PTCD-NH2 impedance sensor in ultrapure water 
containing different catechol concentrations. Measurements performed to three different 

electrodes (average from measurements in triplicate). 

3.2. Differential pulse voltammetry 

The results from voltammetric measurements collaborate with the results observed from 
impedance in ultrapure water. The films formed by PVD technique showed better stability and 

voltammetric signal in supporting electrolyte (0.1 mol/L KCl). The redox potential observed in 

negative range (Figure 6) can be ascribed to ring oxidation of perylene or phthalocyanine  
ligand [18,19]. The electrodes immersed in catechol solution (Figure 6) showed a peak potential 

ascribed to catechol oxidation [20], which showed a shift of oxidation potential to lower potential in 

comparison with ITO electrode uncovered (catechol oxidation at 0.231 V vs. Ag/AgCl). The small 
catechol oxidation potential was observed to PVD films, being 0.046 and 0.076 V vs. Ag/AgCl for 

PTCD-NH2 and FePc films, respectively. The potentials for catechol oxidation are summarized in 

Table 3. The PDV films are more homogeneous than LB films, suggesting like as in impedance 
behavior, the homogeneity can influence on the electrocatalytic effect of this films. The increase of 

homogeneity and the decreases of roughness observed from PVD to LB films decrease the onset 

potential of catechol oxidation.  

Table 3. Potential of catechol oxidation using PTCD-NH2 and FePc films. 

Film Eox (V) vs. Ag/AgCl 

Bare 0.231 

PVD/PTCD-NH2 0.046 

LB/PTCD-NH2 0.167 

PVD/FePc 0.076 

LB/FePc 0.195 
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Figure 6. differential pulse voltammograms of PVD and LB PTCD-NH2 films (a), and 
PVD and LB FePc films (b) immersed in supporting electrolyte (0.1 mol/L KCl) and 
standard catechol solution (1.2 × 10−4 mol/L). The voltammogram of ITO bare in 

catechol solution also is shown.  

Also, the thickness of PVD films showed influence on film oxidation but has no influence on 

catechol peak oxidation (supporting information). This behavior reinforces the hypothesis that the 

interaction of catechol occurs on the film surface, which promotes a fast saturation of films 
surface/signal principally observed on impedance measurements. 

The voltammetry in agreement with impedance results collaborates with the hypothesis that 

molecular organization of thin films on substrate surface influences directly on electrochemical and 
electrical properties of the films. Thus, the results from DPV and impedance measurements 

suggesting PTCD-NH2 films showed the better potential (i.e. smaller potential to catechol oxidation) 

for the development of sensor devices to the determination of catechol and/or polyphenols 
derivatives.  

The PVD PTCD-NH2 films were also used to evaluate the electrochemical sensing performance. 

The DPV measurements were performed using 2 × 10−6, 4 × 10−6, 8 × 10−6, 1.2 × 10−5, 2 × 10−5, 4 × 
10−5, 6 × 10−5, 8 × 10−5, 1.2 × 10−4 and 1.6 × 10−4 mol/L catechol standard solution. The anodic peak 

current at 0.046 V vs. Ag/AgCl (ascribed to catechol oxidation) increase linearly with the catechol 

concentration from 2.0 × 10−6 to 1.6 × 10−4 mol/L (Figure 7). The linear regression equation can be 
represented by Ipa (A) = 1.956 × 10−7 + 0.2516 [catechol mol/L] (r = 0.998), with limit of detection 

(LOD) of 1.62 × 10−7 mol/L (0.162 μmol/L) calculated according to 3 x SD/slope criteria. 
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Figure 7. response of the PVD PTCD-NH2 voltammetric sensor in KCl solution for 
different catechol concentrations. Measurements performed in triplicate using the same 
electrode, and three different electrodes as well (average of nine addition measurements). 

The analytical performance of PVD PTCD-NH2 was similar or better than other sensors and 
biosensor as summarized in Table 4. The PVD PTCD-NH2 films show a satisfactory limit of 
detection to the application as catechol sensor.  

Table 4. Comparison of analytical performance of sensors for the detection of catechol. 

Film 
Detection  
technique 

Linear range 

(μmol/L) 
LOD (μmol/L) Ref. 

Tyr/AA/LuPc2 Cyclic voltammetry 1.67-21.46 1.71 [20] 

(PAH/FeTsPc+ DPPG/AgNp)5 Cyclic voltammetry 2.0-100 0.87 [21] 

PEDOT/CPE DPV 1.0-250 0.50 [22] 

Polypyrrol/AuNp Cyclic voltammetry 0.1-1.0 3-88 [23] 

3-APBA–PTCA–CNTs/GC  DPV 0.5-30 0.10 [24] 

PVD PTCD-NH2 DPV 2-160 0.16 This work 

Abbreviation: Tyr = tyrosine enzyme; AA = arachidic acid; LuPc2 = lutetium phthalocyanine; PAH =  poly (allylamine) 

hydrochlorate; FeTsPc = iron tetrasulfonated phthalocya-nine; DPPG = phospholipid 1,2-dipalmitoyl-sn-3-glycero-

(phosphor-rac-(1-glycerol); AgNp = silver nanoparticles; PEDOT = poly(3,4-ethylenedioxythiophene); CPE = carbon 

past electrode; AuNp = gold nanoparticles; APBA-PTCA = 3-aminophenylboronic acid-3,4,9,10-perylene tetracarboxylic 

acid; CNTs = carbon nanotubes, GC = glassy carbon. 
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3.3. Analyses in mate tea samples 

PVD PTCD-NH2 films were applied as a sensor to determine the catechol content in mate tea 
samples using electrical impedance and DPV methods. The catechol concentration in mate tea 
sample was determined using standard addition in both analytical methods. The catechol 
concentrations in mate tea samples determined by DPV measurements was 171.3 mg/L (±15.6), 
while the value determined using impedance measurements was 0.09 mg/L (± 0.13). Comparing with 
the value found using Folin-Cioalteu method (297 mg/L ± 8.5), a standard method for polyphenol 
quantification, DPV method showed higher efficiency than impedance method. The results for 
polyphenols quantification are summarized in Table 4.  

The impedance measurements are very sensitive to the variation on interface IDE 
surface/solution. Thus, the complex tea sample matrix showed a higher influence on charge transfer 
with leading to an error on catechol quantification. Besides, an adsorption of polyphenols and the 
other compounds present in tea matrix can occur. The poisoning or “memory effect” can be observed 
through comparison of the impedance response in the initial ultrapure water (before measurements in 
catechol) and final ultrapure water (after measurements in catechol) in Figure 8. As is shown below 
for PTCD-NH2, the impedance profile changes due to the catechol adsorption. This effect was not 
observed in the electrochemical measurements. Thus, in this case, the electrical impedance cannot be 
used as an analytical method using the PVD PTCD-NH2 films. 

 

Figure 8. Nyquist plot of IDE with PTCD-NH2 PVD film immersed in ultrapure water before 
(initial water) and after (final water) catechol measurements. 

However, using DPV method the concentration found was close to that determined by the 
standard method. The difference observed are assigned to oxidation potential used in DPV the 
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measurements. The maximum peak potential for the mate tea sample using PDV PTCD-NH2 films 
was observed at 0.205 V vs. Ag/AgCl (1% of tea), and to catechol oxidation at 0.046 V vs. Ag/AgCl. 
The oxidation peak observed in the tea sample can be ascribed to oxidation of epicatechin flavan-3-ol 
derivatives[25]. The mate tea sample showed higher levels of EC than other flavan-3-ol. Thus, the 
values found in this work include only polyphenols oxidized around 0.046 V.  

Table 4. Polyphenol quantification in mate tea sample. 

Method* Amount of polyphenol (mg/L) 

Differential pulse voltammetry 171.3 (±15.6) 

Electrical impedance 0.090 (±0.13) 

Folin-Ciocalteu 297.0 (±8.50) 

*the differential pulse voltammetry and electrical impedance were applied using 
PDV PTCD-NH2 films. 

4. Conclusion 

The Langmuir-Blodgett and physical vapor deposition techniques allow the formation of thin 
films from FePc and PTCD-NH2 compounds with different molecular organization and 
nanostructuration. Molecular organization and nanostructuration directly influenced the electrical 
and electrochemical properties of these films. The impedance results in ultrapure water showed the 
films onto IDE modified the electrical response. In general, equivalent circuits reveal an increase in 
the resistance of the system in the low frequency range with the films deposition, associated with the 
diffusional process. Comparing LB and PVD films, the PDV deposition promotes more 
homogeneous films and with lower roughness. These characteristics favor the insertion of water 
molecules, increasing the CPE values. The same tendency was observed in catechol solution, once 
PDV films better interact with catechol molecules. The latter was analyzed by the decreasing of 
resistance values in high and low frequency range. The electrocatalytic properties were also 
evaluated by using differential pulse voltammetry for films deposited onto ITO electrode. Both PVD 
films (FePc and PTCD-NH2) showed smaller onset potential for catechol oxidation in comparison 
with LB films, which can be directly associated with the molecular organization, homogeneity, and 
roughness. However, the thicknesses not show significant influence.  

These observations agree with impedance results, which confirm nanostructuration play an 
important role on electrical and electrochemical properties of this films (principally in catechol 
solution). Among FePc and PTCD-NH2 films (LB and PVD), the PVD PTCD-NH2 film showed 
interesting electrical and electrochemical properties for the application as catechol sensor. The 
analytical curve for catechol detection was obtained using PVD PTCD-NH2 film through impedance 
and DPV methods. The impedance signal showed an exponential dependence with low catechol 
concentration, indicating a sensitive interaction on IDE interface. However, the voltammetric signal 
was linear with catechol concentration with a limit of detection of 1.62x10-7 mol/L. The PVD PTCD-
NH2 film was tested as a sensor for quantification of catechol contents in mate tea samples. Using 
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DPV method the concentration of catechol found (171.3 mg/L) was close to that determined by the 
Folin-Cioalteu standard method.  
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