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Abstract: 

The gravimetric and dynamic aspects of the ions transfer at SWCNT/Prussian blue (PB) 

composite film electrode/electrolyte interface was investigated by the electrogravimetric 

impedance which couples fast quartz crystal microbalance (QCM) and electrochemical 

impedance spectroscopy (EIS). In contact with an aqueous KCl electrolyte, evidence was found 

that the kinetic of species is controlled by Faraday and capacitive electrochemical charge 

storage mechanisms. It was found that the interfacial transfer of K+ was faster than the Cl- 

transfer in the studied potential window. Through our electrogravimetric method of 

investigation, it was revealed that both adsorption/desorption and the insertion/expulsion 

phenomena can occur for K+, while only adsorption/desorption can occur for Cl-. Indeed, for 

pure PB films, the anion contribution to the charge compensation process has never been 

observed in the studied medium and for that, it is related to only electroadsorption on the 

SWCNT part of the film. Present work higlighted tha fact that electrogravimetric response of 

the SWCNT/PB composite electrode encloses several species contribution probably due to a 

synergic effect of the two phases and our study contributes to disentagling it both 

gravimetrically and dynamically. 

Keywords: Single wall carbon nanotubes, Prussian blue, electrochemical quartz-crystal 

microbalance (EQCM), ac-electrogravimetry, charge storage. 
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1. Introduction  

Carbon nanotubes (CNTs) types (single-, double-, or multi-walled CNTs) are the materials the 

most investigated due for their high electrical conductivity, unique pore structure, chemical 

reactivity and thermal stability and relatively low equivalent series resistance (ESR) (lower than 

activated carbon) [1-3]. 

Although their surface area is relatively moderate compared to activated carbon, it may be used 

more efficiently due to the fact that the mesopores are interconnected, thus, providing access to 

nearly all the surface area and enabling a continuous distribution of charges [1-3]. Altogether, 

these properties make CNTs suitable for energy storage and conversion applications including 

batteries, fuel cells and supercapacitors [4-11]. 

However, there are studies that indicate that CNTs have limitations [9,12] as well as advantages 

[13]. Therefore, an alternative is the use of materials composed of different compositions that 

combine the beneficial aspects and compensate the limitations of each one of the compositions, 

as is the case of composite materials [14,15]. Particularly, nanocomposite electrodes of CNTs 

and conducting polymers have been widely studied the last few years to improve the specific 

capacitance of the supercapacitors [4,16-20]. 

Prussian blue (PB) is a material widely studied due to its interesting electrochromic, electronic, 

redox and photo magnetic properties. PB presents many potential applications in 

electrocatalysis, sensors, rechargeable batteries, electrochromic devices and photomagnetism 

[13,21-23]. 

PB films can be regenerated either chemically [21,24] or electrochemically [25], often from an 

aqueous solution of a mixture of FeCl3 and K3Fe(CN)6. The freshly deposited PB films are in 

the “insoluble” form, Fe4[Fe(CN)6]3 and  after several voltammetric cycles in KCl solution, 

they are converted into the “soluble” structure, which is characterized by the presence of 

potassium substituting for ¼ of the high-spin iron sites in the “insoluble” PB structure 
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(KFeFe(CN)6). Prussian Blue films can be reduced to the colorless form, called Everitt’s salt 

(KFe4[Fe(CN)6]3 or K2FeFe(CN)6, ES), or oxidized to the yellow form called Prussian Yellow 

(Fe4[Fe(CN)6]3Cl or KFeFe(CN)6Cl, PY). The reduction process for the “soluble” PB structure 

has been described as follows [22]: 

kcIII II - + II IIKFe Fe (CN) +e + K K Fe Fe (CN)6 2 6'kc

  (1) 

where FeIII and FeII refer to the different oxidation states of Fe atoms in the PB structure. 

PB films in KCl solutions have been widely studied in the past years by electrochemical 

impedance and cyclic voltammetry [26-28]. However, many aspects about the electrochemical 

behavior of these films have not still been clarified, especially the insertion/expulsion 

phenomena of ions/solvent within the film. 

Therefore, PB films have also been studied by electrochemical quartz crystal microbalance 

(EQCM) because this technique provides significant information concerning the mass changes 

of ions within the film [26,29,30]. In this technique, the changes of the mass deposited on the 

gold electrode, Δm, are related to changes in the resonance frequency of the quartz crystal, Δfm, 

by means from equation of Sauerbrey [31]: 

                  

22f0Δf = -k x Δm = - Δmm s
Sn ρ μq q

 
 
  
 

 (2) 

where ρq is the quartz density (2.648 g.cm-3), μq is the shear modulus of a shear AT quartz crystal 

(2.947 x 1011 g cm-1 s-2), f0 is the fundamental resonant frequency of the quartz (Hz), S is the 

active surface on the quartz corresponding to the metal electrode deposited on it (cm2), n is the 

overtone number and ks is the theoretical sensitivity factor (Hz g-1 cm2). It has been 

demonstrated that the equation of Sauerbrey is valid for this thickness of PB films. Thus, mass 

changes from frequency changes can be obtained [30]. 
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The remarkable sensitivity of the EQCM technique has attracted particular attention in the 

energy storage community (supercapacitors, Li-ion and Na-ion batteries) since “discrete” 

events like inter-calation and/or electroadsorption of ions, surface film formation (SEI) or 

dissolution of active materials can be detected [32-40]. 

CNT/PB Nanocomposite has been another material studied for applications in sensors [41], 

battery components [42], and electrochromic devices [43] due to interesting properties. 

Recently Nossol et al studied the electrochemical behavior of CNT/PB nanocomposite in KCl 

aqueous solution using electrochemical techniques including the EQCM, and scanning 

electrochemical microscopy (SECM). The authors confirm with these techniques that KCl 

participates as electrolyte support in PB formation and the redox activity takes place at both 

metallic centers in PB [13]. Furthermore, the authors suggest that the nanocomposite material 

provide a potentially useful material for applications in optical devices and as cathode for 

flexible and transparent potassium ion battery [42]. However, the kinetic or dynamic aspects of 

the ion insertion/expulsion, as well as the role of the electrolyte composition and the effect of 

ions solvation during electrochemical processes have not explained in details with these kind 

of techniques.   

Here, an alternative and complementary characterization tool to classical EQCM was proposed 

which couples the fast quartz crystal microbalance (QCM) and electrochemical impedance 

spectroscopy (EIS) (also called ac-electrogravimetry) [44-53]. Ac-electrogravimetry has proved 

itself for its utility to discriminate the activity of the different species involved in the charge 

transfer during an electrochemical process. More precisely, it provides access to relevant 

information on the kinetics of species transferred at the electrode/electrolyte interface and their 

transport in the bulk of the materials, the nature of these species as well as their relative 

concentration within the material. Consequently, ac-electrogravimetry has been used as a 

relevant tool for studying the nature of the ionic flux at the electrode/electrolyte interface for 
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many systems such as conducting polymers [45], metal oxides [46-47] and carbon based 

electrodes [50,53]. Here, in this study, it has been used for the first time to study a composite 

material and permitted the synergic effect of the CNTs together with a redox active material on 

the charge storage behavior of the composite electrode to be investigated. 

2. Theoretical background for ac-electrogravimetry 

The change of the concentration, ΔCi , of each species (ex. i = cation1 (c1) and cation2 (c2), 

and anion (a), and free solvent (s)) over a potential ΔE  step can be estimated using Eq. (3): 

Δ
(ω )

Δ

C -Gi i=
E jω d + K ith

 (3) 

where ω = 2πƒ is the pulsation, ƒ is the frequency of potential modulation and Ki and Gi are the 

partial derivatives of the flux with respect to the concentration and the potential, respectively. 

Ki is related to the kinetics of the ionic or free solvent transfer. Gi is the inverse of the transfer 

resistance, 1
R =ti FGi

, of the species at the film/electrolyte interface [44-53]. 

The charge/potential transfer function, 
Δ

(ω)
Δ

q

E th
, calculated for the transfer of two cations, c1 

and c2, and an anion, a, using the Faraday number, F and the film thickness, df  can be written 

as follows : 

Δ

Δ

 
 
 
 

G G Gq c1 c2 a= d F - -fE (jωd )+K (jωd )+K (jωd )+Kth ac1 c2f f f
 (4) 

The theoretical electrogravimetric transfer function, 
Δ

(ω)
Δ

m

E th
, can be calculated, taking into 

account the charged/uncharged species contribution: 
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Δ Δ Δ ΔΔ
(ω)

Δ

 
 
 
 

G G G Gm c1 c2 a s= d m +m +m +ma sc1 c2fE (jωd )+K (jωd )+K (jωd )+K (jωd )+Kth a sc1 c2f f f f
   

(5)  

where mc1, mc2, ma and ms  are the atomic weight of involved species. 

From the theoretical overall electrogravimetric transfer function (4), it is possible to calculate 

the theoretical partial transfer functions by removing the c2 contribution, calculating 

Δ
(ω)

Δ

c1as

th

m

E
 ; or the c1 contribution, calculating; 

Δ
(ω)

Δ

c2as

th

m

E
 or the anion contribution, 

calculating 
Δ

(ω)
Δ

c1c2as

th

m

E
; as shown in the following equations: 

   Δ Δ ΔΔ
(ω)

Δ Δ Δ Δ

 
 
  

c1as C C Cm c1 a s= -d m - m + m + m + ma sc1 c2 c2fE E E Eth
 (6)                      

   Δ Δ ΔΔ
(ω)

Δ Δ Δ Δ

 
 
  

c2as C C Cm c1 a s= d m - m + m + m + ma sc2 c1 c1fE E E Eth
 (7)  

             Δ Δ ΔΔ

Δ Δ Δ Δ

 
 
  

c1c2s C C Cm c1 c2 s(ω)= d m + m + m + m + ma a sc1 c2fE E E Eth
(8)  

3. Experimental  

Single Wall CNT (755117-1G, length: 300-2300 nm and diameter: 0.7-1.1 nm) and potassium 

hexacyanoferrate(III) (99.98% trace metals basis) were acquired from Sigma Aldrich. The 

preparation of the SWCNT thin layers on the gold electrode (effective surface area of 0.20 cm2) 

of a quartz crystal resonator (9 MHz -AWS, Valencia, Spain) was previously described [50]. 

The subsequent synthesis of the SWCNT/PB nanocomposite films were carried out according 

to the method reported by Nossol et al [13]. The procedure consists of cycling the SWCNT 

coated quartz resonator in a solution containing 1 x 10-3 M K3Fe(CN)6 and 0.1 M KCl at a scan 

rate of 0.05 V s-1 in a potential range from -0.2 V to 0.8 V vs Ag/AgCl during 15 cycles.  
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EQCM measurements were performed in an aqueous solution of 0.5 M KCl at pH = 3. A 

platinum grid and Ag/AgCl were used as counter electrode and as reference electrode, 

respectively. The gravimetric regime was assured by keeping film thickness acoustically thin 

(<500 nm) as it was mentioned previously in the introduction part [30]. 

For ac–electrogravimetry, a four–channel frequency response analyzer (FRA, Solartron 1254) 

and a lab-made potentiostat (SOTELEM-PGSTAT) were used. The QCM was used under 

dynamic regime, the working electrode (WE) was polarized at a selected potential, and a 

sinusoidal small amplitude potential perturbation (60 mV rms) was superimposed. The 

microbalance frequency change, Δfm, corresponding to the mass response, Δm, of the WE was 

measured simultaneously with the ac response, ΔI , of the electrochemical system. The 

frequency range was between 63 kHz and 10 mHz. The resulting signals were sent to the four–

channel FRA, which allowed the electrogravimetric transfer function (TF), Δ (ω)
Δ

m

E
, and the 

electrochemical impedance, Δ (ω)
Δ

E

I
, to be simultaneously obtained at a given potential [44-

46]. The measurements were performed in 0.5 M KCl at pH = 3 and at every 100 mV in the 

following potential range: −0.45 V – 0.45 V vs Ag/AgCl. 

 

 

 

 

 

 

 

4. Results and discussion 

4.1 Structure and morphology of the SWCNT/PB nanocube composite thin films 
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The surface morphology of the SWCNT/PB nanocomposite thin films deposited on the gold 

electrode of the quartz resonators were characterized by FEG-SEM. Prussian blue was 

deposited on the SWCNTs via cyclic voltammetry. After 15 cycles, nanosized cubes were 

formed and distributed along the thin layer of SWCNT films (Figure 1A and B), which 

corresponds to Prussian Blue (PB). 

The EDX analysis coupled with FEG-SEM observations indicates the presence of both C and 

Fe as constituents of the SWCNT/PB composite (See Figure 2A and B). The presence of Au 

and Si peaks is due to the gold electrode of the QCM and the quartz itself, respectively. The 

observation of K and N related peaks further confirms the formation of PB on the CNTs where 

the PB structure is KFeIIIFeII(CN)6. 

4.2 EQCM study of the SWCNT/PB nanocube composite films 

Figure 3 shows the current and mass changes of the SWCNT/PB film when it is oxidized and 

reduced between -0.45 V and 0.45 V vs Ag/AgCl at a scan rate of 50 mV s-1 in a 0.5M KCl 

solution (pH 3). The cyclic voltammetry in Figure 3 presents a capacitive behavior between -

0.45 V to -0.15 V (zone I) and 0.2 V to 0.45 V (Zone III), which is typical for the 

electrochemical response of SWCNT films [50]. In the range of ~ 0.05 V to ~ 0.15 V (Zone II), 

peaks of oxidation/reduction are observed, which corresponds to the characteristic PB redox 

response. Therefore, the CV responses of the composite films show the electrochemical 

signatures of the both components with higher current values than that obtained for pure PB 

[30,44,49] and SWCNT thin film electrodes [50]. Accordingly, the mass changes of the 

composite films are also enhanced compared to the pure PB [44,49] and SWCNT thin film 

electrodes [50].  

The SWCNT/PB electrode presents a particular behavior regarding the mass response (Figure 

3). A main contribution of cations in the zone of -0.45V to -0.15V (Zone I) and of anions in the 

zone of 0.2V to 0.45V (Zone III) can be attributed to the electroadsorption/electrodesorption of 
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cations and anions at the SWCNT/electrolyte interfaces, when the surface is negatively and 

positively charged, respectively. The Zone II presents a mass decrease and increase during an 

anodic to cathodic and a cathodic to anodic scan, respectively. If the composite thin film 

behaved like a pure PB film in the Zone II, the mass response would be the opposite of that 

observed in Figure 3 i.e. reduction/oxidation of the PB structure is accompanied by the 

insertion/desinsertion of the cations for the charge compensation purposes [30,44,49]. This 

anomalous behavior in mass change in Zone II may indicate the cooperative behavior of the 

SWCNT and the PB components which may lead to the global mass response in Figure 3. 

These results are corroborated to the molar mass of the species transferred at the interfaces by 

the calculation of the Δ
F (ω)
Δ

m

Q
 function. Figure 4 shows the variation of Δ

F (ω)
Δ

m

Q
 values as 

a function of the potential applied, obtained from the reduction branch of the EQCM data in 

Figure 3, in the range 0.4V to -0.4V vs Ag/AgCl measured in 0.5M KCl. Three zones are 

defined: (i) Zone I, between -0.4V to 0.1V, the species involved could be the hydrated K+, (ii) 

Zone II, range -0.1V to 0.15 V, the species involved could be K+ and H3O+ which is coherent 

with the PB response (reaction I) and (iii) Zone III, range 0.15V to 0.4V, the species involved 

could be Cl- but the high values (in g.mol-1) estimated indicate the contribution of the free 

solvent.  

The capacitance was calculated by using the following relation: 

specific
I (Amper)C (F/g)=

v (volt/second)× electrode mass (g)s
, where C is the specific capacitance, I is the 

measured current and vs is the scan rate used. The capacitance values of the thin films were 

normalized with precision thanks to the exact determination of the film mass using the QCM. 

These measurements were performed by comparing the resonance frequency of the resonator 

before and after the film elaboration. The capacitance values are estimated to be around 25 F g-

1 in the zones III and I, which is in good agreement with the values obtained in the literature 
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[4]. The capacitance value of the oxidation peak (PB active zone is estimated to be around 250 

F g-1 (Figure SI in the Supporting Information). Another method for the calculation of the 

capacitance adapted to faradaic process has been proposed using the following relation  


E1
E2

2 1

i(E)dE
C =

2(E - E ) m v
 where C is the specific capacitance of electrode, E

1
 and E

2
 are the working 

voltage in cyclic voltammetry, and 
E1
E2

i(E)dE  is the total voltammetric charge in cyclic 

voltammetry, m is the mass of the film, and v is the scan rate. The value is estimated to be 

around 114 F g-1 which is four times higher than the capacitance values obtained in the literature 

for the SWCNT thin films [4]. This improvement in capacitance is due to the faradaic process 

that occurs in the redox zone.  

4.3 Ac-electrogravimetric study of the SWCNT/PB nanocube composite films 

The measurements were performed at each 100 mV in the range from -0.4V to 0.4V vs 

Ag/AgCl. Figure 5 and 6 show an example of the experimental and theoretical transfer functions 

(TFs) obtained from ac-electrogravimetry of a SWCNT/PB thin film in 0.5 M KCl electrolyte 

at -0.1V vs Ag/AgCl. The experimental data were fitted according to the models presented in 

previous investigations [44,50]. Figure 5 and 6 reveal a good agreement between experimental 

data and theoretical curves. First, the electrochemical impedance Δ (ω)
Δ

E

I
 responses (Figure 

5A) present a slightly distorted straight line indicating that there is a multi-ion transfer 

contribution. Consequently, it is difficult to extract information. However, it should be noted 

that there is no evident part with a slope equal to 45° or below in the electrochemical impedance 

response, therefore, the rate limiting step is not the mass transport in the films or in the solution, 

but rather the ionic transfer between the solution and the film [44]. 

The charge/potential transfer functions (TFs), Δ (ω)
Δ

q

E
 (Figure 5B), permit the separation of the 

ionic contributions, however, without any possibility to identify the ionic species involved. 
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Figure 5B shows one big loop at the high frequencies and a smaller contribution at the low 

frequencies. They can be attributed to any of the ionic species present in the electrolyte and 

their time constants are not sufficiently different from each other (otherwise they would appear 

as two completely separate loops). The simulation of the experimental data indicates the 

contribution of the three ionic species; the big loop at higher frequency is composed of two 

ionic species response with a third ionic species which contributes at the lower frequency 

region. The mass/potential TF permits the identification of these ionic species (also solvent 

molecules if there is any), especially when it is associated to partial TFs. 

In the mass/potential transfer function Δ (ω)
Δ

m

E
 (Figure 6A), one big loop appears in the third 

quadrant. The loops in the third quadrant are characteristic for cation contributions or free 

solvent molecules in the same flux direction. Another contribution also appears at lower 

frequencies in the fourth quadrant (anions with opposite flux direction) highlighting the 

challenge in the exact identification of these two or three loops. The fitting of the experimental 

data by Mathcad software, using the equation 5 showed the presence of three charged species: 

K+ at higher frequencies, H+ at intermediate frequencies and Cl- at lower frequencies which 

confirms the configuration given by the Δ (ω)
Δ

q

E
 TF in Figure 5B. Another contribution to the 

mass response at intermediate frequencies was also detected which is attributed to the free 

solvent. The identification of these species was achieved by the determination of their molar 

mass using Equation 4. Their respective kinetics of transfer were determined by the Ki values. 

The presence of three different ionic species and free solvent molecules contribution estimated 

by simulating the experimental data was further confirmed by a fair analysis of the partial 

electrogravimetric transfer functions, for example, by removing the c2 contribution and 

calculating 
Δ

(ω)
Δ

c1as

th

m

E
, by removing the c1 contribution and calculating 

Δ
(ω)

Δ

c2as

th

m

E
 or the 
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anion contribution, calculating 
Δ

(ω)
Δ

c1c2as

th

m

E
 (Equations 6,7 and 8). The panels in Figure 6 B-

C exhibit a good agreement between the theoretical and experimental data. This partial 

electrogravimetric transfer function provides a crosscheck for validating the hypothesis 

involving four different species and allowing a better separation of the various contributions to 

be attained. The ac-electrogravimetry results at two other potentials situated in the Zone I and 

Zone II (indicated in Figure 3) are given in the Supporting Information. Figure SII and SIII 

shows the results from the cathodic region (at -0.4V) which indicates the contribution of the 

two different cations (K+ and H+) which is attributed to the capacitive charge storage in the 

SWCNT component of the SWCNT/PB nanocubes composite and in agreement with our earlier 

work [50]. The results of a potential situated in the Zone III (Figure SIV) indicate the presence 

of both K+ and Cl- ions where the latter is attributed to the capacitive charge storage in SWCNT 

since the PB is known to be a pure cation exchanger [44]. 

The same fitting procedure and validation process were used for all the other potentials and the 

pertinent parameters (Ki, Gi and 1
R =ti FGi

) for all the species transferred were estimated. 

Figure 7 shows the evolution of transfer kinetics, Ki, and the transfer resistance, Rti, of the 

species as a function of the potential applied. This potential range corresponds to the conditions 

where the electroadsorption/desorption and insertion/expulsion process of the composite thin 

film are observed. Based on the Ki values presented in Figure 7A, the K+ ion is the fastest of 

the three species. Furthermore, the transfer kinetics of free water molecules are somewhat close 

to the values of the K+ ion. Additionally, these water molecules have the same flux directions 

as the cations, suggesting that these might be the water molecules that accompany the transfer 

of K+, most likely due to an electrodragging process. Chloride anions appear only for the more 

anodic potentials which indicate that the capacitive CNT film behavior is dominant in this 

potential range. If we compare the K+ ions’ kinetics of the composite film with that observed 
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in pristine SWCNTs, one can say that the presence of PB on the surface of SWCNTs does not 

slow down the transfer dynamics of K+ ions (similar Ki in SWCNTs) [50]. Therefore, the 

enhanced capacitance value obtained for the composites in the presence of the PB nanocubes 

does not have a penalty in terms of dynamics of transfer. 

Additionally, the contribution of potassium ions in the composite film is enlarged to the whole 

potential range (Figure 7A). For free solvent molecules, the transfer resistance value is smaller 

for the extreme potential values but in the PB electroactivity domain, this value becomes higher: 

H2O is more difficult to be transferred in the redox PB domain compared to potassium ions. 

Indeed, when only PB films are examined, free water molecules were not detected which is in 

line with the present observations [44,51]. 

The transfer kinetic rates of H+ in the SWCNT/PB are higher than the transfer kinetic rates of 

H+ in pure SWCNT [50,52] probably due to the difference in pH (lower in this work) (Figure 

6A), as a result, their transfer is easier than those in pure SWCNT (Figure 7B).  

Considering the transfer resistance (Rti) values of ions, the K+ in the SWCNT-PB are equivalent 

to the K+ in the pure SWCNT [50,52]. As mentioned previously, in SWCNT/PB the transfer 

kinetic rates of K+ is equivalent to that of K+ in the pure SWCNT [50,52], thus advantageously, 

the presence of PB does not hinder the electroadsorption process of cations.  

In order to quantify the role of each species, 
Δ

Δ 

C Gi i= -
E Kiω 0

 has been calculated as a function 

of the applied potential. The integration of the 
Δ

Δ 

Ci
E ω 0

 against potential gives the relative 

concentration change, (Ci-C0). Figure 8 shows the relative concentration change for the ionic 

species involved in the electrochemical process. The Ci-C0 values for H2O are significantly 

higher than the (Ci-C0) values of K+ and Cl-, especially at more anodic potentials. Furthermore, 

all the species show different behaviors probably related to the composite structure: at more 

cathodic potentials, the concentration of K+ increases in the studied potential window and the 
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anions are not detected beyond -0.1V vs. Ag/AgCl. The potassium species are detected at all 

potentials indicating a collective effect of the composite structure, i.e. potassium species due to 

the redox of PB and the electroadsorption on SWCNTs. The anions are detected only at anodic 

potentials indicating that they are related to the electroadsorption process on SWCNTs. The 

free water molecules accompany the potassium ions at cathodic potentials, but at more anodic 

potentials, the concentration of H2O and Cl- increases. These behaviors are probably due to the 

mixed Faradaic and non-Faradaic mechanisms of the charge storage of the composite film. As 

a comparison, we have detected that the Ci-C0 values of the species K+, Cl- and free solvent are 

more significant in the composite SWCNT-PB thin films than in pristine SWCNT thin films. 

Furthermore, the Ci-C0 values of the free solvent in the SWCNT-PB are also higher and 

equivalent, at anodic potentials, and cathodic potentials, respectively, as compared to the 

pristine SWCNT thin films [50,52]. These results indicate that the relative concentration of the 

species is significantly increased in the case of the SWCNT/PB composite structure, which 

probably is the reason for the significantly higher specific capacitance values given previously 

(Figure SI).  

5. Conclusions 

The electrochemical charge storage properties of composite SWCNT/PB films was first 

assessed by classical cyclic electrogravimetry (EQCM), which was performed in 0.5M aqueous 

KCl electrolyte, from 0.45V vs Ag/AgCl to -0.45V vs Ag/AgCl. The specific capacitance of the 

film, the mass change and the Δ
F (ω)
Δ

m

Q
function were calculated as a function of the potential. 

The SWCNT/PB film shows a capacitive behavior in the CNT zone (I and III) and a redox 

behavior in the mixed CNT/PB zone (II). Regarding the gravimetric analysis, even after the 

Δ
F (ω)
Δ

m

Q
calculations, it is rather difficult to disentangle the various electrochemical reactions 

constituting the global response. For that reason, and to be able to characterize the EQCM 
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response in depth, an ac-electrogravimetric study was performed in the same media under a 

sinusoidal potential perturbation. Experimental data were fitted using a theoretical model to 

find the kinetic parameters and to identify the contribution of the species, charged or non 

charged, involved in the charge compensation process. It was found out that the transfer of K+ 

was faster than the transfer of Cl- in the studied potential window. Through our 

electrogravimetric method of investigation, it was revealed that both the adsorption/desorption 

and the insertion/expulsion phenomena occur for K+, while only adsorption/desorption occurs 

for Cl-. Indeed, for pure PB films, the anion contribution was never seen and for that, is related 

to only electroadsorption. For the cathodic potentials, the proton contributions was also detected 

as in the case of the pure SWCNTs films in the same electrolyte. These findings suggest that 

the different sites for electroadsorption/insertion on the composite electrode are likely to remain 

accessible. Our electrogravimetric methodology, due to its temporal resolution and sensitivity 

has contributed to disentangle the complex charge storage behavior of SWCNT/PB composite 

electrode both gravimetrically and dynamically. 
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