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Abstract

A carbon paste electrode has been modified witbdaatgal species dPorphyridium
cruentum,and the characterization of its electro catalgintivity has been done with
cyclic voltammetric studies of the potassium fgmiaide (K3[Fe(CN)]) system. In
order to highlight the electrode’s stable and fasponse to the [Fe(CHJ/[Fe(CN)]*
redox couple, experiments were also conducted withare carbon paste electrode.
FTIR spectra revealed the functional moieties eflthre and modified electrodes. The
electrochemical surface area and surface coveragacity were calculated for both
electrodes. The effect of the scan rate helpedvatuate the nature of the electrode
process, electron transfer mechanism, and kinatiarpeters (rate constant and charge
transfer coefficient).

Keywords. red algal species, carbon paste electrode, cyoltammetry, scan rate and
FTIR.

Introduction

In the recent years, many analytical techniquesctware available to analytical
chemists, have provided high sensitivity and selgégt However, most of these
methods require sophisticated instrumentation,né&ci operators and time
consuming chemical manipulation of the samples heef@analysis [1].
Electrochemistry has an edge over these technigagsit is inexpensive,
extremely sensitive and suitable for large scalaitbang of electrochemically
active environmental pollutants [2]. In the fieldl electrochemistry, scientists
keep on searching new electrode materials with wpidential window, high
signal to noise ratio and mechanical stability, eihenable their application in
flowing systems, and resistance to the surfacerfgubr passivation. The last
parameter was mainly focused, as the availableretbe material was mostly
subjected to the surface fouling, thus causing raimck in its application in
complex matrices [3]. Carbon paste electrodes (CRKE¢ attracted attention due
to a number of advantages over macro or membraseredles. They have

" Corresponding author. E-mail addrasgriaa.zaib@gmail.com



M. Zaib & M.M. Athar / Port. Electrochim. Acta 3Z(q19) 285-294

chemical inertness, robustness, stable responsegHmic resistance, require no
internal solution and have greater applicability Moreover, they are non-toxic
and environment friendly electrode materials, dregroblem of passivation, in
this case, is simply solved by an easy renewalheir tsurface. Carbon paste
electrodes have been used in electro analysis ramaxpensive and reliable
methodology for the screening of a number of emmrental contaminants [5].
With the passage of time, CPE have undergone irspeesievelopment, and
new innovations keep on improving its electro cdialactivity and aiding the
electrochemical process [6]. One such innovatios th@ advent of chemically
and biologically modified carbon paste electrodbs.these electrodes, the
modifier can be mixed through a number of methodshsas mechanical
admixing, dissolution etc. [7]. According to KaleH8], these modifiers perform
one of the following four main functions:

» preferential attachment of desired species (stgppnalysis);

* mediation of electrode’s surface via immobilization

 intervention in catalytic phenomena;

 alteration of the surface characteristics of thdaa paste electrode.

Among these modified carbon paste electrodes, adadiynimodified ones have
gained persistent attention, as compared to thasedoon biological materials. In
these chemically modified carbon paste electrodesdiverse variety of
complexing agents is available for the selectivierheination of the analyte. On
the other hand, biological material like fungi, agor lichen can also be a potent
source of modification. For years, these microlhaimasses have played a
considerable role in biosorption studies of a nundfeenvironmental pollutants
[9]. These microorganisms effectively bind thesentaminants through
biosorptive sites involving chemical processes ddaaption, covalent bonding
and ion exchange. These biosorptive sites are ibumadt moieties such as
carboxyl, hydroxyl, amino and phosphate groups lispaesent on the cell wall
structure [10].

In our previous work, a carbon paste electrode fremtliwith Porphyridium
cruentumhas been reported for stripping analysis of AR [ll1]. In the present
study, cyclic voltammetry has been used to illusttae mechanism of electrode
reaction, electrochemical surface area and kinedi@meters of this modified
carbon paste electrode, through one electron owmitfa¢duction system of
potassium ferricyanide. This redox couple has leepopular choice through the
years, as it exhibits a nearly reversible electragaction without any
complication of the proceedings or post chemicattiens [12].

Cyclic voltammetry is the most helpful tool in syuay the reaction process and
kinetics on the electrode surface. Cyclic voltantjmes always considered a
more appropriate tool than polarography, for stngyihomogeneous redox
catalysis, as the recording of the current potergiation is much faster, and the
control of the diffusion process is more accuratgj involves a wider range of
rates [13].
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Material and method

Reagents and solutions

All the reagents used in this study were of anedytgrade. Graphite powder and
mineral oil were purchased from Alfa Aesar and MiBrBedicals, respectively.
Potassium ferricyanide and potassium chloride sate provided by Sigma.

Equipment

The current-voltage measurements were performed avipotentiostat (Ref 600
TM, Gamry, Germany) at room temperature (25 °Cyds interfaced by a PC
with Gamry Framework software to run the cyclic taohmetric experiments.

Gamry EChem Analyst and My Gamry Data software wesed for data

acquisition and interpretation. Bob’s cell was emypld as a voltammetric cell.
This is a system of three electrodes in which aifremicarbon paste electrode
served as working electrode. Saturated calomelretke (SCE) and platinum
wire were taken as reference and counter electroegsectively.

Preparation of modified and bare carbon paste electrode

A modified carbon paste electrode was prepared byng graphite powder,
mineral oil and freeze drid@. cruentunbiomass in thev/w ratio of 65:30:5. The
mixture was uniformly mixed and then packed inte tlectrode body (plastic
syringe, i.d. 5 mm). Electrical contact was achtebg inserting a copper wire,
and the surface was smoothened on a shiny weighapgr. The bare carbon
paste electrode was made up of just graphite powmai@mineral oil (70:30), and
prepared as discussabove.

Surface characterization of bare and modified electrode with FTIR spectra

The surface characterization lore and modified electrodes was performed via
Fourier Transform Infrared Spectroscopy (FTIR), hwitattenuated total
reflectance (ATR) in the solid phase within the garmof 2000 — 3000 wave
numbers cm (Alpha Bruker, Germany). The data obtained fromIRFATR
spectra were evaluated with OPUS 5.5 software.

Results and discussion

Surface characterization of bare and modified electrode with FTIR spectra

In the case of both modified and bare carbon pekdetrodes (Fig. 1a), two
consecutive absorption bands appeared at 2965aomh 2884 cm, which can be
attributed to —C-Ckl and =CH groups, respectively [14]. Unlike the bare
electrode, a band appeared at 2100' égmthe modified one, which is due to
triple bond configuration, most probably, of thermeal alkyne group.
Moreover, a single band at 2190-¢in the bare carbon paste electrode indicated
a medial alkyne group [15]. This single band wasvested to doublet in the
modified electrode.
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Electrochemical behavior of bare and modified electrodes

The electrochemical behavior &. cruentumbased modified carbon paste
electrode (MCPE) and bare carbon paste electro@®E was studied by cyclic
voltammetry using electrocatalytic properties of tgssium ferricyanide
[K3Fe(CN}]. Fig. 1b shows the cyclic voltammograms of MCRiel 8CPE in a
5 mM KsFe(CN}) solution with 0.1 M KCI as the supporting electtely
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Figure 1. (&) FTIR spectra of modified (MCPE) and bare (BCPE)boar paste

electrodes(b) Cyclic voltammograms of modified (MCPE) and baBCPE) carbon
paste electrodes in a 5 mMKe(CN)/0.1 M KCI system.

It is clear from the above mentioned figure thag¢ ttyclic voltammogram
exhibits an anodic peak at a forward scan of thergl related to the oxidation
of the Fé*—Fe**reaction, whereas at a reverse scan of the pdteat@athodic
peak appeared due to the reduction of*Hmck to F&. MCPE gave more
defined peaks as compared to the bare one.

In the case of MCPE, peaks related té'fe&** redox couple can be observed at
Epa = 104 mV and Epc = 258 mV, along with a peatlemal separation cAE
=154 mV.

As it can be seen, the peak separation is grelager (59/n) mV, which is the
peak separation value for a reversible reactionis $hggests that the #4¢e*
redox couple on MCPE showed a quasi- reversiblevieh[16].

Electrochemical area of the electrodes
The area of MCPE and BCPE was calculated accotditige following Randles
Sevcik formula for a reversible process [17]:

1 152
I, = 0.4463 x (ﬁ) x n32 % Ay % D2 % Cvl/2 Eq. 1

where | refers to the peak current, n is the number aftedas transferred, As
the surface area,,Ds the diffusion coefficienty is the scan rate and C is the
concentration, respectively. Here, for 5 mMHE(CN) in a 0.1 M KCI
electrolyte, T = 298 K, R = 8.314 J/Kmol, F = 96480mol, n =1 and b= 7.6
x10° cn¥/s. From the slope of the plot (Fig. 2 a and cwardetween ga (LA)
andv®?(mV/s)*?, the electro active area was calculated by apglg. 1. In our
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experiments, the areas for MCPE and BCPE are Ocb?4and 0.1509 cAj
respectively.
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Figure 2. Plot of anodic and cathodic peak current (&) square root of scan rate
(mV/s)*2 for (a andc) modified and i§ andd) bare carbon paste electrodes.

Effect of scan rate

The effect of varying scan rates on the cyclic amiinograms of 5 mM
KsFe(CN} using MCPE/BCPE in a 0.1 M KCI supporting electtel was
studied within the range of 25-250 mV/s. A linearrelation between the redox
peak currents (LA) and the square root of scan(nas)*?is shown in Fig 2a-
d. According to Randles Sevcik equation for thekpaarent, it is predicted that
this kind of behavior corresponds to an electrodhalmprocess (i.e. mass
transport) dependent on the electrode potential difidsion [18]. This linear
correlation indicated a reversible reaction limitgdmass transport to the surface
of the modified electrode [19]. The electro actsecies have to reach the
electrode surface by diffusion, for the electransfer to occur. It means that the
electron transfer is controlled by mass transpathough the whole process is
governed by diffusion. The equations for MCPE (Efjsnd 3) and BCPE (Egs.
4 and 5) are given below:

for MCPE,
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Lo (1d) = 43.080Y/2(mV/2s~1/2) — 88.452, 77 = 0.9992 Eq. 2
L (nd) = 42.770Y/2(my?/25~1/2) - 51.227,r2 = 0.9998 Eq.3
for BCPE,
Lo (pd) = 11318012 (mVY/25=1/2) 4+ 29.001, 72 = 0.9574 Eq. 4
Lo (ud) = 1272102 (mV /25 ~1/2) 4 54,051, 72 = 0.9996 Eq.5
3 3
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Figure 3. Plot between logarithm of peak current (LA) andalithm of scan rate (V/s)
for (a) modified andb) bare carbon paste electrodes.

A plot of logarithm of peak current (log I) vs. gthm of scan rates (lag gave
straight lines for both modified and bare electo@éig. 3 a and b). The linear
equation for MCPE (Eg. 6) and BCPE (Eq. 7) is shbeiow:

logl,q (1d) = 0.67logu (V/s) + 3.192,r% = 0.9917 Eq. 6
logl,q (pA) = 043logu(V/s) + 257,72 = 09627 Ed. 7

In BCPE case, a slope of 0.43 (Eq. 7) was obtaiméddch is close to the
theoretical value of 0.5 for a purely diffusion tatied process. In MCPE case,
a slope of 0.67 was found. The slope value staptisden the theoretical value
of 1 for the adsorption process and 0.5 for a diffn controlled mechanism [20].
It can then be concluded that the redox couplé*{Fe*) followed a diffusion
mechanism at the BCPE surface and, at MCPE, a catnn of diffusion and
adsorption procedures.

Calculation of the surface coverage
To find out the surface coverage of the adsorbedecute, the following
relationship (eq. 8) was proposed for adsorptiotyitlic voltammetry [21]:

: _ n?FirAv
P 4RT

Eqg. 8
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whereT is the surface coverage of the adsorbed moleaulm¢l/cn¥), and the
other parameters are commonly known in their valassliscussed above.

The plot of peak current (LA) and scan rate (mgés)e the following equation
for modified (Eq. 9) and bare electrodes (Eq. 1), d&rom the slope value of
these equations, the surface coverage was caldulate

I, (u4) = 2.0335v(mV/s) + 110.38,r2 = 0.9738 Eq. 9

I, (ud) = 0.519u(mV/s) + 83.2,7% = 0.8845 Eg. 10

The surface coverage for MCPE and BCPE was catmlildieing 3.77 x 19
mol/cn?and 2.73 x 18 mol/cn?, respectively.
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Figure 4. Plot between peak current (LA) and scan rate (mdrgr) modified andb)
bare carbon paste electrodes.

Fig. 4 a and b showed these plots, and it can &e et a plot of peak current
(LA) and scan rate (mV/s) for MCPE yield a straifjhé, while it followed a
curvature path in the case of BCPE. This furtheffiomed the above explanation
that a diffusion process occurred at BCPE, and #taMCPE there was a
combination of both diffusion and adsorption preess

Nature of the electrode’s process

The relationship of scan rate (mV/s) andvlff/is often used as a diagnostic
criterion for identifying the nature of the eleatsoprocess. For the modified and
bare electrodes, a plot of scan rate-normalizedentversus scan rate exhibits
an indicative shape typical of EC (Fig. 5a) and g€&cesses (Fig. 5b).

Moreover, the ratio of peak currentlpc) (Table 1) increased with an increasing
scan rate forP. cruentummodified electrode, and vice-versa for the bare
electrode. This further confirmed that the naturelectrode’s process is EC in
the modified electrode [22], while it is ECE in tbase of the bare one [23].
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Figure 5. Variation of peak current functionp?) (WA mVY2 §2) with scan rate
(mV/s) for (a) modified andb) bare carbon paste electrodes.

Table 1. Peak current ratio {41,c) for bare and modified electrodes.
Peak current ratio (I pa/l pc)
Bareelectrode  Modified electrode

0.61 0.74
0.8 0.91
0.8 0.8¢
0.8¢ 0.92
0.8C 0.94
0.7i 0.9t

Calculation of kinetic parameters

The kinetic behavior was analyzed by studying thlationship between peak
potential (E) and logarithm of scan rate (g as the peak potential of the
oxidation and reduction peak is dependent on tlen gate, and it allowed
calculation of the charge transfer coefficiemnt (

From Fig. 6 a and b, a linear relationship was olesk fulfilling the following
equations (Eqgs. 11 and 12) between the log of sst@nand kfor modified and
bare electrodes.

E, (V) = —0.1073logu(V/s) — 0.0573,r% = 0.9432 Eq. 11

E, (V) = 0.11logu(V/s) + 0.4416,7% = 0.9987 Eq. 12

According to Laviron [24], the slope of plop . logu is equal to 2.3RBhF or
2.3RT/ (1e)nF for cathodic and anodic peaks, respectivelyingyshe slope
value of the plots from Eqg. 11 and 12, the valueirois found to be 0.549 and
0.536 for modified and bare electrodes. As thigns electron system (n= 1), the
value of charge transfer coefficient remains thraesa

Heterogeneous electron transfer rate constaptigkcalculated by applying the
following formula [25]:

_ nFau, _ nF(1— a)u, Eq. 13

= RT RT
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whereve: andva are the potential scan rates at the intercephefstraight line
which fits to anodic and cathodic data, respecfivéhese potential scan rates
can be calculated from the graph plotted betw&En(E-E°, where B is the
formal electrode potential) and the logarithm ofrscate (Fig. 6¢ and d).
Initially, the value ofAE is independent of the scan rate, indicating adiaarge
transfer; however, at high scan rates, the pea#traBpn undergoes an increase,
indicating a limitation due to charge transfer kice The value of kis
determined to be 27.79'sand 24.33 '$ for MCPE and BCPE. The calculated
values of o and k for both the electrodes indicate that the eleatron
communication between the redox system and sudiekectrode is fast.
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Conclusion

In the present study, the electrochemical chanzetgon of P. cruentum
modified carbon paste electrode was performed eytic voltammetry. These
measurements showed that the electro catalytionsspof the modified carbon
paste electrode was improved in comparison to &éne bne. FTIR spectra of the
modified electrode showed greater number of abswrpbands. A modified
carbon paste electrode has a higher electrochesictdce area with a greater
surface coverage capacity. Calculation of kineacameters (rate constant and
charge transfer) also predicted that a modifiecctedde has faster electron
transfer kinetics than a bare one. This revealsRharuentumhas endowed the
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carbon paste with better electro analytical efficig which has been and will be
further employed for practical purposes.
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