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Abstract: we herein show for the first time a reproducible rodtfor renewing solid electrodes whenever their
surfaces are non-specifically changed without anjage treatment. These renewable electrodes areltisest
analogue to the mercury drop electrodes. Our approaels applied in microfluidics, where the downsides
related to contaminations of the electrode are nwitcal. The renewal consisted in manually slidimgtal-
coated microwires across a channel with the sampde tiiis purpose, the chip was composed of a singleep

of polydimethylsiloxane (PDMS) with three parallel mhannels interconnected to one perpendicular tapd
channel to pump sample. The microwires were insdrteghch one of the parallel microchannels acting as
working, counter, and quasi-reference electrodesv&itammetry. This assembly allowed the renewal ldhal
three electrodes by simply pulling the microwirese @bhsence of any interfaces in the chips and tst@heric
nature of the PDMS allowed us to pull the microwivéthout the occurrence of leakages for the elearod
channels even at harsh flow rates of up to 40.0 ni-XmiVe expect this paper can assist the researcloers t
develop new microfluidic platforms that eliminate atgps of electrode cleaning, thus representingvaepful
alternative for precise and robust analyses to sahples.
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Introduction: the contamination, passivation, or fouling of thec&odes is a serious problem undermining the
analytical performance of electroanalytical deviddse methods used to regenerate the electrochleaibaty
of solid electrodes involve mechanical, physicalgcleemical surface treatments. To regenerate tles&odes
with reproducible surface area is a challenge. Sephoducibility is crucial by eliminating furthealibration
steps in analytical experiments. Furthermore, dhegoing regeneration methods generally add opettime,
complexity, chemicals, and instruments to the aislyoutine. The electrochemical activity recovésy
especially difficult in microfluidics because of tweasons. First, the electrodes are commonly platgde
irreversibly bonded chips. Second, such electroftes rely on films with thicknesses ranging fromdef um
to 250 nm. Both of these aspects hinder more vigooteaning procedures such as polishing. Takitegaocount
the relevance of the electrochemical detectorsianafiuidics and the previously stated drawback®eisged to
the contamination of solid electrodes (especiallgmimtegrated into microchannel), we herein shovetbation
of renewable solid electrodes in polydimethylsiloxg®PDMS) microfluidic chips. The electroactive amfa
microwire-based electrodes was reproducibly renewdtbwitany surface treatmehthus, our approach could
be considered as the closest analogue to the nyatoop electrode. To our knowledge, this is the fieport on
describing the deployment of renewable solid-stitetmdes assuming the absence of electrode traaitme

Experimental: the renewal consisted of manually sliding metal-edaticrowires across a perpendicular
microchannel containing the sample. For this pugptise devicesHjg. 1(a,b)) were composed of a single piece
of PDMS with three parallel channels interconnectedrte perpendicular and top channel (sample channel
Three metal-coated wires were mechanically insertegach one of the parallel channels acting as wgrkin
(WE), auxiliary (AE), and quasi-reference (QRE) &ledes. This setup allowed us renewing the electroated
activity of all the three electrodes simply pullittge wires. The chips were fabricated by the bondiesthod
that relied on sequential steps of polymerizatiod scaffold removal (PSR)The electrodes consisted of thin-
films deposited on stainless steel microwires (780gliameter) by electron beam vapor deposition. AE was
composed of Cr/Au films (150 nm). Cr/Au or Cr/Ag f#nf200 nm) were used as reference electrodes (coated
with AgCl), whereas Cr/Au or Cr/Ni (300 nm) films ac&slWE. The solutions were moved by a syringe-pump.

The reproducibility of the renewal was initially irstegated by assessing the values of peak curreaingiol
for the Fe(CN§** redox couple in cyclic voltammetry. The tests weralized to new surfaces pulling either
only the working electrodes or the three electroffes.renewal into the microfluidic channel, the wingere
pulled in the presence of the sample in the chaafited a sequence of measurements 8). WEs coated by Au
and solutions of 10.0 mmoltFe(CN)*/* in 100.0 mmol ! KCI were used. The potential range changed of -
0.40 up to +0.40 V with scan raté of 0.05 V s*. Cr/Au or Cr/Ag/AgCl films acted as reference eled#s.

The renewal reproducibility was also tested usindicyoltammetry to monoethylene glycol (MEG). Ni-
based WE and MEG solutions prepared in NaOH an@®gat 100.0 mmol t* were employed. The potential
range was of +0.10 up to +0.65 V witlof 0.05 V s. Analytical curves (2.0 to 10.0 mmotiof MEG,n = 5)
were constructed for each surface of Ni. Only WE waswed. The analytical sensitivity obtained for thetse
curves were used to evaluate the renewal performaonamnalyze MEG, the Ni WE surface was in-situ modifie
with Ni(OH), nanoparticles (125 + 8 nm) as detailed in literatd Herein, we employed Cr/Au as QRE.

Finally, we further assessed the renewal pullingghku-coated microwires after in-situ passivationhef
electrodes with 50.0 mmolt1-octadecanethiol in ethanol for 1 h. The peakenis recorded for 10.0 mmol
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Fig. 1. Renewable solid electrodes in microfluididsiage generically showing the concept of the metfad, chip
with the electrodefb), stereoscopy images of the chanife)srenewal reproducibility data by analyzing Fe(&N}~
utilizing Cr/Au (d) and Cr/Ag/AgCI films(e) as reference electrodes, voltammograms to MEGlatds(f), analytical
curves to MEG on four renewed surfaces of @ and reproducibility data by analyzing Fe(6NY}~ after passivating
WE with thiol (h). In (c), the fluid leaked from sample channel)(® electrode channel {Hust at a flow rate of 45.0
mL min! as indicated by the white arrows (last imagefdjrand(e), the voltammograms for oxidation and reduction
of Fe(CN}*74~ are shown as insets. (g), the inset illustrates the curve constructed ftbmglobal averages of the
signals of all the renewals. (h), the voltammograms in red and gray were recordethe same surfaces before and
after exposing the electrodes to thiol, respectivEhe blue voltammogram (similar to the red) whsamed after the
subsequent passivation and renewal of the elecrdni@l,e h), the areas in red and blue represent the limitsilzaed
through the Student's t test. Ip, peak currentutrent; and §ec, concentration of MEG standard.

L™ Fe(CN}*"*in 100.0 mmol C* KCI were used again to study the renewal reprodiityibThe experimental
conditions were the same in relation to those desdrabove to the Au working electrodes.

Results and discussion: the walls of the electrode (671 #8) and sample (795 +6n) channels showed well-
defined edges and low roughneBgy( 1(c)). The microwire/channel ratio of 1.1 was great byugimg an easy
manual sliding of the electrodes and avoiding lgakaeven at harsh flow rates of up to 40.0 mL mifhe
reproducibility of the electrochemical recovery whesing Fe(CNy™ as redox couple was satisfactory in all
the casesHig. 1(d,e)). The best data were obtained when Ag/AgCl was usesf@®nce electrode. In this case,
the global averages of the peak currents for FefCN)oxidation and reduction were 11.1 + @& and 10.9 +
0.2pA (n = 18), respectively. The RSDs were only 2.1% fodation and 1.8% for reduction. The confidence
intervals ranged from 0.1 to Ou&\. With regard to the test involving analytical casvfor MEG Fig. 1(f,g)),

the renewal processes showed a satisfactory reptililycagain. Considering the four curves, the gtiehl
sensibilities exhibited a global average of 3.8.% A mmol? L (n = 4) with a RSD of 3.5%. The analyte
contents obtained by the four renewals pulling aheyworking electrode would be reproducible according
Student’s t tests at 95% confidence level. Forspaase of 24iA, e.g., the MEG amounts determined by the
curves would show an average of 6.3 + 0.2 mmb(i.= 4). In terms of the RSD, its value would be onl}?3.
For the evaluation of the renewal after passivatiregelectrodesHg. 1(h)), the peak currents to Fe(GRI}*
after the thiol passivation were reduced in rou@@% compared with the initial currents. This data besause
the increase in the resistance to electron tramsttherwise, the electrochemical activity was effetyi and
reproducibly recovered by pulling all of the thedectrode according to Student’s t tests at a denfie level of
95%. The global averages of the peak currents wet#0.5uA (oxidation) and 17.9 + 0.4A (reduction) £

= 12). The RSDs were 2.8% for oxidation and 2.1%réoluction. In relation to the intra-assay precisitre
confidence intervals for the same surface chan§82aup to 0.6.A only.

Conclusion: renewable solid electrodes are, to the best okoowledge, described for the first time assuming
the absence of any surface treatment. This pradéss reproducibly recovering the electrochemaglvity of

the working, reference, and counter electrodes. fEmewal relied on simply pulling metal film-coated
microwires across a top channel containing the sanijile electrochemical activity regeneration heséiown
eliminates the necessity for constructing new aigalturves in order to achieve reproducible resoftanalyte
concentration. Furthermore, the absence of anyfades in the chips and the elastomeric naturb®PDMS
allowed us to easily pull the wires without leakagéhia electrode channels even at a flow rate of 40mwini.

A paper about the results herein discussed was tegartlished in ‘Analytical Chemistry*.
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