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a b s t r a c t 

Glycerol is an important biomass-derived product with potential to be applied on energy converting sys- 

tems or as platform molecule in electrosynthesis. In this work we studied the glycerol oxidation reaction 

(GOR) in alkaline media containing distinct alkaline cations and controlling the mass transport. The cyclic 

voltammograms were deconvoluted into three processes and the changes in the charge of each process 

revealed that mass transport affects the GOR in a complex matter, depending on both applied poten- 

tial and electrolyte cation. Regardless of the cation on supporting electrolyte, high-performance liquid 

chromatography (HPLC) analysis revealed the production of glycerate and lactate during GOR. Finally, po- 

tential oscillations under current control were mapped, highlighting the influence of both cations and 

mass transport, even in the systems with very similar behavior under potential control. 

© 2021 Elsevier Ltd. All rights reserved. 
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. Introduction 

The glycerol oxidation reaction (GOR) has been gaining promi- 

ence in the literature for its wide applicability as energy source 

nd as a precursor of compounds for the pharmaceutical industry 

1–4] . The complete glycerol electrochemical conversion, to CO 2 , 

rovides 14 electrons ( r1 ): 

C H 2 OH − CHOH − C H 2 OH + 14 O H 

− → 3 C O 2 

+ 11 H 2 O + 14 e − (r1) 

Although it is thermodynamically favorable to use glycerol to 

eed direct alcohol fuel cells (DAFC) anodes, the total conversion 

o CO 2 is still a challenge at low temperature DAFC [5] . In prac-

ice, partially oxidized species such as aldehydes, ketones and car- 

oxylic acids are the most common GOR products, which could 

lso be an interesting reaction pathway as some of these products 

re important substances for the chemical industry [ 6 , 7 ]. In this

cenario, fundamental studies are valuable for the understanding 

f the GOR selectivity and future application in industrial processes 

6] . 
∗ Corresponding author at: Department of Chemistry, Federal University of Sao 

arlos, Rod. Washington Luis, km 235, Sao Carlos, SP 13565-905, Brazil. 

E-mail address: esitta@ufscar.br (E. Sitta). 
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The GOR selectivity is deeply affected by the catalyst nature 

 5 , 8 , 9 ], surface orientation [10–12] , and electrolyte pH [2] . We

howed that the mass transport also strongly affects the GOR cat- 

lyzed by Pt in acidic media [13] . In stagnant electrolyte, partially- 

xidized glycerol products, such as glyceraldehyde, can be con- 

erted into CO ad and 2C species. However, under facilitated mass 

ransport conditions, these species can be transported to the bulk, 

iminishing the poisoning and maintaining the surface active for 

lycerol oxidation. Similar behavior was found on GOR catalyzed 

y carbon-supported PtSb nanoparticles, in which the mass trans- 

ort was modulated by the carbon support geometry e.g. CMK-3, 

MK-5 or Vulcan [14] . 

In alkaline media, the supporting electrolyte cation may in- 

uence on the overall reaction. Examples of cation-dependence 

f Pt catalyzed reactions can be found during O 2 [15] and 

 2 O 2 [16] electroreduction reactions as well as during the CO ad 

17] , methanol [15] , formate [18] , ethanol[19] and ethylene gly- 

ol [ 20 , 21 ] electro-oxidation reactions. Angelucci et al. [22] showed 

hat the currents at E > 0.50 V vs reversible hydrogen electrode 

RHE) in cyclic voltammograms (CV) during GOR on Pt increase 

ith the ionic cation radius of electrolytes composed of MOH 

M = K, Na, or Li). Strmcnik et al. [15] explained this phenomenon 

n terms of the stabilization of OH ad -M(OH) x clusters in which 

H represents the adsorbed hydroxyl and M(OH) x the hydrated 
ad 

https://doi.org/10.1016/j.electacta.2021.139318
http://www.ScienceDirect.com
http://www.elsevier.com/locate/electacta
http://crossmark.crossref.org/dialog/?doi=10.1016/j.electacta.2021.139318&domain=pdf
mailto:esitta@ufscar.br
https://doi.org/10.1016/j.electacta.2021.139318
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ation. Small cations turn the OH ad -M interaction more effective, 

tabilizing the adsorbed OH ad at a lower potential and making the 

dsorption of organic species more difficult, similarly to the ef- 

ect caused by anions in acidic electrolytes. Moreover, more than 

 mere surface blocker, the adsorbed cations disturb the double 

ayer and modify the proton-electron transfer dynamics [ 1 , 23 ]. For 

nstance, Sitta et al. [24] showed that alkaline cations can modify 

he ethylene glycol reaction selectivity, demonstrating that as more 

locked the surface is, the lower the occurrence of C-C cleavage, to 

ield carbonate as a final product. 

Rus et al. [25] showed that methanol electro-oxidation reac- 

ion is limited by mass transport at low hydroxyl ion concentra- 

ion, while the electro-catalysis is inhibited by hydroxyl adsorption 

t high concentrations. This important role of hydroxyl adsorption 

n surface can also modify the glycerol products re-adsorption, as 

hown for GOR on Au in alkaline media [ 26 , 27 ]. Herein, we studied

he effect of mass transport during GOR catalyzed by Pt in alka- 

ine media composed of distinct alkaline cations under both poten- 

ial and current controls. The CV was deconvoluted and the peaks 

ere correlated to distinct interactions between glycerol and Pt 

atalyst. Soluble reaction products were analyzed employing high- 

erformance liquid chromatography (HPLC) and dynamic instabil- 

ties were mapped and discussed in terms of changes caused by 

he cations on the interface during GOR. These results allow us to 

how that glycerol dynamics at the Pt interface depends on both 

he mass transport and cations from supporting electrolyte. 

. Experimental 

A conventional three electrodes electrochemical cell was used 

o perform the experiments. The counter electrode (CE) was a pla- 

inized platinum mesh, the potential reference was a reversible 

ydrogen electrode (RHE) prepared with the identical supporting 

lectrolyte solution and the working electrode (WE) was a plat- 

num cylinder embedded in Teflon® yielding 0.2 cm 

2 of circular 

rea. Rotation speed ( ω) was controlled by a Princeton Applied Re- 

earch rotating electrode system. The glassware cleanness proce- 

ure is described in Ref. [ 28 , 29 ]. 

The electrochemical surface area was estimated by the charge 

f hydrogen desorption from underpotential deposition (UPD) re- 

ion, considering 210 μC cm 

−2 [30] . All the solutions were pre- 

ared by the dissolution of high-pure lithium, sodium or potas- 

ium hydroxides (Sigma-Aldrich 99.95%, metal grade) and glyc- 

rol (Sigma-Aldrich, > 99% GC) in ultra-pure water (Millipore, 

8.2 M Ω cm). All chemicals were used as received. Distinct 

mounts of MOH (M = Li, Na, or K) were dissolved in ultra-pure 

ater to yield 0.50 mol L −1 solutions and used as a support- 

ng electrolyte. Glycerol was directly added into solutions yield- 

ng 0.10 mol L −1 . The solutions were purged with Argon (White 

artins, 5.0 N) for at least 20 min and, during the experiment, 

he Argon flow was maintained in the cell’s headspace. The system 

leanness was monitored by taking the Pt CV profiles from 0.05 to 

.30 V at 0.10 V s −1 [18] in the absence of glycerol, (Fig. S1 of the

upplementary information (SI) section). 

All experiments were performed at room temperature (25 ± 2 

C) and controlled by an Autolab 128N potentiostat/galvanostat 

quipped with Scan250 modulus. Deconvolution analysis was per- 

ormed using the statistical method to fit the peaks based on the 

aussian distribution. Adjustments to deconvoluted curves were 

pplied to obtain χ2 > 0.99. 

Samples for the HPLC analysis were collected using a Shimadzu 

ample collector FRC-10A while performing a linear sweep voltam- 

etry at 1 mV s −1 on a platinum disk with 0.9 cm diameter as

E. The samples were acquired at a flow rate of 0.06 mL min 

−1 

y placing a peek capillary tip close to surface of the WE, held in

lace by a Teflon holder. The experimental setup is described in 
2 
eferences [ 2 , 31 ] and shown in Fig. S2). Each sample corresponds 

o a 60 mV potential interval during the potential sweep, and were 

tored in 0.5 mL plastic tubes (Eppendorf) containing 10 μL of a 

.5 mol L −1 H 2 SO 4 solution, in order to reduce the sample’s pH to 

.30, avoiding undesired side reactions [32] . 

The HPLC analysis was performed in a Shimadzu LC-6AD chro- 

atograph using both a refractory index and UV-vis detectors. The 

obile phase was a 0.5 mmol L −1 H 2 SO 4 solution with a flow 

ate of 0.06 mL min 

−1 , with an injection volume of 20 μL. Three

olumns were used in series: an Aminex HPX-87H followed by two 

hodex Sugar SH1011, all kept at 84 ºC in a column oven, and pre-

eded by an Aminex micro-guard cation H cartridge. 

. Results 

Fig. 1 shows the CV behavior for GOR in LiOH (a), NaOH (b), and 

OH (c) solutions at distinct electrode rotation speeds ( ω) from 

 (stagnant electrolyte) to 1600 rpm. Positive and negative-going 

cans are represented by the continuous and dashed lines, respec- 

ively. For LiOH electrolyte ( Fig. 1 (a)) during a positive-going scan, 

t is discernible three current peaks centered at 0.70, 0.75, and 

.10 V named I, II, and III, respectively, and during a negative-going 

can, two current peaks, IV and V, are observed at 1.10 and 0.60 V, 

espectively. 

Fig. 1 also presents the deconvoluted three peaks observed on 

ositive-going scan and the correspondence between the sum of 

hese deconvoluted peaks and the experimental curves (dashed 

ine) for LiOH (a2), NaOH (b2), and KOH (c2) at 400 rpm. In the 

resence of Na + or K 

+ ions, the peaks I and II are less highlighted

han in LiOH solutions, however, applying the deconvolution pro- 

edure it is possible to isolate the processes I and II in all three 

upporting electrolytes. 

The effect of ω on the GOR is shown in Fig. 2 in terms of the

harge ( q ) of each deconvoluted peak on a positive-going scan. For 

he LiOH electrolyte, the charge slightly increases on both peak I 

nd II with ω, however, the opposite effect is observed on peak 

II. For the NaOH and KOH electrolytes, while the charge of peak I 

ubstantially increase with ω, a slight decrease on peaks II and III 

re observed, indicating that the processes occurring at peak I are 

he main responsible for the overall increase in the activity from 

aOH to KOH supporting electrolytes. 

We also performed HPLC analysis from samples collected near 

he WE surface at 1 mV s −1 . The chromatograms used to identify 

he products as well as the calibration curves are shown on Figs. 

3–S5 in SI files section. Fig. 3 shows that, regardless the cation 

lectrolyte, glycerate and lactate were observed as soluble products 

t potentials higher than 0.6 V. We normalized the signals based 

n maximum glycerate production in each experiment and the er- 

or bars represent the standard deviation obtained from the mean 

alue of three experiments. Small amounts of glycolate were also 

etected, however, their quantification was difficult due to its pro- 

uction being near the detection limit of our equipment (its high- 

st concentration detected was in the order of 5 μmol L −1 ). The 

arbonate production cannot be detected by HPLC, but we have al- 

eady reported the complete oxidation of glycerol in previous pub- 

ications [ 8 , 9 ]. In these works, it is shown that there is a reaction

athway in which the polyol adsorbs at the Pt surface yielding 

O ad , which is further oxidized to carbonate. 

When the GOR is performed under current instead of poten- 

ial control, potential oscillations can be observed in both acidic 

nd alkaline media [ 33 , 34 ]. Fig. 4 (a1, b1, and c1) presents galvan-

dynamic curves, at 7.5 μA cm 

−2 s −1 , showing the potential be- 

avior at distinct ω and supporting electrolytes. Regardless of the 

upporting electrolyte employed, it was observed a rapid potential 

ncrease in small current densities at potentials below 0.50 V fol- 

owed by a slow potential evolution from ca 0.50 V to ca 0.75 V, 
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Fig. 1. Pt cyclic voltammograms (CV) at 0.10 V s −1 .in 0.1 mol L −1 of glycerol and 0.5 mol L −1 of (a1) LiOH, (b1) NaOH, or (c1) KOH for several rotation speeds. Full and 

dashed lines correspond to the positive and negative sweep, respectively. Deconvolutions for cyclic voltammograms obtained at 400 rpm in (a2) LiOH, (b2) NaOH, or (c2) 

KOH. 

Fig. 2. Charges of Peak I, II, and III observed for CV experiments ( Fig. 1 ) at distinct ω, in LiOH, NaOH, and KOH electrolytes. 
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n agreement with the potential region in which GOR occurs in CV. 

t this point, the potential can fast increase to E > 1.20 V or oscil-

ate from 0.75 to 0.30 V. While for LiOH electrolyte, regardless ω, 

he system does not show potential oscillations, this phenomenon 

s observed in quiescent solution ( ω = 0) for both NaOH and KOH

lectrolytes. The GOR oscillations in KOH agree with the literature 

 33 , 35 ]. 

Interestingly, increasing ω, the current necessary for the poten- 

ial to jump to E > 1.20 V decreases, this behavior not being directly 

elated to the charges changes of peaks I and II with ω. Galvano- 
3 
tatic time-series were also collected at currents near the poten- 

ial jump to E > 1.20 V for each supporting electrolyte in galvan- 

dynamic curves. This normalization procedure described in ref. 

36] has been used to compare oscillations in distinct experimental 

onditions. Moreover, experiments at constant current allow us to 

nalyze the potential evolution along the time. The time-series are 

lso shown in Fig. 4 (a2, b2, and c2). 

Again, in LiOH electrolyte no oscillatory behavior was found 

uring GOR, even applying the current normalization, the time- 

eries length (time demanded to the potential jump to E > 1.20 V) 
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Fig. 3. Reaction products quantified by HPLC analysis, as function of potential for 

GOR in the same experimental condition of Fig. 1 . Scan rate 1 mV s −1 . 
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ecreases with rotation speed. On the other hand, besides the de- 

rease of time-series length, the electrode rotation modifies the os- 

illatory behavior of GOR in both NaOH and KOH. While in NaOH 

he oscillations were completely suppressed by the mass-transport 

n conditions as low as 200 rpm, in KOH these oscillations were 

aintained from 0 to 1600 rpm. Besides, it is worth noticing that 

he oscillation patterns also depend on the mass-transport as dis- 

ussed in the sequence. 

Fig. 5 shows the oscillations patterns (column (a)) observed 

uring galvanostatic ( j = 1.75 mA cm 

−2 ) GOR in stagnant KOH so-

utions ( Fig. 4 (c2). After a 130 s induction period in which the po-

ential increase until reaching ca 0.75 V, harmonic period 1 (P1S) 

scillations ( Fig. 5 (a1)) with an oscillation frequency of 4.8 Hz (see 

nalysis on Fig. S6) and small potential amplitude (from 0.70 to 

.77 V) are observed during ca 25 s. The returned map [37] of this

attern is shown in Fig. 5 (b1) confirming its stability and a slow 
4 
otential increase along the time-series. The oscillations evolve to 

 period 2 (P2) pattern ( Fig. 5 (a2)) and then to a nonperiodic pat-

ern that can be divided into two regions: first, a window with 

mall amplitude (lower than 0.15 V) oscillations named Sx, shown 

n Fig. 5 (a3), and a second window characterized by pattern com- 

osed by a small amplitude set of oscillations, followed by a sharp 

igh-amplitude peak ( Fig. 5 (a4)). The last pattern seems to corre- 

pond to the mixed-mode oscillations (Px). The return maps are 

hown in Fig. 5 (b2), (b3), and (b4) correspond to the oscillations 

2, Sx, and Px, respectively and they clearly show the transition 

rom P1 to P2 through the map divided into two groups as well 

s the nonperiodic nature of oscillations of both Sx and Px. Oscil- 

ations patterns with their return maps for galvanostatic GOR in 

on-stagnant KOH solutions are described on Fig. S7. 

. Discussion 

The HPLC analysis revealed the same GOR soluble oxidation 

roducts in the three supporting electrolytes employed. The pres- 

nce of these products suggests that both primary and secondary 

lcohol groups on the glycerol molecule can be oxidized to glycer- 

ldehyde and di-hydroxyacetone (DHA), respectively. These species 

re in equilibrium in alkaline media, but DHA can undergo chemi- 

al reactions yielding lactate. Although unstable in alkaline media, 

lyceraldehyde could be also electrochemically oxidized to glycer- 

te. Alternatively, glycerate could be produced by the (unlikely) di- 

ected transfer of 4 electrons. Scheme 1 summarizes the proposed 

athways to yield the species identified on HPLC. Dotted and solid 

rrows correspond to chemical and electrochemical steps, respec- 

ively. 

Pt in alkaline media has a low activity for the electro-oxidation 

f both glycerate [ 8 ] and lactate [38] , thus these species are final

roducts instead of soluble intermediates. Interestingly, the GOR in 

cidic media strongly depends on the presence of glyceraldehyde 

ear the interface [ 13 ], which makes the reaction highly sensitive 

o mass transport. In our previous work about mass transport ef- 

ect during GOR, in acidic media, it was suggested a simple reac- 

ion scheme based on an intermediate that can diffuse to solution 

r be consumed on the interface. Numerical simulations indicated 

hat this reaction scheme leads to the increase followed by a slight 

ecrease of peak I. In alkaline media, similar reaction scheme could 

e applied, however, herein, we observed a much more moderated 

ffect of the mass transport on CV profiles. We hypothesize that it 

ould be connected to a much smaller concentration of the alde- 

yde near the surface in alkaline media due to the continuous dis- 

ppearance as a consequence of its chemical transformation into 

he low-reactive glycerate and lactate ( Scheme 1 ). 

The correlation between the current peaks and the products ob- 

erved in HPLC is not trivial, mainly because we are working near 

he equipment detection limit and, as aforementioned, some prod- 

cts such as carbonate from CO ad oxidation cannot be detected. Be- 

ides, it is important to note that, while the current profile corre- 

ponds to the derivative of the charge, the quantification is based 

n product accumulation, for instance, for each supporting elec- 

rolyte, glycerate and lactate productions start on the same poten- 

ial, that corresponds to the peak I region, but their maximum con- 

entration is detected on the potentials between peaks II and III. 

Regardless of the cation employed on supporting electrolyte, 

he peaks I and II correspond to the oxidation of glycerol or glyc- 

rol residues on the onset of the Pt-OH ad region, which is com- 

only described by a Langmuir-Hinshelwood mechanism [ 39 , 40 ]. 

erivative analysis (d j /d E - Fig. S8) on the onset of peak I indicate

hat net positive currents occur around 0.32 V, and that the GOR 

ncreases in the sequence Li > Na > K to potentials up to 0.46 V,

ollowed by an inhibitory effect at higher potentials, confirming 

hat the stabilization of oxygenated species promoted by the small 
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Fig. 4. Galvanodynamic curves at 7.5 μA cm 

−2 s −1 (a1, b1 and c1) and galvanostatic time-series (a2, b2 and c2) for Pt disc at distinct ω in solutions of glycerol (0.1 mol 

L −1 ) + MOH (0.5 mol L −1 ) M = Li (a), Na (b) or K (c). Currents employed for each galvanostatic experiment are shown on Table S1. 
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ations not only catalyzes the oxidation of surface poisons but also 

nhibits the re-adsorption of new glycerol molecules or other elec- 

roactive intermediates [41] . While the cations are able to mod- 

fy the oxidation current, the selectivity to 3C products seems to 

e maintained. Thus, these differences might be mainly related to 

he generation of more oxidized species, for instance, the carbon- 

te. Selectivity changes caused by cation interaction with adsorbed 

H ad have origin in the extinguishment of active sites with large 

umber of free Pt sites. Thus, the pathways that demand adsorp- 

ion by multi-bonded intermediates are more affected by small 

ations, as was reported for the ethylene glycol electro-oxidation 

eaction [24] . In this sense, the effect of distinct cations on the Pt- 

ater interface should be more highlighted on the carbonate pro- 

uction during GOR instead of the soluble products detected here 

sing HPLC. 

Qualitatively, the dependence of q for each peak with ω is 

imilar for all the electrolytes, however, in the NaOH and KOH 

lectrolytes, the peak I depicts the highest changes with ω, i.e 

his peak is increased by a factor of at least two when ω in-

reases from 0 to 200 rpm, suggesting the influence of some sol- 

ble species. On this potential region, the low interaction between 

ydrated Na + and K 

+ with adsorbed oxygenated species could be 

llowing the intermediates to adsorb, leading to surface poisoning. 

hese observations can be again explained by the re-adsorption 

f highly unstable species, such as glyceraldehyde. Once glycer- 

te and lactate depict a very low activity on Pt in alkaline media, 

e hypothesize that the unstable species such as glyceraldehyde 

ould be playing an important role on overall charge observed on 

V. The presence of Li + inhibits the re-adsorption steps due to 
5 
heir higher interaction with adsorbed oxygenated species on the 

urface. 

The non-covalent interaction between hydrated Na + and K 

+ 

ons and the adsorbed oxygenated species increases with the po- 

ential, so, by the same reasons that in LiOH solution the peak I 

lightly changes with mass transport, ω depicts a minor effect on 

he charge of peaks II and III. However, while the peak II charges 

ollow the same order of peak I, i.e. q Li < q Na < q K , the charges of

eak III depict the opposite behavior, providing more charge from 

he systems containing LiOH than those with NaOH or KOH. The 

xplanation for this trend comes also from the non-covalent inter- 

ctions between the hydrated cation and OH ad, in which the higher 

ntensity between Li(H 2 O) x 
+ and OH ad prevents the formation of 

tO on the electrode surface. Due to electrostatic repulsion, O ad 

an undergo place exchange with Pt atoms and become located on 

he subsurface, decreasing the Pt catalytic activity. 

Instabilities in electrochemical systems are connected to the 

ompetition between, at least, two feedback loops, that are usu- 

lly described as an active branch composed of a set of electron 

onor/receptor processes and an inhibitory branch, formed by poi- 

oning species. The oscillations are very sensitive to the system’s 

nitial conditions as well as to small perturbations along the time 

hich is highlighted in the completely distinct behavior between 

OR in NaOH and KOH solutions. While in KOH the oscillations are 

radually inhibited with ω, similar to the oscillations shown dur- 

ng GOR in acidic media [13] , in NaOH they start with a distinct 

attern and are extinguished in non-quiescent solutions. Note that 

V profiles of GOR in NaOH and KOH solutions, including the peak 

harges, are quite similar. 



G. Melle, M.B.C. de Souza, P.V.B. Santiago et al. Electrochimica Acta 398 (2021) 139318 

Fig. 5. Oscillation pattern samples obtained during galvanostatic time-series at 1.75 mA cm 

−2 for GOR in KOH electrolyte and ω = 0 (column (a)). Respective return maps 

for each pattern (column (b)). 
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P1S, P2 and Sx patterns occur on the potential of peaks I, cov- 

ring the onset of peak II, likewise, Px pattern spent the most of 

ts time in this potential region with only fast excursions to the 

ow (0.4 V) potential region. In this potential window, the forma- 

ion of absorbed glycerol residues at low potentials are expected, 

s well as the soluble products glycerate and lactate according to 

cheme 1 . It is reported in the literature that the cation interac- 
6 
ions with oxygenates adsorbed species modifies the oscillations 

bserved during ethanol [19] and ethylene glycol [20] oxidation re- 

ctions on Pt( poly ). In both cases, higher currents are observed in 

OH solution than in NaOH and LiOH solutions, however, the os- 

illatory behavior is present regardless of the cation on supporting 

lectrolyte. 



G. Melle, M.B.C. de Souza, P.V.B. Santiago et al. Electrochimica Acta 398 (2021) 139318 

Scheme 1. Proposed reaction pathways for glycerol electrooxidation in alkaline me- 

dia on Pt based on the products observed using HPLC. Dotted and solid arrows cor- 

respond to chemical and electrochemical steps, respectively. The identified products 

in HPLC are represented in bold. 
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To take advantage of the high sensitivity of oscillations with 

xperimental conditions, the analysis of oscillation evolution with 

ime is important to infer about the product accumulation on and 

ear the electrode/solution interface. The oscillations during GOR 

n KOH at ω = 0 follow a common behavior found for other small

rganic molecules [42–44] that consists in: the induction period to 

each the surface/interface conditions (intermediate covering) nec- 

ssary to oscillations; oscillation birth with simple patterns such 

s quasi-harmonic period 1 with small amplitude; evolution to 

ore complex patterns with higher amplitude until the potential 

ump to E > 1.20 V. The trend observed in the present work also 

grees with Oliveira et al. [33] that mapped the GOR oscillations 

n 1.0 mol L −1 KOH observing the evolution from P1S to more 

omplex systems, but at glycerol concentrations higher than 0.1 M, 

ixed-mode oscillations dominate the time-series. 

At ω > 0 both the time-series length and the patterns are 

hanged. The time-series at 200 rpm (Fig. S7a) does not show the 

1S nor P2 patterns and although the induction period increased, 

he time in which the time-series spend oscillating is 35% lower 

han the time at ω = 0. Near the onset of oscillations, it is possi-

le to observe some Px with a small amplitude that is quite sim- 

lar to the Sx, however, this pattern is fast replaced by Px with 

 large amplitude similar to the patterns in Fig. 5 (d). Increasing ω 

Fig. S7) this tendency is confirmed, i.e. the oscillations appear in a 

ower time window and the patterns correspond to those observed 

t the end of time-series in a stagnating electrolyte. The GOR os- 

illations in NaOH ( Fig. 4 (b2)) also correspond to the Px described 

o the KOH electrolyte. 

The decrease of the induction period and the patterns transi- 

ions let us presume that the glycerol reactive intermediates play 

 decisive role in the oscillatory dynamics in the following way: 

i) the induction period is necessary for the intermediate accumu- 

ation on the surface, providing the conditions for the oscillation 

tarts; (ii) along with the oscillations, part of these accumulated 

ntermediates are consumed when the potential limits are distinct 

f the induction period, and the reposition (by GOR) is not able 

o maintain the conditions present on the surface in the onset 

f oscillations, changing the patterns. It is important to empha- 

ize that slight changes on the surface are necessary to modify the 

atterns as suggested by numerical simulation [45] ; (iii) after the 

ime-series reaches the condition for Px patterns, the systems are 

o longer able to provide the number of electrons imposed by the 

alvanostatic condition and the potential jump to E > 1.20 V. In- 

reasing ω, in KOH, causes the removal of these intermediates and 

he surface condition becomes similar to the stagnant electrolyte 

fter the oscillation evolution, i.e., Px patterns and the potential 

ump to E > 1.20 V. Replacing KOH by NaOH, the oscillations have 

lready the Px pattern in stagnant electrolyte letting the convective 

ass-transport to extinguish the oscillations. 

The model described above is very sensitive to the system con- 

itions, for instance, Oliveira et al. [33] found that the majority 

f the oscillations depict Px patterns for several current values in 

alvanostatic time-series with glycerol concentrations higher than 
7 
.1 M. Zulke et al. [35] also described that the oscillations during 

OR were extinct for ω > 0 in 0.1 mol L −1 KOH and glycerol con-

entration of 0.30 mol L −1 . 

. Conclusions 

We described the effect of both alkaline cation and mass- 

ransport on the glycerol oxidation reaction (GOR) in alkaline me- 

ia. The main conclusions are addressed below: 

• Regardless of the cation present in the supporting electrolyte, 

it is possible to deconvolute the cyclic voltammograms in three 

peaks during a positive-going scan and two peaks during a 

negative-going scan. In quiescent electrolytes, the charge of the 

peaks I and II follow the order: q Li < q Na < q K, the opposite

being observed at the peak III. While the three peaks on LiOH 

electrolyte slightly depends on the mass transport, in NaOH and 

KOH electrolytes it is observed a mass transport dependence for 

peak I. 

• The analysis of near interface electrolyte samples revealed the 

production of glycerate and lactate. Both products are gener- 

ated through the chemical conversion of glyceraldehyde and 

di-hydroxyacetone in alkaline media. Besides, glycerate also 

can be produced by the glyceraldehyde electrochemical oxida- 

tion. We hypothesize that, similarly to which was observed in 

acidic media, GOR in alkaline media involves desorption and re- 

adsorption of active species, however, these species (probably 

glyceraldehyde) are highly unstable in alkaline media, yielding 

lactate and glycerate. 

• Oscillations were observed during GOR only in KOH and NaOH, 

but they are extinguished increasing the mass-transport in the 

latter case. In KOH, several oscillation patterns were identified, 

and the increase of mass-transport extinguished the first pat- 

terns c.f. period 1 and 2, leading the system to show mixed- 

mode oscillations. The oscillations extinguishment/modification 

with mass transport highlight the role of soluble species on 

GOR in alkaline. 
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