
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



  

 

Tween20 surfactant facilitates transfer of ions to surface of MnO2/PCS and enhance 

electrocatalytic performance of the as-prepared material. 
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Abstract: This study is concerned with the electrocatalytic evolution of oxygen at 

polyoxyethylene sorbitan monolaurate (Tween20) modified porous carbon 

micro-spheres (PCS) supported MnO2 catalyst in 0.1 M KOH solution. The Super P 

(SP) was used to improve the electrical conductivity of the catalyst. The 

electrochemical measurements revealed a significant enhancement of the 

electrocatalytic activity of the MnO2/PCS towards the oxygen evolution reaction 

(OER) upon the Tween20 modification. The onset potentials of the OER at the 

Tween20 modified MnO2/PCS particles electrode are more negative by about 0.162 V 

compared with the bare (i.e. unmodified) MnO2/PCS electrode. Tween20 is absorbed 

on the surface of MnO2/PCS and covers the entire surface of the MnO2/PCS particles 

homogeneously. The Tween20 plays a vital role as a catalytic mediator, which 

facilitates the ion transfer during the water oxidation into molecular oxygen and thus 

the OER is accomplished at less positive potentials. 

Keywords: Electrocatalysis; Water electrolysis; Oxygen evolution; Manganese 

dioxide; Tween20 

 

1 Introduction 

The development of an efficient catalyst for the oxidation of H2O to molecular 

oxygen is a critical component for solar fuel production systems, as it provides 

available source of electrons for hydrogen production or the direct conversion of 
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carbon dioxide to liquid fuel [1–4]. Europium, Ruthenium and Platinum as noble 

catalysts have higher catalytically activity and stability [5,6]. However, these elements 

are expensive and scarce, thus making them unsuitable to be used on a large scale. So 

far a series of transition metal oxides such as Fe, Mn, Ni and Co have been reported to 

be catalytically active[7,8], but these transition metal oxides have low electronic 

conductivity and poor wettability. In order to improve the catalytic efficiency to a 

reasonably high extent, new catalyst supports are recently produced by different 

methods [9–15]. Carbon materials (CNT and graphene), gold and other metals have 

been proposed as favorable electron conductors and ideal materials supporting 

nanosized metallic particles in the electrodes for electrocatalysis. The groups of 

Bell[16] and Dai[17] reported the OER activity of Co3O4 nanocrystals are significantly 

enhanced by anchoring them on graphene and Au support. Chen [18] et al. reported the 

MnO2 nanorod arrays growing vertically directly on surface of Ti foil improved OER 

activity significantly.  

The preceding discussions suggest that the transition metal oxides with improved 

conductivity can present high catalytic activity for OER. A simple way to achieve this 

goal would be to add conductive agent. However, electron transfer and ion diffusion 

are simultaneous in the process of OER. The ion can not rapidly reach the surface of 

catalyst resulting in great interface resistance between the electrolyte and catalyst due 

to the poor wettability of metal oxide. 

Surfactant is a kind of organic compounds that can significantly reduce the 

surface tension and surface state of the system. The unique amphiphilic nature of 

surfactant makes it easy to occur at the electrode/solution interface adsorption, 

forming a layer of orienting thin film, and thus influence the diffusion process and 

electrochemical process of the material. The surfactants are widely used in the field of 

electrochemistry and electrical analysis chemistry [19,20]. In order to improve the 

hydrophilic ability, the materials were treated by surfactants to achieve its surface 

modification and improve its wettability. 

In this work, we added SP into catalyst ink to reduce the electron transfer 

resistance in OER process. Then, the surfactant Tween20 is introduced to modify 
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MnO2/PCS to enhance the surface wettability of the catalyst in electrolyte. 

2 Experimental 

2.1. Synthesis of porous carbon micro–spheres (PCS) 

Commercial food–grade corn starch was obtained from zhongshan Mei Wj Co. 

Ltd. (zhongshan, China), the other reagents were of analytical purity and were used 

without further purification. First, porous carbon micro–spheres were prepared by our 

previous method[21]. The procedure of preparing the porous starch was similar 

with[22]. 100 g corn starch was immersed in 150 mL HAc-NaAc buffer solution 

(pH≈4.7) with stirring to form a starch suspension. Next, the complex enzyme of 

glucoamylase and α-amylase (2 g, 3:1, w/w) was added to the suspension. Following 

that, the mixture was kept stirring for 24 h at 43 ℃ in a water bath. Then the resultant 

porous starch was filtrated from the mixture and washed several times with distilled 

water, and freeze-dried. The dried corn porous starch and Na2SnO3·4H2O were 

uniformly blended with the composition ratio 5:2 (w/w), by impregnating some 

distilled water. The suspension was treated with vacuum freeze drying technology for 

14 h. Then the mixture was placed in tube furnace, ramped at 2 ℃ min-1 to 600℃ in 

N2 atmosphere from room temperature, and kept at 600 ℃ for 3 h, then cooled down 

to room temperature naturally. The porous starch carbon was washed with dilute nitric 

acid, distilled water for several times until the pH of the solution was near 7, and then 

filtered and dried.  

2.2. Synthesis of MnO2/PCS (MP) hybrid materials 

In a typical synthesis of MnO2/PCS hybrid nanomaterials, 11.55 g 50 % 

Mn(NO3)2·H2O was dissolved 40 mL ethanol. Afterwards, 1 g porous starch carbon 

were dispersed in the above solution by ultrasonication for 10 min. This mixture was 

then transferred into a 200 mL beaker kept stirring for 12 h at 25 ℃ in a water bath. 

This mixture then filtered and natural dried. The dry powder then transferred into 

beaker for 1 h at 150 ℃. 

2.3. Synthesis of Tween20 modified MnO2/PCS particles (TMP) hybrid materials  
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The MnO2/PCS powder was dispersed in 1 % of a Tween20/ethanol solution and 

stirring for 2h. Afterwards, this mixture then filtered and dried at 80 ℃ for 5 h to 

obtain Tween20 modified MnO2/PCS particles (TMP). 

2.4. Electrode preparation and electrochemical measurements 

The electrocatalyst powders, Polyvinylidene Fluoride (PVDF) and SP were 

dispersed in N-Methyl-2-pyrrolidone (NMP). The weight ratios (electrocatalyst: 

PVDF:SP=2:1:1). The PVDF was used as binder, SP as conductive. Stired the mixture 

evenly and then the catalyst ink was deposited on the surface of on the spectrum of 

pure graphite electrodes with a geometric area of 0.28 cm2 and dried at 80 ℃for 1 h. 

To facilitate the distinction, containing SP and Tween20 of electrode was named ST, 

containing SP and MP of electrode was named SMP, containing SP and TMP of 

electrode was named STMP. The electrode of MP was not contained SP. 

The electrocatalyst loading on the spectrum of pure graphite electrodes was 

normally controlled at 0.1 mg cm–2. The experiments were carried out at 25 ℃ 

controlled by a water–bath thermostat. All electrochemical measurements were 

carried out in a three–electrode cell using IM6 electrochemical workstation 

(Zahner-Electrik, Germany). A platinum foil and Hg/HgO (0.1 M KOH) were used as 

the counter and reference electrodes. 

2.5. Characterization 

The crystallographic information of the products was investigated by powder 

X-ray diffraction (XRD, Rigaku, D/max 2500v/pc) with Cu-Ka1 radiation (l ¼ 1.5406 

Å). The 2θ range used in the measurements was from 5˚to 90˚. The structure and 

morphology of the products were investigated by a field emission scanning electron 

microscopy (SEM, Philips, FEI Quanta 200FEG). The surface area of the samples 

were investigated using physical adsorption of nitrogen at the liquid-nitrogen 

temperature (77K) on an automatic volumetric sorption analyzer (SA3100 Beckman 

Coulter, USA). Fourier transform-infrared spectra (FT-IR) were measured between 

4000 and 200 cm-1 using a KBr disc technique with a model FT-IR 310 Jasco 
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spectrometer (Japan). In all spectra, the absorbance was represented versus 

wavenumber (cm-1). 

3 Results and discussion 

X-ray diffraction (XRD) patterns of the PCS (a) and MP composite (b) are 

shown in Fig. 1. Fig.1a illustrates the XRD pattern of PCS prepared at 600 ℃, there 

is a broad and weak peak at 26◦, which indicates a highly disordered carbon 

system[23,24]. The peaks of SnO2 are also indexed at 34◦, which is the result of the 

reduction of the Na2SnO3 at 600 ℃. The pattern of the a MP indicates that it is a 

typical amorphous structure, five weak peaks were assigned in 26◦, 37◦, 42.9◦, 52.7◦ 

and 66◦, and a strong peak in 37◦, which was determined as pure MnO2 (JCPDS NO. 

44-0141) [25].  

Fig. 2 (a, b, c) and (d, e, f) are the SEM images of the PCS and MP composite, 

respectively. As seen in Fig. 2(a, b), the PCS show irregularly globular shape, 

possessing lots of micro-sized pores. The pore size of PCS decreased from about 0.91 

µm to 0.53 µm, being measured from the SEM pictures of porous starch and porous 

carbon sphere by an electronic ruler. The macroporous structure can accept ion more 

easy than the micro-mecroporous. Fig. 1c show the broke of PCS through high-energy 

ball milling is a hollow structure. The surface of the PCS can be increased by porous 

and hollow structure. The specific surface area of PCS is 8.6 m2 g-1. It can be 

obviously observed in Fig. 2 (d, f, e), there are numberless manganese oxide particles 

about 30 nm (measured by an electronic ruler) dispersed uniformly onto the surface of 

PCS. The nanparticles of MnO2 are not only existing on the surface of PCS but also 

going deep into internal surface as show the broke of ball (Fig.1e) through 

high-energy ball milling, there by increasing more active site for OER.  

The vibrational spectroscopy is considered to be a very useful technique for 

detection of chemical and structural changes. Fig. 3 show the FT-IR spectra of various 

sample. The band at 1107 cm-1 can be assigned to the C-O-C stretching modes of the 

hydrophilic ployoxyethlene chain of Tween20, and the bands at 1250 cm-1 attributed 

to hydrophobic groups C-O stretching vibration and 1736 cm-1 to the C=O stretching 
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vibration (Fig. 3a). As shown in Fig. 3c the bands at 1107 cm-1 can be attributed to the 

C-O-C stretching modes of the hydrophilic ployoxyethlene chain of Tween20, which 

does not exsit in the FTIR spectrum of bare MP (Fig. 3b). This result suggests that 

hydrophobic group of the Tween20 surfactant molecules bonds with the atoms on the 

surface of the MP particles. The surface layer coating on the MP particles surface 

enhance the wettability of MP, and then promot ion diffusion during the OER process.  

Fig. 4 shows CV curves of pure carbon, pure SP, MP and STMP electrode in 0.1 

M KOH. The sweep rate is 0.005 V s-1 in the potential range from -0.1 to 1 V. There 

are no OER happens on the pure carbon, bare SP blank electrode MP electrode. 

However, one crucial condition for OER is the catalytic activity of the catalyst; 

another essential aspect is that the electrons can arrived rapidly at the surface of the 

catalyst. High current densities for OER on the SMP electrode, which indicates that 

SP can drive electrons rapidly transport to the surface of catalyst and electronic 

transmission is rate determining step of happen. 

Fig.5 shows CV curves of SMP and STMP electrode. The current has a sharply 

increase at 0.643 V on the STMP electrode lower than that of SMP (0.805 V). The 

result reveals that Tween20 can make OER easier for water split. However, the weak 

signal of OER on the ST electrode proves the Tween20 just enhances the OER instead 

of catalysis. The reverse sweep curve of TMP indicate it have a good stability in the 

process of OER. The STMP electrode shows a much higher current density than the 

MP in the whole potential range from -0.1 to 1 V due to Tween20 accelerating the 

diffusion of ions.  

To illustrate the enhancement effect of Tween20 in the OER process, we 

simulated the OER process, as indicated in Scheme.1. Firstly, the hydrophobic groups 

of surfactant Tween20 molecules is adsorbed on the surface of the MP particles and 

hydrophilic groups stretch outward into the water, as shown in the Scheme 1a and b. 

The hydrophilic group has a good affinity with water and then the wettability of MP is 

improved. As a result, the interface resistance between electrode and electrolyte is 

reduced and the current density of the OER is enhanced. The Tween20 molecules are 

absorbed on the surface and enhance the wettability of MP, which promotes the 
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migration of ion to the MP surface and impels the OER proceeding [19]. 

The stability of OER on the STMP electrode was investigated with 

chronoamperometry. The chronoamperometric curves are shown in Fig. 6. At the end 

of the test, the oxidation currents on the STMP and SMP electrodes are larger than 

that the bare MP electrode. Compared to the STMP, the current density on the bare 

MP and SMP anodes decay more quickly and tends to stabilize at 0.03 mA cm-2 and 

0.06 mA cm-2 respectively at the end of the test. However, The current density on the 

STMP electrode decays slowly at the began of OER and retain 0.1 mA cm-2 after 30 

min. The current decay indicates a deactivation of the electrodes. The results show 

that STMP has a high activity compared to the bare MP and a good stability for OER 

and the surfactant Tween20 enhances the MP activity. 

4. Conclusion 

The electrical conductivity of catalysts is improved by added SP, and then the 

catalyst present catalyst activity of OER. MP modified with Tween20 resulted in a 

significant decrease in the anodic polarization required to sustain a specific current 

density compared with the bare MP in alkaline media. That is, a shift of the CV by 

about 0.643V to the negative direction was obtained on the STMP, while a shift of 

about 0.805V was achieved on the bare MnO2/PCS. Tween20 has been considered to 

enhance the generation of the oxygen gas via facilitating the ion transfer at various 

steps of the reaction pathway. 
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Fig.1. X-ray powder diffraction patterns of the samples, (a)PCS, (b) MP. 

 

Fig. 2. SEM images of the porous carbon micro-spheres (PCS) (a, b, c) and MP hybrid (d, e, f). 

a b

c

a b

c

 

Fig.3. FT–IR spectra of samples: (a) Tween20, (b) MP, (c) TMP. 
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Fig. 4. The CV curves of the anodes in 0.1 M KOH: (a) pure carbon, (b) SP blank, (c) MP and (d) 

SMP. The sweep rate was 0.005 V s
–1
 in the potential range from -0.1 to 1 V. 

 

Fig. 5. The CV curves of MP anodes in 0.1 M KOH: (a) ST electrode, (b) SMP and (c) STMP 

electrode. The sweep rate was 0.005 V s
-1
 in the potential range from -0.1 to 1 V. 

 

 

Scheme 1. The mechanism of enhancement effect of Tween20 on the OER. 

 

Fig.6. Chronoamperometric curves of anodes (a) MP, (b) SMP and (c) STMP in 0.1 M KOH with 

a potential of 0.7 V at 25℃. 
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