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Abstract

Mesoporous silica of SBA-15 and SBA-16 were successfully synthesized via the surfactant templating technique using tetraorthosilicate (TEOS) as the silica source and both surfactants, pluronic P123 and F127. Two different modified carbon paste electrodes (MCPE) were fabricated; SBA-15/MCPE and SBA-16/MCPE in compared to unmodified electrode, carbon paste electrode (CPE), for ascorbic acid (AA) and uric acid (UA) determination. Due to the unique properties of mesoporous silica materials, the MCPE fabricated exhibits greater surface enhancement effect, offers better adsorption and increases the response signals of AA and UA towards both MCPEs compared to CPE. The electrochemical behaviours of AA and UA were investigated using cyclic voltammetry. Finally, the electrochemical methods were successfully applied in detection of AA and UA.
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Abstrak

Mesoporus silika SBA-15 dan SBA-16 telah disintesis dengan jayanya melalui teknik templat surfaktan menggunakan tetraortosilikat (TEOS) sebagai sumber silika dan kedua-dua surfaktan, Pluronic P123 dan F127. Dua elektrod pes karbon yang dimodifikasi (MCPE) yang berbeza, SBA-15/MCPE dan SBA-16/MCPE telah dihasilkan dan dibandingkan dengan elektrod pes karbon yang tidak dimodifikasikan (CPE), untuk penentuan asid askorbik (AA) dan asid urik (UA). Dengan sifat-sifat unik bahan silika, MCPE yang telah difabrikasi mempamerkan peningkatan efek permukaan yang baik, penjerapan yang lebih bagus, dan peningkatan signal respon AA dan UA terhadap kedua-dua MCPE berbanding CPE. Perlakuan elektrokimia AA dan UA telah dikenalpasti dengan menggunakan alat voltametri berkitar. Akhirnya, kaedah elektrokimia telah berjaya diaplikasikan dalam pengesanan AA dan UA.
Kata kunci: silika berliang meso, sensor elektrokimia, SBA-15, SBA-16, sintesis, kaedah elektrokimia
Introduction

Electrochemical sensor is a smart network that acts as an important component in the multifunctional intergrated electrical devices [1]. Electrochemical sensor has been widely discovered in its field of studies. It is commonly used in the detection of favoured molecules [2], hormones [3] or organic compound [4]. AA is an anti-oxidant that influences physiological processes in human body [5]. UA is the primary end product of purine metabolism [6]. AA and UA are considered as important molecules in human metabolism but the improper concentration level of the compounds may lead to various serious diseases. Therefore, the determination of AA and UA in analytical determination and diagnostic research is vital [7]. And to date, various electrochemical methods were developed in detection of AA and UA utilizing different types of electrodes for example one-dimensional MgO biosensor [8], TiO2 nanoparticles MCPE [9], Pt nanoparticles supported graphene oxide [10] and reduced grapheme oxide modified electrode [11]. Although there are several research works reported on the determination of AA and UA using mesoporous silica mainly type MCM-41 [12, 

ADDIN CSL_CITATION { "citationItems" : [ { "id" : "ITEM-1", "itemData" : { "DOI" : "10.1007/s00604-007-0924-7", "ISSN" : "0026-3672", "author" : [ { "dropping-particle" : "", "family" : "Zeng", "given" : "Yanhong", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Xu", "given" : "Jiajia", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Wu", "given" : "Kangbing", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" } ], "container-title" : "Microchimica Acta", "id" : "ITEM-1", "issue" : "1-2", "issued" : { "date-parts" : [ [ "2008", "1", "31" ] ] }, "page" : "249-253", "title" : "Electrochemical determination of uric acid using a mesoporous SiO2-modified electrode", "type" : "article-journal", "volume" : "161" }, "uris" : [ "http://www.mendeley.com/documents/?uuid=f98b5590-4eb9-4d71-ace1-e4ea4a785434" ] } ], "mendeley" : { "formattedCitation" : "[13]", "plainTextFormattedCitation" : "[13]", "previouslyFormattedCitation" : "[13]" }, "properties" : { "noteIndex" : 0 }, "schema" : "https://github.com/citation-style-language/schema/raw/master/csl-citation.json" }13], however, to the best of our knowledge, electrochemical detection of AA and UA using, SBA-15 and SBA-16, has not been reported.

Since the mesoporous silica has been discovered since two decades ago [14], the interest in this field have grown wider and attracted scientist worldwide. Mesoporous silica has large surface area, high pore volume, wide range of pore sizes, and unique mesoporous channels resulting an excellent surface enhancement effect [15, 
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Materials and Methods

Chemicals and raw materials 

All the chemicals used were of analytical grade and purchased from; Tetraethoxysilane, TEOS (98%, Aldrich), tri-block copolymer Pluronic F127, EO106PO70EO106 (Sigma-Aldrich), tri-block copolymer Pluronic P123, EO20PO70EO20 (Sigma-Aldrich), Paraffin oil (Biobasic), Graphite powder (<20µm, Aldrich) Hydrochloric acid, HCl (36%, Aldrich), Methanol, CH4O, Ethanol, C2H6O, deionized water, platinum wire, Pt, silver wire, Ag (Sigma-Aldrich), copper wire, Cu, Uric acid, L-Ascorbic acid (vitamin C) (ACS grade, Biobasic), glass tube, epoxy glue.

Instruments

The characterization of the mesoporous materials were investigated using both Rigaku D/max-2500 powder diffractometer with Cu-Kα source (2Ɵ mode, continuous scanning; 40 kV, 20 mA) and SUPRA 40 FE-SEM from Carl Zeiss AG. Electrochemical measurements were carried out using an Autolab PGSTAT101 potentiostat from Metrohm Autolab B.V. A three-electrode system, consisting of a working electrode (carbon paste electrode (CPE) as well as mesoporous silica modified carbon paste electrode (MCPE), a reference electrode (Ag/AgCl) and a counter electrode (platinum wire). 

Synthesis of SBA-15 and SBA-16 

The preparation of SBA-15 was adapted from Sayari et al. [20] and minorly modified as follows; 4.0 g of Pluronic P123 was dissolved in 30 ml of deionized water and 120 ml of 2 M HCl in a closed container while stirring at 35 °C for 20 hours. 8.50 g of TEOS was added slowly to the mixture with vigorous stirring for 15 minutes. The mixture was then kept under static condition at constant temperature (35 °C) for 20 hours and transferred to an oven for 24 hours at 90 °C (hydrothermal process). The white precipitation obtained were separated by vacuum filtration. The resulting white solids was then washed with deionized water and dried for 3 days at 45 °. Finally, sample was calcined at 500 °C in air for 6 hours to remove surfactants from mesopores.

The SBA-16 was synthesized according to procedures adapted and minorly modified from Sun & Jun and Boissiere et al. [21, 

ADDIN CSL_CITATION { "citationItems" : [ { "id" : "ITEM-1", "itemData" : { "author" : [ { "dropping-particle" : "", "family" : "Boissiere  D. Lepoutre, S. Nicole, L. Bruneau, AB. Sanchez, C.", "given" : "C Grosso", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" } ], "container-title" : "Langmuir", "id" : "ITEM-1", "issue" : "26", "issued" : { "date-parts" : [ [ "2005" ] ] }, "page" : "12362-12371", "title" : "Porosity and mechanical properties of mesoporous thin films assessed by environmental ellopsometric porosimetry", "type" : "article-journal", "volume" : "21" }, "uris" : [ "http://www.mendeley.com/documents/?uuid=9f7ac67a-a551-4a6e-8735-7ac9b5b057f5" ] } ], "mendeley" : { "formattedCitation" : "[22]", "plainTextFormattedCitation" : "[22]", "previouslyFormattedCitation" : "[23]" }, "properties" : { "noteIndex" : 0 }, "schema" : "https://github.com/citation-style-language/schema/raw/master/csl-citation.json" }22]. A amount 2.3 g of Pluronic F127 was dissolved in 0.6 ml concentrated HCl and 103.4 ml methanol with continuous stirring for 2 hours at 35 °C. In a separate beaker, 10.4 ml TEOS, 5.2 ml ethanol and 4.2 ml deionized water were mixed and stirred for 30 minutes at room temperature. The second mixture was slowly added to the first and stirred for an hour at 35 °C. The solution was then kept under static condition for 20 minutes (hydrothermal treatment) at 80 °C. Then, the solution was cooled down at ambient temperature for 4 hours before it was transferred in a closed container and heated for 24 hours at 90 °C to enhance the formation of silica crosslink. Finally, sample was calcined at 500 °C for 10 minutes.

Fabrication of electrochemical sensor

Three types of electrodes were prepared including unmodified carbon paste electrode. The following methods are adapted and slightly modified from Fathirad et al. [23]. The bare carbon paste electrode (CPE) was prepared by mixing graphite powder with few drops of paraffin oil. While the modified carbon paste electrodes (MCPE) are prepared by mixing 0.85 g of mesoporous silica SBA-15 and 0.15 g graphite powder with the addition of paraffin oil droplets. And the same procedure for SBA-16/MCPE. The pastes were then packed and tightly pressed into the cavity of the glass tubes resulting 3 different electrodes. Electrical contacts are provided by implementing copper wire inside the tube. Finally, the bottom surface of sensors were polished using smooth paper and washed with deionized water.

Analytical procedure
Unless otherwise stated, pH 7.0 phosphate buffer (0.05 M) was used as the supporting electrolyte for both AA and UA. The cyclic voltammetry curves were recorded from 0.0 to 1.0 V per cycle, and oxidation peak currents were individually measured at 0.24 V and 0.79 V.

Results and Discussion

Structural characterization of mesoporous silica

The SEM micrographs shows SBA-15 possessing rod-like shape (Figure 1a) when P123 was used as directing agent with TEOS as the silica source. The production of SBA-16 using Pluronic F127 as surfactant has led the material in forming spherical structure (Figure 1b). SBA-15 and SBA-16 were bind together with graphite powder via the help of paraffin oil (Figure 1c and Figure 1d).  
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Figure 1.  SEM images of SBA-15 and SBA-16. (a) SBA-15 (b) SBA-16 (c) SBA-15/MCPE (d) SBA-16/MCPE

Figure 2 shows X-Ray diffractograms obtained confirm that SBA-15 (diffractogram a) possess hexagonal mesostructure [24, 
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Figure 2.  X-Ray diffraction. (A) SBA-15 (B) SBA-16

The electrochemical behaviours 

The electrochemical behaviours of AA at three different sensors were studied by using cyclic voltammetry (CV). Figure 3 shows the CV results of 1.0x10-3 M AA in pH 7 phosphate buffer. During the anodic sweep from 0.00 to 1.00 V, an oxidation peak at unmodified CPE (curve a) is observed at approximately 0.20 V. Reduction peak does not appear which shows that the oxidation of AA is irreversible. When using SBA-15/MCPE (curve b) and SBA-16/MCPE (curve c), the oxidation peaks are greatly enhanced. Curve b shows the oxidation peak of AA at 0.20 V, and the oxidation peak for curve c slightly shifts positively from 0.20 to 0.27 V. 
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Figure 3.  Cyclic voltammograms of 1.0x1-3M AA in pH 7 phosphate buffer at (a) unmodified CPE (b) SBA-15/MCPE (c) SBA-16/MCPE . Number of cycle: 1. Scan rate: 0.1 V s-1.

Hence, this concludes that both modified sensors possess high efficiency of catalytic activity towards the oxidation of AA, which might be resulted from the short tunnelling distance between AA and porous electrodes. The peak currents of SBA-15/MCPE and SBA-16/MCPE are increased as well which reveals the surface enhancement effect that reflects to the unique properties of mesoporous silica (SBA-15 and SBA-16) consisting large surface are, high pore volume, and good pore network.

Figure 4 shows the CV curves of 1.0x1-6M UA in pH 7 phosphate buffer at unmodified CPE (curve a), SBA-15/MCPE (curve b) and SBA-16/MCPE (curve c) sensors. During the anodic sweep from 0.20 to 1.00 V, broad oxidation peaks appeared at 0.78 V for both unmodified CPE (curve a) and SBA-16/MCPE (curve c). SBA-16/MCPE sensor slightly enhanced the oxidation peak current. Reduction peak does not appear which concludes that oxidation of UA is reversible. Curve c shows no oxidation and reduction peaks. By comparing both unmodified CPE and SBA-16/MCPE sensor, mesoporous silica (SBA-16) clearly provides the surface enhancement effect towards the detection of UA.
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Figure 4. Cyclic voltammograms of 1.0x1-6M UA in pH 7 phosphate buffer at (a) unmodified CPE (b) SBA-15/MCPE (c) SBA-16/MCPE. Number of cycle: 1. Scan rate: 0.1 V s-1.

Conclusion

Two types of mesoporous silica, SBA-15 and SBA-16 was successfully synthesized using Pluronic P123 and F127 as directing agents with the presence of TEOS as the silica source. SBA-15 and SBA-16 were then used to build two different types of electrochemical sensors (SBA-15/MCPE and SBA-16/MCPE) for the detection of AA and UA. Due to the unique properties that the mesoporous silica possessed, the modified electrodes built exhibit greater surface enhancement towards the determination of AA and UA compared to the unmodified electrode by increasing the oxidation signals. Thus, it can reasonably be concluded that an enhanced, convenient and sensitive electrochemical method was developed to detect AA and UA.
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