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Abstract
Mesoporous silica is material that possesses the pore sizes between 2 nm to 50 nm which had expanded their applications rapidly. In this study, mesostructured SBA-15 was synthesized and characterized then the electrochemical behaviour being analysed to determine the current signal and the impedance of mesoporous silica carbon electrode. The material with pore sizes 5.5 nm was successfully synthesized by surfactant templating technique, using triblock copolymer pluronic (P123) as directing agent and tetraethyl orthosilicate (TEOS) as silica sources. The synthesized SBA-15 was characterized using X-ray diffraction (XRD), scanning electron microscope (SEM), nitrogen adsorption-desorption and infra-red (IR). Two different electrodes were fabricated which carbon paste electrode (CPE) and hybrid SBA-15 with carbon paste electrode (SBA-15/MCPE) and analysed using cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The SBA-15/MCPE results better adsorption and enhanced the response signal to 30% and lower resistance compared to CPE with 179Ω and 187Ω respectively due to addition of meso-sites which improved the electron pathway This study demonstrates that mesoporous silica (SBA-15) can be considered as promising material in development of high performance, lightweight and flexible devices in electrochemistry.
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Abstrak
Bahan berliang meso ialah bahan yang mempunyai saiz liang antara 2 nm hingga 50 nm yang telah dikembangkan aplikasinya secara meluas. Dalam kajian ini, SBA-15 berliang meso telah disintesis dan dicirikan. Setelah itu, sifat elektrokimianya di analisis. Bahan dengan liang bersaiz 5.5 nm berjaya disintesis melalui teknik templat surfaktan menggunakan triblok ko-polimer pluronic (P123) sebagai agen pengarah dan tetraetil ortosilikat (TEOS) sebagai sumber silica. Bahan yang disintesis dicirikan menggunakan teknik pembelauan sinar-X, mikroskopi imbasan elektron, penyerapan penjerapan nitrogen dan infra merah. Dua elektrod berbeza telah difabrikasikan, iaitu elektrod pes carbon (CPE) dan elektrod yang dimodifikasi (SBA-15/MCPE). Kedua-dua elektrod yang difabrikasi di analisa dengan menggunakan alat voltametri berkitar dan spektroskopi impedans elektrokimia. SBA-15/MCPE menawarkan penjerapan yang baik dan meningkatkan signal respon sehingga 30% dan menghasilkan rintangan yang lebih rendah berbanding CPE iaitu masing-masing 179Ω dan 187Ω. Kajian ini menunjukkan bahawa SBA-15 boleh dianggap sebagai bahan yang berpotensi dalam menghasilkan alat yang berprestaai tinggi, ringan dan flexibel dalam electrokimia.

Kata kunci:  silica berliang meso, SBA-15, pencirian elektrokimia, elektrod karbon-silika berliang meso


Introduction
The discovery of surfactant template silica such MCM-41, MCM-48 and SBA-15 were first reported in early 1990’s which lead to whole new class of materials that offer high thermal and mechanical stability [1, 2]. Due to continuity of mesoporous silica development, the studies regarding their properties are very active [3]. The unique properties of the mesoporous materials such uniform pore size, hexagonal array and large surface area [4] resulting excellent surface enhancement effect [5]. They are important for application in emergent areas such as energy storage in double layer supercapacitors [6], catalytic supports in fuel cell electrodes [7], adsorptions of bulky molecules in liquid phase [8] and improvements of selectivity in electro analysis [9].

Previous research had proved that mesoporous silica carbon paste enhanced the current signal compare to carbon paste electrode [10, 11, 12]. The materials were made from silica which SBA-15 provide 2D pore structure. Apparently, less research has been observed for SBA series compared to similar silica mesostructured, MCM series. The mechanism of electrode’s surface during electrical charging is still under debate particularly regarding the effect of silica pore structure with the current signal obtained. In this study, the mesoporous silica (SBA-15) was synthesised than physically characterized. The electrochemical behaviours of the carbon electrode (CPE) and mixture of carbon with mesoporous silica electrode (SBA-15/MCPE) was than characterized using cyclic voltammetry (CV) and impedance spectroscopy (IS). 

Materials and Methods
Chemicals and raw materials 
The chemicals used were analytical grade and purchased from; Tri-block copolymer Pluronic P123, EO20PO70EO106 (Sigma-Aldrich), tetraethyl orthosilicate, TEOS (98%, Aldrich), graphite powder (<20 μm, Aldrich), paraffin oil (Biobasic), hydrochloric acid, HCl (36%, Aldrich), Methanol, CH4O, ethanol, C2H6O, deionized water, copper wire, glass tube, epoxy glue.
 
Instruments 
Synthesized mesoporous silica was characterized by X-ray diffraction (Rigaku D/max-2500), FE-SEM from SUPRA 40 and for N2 adsorption desorption (Micromeritics, ASAP 2060). The electrochemical measurements were carried out using an Auto-lab PGSTAT101 potentiostat which working electrode (CPE and SBA-15/MCPE), reference electrode (Ag/AgCl) and counter electrode (platinum).

Synthesis of SBA-15 silica
Mesoporous silica was prepared via surfactant templating technique as described by Sayari et al. [13]. Pluronic P123(4g) was dissolved in deionized water (30 mL) and HCl (2M, 120 mL) and stirred in closed container for 20 hours. The TEOS (8.5g) was added slowly to the mixture then being stirred vigorously for 15 minutes and kept under static condition for at temperature 35 C for 20 hours. Thus, the substance was transferred to oven at 90 C for 24 hours. The precipitate obtained was filtered, wash using deionized water and dried for 3 days at 45 C. obtained silica then calcined at 500 C in air for 6 hours.

Electrode fabrication
Two types of electrodes were prepared for cyclic voltammetry and electrochemical impedance properties as adapted from Hassan et al. [10]. The carbon paste electrode (CPE) was prepared by mixing graphite powder with paraffin oil. The SBA-15 was mixed with graphite powder and bind together using a few drops of paraffin oil to obtain modified carbon paste electrode (SBA-15/MCPE) paste. The pastes were packed tightly into the glass tube’s cavity. Implementation of copper wire inside the tube provides electrical contact for the system. Then, bottom surface of the electrodes was polished using smooth paper and washed with deionized water.  

Electrochemical measurement
The electrochemical measurements on electrodes were performed using cyclic voltammetry (CV) at scan rate 0.1 Vs-1 and recorded between -0.4V – 0.6V. The electrochemical impedance spectroscopy (EIS) measurements were performed using potentiostat at frequencies 1mHz to 10 MHz [12].

Results and Discussion
Mesoporous silica structural characterization
Powder X-ray diffractogram of synthesized mesoporous SBA-15 sample is shown in Figure 1. The diffractogram shows three resolved peaks at 2  0.9°, 1.7 and 1.9, corresponding index of (100), (110) and (200) respectively which reflected as well-ordered mesoporous silica structured [14]. The presence of peaks can be assigned the diffractions from 2-d symmetry associated with the hexagonal structure [15]. 

Figure 2 shows FESEM  micrographs  of  synthesized  SBA-15 morphologies in 10k x of magnification. The micrographs show that the production of SBA-15 using P123 as directing agent possessing hexagonal-rod-like-shape to the material as reported [16]. 



Figure 1.  XRD diffraction pattern of calcined SBA-15 silica and mesoporous silica carbon paste (SBA-15/MCPE)

(a)
(b)
A


SBA-15


SBA-15





Carbonn








Figure 2.  FESEM images of SBA-15 (A) calcined SBA-15 (B) SBA-15/MCPE

The pores structure of prepared mesoporous material was characterized by nitrogen adsorption measurements. The isotherm and pore size distributions of synthesized SBA-15 are shown in Figure 3 and 4. From the isotherm in Figure 3, calcined SBA-15 exhibits type-iv curves according to IUPAC classification [17] with hysteresis loop at relative pressure (P/P˳) at about 0.46 to 0.76, which indicate mesoporosity. Figure 4 shows the pore size distributions (PSD) curve as determined by BJH method. The PSD show well-defined peaks at pore diameter between 6.0 nm to 9 nm for SBA-15 sample. The presence of a low distributed peak between 4 nm to 6 nm could be the interconnected pore of SBA-15[18]. The BET surface area, pore volume and pore width of SBA-15 are summarized in Table 1. 

















Figure 3.  Nitrogen adsorption and desorption isotherms of SBA-15 (calcined at 550 °C)




Figure 4.  Nitrogen adsorption and desorption isotherms of SBA-15 (calcined at 550 °C)

Table 1.  Pore properties of synthesised SBA-15 (calcined at 550 °C)
	SBET(a)
(m2/g)
	Vp(b)
(cm3/g)
	Dp(c)
(nm)
	Dp(d)
(nm)

	913.2626
	0.8341
	5.4271
	4.9021



			  a   Specific surface area determined by BET method, 
b  Total pore volume, 
c   Pores diameter (Dp) as determined by BJH from adsorption data
d   Pores diameter (Dp) as determined by BJH from desorption data

Electrochemical behaviours study of mesoporous silica
The electrochemical behaviours were studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). Figure 5 shows the cyclic voltammogram of 5.0x10-3 M of potassium ferrocyanide with two different electrodes with the oxidation peaks positioned at 0.44V and 0.56V for SBA-15/MCPE and CPE respectively. As for reduction peaks of SBA-15/MCPE and CPE that positioned at -0.16V and -0.23V indicate the presence of redox process [12]. The voltammogram shows that the electrode with SBA-15 (MCPE) exhibits current enhancement with 0.00029 A compared to 0.00017 A of CPE. This enhanced the response by 30 % at oxidation peak. The same trend can be observed at the reduction peak. 


Figure 5.  Cyclic voltammograms of 1mM of Fe(CN)3-4/-6 containing 0.1 M KCl as supporting electrolyte at CPE and MCPE

From Figure 6, the Nyquist plot indicates the frequency response of electrode. By fitting the data using Randles circuit (inset), Rct of CPE and SBA-15/MCPE can be estimated to be 187Ω and 179Ω respectively. It is known that silica is non conducting material and suggests that the presence of silica with MCPE had modify surface morphology that attribute of conducting surface and nonconducting surface. This can be considered as self-assembled of micro electrode array as the silica surface contributes to varies spot of conducting and non-conducting site on the electrode surface. Thus, this suggests that SBA-15/MCPE surface promote good electron pathway between electrode and electrolyte. Results low electron-transfer resistance compared to CPE surface [19] as micro-electrode properties [20].
 

Figure 6. 	Nyquist plot at CPE and MCPE in of 1mM of Fe(CN)3-4/-6 containing 0.1 M KCl as supporting electrolyte 

Conclusion
The mesoporous material was successfully synthesized with 5.5 nm pore size. Electrochemical study indicates that MCPE/SBA-15 result higher current by 30% and lower resistance compared to CPE with 187Ω and 179Ω respectively. From the results obtained, the SBA-15/MCPE which combined SBA-15 with carbon shows improvement in electrochemical behaviours due to unique characteristics of mesoporous silica material which prohibit uniform pore, large pores size and high pore volume. Higher fraction of mesopores in the carbon paste (MCPE) mixture promote higher current densities on the surface. This provides many favourable sites for electron transfer [21, 22] and shows a smaller resistance (179Ω) with respect to mainly carbons paste [23] as micro-electrodes properties.  For further study, different pore structure silica as SBA-16 and the different composition of silica may be use to study the contribution towards the electrochemical behaviours. 
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isoterm linear plot	4.2246771045029163E-5	1.3994126372664602E-4	6.2404855786610703E-4	2.4007785560857661E-3	5.6731229389178827E-3	9.7485116674556095E-3	2.2573003137946357E-2	2.9330726272899225E-2	5.6645782938991987E-2	5.9547922925836959E-2	8.0187449414938536E-2	0.10029986762473908	0.12012276856851971	0.14043944893266633	0.16132352386664045	0.18182964700309726	0.20232205299217773	0.24852982186607964	0.30354681178184134	0.35550881996618572	0.40039808225796653	0.45050759712787292	0.50026723128841122	0.55028158286606066	0.59888137310032408	0.6499253284035521	0.68216916914921832	0.69662896803241714	0.70436740600356951	0.71096028486436202	0.71769066771821388	0.72657242078562356	0.74142445978872074	0.75286527965051286	0.80191437353378547	0.81665279764776	0.84603846833993857	0.87548301275475826	0.90008056640625	0.92542792273070129	0.950301028898071	0.97491623896679058	0.98040315057388994	0.99100684449580356	0.99473725828221637	0.98168749831894797	0.96827919013005548	0.95443660024351684	0.92536061558095473	0.9011336476717644	0.87534290512281587	0.85069095081166546	0.82548407184758898	0.80024856928037991	0.75093615361819466	0.70078582782694754	0.65475310380607399	0.64309767871005141	0.6341054112616098	0.62591189041432116	0.61774936886344323	0.60853432360464055	0.59897105299790099	0.57899531051503894	0.55555239986079663	0.50497837758779707	0.46099300481119659	0.44560193172126261	0.40048905979005206	0.35587919501715115	0.30226989647707525	0.25006469726562502	0.20021465776961012	0.14083297631347169	0.10035600318257705	32.936011352419769	64.546525507725377	96.555029710204778	124.44	143.77880341240336	156.92022865508281	178.7602903091487	186.16094895541687	206.41752344309353	208.07504074792075	218.41201168872212	226.66917183239985	233.8213326012098	240.34247989117122	246.43946334486782	251.95481723285837	257.15729543240298	267.94951638520138	279.93897609078988	290.80022288068272	300.22423323078817	310.97867871457254	322.38427624468409	335.5206130472327	353.17864063078201	375.29740937855792	396.38224120281944	422.76138404339832	445.9495242370848	470.07912154111699	494.06326731487917	520.09243458972151	543.20800541500387	549.35121419504594	556.04189827803953	556.99242923278769	558.78188636559537	560.39890148782513	561.85306285186357	563.43268718709169	565.19847582338116	567.58799994372123	568.7867745978391	571.07487265605766	572.80876143122919	570.43672929277614	568.37566949944301	566.77483151680156	564.65131280319849	563.10298878928643	561.62174139262561	560.23011865785577	558.77342651825995	557.34219278182582	554.55476493544529	551.046869564247	532.28628852604368	509.25207861795371	485.32285219794159	460.47078230487955	435.73724252621776	411.6477632418331	393.07803566714637	372.28552155965207	360.00133862412474	344.28393589654428	322.10199531532493	313.60893881020729	300.76500231771945	291.36238257341012	280.04943516323891	268.63124958431979	256.91618584584148	240.74894365636811	227.05323892636713	isoterm linear plot	4.2246771045029163E-5	1.3994126372664602E-4	6.2404855786610703E-4	2.4007785560857661E-3	5.6731229389178827E-3	9.7485116674556095E-3	2.2573003137946357E-2	2.9330726272899225E-2	5.6645782938991987E-2	5.9547922925836959E-2	8.0187449414938536E-2	0.10029986762473908	0.12012276856851971	0.14043944893266633	0.16132352386664045	0.18182964700309726	0.20232205299217773	0.24852982186607964	0.30354681178184134	0.35550881996618572	0.40039808225796653	0.45050759712787292	0.50026723128841122	0.55028158286606066	0.59888137310032408	0.6499253284035521	0.68216916914921832	0.69662896803241714	0.70436740600356951	0.71096028486436202	0.71769066771821388	0.72657242078562356	0.74142445978872074	0.75286527965051286	0.80191437353378547	0.81665279764776	0.84603846833993857	0.87548301275475826	0.90008056640625	0.92542792273070129	0.950301028898071	0.97491623896679058	0.98040315057388994	0.99100684449580356	0.99473725828221637	32.936011352419769	64.546525507725377	96.555029710204778	124.44	143.77880341240336	156.92022865508281	178.7602903091487	186.16094895541687	206.41752344309353	208.07504074792075	218.41201168872212	226.66917183239985	233.8213326012098	240.34247989117122	246.43946334486782	251.95481723285837	257.15729543240298	267.94951638520138	279.93897609078988	290.80022288068272	300.22423323078817	310.97867871457254	322.38427624468409	335.5206130472327	353.17864063078201	375.29740937855792	396.38224120281944	422.76138404339832	445.9495242370848	470.07912154111699	494.06326731487917	520.09243458972151	543.20800541500387	549.35121419504594	556.04189827803953	556.99242923278769	558.78188636559537	560.39890148782513	561.85306285186357	563.43268718709169	565.19847582338116	567.58799994372123	568.7867745978391	571.07487265605766	572.80876143122919	Relative Pressure (P/Po)

Volume Adsorbed (cm³/g)


Adsorption dV/dw pore volume 
adsorption dV/dw  pore volume	119.45159014596557	86.317145084760242	47.829141874079909	31.121523796684613	22.81	18.015950987587964	14.586902963296916	12.107527139256613	10.780626965973278	9.0853676473489493	8.0846444952757519	7.6632805654530252	7.323294392173441	7.1118481203611346	6.9388872734238465	6.7603488330162325	6.4958223140060811	5.9826919974554098	5.2203711282265743	4.5221386500173759	3.9556771374101043	3.4790855250175063	3.0718942296597969	2.7374201874692243	2.4260809274639374	2.1181469332986844	1.8568399346589197	1.7007629582366179	3.258406650274992E-5	9.3272188678383827E-5	1.087700380811896E-4	2.4112321022225588E-4	4.3246966444898026E-4	6.9373585042525844E-4	1.0016699335278077E-3	1.665466786315001E-3	2.284983680170632E-3	6.888622983420579E-3	3.7097701743283418E-2	0.12066442562876606	0.24932752289727941	0.32031527436715934	0.34342891861803315	0.29194556691348972	0.18457131658304038	6.4062032347563691E-2	4.5883734149736094E-2	4.5260489014383773E-2	3.1089310810329958E-2	2.881300093299656E-2	3.0197056904041925E-2	3.3685546501051288E-2	3.7725749644842821E-2	4.5519655925365152E-2	5.4235936148882488E-2	6.3627721059370451E-2	Pore Width (Nm)

dV/dw pore volume (cm³/g·nm)


Cyclic voltammograms
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Mag= 10.00KX 1pm WD = 5.1 mm EHT = 5.00 kv Signal A= SE2  Date :20 Feb 2019

SUPRA 40VP-31-31 Noise Reduction = Frame Avg Vac Status = Ready ~ Time :8:27:57
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SUPRA 40VP-31-31 Noise Reduction = Frame Avg Vac Status = Ready ~ Time :8:27:57
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