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Abstract. 
A synthetic method to produce mesoporous carbons with tunable textural properties and ordered pore structure has been developed by changing sucrose to water ratio. The specific surface area of 1437 m2/g with pore volume of 1.4 cm3/g and porosity of mesopores centered at around 4.4 nm are achieved by tuning the concentration of filling amount into mesoporous silica. The mesoporous carbon exhibits hexagonal rod-like morphology (a diameter of ~1.2 
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m), which confirms that the replication process is highly successful. It is demonstrated that the prepared mesoporous carbon exhibits much higher current density and superior performance as compared to conventional activated charcoal.


1. Introduction
Ordered mesoporous carbons have attracted considerable attention in the past few years due to their applications in adsorption of larger molecules, electrochemical double layer capacitor, catalyst support, fuel cells, solar cells, and hydrogen storage systems [1–6]. These kinds of applications require porous carbon with tailored porous structure [7, 8]. Recently, several different methods have been developed to synthesize mesoporous carbons. These include the carbonization of polymer aerogels such as resorcinol-formaldehyde resins [9], the catalytic activation of carbon precursors in the presence of metals and organometallic compounds [10, 11], and carbonization of polymer blends with thermally unstable components [12, 13]. However, these methods result in having a mesoporous carbon with broad pore size distribution. Among them, template synthesis method [14–17] has been extensively used due to the obtained material possessing uniform and interconnected pores. The synthesis technique is known as “nanocasting.” This synthetic technique involves impregnation of silica template with an appropriate carbon source, carbonization of carbon precursor, and subsequent removal of silica. The resulting carbons are inverse replicas of ordered mesoporous silicas. Since the first successful synthesis of ordered mesoporous carbon (CMK-1) using MCM-48 [14], various structures have been reported from different silica templates. On the other hand, textural parameters such as surface area, pore volume, and pore diameter are found to be significantly influencing the electrocatalytic activity. In supported materials, mesoporous offers high metal dispersion and stability of nanoparticles. Although tuning the textural properties of mesoporous carbon is important for various catalytic and electrocatalytic studies, the effect of sucrose concentration on tuning the properties of mesoporous carbon material is not addressed yet. In this study, textural properties of mesoporous carbons are tuned by varying the concentration of sucrose. In addition, the electrocatalytic activity of prepared carbon material is investigated.
2. Experimental
Ordered mesoporous carbon materials referred to as CSB (carbon from SBA-15) was synthesized by pyrolysis of sucrose inside the mesoporous silica (SBA-15). In a typical synthesis of mesoporous carbon, 1 g of SBA-15 was added to a solution obtained by dissolving 0.7 g of sucrose and 5.0 g of water and keeping the mixture in an oven for 6 h at 100°C. Subsequently, the oven temperature was raised to 160°C for another 6 h. In order to obtain fully polymerized and carbonized sucrose inside the pores of silica template, 0.47 g of sucrose, 0.05 g of H2SO4, and 5.0 g of water were again added to the pretreated sample and the mixture was again subjected to thermal treatment described above. Carbonization was performed at 900°C for 5 h under 
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 atmosphere. The resulting carbon/silica composite was treated with HF acid (10 wt.%) at room temperature to selective removal of silica. The obtained mesoporous carbons are denoted as CSB-1, CSB-2, and CSB-3, which are synthesized using sucrose to water weight ratios of 0.06, 0.08, and 0.12 respectively.
Powder X-ray diffraction patters were obtained through a Rigaku diffractometer using CuKα (λ = 0.15406 nm) radiation, operated at 40 kV and 40 mA in a step scan mode with narrow divergence slits. 
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 adsorption-desorption isotherms were measured at 77 K on a Micromeritics Tristar II 3020 adsorption analyzer. Before the adsorption measurements, all samples were outgassed at 250°C in the port of the adsorption analyzer. The Brunauer-Emmett-Teller (BET) specific surface areas were obtained from adsorption branches in the relative pressure range of 0.05–0.20. The total pore volume was estimated from the amount of nitrogen gas adsorbed at a relative pressure of 0.98. The position of the maximum on pore size distribution is referred to as the pore diameter, which was calculated from adsorption branches by Barret-Joyner-Halenda (BJH) method. The HRTEM images were obtained with JEOL JEM-2100F. The preparation of samples for HRTEM analysis involved sonication in ethanol for 5 min and deposition on a copper grid. The accelerating voltage of the electron beam was 200 kV. Hitachi S-4800 HR-FESEM was used to observe the morphology of the materials prepared at different sucrose to water weight ratios.
Platinum particles supported on mesoporous carbons with loading of 10 wt% are prepared using H2PtCl6·6H20 (Wako chemical, purity: 99.9%) as a platinum source. Mesoporous supports and Pt particles were dispersed into ethanol. The mixture was dried at room temperature in N2 gas flow. The dried powder was reduced at 400°C for 2 h in a mixed gas H2 (10%) and He (90%) flow. The performance of this electrode is compared with that of a 10 wt% Pt on activated carbon electrode material. The anode properties of Pt-mesoporous support were examined by ALS/DY2323 bipotentiostat electrochemical analyser. The measurements were carried out in an aqueous solution of 0.5 M H2SO4. Pt foil, and Ag/AgCl electrode were used as counter and reference electrodes respectively.
3. Results and Discussion
The powder X-ray diffraction patterns of mesoporous carbon materials prepared using sucrose as a carbon source at different sucrose to water weight ratio of 0.06, 0.08, and 0.12 are shown in Figure 1. All the samples exhibit sharp distinct reflections of 2θ below 3.0°, which are characteristic for highly ordered mesostructures belonging to 2D hexagonal P6mm space group.  The XRD patterns are exactly matched with the patterns of SBA-15 silica template, which indicates that the mesoporous carbons are inverse replicas of those templates. It is interesting to note that the CSB-1 also exhibits clear higher-order peaks that can be indexed as (100), (110), and (200) diffractions. The structural order of the CSB-3 material improves when sucrose to water ratio is 0.12. The unit cell parameters for the mesoporous carbon evaluated from the XRD data are summarized in Table 1. The hexagonal unit cell 
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 parameter is calculated using the formula 
	
		
			

				𝑎
			

			

				0
			

			
				=
				2
				d
			

			
				1
				0
				0
			

			
				/
				√
				3
			

		
	
. It is observed that the unit cell constant of these carbon materials increases from 9.7 to 9.9 nm with increasing the sucrose to water weight ratio in the composition.  Subsequently, the pore wall thickness of mesoporous carbon materials also changes which is in the range of 5.3 to 5.5 nm for all CSB materials. 
Table 1: Textural parameters of CSB materials.
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 (cm3/g)	dp, BJH (nm) adsorption	Wall thickness (nm)
	

	CSB-1	9.7	1118	1.30	4.2	5.5
	CSB-2	9.7	1286	1.39	4.4	5.3
	CSB-3	9.9	1437	1.35	4.4	5.5
	








	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	


	


	


	


	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	


	
		
	


	
		
	


	
		
	


Figure 1: Powder XRD patterns of CSB materials with different sucrose to water ratios; (a) CSB-1, (b) CSB-2, and (c) CSB-3.


The mesoporous nature of carbon materials prepared at different sucrose to water ratio is confirmed by nitrogen sorption analysis. Figure 2 shows the nitrogen adsorption-desorption isotherms of CSB-1, CSB-2, and CSB-3 along with BJH pore size distribution (inset). All isotherms are of type IV and exhibited a H2 type hysteresis loop. As the relative pressure increases 
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, all isotherms exhibit a sharp capillary condensation step of nitrogen within uniform mesopores, where the 
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 position of the inflection point is correlated to the diameter of the mesopore. The pore diameter and the specific surface area of the carbon materials gradually increase with increasing sucrose to water weight ratio. The specific surface area for CSB-1 increases from 1118 m2/g to 1437 m2/g for CSB-3, while the pore diameter also increases from 4.2 nm to 4.4 nm for the same samples. The specific surface area and pore diameter are higher for CSB-3 than the other mesoporous carbons prepared using this procedure, which facilitates superior performance in electrochemical cells. It is assumed that the lower sucrose to water ratio used for preparation of CSB-1 material may induce the formation of some amount of disordered carbon such as coke inside the mesochannels, which reduces total surface area. Moreover, the specific pore volume is in the range of 1.30 to 1.39 cm3/g for all the prepared carbon materials. Figure 3(a) shows the HR-FESEM images of CSB-3 material confirming rod-like morphology, which is similar to that of silica template. The HR-TEM image of CSB-3 material is shown in Figure 3(b). CSB-3 exhibited highly ordered mesoporous structure with linear array of pores originated from mesoporous silica framework.







	
		
	


Figure 2: Nitrogen adsorption-desorption isotherms of CSB materials with different sucrose to water ratios; (Δ) CSB-1, (∇) CSB-2, and (□) CSB-3.
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(b)
Figure 3: (a) HR-SEM and (b) HR-TEM images of CSB-3.


Cyclic voltammetry is employed to obtain electrochemical active area of Pt-CSB-3 material. Figure 4 shows the cyclic voltammograms of 10 wt% Pt-loaded CSB-3 material. The electrochemical active surface area 
	
		
			
				(
				𝐸
			

			
				A
				S
			

			

				)
			

		
	
  was calculated using the following equation [18]:
	
 		
 			
				(
				1
				)
			
 		
	

	
		
			

				𝐸
			

			
				A
				S
			

			
				=
				𝑄
			

			

				𝐻
			

			
				
			
			
				[
				]
				,
				P
				t
				×
				0
				.
				2
				1
			

		
	

					where [Pt] represents the Pt loading (mgcm−2) in the electrode, 
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 represents the charge for hydrogen desorption (mCcm−2) and 0.21 represent the charge for the adsorption of H2 monolayer on atomically smooth Pt. It is interesting to note that when using 10 wt% of Pt loaded on CSB-3 material, the charge of H2 desorption is higher together with the electrochemical active surface area of Pt being 29 m2/g compared to that of 10 wt% Pt-loaded activated carbon (16 m2/g). It is observed that the charge of H2 desorption is dependent on active surface area of Pt loaded and textural parameters of carbon materials. Furthermore,  platinum-loaded CSB-3 material shows superior performance compared to activated carbon material due to its large ordered pore channels which are continuous connected with the large quantity of small pores in the carbon pore walls.
































	
		
	
	
		
	
	
		
	
	
		
	


	


	
		
	
	
		
	
	
		
	


	
		
	
	
		
	
	
		
	


	
		
	
	
		
	
	
		
	


	
		
	
	
		
	
	
		
	


	


	
		
	


	
		
	


	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	


Figure 4: Cyclic voltammogram of 10 wt% Pt-loaded CSB-3 obtained in 0.5 M H2SO4 at 50 mVs−1.


4. Conclusions
In summary, the technique used in this study is novel to synthesize ordered mesoporous carbons with high surface areas and large pore diameters by changing sucrose to water weight ratio. It enables to tune the textural properties of mesoporous carbons with uniform pore structure. The mesoporous carbon exhibits surface area of 1437 m2/g with ordered pore structure and pore size of 4.4 nm. The results from electrochemical measurements reveal that the high surface area and ordered structure of mesoporous carbon favored superior performance compared with activated carbon.
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