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Abstract In this study, we synthesized pH-controlled resorcinol-formaldehyde (RF) gels through the polymerization of two
starting materials: resorcinol and formaldehyde. The prepared RF gels were dried using an acetone substitution method, and
they were subsequently carbonized under nitrogen atmosphere to obtain carbon xerogels (CX_Y) prepared at different pH (Y).
The carbon xerogels were utilized as active materials for coin-type organic supercapacitor electrodes to investigate the influence
of pH on the electrochemical properties of the carbon xerogels. The carbon xerogels prepared at lower pH (CX 9.5 and CX _10)
exhibited sufficient particle growth, with a three-dimensional network of particles during the RF gel formation, resulting in the
development of abundant mesopores. Conversely, the carbon xerogels prepared at higher pH (CX 11 and CX _12) retained
densely packed structures of small particles, leading to pore collapse and low specific surface areas. Consequently, CX 9.5 and
CX 10 showed high specific surface areas, and provided ample adsorption sites for the formation of electric double layers with
electrolyte ions. Moreover, the three-dimensional particle network in CX 9.5 and CX 10 significantly enhanced electrical con-
ductivity. The presence of well-developed mesopores in these materials further facilitated the effective transport of electrolyte
ions, contributing to their superior performance as organic supercapacitor electrodes. This study confirmed that pH-controlled
carbon xerogels are one of the promising active materials for organic supercapacitor electrodes. Furthermore, we concluded that
pH during RF gel formation is a crucial factor determining the electrode performance of the carbon xerogels, highlighting the
need for precise pH control to obtain high-performance carbon xerogel electrodes.
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Fig. 2. N, adsorption/desorption isotherms and pore size distribution of carbon xerogels (CX _Y) prepared at different pH (Y).

Table 1. Physical properties of carbon xerogels (CX_Y) prepared at different pH (Y).

Sample SSA (m%/g)" Average pore size (nm)? Total pore volume (cm’/g) Mesopore volume (cm’/g)
CX 9.5 758.8 4.7 0.89 0.69
CX_10 613.0 29 0.45 0.28
CX 11 267.6 1.8 0.12 0.02
CX 12 36.8 3.1 0.03 0.02

Specific surface area was determined using the Brunauer-Emmett-Teller (BET) plot.
? Average pore diameter was calculated using the Barret-Joyner-Hallender (BJH) method with the desorption branch.
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Fig. 5. Cyclic voltammograms of the CX Y electrodes at a scan rate (a) 10 mV/s, (b) 50 mV/s, and (c) 100 mV/s.

Table 2. Specific capacitances of carbon xerogels (CX_Y) calcu-
lated from CV curves.

Table 3. Specific capacitances of carbon xerogels (CX_Y) deter-
mined from galvanostatic charge/discharge measurements.

Specific capacitance (F/g)

Specific capacitance (F/g)

Sample Sample

10 mV/s 50 mV/s 100 mV/s 1A/g 3A/g SA/g
CX 95 13.6 10.2 8.8 CX 95 9.2 5.2 3.1
CX 10 12.8 10.6 9.3 CX 10 8.0 4.4 3.2
CX 11 1.1 0.9 0.9 CX 11 2.8 1.0 0.8
CX 12 0.7 0.6 0.6 CX 12 0.9 - -
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