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Since it was first shown that a hexagonal liquid crystalline phase 2000
can be used as a template to fabricate mesoporous platinum (Pt)
films by an electrochemical methédnesoporous Pt has received
much attention with regard to its potential applications. Corre-
sponding research efforts have produced a number of impressive
applicationg* One of those accomplishments is the enzymeless
glucose sensérThe strategy involved exploiting the unusually large
surface area of the mesoporous electrodes to selectively amplify (b)
the current due to the direct oxidation of glucose without an enzyme 0 (a)
like glucose oxidase. Other examples than enzymeless glucose 000001 00001 0001 001 0.1 | 10
sensor include the amperometric enhancements of oxidation of Electrolyte Concentration (M)

methanol,. hy('jrogen. perOXIde,. and reduction of oxybbfost of Figure 1. Differential capacitances of (a) flat (roughness factor 2.37) and
such applications utilize the high roughness of mesoporous Pt. " 4) mesoporous Pt electrodes in various electrolyte concentrations at
However, the classical GowyChapman theo®f predicts that —0.5 V versus Hg/HgSQy. Cq's were calculated with respect to geometric
the geometric area enlarged by morphological porosity is not area (flat electrode, 3.14 10-2 cn¥; porous electrode, 7.85 1072 cn¥).
necessarily equivalent to the electrochemically active area of The charges for Pt deposition and roughness factors of mesoporous Pt
electrode. Theoretically, the effective area of a mesoporous iISQBC "gi%i;zse(ls) 5mCand 29.1, () 10 mC and 65.1, and (d) 25 mC and
electrode, which is available for electrochemical reaction, can be ’ '
described as a function of two variables. One is the pore radius
(r), and the other is the characteristic thickness of the double layer,
the so-called Debye length(2).” It is convenient to think of an  Strength only. , _ _ o
equi-potential line that is far from the electrode surfacecby In Differential capacitancedy)**%is a good experimental indicator
case ofc ! < r, the equi-potential line is so close to the surface of to probe the change in effective electrode area. The eIectrer and
the pores that the active area should be much larger than that of lectrolyte for the measurements Were mesoporous Pt (pore diameter
flat electrode. On the other hand, whent > r, the pore is too  Of 2:5 Nm}~* and NaF! respectively. The roughness factors of
narrow for the equi-potential line to follow the geometric surface Pt €lectrodes, with constant pore size and various pore lefgths,
as it is. Instead, the electrical double layer extends to outside the Were controlled by charge passed for electrodeposition and were
pores and no substantial potential drop occurs inside the pores. détermined by cyclic voltammetry through the charge for hydrogen
As a result, a critical change in the shape of the electric double 2dsorption (Supporting Informatioff) Figure 1 shows th€y's of
layer takes place in proximity to the surface of mesoporous a flat and three mesoporous electrodes. Thevalues are almost

electrodes when the diameter of pores falls down to nanometer scalet® same and increase very slowly in the range of the electrolyte

which are comparable with the thickness of the electrical double Soncentration below k 1072 M. In these diluted ionic solutions,
layer. The Gouy-Chapman theory states thick electrical double layers are expectedly formed along the

geometric surface of electrodes. On the other hand Gl of
mesoporous Pt electrodes rise precipitously in the concentration
higher than 1x 1072 M, while that of the flat Pt electrode keeps

h is the bulk 2z el | . I and growing at a slow rate. The steep increas€g$ begins at between
whereC* is the bulk zz electrolyte concentration in mol1 an 1 x 102 and 1x 10- M.13

k is given in cnTL.® It indicates thak ! decreases as the electrolyte Equation 1 says that 1 is theoretically equal to (1.25 nm in
concentration increases. As for the electrodes with the pores of . study) when the electrolyte concentration is 5.9.0-2 M
several nanometers in diameter, the effective area may depend Ofrhis agrees well with the transition points@f's shown in Figure

the ionic strength. It is conceivable in such a system that the shape; 4,4 consistency between the experimental results and the

of Ith(_e mtehrface t;:_eth:en thﬁ efllectrlcak: double layer a_nd the bulk theoretical prediction shows that the mesoporous structure of the
solution phase shifts from the flat to the porous and vice versa 8Sglectrode surface can make it possible to induce the unusual

the concentration of electrolyte varies over a certain characteristic electrochemical event that has not been realized before, discrepancy

value,_ which is closely related to the pore dlameter._ Here, we between the shapes of the geometric surface and the apparent
experimentally demonstrate the novel phenomenon taking place ONglectrical double layer. Figure 2 shows the schematic sketch of how

t Sungshin Women's University the electric double layer changes as the ionic strength varies. At a
* Seoul National University. low electrolyte concentration, the equi-potential linexot in the
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a mesoporous structure and show a unique application, which is
the dramatic control of faradaic current density by adjusting ionic

k= (3.29 x 10')zC+*? 1)
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Figure 2. Schematic diagram displaying the shapes of the electrical double
layers that depend on the electrolyte concentration: (a) 1 mM, (b) 10 mM,
(c) 100 mM, and (d) 1000 mM.
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Figure 3. The results of chronoamperometry of @duction at (a) flat

and (b-d) mesoporous Pt electrodes at various electrolyte concentrations.
The concentration of ©is about 1 mM. Step potential is0.75 V versus
Hg/HgSO,. Sampling time is 11 ms. The roughness factors of mesoporous
Pt electrodes are (a) 2.37, (b) 29.1, (c) 65.1, and (d) 158.

electrical double layer on the mesoporous surface looks more like
that of the flat than of the porous as shown Figure 2a and b. On
the other hand, higher electrolyte concentration makes the electrical
double layer thinner and closer to the walls of the nanopores as

seen in Figure 2c and d. As a result, the area of the interface between

the electrical double layer and the bulk solution phase, on which
the potential gradient is steep enough to induce faradaic reaction,
expands remarkably eventually up to the roughness factor (Sup-
porting Information).

This phenomenon can lend itself to the control of faradaic current
density by altering supporting electrolyte concentration. The
electrochemical reduction of dioxygen is one of the good examples
that show the functional applicability of the unique behavior on
the mesoporous Pt electrodes. The electrochemical reduction of
aqueous dioxygen on a flat Pt surface is hardly diffusion-
controlled!* Figure 3 shows the current density for dioxygen
reduction at a flat and mesoporous Pt electrodes in various
electrolyte concentrations. The current density from the flat Pt grows
gradually as the electrolyte concentration increases. The porous
electrodes provide a little larger current density at electrolyte
concentrations below ¥ 1072 M than does the flat one. This is
presumably attributed to the macroscopic roughness factor of
mesoporous Pt. Nevertheless, no significant difference is observed
between the data from the flat and the mesoporous for dilute
ionic solutions by and large. Above the electrolyte concentration
of 1 x 1072 M, the current density begins to climb steeply. The
trend looks similar to that o€y shown in Figure 1. The larger area
of the Pt surface participating in the electrochemical reduction
obviously brings about higher current as the inner walls of the pores
as well as the outermost surface of mesoporous Pt participate in
the faradaic reaction. As the ionic strength increases, the current

density reaches such a high region that the electrochemical system

apparently becomes more like the diffusion-controlled reduction

of dioxygen. This result indicates that the electrolyte concentration

can be a key variable governing the rate of electrochemical reaction
on a mesoporous Pt electrode.

In conclusion, we have shown that the interface between the
electrical double layer and the bulk solution phase on mesoporous
electrodes depends on the ionic strength and the faradaic current
at mesoporous electrode can be critically controlled by electrolyte
concentration. The phenomenon addressed in this study suggests
many implications in terms of practical applications as well as
fundamental electrochemistry of nanoporous electrodes, for instance,
understanding the electrochemical behavior on the nanoporous
electrodes applied for fuel cells and nanochannels that open and
shut the electroosmotic flow depending on ionic strength for
microfluidic chips.
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