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Physical mechanism for suppression of dendritic growth using nanoporous electrodes
based on liquid-state theory
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The suppression of dendritic growth observed in electrodeposition has been
achieved not by using additives but by using nanoporous electrodes as host matrices. In order to suppress
dendritic growth using nanoporous electrodes, it is obvious that metal ions must be supﬁlied effectively.
In addition, coexisting ions must be selected appropriately. In particular, cations with a large ionic
diameter and thus low charge densit¥ are preferable. Low charge density cations, e.x. tetraethylammonium
cations, enhance the supply of metal anions such as [PtCl4]2-.
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Figure 1. Cross-sectional SEM images of porous
silicon after platinum displacement deposition.
Samples on the left column, middle column and
right column were prepared in 0.5 M of KCI,
(CH;)4NCl, and (C,Hs)4NCI solutions containing
[PtCL,]* at the five different concentrations:
0.006 M (a, b, and c), 0.007 M (d, e, and f), 0.008
M (g, h, and 1), 0.009 M (j, k, and 1), and 0.010 M
(m, n, and o), respectively. The scale bar indicates
500 nm.
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Figure 2. Normalized density profiles of cations
(a) and anions (b) in the vicinity of the surface
(gL+(€) and g1 (&), respectively; & is the distance
from the surface in the surface-normal direction).
Black: C = 0.0245 M, blue: C = 0.0251 M, and
red: C = 0.0254 M. C is the concentration of
X,PtCly in the bulk, and d./ds = 1.08 (d+ denotes
the diameter of X"). The contact values, g; .(d+/2),
in the three bulk concentrations are all zero and
the contact position is at (§ —ds/2)/ds = 0.04. The
contact values, gr(d_/2) (d_ = 2.16ds denotes the
diameter of [PtCl4]27), in the three bulk
concentrations are 630.4, 1002, and 1606,
respectively, and the contact position is at (§ —ds
/2)/ds=0.58.

FIZRE L < BT 21T o7& 2 A, ML
WD [PCL]" 23 8 T W TR E TR ET

LA RSB 2 R T Z BN . T O
fll & 725 3L 7 O[PICL I E 1T EfFT 5 4
FA LK TENT D ENGhoTz,
Figure 1 CTEBRAICAM L X 212, BRimfiF
Lo T A AV A AN KELEME
EORWIFFohn, LoiKEET
[PtCL]* DR IR E 2R 2 & A &5
L 720, Figure 1 OEBREERZ B <HHAL D
5N AE G S T,

30 T T T T T

20

20

b4 L+(§)

04 0.6 0.8 1.0 1.2 1.4
(E-dy/2)/d,
30 T T T T

& L;(E)

05 10 15 20 25 30
(§-dy/2)/ds

Figure 3. Normalized density profiles of cations
(a) and anions (b) in the vicinity of the surface
(gL+(€) and g1 (&), respectively; & is the distance
from the surface in the surface-normal direction).
Black: C = 0.00681 M, blue: C = 0.00794 M, and
red: C = 0.00824 M. C is the concentration of
X,PtCly in the bulk, and d./ds = 1.80 (d+ denotes
the diameter of X"). The contact values, g+ (d./2),
in the three bulk concentrations are 172.7, 194.2,
and 212.7, respectively, and the contact position
is at (§-dg2)/ds = 0.40. The contact values,
g.-(d_/2) (d_ = 2.16ds denotes the diameter of
[PtCl,]*), in the three bulk concentrations are
36.56, 53.42, and 65.50, respectively, and the
contact position is at (§—dg/2)/ds= 0.58.
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