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Recent development of frequency modulation (FM-) AFM operated in liquid environment
enables one to analyze “interfacial liquid structure” in addition to high resolution imaging of
the interfacial solid. Using electrochemical (EC-) FM-AFM which we developed in 2010, we have
succeeded in analyzing electric double layer (EDL)
structures whose local structure varied depending on the

N .
applied electrode potential. In this account, | would like to Ty
focus on the analyses of the EDL at electrolyte aqueous £
solution / graphite interfaces. It was revealed that a 211
hydrogen-bonding network at the interface greatly § i
perturbed by accumulated anions at anodic potentials q% R

. . . 20 05 10 15 20
(enhanced or disturbed). Besides, such a change in the L Relative distance / nm
EDL structure changes the assembly and the redox
activity of the adsorbed molecules. Molecular dynamic
(MD) simulations of the EDL structure are presented to J'0 g0 C =000 00
achieve the molecular scale understanding of such sielelerelere.

interfacial phenomena.
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Figure 1. (a) Schematic of potential

diagram of an electric double layer of an
aqueous solution, (b) schematic of
EC-FM-AFM, and (c) illustration showing
the detection of layered structuring of
interfacial liquid by force curve

measurement using FM-AFM.
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Figure 2. (a) Hydrogen-bonding water
molecules in bulk solution, and (b) two
stable alignments of H,O at an aqueous
solution / HOPG interface at neutral (at pzc)
or slightly positive-charged state. These
alignments can minimize the loss of
hydrogen bonding for interfacial H,O at the
hydrophobic HOPG surface.

Acc. Mater. Surf. Res. 2017, Vol.2 (No.5), 110-117.

https://www.hyomen.org

ENPAEREMEZITHIE, SO E T
NF—DEAIZEST, REWAE ST DOES
RAECIRALE ST SUSTR RIS O B2 52 5T
EMTF IS TEDTH D,

2. JS77AFNEBLETIEREKBED
A1F B EEBMITIKEFL-HEIEL

TR B & (B 72 T N 2 LT
ZEHAIT 5 force AT RLVHIEIIZED, Bl
PTEE D KD T BT — 741 O SR S 3 FEAf T
x5 1Y, —fRICIERE BT D KIT R I
JOITEMRIE R EN D, FE IR WTEH K
FILFIEF RSB XAl > TN DT, Bl -
ThKDFNEDAEIZEESNTVDHERT
372<, EHOS F LB EHDV RN L 4
D il 228 E 73 i ML D3RS RIS BRI R
STEERICIRBEE Z LBV, Figure 1c @
JOUZ, iR TP CREIRR EIZ M- TOKSF
DY A X L[FREE OIRNE C) LIRS - e+ 4
L, SN ZDKDIEITEONLHE
FRAIDIEINCEIRJE B s 8L, &5 )1
T HEEAEL TR AT DD S0
P QLR JE I S 35, Lo T, Jjor
— 7O ORI JE [ HERE” 2N L, B —
J DIRE LB DK T I D,

TIE, FEAL D RIEIZB T HIEIEOREE
LITRATEAI D IIK—IZDONWTE R DL,
BRI > CHIMRER S S K120 AKX
DFERVZT D, SHICED FICERN2L 5L
VOIIIE, EBELD G MICHBEI TED LY
KAEL LT, FEENHIRSNDZ LI L D%
REEBZoND, —TF, Ko TOEAEITIE, K
FIREAOHENDEELD, 7SI DIKOH
TR 1T, BHIZEBLZR235E, Figure
2@DINTEIAD DIy - LK FAE B BT
T %, ERED FIE TAKRIYFREIEET D
DML, ZDOEIRO BB K MRS BEIR T D
DS, R CTEY BT 280KMED 7 F7 7 AR &
e AR L T+ 8) /17 MD)FH & %
179&, Figure 2b M2 5D A ZEDLT N
EMG3 NG, RN AT A OB AT S
FT77AND R TIERL L ET, K T+D
HAR =R O HESGDBFERNTBIZ AL

112



Acc. Mater. Surf. Res.

(A) 0.1 M HCIO, aq

&g’ . (€ 2
<2 t ?; % } i
2l 4 § 4 t
5 e Yo =
5 02 07 12 17 £ 02 07 12 17
© Potential vs. RHE /V &  Potential vs. RHE /V
(b)
{1500 Es=03V f\: & ' Es=16V
£ 1000 N
i Lo
? 500
g 0
E -500L 2, - N
0 05 10 15 20 0 05 10 15 20
Relative distance / nm
(d) PzC Anodic potential
0eCp C% |  00% oooo
0000000 7 5®°c00e -0
HOPG
QOwater  @clio,
(B) 0.1 M H2S04 aq
(e) (9)
§ 9 £
£ } % {.
> l l 2 80
2 1 S
3 g ' E® '} t
E £
3 0207 12 17 § 02 07 12 17
Potential vs. RHE / V o Potential vs. RHE / V
() n1500 .
%1000 E=03V B ES=1.8V
. :
% 500
c
g 0
g
& -500

0 05 10 15 20 0 05 10 15 20
Relative distance / nm

(h) PZC Anodic potential

dO L0 005000
5000000 & o’OO o’oo’o

HOPG

O Water .HSO4'

Figure 3. (a, e) Cyclic voltammetry and (b,
f) potential dependent structuring of
interfacial water faced to positively charged
HOPG surfaces evaluated by force curves
obtained using EC-FM-AFM: (A) 0.1 M
HCIO,4 aq, (B) 0.1 M H,SO4 aq. (c, g) Force
of the primary hydration peak by conversion
of the force curves. Electrode potentials
refer to RHE. (d, h) Models of different

structuring for each solution.
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Figure 4. (a) Density distribution of water
and halogen anions at positively charged
graphite surface in 0.5 M solution. (b) Anion
dependent distribution and (c) anion density

at the first hydration layer faced to graphite.
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