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Fig. 1. Schematic model of electric double layer
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Fig. 2. Electrochemical cell for X-ray diffraction

B2 7 —ZBE DT IR AL~V T 3K i 2 H
WHLEERDD, Ag BRO R ERE T, bFTy T
THMEDILD, B DAL EIZIVIRNT T A% D
FiRREERFDOIED L, ZZTRIFFETIE, Z7r4
BRICXDTyF U VT RICHEEMBYF 2 N TT =— 1%
177207, 7=— NV UIzil Ik TR 2 REL |
Fig. 2 \T~ 297 X #IEH iy b Uiz, #ififE
728 ZIRTTHE D HD X BRIEIHTIX, Crystal Truncation
Rod (CTR) EFFIEN Dy RIRDFREE /34 % 5-2. 50 2D
CTR DFREE /AN AR <P F 1 CTOREEIZ LV 2,
ZZT X FREYTIIE T, RO RS E kO
-y R IR E TEE 7 [ OB # 5 %ﬁ%ﬁﬁﬂ&b
7z specular CTR DRIEEIT/R o7z, X A REATIZ]
ANA-ROD Y7 =7 % e, ﬁf%‘/vz‘x&y%a:oté
BB OHE D7D\ 3B LI=, V-5
BT Ag/AgCl ThD, LT X #OTFLF—(T
12.4keV Th D, X BrECELIREE L E -5 D M)
T 5, BR_EEANDOAF U FiE EA_D72012, 8 Li

-08 -



BXOEW Cs" A5, BB RIRITEMKIZE->T
FHHEEE N2 0.1 M LiBr 8L O CsBr ik V=,

3. MRBERBLUEBR
3. 1 SMERANILLRIVYEOEE

Fig. 312 0.1 M LiBr L0 CsBr {FiZ T CD Ag(100)
RO B ENM MFRA R, -1.2 VAL OB biE e —
21E Br OWMAE TN D, -0.8 V DT v —7 72K
— 13 AE LTZ Br ORGEFIISE XS T HH D THY
ZOE—7 X0 IEBMANZIBW T, WAL Br (3, H o
Ag(100)R I L c(xEEETE T DI ENEDHILT
Wb, ZNHDE =271, TABVEBA A OFEFEICLY
HEL T DB R > TRY, T AVERAA L FH
Br OWECIB I KT L TNDIZ e R LT
W5, UL, Cs IR RIE T DR REMES SV T
W 2D Cs" DR B AE S Br O AE 1T L TS ATRE
PEAN D, ZZ T LD BrOWAENRRN .13 V T X
FRIEFTHIE ATV, Cs' O E O AR LT, Fig. 4
1% -1.3 VIZBITS X # CTR Thd, L=2, BLU 4 TH
BENDE =TI SNINEDT T 7 KL DL D TH
Do ZORSFTDRIDFIGREE /AR A D DD X HFRHCEL
L7085, LiBr BLOY CsBr IR EHIRE AT L T
WD ZOENTIE Cs OB R 13 SRS
D, Lo T Cs BLOLi TSN/ IREECES &
IO AL CODIEN TSNS,

WA A& LTz Br 23 c(2x2)&TERL T 5 -0.6 V KV &AL
RICHIEZAT/ 2oz, ZORITIT HP FENN L ERT
O, IHP LOAMANC DA A 8 OREERENTINE S Th D,
Fig. 512 -0.4 V{23172 X ## CTR BL U c(2x2)ME &I
MK 3D S 7 R (FOR) OSREE /3 A% 7~ d, Rk
e E DRIV 7SR T2 Ag(100)ZK D X i CTR 1X
Fig. 5(2)D m#RO LN 503, W75 LTz Br A3 c(2x2)ffidk
ZIRT HEALTIE L=1.2 X° 3.2 (23D HIAZHEL
HEALTND, ZAUT Ag KfgLW g Br @O O T
IZEDLDTHD, 212 1/2) Dy ROBIENL c(2x2)
HIEDEKICLDEDTHY, DL EGRAELTE Br 8
cIEEZETZRL TODZEN D, T IV ERAA
ARIFPEIZ DWW T, CsBr i O specular CTR Tl
L=0.8 X°2.7 fHiLicyaZ —nHabi, (1/212)ayRT
VIR DIRENMBLHIS L TS, LiBr IS

J/uA cm?
o

-10 p — CsBr

e== LiBr ! . .

-1.5 -1 -0.5 0
E/ V vs Ag/AgCl

Fig. 3. Cyclic voltammograms of Ag(100) in 0.1 M CsBr
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Fig. 4. Specular CTR of Ag(100) in 0.1 M LiBr (a) and 0.1

M CsBr (b) at -1.3 V. Solid lines are structure factors
calculated from the optimized structure of clean Ag(100).
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Fig. 5. Specular CTR and (1/2 1/2) FOR of Ag(100) in 0.1 M LiBr (a) and 0.1 M CsBr (b) at -0.4 V. Solid lines are structure

factors calculated from optimized models. Dashed lines in (a) are structure factors calculated from the bulk terminated

Ag(100) surface.
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Fig. 6. (a) Models of Cs" in the OHP layer above c¢(2x2)-Br on Ag(100) at -0.4 V determined using X-ray diffraction. The

square indicates the ¢(2x2) unit cell. (b) Structure of hydrated Cs" predicted by DFT calculations.

Table 1. Atomic coordinates for the optimum geometry of Ag(100) in LiBr and CsBr at -0.4 vs Ag/AgCl
LiBr CsBr
X y z X y z
Cs - - - 0.5 0.5 2.144(13)
Br 0 0 1.473(5) 0 0 1.473(5)
Ag 0.5 0 1.004(2) 0.5 0 1.003(2)
Ag 0 0.5 1.004(2) 0 0.5 1.003(2)
Ag 0 0 0.503(2) 0 0 0.506(1)
Ag 0.5 0.5 0.499(2) 0.5 0.5 0.500(1)
roughness factor 0.02(2) 0.00(3)
surface fraction 0.99(2) 0.99(2)
? 1.97 1.24
Atomic coordinates are given in relative positions of the body-centered cubic coordinate system (a; = b; = ¢; = 408.6
pm, a=>b=g=90%
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Table 2. Dependence on electrode potential £ of &, and the layer spacing between Cs” and adsorbed Br
E/V -0.60V -0.40V -0.20V -0.10V -0.03V
Ocs 0.11(1) 0.10(1) 0.08(1) 0.07(1) 0.05(1)
d csp:/ pm 272(10) 274(10) 296(10) 317(10) 333(10)
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Fig. 8. Specular CTR profiles of Ag(100) in 0.1 M CsBr and 0.1 M LiBr at various potentials. (f) Potential dependence of the

specular rod in CsBr at lower L. Solid and dashed lines are structure factors calculated from optimized models.
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Table 3. Vertical layer spacing (A) and the coverage (ML) for the optimized model in LiBr and CsBr
Electrode Potential £ [V vs Ag/AgCl]
-1.2 -1.0 -0.9 —0.8 —0.6
dpgBr 1.80(25) 1.80(6) 1.85(4) 1.89(4) 1.97(3)
(LiBr) (1.80(18)) (1.85(6)) (1.95(5)) (1.93(4))
dcspr 1.45(36) 1.72(21) 1.67(14) 2.03(15) 2.67(11)
G 0.051(26) 0.228(27) 0.263(24) 0.329(24) 0.485(32)
(LiBr) 0 (0.081(32)) (0.222(35)) (0.310(34)) (0.419(32))
Ocs 0.057(18) 0.126(24) 0.102(19) 0.084(24) 0.128(21)
Layer distance Coverage
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Fig. 9. Potential dependence of the layer distance and the coverage in LiBr and CsBr
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Fig. 10. Schematic models of Br and Cs on Ag(100)
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Summary

The cationic species in the outer Helmholtz plane (OHP) formed at a metal / electrolyte interface affects
electrochemical processes remarkably, but the structure and the potential dependence have been controversial for
decades. We have successfully determined the detailed OHP structure composed of Cs” above c(2 x 2)-Br on
Ag(100) electrode using in-situ surface X-ray diffraction in electrochemical environments. Hydrated Cs" cation
is accommodated in the hollow site of ¢(2 x 2)-Br layer. The coverage of Cs™ (gcs) in the OHP and the distance
from the adsorbed Br layer dc g, are optimized at various potentials. The value of g¢; decreases with the increase
of dc,.p; at positive potentials, because the repulsive electrostatic forces increase. The dielectric constant in the
double layer, which is estimated from structural parameters, is comparable to that of well-orientated ice phase.
We also revealed the promotive effect of alkali metal cations on Br adlayer formation on an Ag(100) electrode by
in-situ measurement of the X-ray specular rod. ~Alkali metal cations in the electrical double layer affect the onset
potential of Br adsorption and the order—disorder transition. We determined the Cs structure in the electrical
double layer during Br adlayer formation, and found that (1) the Cs structure depends on the coverage of adsorbed
Br and (2) the amount of Cs increases at the initial stage of Br adlayer formation. Structural analysis suggests
that hydrated Cs is localized in the area around adsorbed Br via non-covalent interactions. Formation of a Cs—Br

complex promotes Br adsorption.
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