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Fig. 1 Ion and potential distributions at a liquid/liquid inter-
face: A. MVN model™; B. GS model*®
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Fig. 2 Schematic representations of molecular rulers as

well as their sizes and structures!
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Fig. 3 A. Resonance-enhanced SHG spectra of (top to bottom) p-nitroanisole, C,, C, and C, rulers adsorbed at a water/cyclohex-

ane interface. Dashed and dotted lines denote excitation maxima in bulk cyclohexane and water, respectively. Solid verti-

cal lines correspond to SHG maxima (Agy) as determined by fitting the data to theoretical equations. B. Resonance-en-

hanced SHG spectra of (top to bottom) C,, C,, Cs and Cy rulers adsorbed at a wate/1-octanol interface!™
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Fig. 4 Ina water/1-octanol interface, molecular rulers shown
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as green ovals linked to red circles-shorter than 1-oc-

tanol experience an alkane-like environment!™
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Fig. 5 Scheme showing the principle of SICM approach

curve (A)andside view SEM image of a nanopipette (B).

The thickness of carbon coating on the nanopipette is

about 5 nm!®

TR AU BIBRAEAT O ; R, v J2 Ak ik il g &
AR AT Sy SR TTHLAE B 5 AM e Ao OGP
2 BEERBRN

YL/ TR P ey A B S AT G R 32 T
B F %% (Ion Transfer,IT) il # & F % £ (Facili-
tated Ion Transfer, FIT & Assisted Ion Transfer, AIT)
FNHL %5 %% (Electron Transfer, ET) iz b7 . H i ITH1
FIT A A 6 K S8 AR S5t By, 5 28 L] /i 5 T P, A
SR LG 2 U B 5 S B S, FE AR AE R IR
F i AU BT R SO, HLIER W S r 2 B TR
R L. PR e FHAE HILAH iR B K 7 H H 370 48 5 L HL
2B T P E S TR AR TR R T ME

Y/ AT b P AT RS S B ) A g AIE S AR Aot
ZHY LA AT B8l OCTE. X R W/ T (2
FEAEMm ~ cm) , KRG8 58 42 v IRR K 149 52 1, 71 24
PR 2 BT AR 2 1 AN re 4 At v 5 i EiiE .
FHT5 ¥ R BABUE: M I Gk B0k T 7E 4 32
SR A% BT 5 WA SR RN A T 5 T IR R A 1 U AT AR

AR 1) Bsf ] 3 1 AR A5 2 B ) 28 SR, BT
5 P v 2 0 UG BRI AL B B VTR G, TR Z
T LR 55 A5RS89 A e — 5 1T T G vk
255 ME LA 5 IR SCH 22 s L 55 b R R T
UM R, R0 IS A BEAR I B ) 2 SR
Tk, AT AR R DR R Ak 2 R R R AR T A R
R AE ) — A B g L

SJyff vl BRI, SR FISECMFIRG S i i L Ak
JEWAS A TR AR, 19954F Bard Ay IR B4 55 — UORE
SECM. FH T Ha i 76 Y0/ 5 11 2 B8 S g ) it 5
LR AL ) B 4 ) A P A AR 30 T — R 9
AT L L RS R R R S . fESECMHT
PR3 17 Ay R f F A, iR A T e P FLIAE ) ) 2 T A
FNH R R, BT A5 20 ] FE 5 A1 RS RN Bl )
SR AR BT R R T AL RE I ST AR AR AR 1 R/
W ST, S bR AT B BGE I AE£120 mV AT, JF H
JIT A5 B AR M 5 H At B R A5 3 ) £ UE AT R
20024F1F 35 PR LA K W — FL R R 48 5 SECM 4G
A, I ISR 0 0 T (DL TR 6) 24, A
AT R FH = Fe R A ASCAIR 5 R Y B T, T
AT e AR e 45 B T F # 2% | [ B Y SECMIRY ¥ ik
£k (i-d) 3L sh 1124 280 6 AR LR A,
T R Sk & FLAR 25 wmAYPLRE A , A5 HLAH (1,2-—
S 4Bt ,DCE) 1 (1) B XT & % A Wk (ZnPor) 1 TC-

NQ, 7K 1 i X g Fe(CN), . T 6B 1 7% F 5

% ZnPor/Fe(CN). ([ 6B-a) Fl H, % TCNQ/Fe(CN),
(El6B-b) = [a] F1f1 B+ 5% 8% s b ) 3 R S 500 5 4k
IR ZE ORI, B, XFiT hI{LEE
Marcus L 155 58 F2 b HE A Al B w0 4h B A0 i e 34
AR (H 30T T b o vl 38 ) | 5 7 3 5 5B b i el
ST 840 £F 45 Butler-Volmer 56 % ; [l 40 i 9K
B JTHEEIN, RO T EEE BOAS TR AR 0 E S 3
T3 1 2 PR A AN AR 5 Bl A1 i e S8 i — 20 3
T, BN SR BOANE AN | R i /)y 1 e B 7R
Marcus #1545 X, Sk FHIERUR A 5T vk, 4R T —
A I1-18-7i£-6 (DB18C6 ) Jill i £ 2§ - ££ W/DCE 4 i
RS RN B 12, TR RE SR Bl Marcus B 4% X
(23290 i 37 = LA 1R 2R 5 SECMAH 45 & $3E T7 —FhiE
FH ORI 5% W/ 51T L W 7o 3 A% R I 8 = R R
BEAh , BT O R 5 A RN R E B
TR/ A TR AR R A T A R4 o A T A% S R, DT A
AT BE I S T PR S N R K. 19864, Girault



2 2014 4F

.238.- w,
A
Pt counter Pt tip Ag/AgDCC
electrode reference electrode
10 mmol-L"
TPAsDCC

DCE I
1 mmol-L" ZnPor
x mmol-L" TPAsDCC

%— Millipor filter

Aqueous ZnPo ZnPor
1 mmol-L" K,Fe(CN)s
1 mol- L' KCI
Teflon glass Ag/AgCl electrode glass Teflon
B
~12 ~25
= a o
e , z 2
§:0.4 4 iE; :
= 05
ED i _%D
0.0 T T T 1 0 T T T T 1
03 04 0.5“ 0.6 07 0 01 02 03 04 05
054-F, 1V 0274E" NV

P16 SECMMWF 7 1 Ak 5 i v 1 5% 7% S 3 IRT (A) AN ) A5 AL
A S AR BT BE B O T ZnPor/Fe(CN)z'MS 0
Tafel /&l (B-a) Lk 5 TCNQ/Fe (CN), fk % ft) Tafel [
(B-b)™
B-al&l ", ¥JE .(A) 10 mmol-L"';(0) 50 mmol-L-1;
(®) 100 mmol-L"!

Fig. 6 Scheme of the investigation in electron transfer at a

liquid/liquid interface using SCEM (A). Tafel plots
for the system of ZnPor/Fe (CN):_ at different con-

centrations of organic electrolyte (B-a); the concen-
trations are (A )10 mmol-L", (o) 50 mmol-L", and
(®) 100 mmol-L". Tafel plot for the system of TC-

NQ/Fe(CN), (B-b)2

TR B YR SR G0 Y0/ T S R B S AOK
RSB S IE BT OR HROK 48 15 3 i DB 18C6 Ml i
B ES ¥ 76 W/DCE 5 18 % % 5 v AJ3 g AT 3ok ao 72 09,
19974F , HF AR 5 Mirkinff 40 2K 9% (1) 10/ 0 A T =2
BRI ARG I A58 7 & i G SRR 2 A
454 Bard 55 It & e 1Y — 0 %, 153 2IDB18C6 il i £
B FAEW/DCE S 1 1) % B8 5 I b o 3 228 250y
°= (1.3 + 0.6) cm-s™, # SCHk 428 19 B0 HE K145k
ST, S IR N ORAE AR A E Rz A T
S AT R o B S RS I R A,
DI AR A S R GOK iR A L, BRA
Gy il #& , R FHBOCHLRIALAE — & M4l 54007, ]

FE 1 JLFS I AR LT A0 W) () 94 K 25 45 4k
HRRER A U IR AR T 78 2R I 5t T Ak 1 BCAS %
M HA. B BN B RS N B HE,
X EFASTER R sk, BT INENY HES
AT 2RI N R YT ROE Ry X
HWERPEIRZ ML, AR Y 35S T A
XF R B A0 B AR 22 BT 32 P 0 T A D WA A
B DR AL TR L 0 R e A% S N AL B 1)
5%, 76 I iR DB18C6 il i ' &5 ¥ 5% 7% J i i 5%
e, LB TIC/TID (57 1 B 5 51 kS 1Y 5% 7%/ 5 1
ERn R ), Mt S o RO RS
ih £k, LA X f7 B 200145 | 7 & PRS2 1 Ik
WL 2 S X6 T a7 B 88 - M e R (DU & KR BH S 7
TEA") , HAG B AR 22 [8 Bl 2 48 452 0 980N | DS 6
AR R R FR AR AR 2B i 45 R 2 A5 B T RSP
20094F , 1E# iR 8 4 % F Schwarz-Christoffel con-
formal mapping Fsolid angle approach P Ff #l it £
RN IX S 55 AT T 43 B A SR (O 81 7) B 75
PSR B IV N 28 /b R A =X

I = mnkFDcrsing )

I = mnFDcr )
b, 0%/ sing = 6 (40K OIR MEN & | flK
IO HAES® ~10°) 5t (1) 5 (2) A B LA
], 55 49 4 3% 0 0G| Wd B B 45 L O 1 1 R AS
Ui, 738k, Girault %5 5 T ROKE 15 8] T 8 1 E S
A MR A A M,

I.=3.35mnFDer 3)

e BaR3AS A, AT UL B 5 B8 B I BE
AR BN WA X FREL A2 Fy i Fr iy ke A 26 i
AR IR T R S AR B B 1 ATDB18C6 itk £
B T3 A% BN Y B o AR (R X S BUE A
WEMEES B ~ 21055, | ikikE Marcus
VB T ) 3 L,

BT R OV ) 1 BRSO TAE & — MR
ot B AR R0 S B A A S R R — AT
fbad Rl — A B i S 2B, Al R A Nernst-Planck
75 3 5% Goldman £ 7Y b 01 2000 4 Marcus 2 H}
T TR SN BRSPS HLER AR . B A
MAHE WA, WS TE S — D FIBH
PR FIL, 2R HE a0 T 4 2D 58 (K18) . 1) % 7
BEE i NIBEFIATIE SN R 2) s SR IEZ
[ HEAT XU S g 5 3) B F 5 R ME N E 5
PR R ok B s 4) BB 7. Bl S, Kornyshev



%534 JB A R T R A 2 B L <239
A B
20 - 3

70

4_

1.5+
60

3_
1.0 50

2_
0.5+ ]

1_
0.0 T T T ] 0 —

-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 05 1.0

[« 7 Schwarz-Christoffel conformal mapping 15 28 Xt £ £k [#] A1 45 K 45 (193U 28 (A) F1 solid angle model #5224 75 7 & (B)
Fig. 7 Orthogonal ellipse and hyperbola in Schwarz-Christoffel conformal mapping model (left) and hyperbolic shape for the
pipette (right) (A) and scheme of the solid angle model (B)>

Kuznetsov Al Urbakh (KKU ) 4018 T A6 A9 &+
EE R AR TN IR YR T L T3 2 X 4 32k
1) ST Al BR e F . 7E TC WA e AR AEAE T,
B RS H Z3 0 e O R RN
(BT QRN =S Ko e S DO N DR SR €/ 1 & U
TRE . 2 S S B AR YT BB AR 2 ) AT St
BB TR Eh e 2) E TR BRER 7R =
AR 2T, B TEBIEELSZHEN
L% B 2 T TR E . B B A% ) R R BT R
Gurevich %5 1 Schmickler T 3 H 19 2 15 21 ;3) Ht
T T BRAE - 7 5 Ak 2 3 B AR T % Marcusifig
M)A G E R, B RS SN Y R B
J& A R T R L Y B R R Y S T i
MBS FRE L BRMPLIE S IR & R 5
H TEILALAS P 2R,

Z LT, B iR I SECM I 40 K B R 22 3 ]
DAAS 3 AT 52 0 B H A 5 A% SO Bl ) A R R
WA KKUB e 44 1T — > 38 FH A9 53 B F0 L 3 e
FHERE TN Bl 1 0 T
3 BIEFERNINEEL

HHERMAm (KRS, W/ ) A
[F) 905/ 3 T 0, M T R AR /g S T Y T e Ak
F B HE PN T T — R SR AR O
TFT %) 3% 38 B 0 oK A5 B P9 A BE R AT A8 A, (1 L ) i
b (CanE9A TR )M, ThRefk iy 2 B 1 R 46 R/
TS THT FL A 2 4 g R 4B TR R R L A A
T FIDNAM J3 45 13X e R 5T, W Ab T 240 i Bt
55 AP Dy R Ak R WV A T H S (AR (9N
KRIURE AR R 43 5 ) A D B AT U 5 Ak 4 T
AEPLL W 9T B R 43 S T 4 286 A S B AL 5% R

Solvent B

Solvent A

Initiation of solvation by B

[K18 Marcus i T 5% F2 S AL HHR 2 1557
Fig. 8 Schematic illustration of Marcus mechanism for ion

transfer reaction®”

Yy T R, JLAR BLAIE Y R R T B )
RN b s U= o 5% W VAN SN
TCO, i Jit il 7 Bk A A 15 1 A5 15 0/ 5 T v
it 75 1% B A0 A5 A T BT A R A 2 AT LR ) R A
LA T BRI IR 2, AU 58 /L7 e R I I
i T BT 5 AL G 18 0 S TG 1 O 5 B R T AR
N7 H TS Tl R R AR B R 1 T S Y
R e R BN, DR T R/ S T R A A 2 A S
O R R R (VD Sy, o 7 S R SR A
IKATHL TR, BIESE R AR S bk s Ay T
A JSHLOL s AN R 1Y) 42 J R A PR AL & 4 (b ek | Bk
F) . AEE R A AL PR K R A A, 2



£ 240 - W,

1L

2 2014 4F

Xk — S N A BUAEAR A (AN 9B T/ ). X 4EF
FE AN AT ASE ALLBIF 5 A Wy M 5 T ) R % B S i
JREBL T 05 T A RE IR A T 2

Current

Voltage Polyethyleneimines

B Wat H*\ Hﬁ/HzO
ater PT
DCE /ETV
(Col-0)P Collp+
Fe Fer
C
0;
Co'lP Fer

K19 BEHERAIKAE WEERE ] T 8 TR AT 5T (A
il Wb 23 AL 19 BT 5 40 1 18 5 (B) (DCE
1,2- 2% &% Fe: /% #k PTHIET 75 8 fl il T
575 )]

Fig. 9 Study of ionic current rectification using inner wall
coated glass micro- or nanopipettes (A)“ and pro-
ton- coupled oxygen reduction catalyzed by cobalt

(B) (DCE, Fc, PT, and ET represent

1,2-dichloroethane, ferrocene, proton transfer and

prophine

electron transfer, respectively)™!

4 B =2

WO AL AR BT AR AR R T 4
THE TG, A B RIE S T A 2% K R 58 3
THT fOWL 285 A RS 5 T A6 A 0 D e A L 3 Jre G
T TR 4% ol BT A FR0 5 A I T S T 45 A A H
W 7% SIS0 A 2 4 Bl % TR Y DR R IR
R FUEA Z U HOR G RE A A B R 2
AU R T ST DI RE Ak 89 T 12 B SR AR S T B fiE
P AN 25 i TR 70 7R 0 | B T LA A
RE B e A1 25 5 T A 45 F ZEAR .

2 % 3Lk (References ) :

[1] Shao Y H (#F 7T #). Electrochemistry of charge transfer
across liquid/liquid interfaces and its recent advances [J].
Chemistry Online(ft 23 4 % £5 i), 2000, 7: 00076.

[2] Girault H H. Electrochemistry at liquid-liquid interfaces
[M]//Bard A J, Zoski C (Eds). Electroanalytical Chemistry,
CRC Press, 2010.

[3] Verwey E J, Niessen K F, Philips N V. The electrical dou
ble layer at the interface of two liquids[J]. Philosophical
Magazine, 1939, 28(189): 435-436.

[4] Gros M, Gromb S, Gavach C. The double layer and ion ad-
sorption at the interface between two non-miscible solu-
tions: Part II. Electrocapillary behaviour of some water-ni-
trobenzene systems[J]. Journal of Electroanalytical Chem-
istry, 1978, 89(1): 29-36.

[5] Girault H H, Schiffrin D J. Thermodynamic surface excess
of water and ionic solvation at the interface between im-
miscible liquids[J]. Journal of Electroanalytical Chemistry,
1983, 150(1/2): 43-49.

[6] Samec Z. Electrical double layer at the interface between

two immiscible electrolyte solutions[J]. Chemical Reviews,

1988, 88, 617-632.

[7] Frank S, Schmickler W. A lattice-gas model for ion pairing

at liquid vertical bar liquid interfaces[J]. Journal of Electro-

analytical Chemistry, 2000, 483(1/2): 18-21.

Daikhin L I, Urbakh M. Double layer capacitance and a

microscopic structure of electrified liquid-liquid interfaces

[J]. Journal of Electroanalytical Chemistry, 2003, 560(1):

59-67.

[9] Yurtsever E, Karaaslan H. Monte-carlo simulation of mod-
el 3-component liquid-systems[J]. Berichte der Bunsenge-
sellschaft fiir physikalische Chemie, 1987, 91(6): 600-603.

[10] Benjamin I Theoretical-study of the water 1,2-dichloroethane

interface-structure, dynamics, and conformational equi-
libria at the liquid-liquid interface [J]. Journal of Chemi-
cal Physics, 1992, 97(2): 1432-1445.

[11] Strutwolf J, Barker A L, Gonsalves M, et al. Probing lig-

uid vertical bar liquid interfaces using neutron reflection

measurements and scanning electrochemical microscopy

[J]. Journal of Electroanalytical Chemistry, 2000, 483

(1/2): 163-173.

[12] Ishizaka S, Kim H B, Kitamura N. Time-resolved total in-

ternal reflection fluorometry study on polarity at a lig-

uid/liquid interface[J]. Analytical Chemistry, 2001, 73(11):

2421-2428.

Zhang Z H, Tsuyumoto I, Takahashi S, et al. Monitoring

of molecular collective behavior at a liquid/liquid interface

by a time-resolved quasi-elastic laser scattering method[J].

Journal of Physical Chemistry A, 1997, 101(23): 4163-4166.

Steel W H, Walker R A. Measuring dipolar width across

liquid-liquid interfaces with 'molecular rulers'[J]. Nature,

2003, 424(6946): 296-299.

[14]



B AR R T P A 2 S

-241 -

[15]

[16]

[17]

[18]

[19]

[22]

[24]

[25]

[26]

[27]

Steel W H, Damkaci F, Nolan R, et al. Molecular rulers:
New families of molecules for measuring interfacial
widths]J]. Journal of American Chemical Society, 2002,
124: 4824-4831.

Luo G M, Malkova S, Yoon J, et al. Ion distributions near a
liquid-liquid interface[J]. Science, 2006, 311(5758): 216-218.
Wei C, Bard A J, Mirkin M V. Scanning electrochemical
microscopy. 31. Application of secm to the study of
charge-transfer processes at the liquid-liquid interface[J].
of Physical 1995, 99 (43):
16033-16042.

Ji TR, Liang Z W, Zhu X Y, et al. Probing the structure

of a water/nitrobenzene interface by scanning ion con-

Journal Chemistry,

ductance microscopy[J]. Chemical Science, 2011, 2(8):
1523-1529.

Beattie P D, Delay A, Girault H H. Investigation of the ki-
netics of assisted potassium-ion transfer by diben-
70-18-Crown-6 at the micro-ities by means of steady-state
voltammetry [J]. Journal of Electroanalytical Chemistry,
1995, 380(1/2): 167-175.

Liu S J, Li Q, Shao Y H. Electrochemistry at micro- and
nanoscopic liquid/liquid interfaces [J]. Chemical Society
Reviews, 2011, 40(5): 2236-2253.

Jing P, He S L, Liang Z W, et al. Charge-transfer reac
tions at liquid/liquid interfaces and their applications in
bioassays[J]. Analytical and Bioanalytical Chemistry, 2006,
385(3): 428-432.

Solomon T, Bard A J. Reverse (uphill) electron transfer at
the liquid-liquid interfaces[J]. Journal of Physical Chem-
istry, 1995, 99(49): 17487-17489.

Sun P, Zhang Z Q, Gao Z, et al. Probing fast facilitated
ion transfer across an externally polarized interface by
scanning electrochemical microscopy[J]. Angewandte
Chemie International Edition, 2002, 41(18): 3445-3448.
Sun P, Li F, Chen Y, et al. Observation of Marcus invert-
ed region of electron transfer reactions at a liquid/liquid
interface[J]. Journal of the American Chemical Society,
2003, 125(32): 9600-9601.

Li F, Chen Y, Sun P, et al. Investigation of the facilitated
ion transfer reactions at high driving force by scanning
electrochemical microscopy[J]. Journal of Physical Chem-
istry B, 2004, 108(10): 3295-3302.

Taylor G, Girault H H. Ion transfer reactions across a lig-
uid-liquid interface supported on a micropipette tip [J].
Journal of Electroanalytical Chemistry, 1986, 208 (1):
179-183.

Shao Y H, Mirkin M V. Fast kinetic measurements with

nanometer-sized pipets. Transfer of potassium ion from

(28]

[29]

[30]

water into dichloroethane facilitated by diben-
70-18-Crown-6[J]. Journal of the American Chemical So-
ciety, 1997, 119(34): 8103-8104.

Cai C X, Tong Y H, Mirkin M V. Probing rapid ion trans-
fer across a nanoscopic liquid-liquid interface[J]. Journal
of Physical Chemistry B, 2004, 108(46): 17872-17878.
Shao Y H, Liu B, Mirkin M V. Studying ionic reactions
by a new generation/collection technique[J]. Journal of the
American Chemical Society, 1998, 120(48): 12700-12701.
Jing P, Zhang M Q, Hu H, et al. lon-transfer reactions at
the nanoscopic water/n-octanol interface[J]. Angewandte

Chemie International Edition, 2006, 45(41): 6861-6864.

[31] YuanY, Shao Y H. Systematic investigation of alkali metal

[32]

[33]

the

interfaces

micro-and nano-water/1,
2-dichloroethane facilitated by diben-
70-18-crown-6[J]. Journal of Physical Chemistry B, 2002,
106(32): 7809-7814.

Zhan D P, Mao S N, Zhao Q, et al. Electrochemical in-
vestigation of dopamine at the water/1,2-dichloroethane
interface[J]. Analytical Chemistry, 2004, 76(14): 4128-4136.

Rodgers P J, Amemiya S. Cyclic voltammetry at micropipette

ions transfer across

electrodes for the study of ion-transfer kinetics at lig-
uid/liquid interfaces[J]. Analytical Chemistry, 2007, 79
(24): 9276-9258.

Shao Y, Osborne M D, Girault H H. Assisted ion transfer
at micro-ITIES supported at the tip of micropipettes[J].
Journal of Electroanalytical Chemistry, 1991, 318 (1/2):
101-1009.

Tong Y H(f4 A £1.), Shao Y H(HB Jt %), Wang E K (71 /K
F). Study of tetraethylammonium transfer across a mi-
cro- liquid/liquid interface[J]. Chinese Journal of Analyti-
cal Chemistry(4r 1 1£.2%), 2001, 29(11): 1241-1244.

[36] LiQ, Xie S B, Liang Z W, et al. Fast ion-transfer process-

[38]

[39]

[40]

es at nanoscopic liquid/liquid interfaces[J]. Angewandte
Chemie International Edition, 2009, 48(43): 8010-8013.
Marcus R. On the theory of ion transfer rates across the
interface of two immiscible liquids[J]. Journal of Chemi-
cal Physics, 2000, 113(4): 1618-1629.

Shao Y, Girault H H. Kinetics of the transfer of acetylcholine
across the water+sucrose/1,2-dichloroethane interface[J].
Journal of Electroanalytical Chemistry, 1990, 282 (1/2):
59-72.

Kontturi K, Manzanares J A, Murtomaki L, et al. Rate
constant for ion transfer in inhomogeneous media at the
interface of immiscible electrolytes[J]. Journal of Physical
Chemistry B, 1997, 101(50): 10801-10806.

Kakiuchi T. DC and AC responses of ion transfer across

an oil-water interface with a Goldmann type current-po-



.242

2014 4

tential characteristics[J]. Journal of Electroanalytical

Chemistry, 1993, 344(1/2): 1-12.

[41] Kornyshev A A, Kuznetsov A M, Urbakh M. Coupled

[42]

ion-interface dynamics and ion transfer across the inter-
face of two immiscible liquids[J]. Journal of Chemical
Physics, 2002, 117(14): 6766-6779.

Liu S J, Dong Y T, Zhao W B, et al. Studies of ionic cur-
rent rectification using polyethyleneimines coated glass
nanopipettes[J]. Analytical Chemistry, 2012, 84(13):
5565-5573.

[43] Mendez M A, Partovi-Nia R, Hatay I, et al. Molecular

[44]

electrocatalysis at soft interfaces[J]. Physical Chemistry
Chemical Physics, 2010, 12(46): 15163-15171.
Su B, Partovi-Nia R, Li F, et al. H,O, generation by de-

camethylferrocene at a liquid vertical bar liquid interface
[J]. Angewandte Chemie International Edition, 2008, 47
(25): 4675-4678.

[45] Hatay I, Su B, Li F, et al. Hydrogen evolution at liquid/

liquid interfaces[J]. Angewandte Chemie International
Edition, 2009, 48(28): 5139-5142.

Mendez M A, Voyame P, Girault H H. Interfacial pho-
toreduction of supercritical CO, by an aqueous catalyst
[J]. Angewandte Chemie International Edition, 2011, 50
(32): 7391-7394.

Weinberg D R, Gagliardi C J, Hull J F, et al. Proton-cou
pled electron transfer[J]. Chemical Reviews, 2012, 112
(7): 4016-4093.

Electrochemistry at Liquid/Liquid Interfaces and
Its Recent Progresses

GU Jing, QIAO Yong-hui, ZHU Xin-yu, YIN Xiao-hong, ZHANG Xin, CHEN Ye,

ZHU Zhi-wei, SHAO Yuan-hua®
(Institute of Analytical Chemustry, College of Chemistry and Molecular Engineering,

Beijing National Laboratory for Molecular Sciences, Peking University, Beijing 100871, China)

Abstract: Electrochemistry and electroanalytical chemistry at a liquid/liquid interface have attracted much attention in the past

few decades since they have been closely related to many applications including exploration in mechanisms of extraction processes

and chemical sensing, as well as investigations in phase transfer catalysis, drug release and mimicking the function of biological

membranes. In this review, recent progresses in this field in the last decade, especially the investigations in microstructure of

liquid/liquid interface, charge (ion and electron) transfer reactions and functionalization in liquid/liquid interfaces, are reviewed.

Key words: liquid/liquid interfaces; microstructure; charge transfer reactions; functionalization of interfaces
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