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1 (kqayﬁ) [15-40]

Fig. 1 The sketch map for calculating the electrochemical parameters(k.a.p) of tunneling equation’
Electron transfer coefficient(a) jelectron transfer rate constant(k) ;standard rate constant(k,) ;apparent rate constant(Z,p,) ; charge
transfer resistance(R.) ;charge transfer resistance at formal potential E° (R,) ; tunneling constant(g) ; tunneling current at potential
E(i) ;exchange current at formal potential(i,) ;over potential(yi) ;s concentration of oxidized or reduced probes(C,, and C,.q) ; redox
peak potential of redox moiety(E,,and E,.) ;scan rate(v) ;coverage of SAMs(I") ;double layer capacitance(Cy) ,adsorption pseudoca-
pacitance(C,) ; thickness of SAMs(d); f=nF/RT,n was electron transfer amount, F was 96485 C+mol ' ,R was 8. 314 J+mol !

15-40]

K 'and T was temperature.
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Table 1 Rate constant k of redox probe/moiety through thio-SAMs on gold(Hg)
SAMs Electrodes  Electrolytes Probe/moiety Methods Rate constant & Ref.
HS(CH,); CH; Au 0.1 mol-L ' HCIO, Ru(NH;)$" SECM 0.21 emes ™! [5]
HS(CH; );CH; Au 0.1 mol- L' HCIO, Ru(NH;)$" SECM 0.046 cmes ! [5]
HS(CH,),CH, Au 0.1 mol-L 'HCIO, Ru(NH;)§* SECM 3.81X10 *cmes™! [5]
HS(CH,),, CH; Au 0.1 mol-L" " HCIO, Ru(NH;)" SECM 5.54X10 "cmes™! [5]
HS(CH; ), CH; Au 0.1 mol-L~! KCI Ru(NH;)?" CV 0.95X 10 cmes™! [17]
HS(CH;),; CH; Au 0.1 mol-L~" KCI Ru(NH;){" Ccv 0.14X10 "cmes™! [17]
HS(CH,),, CH; Hg 0.1 mol-L™" KCl Benzoquinone (AY4 4.4X10 "cmes! [17]
HS(CH;),, CH; Au 0.1 mol-L~! KCIl Benzoquinone (A% 1.64X10 °cmes ! [17]
HS(CH,); CH; Hg 0.1 mol-L ' KCI Benzoquinone (9\% 3.0X10 Scmes ! [17]
HS(CH,),; CH; Hg 0.1 mol-L ! KCl Benzoquinone (9% 2.4X10 Scmes ! [17]
HS(CH,),;CH; Au 0.1 mol-L~!' KCI Benzoquinone CV 1.05X10 °cmes™ ! [17]
HS(CH,),—H.Q Au 0.1 mol-L~! HCIO, H,Q CcV 79.4-3.63X10 *s ' [19]
(n=0,1,4,6,8,10,12) (hydroquinone) (n=0-12)
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( 1)
SAMs Electrodes  Electrolytes Probe/moiety Methods Rate constant 4 Ref.
HS(CH,),CH;++azurin  Au(111) 20 mmol+LL"! NH, AC  Blue copper CV 350-0. 09 s ! [21]
(n=4,7,9,11,13,15,17) (pH 2.6) protein azurin (n=4-17)
HS(CH,),—H,Q Au 0.1 mol-L~! HCIO, H,Q CcvV 46.8-0, 0032 s [22]
(n=1,4,6,8,10) (hydroquinone) (n=1-10)
HS(CH, ), CH; Au 1 mol<L" ! NaF Fe(CN)i /! EIS 4.31X10 °cmes ™! [24]
HS(CH; ), CH; Au 1 mol-L ™' NaF Fe(CN)§ /'~ EIS 5.91X10 *cmes ! [24]
HS(CH;),CH; Au 0.1 mol-L~! LiCIO, Ru(NH;)$" EIS 1.41X10 *cmes ! [24]
HS(CH;),; CH; Au 0.1 mol-L ! LiCIO, Ru(NH;)$" EIS 1.03X10 *cmes ! [24]
HS(CH,),s COOH--- Au 4.4 mmoleL™! CytochromeC CcV 0.4 s ! [26]
cytochrome C potassium
phosphate(pH 7. 0)
HS(CH;),; CH; Au 0.1 mol-L ! KNO, Ru(NH;){"*"  OCP 2.16X10 "cmes ™! [33]
HS(CH,) 5 CH; Au 0.1 mol+L " KNO;, Ru(NH;){™**  OCP 1.42X10" " cmes ™! [33]
HS(CH;),; CH; Au 0.1 mol-L ' KNO; Ru(NHy){™**  OCP 2.14X10 “emes ™! [33]
2.2 o
a o (Y EIS ( )
a a ko 2 SAMs ( )
@ ( Y« . pH [19.25.35.36]
2 ( ) o
Table 2 Transfer coefficient ¢ of probe/moiety through thiol-SAMs on gold
Thiols _ Transfer coefficienta _ Ref.
an (1—a)n
HS(CH), — H, Q(n=0,1,4,6,8,10,12) (H; Q- 0. 89-0. 64(n=0-12) 1. 05-0. 90(n=0-12) (197
hydroquinone)
HS(CH,),; CH; (Fe(CN){ /*" as redox probes) 0.2332-0.3063(—700 — 200 mV) [25]
HS(CH,),C;, —Azo(n=2,4,6) (Azo: Azobenzene) 0.91-1. 05(n=2-6) 0.93-1.05(n=2-6) [35]
HS(CH;),C;, — Azo(Azo: Azobenzene) 0.77-1.42(pH 3. 2-8.6) 0.57-1. 39(pH 3. 2-8.6) [36]

* Here,n* is electron transfer amount of electrode reactions and n was the amount of methylene( —CH; —).an* is for oxidation reac—
tion and(1—a)n* was for reduction reaction. The potentials in Ref. [25] are given with respect to the formal potential of Fe(CN)§~/*~ with
1 mol+LL~! KCI as supporting electrolyte.

2.3 p 135756
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. s Ini=Ini,—pd  Ink=Ink,—pd, Ini Ink d n R
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Fe(CN)§ /1 )lsatl ( Yoz 20 5] ( (R
( ) SAMs B 1.0£0.1/CH,y;(2) B
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) s 3 (3) . Finklea
Los] HS(CH,),C(O)NHCH, —pyRu(NH;)¢"*" /HS(CH,), COOH . n=m,p
0.97+0.03/CH; ;n>m, SAMs R s 0.83%+0.03/CH;;
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. .8 L6481 5 (5) . Waldeck % Au(111) Hg
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HS(CH,), H,Q B

(CH,),CO, —(C;H)Fe(CH;)

b

3

» Smalley

B

Table 3 Tunneling constant f§ from literature reports

HS(CH;),-, CH,;/HS

SAMs Electrodes  Probe/moiety Methods Tunneling constant 8 Rel.

HS(CH,)1; CH; Au — MIM L31.4 A [40]

HS(CH,),CH; (n =5,7,9,1D) Au Ru(NH;)#' SECM 1.0/CH, [5]

HS(CH,),CH; (n=11,13,15,17) Au Fe(CN)§ 7 Ccv 1.02-+0. 20/CH, [8,41]

HS(CH,), CH, (n=3-11) Au — CP-AFM 1.2/CH, [42]

HS(CH,),CH; (n=7.9,11,13,15) Au — CP-AFM 1.0740. 06/CH, [43]

HS(CH,),—H.Q(n =0,1,4,6,8,10,12) Au H.Q Ccv 1.0/CH, [19,22]
(hydroquinone)

HS(CH, ), CHj; +++azurin Au Blue copper [0\ 1. 03+0.02/CH, [21]

(n =4,7,9,11,13,15,17) protein azurin

HS(CH, ), CONHCH, -pyRu(NH, )2’ Au pyRuCNH,)Z"  CA 1,060, 04/CH, [29]

(n=10,11,15)

HS(CH,),CH; (5 < n << 9) Au — CP-AFM 1.45/CH, [46]

HS(CH,),-AzoCH,CH; (n=2,4,6) Au Azo CcvV 1.3440. 2/CH, [35]
(Azobenzene)

HS(CH,), (C; H, ), CH; (n=0-6) Au Fe(CN)§~ CcvV 2.040. 2/CH, [55]

HS(CH,),—naphtoquinone(n=2,5,8) Au naphtoquinone  CV 0.36 A [47]

HS(CH.). (C; H), CH, Au — STM 0.47+0.08A"/C;H,  [48]

HS(CH,), OH(n=6-12,14,16,18,20,22) Au Fe(CN)} CV 1. 08+0. 20/CH, [44,56]

HS(CH,),, COOH-+*cytochrome C Au Cytochrome C  CV,EIS LoA! [26]

(n =5,10,15)

HS(CH,),CH; (n=11,15,17) Hg Ru(NH)¥*"  OCP 1.2/CH, [33]

HS(CH,),CH; (n =7,8,9,10,11,13,15,17) Hg - Hg/SAM/Hg 1.044+0. 06/CH, [49]

HS(CH, ), CH; - - Hg/SAM// 0.8740.1 A" (6]

Oligophenylene thiols SAM/Hg 0.6140.1 A

Benzylic derivatives of oligophenylene 0.6740.1 A

HS(CH,),,CH; Hg — STM 1.14-+0.09/CH, [52]

HS(CH,),, CH; Au(11D) 1.02+0. 20/CH,

HS(CH,),, OH Au(11D) 0.9040. 30/CH,

HS(CH, ), CH, InP(100) 0.4940.07/CH,

* MIM (metal-insulator-metal) , CP~AFM(conducting probe atomic force microscopy) s STM(scanning tunneling microscopy).

3
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1) Loul 0
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s , : Tunneling Chan-
neling “'ISAMs ¢ ”(Extrinsic or Intrinsic Defect)
Lo (Through Film) through space  through bond
( cmes ! s ! )
] [69] s
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Research Progress of Measuring Methods for Electrochemical
Parameters in the Electron Tunneling Process through Alkanethiol
Self-assembled Monolayers on Metal Substrate

LI Zht-guo'?, DAI Jian-yuan'®, ZHANG Jing', SHI Yan-qing', BI Shuping*
(1. School of Chemistry and Chemical Engineering , Nanjing University . Nanjing 210093
2. School of Chemistry and Chemical Engineering . Institute of Physical Chemistry ,Lingnan Normal
University , Zhanjiang 524048
3. School of Chemistry ,Sichuan University ,Chengdu 610064)

Abstract: In this paper,the research progress of measuring methods for electrochemical parameters(k.a.
B in the electron tunneling process through alkanethiol self-assembled monolayers on metal substrate is
reviewed. Some valuable discussions on the future development in this field are also presented.

Keywords: Alkanethiol;Self-assembled monolayers; Electron tunneling; Electrochemical parameters(k,a,f) ;
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