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Self- Assembly Process of Organosulfur Molecular 
Layers on Gold: Electrochemical Mechanisms 

SEUNGHUN EU and WOON-KE PAIK 

Department of Chemistry, Sogang UniversiQ, Seoul 121-742, Korea 

Mechanism of adsorption process in the self-assembly of organosulfur monolayers on gold 
was probed by electrochemical measurements. While alkanethiols were found to adsorb on 
gold by an anodic process, disulfide molecules appeared to adsorb primarily by a cathodic 
process. 
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INTRODUCTION 

Interest on the self-assembled monolayers (SAMs) of organosulfur molimlcs on gold 

surfacc has bwn ccntcrcd on thcir structurc. propcrtics. and thcir applications in 

niodification of metal surfaccs and fUnctionalization of clcctrodcs. ctc.""! Dcspite the 

great inrcrcst on SAMs. mcchanism of the adsorption proccss renuins to be clarificd. 

Self-assembly on Au from an alkyltliiol or from a dialkyl disulfidc has been 

considered by many workers to profwd by chemical steps in\ olvins hydrogen 

production (from thiols) or splitting of thc S-S bond (from disultidcs) simultaneously 

with gold-sulfur bond fomiation as shown belo\\""'. 

RS-H + AU - RS-AU + !4H2 

RS-SR + AUAU -+ RS-AuAu-SR 

However. there seems to be little supportins cvidnictl for the adsorption proccss 

10 occur by the abovc reactions. To find plausible nicclianisiiis of adsorption and 

sclf-assembly of thiol and disulfidc niolccuk!. \HZ started clcctrochcmical 

( 1 )  

(2)  
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SO SEUNGHUN Ell and WOON-KIE PAlK 

mcasurcmcnts during the adsorption process In a prcbious report”’ t tc  prcscntcd 

results indicating clcctrochcmical reactions intohcd in the adsorption process In the 

present paper adsorption mcclianisms of thiols and disulfidcs in\olbing clcctro- 

chemical reactions arc prcseiited dong nith  more conbincing c\ ~dcnccs 

E; X PE R I ME N’I‘AL 

The clcctrol!tc solution used \\as 0.10 M IKIO, in acctonitrilc. dmcratcd with 

piirificd nitrogen. Either a tacuunidcpositcd Au slide or a polished gold plate \\as 

used as thc substrate for SAM formation In an clcctrochcmical cell. a platinum foil 

counter clcctrodc and an AdAgCI (3hf NaCI) reference electrode were used As a 

siiiall aiiiouiit of an n-alkancthiol (C,,Il,,,SH. C I 2 H 2 S H .  or C,,,tl:SH) or dipropyl 

disultidc \\as iiycctcd into the solution to I .O nvLI coiiceiitratioii. the potential of the 

gold electrode at the open circuit condition was inonitorcd Altcrnati\cly. at a constant 

Ati potential controlled by a potcntiostat. current passing through thc electrode \\as 

recorded 

RESULTS AND DISCUSSIONS 

The open-circuit potential of gold dropped sliarpl? from the initin1 resting potential on 

injection of n thiol as shonn i n  Figure I(A). indicating an m d / c  reaction A slow 

tipnard drift follo\\cd the initial drop of potential Different alhanethiols gate similar 

results On the other hand. the potential of gold rose slightly with dipropyl disulfidc. 

indicating a i ~ ~ i i h i d i c  reaction. 

When thc Au electrode \\as poteiitiostaticall! tiwd to an arbitrap potential in thc 

range 0 - 5 0 0  mV. transient currents \\ere obscncd on injection of the s u l k  

conipounds. As the cxaniplcs sho\\n i n  Figure I(B). the currents \\ere ~ U U J ~ I L .  i n  the 

case of thiols and c.~irhoJrc with the disultidc adsorption. The magnitude and shnpc of 

ths current peaks dcpciidcd oii the potential chosen The shifts of clsctrodc potciitid 

or thc current tlows started iniiiicdiatcly after the iiidcction of orgaiiosiilfur 

conipounds as was the cllipsomctric signals we reported prci iously’”. These findings 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

36
 1

7 
A

ug
us

t 2
01

2 



ORGANOSULFUR SAM FORMATION MECHANISM 51 

clcarl! indicate that the adsorption processes involve electrochemical reactions 

instead of the chemical reactions represented b\ a schcnic such as reaction ( I )  or (2) 

as in the generall\ acccptcd mechanisms 

Diprow dioulde 

Time 

Y 
Time 

FIGUKE I 
hcudccaiicthiol or diprop! I disultidc 

Shift of potcntial (A)  of gold and current (8) on injection of 

The anodic current and the ncgatnc shift of potential obscrvcd n i t h  adsorption of 

thiols can bc explained by an cle~/vochenmtr/ ondorron mechanism 

R S H + A u  - R S - A u + H + e  t 3 )  

Whcii tliL clcctrodc is left open from the control circuit the potential of the elatrode 

must  change to negative direction with the negatihc charge accuinulating on the gold 

surface The capacitance of the gold/clcctrol\tc iiitcrfacc is charged as the potential 

ofgold changes uiitil the potential bccoiiics too low for reaction ( 3 )  to proceed further 

Undoubtedly the reaction w i l l  proceed smoothly nhcn the shifting of potential is 

procntcd by thc external control The open-circuit potential of gold is ahnost always 

i i i  thc raiigc nhcrc rcaction ( 3 )  is possible initially even after rigorous purging of 

oxygen from the solution Rubinatcin also reported that the adsorption is faster with 

potential control than at open circuit conditions"I Analogous reversible oudativc 

.dsorp(ioii and reductive dcsorption habc bccii reported tor HS-containing cvsteine 

iiiol~culca~' Thcrc have also been reports of rcvcrsiblc dcsorptioii of SAM layer at 

larsc ncgatirc potentials of 'I and silvcrl'"I 

For SAM formation from disulfidc niolcculcs. \\ hcrc the potential shift aiid 
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52 SEUNGHUN EIJ and W O N - K I E  PAIK 

currents \\ere in the opposite direction to those nith thiol adsorption \\c propose the 

folio\\ ing to /h~dic  rcaction mechanism 

RSSK + c (Au)  ’ RS-Ati + RS (J ) 

A part of RS ions generated can be adsorbed b\ aii anodic reaction similar to 

rcactioii (7). the rest diffusing aria! into the solution 

RS- 1 Au - RS-Au + e (Au)  (5) 

Although reaction (5 )  is a11 anodic reaction the sign of the mcrall current or the 

~iotcntial shiti should be as obscncd because reaction (4) is prcdoiuinate Rcductloii 

o fa  disiilfidc into t\\o KS ions as \\c prctiousl! h\pothcsizcd’” is not lihcly to occiir 

at the usual open circuit potentials Ho\\c\cr. rcaction (4)  IS possible due to the strong 

chemical affinity of sulfur to gold Thcsc mechanisms of adsorption of thiols and 

disullidcs cnvision possible control of thc rate of SAM fomiation proccsscs and the 

quality of the films fomicd E\ identl\ the adsorption is facilitated \\ith the potential 

controlled to suitable ranges. higher for throls and lo\\cr for disulfidcs. \\ hcrcas the 

potential of gold shifts \\it11 adsorption when uncontrollcd rcsulting i n  hindraiicc 10 

continuoin adsorption 
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