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Chapter•@1

1ntroduction

1•|1•@General•@lntroduction

•@•@Solid•^liquid•@interfaces•@play•@important•@roles•@in•@many•@phenomena•@such•@as•@corrosion•C

lubrication•C•@heterogeneous•@catalysis•@and•@electrochemical•@reactions•D•@lt•@is•@essential•@to

investigate•@the•@structure•@of•@the•@solid•^liquid•@interface•@at•@the•@molecular•@level•@to•@understand

the•@nature•@of•@these•@phenomena•@as•@the•@property•@of•@the•@solid•^liquid•@interface•@is•@dominated•@by

the•@property•@of•@the•@region•@in•@several•@nm•@thick•@at•@the•@interface•D•@However•C•@the•@understanding

of•@the•@solid•^liquid•@interface•@on•@an•@atomic•^molecular•@level•@is•@much•@less•@advanced•@than•@that

of•@the•@solid•@surface•@in•@UHV•@due•@to•@a•@lack•@of•@experimental•@techniques•@and•@the•@difficulry•@of

the•@theoretical•@analysis•D

•@•@The•@deveiopment•@of•@the•@ultrahigh•@vacuum•@•iUHV•j•@system•@in•@the•@1970s•@enabled•@the

experimenta1•@study•@of•@clean•@surfaces•D1•@Many•@surface•@analytical•@methods•C•@including•@low

energy•@electron•@diffraction•@•iLEED•j•C•@reflection•@high•@energy•@electron•@diffraction•@•iRHEED•j•C

X•|ray•@photoelectron•@spectroscopy•@•iXPS•j•C•@ultraviolet•@photoelectron•@spectroscopy•@•iUPS•j•C

and•@scanning•@electron•@microscopy•@•iSEM•j•@were•@subsequently•@developed•D•@ln•@contrast•@to•@the

significant•@progress•@in•@the•@surface•@science•@of•@UHV•C•@the•@understanding•@of•@the•@solid•^liquid

interface•C•@i•De•D•C•@the•@surface•@science•@in•@solution•C•@was•@at•@a•@standstill•@since•@the•@analytical

method•@based•@on•@an•@electron•@beam•C•@which•@led•@to•@progress•@in•@the•@surface•@science•@under

UHV•@conditions•C•@can•@not•@be•@applied•@to•@the•@solid•^liquid•@interface•@due•@to•@the•@presence•@of•@the

solution•D•@ln•@addition•C•@many•@scientists•@engaged•@in•@UHV•@work•@did•@not•@focus•@on•@the

solid•^liquid•@interface•@as•@it•@was•@considered•@to•@be•@a•@complicated•@and•@diiry•@system•D

•@•@Although•@the•@structure•@of•@the•@solid•^liquid•@interface•@has•@been•@one•@of•@the•@most•@important

issues•@in•@electrochemistry•@for•@a•@long•@time•C•@most•@of•@the•@studies•@involve•@the•@mercury

electrode•@since•@it•@was•@difficult•@until•@recently•@to•@obtain•@and•@maintain•@a•@clean•@solid•@surface•@in

solution•D•@Along•@with•@the•@development•@of•@the•@surface•@analytical•@tool•@in•@UHV•C•@the•@electrode
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subjected•@to•@the•@electrochemical•@reactions•@was•@often•@transferred•@to•@and•@analyzed•@in•@UHV

system•D•@This•@ex•|situ•@analysis•@provided•@a•@novel•@knowledge•fand•@understanding•@of•@the

solid•^liquid•@interface•C•@i•De•D•C•@the•@surface•@science•@in•@solution•C•@progressed•D

•@•@The•@desire•@of•@electrochemists•@for•@in•@situ•@analysis•@of•@the•@solid•^liquid•@interface•@was

realized•@by•@the•@development•@of•@spectroscopic•@methods2•@such•@as•@reflectance•@measurement•C

Raman2a•@and•@infrared•@spectroscopy•D2b•@The•@application•@of•@the•@scanning•@tunneling

microscopy•@•iSTM•j•@to•@the•@solid•^liquid•@interface•@opened•@a•@new•@stage•@of•@study•@of•@the

solid•^liquid•@interface•D3•@The•@STM•@enabled•@in•@situ•@structural•@observation•@of•@the•@solid•@surface

in•@solution•@with•@a•@resolution•@of•@several•@A•D•@ln•@addition•C•@Clavilier•@et•@al•D•@developed•@a•@simple

method•@to•@prepare•@a•@single•@crysta1•@electrode•D4•@As•@a•@result•C•@the•@electrochemistry•@on•@the

single•@crystal•@electrode•@is•@widely•@studied•@by•@STM•D•@The•@recent•@development•@of•@syncrotoron

orbita1•@radiation•@light•@and•@LASER•@system•@enables•@one•@to•@use•@a•@surface•@sensitive•@X•|ray

method•C2d•C2g•@e•Dg•D•C•@surface•@X•|ray•@scattering•@and•@X•|ray•@standing•@waves•@measurement•C•@and

non•|linear•@optical•@methods•C5•@respectively•C•@in•@solution•D•@Nowadays•C•@it•@is•@well•@established•@that

a•@clean•@and•@ordered•@surface•@is•@obtained•@in•@solution•@and•@it•@is•@possible•@to•@discuss•@and•@control

the•@structure•@of•@the•@solid•^liquid•@interface•@on•@molecular•@and•@atomic•@level•D6•@The•@solid•^liquid

interface•@is•@now•@considered•@as•@a•@new•@field•@which•@has•@quality•@comparable•@to•@the•@UHV

system•D

•@•@The•@modification•@of•@the•@solid•@surface•@i•@s•@an•@important•@process•@from•@a•@technological•@point

of•@view•D•@Recently•C•@the•@creation•@of•@a•@well•|defined•@material•@phase•@on•@a•@well•|defined•@surface

is•@available•@in•@the•@UHV•@system•@by•@methods•@such•@as•@vapor•@deposition•@and•@molecular•@beam

epitaxy•D7•@The•@solid•^liquid•@interface•@is•@also•@used•@as•@a•@stage•@for•@the•@constŽMction•@of•@ordered

material•@phases•D6b•@The•@well•|ordered•@phase•@is•@obtained•@at•@a•@lower•@cost•@and•@under•@milder

conditions•@than•@those•@in•@the•@UHV•@system•@by•@electrochemical•@deposition•@since•@the

electrochemical•@deposition•@requires•@fairly•@simple•@instruments•D•@Nowadays•C•@the•@strategy•@of

using•@an•@organic•@thin•@layer•@to•@functionalize•@the•@surface•@is•@of•@great•@interest8•@lt•@is•@important

to•@construct•@a•@well•|ordered•@and•@highly•|oriented•@molecular•@layer•@on•@the•@surface•@for•@this

purpose•D•@While•@the•@Langmuir•|Brodgett•@method•@has•@been•@used•@for•@the•@construction•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@2
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monolayer•C•@the•@new•@method•@called•@the•@self•|assembly•@method•@has•@been•@developed•D8•C9•@The

molecules•@used•@in•@this•@method•@consist•@of•@two•@functional•@groups•@which•@are•@connected•@by

long•@alkyl•|chain•D•@One•@of•@the•@functional•@groups•@possesses•@a•@strong•@attractive•@interaction

with•@the•@substrate•@and•@act•@as•@an•@anchor•@for•@the•@molecule•C•@and•@the•@other•@functional•@group

possesses•@the•@desired•@functionality•@to•@be•@attached•@on•@the•@surface•D•@When•@the•@substrate•@is

immersed•@in•@the•@solution•@containing•@the•@molecules•C•@the•@ordered•@and•@highly•|oriented

monolayer•@is•@spontaneously•@formed•@on•@the•@surface•D•@The•@monolayer•@formed•@by•@this•@method

is•@called•@the•@self•|assembled•@monolayer•@•iSAM•j•@and•@many•@studies•@on•@the•@practical

applications•@of•@the•@SAM•@have•@been•@canied•@out•D9

•@•@The•@solid•^liquid•@interface•@is•@also•@useful•@for•@the•@observation•@of•@the•@molecular•@shape•@by

STM•D•@After•@the•@imaging•@of•@the•@liquid•@crysta1•@molecules•@adsorbed•@on•@graphite•@with•@STM•C

the•@graphite•@surface•@in•@an•@organic•@solvent•@is•@used•@as•@a•@stage•@for•@molecular•@imaging•D10•@This

system•@is•@also•@useful•@for•@the•@study•@of•@low•@dimensional•@physics•D•@Recently•C•@some•@groups

have•@succeeded•@in•@imaging•@the•@internal•@atomic•@structure•@of•@a•@molecule•C•@and•@the•@direct

determination•@of•@the•@molecular•@structure•@with•@STM•@is•@becoming•@possible•D

•@•@As•@mentioned•@above•C•@the•@study•@of•@the•@solid•^liquid•@interface•@has•@shown•@rapid•@progress

over•@the•@past•@20•@years•D•@However•C•@the•@structure•@of•@the•@interface•@between•@an•@organic•@sol•@ution

and•@metal•@surface•C•@which•@should•@play•@important•@roles•@in•@heterogeneous•@catalytic•@reaction

and•@lubrication•C•@has•@not•@been•@investigated•D•@The•@objective•@of•@this•@thesis•@is•@to•@investigate•@it

with•@molecular•@resolution•D•@ln•@the•@following•@sections•C•@the•@principle•@of•@STM•C•@results•@of•@the

STM•@investigation•@of•@organic•@molecules•@at•@the•@solid•^liquid•@interface•@and•@the•@structure•@of

the•@gold•@surfaces•@are•@briefiy•@reviewed•D•@Finally•C•@the•@objectives•@of•@the•@present•@work•@are

stated•D

1•|2•@Principle•@of•@Scanning•@Tunneling•@Microscopy

•@•@Scanning•@tunneling•@microscopy•@•iSTM•j•@was•@invented•@by•@Binnig•@et•@al•D•@in•@1980s•D11•@wnen

the•@metallic•@tip•@and•@the•@conductive•@substrate•@are•@only•@separated•@by•@a•@few•@A•@with•@a•@bias

voltage•C•@a•@tunneling•@current•@flows•@between•@them•D•@Surface•@morphology•@is•@obtained•@by
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•@•@•@•@•@•@•@•@•@•@Figiire•@1•|1•D•@Energy•@diagram•@of•@tunneling•@junction•@between•@tip•@and•@sample•@•ia•j

•@•@•@•@•@•@•@•@•@•@without•@and•@•ib•j•@with•@image•@potential•D

scanning•@the•@tip•@in•@x•|y•@direction•@while•@correcting•@the•@venical•@position•@of•@the•@tip•@in•@order•@to

keep•@the•@tunneling•@current•@constant•@•iconstant•@current•@mode•j•D

•@•@The•@tunneling•@between•@the•@tip•@and•@the•@metallic•@sample•@is•@approximated•@to•@the•@model•@of

one•|dimensional•@tunneling•@through•@the•@potential•@banier•D12•@The•@two•@metal•@electrodes•@•itip

and•@sample•j•@are•@modeled•@as•@well•@for•@the•@electron•C•@and•@the•@vacuum•@is•@a•@potential•@banier•@as

shown•@in•@Fig•D•@1•|la•@•iactually•C•@the•@edge•@of•@the•@potential•@is•@curved•@due•@to•@the•@image•@potential

as•@shown•@in•@Fig•D•@1•|lb13•j•D•@The•@following•@equation•@for•@the•@current•@density•@of•@the•@tunneling

current•@is•@deduced•@from•@this•@model•D•@14
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•EV•@•Eexp•@•iˆê2igd•j •i1•j

where•@d•@is•@the•@effective•@tunneling•@distance•C•@V•@is•@the•@applied•@bias•@voltage•@and•@ko•@is•@the

inverse•@decay•@length•@of•@the•@wave•@function•@which•@is•@described•@by

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@2ƒÎ•C‰ª•@•@•@•@•@•@•@•@•@•i2•j
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ko•@••

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@h

where•@•‘•@is•@the•@effective•@banier•@height•C•@•‘•••@•i•‘1•{•‘2•j•@•^•@2•@•itp1•@and•@tp2•@are•@the•@work•@functions•@of

the•@tip•@and•@the•@sample•@respectively•j•D

•@•@The•@relation•@of•@the•@electronic•@structure•@of•@the•@surface•@and•@STM•@image•@is•@deduced•@by•@the

Tersoff•|Hamann•@theory•@where•@the•@electronic•@structure•@of•@the•@tip•@i•@s•@modeled•@by•@an•@s

wave•D13•C15•@The•@result•@is

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@4
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where•@p•iO•CEF•j•@is•@the•@local•@density•@of•@state•@•iLDOS•j•@at•@the•@surface•@around•@the•@Fermi•@level•D

Following•@this•@equation•C•@the•@STM•@image•@reflects•@the•@surface•@electronic•@structure•D•@The

tunneling•@current•@exponentially•@varies•@with•@d•@and•@the•@decay•@constant•@is•@related•@to•@the•@work

function•@of•@the•@substrate•D

•@•@The•@T•|H•@theory•@do•@not•@consider•@the•@electronic•@structure•@of•@the•@tip•D•@A•@more•@detailed

analysis•@is•@canied•@out•@based•@on•@the•@perturbation•@theory•D•@According•@to•@the•@modified

Bardeen•fs•@method•C13•C16•@the•@tunneling•@current•@is

•Eˆê4ÕƒÃ•èvƒÏ•A•iE•DˆêeV•{ƒÃ•jP•C•iEF•{ƒÃ•à4ƒÃ
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where•@ps•ix•j•@and•@pt•ix•j•@are•@the•@LDOS•@of•@the•@surface•@and•@the•@tip•C•@respectively•D•@The•@term•@M•@i•@s

called•@the•@tunneling•@matrix•@element•@defined•@by

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@M••2i•DlrL•Blo•i•C0•HiL•C•@ˆê•C•D•–01PCxˆêˆêv•@•€•fOz•@•f•@Oz•jdS•@•i5•j

where•@W•@and•@x•@represent•@the•@wave•@function•@of•@the•@surface•@and•@the•@tip•D•@lf•@M•@does•@not•@change

within•@the•@range•@of•@interest•C•@the•@tunneling•@current•@i•@s•@determined•@by•@the•@convolution•@of•@the

LDOS•@of•@the•@surface•@and•@the•@tip•D

•@•@The•@shape•@of•@the•@tip•@has•@a•@serious•@effect•@on•@the•@actual•@STM•@imaging•D•@When•@two•@sharp

points•@on•@the•@tip•@contribute•@to•@the•@tunneling•@current•C•@a•@ghost•@will•@appear•@on•@the•@STM

image•C•@which•@is•@called•@the•@double•@tip•@effect•D6•@ln•@addition•C•@the•@different•@shape•@of•@the•@tip

leading•@to•@a•@different•@wave•@function•@of•@the•@tip•@causes•@a•@different•@image•@for•@the•@same

sample•D•@The•@theoretical•@calculation•@considering•@the•@shape•@of•@the•@tip•@has•@been•@canied•@out•@by

Tukada•@et•@al•D17

•@•@The•@mixing•@of•@the•@molecular•@orbital•@with•@the•@surface•@wave•@function•C•@the•@resonant•@and

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@5
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the•@inelastic•@tunneling•@play•@roles•@in•@tunneling

through•@an•@adsorbed•@layer•D18•C19•@The•@resonant

tunneling•@is•@an•@enhancement•@of•@the•@tunneling

probability•@due•@to•@the•@energy•@level•@located•@between

the•@energy•@gap•@formed•@by•@the•@Fermi•@level•@of•@the•@tip

and•@the•@sample•C•@i•De•D•C•@the•@gap•@formed•@by•@the•@bias

voltage•D•@The•@energy•@of•@the•@electron•@before•@and•@after

tunneling•@is•@kept•@constant•@•iFig•D•@1•|2a•j•@in•@this•@process•D

The•@inelastic•@tunneling•@is•@a•@tunneling•@in•@which•@the

energy•@of•@the•@electron•@i•@s•@not•@kept•@constant•@before
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Figure•@1•|2•D•@Schematic•@diagram•@for•@•ia•j

resonant•@and•@•ib•j•@inelastic•@tunneling•D

and•@after•@the•@tunneling•@process•@•iFig•D•@1•|2b•j•D•@ln•@the•@case•@of•@the•@adlayer•@of•@molecules•C•@the

lowest•@unoccupied•@molecular•@orbita1•@•iLUMO•j•@or•@the•@highest•@occupied•@molecular•@orbital

•iHOMO•j•@is•@expected•@to•@have•@an•@effect•@on•@the•@tunneling•@process•D•@lf•@the•@molecules•@are

weakly•@adsorbed•@•iphysisorption•j•C•@the•@wave•@function•@of•@the•@surface•@i•@s•@not•@affected•@by•@the

molecular•@orbita1•D•@ln•@this•@case•C•@the•@molecular•@orbitals•@are•@located•@between•@the•@tunneling

gap•@•iFig•D•@1•|3•j•D•@Although•@the•@location•@of•@the•@HOMO•@and•@LUMO•@relative•@to•@the•@tip•@and•@the

sample•@is•@not•@apparent•C•@the•@vacuum•@level•@of•@the•@molecule•@is•@assumed•@be•@the•@same•@as•@that•@of

the•@sample•D19•@When•@the•@molecular•@orbita1•@i•@s•@within•@the•@energy•@gap•@formed•@by•@the•@bias

voltage•C•@the•@tunneling•@process•@is•@influenced•@by•@resonant•@tunneling•@and•@the•@molecular

orbita1•@concerning•@this•@process•@is•@expected•@to•@be•@imaged•@as•@higher•@regions•D•@When•@the

molecular•@orbita1•@is•@far•@from•@the•@energy•@level•@defined•@by•@the•@bias•@vohage•C•@the•@resonant

effect•@is•@not•@expected•D•@The•@molecule•C•@however•C•@has

a•@chance•@to•@be•@imaged•@if•@it•@sticks•@out•@from•@the

surface•@as•@it•@acts•@like•@an•@antenna•@for•@the•@tunneling

current•D19•C20•C21•@The•@tunneling•@current•@from•@the

molecules•@due•@to•@the•@very•@weak•@interaction•@between

the•@energy•@of•@molecule•@and•@the•@surface•@can

overcome•@the•@one•@which•@directly•@fiows•@from•@the
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Figure•@1•|3•D•@Energy•@diagram•@of•@tunnel•@i•@ng

junction•@with•@weakly•@adsorbed•@molecule•D

Œk

surface•@as•@the•@tunneling•@current•@is•@significantly•@dependent•@on•@the•@distance•D•@The•@role•@of•@the

solvent•@in•@the•@tunneling•@process•@at•@the•@liquid•^solid•@interface•@has•@not•@been•@studied•@well•C

although•@the•@solvent•@is•@expected•@to•@play•@an•@important•@role•@in•@iL

1•|3•@Formation•@of•@Physisorbed•@Two•|dimensional•@Ordered•@Organic•@Molecular
Layers•@at•@the•@Solid•^Liquid•@lnterface

1•|3•|1•@Preparation

•@•@Although•@the•@Langmuir•|Brodget•@method•C•@which•@uses•@the•@liquid•^air•@interface•@to•@make•@the

ordered•@single•@molecular•@layer•C•@is•@the•@most•@popular•@way•@to•@form•@a•@physisorbed•@ordered

organic•@molecular•@layer•C•@we•@restrict•@the•@subject•@to•@the•@ordered•@organic•@molecular•@layer

formed•@at•@the•@solid•^liquid•@interface•D•@Graphite•@is•@the•@most•@popular•@substrate•@for•@the

formation•@of•@an•@organic•@molecular•@layer•D•@wnen•@the•@graphite•@is•@immersed•@in•@a•@dilute

solution•@of•@the•@molecule•C•@an•@ordered•@molecular•@2D•@layer•@is•@spontaneously•@formed•D•@ln•@many

cases•C•@the•@solvent•@is•@phenyloctane•@and•@the•@molecule•@contains•@long•@alkyl•@chains•C•@which•@may

produce•@the•@appropriate•@van•@der•@Waals•@interaction•@with•@the•@graphite•@and•@between•@the

molecules•@to•@form•@ordered•@phases•D•@There•@are•@also•@some•@reports•@that•@succeeded•@in•@forrning

the•@organic•@molecular•@layer•@at•@the•@electrolyte•^meta1•@interface•D•@ln•@the•@following•@sections•C•@a

brief•@review•@of•@the•@results•@of•@STM•@investigations•@of•@physisorbed•@ordered•@organic

molecular•@layers•@at•@the•@solid•^liquid•@interface•@is•@given•D

1ˆêˆê3•|2•@Structure•@of•@Two•|dimensional•@Ordered•@Organic•@Molecular•@Layers•@in•@Organic
Solvent

a•D Liquid•@Crysta1

•@•@The•@STM•@imaging•@of•@the•@liquid•@crysta1•@•i4•fˆên•|alkyl•|4•|cyanobiphenyl•@•F•@nCB•j•@on•@graphite

with•@molecular•@resolution•@was•@first•@reported•@by•@Foster•@et•@al•D•@and•@Smith•@et•@al•D22•|25•@The

substrate•@was•@heated•@to•@a•@temperature•@at•@which•@a•@smetic•@phase•@is•@formed•@in•@the•@bulk•@phase•D

The•@STM•@measurement•@was•@canied•@out•@after•@the•@substrate•@was•@cooled•@to•@room

temperature•D•@Figures•@1•|4a•@and•@b•@show•@an•@STM•@image•@of•@8CB•@and•@the•@corresponding

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@7
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•@•@Figure•@14•D•ia•jSTM•@image•@of•@graphite•@covered•@with•@8CB•@and•ib•jthe•@modeL

•@•@•ic•jSTM•@image•@of•@MoS2•@surface•@covered•@with•@8CB•@and•id•jthe•@models•Eas

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚ämodel•C•@respectively•D•@The•@brighter•@region•@of•@the•@image•@was•@assigned•@to•@the•@aromatlc•@group

of•@the•@molecules•D•@The•@similarity•@in•@the•@molecular•@orbital•@and•@STM•@image•@was•@pointed•@out

and•C•@therefore•C•@the•@molecular•@orbital•@is•@expected•@to•@affect•@the•@tunneling•@process•D•@All•@the

molecules•@are•@in•@a•@head•|to•|head•@arrangement•C•@i•De•D•C•@the•@aromatic•@groups•@of•@the•@molecules

face•@each•@other•@and•@one•@molecular•@row•@is•@formed•@by•@a•@pair•@of•@the•@molecules•D•@Hara•@et•@al•D

reported•@that•@the•@different•@mol•@ecular•@arrangement•@of•@8CB•@was•@formed•@on•@MoS2•iFi•@g•E14c•E

d•j•D261n•@this•@case•C•@molecular•@arrangement•@is•@commensurate•@with•@the•@substrate•Eand•@the

aromatic•@groups•@of•@the•@molecules•@are•@altemately•@arranged•D•@The•@molecular•@row•@is•@fomed

by•@a•@single•@molecule•D•@The•@formation•@of•@the•@different•@molecular•@arrangement•@is•@explained

by•@considering•@the•@structure•@of•@the•@substrates•@and•@registry•@of•@the•@molecule•D•@The•@registry•@of

the•@alkylchain•@on•@the•@graphite•@is•@restricted•@to•@the•@center•@of•@the•@benzene•@ring•@of•@graphite•E

resulting•@in•@the•@3•@fold•@rotational•@freedom•@while•@that•@on•@MoS2•@is•@both•@in•@an•@atomic•@row

direction•@and•@the•@direction•@tilted•@by•@30•B•@from•@the•@atomic•@row•@of•@the•@MoS2•EThe•@6•@fold

rotational•@freedom•@in•@the•@orientation•@of•@the•@alkyl•@chain•@enables•@the•@formation•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@8

commensurate•@lattice•D•@The•@strong•@interaction•@between•@the•@molecule•@and•@substrate•@may•@also

be•@one•@of•@the•@ori•@gins•@of•@the•@commensurate•@lattice•@formation•@on•@MoS2•D•@This•@study•@showed

that•@the•@structure•@of•@the•@substrate•@has•@a•@significant•@i•@nfluence•@on•@the•@structure•@of•@the•@adlayer•D

•@•@In•@contrast•@to•@the•@above•@studies•C•@Stabel•@et•@al•D•@showed•@that•@a•@subtle•@difference•@in•@a•@big

head•@group•@l•@eads•@to•@a•@different•@two•|dimensional•@•i2D•j•@crystalline•@structure•@on•@graphite•D27

They•@observed•@the•@2D•@crystal•@of•@the•@alkylated•@anthrone•@derivatives•C•@2•|hexadecyl•|anthrone

•iFig•D1•|5•C•@1•j•C•@2•|hexadecylˆêˆêdiazoanthrone•@•iFig•D•@1•|5•C•@2•j•@and•@2•|hexadecyl•|anthraquinone•@•iFig•D

15•C•@3•j•@in•@phenyloctane•@on•@graphite•D•@The•@STM•@image•@of•@the•@2D•@crysta1•@of

hexadecylanthrone•@•i1•j•@and•@the•@model•@is•@shown•@in•@Figs•D•@1•|6a•@and•@b•C•@respectively•D•@The

brighter•@regions•@should•@correspond•@to•@the•@aromatic•@group•@in•@the•@molecules•@as•@was•@the•@case

for•@the•@8CB•@imaging•D•@The•@alkyl•@chains•@of•@the•@molecules•@are•@aligned•@along•@the•@main•@axis•@of

the•@graphite•@and•@molecules•@are•@in•@a•@head•|to•|tail•@arrangement•C•@i•De•D•C•@the•@aromatic•@groups•@are

positioned•@at•@the•@end•@of•@the•@alkyl•@chain•@of•@neighboring•@molecules•D•@The•@direction•@of•@the

molecular•@row•@is•@rotated•@by•@15•g•@with•@respect•@to•@the•@graphite•fs•@main•@axis•D•@The•@STM•@image

showed•@a•@Moire•@pattern•C•@indicating•@that•@the•@molecular•@arrangement•@is•@incommensurate

with•@the•@graphite•@lattice•D•@A•@detailed•@analysis•@of•@the•@structure•@revealed•@that•@the•@plane•@formed

by•@the•@aromatic•@group•@is•@not•@parallel•@to•@the•@surface•@plane•C•@but•@slightly•C•@within•@20e•C•@tilted•D

This•@configuration•@allows•@the•@molecules•@to•@form•@a•@close•|packed•@structure•@with•@the•@alkyl

chains•@in•@the•@extended•@all•|trans•@conf•Iguration•D•@The•@structure•@of•@the•@2D•@crystal•@of

hexadecyldiazoanthrone•@•i2•j•@is

strikingly•@different•@from•@the•@one•@of

hexadecylanthrone•@•i1•j•@as•@shown•@in

Fig•D•@1•|6c•D•@ln•@this•@case•C•@the

molecules•@are•@in•@a•@head•|to•|head

arrangement•C•@i•De•D•C•@the•@aromatic

groups•@face•@one•@of•@the•@neighboring

molecules•@and•@the•@direction•@of•@the

molecules•@in•@a•@molecular•@row•@are
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Figure•@1•|5•D•@Structure•@and•@synthetic•@scheme•@for•@al•@kylated
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•@•@•@•@•@Figure•@1•E6•D•@STM•@image•@of•@graphite•@covered•@with•@molecul•@e•ia•j1•C•ic•j2•@and•id•j30f•@Fi•@g•D1•|2

•@•@•@•@•@and•@correspondi•@ng•@models•ib•C•@d•C•@f•C•@g•j•BƒÅ

altemative•iFig•D1•|6d•j•D•@The•@Moir6•@pattem•@was•@also•@observed•D•@The•@coexistence•@of•@two•@kinds

•Ef•@2D•@crystals•Ef•@hexadecylanthraquin•Ene•i3•jwas•Ebserved•@as•@sh•Ewn•@in•@Fig•E1•|6e•EThe

model•@of•@stmcture•@III•@is•@shown•@in•@Fig•D1•|6f•D•@There•@are•@free•@volume•@between•@the•@molecules

which•@seems•@to•@be•@an•@unfavorable•@stnlcture•D•@This•@stnlcture•@is•@believed•@to•@be•@observed•@as•@a

result•@of•@the•@dynamic•@equilibrium•@of•@the•@two•@forms•D•@The•@one•@stnlcture•@consists•@of

molecules•@with•@aromatic•@groups•@perpendicular•@to•@the•@surface•@plane•@and•@the•@other•@is

paralle1•D•@Structure•@IV•iFig•D1•|69•jis•@ide–Êcal•@t•Ethe•@sŒŒcture•Ebserved•@in•@the•@2D•@crystal•Ef

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@10
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hexadecyldiazoanthrone•@•i2•j•D•@The•@stability•@of•@the•@structure•@is•@dependent•@on•@the•@solvent•D

Structure•@III•@is•@stable•@in•@hexadecane•@while•@structure•@II•@is•@stable•@in•@diphenylether•D•@The

above•@results•@are•@interesting•@as•@they•@showed•@that•@the•@subtle•@difference•@in•@the•@molecular

structure•@affects•@the•@structure•@of•@the•@2D•@crystal•@and•@solvent•D•@Furthermore•C•@it•@plays•@a•@role•@in

determining•@the•@structure•@of•@the•@2D•@crystal•D

b•D•@Alkanes

•@•@Although•@the•@imaging•@of•@alkanes•@with•@STM•@was•@considered•@to•@be•@diffTicult•@since•@alkanes

are•@insulators•C•@it•@is•@actual•@ly•@possible•D•@For•@example•C•@alkyl•@chain•@of•@the•@liquid•@crystals•@are

observed•@as•@seen•@above•D•@McGonigal•@et•@al•D•@reported•@the•@structure•@of•@the•@2D•@crysta1•@of•@n•|

alkanes•@•iC32H66•j•@in•@iso•|octane•@and•@n•|decane•@on•@graphite•@•iFig•D•@1•|7a•j•D28•@The•@STM•@image

clearly•@showed•@that•@the•@rods•@are•@arranged•@in•@rows•@and•@these•@rods•@were•@assigned•@to•@be•@nˆê

C32H66•D•@The•@molecular•@axis•@is•@perpendicular

to•@the•@molecular•@row•D•@The•@STM•@image•@also

shows•@the•@apparent•@atomic•@structure•C•@i•De•D•C

small•@spots•@are•f•@overlapped•@in•@the•@rod•@structure•D

These•@spots•@do•@not•@correspond•@to•@the•@atomic

structure•@of•@C32H66•@but•@correspond•@to•@the

Iattice•@of•@the•@graphite•@surface•D•@This•@result

indicates•@that•@the•@electronic•@structure•@of•@the

graphite•@surface•@is•@imaged•@through•@the•@alkane

2D•@crysta1•@and•C•@therefore•C•@the•@molecular•@orbita1

b

w
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚º•`—“

of•@the•@alkanes•@is•@not•@mixed•@with•@that•@of•@the•@Figure•@1•|7•D•@•ia•j•@STM•@image•@of•@graphite•@surface

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@covered•@with•@C32H66•@and•@•ib•j•@the•@model•Dza

graphite•@surface•D•@This•@seethrough•@effect•@is

reported•@in•@the•@STM•@imaging•@of•@other•@molecules•@physisorbed•@on•@the•@graphite•@surface•D•@The

accurate•@determination•@of•@the•@registry•@of•@the•@molecules•@to•@the•@surface•@is•@possible•@by•@using

this•@effect•@and•@it•@is•@clear•@that•@alkanes•@are•@commensurate•@with•@the•@graphite•@lattice•@and•@the

molecular•@axes•@are•@parallel•@to•@the•@main•@axis•@of•@the•@graphite•@lanice•@as•@shown•@in•@Fig•D•@1•|7b•D
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There•@are•C•@however•C•@some•@reports•@which

describe•@that•@the•@alkanes•@formed•@an

incommensurate•@lattice•@on•@the•@graphite•D29

•@•@The•@observation•@of•@the•@real•@internal

atomic•@structure•@of•@alkanes•@was•@reported

by•@Claypool•@et•@al•D29•@They•@observed•@the

C3sH72•@adlayer•@in•@phenyloctane•@on

graphite•@with•@high•@gap•@impedance•@•ibias

voltage•@was•@1•D2•@V•@and•@tunneling•@current
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The•@STM•@image•@shown•@in•@F‡s”^1•E8•B•@STM•@image•@of•@graphite•@covered•@with
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closely•@correspond•@to•@the•@positions•@of•@the•@35•@upward•|facing•@hydrogen•@atoms•@in•@the•@alkane

chains•D•@in•@each•@alkane•@rod•D
•@•@•@•@•@•f

•@•@Watel•@et•@al•D•@reported•@the•@formation•@of•@the•@second•@layer•@of•@alkanes•@in•@saturated•@decane

solution•@of•@C36H74•@on•@graphite•@•iFig•D•@1•|9•j•D30•@The•@center•@region•@of•@Fi•@g•D•@1•|6a•@is•@assigned•@to

the•@first•@layer•@of•@C36H74•@surrounded•@by•@a•@second•@layer•@of•@C36H74•D•@The•@molecular•@row•@of

the•@second•@layer•@i•@s•@rotated•@by•@600•@with•@respect•@to

the•@one•@of•@the•@first•@layer•@•iFig•D•@1•|9b•j•D•@It•@is

apparent•@that•@the•@first•@layer•@of•@alkanes•@i•@s•@not•@a

precursor•@of•@the•@bulk•@crystal•@as•@the•@bulk•@crystal

of•@the•@alkanes•@consists•@of•@parallel•@stacking•@of

the•@molecular•@layers•D•@The•@formation•@of•@the

rotated•@second•@layer•@is•@explained•@as•@follows•D

Although•@the•@parallel•@overlayer•@should•@be

favorable•@when•@considering•@the•@total•@adsorption

energy•C•@the•@hi•@ghest•@adsorption•@energy•@for•@a

singlem•E1ecule•@is•@achieved•@when•@the•@m•EleculežO’µ—wC’‚H•—•j—H—H•B—£e
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C24H30•@in•@phenyloctane•D31

600•@as•@molecules•@do•@not•@cross•@the

trough•@of•@the•@first•@layer•@and•@al•@l•@of•@the

hydrogens•@of•@the•@molecule•@are•@able•@to

interact•@with•@the•@ones•@of•@the•@first•@layer•D

As•@a•@result•C•@the•@rotated•@overlayer•@is

formed•@probably•@because•@the•@molecule•C

which•@does•@not•@cross•@the•@trough•@of•@the

first•@layer•C•@acts•@as•@a•@nucleation•@center•D

Askadskaya•@and•@Rabe•@observed•@the

phase•@transitions•@of•@the•@2D•@crystal•@of

C24Hso•@in•@phenyloctane•@on•@a•@graphite

surface•D31•@An•@STM•@image•@obtained•@at

room•@temperature•@showed•@highly

ordered•@molecular•@arrangement•@•iFig•D•@1ˆê

10a•j•D•@A•@small•@dynamic•@roughening•@of•@the•@lattice•@of•@the•@alkane•@was•@observed•@upon•@heating

to•@30eC•@•iFig•D•@1•|10b•j•D•@Further•@heating•@to•@400C•@caused•@a•@continuous•@increment•@in•@roughness

•iFig•D•@1•|10c•j•D•@The•@elongated•@molecular•@feature•@is•@due•@to•@the•@high•@mobility•@of•@the•@molecules

compared•@to•@the•@scan•@speed•@of•@the•@tip•D•@At•@450C•C•@no•@molecular•@structure•@was•@observed•@•iFig•D

1•|10d•j•D•@The•@other•@type•@of•@phase•@transition•@is•@observed•@in•@neat•@C24Hso•D•@The•@STM•@image

•iFig•D•@1•|11a•j•@shows•@the•@graphite•@lattice•@and•@superimposed•@straight•@lines•@with•@a•@separation

equal•@to•@the•@width•@of•@the•@alkane•D•@The•@orientation•@of•@the•@lines•@was•@the•@same•@as•@one•@of•@the

molecular•@rows•@in•@the•@ordered•@alkane•@lattice•@such•@as•@seen•@in•@Fig•D•@1•|10a•D•@Therefore•C•@the•@line

structure•@i•@s•@attributed•@to•@the•@edge•@of•@the•@molecular•@row•@and•@the•@molecules•@are•@supposed•@to

diffuse•@along•@the•@molecular•@rows•D•@The•@molecules•@are•@not•@imaged•@as•@the•@mobility•@of•@the

molecules•@within•@the•@molecular•@row•@is•@too•@high•@compared•@to•@the•@scanning•@speed•@of•@the

STM•D•@The•@different•@mechanism•@of•@the•@phase•@transition•@in•@phenyloctane•@and•@neat•@liquid•@is

explained•@as•@follows•D•@ln•@phenyloctane•C•@creation•@of•@the•@short•|lived•@free•@space•@due•@to•@the

conformational•@defects•@of•@al•@kanes•@may•@frequently•@occur•@and•C•@as•@a•@result•C•@molecular
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disorder•@along•@the•@molecular•@axis•@is•@dominant•@while•@the•@free•@space•@is•@not•@formed•@in•@the

neat•@liquid•D

•@•@When•@the•@alkyl•@chain•@is•@longer•C•@C•@l•@g2H3s6•C•@no•@ordered•@structure•@was•@observed•@at•@room

temperature•D•@However•C•@a•@panially•@ordered•@monolayer•@was•@observed•@•iFig•D•@1•|11b•j•@at•@65eC•D

This•@phase•@is•@named•@columnar•C•@since•@it•@exhibits•@good•@ordering•@between•@the•@molecules•C

while•@the•@end•@of•@the•@molecules•@could•@not•@be•@identified•D

c•D Alkane•@derivatives

Claypool•@and•@Cyr•@et•@al•D•@observed•@a•@series•@of•@alkane•@derivatives•D29•C32•C33•@Functional

groups•@imaged•@by•@them•@include•@halides•@•iE•@CI•C•@Br•C•@1•j•C•@amines•C•@alcohols•C•@nitriles•C•@alkenes•C

alkynes•C•@ethers•C•@thioethers•C•@disulfides•@and•@thiols•@and•@representative•@results•@are•@shown•@in

Fig•D•@1•|12•D•@1•C•@SH•@and•@NH•@groups•@are•@imaged•@as•@spots•@brighter•@than•@the•@alkanes•@while•@Br•C•@Cl

and•@OH•@are•@darker•D•@Functional•@groups•@are•@distinguishable•@from•@each•@other•@except•@for•@Cl

and•@OH•D•@The•@relationship•@between•@the•@imaging•@contrast•@and•@ionization•@potential•@is

observed•D29•@lt•@is•@qualitatively•@explained•@as•@follows•D•@lf•@the•@energy•@level•@of•@the•@molecular

orbital•@is•@pinned•@relative•@to•@the•@Fermi•@level•@of•@the•@graphite•@substrate•C•@the•@location•@of•@the

MOs•@will•@be•@closer•@to•@the•@Fermi•@level•@of•@the•@graphite•@when•@the•@ionization•@potential•@is

lower•D•@As•@a•@result•C•@the•@contribution•@of•@the•@MOs•@in•@the•@tunneling•@process•@becomes•@large•@and

it•@was•@imaged•@as•@the•@brighter•@spot•@in•@the•@STM•@images•D•@Faglioni•@et•@al•D•@canied•@out•@a

computer•@simulation•@based•@on•@this•@idea•@and•@it•@showed•@qualitative•@agreement•@with•@the
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crysta1•@with•@a•@chiral•@center•@was•@reported•@by•@Walba

et•@al•D35•@They•@observed•@a•@chiral•@crystalline•@structure

of•@4•m•iR•CR•jˆê•i2•C3•|epoxyhexyl•joxy•nˆêphenyl•@4ˆê•m•iS•jˆê

•i3•C7•|dimethyloctyl•joxy•nbenzoate•@•iFig•D•@1•|13a•j•@on

graphite•@as•@shown•@in•@Fig•D•@1ˆêˆê13b•@while•@the•@internal

structure•@of•@the•@molecules•@was•@not•@vi•@sible•D•@Recent

progress•@in•@STM•@imaging•@enables•@one•@to•@image•@the

atomic•@structure•@of•@the•@molecules•@and•@there•@are
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the•@chirality•@of•@individual•@molecules•@is•@canied

out36•|38

1•|3•|3•@Structure•@of•@Two•|dimensional•@Ordered•@Organic•@Molecular•@Layers•@in
Electrolyte•@Solutions

After•@the•@pioneering•@work•@of•@Tao•@et•@al•D39•C•@STM•@investigations•@of•@organic•@compounds•@at

the•@electrolyte•^metal•@electrode•@interface•@under•@potential•@control•C•@i•De•D•C•@electrochemical

conditions•C•@have•@been•@canied•@out•@while•@there•@are•@no•@reports•@on•@the•@organic•@liquid•^metal

interface•D3b•@The•@resolution•@of•@the•@STM•@image•@obtained•@under•@electrochemical•@conditions•@i•@s
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•@•@•@•@•@HYDROXYLATI•@D•@SURŒËACE
ss•@ssss

•@•@•@•@•@•@•@•@•@•@•@•@Surface

•@•@•@•@•@•@Fig•D•@1•|16•@Shi•@matic•@view•@of•@the•@structure•@of•@the•@SAMs•@•ia•j•@in•@general•C•@•ib•j•@of•@organosilicon

•@•@•@•@•@•@•@and•@•ic•j•@of•@al•@kanethiols•@•D

the•@backbone•@of•@the•@molecule•@in•@many•@cases•@and•@the•@van•@der•@Waals•@interaction•@between•@the

alkyl•@chain•@is•@one•@of•@the•@origins•@of•@the•@two•@dimensional•@order•@and•@rigidness•@of•@the•@SAM•D

The•@backbone•@group•@i•@s•@al•@so•@important•@for•@achieving•@an•@ordered•@arrangement•@of•@the

functional•@groups•@in•@the•@venical•@direction•@from•@the•@surface•D•@The•@SAM•@is•@widely•@studied

since•@it•@is•@stable•C•@fiexible•@in•@the•@design•@and•@easy•@to•@form•D•@The•@proper•@design•@of•@the•@surface

group•@enables•@one•@to•@control•@the•@surface•@wetting•C•@electron•@transfer•@process•@and•@chemical

activity•C•@and•@the•@application•@field•@of•@the•@SAM•@includes•@the•@construction•@of•@sensors•C

biocompatible•@surfaces•@and•@molecular•@devices•D•@There•@are•@two•@representative•@practical•@SA

systems•D•@One•@system•@is•@organosilicon•@on•@hydroxylated•@surfaces•@•iSiO2•@on•@Si•C•@A1203•@on•@Al•C

glass•@etc•D•C•@Fig•D•@1•|16b•j•@and•@the•@other•@is•@organo•|thiols•@on•@metals•@•igold•C•@silver•@and•@copper•C

Fig•D•@1•|16c•j•D8•C9•C44

•@•@•@The•@SAMs•@of•@alkanethiols•@and•@their•@derivatives•@on•@a•@Au•i111•j•@surface•@are•@the•@most

extensively•@studied•@systems•@and•@we•@focus•@on•@this•@system•@in•@the•@following•@sections•D•@The

•@•@Talble•@1•E1•D•@Functions•@and•@chemical•@groups•@in‰¾oduced•@to•@SAMs•D

Function Group

Electrochemical•@Activity

Photoelectrochemical•@Activity

Optical•@Acti•@vity

Wettability•@Control

Ferrocene•C47•@Quinone•C48•@Ru•iHN3•j62•{•@49

Porphiri•@ne•C50•@Ru•ibpy•j32•{•@51

Ferrocenyl•|nitrophenyl•|ethylene•C52

axobenzene53

cooH•C54•@oH•C54•@cH3•C55•@NH356
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representative•@functions•@introduced•@on•@the•@Au•i111•j•@surface•@by•@the•@SAMs•@are•@listed•@in

Table•@1•|1•D•@The•@SAMs•@of•@alkanethiols•@are•@prepared•@by•@the•@immersion•@of•@the•@gold•@substrate

into•@a•@ˆêvmM•@solution•@of•@alkanethiols•@in•@a•@solvent•@for•@minutes•@to•@hours•D•@The•@growth•@process

of•@the•@SAM•@of•@alkanethiols•@and•@their•@derivatives•@in•@solution•@was•@investigated•@in•@situ•@using

a•@quartz•@crysta1•@microbalance•C57•@surface•@plasmon•@resonance•@spectroscopy58•@and•@second

harmonic•@generation•@measurement59•@The•@results•@of•@these•@investigations•@showed•@that•@the

growth•@process•@of•@the•@SAM•@of•@an•@alkanethiol•@is•@divided•@into•@two•@processes•C•@the•@initially

faster•@and•@the•@following•@slower•@one•D•@The•@ex•@situ•@IR•@study•@showed•@that•@the•@SAM•@of•@the

alkanethiols•@becomes•@more•@slid•|like•@as•@the•@immersion•@time•@is•@increased•@and•C•@therefore•C•@the

second•@slower•@process•@i•@s•@assigned•@to•@the•@rearrangement•@of•@the•@SAM•D60

•@•@•@1n•@the•@following•@sections•C•@results•@of•@the•@structural•@investigation•@of•@the•@SAM•@of•@organo•|

thoils•@on•@a•@Au•i111•j•@surface•@by•@STM•@are•@briefly•@reviewed•D

1•|4•|2•@STM•@lnvestigation•@of•@the•@Structure•@of•@the•@SAMs

a•D•@Alkanethiols

•@•@It•@is•@known•@from•@diffraction•@studies•@that•@the•@alkanethiols•@are•@closely•@packed•@and

basically•@arranged•@in•@the•@•iV3xV3•jR30e•@structure•@on•@a•@Au•i111•j•@surface61•@while•@the

existence•@of•@a•@superstructure•@called•@nV3•@xV3•@was•@also•@reported•@•iFig•D•@1•|17a•j•D62•@ln•@addition•C

IR•@measurements•@showed•@that•@the•@molecular•@axis•@is•@tilted•@from•@the•@surface•@normal•@by•@ca•D

30e•@and•@the•@plane•@formed•@by•@the•@carbon•@skeleton•@forrns•@a•@heningbone•@structure•@•iFig•D•@1•|

17b•j•D63

•@•@Although•@early•@STM•@investigations•@showed•@the•@spots•@which•@correspond•@to•@the

arrangement•@of•@the•@•iV3•@xV3•jR300•@structure•C•@the•@destruction•@of•@the•@SAM•@frequently•@occurred

during•@the•@imaging•D64•@Non•|destructive•@STM•@imaging•@became•@possible•@by•@the•@measurement

with•@a•@high•@gap•@impedance•@•itunneling•@current•@is•@NpA•@and•@bias•@voltage•@is•@ca•D•@1•@V•j•D65•@Figure

1•|17c•@shows•@a•@typical•@STM•@image•@of•@the•@Au•i111•j•@surface•@covered•@with•@the•@SAM•@of•@an

alkanethiol•@•idodecanethiol•j•D65a•@Pits•@and•@missing•@rows•@running•@between•@the•@pits•@are•@visible•D
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Fig•D•@1•|17•@•ia•j•@Model•@of•@molecular•@arrangement•D•@The•@line•@in•@the•@circle

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@represents•@the•@direction•@of•@the•@Cˆê•EC•|C•@plane•D6•ea•@•ib•j•@Shi•@matic•@v•@iew•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@confi•@guration•@of•@the•@alkanethiols•@in•@the•@SAM•D•@em•C•@the•@tilt•@angle•@of•@the

•@•@•@•@•@•j•f•@molecule•@is•@ca•D•@30e•C•@•‘t•C•@the•@twist•@angle•@of•@the•@carbon•@skeleton•@with
•@•@y•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@respect•@to•@the•@molecular•@axis•C•@i•@s•@550•@and•@x•@is•@140•@away•@from•@the•@NN

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@direction•D•ha•@•ic•j•@Typical•@STM•@inage•@of•@the•@Au•i111•j•@surface•@cov•@ered

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@with•@SAM•@of•@dodecanethiol•@in•@UHV•D6S•f

The•@pit•@is•@attributed•@to•@a•@depression•@in•@the•@gold•@substrate•@since•@the•@molecular•@arrangement

is•@also•@visible•@in•@the•@pit•@and•@the•@depth•@of•@the•@pit•@is•@the•@same•@as•@one•@of•@the•@monoatomic•@steps

of•@the•@gold•@surface•D66•@These•@pits•@are•C•@therefore•C•@called•@vacancy•@islands•@•iVls•j•@of•@the•@gold

surface•D•@The•@mi•@ssing•@row•@i•@s•@attributed•@to•@the•@domain•@boundary•@of•@the•@SAM•D67•@The

magnified•@image•@of•@a•@fiat•@region•@show•@s•@spots•@which•@are•@arranged•@in•@the•@•iV3•@xV3•jR300

structure•@and•C•@thus•C•@the•@arrangement•@of•@the•@alkanethiols•@is•@imaged•@•iFig•D•@1•|17c•C•@inset•j•D•@There

are•@subtle•@and•@ordered•@hei•@ght•@differences•@among•@the•@molecules•D•@The•@structure•@of•@the

molecular•@arrangement•@considering•@this•@height•@difference•@is•@denoted•@as•@4V3x2V3•@or•@c•i4x2•j

of•@the•@•iv•i3xV•i3•jR300•C•@which•@is•@consistent•@with•@the•@structure•@reported•@in•@the•@early•@diffraction

studies•D62•@There•@were•@cases•@when•@different•@structures•@but•@in•@the•@same•@notation•C•@4V3•@x2V3•C

were•@imaged•@in•@the•@STM•@although•@it•@is•@possible•@to•@attribute•@it•@to•@a•@tip•@artifact•D65c

•@•@It•@is•@known•@that•@Vls•@of•@the•@gold•@surface•@undergo•@Ostwald•@ripening•C68•@and•@appropriate

annealing•@results•@in•@reducing•@the•@number•@of•@Vls•@since•@Vls•@are•@merged•@with•@the•@steps•@of•@the

gold•@substrate•D69•@The•@mechanism•@of•@the•@construction•@of•@Vls•@of•@the•@gold•@surface•@is•@still•@not

clear•@while•@three•@mechanisms•C•@the•@chemical•@etching•@of•@the•@gold•@due•@to•@alkanethiols•C70•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@20

compression•@of•@the•@surface•@lattice66b•@and•@ejection•@of•@the•@excess•@amount•@of•@gold•@atoms•@than

that•@expected•@during•@the•@l•@ifting•@of•@the•@reconstruction•@of•@the•@gold•@surface71•@during•@the

adsorption•@of•@the•@alkanethiols•C•@are•@proposed•D

•@•@Camillone•@et•@al•D•@reported•@that•@the•@SAM•@of•@alkanethiols•@shows•@a•@stripe•@phase•@when•@the

coverage•@is•@low•D72•@ln•@addition•C•@Poirier•@and•@Pylant•@investigated•@the•@growth•@process•@of•@the

SAM•@of•@alkanethiols•@on•@Au•i1•@1•@1•j•@in•@UHV•D73•@Although•@their•@report•@was•@not•@directly•@related

with•@the•@molecular•@layer•@at•@the•@solid•^liquid•@interface•C•@their•@result•@is•@reviewed•@here•D•@Figure

1•|18•@sequentially•@shows•@the•@STM•@images•@obtained•@during•@the•@exposure•@of•@hexanethiol•@in

UHV•D•@The•@herringbone•@structure•@of•@the•@Au•i111•j

surface•@is•@visible•@before•@the•@exposure•@of•@the

hexanethiol•@•iFig•D•@1•|18a•@and•@see•@section•@1•|5•j•D•@The

deformation•@of•@the•@herringbone•@structure•@occurred

with•@the•@short•@time•@duration•@after•@the•@exposure•@of

the•@hexanethiol•@was•@started•D•@The•@ordered•@structure

due•@to•@the•@molecules•@were•@not•@visible•@in•@this•@stage•D

The•@deformation•@of•@the•@reconstruction•@shows•@a

surface•@pressure•@due•@to•@the•@molecules•D•@The•@stripe

structure•@was•@constructed•@in•@the•@hcp•@region•@of•@the

gold•@s•@urface•@after•@further•@exposure•@of•@the

molecules•@and•@Vls•@of•@the•@gold•@surface•@were•@also

formed•@•iFig•D•@1•|18b•j•D•@The•@stripe•@phase•@is•@assigned

to•@the•@structure•@formed•@by•@the•@molecules•@whose

molecular•@axis•@is•@parallel•@to•@the•@surface•@plane•D•@As

the•@time•@passed•C•@the•@stripe•@phase•@spread•@and

deformation•@of•@the•@reconstruction•@of•@the•@gold

surface•@proceeded•D•@After•@the•@surface•@was

covered•@with•@the•@stripe•@phase•C•@islands•C

consist•@of•@molecules•@in•@stand•@up•@form•@showing•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@21

fully•@Fig•D•D•@1•|18•@STM•|iiTiage•@of•|A•g•i•I11ˆê•j•Dˆêe•Dsl•Hoss•C•o•D•I

•@•@•@•@•@to•@the•@vapor•@of•@hexanethiol•@i•@n•@UHV•D•@•ia•j

which•@Bare•@Au•i111•j•@surface•D•@After•@600•@•ib•j•@1000

•@•@•@•@•@•ic•@and•@d•j•@Langmuires•@exposure•DB
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Fig•D•@1•|19•@•ia•j•@STM•@image•@of•@Au•i111•j•@covered•@with•@the•@stripe•@phase•@of•@decanethiol•@obtained•@in•@UHV•D

•ib•j•@the•@model•@for•@the•@STM•@image•D•f•e

•iV3•@xV•i3•jR30e•@structure•C•@were•@formed•@•iFi•@g•D•@1•|18c•j•D•@The•@i•@slands•@grew•@with•@time•@•iFi•@g•D•@1•|18d•j

and•@finally•C•@the•@surface•@was•@covered•@with•@the•@i•@slands•C•@i•De•D•C•@the•@monolayer•@formation•@was

completed•D•@This•@study•@showed•@that•@the•@surface•@lateral•@pressure•@plays•@an•@important•@role•@in

the•@formation•@of•@the•@SAM•D•@lt•@i•@s•@al•@so•@reported•@that•@the•@stripe•@phase•@i•@s•@formed•@after•@the

modification•@in•@very•@dilute•@•i•DˆêptM•j•@sol•@ution•@i•@n•@a•@short•@time•D•@The•@structure•@of•@the•@stri•@pe

structure•@was•@not•@distinctly•@determined•@since•@only•@bŽ²t•@lines•@or•@spots•C•@which•@should

correspond•@to•@the•@thiol•@group•C•@were•@imaged•D•@Staub•@et•@al•D•@succeeded•@in•@STM•@imaging•@of•@the

alkyl•@chains•@between•@the•@bright•@stripe•@line•@as•@shown•@in•@Figs•D•@1•|19a•@and•@b74•@and•@it•@is•@now

obvious•@that•@the•@stripe•@structure•@consists•@of•@the•@alkanethiols•@whose•@molecular•@axis•@i•@s

parallel•@to•@the•@surface•D•@However•C•@several•@different•@stripe•@structures•@are•@reported75•@and•@the

structure•@of•@the•@stripe•@phases•@is•@not•@completely•@understood•D

b•D•@Alkanethiol•@derivatives

•@•@An•@STM•@image•@of•@the•@Au•i111•j•@surface•@covered•@with•@the•@SAM•@of•@pyridinethiol•@•iFig•D•@1•|

20a•j•C•@which•@i•@s•@known•@to•@promote•@the•@electrochemical•@reaction•@of•@metalloproteins•@such•@as

cytochrome•@c•C•@is•@shown•@in•@Fig•D•@1•|20b•D79•@lt•@was•@obtained•@in•@50mM•@HCIO4•@solution•@under

potential•@control•D•@The•@ladder•|like•@structure•@is•@attributed•@to•@the•@arrangement•@of•@the

dimerized•@PySH•@•iPySSPy•j•D•@The•@SAM•@formed•@by•@PySSPy•@showed•@the•@same•@structure•D

•@•@The•@structure•@of•@SAMs•@of•@aromatic•@thiols•C•@which•@are•@expected•@to•@possess•@an•@electric

conduction•@ability•C•@is•@also•@observed•@by•@STM•D80•@The•@STM•@image•@of•@the•@Au•i111•j•@surface

covered•@with•@the•@SAM•@of•@the•@aromatic•@thiol•@•iFig•D•@1•|21a•j•@is•@shown•@in•@Fig•D•@1•|21b•D•@The

molecules•@are•@arranged•@in•@the•@•iV3xV3•jR300•@structure•D

•@•@Mesoscopic•@patterns•@are•@al•@so•@constructed•@by•@the•@SAM•@of•@the•@thiol•@derivatives•D

Nakamura•@et•@at•D•@reported•@that•@a•@honeycomb•@structure•@i•@s•@forrned•@by•@the•@SA•@of•@1•C8•|Bis•i5•|

mercaptomethyl•|2•|thienyl•joctane•@•iFig•D•@1•|22a•j•@as•@shown•@in•@Fig•D•@1•|22b•@while•@the•@molecular

arrangement•@is•@not•@clear•D81•@Ohtani•@et•@al•D•@reported•@that•@the•@2D•@chiral•@molecular

arrangement•@i•@s•@constructed•@by•@the•@SA•@of•@1•C1•fˆêbinaphthalene•|2•C2Ldithiol•@•iFig•D•@1•|23a•G

BNSH•j•D82•@Figures•@1•|23b•@and•@c•@show•@the•@STM•@image•@of•@the•@SAM•@of•@•iR•jˆê•@and•@•iL•jˆê•@BNSH•C
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•@•@While•@the•@most•@characteristic•@point•@of•@the•@SAM•@is•@that•@functional•@groups•@can•@be

arranged•@in•@an•@ordered•@manner•@on•@the•@surface•C•@the•@STM•@imaging•@of•@the•@SAM•@of

functionalized•@alkanethiols•@is•@still•@difficult•@probably•@because•@the•@surface•@with•@functional

groups•@is•@easy•@to•@be•@contaminated•@and•@the•@molecular•@order•@is•@not•@very•@good•D•@The

molecularly•@resolved•@image•@is•@obtained•@on•@the•@SAM•@with•@azobenzene76•@and•@hydroxy

groups•DT

c•D•@Other•@thiol•@derivatives
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Fig•D•@1•|20•@•ia•j•@Structure•@of•@pyri•@dinethiol•@and

its•@dimer•@form•D•@•ib•j•@STM•@image•@of•@the•@SAM

of•@PySH•@or•@PySSPy•@on•@Au•i111•j•@obtained

inO•D05M•@HCIO4•@solution•@at•@O•D8•@V•@vs
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Chapter•@2

Formation•@of•@Phgsisorbed•@Two•|dimensional
•@•@•@•@•@Crystals•@of•@Rlkanes•@on•@Ru•@Surfaces

2•|1•@lntroduction

•@•@Organic•@thin•@films•@of•@single•@molecular•@thickness•@at•@the•@solid•^liquid•@interface•@play

important•@roles•@in•@many•@phenomena•@such•@as•@crysta1•@growth•C•@lubrication•C•@wetting•@and

chemical•@reactions•D•@ln•@addition•C•@formation•@of•@a•@well•|ordered•@molecular•@layer•@on•@the•@surface

is•@a•@key•@step•@in•@the•@construction•@of•@molecular•@devices•@and•@self•|assembly•@•iSA•j•@and•@the

Langmuir•|Blodgett•@•iLB•j•@technique•@have•@been•@developed•@for•@this•@purpose•D1•@lt•@is•@essential

to•@understand•@the•@nature•@of•@the•@interaction•@between•@molecules•@and•@surfaces•@for•@the

advanced•@design•@of•@the•@molecular•@layer•D•@n•|Alkanes•@are•@the•@simplest•@but•@very•@important

molecules•@because•@they•@form•@the•@basis•@of•@lipids•C•@surfac‰¾ts•C•@liquid•@crystals•@and•@polymers•D

The•@interaction•@between•@the•@alkylchain•@and•@the•@substrate•@as•@well•@as•@alkylchains•@is•@also

known•@to•@play•@important•@roles•@in•@the•@SA2•C3•@mechanism•C•@and•@it•@is•@important•@to•@investigate

the•@interaction•@between•@alkanes•@and•@meta1•@surfaces•D

•@•@The•@adsorption•@of•@the•@alkane•@on•@a•@metal•@suiface•@was•@studied•@under•@UHV•@conditions•D

Firment•@and•@Somorjai•@showed•@that•@the•@alkanes•@formed•@ordered•@monolayers•@on•@Pt•i111•j4

and•@Ag•i111•j5•@under•@UHV•@conditions•@by•@low•@energy•@electron•@diffraction•@•iLEED•j•D•@ln

addition•C•@the•@physisorption•@of•@alkanes•@has•@been•@studied•@on•@Au•i111•j•C6•@Pt•i111•j•C7•C8•@Pt•i110•j•C9

1r•i110•j•C10•@Cu•i100•j•C11•@Ru•ioo•@1•j•C12•@and•@Cu•i111•j13•@under•@UHV•@conditions•D•@However•C•@the

local•@arrangement•@of•@the•@alkanes•@on•@a•@metal•@surface•@has•@not•@been•@investigated•@in•@contrast

to•@numerous•@reports•@of•@alkane•@adlayers•@on•@graphite•@at•@the•@solid•^liquid•@interface•C1421

although•@studies•@using•@molecular•@dynamics12•C22•f27•@and•@infrared•@spectroscopy28•|32•@under

UHV•@conditions•@have•@been•@canied•@out•@after•@the•@reports•@by•@Firment•@and•@Somorjai•D

Furthermore•C•@the•@structure•@of•@the•@alkane•^metal•@interface•@in•@solution•@was•@not•@investigated•D

The•@formation•@of•@an•@ordered•@layer•@of•@the•@alkanes•@at•@the•@solid•^liquid•@interface•@was•@expected

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@32
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from•@the•@solvation•@force•@measurement33•@which•@showed•@an•@oscillational•@feature•@when•@two

surfaces•@were•@close•@to•@the•@short•@separation•@distance•@•ievnm•j•D•@A•@m•Colecular•@dynamics•@study•@of

the•@confined•@organic•@films•@showed•@the•@periodic•@density•@profile•@of•@alkanes•@in•@a•@direction

normal•@to•@the•@surface•@plane•C34•@supporting•@the•@results•@of•@the•@force•@measurement•D•@The

density•@profile•@in•@the•@direction•@normal•@to•@the•@surface•@plane•@may•@be•@influenced•@by•@the•@two•|

dimensional•@order•@of•@the•@alkanes•@on•@the•@surface•D•@There•@is•C•@however•C•@no•@direct•@structural

information•@on•@the•@two•|dimensional•@order•@of•@the•@alkane•@layer•@on•@the•@surface•D

•@•@In•@this•@chapter•C•@the•@formation•@and•@the•@structure•@of•@the•@ordered•@alkane•@adlayer•C•@i•D•@e•D•C•@the

2D•@crystals•@of•@alkanes•@on•@a•@Au•i111•j•@surface•@in•@neat•@liquids•@were•@investigated•@by•@in•@situ

STM•@measurement•D•D

2•|2•@Experimental

•@•@All•@chemicals•@•iCnH2n•{2•@•F•@n•@•••@12•@ˆê•@17•j•@were•@purchased•@from•@Tokyo•@Chemical•@lndustry

•ipurity•@•F•@•r•@98•@90•j•@and•@were•@used•@without•@funher•@purification•D•@The•@Au•i111•j•@facet•@of•@a•@single

crystalline•@bead•C•@which•@was•@prepared•@by•@the•@Clavilier•fs•@method•C36•@was•@used•@as•@a•@substrate•D

The•@Au•@single•@crystalline•@bead•@was•@fixed•@on•@a•@Pt•@sheet•@and•@placed•@in•@an•@STM•@cell•@after•@a

flame•|annealing•@treatment•D•@The•@iodine•@modification•@was•@canied•@out•@by•@immersing•@the•@gold

substrate•@in•@a•@5•@mM•@aqueous•@solution•@of•@KI•@for•@several•@minutes•D•@The•@STM•@measurements

were•@canied•@out•@using•@a•@PicoSPM•@•iMolecular•@Imaging•j•@controlled•@by•@a•@Nanoscope•@E

•iDigital•@lnstrument•j•@controller•@in•@a•@home•|made•@cell•@in•@Ar•@atmosphere•D•@The•@STM•@tip•@was

made•@of•@a•@Pt•^lr•@•i8•F2•j•@wire•@sharpened•@by•@mechanical•@cutting•D•@A•@small•@amount•@of•@al•@kane

liquid•@was•@put•@in•@the•@cell•C•@and•@STM•@measurements•@were•@canied•@out•@in•@a•@thin•@layer•@of•@neat

alkanes•@at•@room•@temperature•@•iN250C•j•D

2•|3•@Resuks•@and•@Discussions

2•|3•|1•@Formation•@of•@the•@Two•|dimensional•@Crystals•@of•@Alkanes•@on•@Au•i111•j•@Surface

a•D•@Bare•@Au•i111•j•@Surface

Figures•@2•|1•@sh•Ew•@the•@STM•@images•Ef•@a•@Au•i111•jsurface•Eb–Êned•@in•@d•Edecane•iC12H26

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@33

Fig•D•@2•|1•@STM•@images•@of•@Au•i111•j•@surface•@obtained•@in•@C•@12•@•ia•@and•@a•f•j•C•@C•@13•@•ib•@an•@b•f•j•C•@C•@14•@•ic•@an

c•f j•C•@Cls•@•id•@and•@d•f•j•C•@C•@16•@•ie•@and•@e•f•j•@and•@C•@17•@•if•@and•@f•j•D•@Conti•@nued•@to•@the•@next•@page•D
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•iFig•D•@2•|1•@continued•j

C17H3

•F•@C12•C•@a•@and•@a•f•j•C•@tridecane•@•iC13H2s•@•F•@C13•C•@b•@and•@b•f•j•C•@tetradecane•@•iC14H30•@•F•@C14•C•@c•@and•@c•f•j•C

pentadecane•@•iClsH32•@•F•@Cls•C•@d•@and•@d•f•j•C•@hexadecane•@•iC16H34•@•F•@C16•C•@e•@and•@e•f•j•@and

heptadecane•@•iC17H36•@•F•@C17•C•@f•@and•@f•j•D•@The•@paired•@bright•@rows•@forming•@the•@herringbone

structure•@indicated•@by•@an•@arrow•@in•@Fig•D•@2•|la•@were•@observed•@in•@all•@the•@images•D•@They

correspond•@to•@the•@bridging•@sites•@between•@the•@fcc•@and•@hcp•@stacking•@regions•@of•@the

reconstructed•@gold•@surface•@and•@are•@known•@to•@run•@along•@the•@•m1211•@direction•D37•@The

•Brientati•Bnal•@registry•Ef•@the•@g•E1d•@surface•@was•@deteŒŒned•@fr•Em•@this•@s‰¾cture•EThe•@la•uge

scale•@images•@•i50•@x•@50•@mn2•j•@of•@the•@gold•@surface•@in•@the•@even•|numbered•@alkanes•@•iFig•D•@2•|la•C•@c

and•@e•j•@showed•@a•@zigzag•@row•@structure•@except•@for•@the•@image•@obtained•@in•@C12•@in•@addition•@to

the•@heningbone•@structure•D•@First•C•@let•@us•@discuss•@the•@structure•@observed•@in•@C16•@in•@detail•@•iFigs•D

2•|le•@and•@e•f•j•DThe•@magnified•@image•@•i15•@x•@15•@nm2•j•@shown•@in•@Fig•D•@2•|le•f•@revealed•@that•@the

row•@structure•@consisted•@of•@the•@rods•@of•@2•D2•@nm•@long•@which•@were•@separated•@by•@ca•D•@O•D43•@nm

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@35
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from•@each•@other•D•@These•@values•@were•@comparable•@to•@the•@length•@and•@width•@of•@a•@C•@16

molecule•C•@respectively•C•@in•@the•@all•|trans•@conformation•D•@Thus•C•@one•@can•@conclude•@that•@the•@C•@16

molecules•@lay•@on•@the•@Au•i111•j•@surface•@with•@their•@molecular•@axis•@parallel•@to•@the•@surface

plane•@and•@formed•@a•@two•|dimensional•@•i2D•j•@crystal•D•@The•@molecular•@row•@ran•@close•@to•@the

•iOT•@I•n•C•@i•De•D•C•@the•@nearest•@neighbor•@•iNN•j•@atomic•@direction•@of•@the•@Au•i111•j•@surface•D•@The

molecular•@axis•@was•@also•@oriented•@close•@to•@the•@NN•@direction•@of•@the•@gold•@atoms•@because•@the

angle•@formed•@by•@the•@molecular•@axis•@and•@the•@molecular•@row•@was•@ca•D•@60N650•D•@The•@magnified

image•@•i15•@x•@15•@nm2•j•@of•@the•@gold•@surface•@in•@other•@even•|numbered•@alkanes•C•@C•@12•@and•@C•@14•C

•iFigs•D•@2•|la•C•@a•f•C•@c•@and•@c•f•j•@showed•@the•@identical•@molecular•@arrangement•@as•@to•@that•@observed•@in

C16•C•@except•@for•@that•@the•@lengths•@of•@the•@rods•@were•@1•D6•@nm•C•@and•@2•D0•@nm•@for•@C•@12•@and•@C•@14•C

respectively•D

•@•@The•@structure•@of•@the•@reconstructed•@Au•i111•j•@surface•@al•@so•@affected•@the•@orientation•@of•@the

alkanes•D•@ln•@all•@the•@cases•C•@the•@molecular•@axis•@was•@preferentially•@oriented•@close•@to•@the•@NN

direction•@which•@crossed•@the•@bridging•@row•@of•@gold•@reconstruction•@by•@30e•C•@i•De•D•C•@the•@•m110•n•@and

•y0’š1•zdirections•C•@although•@there•@is•@another•@NN•@direction•@which•@crosses•@the•@bridging•@row•@by

900•C•@i•De•D•C•@the•@•mTO•@I•n•@direction•@•iFigs•D•@2•|2a•@and•@b•G•@we•@refer•@to•@the•@former•@and•@the•@Iatter•@as

NN•i30•j•@and•@NN•i90•j•C•@respectively•j•D•@The•@infiuence•@of•@the•@surface•@corrugation•@due•@to•@the

reconstruction•@of•@the•@gold•@surface•@was•@apparent•@in•@the•@image•@shown•@in•@Figs•D•@2•|3•@which•@was

obtained•@in•@C•@16•D•@The•@domain•@boundary•@of•@the•@molecular•@rows•@was•@formed•@following•@to•@the

a

e

b

Fig•D•@2•|2•@Schematic•@model•@of•@the•@reconstructed•@gold•@surface•@and

relative•@arrangement•@of•@alkanes•D•@•ia•j•@NN•i30•j•@and•@•ib•j•@NN•i90•j•D
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•@•@•@•@•@•@•@•@•@•@•@ŠA2•E3An•@STM•@imag•E•Ef•@Au•i111•j•Eurface•@in•@C16•@whi•Eh•Eh•Ew•Ethe

•@•@•@•@•@•@•@•@•@•@•@domain•@boundary•@of•@the•@alkane•@structure•@and•@the•@heningbone•@of•@the•@gold

•@•@•@•@•@•@•@•@•@•@•@surface•D

domain•@structure•@of•@the•@herringbone•@structure•@of•@the•@gold•@surface•@•isee•@the•@center•@of•@the

figure•j•D•@On•@the•@contrary•C•@the•@domain•@of•@the•@molecular•@row•@continued•@over•@the•@step•@on•@the

gold•@substrate•@when•@the•@domain•@of•@the•@herringbone•@structure•@also•@continued•@beyond•@the

step•D•@The•@preferential•@orientation•@of•@the•@molecular•@axis•@to•@NN•i30•j•@can•@be•@explained•@by

considering•@the•@corrugation•@of•@the•@gold•@surface•D•@The•@winding•@of•@the•@gold•@surface•@is•@less•@in

NN•i30•j•@•iFig•D•@2•|2a•j•@than•@that•@in•@NN•i90•j•@•iFig•D•@2•|2b•j•C•@and•@it•@should•@be•@unfavorable•@to•@adapt

the•@molecular•@skeleton•@to•@the•@NN•i90•j•@direction•D

The•@de–Ê1ed•@analyses•Efthe•@STM•@image•@sh•Ewed•@thatthe•@directi•En•Efthe•@m•Elecular•@axis

slightly•@changed•@by•@12•@•hˆê•@150•@when•@the•@direction•@of•@the•@molecular•@row•@changed•@as•@shown•@in

Fig•D2•D4•C•Ewhich•Ewas•Ebtained•@in•@C14•D•@lf•@the•@m•E1ecular•@axis•@is•@al•Eng•@the•m1’šO•z•@direction•E•@the

direction•@of•@the•@molecular•@axis•@should•@be•@the•@same•C•@and•@thus•@the•@molecular•@axis•@was•@tilted

slightly•@from•@the•@NN•@direction•C•@probably•@by•@half•@of•@the•@angle•@between•@the•@molecular•@axes

in•@the•@two•@regions•C•@i•De•D•C•@6•@rv•@7•D50•C•@and•@the•@molecular•@arrangement•@is•@not•@commensurate•@with

the•@gold•@surface•D

The•@2D•@crystals•@but•@with•@a•@different•@molecular•@row•@structure•@were•@observed•@when•@the

STM•@measurement•@was•@canied•@out•@in•@the•@odd•|numbered•@alkanes•C•@C13•C•@Cls•@and•@C17•C•@as

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@37

Fig•D•@2•|4•@An•@STM•@image•@of•@the•@Au•i111•j•@surface•@in•@C•@14•D

shown•@in•@Fig•D•@2•|lb•C•@b•f•C•@d•C•@d•f•C•@f•C•@and•@f•C•@respectively•D•@Let•@us•@discuss•@the•@structure•@observed•@in

C17•@in•@detail•@•iFigs•D•@2•|lf•@and•@f•j•D•@ln•@contrast•@to•@the•@case•@of•@the•@even•|numbered•@alkanes•C•@the

strai•@ght•@rows•@ran•@in•@the•@•i•nJ7•^2•n•C•@i•De•D•C•@the•@next•|nearest•@neighbor•@•iNNN•j•C•@direction•@of•@the•@gold

surface•@•iFig•D•@2•|lf•j•D•@The•@magnified•@image•@shown•@in•@Fig•D•@2•|lf•@showed•@that•@the•@row•@structure

again•@consisted•@of•@rods•@of•@2•D3•@nm•@length•@and•@the•@angle•@formed•@by•@the•@molecular•@row•@and

molecular•@axis•@was•@ca•D90•B•C•@indicating•@that•@the•@molecular•@axis•@was•@oriented•@in•@the•y1’šO•n

direction•C•@i•De•D•C•@the•@NN•@direction•@of•@the•@gold•@surface•D•@The•@magnified•@image•@of•@the•@gold

surface•@in•@other•@odd•|numbered•@alkanes•C•@C•@13•@and•@C•@l•@s•C•@showed•@an•@identical•@molecular

arrangement•@to•@that•@observed•@in•@C•@17•@except•@for•@the•@molecular•@lengths•C•@which•@were•@1•D8•@nm

and•@2•D4•@nm•@in•@C•@13•@and•@C•@ls•C•@respectively•C•@as•@shown•@in•@Figs•D•@2•|lb•f•@and•@d•f•D

•@•@The•@above•@results•@clearly•@showed•@that•@2D•@crystals•@of•@alkanes•@were•@formed•@on•@the

Au•i111•j•@surface•@in•@neat•@liquid•@and•@that•@their•@structure•@was•@odd•|even•@dependent•@As

summarized•@in•@Table•@2•|1•C•@the•@molecular•@row•@ran•@in•@the•@NN•@and•@the•@NNN•@direction•@when

the•@carbon•@number•@was•@even•@and•@odd•C•@respectively•C•@while•@the•@molecular•@axis•@was•@close•@to

the•@NN•@direction•@regardless•@of•@the•@carbon•@number•D•@Figures•@2•|5a•C•@b•@show•@the•@proposed

model•@structures•@of•@the•@2D•@crystal•@s•@of•@evenˆê•@and•@odd•|numbered•@alkanes•C•@respectively•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@38

ŠØ•@•f •D‹PåMŒr•—•@Šš’••A•D•@•B•A

•“•÷•D–Q•E•E •D’±’L
•@•@•Æ•A
•@•@•A•D•@•D•@Ž¢•C•@•@•@ll

•@•@•@•@•@•@•@‚«‚¨

‰T“å“år å“?•A“«
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ŽŠ‰g•u’u•E•eL•Dr•D

•@•@•@Žà•@•@•|•@•@•@•@•@•@•@•@•@•A

ŽÆ•@•Q•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•Q•{

’û“C



Table•@2•|1•@S•@ummary•@of•@the•@structure•@of•@the•@2D•@crystal•@of•@alkanes•@on•@Au•i1•@1•@1•j•D

n•F•iCnH2n•{2•j Direction•@of•@the•@molecular•@row

Angle•@fo‡oed•@by•@molecular•@axis•@and
•‚•‚Œ‚?‚ƒ‚•‚Œ‚•‚’•@row•idirection•@of•@the•@molecular

•‚?‚‰‚“•j

12 NN about•@60•iNN•j

13 NNN 90•iNN•j

14 NN about•@60•iNN•j

15 NNN 90•iNN•j

16 NN about•@60•iNN•j

17 NNN 90•iNN•j

These•@models•@were•@constructed•@based•@on•@the•@STM•@images•@and•@considering•@the•@structures

of•@2D•@crystals•@of•@alkanes•@on•@other•@metal•@surface•@previously•@reported•@under•@UHV

conditions•D•@The•@difference•@in•@the•@structure•@of•@the•@2D•@crystal•@between•@the•@oddˆê•@and•@even•|

numbered•@alkanes•@may•@arise•@from•@the•@difference•@in•@the•@symmetry•@of•@the•@molecule•@which•@is

determined•@by•@the•@direction•@of•@the•@terminal•@methyl•@group•@as•@shown•@by•@arrows•@in•@Fig•D•@2•|5

•idiscussed•@later•@in•@detail•j•D•@Considering•@the•@close•@packing•@structure•@of•@the•@even•|numbered

alkanes•C•@the•@two•@models•@can•@be•@constructed•@as•@shown•@in•@Figs•D•@2•|5a•@and•@a•f•D•@Apparently•C•@the

observed•@structure•@was•@similar•@to•@the•@model•@shown•@in•@Fig•D•@2•|5a•D•@The•@molecular•@lanice

shown•@in•@Fig•D•@2•|5a•@was•@formed•@probably•@because•@it•@was•@favorable•@for•@the•@molecular

terminal•@to•@be•@arranged•@in•@the•@NN•@direction•@of•@the•@gold•@surface•D•@A•@very•@similar•@structure

was•@also•@observed•@in•@the•@2D•@crystal•@of•@hexane•@on•@a•@Ag•i111•j•@surface•@in•@UHV•D5•@The•@two

models•@were•@proposed•@for•@the•@2D•@crystal•@of•@the•@odd•|numbered•@alkanes•@shown•@Figs•D•@2•|5b

and•@b•f•D•@The•@molecular•@arrangement•@shown•@in•@Fi•@g•D•@2•|5b•@was•@constructed•@by•@the•@translation

of•@the•@molecular•@row•@while•@the•@neighbor•@row•@was•@inverted•@in•@the•@model•@shown•@in•@Fig•D•@2•|

5b•f•D•@lt•@was•@impossible•@to•@decide•@which•@model•@was•@correct•@from•@the•@STM•@images•D•@The

models•@shown•@in•@Figs•D•@2•|5b•@and•@b•f•@are•@identical•@to•@the•@structures•@of•@the•@2D•@crystals•@of

hep‰¾e•En•@Ag•i111•jand•@R•i111•j•C•@respectively•EBecause•@the•@structure•Ef•@the•@2D•@crystals•Ef

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@39
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Fig•D•@2•|5•@Proposed•@model•@of•@the•@2D•@crysta1•@of•@even•@•ia•@and•@a•f•j•@and•@odd•@•ib•@and•@b•f•j•@alkanes•D

the•@even•|numbered•@alkanes•@on•@Au•i111•j•@was•@similar•@to•@that•@on•@Ag•i111•j•@and•@the•@atomic

distance•@of•@the•@Au•@•iO•D288•@nm•j•@is•@almost•@identical•@to•@that•@of•@Ag•C•@the•@model•@shown•@in•@Fig•D•@2•|

5b•@seems•@to•@be•@more•@appropriate•D

•@•@As•@mentioned•@before•C•@the•@zi•@gzag•@molecular•@rows•@were•@formed•@in•@the•@2D•@crystals•@of•@the

even•|numbered•@alkanes•@•ie•Dg•D•C•@see•@Fig•D•@2•|le•j•D•@The•@formation•@of•@the•@zigzag•@molecular•@row•@is

explained•@as•@follows•D•@The•@well•|ordered•@herringbone•@structure•@of•@the•@reconstructed•@gold

surface•@is•@considered•@to•@possess•@mirror•@symmetry•@with•@respect•@to•@the•@plane•@parallel•@to•@the

line•@formed•@by•@connecting•@the•@elbows•@of•@the•@herringbone•@stnlcture•@in•@the•y’š’š2•ndirection

•isee•@Fig•D•@2•|le•j•@and•@perpendicular•@to•@the•@gold•@surface•D•@The•@direction•@of•@the•@molecular•@axis

is•@restricted•@to•@that•@close•@to•@the•@NN•i30•j•@direction•@and•@the•@directions•@of•@the•@molecular•@row

available•@for•@the•@even•|numbered•@alkanes•@are•@those•@crossing•@the•yTr2•n•@direction•@by•}30•B•D•@If

the•@2D•@crystal•@of•@alkanes•@consisted•@of•@the•@molecular•@row•@with•@only•@one•@direction•C•@the•@2D

crysta1•@has•@an•@anisotropic•@strain•@when•@it•@i•@s•@adapted•@to•@the•@reconstructed•@Au•i111•j•@surface•D

The•@molecular•@row•@in•@the•@two•@directions•@should•@equivalently•@appear•@to•@cancel•@the•@strain•@in

a•@macroscopic•@view•D•@The•@regular•@turn•@of•@the•@molecular•@row•@may•@indicate•@the•@formation•@of

the•@stress•@domain•@which•@is•@formed•@when•@anisotropic•@stress•@with•@a•@long•@range•@interaction

exists•D38•C39•C40•@The•@molecular•@row•@of•@the•@odd•|numbered•@alkanes•@was•@formed•@in•@•i•Frr2•n

direction•C•@and•@the•@structure•@of•@the•@2D•@crysta1•@possesses•@a•@common•@symmetric•@axis•@with•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•elbO
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Table•@2•|2•@Summary•Efth•E•Et›{•Et•E•Ee•@ofthe 2D•@crystal•@of•@alkanes•D

Substrate Latti•@ce

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒŒ

`ngle•@formed•@by•@molecular
•‚?‚‰‚“•@and•@row Reference

odd even

Pt•i111•j COmmenSUrate 90 9d 2

Ag•i111•j •¡1nCOmmenSUrate 90 about•@60 3

Cu•i111•j commensurate 90 60 11

Au•i111•j inCOmmenSUrate•H 90 about•@60 Present•@study

hex•|Au•i100•j •œlnCOmmenSUrate 90 90 Present•@study
iSection•@2•|3•|2•j

gold•@substrate•D•@As•@a•@result•C•@a•@straight•@molecular•@row•@was•@formed•D

•@•@The•@structure•@of•@the•@alkane•@adlayer•@was•@investigated•@by•@low•@energy•@electron•@diffraction

on•@Pt•i111•j•C4•@Ag•i111•j5•@and•@Cu•i111•j13•@as•@summarized•@in•@Table•@2•|2•D•@The•@odd•|even•@effect•@on

the•@alkane•@adlayer•@was•@observed•@on•@all•@substrates•@although•@the•@structure•@was•@different•D

Although•@the•@angle•@formed•@by•@the•@molecular•@axis•@and•@the•@molecular•@row•@was•@900

regardless•@of•@the•@number•@of•@carbons•@on•@Pt•i111•j•C•@the•@number•@of•@molecules•@in•@a•@unit•@cell•@was

higher•@than•@that•@of•@even•@numbered•@alkanes•D•@On•@the•@other•@hand•C•@the•@angle•@formed•@by•@the

molecular•@axis•@and•@the•@molecular•@row•@on•@Ag•i111•j•@was•@about•@600•@and•@900•@for•@the•@evenˆê•@and

odd•|numbered•@alkanes•C•@respectively•D•@The•@heningbone•@structure•@of•@octane•@•in•@•••@8•j•@was

observed•@on•@Cu•i111•j•C•@while•@the•@molecular•@axis•@of•@nonane•@•in•@•••@9•j•@was•@perpendicular•@to•@the

molecular•@row•D•@The•@molecular•@axis•@was•@in•@the•@NN•@direction•@in•@all•@cases•D•@The•@preferential

orientation•@of•@the•@molecular•@axis•@in•@the•@NN•@direction•@was•@consistent•@with•@the•@molecular

dynamics•@simulation•@which•@showed•@that•@diffusion•@and•@adsorption•@along•@the•@NN•@direction

was•@favorable•@on•@Pt•i111•j•D23•C24•@The•@local•@structure•@of•@the•@2D•@crystal•@s•@of•@alkanes•@was

investigated•@by•@STM•@on•@graphite•@in•@solution•G•@the•@molecular•@arrangement•@was

commensurate•@and•@the•@angle•@between•@the•@molecular•@row•@and•@the•@molecular•@axis•@was•@90e@in

both•@odd20•C21•@and•@even1419•@alkane•@2D•@crystal•@s•@on•@the•@graphite•D•@The•@molecular

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@41

arrangement•@was•@commensurate•@on•@graphite•C•@Pt•i111•j•@and•@Cu•i111•j•@but•@it•@was

incommensurate•@on•@Ag•i1•@1•@1•j•@and•@Au•i1•@1•@1•j•@surface•D

Whether•@the•@lattice•@of•@alkanes•@is•@commensurate•@or•@incommensurate•@should•@depend•@on

the•@adsorption•@energy•@and•@matching•@of•@surface•@corrugations•@with•@the•@carbon•@skeleton•D•@For

example•C•@the•@l•@ength•@of•@the•@C•|C•|C•@zi•@gzag•C•@O•D254•@nm•C•@is•@close•@to•@the•@atomic•@spacing•@of

graphite•C•@O•D246•@nm•@•ispace•@between•@hollows•j•C•@and•@it•@is•@possible•@to•@adapt•@the•@carbon

skeleton•@to•@the•@surface•@lattice•@without•@a•@significant•@mismatch•D•@The•@atomic•@distances•@at

Ag•i111•j•@and•@Au•i111•j•@surfaces•@are•@O•D288•@and•@O•D289•@nm•C•@respectively•C•@which•@show•@large

mismatching•@with•@the•@C•|C•|C•@zigzag•@structure•D•@The•@atomic•@distance•@on•@Pt•i111•j•@and

Cu•i111•j•@is•@O•D277•@nm•@and•@O•D256•@nm•C•@respectively•C•@resulting•@in•@less•@mismatch•@with•@the•@C•|C

C•@zigzag•@structure•@than•@with•@the•@Ag•@and•@Au•@surface•D

•@•@The•@adsorption•@energy•@of•@the•@alkanes•@on•@a•@metal•@surface•@has•@been•@measured•@on•@various

metal•@s•@under•@UHV•@conditions•D6•|12•@The•@desorption•@energy•@was•@proportional•@to•@numbers•@of

the•@methylene•C•@ca•D•@6•D5•@kJ•^mol•@per•@methylene•@unit•D•@The•@larger•@adsorption•@energy•@on•@the

Pt•i111•j•@is•@expected•@due•@to•@the•@higher•@electronic•@density•@around•@the•@Fermi•@level•@of•@Pt

because•@the•@van•@der•@Walls•@interaction•@between•@the•@metal•@surface•@and•@a•@helium•@atom•@was

shown•@to•@be•@roughly•@proportional•@to•@the•@electronic•@densiry•D44•@Actually•C•@the•@desorption

energy•@of•@the•@alkanes•@on•@Pt•i111•j•@surface•@is•@larger•@by•@ca•D•@5•@kJ•^mol•@than•@that•@on

Au•i111•j•D6•C7•C8•@Thus•C•@the•@origin•@of•@the•@commensurate•@2D•@crysta1•@formation•@on•@Pt•i111•j•@may

be•@due•@to•@both•@strong•@adsorption•@energy•@and•@lattice•@matching•D•@Although•@the•@desorption

energy•@of•@alkanes•@on•@Cu•i111•j•@was•@not•@investigated•C•@that•@on•@Cu•i100•j•@was•@lower•@than•@that

on•@Au•i111•j•D•@Thus•C•@the•@origin•@of•@the•@commensurate•@2D•@crysta1•@formation•@on•@Cu•i111•j•@may

be•@mainly•@attributed•@to•@the•@better•@lattice•@matching•D

•@•@The•@odd•|even•@effect•@has•@also•@been•@found•@in•@the•@structure•@of•@single•@crystals•@of•@alkanes•D

The•@molecular•@axis•@i•@s•@normal•@and•@tilted•@to•@the•@layer•@plane•@formed•@by•@the•@alkanes•@when•@the

number•@of•@carbons•@is•@odd45•@and•@even•C46•@respectively•D•@The•@odd•|even•@effect•@on•@the•@single

crystals•@of•@al•@kanes•@was•@explained•@by•@the•@rules•@shown•@by•@Kitagorodskii•D47•@The•@odd•|

numbered•@al•@kanes•@have•@an•@inversion•@center•@while•@the•@even•|numbered•@alkanes•@have•@a

42
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mirror•@plane•@at•@the•@center•@of•@the•@molecule•D•@The•@inversion•@center•@and•@the•@mirror•@plane•C

which•@coincides•@with•@the•@layer•@plane•@in•@a•@single•@crystal•C•@should•@be•@retained•@in•@the•@crystal

lattice•@to•@achieve•@a•@close•@packing•@structure•D•@ln•@addition•@to•@the•@symmetrical•@requirement•C

there•@are•@two•@different•@factors•@in•@the•@packing•@of•@alkanes•D48•@The•@first•@factor•@is•@the

interaction•@between•@molecules•@in•@the•@same•@layer•@which•@is•@proportional•@to•@the•@carbon

number•C•@and•@the•@second•@one•@is•@interlayer•@interaction•C•@i•D•@e•D•C•@the•@packing•@of•@methylene

terminals•D•@The•@second•@factor•@prefers•@the•@tilting•@of•@the•@molecular•@axis•@to•@the•@layer•@plane

while•@the•@fust•@factor•@prefers•@for•@the•@molecular•@axis•@to•@be•@normal•@to•@the•@layer•@plane•@when

the•@carbon•@number•@is•@even•D•@lt•@is•@known•@that•@when•@the•@carbon•@number•@in•@the•@alkane•@is•@over

26•Cthe•@crystalline•@structure•@bec•Eme•@m•En•Eclinic•Ci•Ee•Ethe•@m•Elecular•@axis•@is•@pe’@endicula•uto

the•@molecular•@layer•@regardless•@of•@the•@carbon•@number•D•@This•@is•@because•@the•@interaction

betWeen•@the•@m•Blecules•@within•@the•@layer•@exceedsŒŒat•@betweenŒŒe•@layer•EThe•@same

c•Bnsiderati•Bn•@sh•Buld•@be•@apPlied•@t•Ethe•@tw•Eˆêdimensi•Enal•@c‹rls•Ef•@alkanes•EThe•@angle

between•@the•@molecular•@row•@and•@the•@molecular•@axis•@is•@restricted•@to•@be•@900@when•@the•@carbon

number•@is•@odd•@•iFig•D•@2•|5b•j•C•@while•@that•@could•@be•@both•@tilted•@and•@900•@when•@the•@carbon•@number

is•@even•D•@ln•@the•@present•@case•C•@the•@structure•@of•@the•@substrate•@should•@be•@one•@of•@the•@factors•@in

determining•@the•@structure•D

b•DEŠ‚•Bf•@l•B‹Èe•@M•Bdificati•En•En•@the•@F•Erma•‘•En•Ef•@2D•@Crys‡qls•En•@Au•i111•j

Surface

The•@STM•@investigation•@of•@the•@iodine•|modified•@Au•i11•@1•j•@surface•@•i1•|Au•i111•j•j•@in•@C16•@was

canied•@out•@to•@clarify•@the•@effect•@of•@the•@substrate•D•@Figure•@2•|6•@shows•@an•@STM•@image•@which

shows•@the•@spots•@in•@a•@hexagonal•@arrangement•@O•D46•@nm•@apart•@with•@a•@long•|range•@hexagonal

height•@variation•D•@These•@features•@were•@similar•@to•@the•@rotated•@hexagonal•@structure•@of•@iodine

on•@Au•i111•j•D41•C42•@There•@were•@no•@structures•@which•@corresponded•@to•@alkane•@adlayers•D•@The

absence•@of•@the•@alkane•@adlayer•@is•@explained•@in•@two•@ways•D•@One•@reason•@is•@that•@the•@alkanes

were•@not•@adsorbed•@on•@the•@surface•C•@and•@the•@other•@is•@that•@the•@alkanes•@were•@actually•@adsorbed

on•@the•@surface•@but•@the•@STM•@investigation•@itself•@swept•@them•@away•D•@Although•@these•@two

cases•@are•@indistinguishable•@from•@the•@STM•@measurement•C•@it•@is•@obvious•@that•@the•@adsorption

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@43
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Fig•D•@2•|6•@•ia•j•@An•@STM•@image•@of•@1•|Au•i1•@1•@1•j•@surface•@i•@n•@C•@16•D•@•ib•j•@Model•@structure•@of•@•ia•j•D42

of•@the•@alkanes•@on•@the•@surface•@was•@weaker•@on•@the•@1•|Au•i111•j•@surface•@than•@that•@on•@a•@bare•|

Au•i111•j•@surface•D•@lt•@i•@s•@interesting•@to•@compare•@the•@present•@results•@with•@the•@reports•@of•@Ogaki

et•@al•D43•@in•@which•@ordered•@layers•@of•@organic•@molecules•@such•@as•@porphyrin•@and•@crysta1•@violet

were•@easily•@formed•@on•@iodine•|covered•@Au•C•@Ag•@and•@Pt•@surfaces•C•@although•@these•@molecules

formed•@disordered•@structures•@on•@the•@bare•@metal•@surfaces•D•@The•@formation•@of•@the•@disordered

structure•@on•@the•@bare•@surface•@should•@indicate•@that•@the•@surface•@diffusion•@and•@reorientation•@of

the•@molecules•C•@which•@were•@essential•@for•@the•@self•|ordering•@process•@of•@the•@molecules•C•@were

prohibited•@due•@to•@the•@strong•@attractive•@interactions•@between•@the•@molecules•@and•@the

substrates•D•@Ogaki•@et•@al•D•@suggested•@that•@interaction•@between•@the•@molecules•@and•@the•@surface

was•@weakened•@and•@became•@a•@physical•@nature•@on•@the•@iodine•@layer•C•@resulting•@in•@the•@formation

of•@ordered•@molecular•@structures•D•@ln•@the•@present•@case•C•@the•@interaction•@between•@the•@alkanes

and•@the•@substrate•@was•@weak•@even•@on•@the•@bare•@gold•@and•@became•@too•@weak•@to•@fix•@the•@alkanes

on•@the•@iodine•|modified•@surface•D

•@•@c•D•@Effect•@of•@Temperature•@on•@Structure•@of•@2D•@Crystal•@of•@Hexadecane•@on•@Au•i111•j

Surface

•@•@The•@effect•@of•@the•@temperature•@on•@the•@structure•@of•@the•@2D•@crystal•@of•@C•@16•@was•@investigated

by•@STM•@with•@temperature•@tunable•@stage•D•@When•@the•@temperature•@of•@the•@substrate•@was

increased•@from•@room•@temperature•C•@ca•D•@250C•C•@the•@ordered•@structure•@was•@observed•@up•@to

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•g
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Fig•D•@2•|8•@•ia•j•@STM•@images•@of•@the•@Au•i111•j•@surface•@in•@C16•@at•@65eC•D•@•ib•j•@A•@proposed•@model•@for•@•ia•j•C

ŠA2•D9An•@STM•@im•Eg•E•Efth•EAu•i111•j•Eurface•Ein•EC16•c1•Edf•Erm•@65•Žto55•DC
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around•@500C•@•iFig•D•@2•|7a•j•D•@Usually•C•@no•@ordered•@regions•@were•@observed•@after•@the•@funher

increment•@of•@the•@temperature•@up•@to•@65eC•@•iFig•D•@2•|7b•j•D•@However•C•@there•@were•@cases•@when•@the

ordered•@structure•@was•@partially•@observed•@even•@at•@680C•@•iFig•D•@2•|7c•j•D•@The•@temperature•@of

order•|disorder•@transition•@was•C•@therefore•C•@not•@reproducible•D•@This•@should•@be•@because•@the

order•|disorder•@transition•@observed•@here•@was•@not•@a•@pure•|thermal•@phase•@transition•@but•@was

caused•@by•@the•@adsorpti•@on•@of•@contaminants•@or•@destruction•@of•@the•@structure•@by•@the•@tip•D

•@•@Interestingly•C•@the•@ordered•@phase•@of•@alkanes•@with•@different•@structure•@was•@observed•@when

the•@neat•@C•@16•@was•@put•@on•@the•@Au•i111•j•@surface•@which•@was•@already•@heated•@to•@650C•@•iFig•D•@2•|

8a•j•D•@Unfortunately•C•@the•@structure•@was•@easily•@destroyed•@during•@the•@imaging•@probably•@due•@to

the•@tip•@and•@it•@was•@difficult•@to•@obtain•@molecularly•@resolved•@images•D•@ln•@addition•C•@the•@image

shown•@in•@Fig•D•@2•|8a•@were•@distorted•@due•@to•@the•@severe•@thermal•@drift•D•@ln•@spite•@of•@the•@di•@stonion•C

however•C•@the•@direction•@of•@the•@molecular•@row•@was•@still•@able•@to•@be•@estimated•@by•@comparing•@to

the•@structure•@of•@the•@gold•@reconstructi•@on•D•@A•@line•@formed•@by•@connecting•@the•@elbow•@•iindicated

in•@the•@figure•j•@ran•@in•@•q121•„•@direction•@when•@the•@very•@ordered•@reconstructed•@surface•@was

obtained•@and•@the•@molecular•@row•@was•@parallel•@to•@this•@direction•D•@The•@structure•@of•@the•@2D

crysta1•@of•@C•@16•@formed•@at•@650C•@was•@similar•@to•@the•@one•@of•@the•@2D•@crystal•@of•@odd•@al•@kanes

rather•@than•@the•@one•@of•@the•@2D•@crysta1•@of•@even•@al•@kanes•@formed•@at•@room•@temperature•@since•@the

direction•@of•@the•@molecular•@row•@was•@•q121•„•@and•@•q110•„•@in•@the•@2D•@crysta1•@of•@odd•@and•@even

alkanes•C•@respectively•C•@as•@shown•@previously•D•@The•@proposed•@model•@for•@the•@2D•@crystal•@of•@C•@16

at•@65•@eC•@is•@shown•@in•@Fig•D•@2•|8b•D•@When•@the•@substrate•@was•@cooled•@to•@550C•C•@the•@molecular•@row

was•@slightly•@curved•@as•@shown•@in•@Fig•D•@2•|9•@although•@it•@was•@not•@the•@zigzag•@molecular•@row

observed•@at•@the•@room•@temperature•@wnen•@the•@substrate•@was•@heated•@to•@650•@again•C•@the•@similar

structure•@to•@the•@one•@shown•@in•@Fig•D•@2•|8a•@was•@observed•C•@indicating•@that•@the•@phase•@transition

between•@these•@two•@structures•@was•@reversible•C•@although•@it•@is•@not•@apparent•@that•@the•@structure

at•@550C•@was•@stable•@or•@meta•|stable•D•@Further•@cooling•@to•@250C•@resulted•@in•@the•@formation•@of•@the

zigzag•@molecular•@row•@and•@re•|heating•@up•@to•@650C•@did•@not•@showed•@reproducible•@result•@which

was•@the•@case•@obtained•@in•@the•@phase•@transition•@of•@the•@2D•@crystal•@formed•@at•@room

temperature•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ca
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•@•@The•@formation•@of•@the•@crystalline•@structure•@of•@C•@16

formed•@at•@65•gC•@may•@be•@explained•@as•@follows•D•@When

the•@substrate•@was•@heat•@up•C•@the•@thermal•@motion•@or

torsion•@along•@the•@molecular•@axis•@were•@induced•@and

symmetry•@of•@the•@molecules•@was•@considered•@to•@quasi•|

cylindrical•D•@As•@a•@result•C•@the•@interaction•@between•@the

molecular•@layers•@were•@weakened•@and•@the•@interaction

between•@the•@molecules•@in•@molecular•@row•@became

dominant•@The•@similar•@phases•C

•@ˆê•@•@ˆê
Fig•D•@2•|10•@A•@schematic•@model•@for•@the

transition•@to•@the•@hexatic•@phase•C

which•@are•@called•@rotator•@phases•@•iR•|phases•j•C•@are•@known•@to

exist•@in•@bulk•@crystal•@of•@alkanes•D49•@One•@of•@the•@phase•@transitions•@to•@R•|phases•@in•@bulk•@crysta1

undergoes•@the•@change•@of•@the•@molecular•@tilt•@angle•@with•@respect•@to•@the•@plane•@of•@molecular

layer•@fr•Bm•@leaned•@t•Epe’@endicular•D•@ThŽMs•C•@we•@can•@c•EncludeŽ~a‹Èe•@present•@result•@is•@the

first•@rep•Bäwat•@sh•Ewed•@the•@existence•Efthe•@R•|phase•@intw•Edimensi•Enal•@alkane•@crystals•Eln

the•@following•C•@the•@2D•@crysta1•@phase•@of•@C16•@at•@room•@temperature•@and•@at•@650C•@is•@denoted•@as

a•@normal•|phase•@and•@R•|phase•@of•@C•@16•C•@respectively•D

The•@irreversible•@behavior•@of•@the•@phase•@transition•@between•@heating•@up•@and•@cooling•@down

is•@explained•@as•@follows•D•@When•@the•@2D•@crystal•@of•@alkanes•@were•@heated•@up•@from•@the•@normal•|

phase•C•@the•@induced•@molecular•@motion•@would•@cause•@a•@desorption•@of•@the•@molecule•D•@As•@a

result•C•@molecules•@on•@the•@surface•@were•@able•@to•@move•@along•@the•@direction•@parallel•@to•@the

molecular•@axis•C•@and•@molecular•@row•@was•@destructed•C•@resulting•@in•@forming•@the•@partial•|ordered

phase•@in•@which•@only•@the•@order•@in•@short•@range•@or•@one•@dimension•@was•@kept•@•iFig•D•@2•|

10•j•D4•C5•C30•C31

2•D3•D2F•Brmati•Bn•Bfthe•@Tw•E•E‰¾ensi•Ena1•@Crystals•EfAlkanes•En•@Au•i100•jSu•uface

To•@clarify•@the•@effect•@of•@the•@atomic•@arrangement•@of•@the•@substrate•@on•@the•@2D•@crysta1

structure•@of•@alkanes•C•@the•@STM•@measurement•@was•@canied•@out•@on•@the•@Au•i100•j•@surface•D

Figure•@2ˆêˆê11•@shows•@an•@STM•@image•@•i150•@x•@150•@nm2•j•@of•@the•@Au•i100•j•@surface•@in•@C16H34•D

The•@orientation•@of•@the•@gold•@surface•@can•@be•@determined•@from•@the•@well•@defined•@straight

•y0’š1•z

47

•m011•n

Fig•D•@2•|11•@An•@STM•@image•@of•@the•@Au•i100•j•@surface•@in•@C•@16•D

mono•|atomic•@step•@of•@the•@substrate•D•@The•@stripe•@structure•@running•@perpendicular•@to•@the•@step

of•@the•@gold•@substrate•C•@i•De•D•C•@the•@IO•@I•@1•n•@direction•C•@i•@s•@visible•@in•@the•@image•D•@Similar•@structures

were•@also•@imaged•@on•@the•@Au•i100•j•@surface•@in•@C•@17H36•D•@The•@stripe•@structure•@showed•@a•@very

large•@domain•C•@e•Dg•D•C•@over•@300•@nm•@square•@and•@continued•@over•@the•@step•D•@Figures•@2•|12a•@and•@b

show•@the•@magnified•@STM•@images•@•i16•@x•@16•@nm2•j•@of•@the•@Au•i100•j•@surface•@in•@C•@16H34•@and

C17H36•C•@respectively•D•@These•@images•@clearly•@show•@that•@the•@stripe•@structure•@shown•@in•@Fig•D•@2•|

11•@consisted•@of•@row•@s•@of•@rods•D•@The•@direction•@of•@the•@rows•@was•@•mO•@l•@1•n•@as•@defined•@above•@and•@the

lengths•@of•@the•@rods•@were•@2•D4•@nm•@and•@2•D6•@nm•@in•@C•@16H34•@and•@C•@17H36•C•@respectively•D•@The

distances•@between•@the•@rods•@were•@O•D48•@and•@O•D49•@nm•@in•@C•@16H34•@and•@C•@17H36•C•@respectively•D

These•@values•@are•@slightly•@larger•@than•@but•@close•@to•@those•@of•@the•@molecular•@lengths•@of

C16H34•@•i2•D2•@nm•j•@and•@C•@17H36•@•i2•D4•@nm•j•@and•@the•@widths•@•iO•D43•@nm•j•D•@Thus•C•@we•@can•@conclude

that•@C•@16H34•@and•@C•@17H36•@al•@so•@formed•@2D•@crystals•@on•@the•@Au•i100•j•@surface•D•@The•@direction

of•@the•@molecular•@axes•@of•@C•@16H34•@and•@C•@17H36•@was•@perpendicular•@to•@the•@molecular•@row•C

i•De•D•C•@in•@the•y0’š11•@direction•D•@The•@molecular•@arrangements•@of•@both•@C16H34•@and•@C17H36

were•@identical•@except•@for•@the•@rod•C•@i•De•D•C•@molecular•@length•D•@This•@is•@in•@contrast•@to•@the•@result

Obtained•@for•@the•@structures•@of•@the•@2D•@crysta1•@of•@al•@kanes•@formed•@on•@the•@Au•i111•j•@surface

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@48
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Fig•D•@2•|12•@STM•@images•@of•@the•@Au•i100•j•@surface•@in•@•ia•j•@C•@16•@and•@•ib•j•@C•@17•D

where•@a•@clear•@odd•|even•@effect•@was•@observed•@as•@shown•@in•@the•@previous•@sections•D•@Figure•@2•|12

also•@shows•@that•@there•@is•@a•@regular•@height•@variation•@among•@the•@molecules•D•@The•@elevated

molecules•@appeared•@nearly•@every•@three•@molecules•@and•@the•@distance•@between•@the•@elevated

molecules•@is•@ca•D•@1•D4•@nm•@The•@existence•@of•@elevated•@molecules•@can•@be•@explained•@by

considering•@the•@surface•@structure•@of•@the•@reconstructed•@Au•i100•j•@surface•D•@lt•@is•@well•@known

that•@the•@annealed•@Au•i100•j•@surface•@shows•@the•@•i5x20•j•@or•@•hhex•h•@reconstruction•C•@which•@shows

height•@variations•@due•@to•@the•@dislocation•@of•@the•@first•@surface•@atomic•@layer•@with•@respect•@to•@the

second•@atomic•@layer•@as•@shown•@in•@Figs•D•@2•|13a•@and•@b•D50•|53•@The•@elevated•@gold•@atoms•@form

st•Iipe•@lines•@directed•@in•@the•m0’š1•zdirection•D•@The•@observed•@period•@and•@direction•@of•@the•@height

variation•@of•@the•@alkane•@molecules•@observed•@in•@the•@present•@study•@were•@consistent•@with•@those

of•@the•@surface•@corrugation•@due•@to•@the•@hex•|Au•i100•j•@surface•D•@Thus•C•@we•@can•@conclude•@that•@the

alkane•@molecules•@existed•@on•@the•@hex•|Au•i100•j•@surface•@with•@their•@molecular•@axes•@parallel•@to

the•@elevated•@atom•|rows•@of•@the•@underlying•@Au•i100•j•@surface•@•iFigs•D•@2•|14a•@and•@b•j•D•@This

direction•@al•@so•@corresponded•@to•@the•@nearest•@neighbor•@•iNN•j•@atomic•@direction•@of•@the

hexagonal•@gold•@lattice•@on•@the•@hex•|Au•i100•j•@surface•@and•@i•@s•@consistent•@with•@the•@molecular

orientation•@observed•@on•@the•@Au•i1•@1•@1•j•@surface•@as•@shown•@in•@the•@previous•@sections•D

•@•@•@It•@seems•@that•@the•@lattice•@of•@the•@2D•@crysta1•@of•@alkanes•@was•@not•@commensurate•@with•@the•@one

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@49
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Fig•D•@2•|13•@A•@model•@of•@the•@hex•|Au•i100•j•@surface•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@b

Fig•D•@2•|14•@•ia•j•@Proposed•@model•@of•@the•@2D•@crystal•@of•@C•@16•@and•@C•@17•@on•@the•@hex•|Au•i100•j

surface•D•@•ib•j•@Sectional•@view•D

of•@the•@gold•@surface•@as•@a•@shift•@in•@the•@molecular•@location•@with•@respect•@to•@the•@substrate•@was

observed•D•@For•@example•C•@the•@single•@molecule•@indicated•@by•@•hA•h•@was•@elevated•@while•@a•@couple

of•@molecules•@indicated•@by•@•hB•h•@were•@elevated•@in•@Fig•D•@2•|12a•D

•@•@As•@shown•@above•C•@the•@structure•@of•@the•@2D•@crystal•@of•@alkanes•@did•@not•@show•@odd•|even

effects•@on•@the•@hex•|Au•i100•j•@surface•C•@although•@the•@microscopic•@atomic•@arrangement•@of•@the

hex•|Au•i100•j•@surface•@is•@similar•@to•@the•@one•@of•@Au•i111•j•@surface•@on•@which•@a•@clear•@odd•|even

effect•@was•@observed•D•@The•@reason•@for•@this•@difference•@can•@be•@explained•@as•@follows•D•@The

direction•@of•@the•@molecular•@axis•@should•@be•@restricted•@to•@the•@one•@along•@the•@surface

corrugation•@in•@order•@to•@fit•@with•@the•@substrate•D•@The•@distance•@between•@the•@elevated•@region•@of

the•@hex•|reconstructed•@Au•i100•j•@surface•@affords•@three•@molecules•@to•@be•@arranged•@•iFig•D•@2•|14a•j

and•@the•@plane•@formed•@by•@the•@carbon•@skeleton•@is•@not•@identical•@among•@the•@molecules•@•iFig•D•@2•|

14b•j•@when•@the•@plane•@of•@the•@carbon•@skeleton•@is•@fitted•@to•@the•@surface•D•@As•@a•@result•C•@the•@packing

of•@the•@molecules•@becomes•@loose•@and•@the•@interaction•@between•@the•@molecular•@row•@is•@weak•D•@ln

addition•C•@it•@should•@be•@pointed•@out•@that•@the•@electronic•@structure•@of•@the•@top•@hexagonal•@layer•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@50
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the•@Au•i100•jsurface•@sh•Euld•@be•@in‰¾enced•@by•@the•@sec•End•@layer•C•@i•Ee•E•Ethe•i1x1•jstructure•Ef

the•@Au•i100•j•C•@and•@as•@a•@result•C•@the•@orientation•@of•@the•@molecules•@on•@the•@surface•@may•@also•@be

affected•D

It•@is•@comparable•@with•@the•@structure•@of•@2D•@R•|phase•@of•@C16•@on•@Au•i111•j•@surface•@shown•@in

Section•@2•|3•|lb•D•@ln•@addition•C•@it•@should•@be•@pointed•@out•@that•@the•@electronic•@structure•@of•@the•@top

hexagonal•@layer•@of•@the•@Au•i100•j•@surface•@could•@be•@affected•@by•@the•@second•@layer•C•@i•De•D•C•@•ilxl•j

structure•@of•@the•@Au•i100•j•C•@which•@possesses•@fourˆêˆêfold•@symmetry•@and•@it•@also•@can•@affect•@the

orientation•@of•@the•@molecules•@on•@the•@surface•D

reconstructed•@Au•i100•j•@surface•D•@The•@molecular•@axis•@was•@parallel•@to•@the•@stripe•@formed•@by•@the

reconstructed•@Au•i100•j•@surface•D

•@•@The•@above•@result•@clearly•@demonstrated•@that•@the•@balance•@of•@the•@interaction•@between

substrate•@and•@molecules•@and•@among•@the•@molecules•@significantly•@affected•@the•@structure•@of

the•@physisorbed•@ordered•@layers•@on•@the•@surface•D

2•|4•@Conclusion

•@•@The•@formation•@of•@the•@2D•@crystals•@of•@alkanes•@on•@reconstructed•@Au•i111•j•@and•@•i100•j

surface•@in•@neat•@liquids•@was•@observed•@for•@the•@first•@time•@by•@in•@situ•@STM•@measurement•D•@The

structure•@of•@the•@2D•@crystal•@of•@alkanes•@on•@Au•i111•j•@surface•@showed•@clear•@odd•|even•@effect•D

The•@odd•@alkanes•@formed•@molecular•@row•@s•@in•@which•@the•@molecular•@axis•@was•@perpendicular•@to

the•@molecular•@row•@while•@the•@molecular•@axis•@of•@the•@even•@alkanes•@was•@tilted•@by•@ca•D•@65e•@with

respect•@to•@the•@molecular•@row•D•@The•@direction•@of•@the•@molecular•@row•@of•@odd•@and•@even•@alkanes

with•@respect•@to•@the•@gold•@substrate•@was•@in•@the•@NNN•@and•@the•@NN•@directions•C•@respectively

while•@the•@molecular•@axis•@of•@both•@odd•@and•@even•@alkanes•@was•@aligned•@in•@the•@NN•@direction

•ithe•@direction•@molecular•@row•@of•@even•@alkane•@was•@apparently•@slightly•@different•@•irsv50•j•@from

the•@NN•@direction•j•D•@The•@observed•@structures•@were•@similar•@to•@those•@of•@the•@2D•@crystal•@of

alkanes•@on•@Ag•i111•j•@formed•@in•@UHV•D•@The•@subtle•@corrugation•@due•@to•@the•@surface

reconstruction•@of•@the•@Au•i111•j•@surface•@affected•@the•@molecular•@orientation•D•@The•@R•|phase•@of

the•@2D•@crystal•@was•@observed•@when•@the•@alkane•@was•@put•@on•@the•@Au•i111•j•@surface•@at•@650C•D

The•@2D•@crystalline•@structure•@of•@alkanes•@on•@the•@Au•i100•j•@surface•@did•@not•@clearly•@show•@an

odd•|even•@effect•@in•@contrast•@to•@the•@results•@obtained•@on•@the•@Au•i111•j•@surface•D•@The•@molecular

axis•@and•@molecular•@row•@were•@directed•@in•@the•m0’š1•nand•y011•ndirections•C•@respectively•C•@i•De•D•C

perpendicular•@to•@each•@other•C•@in•@both•@C16H34•@and•@C17H36•D•@A•@height•@variation•@in•@the

molecules•@was•@observed•@and•@it•@was•@assigned•@to•@the•@corrugation•@of•@the•@underlaying
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Chapter•@5

Formation•@of•@Chemisorbed•@Two•|dimensional•@Ordered•@Layers
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Chapter•@5

•@•@Formation•@of•@Chemisorbed•@TŽR•B•|dimensional•@Ordered
•@•@•@•@•@•@•@•@•@Layers•@of•@Alkanethiols•@on•@Au•i111•j•@Surface

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•|The•@Self•|Assembled•@Monolayer•@ˆê

3•|1•D•@lntroduction

Šã‘lŠŠ

•@•@One•@of•@the•@most•@useful•@ways•@to•@form•@the•@chemisorbed•@two•|dimensionally•@•i2D•j•@ordered

molecular•@layers•@is•@the•@self•|assembly•@•iSA•j•@method•@as•@mentioned•@in•@Section•@1•|4•D•@Self•|

assembled•@monolayers•iSAMs•jof•@alkanethiols•@on•@gold•@have•@been•@the•@s™èects•@of

numerous•@studiesl•f11•@because•@they•@have•@wide•@varieties•@of•@potential•@applications•@such•@as

sensors•C•@corrosion•@inhibition•C•@wetting•@control•C•@and•@biomolecular•@and•@molecular•@electronic

devices•D•@Although•@it•@is•@generally•@believed•@that•@the•@SAMs•@of•@alkanethiols•@are•@formed•@as•@a

result•@of•@the•@chemical•@bond•@formation•@between•@substrate•@atoms•@and•@sulfur•@atoms•@of•@thiols

and•@the•@hydrophobic•@interaction•@between•@alkylchains•C•@their•@growth•@process•@is•@not•@clear•@yet•D

To•@construct•@well•@designed•@SAMs•C•@it•@is•@essential•@to•@understand•@their•@fine•@structure•@and

growth•@process•D•@The•@molecular•@arrangements•@of•@the•@SAMs•@of•@alkanethiols•@on•@gold•@at•@the

saturation•@coverage•@have•@been•@investigated•@by•@scanning•@probe•@microscopy•C12•f18•@He•@atom

diffraction•@19•@and•@other•@methods•D2022•@These•@investigations•@showed•@that•@the•@SAMs•@of

al•@kanethiol•@have•@a•@•iA•^3•@•~•@V3•jR300•@structure•@and•@a•@c•i4•@•~•@2•j•@structure•@of•@the•@•iV•i3•@•~•@V•i3•jR300

basic•@lattice•@at•@the•@saturation•@coverage•D•@We•@refer•@the•@Iatter•@structure•@as•@•gc•i4•@•~•@2•j•@structure•h

in•@the•@following•@sections•@for•@simplicity•D

•@•@STM•@investigations•@of•@the•@self•|assembled•@monolayer•@•iSAMs•j•@shows•@that•@there•@are•@pit•|

Iike•@defects•@and•@many•@domain•@boundaries•D13•@The•@pit•|like•@defect•@was•@revealed•@to•@be•@the•@pits

of•@the•@gold•@substrate•C•@which•@is•@called•@vacancy•@islands•@•iVls•j•@of•@the•@gold•@surface•@as•@a•@depth

of•@them•C•@2•D4•@A•C•@was•@consistent•@with•@a•@monoatomic•@step•@height•@of•@Au•i111•j•@and•@the•@STM

image•@within•@the•@pits•@showed•@the•@structure•@consistent•@with•@the•@one•@of•@SAMs•@of

alkanethiols•C•@i•D•@e•D•C•@the•@•iV3•@xV3•jR30e•@structure•D23•C24•@lt•@is•@also•@known•@that•@the•@domain

boundary•@runs•@between•@the•@Vls•@as•@though•@it•@is•@a•@crack•@connecting•@the•@Vls•@and•C•@thus•C•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@55
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•Šˆê•fŠÓ

ˆê•h•Cq•C•j•jts•D•D•Dt

number•@of•@the•@Vls•@i•@s•@one•@of•@indicators•@of•@the•@defect•@density•@of•@the•@SAM•D•@The•@formation

mechanism•@of•@the•@Vls•@of•@gold•@surface•@is•@still•@not•@clear•D•@Poirier•@and•@Pylant•@canied•@out•@in

situ•@observations•@of•@the•@SA•@process•@by•@scanning•@tunneling•@microscopy•@•iSTM•j•@in•@UHV

conditions25•C26•@and•@observed•@that•@the•@Vls•@of•@the•@gold•@surface•@was•@formed•@at•@the•@very•@early

stage•@of•@the•@SA•@process26•@and•@went•@through•@Ostwald•@ripening•D27•@They•@suggested•@that•@the

Vls•@of•@gold•@surface•@was•@formed•@by•@the•@ejection•@of•@excess•@amount•@of•@gold•@atoms•@than•@the

amount•@expected•@for•@the•@lifting•@of•@the•@gold•@reconstruction•@when•@the•@reconstruction•@of•@the

9•Bld•Esurface•Ewas•Erelaxed•Ealth•Eugh•@the•@driving•@f•Erce•@f•Er•@extra•@at•E‰ªecti•En•@was•@unclear•E26

The•@other•@explanations•@proposed•@up•@to•@the•@present•@were•@shrinkage•@of•@the•@surface•@lattice24

and•@chemical•@etching•@of•@the•@gold•@surface•D28•C29•@The•@latter•@is•@important•@when•@the•@SAMs•@are

prepared•@in•@solution•D

It•@is•@essential•@to•@investigate•@the•@formation•@process•@of•@the•@SAM•@to•@the•@advanced•@design

of•@the•@SAMs•@in•@solution•@and•@there•@have•@been•@many•@studies•@of•@the•@SA•@process•@of•@the•@SAM

of•@alkanethiol•@by•@in•@situ•@and•@ex•@situ•@macroscopic•@techniques•@such•@as•@contact•@angle

measurement•C3•@ellips•Emetry•C3•@infrared•@spec“ù•Esc•Epy•iIR•j•E30•|32•@thermal•@des•Erpd•En

spectroscopy•C33•@soft•@X•|ray•@spectroscopy•C34•@X•|ray•@photoelectron•@spectroscopy•C35•@second

harmonic•@generation•@measurement•C36•@quartz•@crysta1•@microbalance•@•iQCM•j•C37•|42•@and

surface•@plasmon•@resonance•@spectroscopy•D43•C44•@Many•@of•@these•@observations•@have•@concluded

that•@the•@self•|assembly•@•iSA•j•@process•@of•@alkanethiols•@consists•@of•@two•@•ior•@more•j•@steps•@•ifaster

initial•@and•@following•@slower•@steps•j•C3•C33•C34•C38•C41•C43•C44•@the•@former•@being•@the•@random

adsorption•@and•@the•@latter•@being•@the•@rearrangement•@of•@the•@adsorbed•@molecules•D•@While•@the

structure•@of•@the•@SAMs•@of•@alkanethiol•@at•@the•@saturation•@coverage•@has•@been•@extensively

studied•@as•@mentioned•@above•C•@the•@structural•@change•@during•@the•@SA•@steps•@in•@molecular•@level

has•@not•@been•@reported•D

•@•@•@Poirier•@and•@Pylant•@canied•@out•@an•@STM•@investigation•@of•@the•@SA•@process•@of•@alkanethiols

onto•@Au•i111•j•@in•@UHV•@condition•@by•@controlling•@the•@surface•@coverage•@using•@a•@gas•|phase

transp•EŒŒti•En•@technique•D251n•@addid•En•@t•Ethe•@well•@kn•Ewn•@densely•|packed•@up•uight•@phases•E

e•D•@g•D•C•@the•@c•i4•@•~•@2•j•@structure•@and•@a•@stripe•@structure•@•idenbted•@p•@•~•@V3•j45•@was•@observed•@when
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the•@surface•@coverage•@was•@low•D•@They•@also•@mentioned•@briefly•@that•@such•@stripe•@structures

appeared•@when•@gold•@substrates•@were•@dipped•@into•@a•@dilute•@alkanethiol•@solution•@for•@a•@short

period•D

•@•@As•@most•@of•@the•@SAMs•@are•@formed•@in•@liquid•@phase•C•@it•@is•@very•@important•@to•@clarify•@the•@SA

process•@of•@alkanethiols•@in•@solution•@and•@compare•@it•@with•@that•@in•@UHV•D•@Tamada•@et•@al•D•@canied

out•@an•@ex•@situ•@observation•@of•@the•@SA•@process•@of•@alkanethiols•@in•@ethanol•@by•@atomic•@force

microscopy•D46•@Although•@they•@found•@the•@domain•@formation•@of•@the•@alkanethiols•@on•@the•@gold

surface•@at•@the•@initial•@stage•@of•@the•@SA•@process•C•@the•@molecularly•@resolved•@image•@has•@not•@been

observed•@and•@the•@real•@SA•@process•@should•@not•@be•@clear•@by•@ex•@situ•@examinations•D

•@•@•@The•@objective•@of•@the•@study•@shown•@in•@this•@chapter•@is•@to•@reveal•@the•@SA•@mechanism•@in

solution•@in•@molecular•@level•@and•@to•@examine•@the•@effect•@of•@the•@solvent•@and•@temperature•@of•@the

solution•@used•@for•@the•@SA•@on•@the•@structure•@of•@the•@SAM•@by•@STM•D

3•|2•@ln•@situ•@STM•@Observation•@of•@the•@Self•|Assembly•@Process•@of•@Alkanethiels•@on
Au•i111•j•@Surface•@in•@Solution

3•|2•|1•@Experimental

•@•@Decanethiol•@•iCH3•iCH2•jgSH•F•@C•@loSH•C•@Wako•@Pure•@Chemicals•j•C•@pentanethiol

•iCH3•iCH2•j14SH•F•@C•@lsSH•j•C•@octadecanethiol•@•iCH3•iCH2•j17SH•F•@C•@l•@sSH•C•@Tokyo•@Chemical•j

and•@heptane•@•iWako•@Pure•@Chemical•@s•j•@were•@reagent•@grade•@chemicals•@and•@were•@used•@as

received•@without•@further•@purification•D•@Gold•@substrates•@were•@prepared•@by•@vacuum

evaporation•@of•@gold•@onto•@a•@slide•@glass•@whose•@temperature•@was•@kept•@at•@300•@eC•@during

evaporation•D•@The•@rate•@of•@evaporation•@was•@kept•@O•DOl•@nm•@•^•@s•@and•@STM•@investigation•@of•@the

obtained•@gold•@surface•@shows•@that•@•i111•j•@terraces•@of•@ca•D•@200•@nm•@diameter•@were•@existed•@on

the•@gold•@surface•D•@The•@gold•@substrates•@were•@flame•|annealed•@to•@remove•@surface•@contaminants

before•@they•@were•@put•@into•@an•@STM•@cell•D

•@•@STM•@measurements•@were•@carried•@out•@with•@a•@Pico•|SPM•@•iMolecular•@Imaging•j•@STM•@unit

controlled•@by•@a•@Nanoscope•@E•@•iDigital•@lnstruments•j•@at•@room•@temperature•@•ica•D•@25•@eC•j•D•@The

dimension•@of•@the•@STM•@cell•@is•@6•@mm•@in•@diameter•@and•@5•@mm•@in•@depth•D•@STM•@tips•@were

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@57
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prepared•@fr•Em•@Pt•|lr•i8•F2•jwire•iTanaka•@Preci•Eus•EMetal•jby•@mechanical•@c˜Xing•@meth•Ed•@and

used•@without•@any•@coating•D•@STM•@images•@were•@taken•@in•@constant•@current•@mode•@with•@bias

v•E1tage•Efo•E7•|lv •‚Ž‚„‚”‚èƒÏ’w‘Ë•ugŽMof30PA•Eˆêˆêˆê•E•D•D•Dˆê•Eˆê•æ•Et•|

3•|2•|2•@Results•@and•@Discussions

•@•@•ia•j•@Self•|assembly•@of•@Decanethiol•@•iC•@loSH•je

The•@gold•@surface•@was•@first•@investigated•@in•@pure•@heptane•@to•@make•@sure•@that•@terrace•@of

Au•i111•jwas•@at•Emically•@flat•@andŒŒere•@was•@n•Ecrucial•@surface•@c•Entaminad•En•EAn•@STM

measurement•@was•@stopped•@and•@droplets•@of•@O•D5•@pM•@C•@l•@oSH•@solution•@in•@heptane•@were

injected•@into•@the•@STM•@cell•D•@The•@estimated•@concentration•@of•@CloSH•@in•@the•@STM•@cell•@was•@ca•D

O•D3•@ptM•D•@The•@STM•@measurement•@was•@restarted•@within•@5•@min•@after•@the•@addition•@of•@the

C10SH•@s•Eluti•En•@and•@the•@SA•@pr•Ecess•Ef•@ClOSH•En•@Au•i111•jsuŒŒce•@was•@c•Entinu•Eusly

monitored•@for•@ca•D•@1•@hour•D

•@•@Figure•@3•|1•@shows•@STM•@images•@of•@Au•i111•j•@surface•@obtained•@a•D•@3•@min•C•@b•D•@7•@min•C•@c•D•@12

min•@and•@d•D•@56•@min•@after•@the•@addition•@of•@the•@C•@l•@oSH•@solution•D•@Note•@that•@the•@concentration•@of

CloSH•@in•@the•@STM•@cell•@changed•@with•@the•@adsorption•@of•@CloSH•@onto•@the•@gold•@surface•@since

the•@amount•@of•@the•@C•@l•@oSH•@molecule•@in•@the•@solution•@was•@only•@ca•D•@4090•@of•@that•@required•@for

the•@saturati•En•@c•Everage•@in•@the•i•r•f3x•„3•jR30•D•@stmcture•EFigure•@3•|1a•@sh•Ews•@that•@s‚äe

structures•@as•@well•@as•@the•@triangular•@pits•@were•@existed•@on•@the•@gold•@terrace•@just•@after•@the

addition•@of•@the•@C•@l•@oSH•@solution•D•@A•@typical•@magnified•@image•@•iFig•D•@3•|2a•j•@shows•@that•@the

spacing•@of•@the•@row•@is•@about•@2•D3•@nm•@•iFig•D•@3•|2b•C•@cross•@section•j•D•@The•@triangular•@pits•@were

observed•@from•@the•@first•@image•@after•@the•@addition•@of•@the•@C•@l•@oSH•@solution•@and•@the•@shape•@of

them•@were•@not•@significantly•@changed•@after•@the•@imaging•@was•@continued•C•@indicating•@that•@their

formation•@was•@not•@induced•@by•@the•@tip•D•@The•@depth•@of•@these•@pits•@i•@s•@close•@to•@the•@one•@of•@the•@gold

monoatomic•@step•C•@O•D24•@nm•@and•@•C•@therefore•C•@these•@pits•@should•@be•@the•@Vls•@of•@gold•@surface•D•@ln

Fig•D•@3•|lb•@which•@was•@obtained•@7•@min•@after•@the•@addition•@of•@the•@CloSH•@solution•C•@islands

wh•Ese•@height•@is•@ca•D0•D2•@nm•@fr•Em•@the•@g•Eld•@su‡uace•@were•Ebserved•EFu‹Èe‡o•Ere•Ethe•@size•Ef

the•@niangular•@pits•@became•@slightly•@large•C•@suggesting•@that•@etching•@of•@the•@gold•@surface•@or

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@58

•f•h

•@ƒM•@•@•@‚Ö•@–·•E•@•A•@•@•C•@•@•@•@•@•@•@L

•@•@•v

Fig•D•@3•|1•D•@STM•@images•@of•@a•@gold•@surface•@in•@a•@heptane•@solution•@containing•@ca•D•@O•D3•@geM•@C•@I•@oSH•C

captured•@•ia•j•@3•@min•C•@•ib•j•@7•@min•C•@•ic•j•@12•@min•@and•@•id•j•@56•@min•@after•@the•@addition•@of•@the•@modifying

solution•D

59

Œœ •w•E“å“åèd“å“å“ï“å•E“å“å“ï“ï—…“å“å•A“å•D•D Šp

‰T‰T



•o

•DFˆê‡_

ˆñL

•g•f•h ohˆêˆêˆê

•@•@”X•B•D2

•@•@•@
•@•@ŽO•@•Z
•@•@‚ä
•@•@11o•|O•D2
•@•@•@•@•@•@•@0•@•@•@•@10•@•@•@•@20•@•@•@30•@•@•@40•@•@••

•@•@•@•@•@•@•@•@•@•@•@•@•@•@Length•^nm

Fig•D3•E2•B•ia•jAmagnified•@image•@of•@one•@of•@the

stripe•@structures•D•ib•jAcross•@s‡ttional•@v•@iew•@alon•@g

1“¶ne•e•eA•C•C•D

‹¸

•˜o•D2

•@•@ƒˆ

•@•@‚Ì
•@•@•fƒÂˆê•Z•D2
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Fig•D3•E3•D•ia•jA•@molecularly•@resolved•@i•@mage•@obtained

on•@the•@islands•D•ib•jAc•I‚Ä•jss•@sectional•@view•@along

line•C•fA•C•C•D

2•@0•@2
•@•@•@•@•@•@•D•@•Q•@•@–`•@•D•@ˆê•@r•Q•@ˆê•@•@•@•@•@•@ˆê•@ˆê•@•@•@•@•@•@•@•|•@•@•@•@ˆê•@•@•w•@ˆê•@ˆê•@•@•@•@•@•@•@•p•@•@•p

hêˆêˆê•@

0•@•@•@•@5•D0•@•@•@10•D0•@•@•@15•D0

‚äening•Ef•@the•@VIs•@t•E•Ek•@place•@in•@this•@stage•D•@A“¤th•Eugh•@n•Epreferential•@gr•EwŒŒ•EfŒŒe•@islands

at•@the•@step•@edge•@was•@observed•C•@the•@islands•@tented•@to•@grow•@at•@the•@domain•@boundary•@of•@the

st‹Ðe•@stmcture•D•@M•Elecularly•@res•E1ved•@images•@were•@hardly•Ebtained•En•@the•@island•@at•@this

stage•C•@probably•@because•@molecular•@arrangement•@was•@not•@yet•@ri•@gid•D•@The•@islands•@grew•@two

dimensionally•@with•@time•@•iFig•D•@3•|lc•j•D•@The•@molecular•@arrangement•@corresponding•@to•@the

•iV3•@xv•i3•jR300•@was•@observed•@on•@the•@i•@sland•@at•@this•@stage•@as•@shown•@in•@Fig•D•@3•|3•D•@The•@c•i4x2•j

structure•@was•@still•@unable•@to•@be•@observed•@in•@solution•@while•@it•@was•@observed•@in•@air•@on•@the

SAM•@at•@the•@saturation•@coverage•@in•@our•@group•D•@The•@gold•@surface•@was•@almost•@covered•@with

these•@islands•@56•@min•@after•@the•@addition•@of•@the•@C•@l•@oSH•@solution•@•iFig•D•@3•|ld•j•D

•@•@•@When•@the•@SA•@process•@was•@monitored•@in•@the•@solution•@of•@lower•@concentration•C•@the•@growth

of•@the•@SAM•@was•@inhibited•@and•@the•@details•@of•@the•@SA•@process•@could•@be•@observed•@by•@the

sequential•@additi•En•Ef•@the•@dilute•@s•Eluti•En•Ef•@ClOSH•@int•Ethe•@pure•@hep‰¾e•EAfter•@the•@surface

of•@a•@gold•@substrate•@was•@observed•@in•@pure•@heptane•@to•@make•@sure•@that•@there•@was•@no•@surface

contamination•C•@droplets•@of•@1•@pM•@C•@l•@oSH•@heptane•@solution•@was•@added•@into•@the•@cell•@while
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Fig•D•@3•|4•D•@Sequential•@l•@y•@obtained•@STM•@i•@mages•@of•@a•@gol•@d•@•i111•j•@surface•@taken•@after•@the•@additi•@on•@of

C10SH•@he•«e•@solution•i170•~170•@nm2•j•D•ia•j2min‘_e‹Èe‰ÁaddiåMon•@of•@theŽRiol•@soludon•C

•ib•j•@2•@min•@and•@•ic•j•@7•@min•@after•@the•@second•@addition•@of•@the•@thiol•@solution•C•@•id•j•@2•@min•@and•@•ie•j•@12•@min

after•@the•@third•@addition•@of•@the•@thiol•@solution•@and•@•ib•@13•@min•@after•@the•@fourth•@addition•@of•@the•@thiol

solution•D•@Esti•@mated•@concentrati•@ons•@of•@the•@solution•@in•@the•@STM•@cell•@were•@ca•@•ia•j•@O•D1•@pM•@•C•@•ib•j•@and

•ic•j•@O•D3•@pM•C•@•id•j•@and•@•ie•j•@O•D5•@pM•@and•@•ifi•@•„O•D5•@pM•@•D

STM•@measurement•@was•@carried•@out•D•@Figure•@34•@shows•@sequentially•@obtained•@STM•@images

of•@the•@gold•@surface•@•i170x•@170•@nm2•j•@at•@the•@same•@position•@when•@the•@concentration•@of•@the

modifying•@solution•@was•@increased•D•@The•@time•@duration•@after•@the•@addition•@of•@the•@droplets•@of

the•@solution•@is•@shown•@in•@the•@figure•@caption•D•@The•@area•@with•@triangular•@shape•@at•@the•@right•@side

observed•@in•@a11•@the•@images•@was•@a•@gold•@terrace•@which•@was•@higher•@than•@the•@other•@portion•@by

O•D24•@nm•C•@i•D•@e•D•C•@monoatomic•@step•@of•@gold•D•@When•@a•@trace•@amount•@of•@the•@C•@l•@oSH•@was•@existed

•ica•D•@O•D1•@ptM•j•@in•@the•@solution•@•iFig•D•@34a•j•C•@two•|dimensionally•@•i2D•j•@grown•@structures•@without

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@61

•@•@•@•@•@•@•@”X•E•@•@•CiŠí“å•@•@•@•@˜¬•@•@•@•D•F•hr•E•f•h•@•@Si•f•@–]

•D•A•A

™•A•D•@‰T•E•E“Q•@•@•@•@•@•@•@’e•@ˆê•x•h•@•D‘•‘Ë•E“å—…•‘•@áÙ
ts•f1 –ü•AŒÈ•C

•Œ a2•Db



ƒ„

molecular•@features•@indicated•@•gA•h•@were•@observed•@within•@several•@minutes•@after•@the•@addition

of•@the•@droplets•@of•@modifying•@solution•D•@The•@featureless•@regions•@should•@be•@assigned•@to•@the

bare•@gold•@surface•@or•@the•@regions•@covered•@with•@the•@two•@dimensional•@liquid•@phase•@of•@C•@l•@oSH

which•@has•@been•@already•@reported•D47•@lt•@is•@diffricult•@to•@distinguish•@these•@structures•@only•@from

the•@STM•@image•D•@Many•@triangular•@pits•C•@the•@Vls•@of•@the•@gold•@surface•C•@were•@also•@observed•@on

the•@gold•@terrace•@within•@several•@minutes•@after•@the•@addition•@of•@the•@droplets•@of•@the•@solution

and•@the•@size•@of•@the•@pits•@did•@not•@change•@si•@gnificantly•@with•@time•D•@The•@location•@of•@these•@pits

seems•@to•@be•@resnicted•@at•@the•@edge•@or•@within•@the•@structure•@A•@in•@Fig•D•@3•|4a•D•@These•@pits•@were

observed•@only•@after•@the•@addition•@of•@the•@modifying•@solution•C•@indicating•@that•@they•@were•@not

induced•@by•@the•@tip•D•@The•@depth•@of•@these•@pits•@was•@very•@close•@to•@the•@one•@of•@the•@monoatomic

step•@of•@the•@gold•@•i111•j•@surface•D•@Thus•C•@these•@pits•@should•@be•@the•@vacancy•@islands•@•iVls•j•@of•@the

gold•@surface•@which•@was•@reported•@before•D26•C28•C29•C•@48•C49

•@•@When•@the•@concentration•@of•@the•@solution•@was•@increased•@by•@adding•@more•@droplets•@of•@the

CloSH•@solution•@•ica•D•@O•D3•@ptM•C•@Fig•D•@3•|4b•j•C•@the•@ordered•@stripe•@structures•@indicated•@•gB•h•@and

islands•@indicated•@•gC•h•@were•@observed•D•@These•@structures•@appeared•@just•@after•@the•@addition•@of

the•@droplets•@of•@the•@modifying•@solution•D•@Figure•@3•|4c•C•@which•@was•@captured•@5•@min•@after•@Fig•D•@3•|

4b•@was•@taken•C•@showed•@that•@these•@structures•@have•@grown•@with•@time•D•@Molecularly•@resolved

images•@were•@hardly•@obtained•@on•@the•@i•@slands•@at•@this•@stage•D•@This•@fact•@suggests•@that•@the

molecular•@structure•@was•@not•@rigid•@yet•@and•@the•@adsorbed•@molecules•@are•@in•@dynamic

equilibrium•@with•@the•@molecules•@in•@solution50•f52•@or•@diffuse•@on•@the•@surface•D•@ln•@many•@cases•C

the•@i•@slands•@seemed•@to•@grow•@at•@the•@domain•@boundary•@of•@the•@line•@shaped•@ordered•@structures•D

The•@areas•@of•@these•@structures•@increased•@when•@the•@droplets•@of•@the•@1•@ptM•@C•@l•@oSH•@solution

were•@added•@further•@so•@that•@the•@concentration•@of•@the•@solution•@was•@increased•@to•@ca•D•@O•D5•@ptM
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heptane•D•@Each•@image•@was•@obtained•@at•@•ia•j•@j•@ust•C•@•ib•j•@1•@min•@and•@•ic•j•@4•@min•@after•@the•@addition•@of•@the•@droplets

of•@the•@modifying•@solution•@•i150•@•~•@150•@nm2•j•D
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•@•@•@•@•@•@•@•@•@•@•@Distance•@•^•@nm

Fig•D•@3•|13•D•@An•@STM•@i•@mage•@•i50•@•~•@50•@nm2•j•@of•@the

stri•@pe•@structure•@of•@C•@l•@sSH•D•@•ib•j•@A•@sectional•@view

along•@the•@line•@•gA•h•D

50•@nm

Fig•D•@3•|14•D•@An•@STM•@image•@of•@the•@Au•i1•@1•@1•j•@surface

in•@O•D5•@pM•@solution•@of•@disulfide•@•iC•@l•@oS•|SC•@l•@o•j•D

68

that•@of•@C•@l•@sSH•C•@the•@corrugation•@period•@perpendicular•@to•@the•@stripe•@lines•@was•@3•D3•@nm•@which

is•@larger•@than•@those•@of•@C•@loSH•@and•@C•@l•@sSH•@but•@shorter•@than•@2x•imolecular•@length•j•D•@After•@the

further•@addition•@of•@the•@modifying•@solution•C•@the•@STM•@image•@became•@obscure•@and•@we•@were

not•@able•@to•@observe•@the•@island•@structure•@in•@both•@C•@lsSH•@and•@C•@l•@sSH•@solution•D•@This•@may•@be

because•@the•@formation•@of•@the•@V3xV3R300•@structure•@of•@these•@molecules•@is•@not•@promoted•@in

heptane•@as•@shown•@in•@the•@later•@section•D•@or•@a•@tunneling•@gap•@impedance•@is•@not•@high•@enough•@to

resolve•@the•@long•@alkanethiol•@tail•@and•@the•@tip•@destroyed•@the•@structure•D

•@•@The•@initial•@SA•@structure•@of•@the•@dialkyl•|disulfide•@•iCH3•iCH2•jgS•|S•iCH2•jgCH3•j•@was•@also

observed•@in•@a•@dilute•@heptane•@solution•D•@The•@STM•@image•@showed•@that•@the•@stripe•@and•@mesh

structures•@which•@are•@identical•@to•@those•@observed•@in•@C•@l•@oSH•@covered•@the•@gold•@surface•@as

shown•@in•@Fig•D3•|14•D•@This•@result•@indicates•@that•@the•@adsorbed•@states•@of•@the•@disulfide•@and•@thiol

are•@very•@similar•D

•@•@•ic•j•@The•@Formation•@Process•@of•@the•@Vls•D

•@•@The•@very•@initial•@stage•@of•@the•@SA•@process•@and•@formation•@of•@the•@VIs•@was•@followed•@by

using•@very•@dilute•@solution•D•@Figure•@3•|15a•@shows•@an•@STM•@image•@of•@Au•i111•j•@surface•@taken•@17

min•@after•@the•@injection•@of•@the•@C•@l•@oSH•@solution•D•@The•@concentration•@of•@the•@C•@l•@oSH•@in•@the

STM•@cell•@was•@ˆêv•@O•D1•@ptM•D•@The•@brighter•@patch•|like•@regions•@should•@correspond•@to•@the

disordered•@phase•@of•@the•@C•@l•@oSH•@as•@reported•@before•D•@Pits•@were•@also•@appeared•@within•@the

patch•|like•@regions•D•@These•@pits•@should•@correspond•@to•@the•@Vls•@of•@gold•@sllrface•@as•@the•@depth•@of

them•@was•@close•@to•@O•D24•@nm•D•@Figure•@3•|15b•@shows•@an•@STM•@image•@after•@the•@second•@injection

of•@the•@C•@loSH•@solution•D•@The•@concentration•@of•@the•@solution•@in•@the•@cell•@was•@still•@tvO•D1ptM•D•@The

area•@of•@the•@patch•|like•@regions•@were•@apparently•@increased•@and•@the•@stripe•@phase•@of

alkanethiols•@was•@observed•@in•@these•@patch•|like•@regions•D•@ln•@addition•@to•@the•@SAM•@formation•C

small•@Vls•@indicated•@by•@arrows•@in•@Fig•D•@3•|15a•@disappeared•@after•@the•@second•@addition•@of•@the

CloSH•@solution•@as•@shown•@in•@Fig•@3•|15b•D•@Note•@that•@total•@number•@of•@the•@Vls•@on•@the•@surface

counted•@in•@larger•@area•@was•@increased•@as•@new•@Vls•@were•@also•@formed•@in•@most•@of•@cases•D

•@•@Poirier•@reported•@that•@the•@Vls•@started•@to•@be•@formed•@at•@the•@regions•@where•@the•@deformation

of•@the•@reconstruction•@of•@the•@gold•@surface•@became•@large•@and•@the•@molecules•@did•@not•@exist

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@69
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111P•j•E•D•D

•@•@•@•@•@Figure•@3•|15•D•@•ia•j•@STM•@image•@of•@Au•i111•j•@surface•@i•@n•@heptane•@17•@min•@after•@the•@additi•@on•@of

•@•@•@•@•@the•@C•@l•@oSH•@solution•D•@•ib•j•@STM•@i•@mage•@taken•@after•@the•@second•@addition•@of•@the•@C•@l•@oSH

•@•@•@•@•@solution•D

there•D•@This•@formation•@process•@of•@the•@Vls•@may•@also•@be•@applicable•@for•@the•@present•@case•D•@Thus•C

the•@VIs•@were•@formed•@on•@the•@bare•@gold•@surface•@around•@the•@regions•@w•@here•@the•@thiols•@were

adsorbed•@and•@then•@totally•@surrounded•@by•@the•@thiols•D•@As•@a•@result•C•@the•@Vls•@were•@located•@at•@the

boundary•@of•@the•@disordered•@phase•@in•@the•@STM•@images•D•@ln•@addition•C•@the•@migration•@of•@the

gold•@atoms•@seems•@to•@be•@enhanced•@in•@the•@region•@covered•@with•@the•@disordered•@phase•@of•@the

thiols•C•@since•@the•@ripening•@of•@the•@Vls•@took•@place•@in•@these•@regions•D•@Although•@the•@ripening•@of

the•@Vls•@was•@not•@observed•@clearly•@after•@the•@•iV3x•gv•i3•jR30e•@structure•@was•@constructed•@in•@the

present•@study•C•@Cavalleri•@et•@al•D•@observed•@the•@one•@even•@after•@the•@gold•@surface•@was•@covered

with•@the•@•iV3•@xV3•jR300•@structure•@at•@higher•@temperature•C61•@indicating•@that•@the•@gold•@atoms

covered•@with•@the•@•iV3•@xV3•jR300•@structure•@are•@still•@able•@to•@migrate•@on•@the•@surface•D•@lt•@should

be•@reasonable•@to•@assume•@that•@degree•@of•@the•@ripening•@is•@affected•@by•@the•@temperature•@and•@the

effect•@of•@the•@temperature•@of•@the•@solvent•@is•@shown•@in•@Section•@3•|4•D

•@•@•@Most•@of•@the•@Vls•@observed•@in•@heptane•@solution•@was•@in•@niangular•@shape•@with•@its•@side

directed•@to•@•qliO•„•C•@i•De•D•C•@the•@step•@of•@the•@gold•@substrate•@as•@seen•@in•@Fig•D•@3•|15a•@while•@the•@ones

observed•@on•@the•@SAM•@prepared•@in•@UHV•@or•@in•@ethanol•@solution•@is•@circular•D•@These•@results

seem•@to•@indicate•@that•@the•@diffusion•@of•@gold•@atoms•@on•@the•@surface•@i•@s•@faster•@in•@the•@heptane

solution•@than•@the•@one•@in•@the•@ethanol•@solution•D•@The•@different•@diffusion•@rate•@of•@gold•@atom•@may

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@70

related•@to•@the•@difference•@of•@the•@one•@of•@gold•@atoms•@covered•@with•@the•@disordered•@thiol•@phases•D

The•@solvent•@should•@play•@an•@important•@role•@in•@this•@step•@as•@it•@is•@possible•@that•@the•@solvent•@is

also•@included•@in•@the•@disordered•@phase•D•@The•@solvent•@effect•@on•@the•@structure•@of•@the•@SAM•@is

shown•@in•@Section•@3•|3•D

3•|2•|3•@Conclusion

•@•@The•@present•@results•@have•@shown•@that•@there•@are•@at•@least•@three•@steps•@in•@the•@SA•@process•@of

alkanethiols•@of•@various•@chain•@length•@on•@Au•i111•j•D•@At•@the•@initial•@stage•C•@adsorbed•@molecules

does•@not•@arrange•@in•@ordered•@structure•D•@The•@Vls•@of•@the•@gold•@surface•@are•@created•@at•@this•@stage•D

At•@the•@same•@time•C•@the•@VIs•@ripen•@in•@the•@disordered•@phase•@of•@alkanethiols•D•@Further•@adsorption

of•@the•@molecules•@leads•@to•@the•@initial•@ordered•@self•|assembled•@structures•@such•@as•@mesh•@and

stripe•C•@i•D•@e•D•C•@the•@p•@•~•@V3•@structure•@•ip•@•••@7•D5•@and•@11•@for•@CloSH•j•@when•@the•@concentration•@of•@the

solution•@is•@low•D•@The•@SA•@process•@of•@alkanethiols•@shown•@above•@indicates•@that•@the•@lateral

surface•@pressure•@in•@the•@molecular•@layer•@is•@one•@of•@the•@important•@driving•@forces•@for•@the

formation•@the•@•iV3xV3•jR30e•@structure•D•@At•@a•@first•@glance•C•@it•@seems•@to•@be•@unfavorable•@for•@the

alkanethiols•@to•@foim•@the•@lying•@down•@structure•@on•@the•@gold•@surface•@in•@the•@heptane•@solution

since•@the•@heptane•@is•@expected•@to•@show•@good•@affinity•@with•@the•@alkylchain•@of•@the•@alkanethiols•D

However•C•@it•@is•@natural•@that•@the•@alkanethiols•C•@which•@were•@anchored•@on•@the•@gold•@surface•@by

the•@sulfur•|gold•@interaction•C•@were•@laid•@down•@even•@in•@the•@heptane•@solution•@since•@the

interaction•@between•@the•@gold•@surface•@and•@the•@alkylchains•@is•@stronger•@than•@that•@among•@the

alkanes•@even•@in•@neat•@liquids•@as•@shown•@in•@Chapter•@2•D•@As•@a•@result•C•@surface•@pressure•@is

required•@to•@form•@the•@uprightˆê•@•iV•i3xV3•jR300•@structure•D•@The•@size•@of•@VIs•@does•@not•@change

significantly•@after•@this•@stage•C•@suggesting•@the•@etching•@is•@minor•@effect•@on•@Vls•@formation•D

Finally•C•@the•@islands•@on•@which•@molecules•@arrange•@in•@the•@•iV3•@•~•@Av•i3•jR30e•@structure•C•@grow•@and

the•@monolayer•@formation•@is•@completed•D•@The•@dynamic•@equilibrium•@state•@exists•@at•@the•@early

stage•@of•@the•@island•@growth•D•@The•@p•@•~•@V3•@structures•C•@whose•@values•@of•@p•@are•@not•@consistent

with•@the•@surface•@aligned•@molecular•@model•C•@also•@exist•@at•@the•@early•@stage•@of•@self•|assembly•@of

ClsSH•@and•@C•@l•@sSH•D•@These•@results•@seems•@to•@be•@consistent•@with•@the•@model•@based•@on•@the
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results•@from•@macroscopic•@measurements•@which•@have•@shown•@that•@there•@are•@at•@least•@two•@steps

in•@the•@SA•@process•C•@i•D•@e•D•C•@the•@initial•@faster•@step•@and•@following•@slower•@step•D3•C33•C34•C38•C41•C43•C44•@lt

seems•@that•@the•@formation•@of•@the•@preformed•@structures•@and•@the•@islands•@corresponds•@to•@the

initial•@faster•@and•@following•@slower•@step•C•@respectively•D

3•|3•@Solvent•@Effect•@on•@the•@Structure•@of•@the•@Self•|Assembled•@Monolayer•@of•@Alkanethio1

3•|3•|1•@Experimenta1

•@•@Preparation•@of•@the•@chemicals•@and•@the•@gold•@substrates•@were•@the•@same•@as•@described•@in

Section•@3•|2•|1•D•@Electrochemical•@measurements•@were•@canied•@out•@with•@an•@Au•i11•@1•j•@electrode

made•@by•@the•@Clavilier•fs•@method62•@with•@hanging•@meniscus•@technique•@in•@a•@O•D5•@M•@KOH

aqueous•@solution•D•@The•@electrode•@potential•@i•@s•@referred•@to•@Ag•^AgCl•D•@Modification•@of•@the•@gold

substrate•@for•@both•@STM•@and•@reducti•@ve•@desorption•@•iRD•j•@measurements•@w•@as•@canied•@out•@by

immersing•@the•@substrate•@into•@10•@pM•@C•@loSH•@solution•@for•@1•@h•D•@The•@surface•@were•@rinsed•@with

the•@pure•@liquid•@of•@the•@solvent•@used•@in•@the•@modification•@and•C•@then•C•@dried•@with•@Ar•@gas•D

3•|3•|2•@Results•@and•@Discussions

Figure•@3•|16•D•@STM•@images•@of•@Au•i111•j•@surface•@modified•@in•@10•@ptM•@solution•@in•@•ia•j

ethanol•C•ib•j•@DMF•C•@•ic•j•@tol•@uene•@and•@•id•j•@heptane•@for•@1•@h•D

pt

•h

r‚µ‡j•u‰æ

•@•@Figure•@3•|16a•@shows•@an•@STM•@image•@of•@a•@gold•@substrate•C•@which•@was•@modified•@in•@10•@pM

CIoSH•@ethanol•@solution•@for•@1•@h•C•@obtained•@in•@air•D•@Flat•@regions•@corresponding•@to•@the•@SAM

layer•@with•@the•@•iV3xV3•jR300•@structure•@and•@many•@pits•@of•@O•D25•@nm•@deep•@corresponding•@to•@Vls

of•@gold•@surface•@were•@observed•@as•@reported•@before•D23•C24•@Figures•@3•|16b•@and•@c•@show•@STM

images•@of•@the•@Au•i111•j•@substrate•@after•@the•@modification•@in•@DMF•@and•@toluene•@solution

containing•@10•@ptM•@C•@loSH•C•@respectively•D•@The•@gold•@surface•@again•@showed•@the•@existence•@of

the•@monolayer•@with•@the•@Vls•@of•@the•@gold•@surface•D•@When•@the•@modification•@was•@carried•@out•@in

DMF•@•iFig•D•@3•|16b•j•C•@the•@the•@VIs•@of•@the•@gold•@surface•@were•@tend•@to•@be•@connected•@each•@other

and•@the•@density•@of•@the•@missing•|row•|defect•@was•@very•@low•C•@resulting•@in•@very•@large•@domains•D

The•@area•@of•@each•@the•@VIs•@of•@the•@gold•@surface•@seemed•@to•@be•@larger•@and•@missing•|row•|defects

running•@between•@the•@Vls•@of•@the•@gold•@surface•@were•@seen•@when•@the•@SAM•@was•@prepared•@in

Figure•@3•|17•D•@STM•@images•@of•@Au•i111•j•@surface•@modified•@in•@10•@•hM

solution•@in•@•ia•j•@toluene•@and•@•ib•j•@heptane•@for•@1•@h•D
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toluene•@•iFig•D•@3•|16c•j•D•@The•@magnified•@STM•@images•@of•@the•@Au•i111•j•@surface•@covered•@with

SAM•@prepared•@in•@DMF•@and•@toluene•@also•@revealed•@the•@•iV3xV3•jR300•@structure•@as•@shown•@in

Fig•D•@3•|17a•D

•@•@The•@structure•@of•@the•@C•@l•@oSH•@SAM•@prepared•@in•@heptane•@was•@quite•@different•@from•@the•@ones

prepared•@in•@ethanol•C•@DMF•@and•@toluene•@as•@shown•@in•@Fig•D•@3•|16d•D•@There•@were•@no•@clear•@flat

regions•@on•@the•@gold•@surface•@while•@the•@Vls•@of•@the•@gold•@surface•@existed•@and•@a•@magnified•@STM

image•@showed•@no•@ordered•@structure•@•iFig•D•@3•|17b•j•D•@These•@results•@were•@in•@contrast•@to•@our

recent•@reports•@of•@in•@situ•@STM•@observation•@of•@the•@formation•@process•@of•@the•@SAM•@in•@heptane

where•@the•@formation•@of•@the•@island•@leading•@to•@the•@•iAv•i3xV3•jR300•@structure•@was•@observed•D5

The•@islands•@observed•@in•@situ•@was•@obscure•@in•@many•@cases•@indicating•@that•@the•@•iV3xV3•jR300

structure•@is•@not•@firmly•@formed•@in•@heptane•D•@Thus•C•@when•@the•@solvent•@is•@removed•C•@the•@fragile

islands•@were•@destroyed•@and•@disordered•@phase•C•@which•@was•@observed•@in•@ex•@situ•@observation•C

was•@formed•D

•@•@The•@quantitative•@analysis•@of•@the•@domain•@and•@pit•@sizes•@were•@carried•@out•@as•@summarized•@in

Table•@3•|1•D63•@The•@averaged•@domain•@size•@of•@the•@SAM•@prepared•@in•@DMF•@was•@very•@large•@as

mentioned•@before•D•@The•@domain•@size•@of•@the•@SAM•@prepared•@in•@toluene•C•@where•@the•@domain

boundary•@was•@clearly•@defined•C•@was•@7•@times•@as•@large•@as•@that•@of•@the•@SAM•@prepared•@in

ethanol•D•@The•@fraction•@of•@the•@integrated•@pit•@area•@to•@the•@total•@surface•@area•@was•C•@however•C

almost•@uniform•@regardless•@of•@the•@solvent•C•@although•@the•@averaged•@pit•@size•@was•@dependent•@on

the•@solvent•D•@This•@result•@indicates•@that•@the•@dependence•@of•@the•@pit•@size•@on•@solvent•@arises•@from

•@•@•@•@•@•@•@•@•@Table•@3•|1•D•@Size•@of•@domains•@and•@the•@Vls•@estimated•@from•@STM•@images•D

•ia•j•^H•Dˆê•gfp•C•C•C•C•C•Dˆê•D•D•Dme•D•D•C•D•C•D•C•pˆê•Dˆê•D•ic

•ib•j •id•j

xˆêˆê

Io•D1•@ptA

VIs
Solvent Domain•@Size Size ƒÐ•–1 Fraction•–2

•Inm2 •^nm2 1nm2 ƒm•“

Ethanol 250 25 26 14

DMF •„5000 42 56 12

Toluene 1700 55 42 12

Heptane •p
25 27 15

•g1•D•@Standard•@deviation•@of•@the•@pit•@size•D

•g2•D•@Ratio•@of•@the•@integrated•@pit•@area•@to•@the•@total•@surface•@area•D
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•@•@•@•@•@•@•@•@•@•@•@Io•Di•@pA

•@•@•@•@ˆê1•D0•@ˆê•Z•D5•@O•@ˆê1•D0•@ˆê•Z•D5•@O

Figure•@3•|18•D•@Cyclic•@voltammograms•@of•@Au•i1•@1•@1•j•@electrode•@obtai•@ned•@in•@O•D5

•i–ÚKOH•@aqueous•@solution•@at•@IO•@mVs•|i•D•@Gold•@electrode•@was•@modified•@with

CloSH•@i•@n•@•ia•j•@ethanol•C•@•ib•j•@DMF•C•@•ic•j•@toluene•@and•@•id•j•@heptane•@sol•@ution•D

the•@difference•@in•@the•@rate•@of•@migration•@process•@of•@gold•@atoms•D27•@Although•@Edinger•@et•@al•D

reported•@that•@the•@density•@and•@averaged•@size•@of•@the•@Vls•@of•@the•@gold•@surface•@were•@low•@and

small•C•@respectively•@when•@modification•@was•@canied•@out•@in•@hexane•@for•@24•@h•@compared•@to•@the

SAM•@prepared•@in•@ethanol•C64•@we•@were•@not•@able•@to•@reproduce•@their•@results•D65

•@•@Figure•@3•|18•@shows•@cyclic•@voltammograms•@of•@the•@gold•@electrode•@covered•@with•@the

CloSH•@SAM•@prepared•@in•@•ia•j•@ethanol•C•@•ib•j•@DMF•C•@•ic•j•@toluene•@and•@•id•j•@heptane•D•@A•@sharp

cathodic•@current•@peak•@was•@observed•@around•@ˆê1•D0•@V•@at•@all•@electrodes•@except•@for•@the•@electrode

modified•@in•@heptane•@which•@gave•@the•@peak•@at•@more•@positive•@potential•D•@These•@peaks•@were

attributed•@to•@the•@reductive•@desorption•@of•@CioSH•@SAM•D66•@lt•@is•@interesting•@to•@note•@that•@the

structural•@difference•@observed•@by•@STM•@does•@not•@affect•@the•@desorption•@behavior•D•@lt•@seems•@to

be•@reasonable•@to•@attribute•@the•@positively•@shifted•@current•@peak•@seen•@in•@Fig•D•@3•|18d•@to•@the

desorption•@of•@the•@molecules•@in•@the•@disordered•@phase•@which•@was•@observed•@in•@the•@STM

examination•@and•@therefore•C•@the•@results•@of•@the•@RD•@measurement•@are•@consistent•@with•@the

STM•@examination•D

•@•@The•@structure•@at•@the•@initial•@stage•@of•@the•@SA•@process•@in•@these•@solvents•@was•@also•@examined

by•@ex•@situ•@STM•@measurement•D•@Figure•@3•|19•@shows•@STM•@images•@of•@Au•i111•j•@surface

s™èected•@to•@the•@modification•@in•@1ƒÊM•@soludon•@of•@ClOSH•@for•@30•@s•D•@The•@stripe•@and•@mesh

structures•@which•@correspond•@to•@the•@5V3•@xV3•@structure•@were•@observed•@on•@the•@Au•i111•j

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@75
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Figure•@3•|19•D•@STM•@images•@of•@Au•i111•j•@surface•@modified•@in•@10•@pM•@solution•@in•@•ia•j

ethanol•@•C•@•ib•j•@DME•@•ic•j•@toluene•@and•@•id•j•@heptane•@for•@30s•D

surface•@modified•@in•@•ia•j•@ethanol•C•@•ib•j•@toluene•@and•@•ic•j•@DMF•@solution•@while•@the•@islands•@which

was•@higher•@than•@the•@other•@region•@were•@al•@so•@imaged•@on•@the•@Au•i111•j•@surface•@modified•@in

toluene•@and•@DMF•C•@indicating•@that•@the•@island•@formation•@was•@faster•@than•@that•@in•@ethanol•@and

heptane•D•@The•@stripe•@structure•@observed•@on•@the•@Au•i111•j•@surface•@modified•@in•@heptane•@was

different•@from•@the•@one•@previously•@observed•D•@The•@inter•|row•@spacing•@of•@the•@stripe•@observed

here•@corresponded•@to•@a•@single•@molecular•@length•@and•C•@thus•C•@the•@stripe•@consists•@of•@the

molecules•@with•@their•@molecular•@axis•@parallel•@to•@the•@surface•@plane•@and•@arranged•@in•@tail•@to

head•C•@i•De•D•C•@the•@thiol•@group•@are•@located•@at•@the•@end•@of•@the•@alkyl•@chain•@of•@the•@neighbor

molecules•D•@The•@reason•@why•@this•@type•@of•@stripe•@was•@observed•@is•@not•@clear•D•@One•@possible

reason•@is•@that•@the•@physisorbed•@molecules•@are•@rearranged•@when•@the•@solution•@is•@removed•@and
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•e

surface•@is•@rinsed•D•@lt•@should•@be•@noted•@that•@the•@number•@of•@the•@Vls•@were•@also•@dependent•@of•@the

solvent•@at•@the•@early•@SA•@process•C•@indicating•@that•@the•@rate•@of•@ripening•@of•@the•@Vls•@is•@dependent

on•@the•@solvent•D•@The•@details•@of•@the•@SA•@process•@is•@not•@clear•@since•@the•@ex•@situ•@measurement•@is

poor•@in•@reproducibility•@and•@in•@situ•@STM•@observation•@is•@not•@available•@in•@these•@solvent•@except

for•@heptane•@since•@the•@leak•@current•@flows•@through•@the•@tip•D

3•|3•|3•@Conclusion

•@•@It•@was•@shown•@that•@solvent•@used•@for•@the•@modification•@affected•@the•@structure•^order•@of•@the

SAMs•@such•@as•@sizes•@of•@the•@domains•@and•@the•@Vls•D•@The•@modification•@in•@DMF•@solution

resulted•@in•@the•@construction•@of•@large•@domains•@while•@the•@Vls•@were•@small•@and•@connected•@each

other•D•@The•@modification•@in•@toluene•@also•@resulted•@in•@the•@formation•@of•@the•@large•@domains•@and

large•@Vls•D•@The•@RD•@measurement•@was•@not•@sensitive•@to•@such•@differences•D•@The•@fraction•@of•@the

integrated•@area•@of•@the•@Vls•@to•@the•@surface•@area•@was•@uniform•@regardless•@of•@the•@solvent•D•@The

SA•@process•@seemed•@to•@be•@fundamentally•@the•@same•@in•@all•@solvents•C•@i•De•D•C•@the•@stripe•@structure

was•@formed•@before•@the•@•iV3xV3•jR300•@structure•@while•@the•@detailed•@structure•@of•@the•@stripe•@and

the•@Vls•@and•@the•@rate•@of•@the•@formation•@was•@dependent•@on•@the•@solvent•D

3•|4•D•@Effect•@of•@the•@Temperature•@on•@the•@S•@tructure•@of•@the•@SAMs•@of•@Alkanethiols

3•|4•|1•@Experimental

•@•@Preparation•@of•@the•@chemicals•@was•@the•@same•@as•@described•@in•@Section•@3•|2•|1•D•@The•@Au•i111•j

facet•@of•@a•@single•@crystal•@prepared•@by•@Clavilier•fs•@method62•@was•@used•@as•@the•@substrate•D•@The

gold•@substrate•@was•@placed•@on•@a•@Pt•@sheet•@to•@be•@fixed•@in•@a•@STM•@cell•D•@The•@Au•@surface•@was

subjected•@to•@flame•|annealing•@and•@cooled•@in•@air•@for•@several•@tens•@of•@seconds•@and•@then

immersed•@in•@pure•@ethanol•@which•@was•@kept•@at•@the•@same•@temperature•@as•@the•@solution•@for•@the

modification•D•@The•@modification•@was•@canied•@out•@by•@immersing•@the•@substrate•@into•@1•@mM

solution•@of•@C•@l•@oSH•@in•@ethanol•@at•@ˆê20eC•@•iin•@a•@freezer•j•C•@5eC•@•iin•@a•@refrigerator•j•C•@250C•@•iin•@oil

bath•j•C•@60•gC•@•iin•@oil•@bath•j•@and•@780C•@•iboiling•@point•C•@reflux•@with•@stirring•j•D•@After•@the
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Figure•@3•|20•D•@STM•@images•@of•@Au•i1•@1•@1•j•@surface•@•i150•@nm•@square•j•@after•@the•@modificati•@on•@at•@•ia•j•@ˆê100C•C

•ib•j•@50C•C•@•ic•j•@25eC•C•@•id•j•@60eC•@and•@•ie•j•@78eC•D•@•ib•@Typical•@magnified•@image•@•i12•@nm•@square•j•@of•@Au•i111•j

surface•@after•@the•@modification•D

modification•C•@the•@substrate•@was•@rinsed•@with•@pure•@ethanol•@and•@dried•@with•@Ar•@gas•D

3•|4•|2•@Results•@and•@Discussions

•@•@Figure•@3•|20•@shows•@STM•@images•@•i150•@x•@150•@nm2•j•@of•@the•@Au•i111•j•@surface•@subj•@ected•@to

the•@modification•@at•@•ia•j•@ˆê200C•C•@•ib•j•@50C•C•@•ic•j•@25•@eC•C•@•id•j•@600C•@and•@•ie•j•@78eC•@for•@l•@h•D•@All•@the

images•@show•@the•@typical•@features•@of•@a•@gold•@surface•@covered•@with•@the•@SAM•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@78
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Figure•@3•|21•@The•@number•@of•@the•@Vls•@and•@Fraction
of•@the•@total•@area•@of•@the•@V•@I•@s•D
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Figure•@3•|22•D•@STM•@i•@mage•@of•@Au•i1•@1•@1•j•@surface

after•@the•@modification•@for•@20•@h•@at•@780C•D

alkanethiol•@such•@as•@pits•@and•@domain•@boundaries•D23•C24•@The•@depth•@of•@the•@pits•@was•@ca•D•@O•D24•@nm

which•@is•@close•@to•@the•@monoatomic•@step•@height•@of•@the•@Au•i111•j•@surface•@and•C•@therefore•C•@these

pits•@were•@assigned•@to•@the•@Vls•@of•@the•@gold•@surface•D23•C24•@ln•@the•@all•@cases•C•@the•@magnified•@STM

image•@•i12•@x•@12•@nm2•j•@of•@the•@Au•i111•j•@surface•@showed•@the•@•iV3xV3•jR300•@structure•C•@which•@is

known•@to•@be•@a•@typical•@structure•@of•@the•@SAM•@of•@alkanethiols•C•@as•@shown•@in•@Fig•D•@3•|20•ifi•D•@lt•@is

clear•@from•@Figs•D3•|20•ia•j•@to•@•ie•j•@that•@the•@size•@of•@the•@domain•@and•@the•@Vls•@were•@larger•@and•@the

number•@of•@VIs•@was•@smaller•@when•@the•@temperature•@of•@the•@solution•@was•@higher•D•@Figure•@3•|21

shows•@the•@average•@number•@and•@the•@fraction•@of•@areas•@of•@the•@Vls•@found•@in•@the•@100•@nm•@square

images•D67•@wnile•@the•@number•@of•@the•@Vls•@almost•@linearly•@decreased•@with•@temperature•C•@the

fraction•@of•@the•@areas•@of•@the•@V•@l•@s•@to•@the•@total•@surface•@area•@was•@constant•@at•@ca•D•@890•D•@This•@value

is•@in•@fair•@agreement•@with•@that•@previously•@reported•C•@i•De•D•C•@10•hv•@1590•D27•@The•@fact•@that•@the

fraction•@of•@the•@areas•@of•@the•@Vls•@to•@the•@total•@surface•@area•@was•@constant•@regardless•@of•@the

temperature•@suggests•@that•@the•@observed•@difference•@in•@the•@size•@of•@the•@individual•@Vls•@are•@the

result•@of•@the•@Ostwalt•@ripening•C•@as•@proposed•@in•@the•@previous•@studies•D18•C68•f70•@The•@size•@and

number•@of•@the•@Vls•@did•@not•@change•@when•@the•@modification•@time•@was•@changed•@to•@15•@min•@and

18•@h•@at•@all•@temperatures•C•@suggesting•@that•@the•@ripening•@of•@the•@Vls•@reached•@equilibrium•@within

15•@min•D•@lt•@is•@clear•@that•@the•@temperature•@of•@the•@solution•@at•@the•@very•@initial•@stage•@of•@the•@self•|

assembly•@•iSA•j•@has•@a•@strong•@influence•@on•@the•@defect•@density•@of•@the•@SAMs•D
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•@•@It•@should•@be•@noted•@here•@that•@there•@were•@cases•@when•@the•@destruction•@of•@the•@SAM•@took

place•@when•@the•@substrate•@was•@immersed•@in•@the•@modifying•@solution•@for•@over•@18•@h•@at•@780C•@as

shown•@in•@Fig•D•@3•|22•D•@lt•@was•@al•@so•@observed•@that•@the•@domain•@boundary•@was•@wider•@than•@a•@single

molecular•@space•@when•@the•@modification•@was•@carried•@out•@at•@grater•@than•@60eC•D•@These•@results

seem•@to•@indicate•@that•@the•@sub•|reaction•@which•@destroyed•@the•@monolayer•@took•@place•@in•@the

higher•@temperature•@solution•D

3•|4•|3•@Conclusion

•@•@It•@was•@shown•@that•@temperature•@of•@the•@solution•@affected•@the•@size•@of•@the•@domains•@and•@the

Vls•D•@The•@modification•@in•@the•@solution•@of•@high•@temperature•@resulted•@in•@the•@formation•@of•@the

large•@domain•@and•@the•@Vls•D•@The•@total•@area•@of•@the•@Vls•@were•@uniform•C•@ca•D•@8•@qo•@of•@the•@surface•C

regardless•@of•@the•@temperature•@of•@the•@solution•C•@supponing•@the•@Oswald•@ripening•@process•@of

the•@VIs•D

3•D5•@Conclusion

•@•@The•@in•@situ•@STM•@observation•@of•@the•@SA•@process•@of•@alkanethiols•@showed•@that•@three•@steps

were•@existed•@in•@the•@SAM•@formation•@•iFig•D•@3•|23•j•D•@ln•@the•@first•@step•C•@the•@disordered•@structure•@of

the•@alkanethiols•@was•@formed•@on•@the•@gold•@surface•@and•@the•@Vls•@of•@the•@gold•@surface•@were•@also

created•@and•@underwent•@ripening•@•iFig•D•@3•|23a•j•D•@When•@the•@growth•@rate•@was•@slow•C•@the•@stripe

structures•@were•@forrned•@•iFig•D•@3•|23b•j•D•@The•@one•@of•@the•@stripe•@structures•@consisted•@of•@the

molecules•@with•@their•@molecular•@axis•@parallel•@to•@the•@surface•@plane•@and•@the•@others•@consisted

of•@the•@molecules•@with•@their•@alkylchains•@piled•@up•@with•@each•@other•D•@The•@funher•@adsorption•@of

the•@alkanethiols•@lead•@the•@formation•@of•@the•@islands•@in•@which•@the•@•iV3xV3•jR300•@structure•@was

formed•@•iFig•D•@3•|23c•j•D•@Finally•C•@the•@islands•@covered•@the•@surface•@and•@monolayer•@formation•@was

completed•@•iFig•D•@3•|23d•j•D•@The•@solvent•@significantly•@affected•@the•@size•@of•@domain•@and•@the•@VIs•C

probably•@because•@the•@surface•@diffusion•@i•@s•@affected•D•@The•@fraction•@of•@the•@total•@are•@of•@the•@Vls

were•@uniform•C•@ca•D•@1290•C•@independent•@of•@the•@solvent•C•@indicating•@that•@the•@formation

mechanism•@of•@the•@Vls•@were•@not•@affected•@by•@the•@solvent•@while•@a•@degree•@of•@the•@ripening•@of
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Fig•D•@3•|23•D•@Schematic•@model•@of•@the•@SA•@process•@of•@alkanethiols•D•@The•@di•@sordered•@phase•@is•@formed

•ia•j•@and•C•@then•C•@the•@stri•@pe•@structures•@are•@formed•@•ib•j•D•@The•@i•@slands•@of•@•iV•i3xV•i3•jR300•@grow•@tvvo

dimensionally•@•ic•j•@and•@cover•@the•@surface•@•id•j•D

them•@were•@dependent•@on•@the•@solvent•D•@The•@stripe•@structures•@was•@also•@formed•@in•@all•@the

solvents•@while•@the•@details•@of•@the•@stripe•@structure•@was•@different•D•@The•@temperature•@of•@the

solution•@also•@affected•@the•@size•@of•@domain•@and•@the•@Vls•D•@The•@higher•@temperature•@resulted•@in

the•@formation•@of•@a•@larger•@domain•@and•@VIs•D•@The•@fraction•@of•@the•@total•@area•@of•@the•@VIs•@were

uniform•C•@ca•D•@89e•C•@independent•@of•@the•@temperature•D•@The•@longer•@modification•@in•@higher

temperature•@lead•@destruction•@of•@the•@SAM•@from•@the•@domain•@boundary•C•@indicating•@that•@the
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initial•@stage•@of•@the•@SAM•@formation•@is•@important•@in•@forming•@the•@large•@domain•D
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discovered•@on•@the•@Au•i111•j•@surface•@when•@the•@2D•@crystal•@was•@formed•@at•@65aC•C•@indicating

that•@the•@symmetry•@of•@the•@molecule•@plays•@an•@important•@role•@in•@forming•@the•@2D•@crysta1•D

These•@results•@clearly•@showed•@that•@the•@molecular•|molecular•@interaction•@was•@the

predominant•@factor•@in•@forming•@the•@2D•@crystals•@of•@alkanes•@on•@the•@Au•i111•j•@surface•D•@In

addition•C•@it•@was•@also•@shown•@that•@the•@molecular•@orientation•@was•@very•@sensitive•@to•@the

structure•@of•@the•@substrate•@since•@the•@preferential•@orientation•@of•@the•@alkanes•@with•@respect•@to

the•@stmcture•@of•@the•@reconstructed•@Au•i111•j•@and•@•i100•j•@surface•@was•@observed•D•@The•@surface

corrugation•@due•@to•@the•@reconstruction•@should•@be•@one•@of•@the•@reasons•@why•@the•@2D•@crystal•@of

alkanes•@did•@not•@show•@the•@odd•|even•@effect•@on•@Au•i100•j•@surface•@since•@molecular•@packing

should•@be•@disturbed•@by•@the•@corrugation•@of•@the•@substrate•D

•@•@In•@Chapter•@3•C•@the•@self•|assembly•@•iSA•j•@process•@of•@the•@chemisorbed•@2D•@ordered•@organic

layers•@of•@alkanethiols•@on•@Au•i111•j•@surface•@was•@investi•@gated•@by•@in•@situ•@STM•D•@lt•@was•@revealed

that•@there•@were•@three•@stages•@in•@the•@SA•@process•@of•@alkanethiol•@s•@when•@the•@concentration•@of

the•@solution•@was•@low•C•@•Eˆê•Z•D5pM•D•@ln•@the•@initial•@stage•C•@the•@disordered•@phase•@of•@the•@alkanethiols

was•@formed•@on•@the•@surface•D•@The•@vacancy•@i•@slands•@•iVIs•j•@of•@gold•@surface•@were•@al•@so•@formed

and•@ri•@pened•@at•@this•@stage•D•@The•@al•@kanethiol•@s•C•@then•C•@formed•@fi•@rst•@ordered•@structures•C•@the•@stripe

and•@the•@mesh•@structure•C•@at•@the•@low•@coverage•D•@One•@of•@the•@stripe•@structures•@consisted•@of•@the

molecules•@with•@molecular•@axis•@paral•@lel•@to•@the•@surface•@plane•@and•@arranged•@in•@tail•|to•|tail•C•@i•De•D•C

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@86
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thiol•@groups•@were•@faced•@each•@other•@and•@the•@other•@structures•C•@the•@narrow•@stripe•@and•@mesh

structures•C•@seemed•@to•@be•@consisted•@of•@the•@molecules•@with•@their•@molecular•@axis•@parallel•@to•@the

surface•@plane•@and•@with•@alkylchains•@piled•@up•@with•@each•@other•D

•@•@After•@these•@stripe•@structures•@covered•@the•@surface•C•@the•@island•@structure•C•@leading•@to•@the

•iV3•@xV3•jR300•@structure•C•@was•@formed•@and•@grew•@two•@dimensionally•D

•@•@The•@effect•@of•@the•@solvent•@and•@the•@temperature•@of•@the•@modifying•@solution•@was•@al•@so

examined•@and•@it•@was•@revealed•@that•@the•@self•|assembled•@monolayer•@•iSAM•j•@prepared•@in•@the

DMF•@and•@toluene•@solution•@showed•@the•@larger•@domains•@and•@VIs•@than•@those•@of•@the•@SAM

prepared•@in•@the•@ethanol•@solution•D•@The•@higher•@the•@temperature•@of•@the•@solution•C•@the•@larger•@the

domains•@and•@the•@VIs•@became•D•@These•@resuks•@indicate•@that•@the•@surface•@diffusion•@of•@the

alkanethiol•@s•@and•@gold•@atoms•@is•@the•@important•@factor•@to•@reduce•@the•@defects•@in•@the•@SAMs•D

•@•@•@The•@present•@study•@showed•@that•@the•@2D•@ordered•@molecular•@layers•@can•@be•@easily•@formed•@at

the•@meta1•^organic•|solution•@interface•@and•@the•@structure•@of•@the•@2D•@molecular•@layer•@is

controlled•@by•@the•@surface•|molecule•@and•@molecule•|molecule•@interactions•C•@geometry•@of•@the

substrate•C•@solvent•@and•@temperature•D•@The•@present•@result•@should•@provide•@a•@fundamental•@and

vaiuable•@knowledge•@of•@the•@origin•@of•@the•@formation•@and•@the•@structure•@of•@the•@2D•@ordered

molecular•@layers•@and•@contribute•@to•@control•@the•@structure•@of•@them•D
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