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Figure 2. Sensing response of a single nanowire device to NO»
diluted in air. The normalized conductance change (AG/Gy) is
plotted as a function of time with the nanowire sensor exposed to
NO; of various concentrations. Recovery was made by UV Light
(254 ) desoption of NO,,
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Fig. 1. Idealized representation of the transition between straight (hydrophilic) and bent (hydro-
phobic) molecular conformations (ions and solvent molecules are not shown). The precursor
rmolecule MHAE, characterized by a bulky end group and a thiol head group, was synthesized from
MHA by introducing the (2-chlarophenyl)diphenylmethyl ester group.
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o] FPFEoIH, Al A E917F HHMH lorw A ojF e o AF=
0°] ¥tk HOMO(Highest Occupied Molecular Orbital)2t LUMO(Lowest Unoccupied
Molecular Orbital)o] 37 A9 H=w| gHET 9o EAst) o] W Fd=o] Zelxs
7 A7ke A, AL elv A ez 2859 AEAE ofdiFow Uit (b). EH &
Aprtol o] w2 el A Bl dE el 9d] M= HiA|(Vpeak)oll o] &0t (o). olW 3 dHE
TR A EUE (local density of state)$} #A+9] A AEHI7F HA = A& o Et
Frgo] Evta v g5 AdAlel 93l potential®] thermionic emission®] dold

Lx FHe AdA die AATTH (d). B3 A7 HEe] g A% AR =
o] AL} (e). ol F FTFAQ MFEZEFL (HHH Vpeak-to-Vvalley F-©] NDR % <
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Electron transfer

Molecular electronic junction®l 4] 2] electron®]t} charge transferol|x] ilzlsflof & A}EF2
U5 F7HA olth o] =59 JNd H 2047] FRbe Ao AZET] AZF O, o} X7k A
gojut 7 dHol Gt A HAUNA & Fofoltt

How to connect on material to another.

What the nature of the contact between the materials is.

TABLE 1: Donor—Bridge—Acceptor Systems™*

D A

donor acceptor measirement
I maolecule? molecule” kinetics
2 molecale electrode kinetics SMS*
3 electrode electrode resistance
4 nanoparticle molecule Kinetics
5 nanoparticle electrode kimeties SMST
& SPM tipr electrode current

# *Molecule™ can include complex erzyme system. * Single molecule
spectroscopy; see section 3.2, © Scamning probe microscopy.
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Nanoscale®]| #1 €] charge transferi= Table 17} 7©] Donor-Bridge-Acceptor Al ~8lS 237
#T} Bridge= spacertt wire 9&-& b, AU YAz FAEHE ok ¥
Donor9} Acceptore= 2 A=l #lddtth & A7 o A= Table 19 6 Al~®le] 3l
shob & 4 vk Y] etd, ol iR v T DBA AARC®R, B AT 3ol
AFe] FHEFAAE A" A E&A Mol sttt
A HH2 Q1 homogeneous, interfacial electron transfer®l| 4] 9] rate constant® A3 40 = -3}

ol AEnS A¥AH o7 #3174 @) Figure 2.5 Au-[S-(CH2)N-S]-(AuNP-Au tip) ¢} 2
£ o AAFlo| M= ®Ae] Zojo] webA Mo M LEE dhofdt
Tl A ARgEHE Al Bl AuNPs-(Cu2+-APTES)-(AuNPs-Pt/Ti) A

7}ell whE electron transmission E&2 FVIE Q3 AEE A AL

o\ g H

jfl
12
ol
el

Conductancei= Landauer formula® = WEFHT} ©]= contact-(molecular bridge)-contact
A 2Ee ] AP A AEEE YERHTE 7] 4 EFi= zero voltage bias®ll A1 2] Fermi level
o)™, T+ electron transmission coefficient2A4 A% &84S Yetdch &5 T7F 19 A5, &

e}
9 A Ao AEEQl g=2e2/h=(12.9 kQ)-1=77 kSE ZH=T}

e, "
Nano-

SPM

e Tip
M?I \’/ \
Figure 2.5, Configuration used for muluple conductance measure-

ments, (Au—S—(CHz)y—5—Au—Np—Au) where Au—NP 1s a ligand-
capped, gold nanoparticle.

Bridge

Aol A2~ElE conductance®] EAFAole] gt o]EE Hol:E ZOE, tunnelingy
hoppingell ]38t electron transfer’} WEFATE Tunneling< Donor-Acceptor AFo]2] 7]
©]¥£3kaL, hopping< Donor-BridgeAtol 9] WHE21Ql CH29| 7R (N)oll o=ttt ofef o] %
T A4 conductance 2% IUlE YERd 9l = k tiAl g& AMESEe], 1A

A
#HAE FAT 5 vk a2y 2 AT AIAFYA = tunneling 0.2 1S AN EAE
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s A9, hoppings #83kA =Thil AR ¥Ith Hopping< thermal activation®] £]%t
electron transfer=4], # <A°] mesa pattern electrodedA= Z &% % Zsle &

conduction mechanism< At ¥ o}of i},
Conduction mechanism in metal/molecule/metal

Skl A= D-B-A AIAEE] 7124 Q1 &S 4T Kottt Electron transfer®] 7]12b2 Exb=
7], &, % ¥k obye}t donor?l acceptor Ato]C] free energy Atolol®E P wWh=th
Uh5 Table 13} o] 7o wWE 67}4 conduction mechanisms Wi 4 3T} Landauer
2o 2]&] conductancei= electron transmission E&° ¥]#|d}™, ©]i= exponential FTE
el

zh=t) kA 6714 7]12 EFoA = exponential 2EAS Ad A2 FAs o))

Table 1. Cornduetion Mechanisme in Metal'Malecule!
Metal Thin Film Junctions®

monolayer
temperature (1 voltage (V) thickness (d}
dependence dependence  dependence
coherent tunnellng, none lnear (low V) expl—id)
“superexchange’
incoherent, diffusive mone finear (low V) exp(—od)
tunneling “righit {zea the rext)
binding model”
“hopping” (i.e.. “ohmic”) exp(—a/T) Hnear (low ] !
Poole—Frenkel effect exp{—a/T] exp{b V1) exp(— od )
(Ctraps’)
thermionic (Schottky)  exp{=a/T) explhl1%) exp(= o<
emission
field emission rone I exp{—&'V)  expl—od)

(high £ field,
“Fowler—MNordheim”)

Coherent tunneling %FA}4} ghol] 7] 15}, energy barrierl| A1 2] electron transversing 7}s
’3& st ofgl 1™ ¥} o] HOMO-LUMO gap®ll exponential o]<&4S AT}

# o= superexchange model®| 7|13t coherent tunnelingS 2 3tal Qltt. o] A2
electronic structure$} QH|E Apo]e] A& 7|1 tunneling ratel] FT7FE HO
1, through space tunneling ®.th+= through bond tunnelingg WEFHTE waba] 25 A o]
o Agell 9= bondel ARt 7ol frastth wuk wiAe], L= F EAblA = diffusive

tunneling®]} hopping 7| %tell =38ttt Hofop ghoh
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Figure 3. Schematic energy level diagrams for coherent and
diffusive tunneling. (bt is the barrier for coherent tunneling,

s i o
jr it Fha martanfial wall elanth oaf A citac enacad anart e a
R RT LT PAnBilaedis W Laphuan i O SIS Splarli dprddia afy o

distance . My and My are the metallic contacts. See ref 77 for

Incoherent H=+= diffusive tunneling<> 1990 thell Pl EA=Z B2 EHUAE 4 nme DNA
helixoll tigh Ax% Ag AxnZ Agslr] 98] AItE . o= tight binding model 4]
25 A°]’4e] molecular junction®] AWl {83k, o7l A9 2] coherent tunneling ]
A% O F KA 3T} Potential welldlA] AAFe] residence time T T E 2] coherent
tunneling ¥ 7ol F&attta 7St oju] AAp= o 2ld9] AR random walks FHrt

Hopping<> incoherent tunneling¥} #o] 25 A ©]%9] junction®]| 4] €] electron transfer A
ol AF8-¥ A ¥ nuclear motions RS A ol 4] incoherent tunneling¥} 2to] & Zh=
t}. = nuclear motiong #3141 thermal energyl 2]t activation®] AJstoiof 3fH,
Arrhenius #A 23 fFAFSE A2 S ZH=T} Hopping> 74t 2 O = stable site AFo] 9] <14
A2l electron transfer=A] ThE 7|2 7= th=2A] A oj&Ado] Atk mEbA 1/dell oJE3h
W, FE 2L oEAo] ettt

Poole-Frankel conduction HFEA| o 4] 2] electron trap effect?} ¥#% =™, molecule/contact
interface”} ©Fd molecule Wlol| X €] #-g-of 7]Qlgtt.

Fowler-Nordheim tunneling<> filed emission®]2}3.% &}, high electric field < applied
voltage”} barrier height Rt} & 7-¢-of 3 g gtrt.

Schottky emission<> thermionic emission®ll 3lld3}™, interface of semiconductor with metal

or other semiconductor®] electron transfer 2™ of] A} &%t}
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