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A Prelminary Study of Influence of the Chain L ength of A Ikanethiolson
the Electrochanical B ehavior of Redox Self-A ssambled M ultilayer Thin Films

WANG Yun-feng, ZHANG Zhan-jun’
(Deparment of Chenistry, Graduate School, Chinese Acadamy of Sciences Beijing 100049, China)

ADbstract A lkanethiols and ferrocene derivateswere used o construct redox self-assmbled double- or triplex-
layer thin fims, which acted as amodel of redox self-assambled multilayer thin fims (AM TFs) t study the in-
fluence of alkanethiols chain length on the electrochanical behavior of the S\M TFs The rate of electron trander
reaction decreased exponentially with the distance betveen the Fc groups and the underlying electrodes The in-
fluence of chain length on the electrochemical behaviors of the SAM TFswas inconsistent under different situa
tions On the expermental situation of this work, when electroactive groups were closer b the electrodes,
SAM TFs by longer chains of alkanethiols diglayed stronger electrochemical reponses, while when distance be-
tveen electroactive groups and electrodeswas extended, SAM TFs by shorter chain would present more obvious
electrochamical reponses
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1 Introduction characters and electrochemical behavior of redox
SAM TFs, which have great connection with a hot top-
ic-oconstructing gpplied chamosensrs and biosenors
W hen the electroactive groups situated at the teminal
of SAMTFs, the chain lengthwould affect the electro-
chamical behavior of the SAMTFs on Wwo agpects
One hand, the stability and order of alkanethiol mon-
olayer increased with the chain length and © did the
attachment of electoactive groups®. On the other

A lkanethiols can be slf-assambled onto metal
aurfaces © fom ordered and compact monolayers
Self-assmbled monolayers (SAM §) of substituted al-
kanethiolswith teminal functional groupswere often
regarded as an attractive bionic menbrane © study
the interfacial processes™?' or as a functional inter-
face o create <lf-assambled multiplayer thin fiims
(SAM TFs) , making use of cross-linking reaction or
electostatic attraction’>*!. For the redox SAM sof al-
kanethiol, the influence of chain length on the elec-
tron trander (ET) and the electrochanical behavior
of the SAM s have already been extensively studied®

hand, alkanethiols acted as a potential energy barrier
for the ET reaction beween the electrodes and elec-
troactive groups and the rate of ET decreased expo-
nentially with the chain length'”!. Therefore, there

] was a canpramise beiveen the attachment increase of
while lesswork has been reported about those on the
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electroactive groups and rate decrease of ET with
chain length extending In the present study, <lf-as
sanbled bilayer and trilayer thin fimswith ferrocene
groups situated at the temini of the multilayerswere
goplied 1 investigate the integrated influence of alkyl
chain length on the electrochemical behavior of redox
SAMTFs

2 Exper mental

2 1 Reagents

1, 3-propanedithiol (HSC; SH), 1, 6-hexanedi-
thiol (HSCs H) and 1, 9-nonanedithiol (HSC, H)
were purchased from SignaAldrich 3, 3 -dithiobis
( succinimidylpropionoate ) ( CG,NHS,  Signa-
Aldrich) , reduced fom of glutathione (GSH, Amres
co) and aminoferrocene (FANH,, Tokyo Kasei Kogyo
Ca, LTD) were al® acquired commercially The
hexgpeptide, which squence is LysCysThr-Cys
CysAla (FT), was gynthesized by Sangon Ca ,
(Shanghai, China). 11,11’ -dithio-bis( succinimidyl
undecanoate) (CyNHS), P -ferocenylethylamine
(FC,NH, ), and N-(2-ethyl-ferrocene) maleimide
(FcM i) were synthesized according 1o literature p ro-
cedures®?.

2 2 Constructng Self-A sssmbled
M ultilayer son Gold Eectrodes

The first monolayers (M s) were fabricated by
immersing the gold electrodes into regective lutions
for various lengths of tme GC;-and C;; NHS were
used © fom the NHS-teminated PV s and HSC; H,
HSGH, and HSG, H o fom the sulphydryl-temi-
nated AM ', The modified electrodes were fully
washed with regpective lvent, and then were im-
mersed in other olutions, asabove description, to get
further modification

2 3 Electrochem istry

Voltanmetric analysis and Quartz Crystal M i-
crobalance (QOM ) frequency measuraments were
conducted at anbient temperature with a CH1 440
electrochemical workstation (CH
tin, TX).

Instruments, Aus
A conventional three-electrode cell was

used © carry out the cyclic woltanmetry, with a plati-
num electrode and a Ag/A¢Cl electrode as the auxil-
repectively The
working electrodeswere gold dikswith a dianeter of

iary and the reference electrodes,

24nm. Prior © each measuranent, the Au electrodes
were polished with dianond pastes and alumina slurry
dovn to O 054 m on apolishing cloth The QQM fre-
guency measurementwas carried out in air 9 995MHz
AT-cut crystals coated with gold filmswere acquired
from IOV Technologies (Oklahama City, OK). After
the pre-treated crystalswere incubated in the lution
of alkanethiols (or alkanedithiols) for enough time,

crystalsmodified with the AIM swere gotten and reso-
nance frequencies were measured as the initial one

After the following attachment of the Fc derivativesor
Fc labeled molecules, the final frequencieswere re-
corded Contrast betveen the frequencieswas used
deduce the mass of attachment

2 4 M ass Spectranetry

M atrix-assisted laser deption-time mass ec-
tometer (MALD I-TOF, Biflex
o analyze the camposition of reactive products resul-
ting from FT and FcM i

,Bruker) were usd

3 Reaultsand D iscussion

We usd =lIf-assmbled bilayer or trilayer thin
fims to construct models with different average dis
tance betveen the Fc groups and the Au electrodes,
as shown in Figl A lkanethiolswith functional temi-
nal groupswere lf-assmbled o fom the ”IMs Fc
derivatives anchored o the PV s indirectly (Fig 1a)
or directly (Fig1b).

Tunneling effect resulted in the ET reaction
through the SAM TFs The equation for the effect of
tunnelingon ET rate constant was kg = K- ©P
(B x)™', where x is the distance overwhich ET oc-
curred andP is a factor about nature of the medium.
This equation revealed an exponential decrease in ET
ratewith x andB. So the chain length influence on
electrochamical reponsesof bilayer or trilayer systan
would be inconsistent

Fig 2 was the cyclic woltanmograns (CV 9) of
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Fig 1 Schematic layuut of the SAM TFswith trilayers (a)

b

and bilayers (b), representing the system having longer and

shorter distance betveen the electrodes and Fc groups, regpectively

Tah 1 Voltanmetric parameters andl” valuesof FcC,NH, atNHS-teminated IV s

2

Reactions E./V Epe IV AE, N baMA T yys/mol- an'? T  /mol- an”
C,;NHS Q 328 Q0 301 Q 027 110 Q 681 £0 029 Q429+ Q 014
C,NHS Q0 334 Q0 299 Q 035 0 95 Q 579 £Q 046 Q 326 0 020

04
ENV(vs.Ag/AgCl)

0.6

Fig 2 Cyclic wltanmograns of the FcC,NH, attached onto a
C,NHSMM s (a) and aC,NHS AV s (b) acquired in
Q 1mol/L HCIO, lution

<an rate 0 1V /s, the arrow indicated the scan direc-

tion

FcC, NH, directly attached o the NHS-teminated
MM s Peaksof FcC,NH, immobilized on the C;; NHS

AV s (curve a) was more obvious than those on the
C,NHS MM s (curve b) and the surface coverage of
Fc ) on C;NHS BV swas bigger thanl" ., on
CGNHS M s (Tah 1). The valuesofl -, were cal-
culated by the equation of =Q/nFA, where Q is
the area of the Fc oxidation peak at a definite sveep
rate in Vs, n( =1)
wlved in the Fc oxidation, F is the Faraday’ s con-

is the moles of electrons in-

stant, and A is the area of the electrode Because of
the van derW aals force, C; NHS, with longer chain
length, was prone © fom the ordered and compact
M <", which proved by the value ofl” s in Tah 1,
deduced fran QOM measurements according o the
formula ofl = Af /(CM;), whereM; is themolec-
ular weight of the alkanethiols, C; is the sensitive fac-
tor of the crystal andA f is the gap of the reonant fre-
guencies before and after the alkanethiols modifica
tion The denser NHS groups in C;; NHS FM s natu-
rally immobilized more FcC,NH, than those in C;-
NHS AV sdid”'. The peak shape in Fig 2 revealed
fairly facile electron trander (ET) , which meant dis-
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tance fran Fc o electrode was auitable for effective
ET. In thismodel, the more obvious electrochenical
reponse of C; NHS AV s than C;NHS AM s should
be mainly due to more Fc groupson C; NHS AM s
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Fig 3 Cyclic wltanmogransof the FcM i anchored onto SAM s
of HC,H (), HC,H (b) andHSC, H () inQ
1 mol/L HCIO, lution

<an rate 0 1V /s the arow indicated the scan direc-

tion

Figure 3 showed the CVs of FcMi immobilized
on the H-teminated M s, fomed by alkanedithiols
with chain length of 3, 6 and 9 The attachment of
FcM i cane into being by theM ichael addition of the
M i moieties o the sulphydryl goups™'. Peakson the
Ccv of FeMi stemming fraom HSC, SH (curve c),
were quite unobvious resulting fram its lovest .
(Tah 2). With increase of the carbon chain, AV sof
HSC, H and HSC; SH becane compact and immobi-
lized more Fc (Tab 2). Relying on the facile ET re-
actions, just like the case of NHS-AMs [T of FcM i
was gtill the main factor that influenced the electro-
chamical reponses and longer chain was preferable
for bigger regponse

However, influence of the alkanethiol-AVi swas
thoroughly different when the distance betveen the
underlying electrodes and the electroactive groupswas
enlarged a lot GH, anchored on the NHS-AM s and
bound FcM i via sulphydryl groups were introduced
 construct a trilayer thin film (Fig 1a). Campared
with the bilayer structure, the average distance was
extended © much that itwould affect the ET evident-
ly, whichwas testified as belov using the trilayer sys
tem. Carrying out QOM measurament o detect the to-
tal quantity of the immobilized FcMi (72 £6 pmol/
an’) and integrating the anodic peak t deduce the
number of Fc (62 +5 pmol/an’) bringing electro-
chemical repone The discregpancy was 10 pmol/
an’ and it would be even bigger using a larger oli-
gopeptide-FT with three cysteine residues To awoid
the influence fran different labeling sites, we pre-
pared fully labeled smple with the monitoring of
MALD I-TOFE

Figure 4 was the data and the peaks of 1554 7
and 1593 8, showed the predaminance of the fully la-
beled adduct and its canplexing ion with kalium, re-
gectively Constructing SAM TFswith this adduct an-
chored onto C;NHS AV s the quantity of immobilized
Fc and those bringing electrochemical signals were
calculated  be 52 +£4 and 34 inmoI/cmz, regpec-
tively.

The discrepancy was actually enlarged in com-
parion with that of GH-SAM TFs which could be
attributed © the increase of themedium thickness™’.
Therefore, much different from the bilayer thin fiim,
distance betveen Fc and electrodes in the constructed
trilayer systan were extended to the range that the
cumbering of the SAM TFs o the tunneling effect be-
cane evident and the ET was snsitive o the distance
changing The alkanethiols chain length would work
on thel of Fc, aswell ason the ET in the model of

Tabh 2 Voltanmetric paraneters andl” values of FcM i attached onto HS-teminated M s

2

Reactions BV Epe IV AE, N ba M A I e /mol- an”
HC, H Q 309 Q 280 Q 029 Q 046 Q 018 +0 002
HSCy H Q 327 Q 305 Q 022 Q0 129 Q0 051 +0 005
HSCy H Q 335 Q 317 Q 018 Q 170 Q 072 £0 010
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Fig 5 Cyclic wltanmograns of the FcM i-labeled GH

Fig 4 MALD IFTOFM Sof the productsof FcM i and FT in BBS -
lution, themeasurementwas carried out 20 h after themix of
reactantswith themol ratio of 25 1 (FcMi FT). Themo-
lecular weight of FT, FT + (FcMi), FT +2(FcMi) and
FT +3(FcMi) are627 8, 936 4, 1245 5 and 1554 6, re-

Pectively

attached onto a C;NHS (a) and aC; NHS (b)
SAM acquired in @ 1 mol/L KCIO, olution

<an rate O 1V /s, the arrow indicated the scan
direction

of snall molecules, and shorter chain alkanethiols be-
haved better electrochamically, beyond which the ET
was oo be cumbered 0 be perceptible This study a-
bout the model of SAM TFs on electrodes would pro-

trilayer, thus the influence on the electrochemical be-
haviorsof trilayer system was distinct

Figure 5 was the CV sof FcM i mmobilized onto
the NH S-teminated AM s via GH. Visibly, the peak
current of the CV of FcM i anchored b C;NHS AV s
was higher than that of FcM i ssanming from C,; NHS
AV's, though C; NHS AV s till had the potential ©
immobilize more FcM i

vide practicable groundwvork for the construction of
well-defined and effective chemosensrs and biosen-
rs The further studies are in progress
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