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Self-assembled monolayers (SAMs) have been intensively
investigated for a number of technological and scientific applica-
tions1 such as corrosion resistant coatings,2,3 soft lithography,4

and molecular electronic devices.5 These applications require the
ability to form thin films of well-defined and -controlled thickness,
coupled with the formation of essentially insulating defect-free
films.

However, fundamental problems exist for the formation of
highly defect-free SAMs from commonly used, saturated al-
kanethiol molecules on substrates such as polycrystalline gold.
Straight-chain alkanethiols with lengths greater than 12 carbons
form crystalline monolayers. On Au substrates, the molecules
align at an angle of 20-30° from normal to the surface.6

Formation of crystal domains, due to the tilt of the molecules, as
well as due to steps and irregularities in the substrate lead to
domain boundaries and crystal defects within the SAMs.7

An alternate approach to overcoming the sensitivity of the SAM
to the substrate structure, that has not been previously explored,
is to utilize the excellent barrier properties of archaebacterial
lipids. Archaebacteria8 are extremophiles that thrive at elevated
temperatures (>100 °C), at low pH, or in high salinity (1 M). A
major structural feature which distinguishes these lipids from those
of eukaryotes is the use of branched alkyl chains to retain the
membrane in the critical liquid crystalline phase, rather than
sacrificing chemical stability through the use of unsaturation.9

Chart 1 shows a typical archaebacterial lipid (1) obtained from
the Sulfobolusgenus.8

The novel archae lipid mimic phytanylthiol3 (PHT) was
synthesized10 to study the effects of long-chain liquid crystalline
phase lipids on the formation of self-assembled monolayers. The
properties of PHT SAMs were compared to those of the crystalline
hexadecanethiol2 (HDT) SAMs. Hence, both molecules possess
the same 16-carbon backbone but differ in their lipid phase
properties.

The contact angle for HDT SAMs was comparable to those
previously reported.11 For example, the advancing contact angle
for water was 110°. In comparison the water contact angle for
the PHT SAMs was slightly lower at 106°. The contact angles
for hexadecane solvent showed a similar trend. However, the
advancing contact angle of hexadecane on the PHT SAM was
only 37°, compared to 46° for the HDT SAM.

A lower contact angle has been previously observed for more
disordered SAMs, such as short-chain alkanethiols or alkane thiols
with bulky headgroups.11 In the case of the longer phytanyl
compounds the additional methyl groups projecting from the alkyl
chain are known to prevent crystalline packing of the phytanyl
chains,12 with the resulting disorder leading to the observed
decrease in contact angle.

Ellipsometry was used to further compare the PHT and HDT
SAMs. The thickness of the HDT SAM was found to be 21.2 Å,
whereas that of the PHT SAM was found to be 19.5 Å. As both
HDT and PHT possess the same 16-carbon chain backbone it
was expected that both molecules have similar lengths. This was
confirmed using molecular modeling13 of the fully extended
conformation. The calculated length (sulfur-to-terminal methyl
group) for HDT was found to be 20.5 and 20.2 Å for PHT. Values
for the ellipsometrically determined thickness of HDT SAMs from
the literature6,11a,14range from 19 to 25 Å, and FTIR indicated
that the SAM-forming molecules assume an average tilt of 20-
30° from the surface normal. The fact that the PHT SAM forms
monolayers that have thickness similar to those of the HDT shows
that the PHT forms close-packed SAMs similar to those of HDT
SAMs.

The integrity and level of defects occurring in SAMs has been
extensively studied using cyclic voltammetry (CV).6,15 We have
used Fe(CN)63- as a redox probe to establish a comparison
between HDT and PHT SAMs. CV results using 1 mM Fe(CN)6

3-

in 1 M KCl are shown in Figure 1. As has been reported6,15 the
HDT SAM prevents close approach of the Fe(CN)6

3- to the Au
electrode, forcing reduction to occur via tunneling across the SAM
and/or at defect sites within the SAM.15b SAMs formed from PHT
showed a significantly smaller amount of Fe(CN)6

3- reduction
current (Figure 1). Since ellipsometry indicated a similar thickness
for both the HDT and the PHT, either the PHT SAMs present an
intrinsically higher barrier toward tunneling, or the PHT SAMs
possess fewer defect than the HDT SAMs.

As a further test, an electrochemical corrosion method2 was
used to compare the barrier properties of PHT and HDT SAMs.
This method relies on the electrochemical dissolution of Au at
defects in the SAM structure in the presence of aqueous Br-. As
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Chart 1. Structures of Caldarcheol1, a Typical
Archaebacterial Lipid Derived fromSulfobolusGenus,9
Hexadecanethiol2, and the New Archae Lipid Mimic
Phytanylthiol3
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the Br- ion is significantly smaller than the Fe(CN)6
3- ion it may

be expected that this test is more sensitive toward smaller defects.
The thin hydrocarbon barrier formed by a SAM prevents the Br-

from attacking the Au surface. However, at defect sites in the
SAM film the Br- is able to dissolve the Au. Each CV sweep
the size of the corroded area increases, and thus the current passing
through the electrode increases. Fewer defects in the SAM
structure should lead to a slower increase in Au dissolution.

Figure 2 shows CVs of bare Au and of the HDT- and PHT-
modified Au surfaces. For clarity, every fifth CV scan up to 20
scans is shown. Figure 2 shows the maximum anodic current
against the CV scan number. The anodic peak starting at 0.8-
0.9 V is interpreted as being due to Au dissolution in the presence
of Br-, while the cathodic peak at 0.5 V corresponds to the
redeposition of Au.2

The CV for the HDT SAMs (Figure 2a) displayed similar
behavior to those reported by Zamborini and Crooks.2 The HDT
SAM protects the Au electrode surface, resulting in a relatively
small current passing through the electrode. After 20 scans,
however, the CV resembled that of a bare Au electrode (Figure
2a), indicating removal of the HDT SAM. The initial CV scan
showed relatively high anodic currents at 1V that decreased after
the initial scan (Figure 3).2

In contrast the CVs of PHT SAM-coated Au electrodes (Figure
2b) were significantly different. First, the anodic current was lower
than that obtained for the HDT SAMs, and second, the rate of
increase of the anodic current at 1V is lower for the PHT SAM
compared to that of the HDT SAM (Figure 3). For instance, after
20 scans the maximum anodic current for HDT SAMs has
changed from a minimum of 36(15 to 185( 21 µA, whereas
the maximum anodic current of the PHT SAMs began with a
minimum of 14( 44 reaching 50( 15 µA.

The PHT SAM therefore provides significantly better barrier
properties compared to the SAM formed from the crystalline HDT
SAM, even though both molecules are hydrophobic and form
SAM structures of essentially the same thickness. Zamborini and
Crooks2 postulated that the reason that the HDT SAMs undergo
relatively rapid pitting corrosion is due to the crystallinity of the
SAMs. We believe that the enhanced passivating properties of
the PHT SAMs may arise from the dynamic property of liquid
crystallinity which may impart a “self-healing” effect on SAM
defects. Previous reports on the failure of disordered molecules
to form defect-free SAMs on metals used short-chain alkanethiols.
The key to the defects may have been the short length of these
molecules rather than their liquid crystalline phase property. The
longer length PHT SAM does not exhibit the same defect
properties which were observed for the short alkanethiols.11

Self-assembled monolayers were formed from a new class of
SAM-forming molecules based on archae lipid features. Contact
angle measurements indicated that the PHT SAM is more
disordered than the HDT SAMs. The ellipsometric thickness of
the PHT SAMs is comparable to that of HDT SAMs. Finally,
CV measurements using both the redox and electrochemical
corrosion techniques indicated that PHT SAMs may have fewer
defects than HDT SAMs. We have shown that coupling a dynamic
disordering property to a longer length molecule such as PHT,
creates a superior barrier performance compared to crystalline
HDT SAMs of similar thickness.
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Figure 1. Cyclic voltammogram scans obtained in aqueous electrolyte
solution containing 1 mM K3Fe(CN)6 in 1 M KCl. (a) Au electrode coated
with HDT and (b) Au electrode coated with PHT. (c) Au electrode coated
with PHT or HDT in the absence of the K3Fe(CN)6 redox probe. The
inset (d) shows the K3Fe(CN)6 cyclic voltammogram of a bare gold
electrode superimposed onto the response for electrodes (a) to (c). Sweep
rate was 100 mV/s. Reference electrode was Ag/AgCl. The working
electrode area was 14 mm2. Results are the average of 20 separate
electrode measurements. The 1st and 20th sweep were essentially
superimposable. Error bars indicate(1 standard deviation.

Figure 2. Repeated cyclic voltammogram scans obtained in aqueous
electrolyte solution containing 0.1 M HCLO4/0.01 M KBr from 0 to 1 V
vs Ag/AgCl at 50 mV/s of (a) Au electrode coated with HDT and (b)Au
electrode coated with PHT. The electrode area was 14 mm2. For clarity
only every fifth scan is shown.

Figure 3. Maximum anodic current against the number of CV scans.
Scans were taken from 0 to 1 V vs Ag/AgCl in 0.1 M HCLO4/0.01 M
KBr electrolyte solution at a scan rate of 50 mV/s. The electrode area
was 14 mm2. (a) bare Au electrode -9- (b) HDT-coated Au electrode
-b- (c) PHT-coated Au electrode -2-. Error bars indicate(1 standard
deviation. Lines are provided as a guide to the eye.
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