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Self-assembled monolayers (SAMs) of thiols on gold have
been studied extensively. Much of the interest in these
materials arises from their many potential applications, perhaps
most intriguing in biological sensofs Future developments in
this area would be greatly facilitated by a simple and rapid
means of anchoring different sensor molecules onto existing
monolayers. We present here a novel aldehyde-terminated SAM
that can covalently bind amine-containing molecules from
solution without using other reagents. The aldehyde-terminated
monolayers may be used to anchor diverse molecules, including
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Figure 1. Formation of the aldehyde-termlnated SAM on Au.
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Figure 2. Grazing angle FTIR spectra of (a) an aldehyde-terminated

enzymes and antibodies, to electrode surfaces. The formationmonolayer and (b) an aldehyde-terminated monolayer derivatized with

of the aldehyde-terminated monolayer and its derivatization have
been monitored by grazing angle Fourier transform infrared
(FTIR) spectroscopy, X-ray photoelectron spectroscopy (XPS),
and contact angle measurements.

The aldehyde-terminated monolayer was formed by exploiting
the equilibrium between 2-hydroxypentamethylene sulfide
(HPMS) and its open chain aldehyde isomer in solution (Figure
1). Adsorption of the ring-opened, aldehyde-terminated thiol
on gold generates an aldehyde-terminated monofay&he
proton NMR spectra of HPMS in GJOD showed an equilib-
rium mixture of open and closed forms of the compound, as
well as dimeric or oligomeric materials. Since the formation
of hemithioacetal-linked oligomers is highly reversible, we were
confident adsorption of HPMS from ethanol followed by rinsing
with ethanol would not lead to the formation of hemithioacetal-
linked multilayers.

HPMS was easily synthesized in two steps. Commercially
available pentamethylene sulfifdeas oxidized to the corre-
sponding sulfoxide using sodium periodatePummerer rear-
rangement of the sulfoxide with trifluoroacetic anhydride,
followed by hydrolysis, gave HPMS .Monolayers were formed
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by exposing clean gold surfacdes a 0.01 M ethanolic solution

of HPMS under argon for 312 h. After adsorption, the
surfaces were rinsed thoroughly with ethanol and dried under a
stream of dry argon.

Grazing angle (FTIR) spectroscdif\confirmed the formation
of the aldehyde-terminated monolayer. The FTIR spectrum is
shown in Figure 2a. The two strong bands at 2724 and 2824
cm! arise from the Fermi resonance between the aldehyde
C—H stretching vibration and the first overtone of the-B
rocking vibration!® The band observed at 1734 chis
assigned to the €0 stretching modé! These three peaks
clearly indicate the presence of the aldehyde group on the
surface. The FTIR spectra of layers formed by exposure of
gold surfaces to solutions of HPMS in ethanol for varying
lengths of time (3-12 h) are indentical, suggesting that the
monolayer is fully formed after 3 h.

These aldehyde-terminated SAMs on Au react rapidly with
alkylamines from solution. The chemical reaction between the
aldehyde-terminated SAMs and alkylamines was also monitored
using FTIR spectroscopy. Shown in Figure 2b are theHC
and C=X stretching spectral regions of an aldehyde-terminated
monolayer that has been exposed to a 0.1 M solution of
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Figure 3. Grazing angle FTIR spectra of the aldehyde terminated = 104 1
monolayer exposed to{— —) CioNHy; (— - — -) CiuNHy; (+++) Ci [
NHz; (—) CiaNHz; (— - -) C1sNHy; and (- - -) GeNHz. The spectra are £ 1037
stacked in the plot for clarity. -
3 102
dodecylamine in ethanédl. The aldehyde Fermi doublet at 2724 5:—
and 2824 cm? and the G=O stretch at 1734 cnt have been = 1017 qo6r0.025x
replaced by strong €H stretching absorbances at 2856, 2927, o A=-0as
and 2967 cm! assigned to the symmetric Ghtretch, the T e 5 1 15 20 25
asymmetric CH stretch, and the asymmetric @Htretch, n+s

respectively. A strong €N stretching band is observed at 1670 5,16 5. change in In(Au 4f intesity) vs number of carbon atoms in

cm i, indicating that the condensation has gone to complétion. q monolayerr{ + 5). The intensity of the Au 4f signal (8692 eV)
Examination of the IR spectra of derivatized monolayers Shows 4t 4 take-off angle of S0was determined by measuring the integrated
little or no absorbance in the range of 3200 ¢mvhere the area of the XPS signal.

amino group of unreacted alkylamine would be expected; thus nitrogen in the layets As expected, as the alkylamine chain

g‘efe gppotlears tol be no residual amine associated with thejengih increases, the Au 4f signal decreases, due to attenuation
erlxatlzle(zi ;ngno ayer. ds d . fby the SAM overlayer (Figure 5). Bain and Whitesides showed
The aldehyde-terminated SAM was exposed 10 a series of i he intensity of the Au 4f signal is inversely proportional

ethanolic solutions of alkylamines of varying chain length . ‘the number of carbons in the alkane chain and derived the
(CoHan+2NH,, abbreviated QNHz). The FTIR spectra (Figure exp}ession: In(Ag) = —nd/A(sin B) + constant (where A=

3) of these samples show, qualitatively, an increase in the 5, 4f intensity for a self-assembled monolayer witbarbons,
intensity of the C-H stretching modes with increasing as d = thickness of a single CH{calculated to be 1.1 i 4 =
expected. Similar chain length dependent behavior was Ob'escape depth of the Au 4f photoelectron Eﬁldl: takeoff
served in wetting experimentd. As longer chain alkylamines angle)!” Bain and Whitesides report an escape depth of-42
are chemically bound to the surface, the contact angles of the R ¢o, alkanethiolate SAMs. Using the expression of Bain
derlvat|z_ed layers asympt_oﬂcally appr_oa_ch thos_e of a PUre and whitesides and assumidg= 1.1 A, the escape depth
alkanethiol monolayers (Figure 4). This is consistent with @ . 1o amine-derivatized aldehyde SAMs is 442 A. The
m.on.olayer structure that has.the polar imine functlonallty buried similarity of the escape depths for the two systems suggests
within the monolayer, where it cannot affect the wetting proper- 4 -+ iha coverage of the monolayers is also similar
ties of the I_ayer. Although the amine-derivatized aldehy_de The aldehyde-terminated SAM may prove useful for attaching
SIﬁMS tﬁfel I;kely notl as wetIrI] or(;z!fefred as Lhncorresgondlrjg enzymes and other receptor systems onto gold surfaces for
alkanethiolale monolayers, tne dillerence between advancinggensor applications. The covalent attachment is both rapid and
and receding contact angles (hysteresis) decreases@eases, — ompiete.  Further work is being carried out to develop
suggesting increasing ordéin the monolayer with increasing applications of this system
n.1e '
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