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Molecular systems provide a direct method for the miniaturiza-
tion and mass production of devices. Considerable effort has been
devoted to the development of switches,1 wires2 and logic gates,3

biosensors,4 and receptors.5 One significant challenge to the
efficient application of this methodology, however, is the interfac-
ing of molecular and mesoscopic processes, including issues of
immobilization, ordering, and addressing.

Colloids functionalized with self-assembled monolayers (SAMs)
are inherently nanoscopic entities that provide a building block
for microscale constructs.6 Colloidal systems have been used to
create nanowires,7 organized arrays,8 and ultrasensitive, noniso-
topic bioprobes.9 SAM-functionalized colloids also provide a
scaffold for the attachment of molecular devices, providing a
unique platform for the construction of functional nanoscopic
systems.10 In recent studies, we have established that the recogni-
tion of the flavin-diaminopyridine dyad can be increased through
reduction ofFlox to the corresponding radical anionFlrad- (Scheme
1),11 providing an electrochemically controlled molecular switch.
We report here the extension of this methodology to the direct
control of host-guest interactions at the colloid-solution inter-
face.

To provide a system for exploring colloid-solution interfacial
recognition, we prepared the diacyldiaminopyridine-functionalized
colloid DAP-Au (Scheme 2). After purification via sequential
precipitation, theDAP-Au colloids were characterized by NMR,
X-ray photoelectron, and UV-vis spectroscopies; end-group
analysis demonstrated that the ratio of receptor to octanethiol was
∼1:7 and the colloids were ca. 2 nm in diameter.12 For the typical
nanoparticle, with ca. 90 thiols, there are 12 available recognition
elements capable of host-guest interactions with flavins (Figure
1).13

Recognition between flavinFlox andDAP-Au was established
via NMR titration.14 The downfield shift of the flavin N(3) proton
upon addition ofDAP-Au cleanly fits a 1:1 binding isotherm
(Figure 2), providing an association constant (Ka) of 196 ( 8
M-1. This result is consistent with the values previously observed
(Ka ) 193-537 M-1)15 for diacyldiaminopyridine recognition of
flavin Flox.

Shifts in guest reduction potential are directly related to redox-
induced modulation of host-guest interactions, allowing changes
in recognition to be quantified voltammetrically.14 Addition of
aliquots ofDAP-Au to Flox resulted in a steady positive shift in
the flavin redox couple (Figure 3).16 The maximum observed shift
of 81 mV corresponds to a stabilization of the radical anion of
1.85 kcal/mol.10 In contrast, the reduction potential ofMeFlox is
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Figure 1. Recognition of flavin byDAP-Au.
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unaffected by the presence ofDAP-Au (Supporting Information),
demonstrating that the stabilization observed forFlrad- arises from
specific hydrogen bonds between the flavin and diaminopyridine
moieties ofDAP-Au.

Examination of the thermodynamic cycle for the host-guest
redox process provides

Using this equation, we can establish that the binding of flavin

increases greater than 20-fold upon reduction ofFlox to Flrad-.17

This control of recognition provides a direct electrochemical
switch for the control of the surface substitution of colloidal
particles (Figure 4).

In summary, we have demonstrated the creation of a colloidal
system where surface functionality can be varied through non-
covalent host-guest complexation. The extent of this surface
modification is electrochemically controlled, providing a proto-
typical platform for the generation and electrochemical control
of multifunctional SAMs. Application of this methodology to the
creation of colloidal arrays and to the combinatorial assembly of
nanodevices is currently underway and will be reported in due
course.
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Figure 2. Change in the chemical shift ofFlox H(3) during the addition
of DAP-Au. EquivalentsDAP-Au is the effective equivalents of
diaminopyridine receptor; [Flox] ) 4.0 mM, line represents curve fit to
1:1 binding isotherm

Figure 3. Change inFlox/Flrad- redox couple upon addition ofDAP-
Au. Trace (a): 0 equivDAP-Au, E1/2 Flox ) -1260 mV; (b): 83 equiv
DAP-Au, E1/2 Flox ) -1222 mV; (c): 96 equivDAP-Au, E1/2 Flox )
-1184 mV. [Flox] ) 0.05 mM; CH2Cl2 with 0.1 M Bu4NClO4; internal
ferrocene reference, period) 400 ms.,T ) 23 °C.

Ka(red)/Ka(ox) ) exp[(nF/RT)(E1/2(bound)- E1/2(unbound))] (1)

Figure 4. Illustration depicting increased binding of flavin toDAP-
Au upon reduction.
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