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The accessibility of the electroactive periphery was studied and
compared for dendrimers and linear analogs by heterogeneous
electron transfer using microelectrodes.

Incorporation of electroactive functionalities within dendritic
architectures has been of interest for two main reasons,
biomimetics and sensors.! The redox behavior of a functionality
incorporated at the focal point of a dendron or at the core of a
dendrimer can be very different from that of a fully-solvated small
molecule analog."? Such an encapsulation afforded by dendrimers
is often compared to that provided by proteins to electroactive
cofactors. While the differences in redox behavior with increase in
generation for functionalities at the core of a dendrimer are well-
studied,’ little is known about the dendritic effect at the periphery.
Conventional wisdom about dendrimers could suggest that
increasing the generation would have little or no effect upon the
functionalities at the periphery, since these units are generally
considered to be solvent-exposed. We have recently shown, in a
systematic study that probed every layer of a dendron, that there is
a significant difference in accessibility of the peripheral function-
alities with generation using Stern—Volmer quenching experi-
ments.* It is useful to understand whether such differences exist
even in the case of heterogeneous electron transfer processes.
Because, while the nature of the fluorescence quencher also has an
effect on the accessibility of the fluorophore,” heterogeneous
electron transfer will be a direct indication of folding and
encapsulation properties and is relevant to applications such as
sensing and biomolecular recognition.

In this paper, we report the redox behavior of a diarylamino-
pyrene unit at the periphery of a dendrimer. The main
complication in such a study involves the generation-dependent
differences in the number of redox reactions within a single
dendrimer molecule.® This is because the number of peripheral
functionalities doubles with each generation in an AB, dendrimer.
To circumvent this, we utilize dendrimers that have an identical
number of electroactive functionalities independent of generation.
These dendrimers are represented as structures G1-G3 in Chart 1.
Since we have recently reported on the syntheses of these
dendrimers along with the corresponding fully functionalized
analogs (G1F-G3F) and the linear analogs (G1L-G3L),” we make
a comparison of these three architectures in the redox behavior.
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1 Electronic supplementary information (ESI) available: Experimental
details. See DOI: 10.1039/b614236b

The electrochemical experiments were carried out using a Pt
microelectrode (25 pm diameter) in argon atmosphere using
Ag/Ag" as the reference electrode and a Pt wire as the counter
electrode with 0.1 M TBAHFP as supporting electrolyte in
dichloromethane (DCM). Microelectrodes were used to circum-
vent issues related to capacitance, polymer formation, and
deposition from the electroactive species.® An example of a steady
state voltammogram (SSV) obtained by sweeping the potential of
the microelectrode between 200 mV and 800 mV using
diarylaminopyrene model compound 2 as analyte is shown in
Fig. 1. The D, for the diarylaminopyrene was determined from the
data obtained from the chronoamperogram and steady state
voltammogram using the microelectrode. The slope from the plot
of the ratio of the current in chronoamperometry and steady state
voltammetry vs. 1/¢% (Fig. 2) was used to calculate the D, using
the relationship,” iy (¢)igs = 0.7854 + ("*/4)a(Dot) ™", where iy
(t) — current from chronoamperogram, igs — current from the
steady state voltammogram, a — radius of the electrode, D,
— diffusion coefficient, ¢ — time in chronoamperogram.
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Chart 1 Structures of 2, G1-G3, G1F-G3F and G1L-G3L.
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Fig. 1 Cyclic voltammogram of 2 using 25 pm Pt disk at a scan rate of
10mv s~

The D, thus obtained was substituted in the steady state
equation to obtain “n” using the relationship, i = 4nFaD,C, where
n — number of electrons transferred, F — Faraday constant,
a — radius of the electrode, C — concentration of the analyte. The n
was found to be 1 for model compound 2. In order to obtain Dy,
and k° for the dendrimers and linear molecules from the
experimental data points, it is necessary that we know the number
of electrons transferred from the macromolecules. The cyclic
voltammogram recorded using a macroelectrode showed a single
redox wave for all the F dendrimers suggesting that there are no
interactions among the multiple redox centres at the periphery.
Therefore, the ‘»n’ calculated for each of the dendrimers was taken
to be equal to the number of diarylaminopyrene units present in
the molecule.'” The £° for all the molecules was calculated by
following the reported procedure.!! The k° for the dendrimers G1
and G2 did not vary significantly, but the G3 dendrimer exhibits a
rate constant that is four-times lower. The k° decrease in G3 is
likely due to the encapsulation of diarylaminopyrenes substituted
on the periphery of the third generation dendrimer.

If this is really due to the presumed dendritic effect, then one
would expect that the rate constants with the linear analogs of the
dendrimers do not change with generations. This indeed was the
case. The linear molecules, G1L, G2L and G3L, all exhibited
similar k°, as noted in Table 1. On the other hand, it is also
possible that the little change in electrochemical behavior from
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Fig. 2 Plot of the experimental ratio i/is against inverse square root of
time for the oxidation of 2 with a 25 pm Pt disk electrode.

Table 1 Electrochemical parameters for diarylaminopyrene in Gn,
GnL and GrF series using Pt microelectrode

Molecules n Ein Do (cm?s™ k° (em s~ )?

G1 2658 (1.0 +0.1) x 10° (1.3 +0.1) x 1073
G2 2 664 (46 + 0.5 x 100¢ (1.4 +0.1) x 1073
G3 2 685 (24 +02) x 100% (3.7 + 0.05 x 10°*
GIL 2 607 (83 +0.1) x 107° (2.1 +0.1) x 1073
G2L 2609 (6.6 + 0.5 x 100¢ (1.7 £ 0.1) x 1073
G3L 2 612 (44 +02) x100¢ (21 +03) x 1073
GIF 4 660 (59 +02) x10°° (93 +02) x 107*
G2F 8 664 (49 +0.1) x 10°° (1.2 +0.1) x 1073
G3F 16 667 (1.7 +0.1) x 1076 7

“The error values were calculated from four independently
fabricated Pt microelectrodes. © Calculation of k° was not possible,
(see the text for explanation).

GI1L through G3L may also be due to a relatively minimal increase
in molecular weight across this series. The situation was slightly
different in the case of the fully decorated dendrimers G1F-G3F.
In these molecules, GIF and G2F exhibit similar £°, which is
similar to that observed with the difunctionalized dendrimers G1
and G2. We were not able to estimate the rate constant for G3F,
since we were not able to fit the data into the quasi-reversible
model that is used for the k° estimation."!

Similarly, we compared the Ej, values for each of these
dendrimers. The E)), of G1 is about 658 mV and increases slightly
to 664 mV for G2. However, when the generation increases from
G2 to G3, this number increases significantly (by 21 mV). From
the kinetic data (k°), we understand that the diarylaminopyrene
unit is more encapsulated in G3 compared to G2. If this were the
case, the encapsulated electroactive unit would be in a different
microenvironment compared to the bulk solvent. Since this
environment is partially influenced by the dendrimer backbone
containing aryl functionalities, it is likely that the polarity
experienced by the electroactive unit is less than that of the
electrolyte-containing solvent medium. It is reasonable to expect
that the radical cation of the diarylaminopyrene is less stable in a
less polar environment and we suggest that this translates into the
21 mV difference in E .

It is intriguing to note that the redox potential of G3F did not
change significantly from G2F. It could be deceiving to think that
this result suggests that there is no encapsulation in G3F, relative
to G2F especially because the diarylaminopyrene units are larger
than just the benzyl ether functionalities and therefore the effect is
in fact expected to be higher. We attribute this to the accessibility
of the electroactive functionalities to the electrode surface. In the
case of G1F-G3F, the electrode surface has access to electroactive
units in a variety of microenvironments, since some of these units
are likely to be encapsulated, partially encapsulated, or fully
solvent exposed. The electron transfer reaction would then happen
at the most kinetically accessible (likely the most solvent exposed
ones) diarylaminopyrene unit. Therefore, the redox potential of
this reaction could be equivalent in both G2F and G3F. In the case
of G1-G3 on the other hand, the electrode is likely to feel a true
average of the possible conformations that the dendrimer is likely
to adopt with respect to the diarylaminopyrene unit (see Fig. 3 for
a cartoon illustration). Therefore, the redox potential obtained
here is a real average representation of the encapsulation of the
peripheral units. An alternate and perhaps a less likely possibility is
that the more electron rich diarylaminopyrene units around a

740 | Chem. Commun., 2007, 739-741

This journal is © The Royal Society of Chemistry 2007



Fig. 3 Possible conformations of difunctionalized dendrimers (a—c) and
fully decorated dendrimers (d). The schematic is to indicate that the
peripheral functionalities in the difunctionalized dendrimers can be more
exposed in one conformation compared to the other. The fully
functionalized dendrimers, on the other hand, could always have some
of the functionalities exposed and therefore results from these molecules
could be misleading. Difunctionalized dendrimers represent the true
average of the possible conformations.

radical cation in the G3F provide a better stabilization than the
bare benzyl ether moieties in G3. The inherently lower Ej/, values
of the linear molecules G1L-G3L could be attributed to a much
greater solvent exposure. However, we do not understand the large
difference in magnitude even at the first generation stage between
the dendrimers and the linear molecules.

In summary, we have shown that the electroactive units
substituted at the periphery can be encapsulated significantly
enough at higher generations to exhibit differences in electron
transfer rates and radical ion stabilities. We have also shown
that attempts to discern this information using the more
classical, fully decorated dendrimers such as G1F-G3F could be
deceiving. This study is likely to have implications not only in areas
such as electrochemical sensing using dendrimers, but also in
interpreting the polyvalent effects in biomolecular recognition
using dendrimer scaffolds.'? The results here show that the ligands
at the periphery are not likely to be equally available for binding of
dendrimers at higher generations. Therefore, the results from the
polyvalent dendrimers have to be interpreted with this possibility
in mind.

We thank the National Science Foundation for a CAREER
award.
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