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ABSTRACT

We disclose the synthesis of a porphyrin-fullerene pinwheel that was subsequently observed by scanning tunneling microscopy. The molecule

was designed to further our understanding of fullerene-surface interactions, directional control, and surface-rolling versus pivoting capabili ties
of this class of nanomachines. The inner porphyrin provides the square planar configuration that might lead to realization of the pinwheel

spiraling motion on surfaces.

There have been recent advancements in the field of imagingmolecular nanomachines. Of particular interest for our group
techniques, such as scanning tunneling microscopy (STM), is the development of nanocardn our design of the
applied to the field of molecular machinetifhe two fields nanocars, fullerenes served both as molecular components
have inspired us to work with individually accessible single- easily identified by STM as well as wheels that enabled
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controlled rolling motion of the molecules on surfaces. solar cells} photosynthetic antenndsnd nonlinear-optids
Because of the friction-like (charge transfer at the molecular for their interesting photoinduced electron-transfer properties.
level) interactions between the fullerenes and the gold The goal of this synthetic project, however, was solely
surface, a new motion mechanism was demonstrated for thedirected at understanding nanocar directionality on metallic
first time, directionally restricted rolling instead of sliding surfaces. Since porphyrins and metal-complexed porphyrins
on a surface. After establishing that rolling motion did occur, have been observed with STMit was thought that the
we directed our attention to the study of functionalized addition of this feature to the nanocar design would make
nanocars with varying properties that could produce different imaging more facile. With the wheels projecting from the
surface movementsHere we report the synthesis and the body at 90 angles, the molecule is designed to show a
initial images of a fullerene pinwheel molecule that was different rolling behavior than that of the nanocar. The
synthesized to further distinguish between translation and motion we predict may be similar to that of the trimer
pivoting in molecular surface-rolling molecules. molecule (Figure 1), a control experiment from our past work

The pinwheell has four fullerene wheels, comparable to in which the molecule rolled through pivoting about its
that of the nanocars (Figure 1), with copper inserted into central axis without any translational motion on gold

surfaces. Whether or not the porphyrin-based square con-

_ formation will permit this pivoting rolling motion is an area
of intense interest in future STM experiments.

The synthesis began (Scheme 1) with three Pd-catalyzed
Sonogashira couplings, the first two followed by the selective

Nanocar
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substituents were included to offset the low solubilities of

by STM (Figure 2)* From cross-sectional analysis, the

the fullerene and porphyrin moeities. An extended dimer axle diagonal distance from fullerene to fullerene wa4.8 nm.

was used to increase the solubility of the final target.
Compound4 was coupled at elevated temperature with
4-bromobenzaldehyde to afforfl the precursor for the
porphyrin reactiort®

Compound 5 was condensed with pyrrole and then
oxidized with DDQ to afford porphyril.1* The copper metal
was inserted using Cu(OAeH,0,*?to obtain porphyrirv.13
The deprotection step with TBAF was carried out after the
metal insertion to avoid possible homocoupling of the free

alkynes with exogenous copper. In addition, copper was the

metal of choice due to its stability in the porphyrin complex
and to avoid destruction of the porphyrin molecule in the
presence of excess lithium hexamethyldisilazide (LHMDS)

that would be used in the next step. Four fullerenes were:
successfully coupled via the in situ ethynylation method to .

complete the synthesis of the fullerene pinwhkeébcheme
2).32 The solubility of 1 was sufficient in CHG/CS; or

Scheme 2. Synthesis of Pinwheel?
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Although some of the molecules were clustered together,
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Figure 2. (a) Materials Studio (MS) modeling ofggporyphyrin
pinwheel moleculel. The alkyl groups are ommitted for clarity.
(b) STM image of scattered individual moleculeq(c,e,f) Higher
resolution images with (d) cross-section analysid gictured in
(e). (f) Lateral bend of OPE legs dfbrings two fullerenes closer
together on a step edge. (Bias voltage—100 mV, tunneling
current= 3 pA).

This is slightly smaller tham~5.4 nm calculated in PC

Spartan (relative structure was calculated using empirical
molecular mechanics based on Tripos 5.1 force field). The
discrepancy may have resulted from the long oligo(phenylene
ethynylene) (OPE) legs bending normal to the surface due
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to a strong gold-fullerene interaction (evidence of lateral
bending is seen in Figure 2f). Another interesting feature

of this molecule is the lack of imaging of its inner core. UVIVis Spectra of Pinwheel and its Precursors

Our previous fullerene serie$ gave similar images via 09

STM; however, withl, it was expected that the copper in 08 | A

the porphyrin would enable imaging of the core. The a7 i

electronic nature of the fullerene-OPE interaction may be 051 i\ _‘_;

the reason for the unexpected failure to image the core; ¢ os | : -8

this aspect of the molecule is under investigafioi should £ 04 ] ;

be noted, however, that the precise nature of the imaged= 03'[\ J %

moieties is highly structure dependent and is a topic that |

has generated much discussi®émemetallation during the o1 |

deposition process can be ruled out because of the mild ol . , . — : : .

dropcasting conditions used for the deposition technique, @S s00 30  aw 450 0 50 eo0 es0 700 750
previously reported by Yoshimoto et al., where metallo- Wavelength (nm)

prophyrlgs were intact on similar Au(111) surfaces for Figure 3. UV/vis spectra of compounds(blue), 6, (yellow), and
imaging? 8 (pink).

The electronic absorption characteristics of the porphyrin-
OPE-fullerene backbone were studied by UV/vis spec-

troscopy in chloroform of compoundd, 6, and 8 gion (690 nm for6) is blue-shifted, consistent with metal
(Figure 3). The peak observed fbmt 319 nm is indicative  jnsertion in1 and8.2° The distinctively enhanced absorption

of the fullerene peak.The distinctima, Soret band, is  4j| of 1, above 450 nm, is due to the weak electronic

observed in all three compounds 6, and 8, indicating interactions between fullerenes and the central OPE-
the presence of the porphyrin. The central molecular re- o hhyrin backbone. This is consistent with the periconju-
) ; gation effect observed in our past fullerene-OPE

(14) Sample Preparation and Data Collection for STM Study.

! ' P=t i4a3.9
A toluene solution of pinwheel (5 xM) was dosed in high vacuum hybrids: _
using a fast-actuating, small orifice solenoid vaR# onto argon- In summary, we have successfully designed and observed

sputtered and annealed Au(111) on mica substrates and was imaged usin _ : ; :
an RHK variable temperature UHV-STM. A range of tunneling para- & new fullerene-based moleculefor potential directional

meters (-1 to+1 V, 3-20 pA) was explored while attempting to resolve ~ control of surface-pivoting nanomachines. Further study is
the inner structure. The dosing technique was chosen over sub-cyrrently underway using a heated substrate STM stage to
limation in vacuum, as it appeared decomposition occurs30 °C in .

thermal decomposition studies using a thermogravimetric analyzer in our ObServe the molecular motion.
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