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Organic-inorganic hybrids form the basis of biomineralizafion
and are attractive materials for electronic, optical, and biosensing
applications because they combine and sometimes enhance the
functionalities of different material groups. For example, junctions
between self-assembled monolayers and metal nanoparticles allow
the study of single electron-transfer processasym-temperature
light-emitting diodes (LEDSs) are created by the incorporation of a
dye molecule within a perovskite framewdtland attachment of
oligonucleotides to gold nanoparticles triggers the self-assembly
of DNA/nanoparticle arrays for biosensing and DNA sequenting.
The drive toward device miniaturization demands that functional - .
units such as nanoparticles and nanorods be connected in aFigure 1. AFM heightimages of samples spin coated from a 0.1 mM AA,
predefined manner. Therefore, in addition to the synthesis of 9-1 MM MUA—CdSe 2-propanol solution on HOPG. (A) MUA/CdSe
nanoparticle%gnd nanorod%,an emergin_g focu; i§ on connecting gf:rhlp;l érgf"g:;iﬂgh ‘(grsM;Q/gi?:d_motﬁg'ilrﬁ a%‘éif'ge: 8 nm.
and assembling the various nano-units. Existing methods deal
largely with inorganic material6This communication describes a
spin-coating method to nucleate organic molecular rods of uniform
size from an inorganic nanoparticle at a solid surface.

Long chain alkane derivatives, such as arachidic acid (AA), form
a 2-D crystalline stripe phase on highly oriented pyrolytic graphite
(HOPG)® This molecular pattern has been used to control the
deposition and aggregation of simple organic molecules and
macromoleculésas well as the synthesis of metal sulfide molecular
rod arrays® In an attempt to immobilize and align nanoparticles
on the AA pattern, it is found that the nanoparticles of cadmium
selenide capped by mercaptoundecanoic acid (MASe) nucle-
ate single crystalline rods of AA with a cross section of a single
unit cell.

AFM images of the AA film spin coated from its 2-propanol
solution display the stripe phase with a film thickness of 0.4 nm
and a bilayer periodicity of 5.6 nA?.Spin coating of the MUA-
CdSe 2-propanol solution yields only a few particles trapped at
the HOPG defect lines. However, when a film is spin coated from
a mixed 2-propanol solution of AA and MUACdSe, the particte

Figure 2. AFM height images of two consecutive scans (A and B) of the
same area of a sample spin coated from a 0.1 mM AA and 0.1 mM MUA
CdSe (MUA/CdSe= 0.50:1) 2-propanol solution on HOPG. Z-range

1.2 nm. In this case, the rod and stripe have a mutual orientation angle of
28°. The nanoparticle connected to the twin rods is to the upper right, just
outside the image.

stripe phase, which always exhibits the three-fold symmetry of
HOPG, the rods radiating from the particles display random
orientations'® An analysis of multiple images indicates that a high

roql hybrid structure spontaneously forms (Figure 1). The particle percentage<40%) of rods are parallel to each other with a center-
heights range from 3.5 to 30 nm. TEM of capped and uncapped to-center separation of approximately 18 nm. Identical rods can

CdSe nanoparticles suggests that the small particles are discret%|so be induced at the defect sites of HOPG in the same film
particles, whereas the larger particles are aggregates formed UpoRg,nnorting Information), although no such rods are found at similar
MUA photooxidatio! (Supporting Information). The rods have HOPG defects in the spin-coated film of pure AA.

|der_1t|cal height _(0'95: _0'09 nm) and width (5.3 0.05 nm) but The particle-rod structure forms on top of the AA stripe phase

a wide length distribution (56250 nm). The number of rods per 54 ot directly on top of HOPG as shown in Figure 2A. Figure
particle varies with the molar ratio of MUA to CdSe. When MUA/ 5 gqys that some molecules are transferred from the rods to the
C‘_‘SG— 0.38:1, _the average number of rods per particle is 1.9 AA stripe phase on the left by the scanning tip in a subsequent
(Flg_ure 1A), while an average _Of 2'_8 rods emanate from each gcan of the same area, from which it is concluded that the rods are
particle when MUA/CdSe= 0.50:1 (Figure 1B). Unlike the AA 5,55 made of the AA molecules. The total length of the new stripe
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portion is 280 nm (two new stripes plus the extension of the existing
stripes), and approximately 140 nm of the molecular rod is lost.
This suggests that the rod consists of twice the number of AA
molecules as the stripe of the same length.
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in solution, which may subsequently bind to the HOPG surface

and nucleate AA rods. Efforts are underway to examine nano-

particles with other capping agents and on solid surfaces other than
HOPG.

This communication reports a simple method to nucleate organic
crystalline rods from inorganic nanoparticles by spin coating. The
solution-based process potentially allows the precise tuning of the
Figure 3. Schematic illustration of the molecular packing structure of the Wetting profile of the solution on the surface-attached nanoparticle,
AA rod in relation to the MUA-CdSe nanoparticle and the 2-D solid  Which provides the reservoir for the growth of the single crystalline
surface. The stearic acid C-form crystal structure is used instead of AA. rods. The results suggest that nanoparticles can be regarded as
The carbon atoms are in gray, and the oxygen atoms are in red. The nanoseeds for the nucleation of guest crystals. It should be possible
hydrogen atoms are omitted. to further functionalize the AA rods by electrostatic complexation
with metal ion&° or organic iong. It should also be possible to
combine the simple spin-coating method with patterning techniques
to make hybrid thin films where various molecular links can be
made among ordered nanopatrticle arrays.

JA-CdSe
lanoparticle

The height and width of the rods are consistent with the unit
cell lengths along the and c axes, respectively, of the C-form
fatty acid crystal structure with four molecules per unit éef
The C-form is kinetically favored over the more stable B-fdfm.
Thus, the rods are formed by AA unit cells attaching to each other ~ Acknowledgment. We acknowledge the NSF for financial
along theb direction during crystallization. Figure 3 shows the support (G.M. for CTS-0221586, CTS-0216109; S.L.B. for
crystalline packing structure of the molecular rod in relation to the CAREER, DMR-0094273).

nanoparticle and the solid surface. The alkyl chain zigzag plane is Supporting Information Available: Experimental procedures and

parallel to the particlerod interface but perpendicular to the rejevant AFM and TEM images (PDF, CIF). This material is available
substrate, unlike the underlying AA stripe phase, where the alkyl free of charge via the Internet at http:/pubs.acs.org.

chain zigzag plane is parallel to the HOPG basal pfarEhis
provides further evidence that the molecular rods are nucleated References
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