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Here we communicate that cobalt(iesetetrakis(4-hexadecyl-
amidophenyl)porphyrin (CoTAPP) self-assembles in ethanol/1- 7
propanol 2/1 (v/v) to form a rodlike micelle with nanoscale =
dimensions. Static light-scattering (SLS) and spectroscopic experi- €
ments reveal that the nanorod is a face-to-face aggregate having & 11-* ¢ o o ——8—
hydrophobic corona around a polar core and is thus characterized %757 57 o5 05 10 -
as a reverse micelle. The alcoholic micellar solution has no sin(#/2)
precedent, to the best of our knowledge.

Porphyrins are major building blocks for self-assembled su- - (B)
pramolecular systems based srx stacking interaction:2 In
water, a variety of porphyrin amphiphiles are known to self-organize
into micellar fibers!~8 while in organic solutions, examples are
not as frequent as those involving zinc(ll) porphyrfin& By 0 02z 04 06 08 10 0 02 04 06 08 10
analogy to reverse micelles, which provide a stable dispersion of ¢ (ugmL™) sin?(0/2)
water in nonpolar solvents,we have anticipated that porphyrins  Figure 1. (A) Scattering data for an equilibrated solution of CoTAPP in
bearing polar amido groups with which peripheral long alkyl chains ethanol/1-propanol 2/1 (v/v) at 298 K extrapolated to zero concentration

. . . . . versus sii(0/2). (B) Scattering data extrapolated to zero angle as a function
are linked would self-organize even in nonaqueous media, Ieadlngof ¢. (C) The reciprocal of the scattering factB6) as a function of

to long-lived micelles stabilized through hydrogen bonding and sirz(9/2) calculated fronP(6)—2 = My[KS/R()] 0. Curves correspond to
hydrophobic interactions. We present here the properties of a reversehe theoretical scattering factor calculated for (a) rods (&/9 + 2x4/225,

micelle made up of COTAPP that exhibits a remarkable nanorod Wherex = gl/i2 and! (rod length)= 3.46Rg), (b) spheres (I- x¥/5 +
behavior. 3x425, wherex = gr andr (sphere radiusy¥ 1.29Rg), (c) random coils

. . . (1 — x¥3 + x412, wherex = q@2¥%6 and {232 (mean end-to-end
The length of micellar neutral nanorods is an exponential function gisiancey= 2.4%Rs), and disks (1- ¥%/6 + X472 — x¥/1440+ x&/43 200

of the end-cap energy/thermal energy ratmd is usually large wherex = qr andr (disk radius)= 1.41Rg) usingq = (4zny/A)sin(9/2)
even at low concentrations. Indeed, no critical micellar concentration andZ = 633 nm.

(cmc) could be determined for the equilibrated solution of CoTAPP
in ethanol/1-propanol 2/1 (v/v). However, the rate of spontaneous
aggregation was very slow and required ultrasonic irradiation. The
refractive index of the solution was used as a measure of
aggregation, which slowly and irreversibly increased with the
ultrasonic irradiation for several hours. The differential refractive LY it
index for the equilibrated solution increased linearly with the MAANN e a oasem i A
concentration of CoTAPP. Significant broadening of the Soret band NN T 0 m ars) N
(Figure S1, Supporting Information) was also suggestive of the Figure 2. Schematic structure and dimensions of the face-to-face COTAPP
aggregation. Attempts to delineate the micelles by freeze-fracture aggregate in the alcoholic micellar solution.

electron microscopy met with failure. Reasoning that replication
of frozen alcohols might be disfavored because of the depression
of the freezing point, we turned to SLS and dynamic light-scattering
(DLS) studies. In SLS, the reduced light-scattering intenR{#)

was interpreted using the equatikio/R(6) = [1 + { 1672Rs%sin?-
(6/12)}1(329)1/M,, + 2A.c, whereK was the optical constait,c was

the concentration of CoTAPHR; was the radius of gyratior},

was the wavelength in a vacuuri, was the weight-averaged
molecular weight, andA; was the second virial coefficieit.
ExtrapolatingKc/R(0) to zero concentration (Figure 1A) yielded
My = 1.40 x 10° and Rs = 59.3 nm, while an extrapolation to
zero angle (Figure 1B) yielded,, = 1.38 x 1(° andA, = 1.44 x

1071 cm® mol g2 The molecular weight corresponded to an
aggregation number of ~ 800.
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The SLS data were consistent with DLS results, which gave a
hydrodynamic diameter af,, = 120 nm (Figure S2, Supporting
Information). The positivé, value was indicative of the repulsive
interaction between the micelles, which would depress further
flocculation of the micelles. The scattering fact®(®) allowed
prediction of the shape of the isolated micelle. Figure 1C shows
plots of the scattering data superimposed on theoretically derived
curves for various shapes of particles, which indicated that the
micelle was a rod in shape with a lendtk= 205 nm.

Figure 2 illustrates the proposed structure and the dimension of
the aggregate. Added support for the face-to-face orientation of
CoTAPP was furnished by extended X-ray absorption fine structure
(EXAFS) spectroscopy. The Fourier-transformed EXAFS function
(Figure S3, Supporting Information) yielded an atomic distance
* Department of Pure and Applied Chemistry. Rco-co = 0.30 nm and g first-shell cobr.ﬂtobalt cqor.di'nation.
*Institute of Colloid and Interface Science. number of 0.9+ 0.86, which was suggestive of the infinite chain
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16 o) conversion of the coating from the monomeric complex to the

aggregate. KouteckyLevich plots (Figure 3D) revealed that the
aggregate reduced,@ainly with four electronsri,= 3.7), while

a two-electron reduction was predominant for the monomeric
complex (app= 2.0). Such a difference in the reactivity stems from
the presence of two parallel reactiofimne involving the binding

of O, to two proximate cobalt centers in the aggregate and giving
rise to the four-electron reduction of,@ H,O and the other in-
volving a single cobalt center and yielding the two-electron reduc-
tion of O, to H,O,. Covalently linked cofacial metalloporphyriris2
have been the typical platform for exploring such a cooperative
effect of metal centers in promoting the four-electron reduction of
0O,. The short cobailtcobalt distance in the CoTAPP aggregate
precludes @binding, suggesting that Qs reduced at fracture or
defect points with a larger cobaltobalt separation.

In conclusion, the alcoholic solution of COTAPP provided simple
systems developing the rodlike morphology that served as a
template for the cofacial orientation of porphyrins at the electrode

. . . surface, allowing for both ends of,@nolecules to interact with
06 02:0206 04 0 -04 0 00z 004 006 008 01 the cobalt centers in the transition state. Tuning the cotoalbalt
E(Vvs SCE) or'® (pm %) distance within the micelle and the microscopic analysis of the

Figure 3. (A) Cyclic voltammogram for the reduction of:@t edge-plane nanorod are the topics of our continuous research.
pyrolytic graphite electrodes (0.28 éntoated with 1.6x 1010 mol cnm2

of CoTAPP. The supporting electrolytd M HCIO,, was saturated with rting Information Available: Details of the preparation of
O, (curves a and b) or argon (curve c). COTAPP was deposited on the Supporting Informatio ailable: Details of the preparation o

electrode surface by transferring a pristine solution of CoTAPP in ethanol/ COTAPP. the absorption spectrum, the DLS histogram, andcthe
1-propanol 2/1 (v/v) to record curve b or a micellar solution of CoTAPP Weighted EXAFS function of the aggregate (PDF). This material is
prepared by ultrasonic irradiation of the pristine solution for 6 h to record available free of charge via the Internet at http://pubs.acs.org.
curves a and c. The electrodes were covered with 8f 0.5 wt % Nafion

in 2-propanol and air-dried. Scan rate0.1 V s 1. (B) Reduction of @ References
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