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Novel porphyrin dimer ligand and cobalt complexes by directly In our study, we synthesized a novel chiral cobalt
bridging with L-glutamic acid have been prepared and characterized. porphyrin dimer by directly bridging with-glutamic acid
The intensities of circular dichroism and UV-vis spectra that change and prepared the nanorods of the dimer using lietisiolid—

the aggregate morphologies of the porphyrin dimer under different solution technologie$:** We further investigated that the

aggregate morphologies of the porphyrin dimer transformated
from H-aggregate to J-aggregate with an increase of the
temperature under the same experimental conditions. The

The self-assembly porphyrins have attracted extensive diameter of the aggregate porphyrin dimer was controlled
interest of many researchers because of their potentialby a tunable solution temperature. The procedure to prepare
applications in electronic devices and biomimic chemistry. nanorods of a cobalt(ll) porphyrin dimer was initiated by
Porphyrin can offer several remarkable features for molecular dissolving 14.86 mg of porphyrin dimer in 10 mL bEN-
self-assembly-3 First, it has a large flat, conjugated central dimethylformamide (DMF), which was then equally divided
tetrapyrrole macrocycle, the peripheral of which can be into five parts. Each was vigorously stirred under different
decorated with both hydrophobic and hydrophilic groups; designated temperatures (a, 273 K; b, 298 K; ¢, 308 K; d,
second, it can offer intermoleculat—s interaction (a 318 K; e, 328 K). As followed, the aqueous sodium chloride
significant driving force for the self-assembly of a number solution with 0.01 mol/L was added slowly to each of the
of materialsy;~¢ which can promote the assembly of por- five solutions, and then the system was treated for 12 h. After
phyrin. With the appropriate selection of substituents, non- the addition of 6 mL of CHG| each of the five solutions
covalent self-assembly can occur via intermolecular elec- was divided into two phases: a and b retain purple-red in
trostatic interaction, hydrogen bonding, and metal coordination. the below solution and colorless in the above solutiong ¢
In recent years, a wide variety of nanometer-sized self- also retain purple-red in the below solution and light red in
assembly structures using porphyrin have been repéfted. the above solution. For-ee, a suspension appeared in the
above solution that suggested that the metallorporphyrin was
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yaQOO'Com'Cn' i : : be explained by chloroform volatilization as the temperature
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Figure 1. Module strategy used to assemble a one-dimensional porphyrin giq, e 3. Electronic absorption spectra of cobalt porphyrin dimer nanorods

by intermolecular interaction. The basic module is a cobalt porphyrin dimer.

Figure 2. TEM images of porphyrin nanorods at different temperatures:
(a) 273 K; (b) 298 K; (c) 308 K; (d) 318 K; (e) 328 K.

in DMF at different temperatures: (a) 273 K; (b) 298 K; (c) 308 K; (d)
318 K; (e) 328 K.

in dynamics, so the increase of temperature promotes the
formation of the J-aggregate. Besides, the diameters of the
porphyrin rods change from micron to nanometer, and the
diameter size distributions of the nanorods change from
inhomogeneous to homogeneous (Figure 2e) with an increase
of the temperature.

The exciton theory developed by Kasha predicts the
occurrence of hypsochromic or bathochromic shifts for the
relevant absorption bands, in the case of H-type (face-to-
face) or J-type (side-by-side) interactions, respectively. So,
the UV—vis and circular dichroism (CD) spectra of the
porphyrin dimer were measured. The YVis spectra of ee
demonstrated significant diversity compared with the spectra
of the corresponding porphyrin solution of a and b. Because
of the lack of a strong electronic coupling of the chro-
mophores in the nonaggregate form, there was no change in
the UV—vis spectra of a and b. Figure 3 presents the optical
spectra of the aggregate morphologies of a cobalt porphyrin
dimer under different temperatures. The absorption spectra
between b and a and also d and e were identical, respectively.
Also, the Soret band was red-shifted from 409 nm of a and
b to 435 nm of d and e. The Soret band of the middle ¢ was
found to be split. We speculated that this resulted for the
following two reasons: first, the porphyrin dimer transforms
from H-aggregate to J-aggregate as the temperature of the
stock solution increases; second, the Co ion in the center of
the porphyrin ring transforms from €oto Cc&*", which
produces a CoeCo covalent bond between the two cobalt
porphyrinic dimers. However, we cannot offer further
evidence. On the other hand, all of the Soret bands—af ¢

(H-aggregate) arrangement. Therefore, a rod nanostructuralyere found to broaden the arrangement of macrocycles in

porphyrin dimer was forméd (Figure 1).

aggregates that generally fell into two types: “J” (edge-to-

~ Figure 2 shows transmission electron microscopy (TEM) edge) and “H” (face to face). The split, broadened, red-shifted
images of nonarod products fo_rmed at d|fferent_ temperatures.goret hands, as well as the Q bands in the optical spectra,
Their shapes change from disordered stacking to Orderedpresented both types of interactions in the nanotd#sThe

aggregates, and the configurations of the aggregates trans

form from fractal, big brick to rodlike particles as the

temperature is increased. The reason is that the J-aggregate
is stable in thermodynamics, while the H-aggregate is stable
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Figure 4. CD spectra of cobalt porphyrin dimer nanorods in DMF at
different temperatures: (a) 273 K; (b) 298 K; (c) 308 K; (d) 318 K; (e)
328 K.
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aggregates and were well-understood to be indicative of

electronic coupling of the chromophor€s.

We measured the CD spectra of nanorods of a cobalt

small bisignate curve with a positive band at 414 nm and a
negative band at 433 nm. The split Cotton effects were
assigned to the exciton-coupled CD between two porphyrin
chromophores that arose framglutamic acidt® While the

CD spectra of d and e show a stronger bisignate curve with
a positive band at 414 nm and a negative band at 428 nm
(blue shift, A = 5 nm relative to c), the CD signal grew
stronger, which can be attributed to the enhancement of both
the dihedral angle of the two porphyrin chromophore planes
by metallation and the intramolecular exciton coupling
interaction between the two cobalt porphyrif8® The
conversion from H-aggregate to J-aggregate as the temper-
ature is increased can lead to both of the enhancements
mentioned above.

In this study, we prepared the nanorods of a chiral
porphyrin dimer by adjusting the temperature of the solution;
we also investigated the UWis and CD spectral variations
with changes of the morphologies of the aggregates at

porphyrin dimer and discussed their tendency to change thedifferent temperatures. According to our results, as the

aggregate morphologies under different temperatures. Th
bisignate CD curves are evidence for dipotépole, long-
range electronic interaction between the two porphyrin
chromophore$? It is known that such an interaction

depends on the interchromophoric distance and twist, as well

as the conformational rigidity around the porphytin
glutamic acid linkagé’
As shown in Figure 4, a weak single CD band at 414 nm

etemperature increases, the configurations of the aggregates

transform from fractal, big brick into rodlike particles. Under
appropriate conditions, the higher the temperature, the smaller
the diameter of the nanorods. Furthermore,-tiN6 and CD
spectra of the morphological change of the aggregate
porphyrin dimer were investigated.
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