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Introduction

Porphyrins


Stable organic chromophores that absorb visible light well and/or, luminesce with high efficiency are good candidates as components of photoelectronic materials, such as sensors, electronics, photosensitized solar cells, and organic lightemitting devices. Porphyrinoids and their metallo derivatives can be used in such devices due to their unique aromatic structure and excellent photochemical and photophysical properties. In addition to the molecular structure, the photonic properties are highly dependent on the architectural arrangement of the chromophores and the environment.


The rigid, planar macrocycles are amenable to appending a variety of auxiliary moieties, such as H-bonding motifs and exocyclic ligands, at predefined geometries for the synthesis of designed supramolecular systems. The core porphyrinoid is stable under a wide range of temperatures, pH, and other environmental conditions. The oxidation and reduction potentials, and therefore the chemical and photonic activities, can be tuned by appending a variety of exocyclic organic motifs and by choice of metal ion chelated in the center of anionic porphyrinoid. Axial ligation of the metalated compounds affords an additional means for assembly or organization. Most of the supramolecular chemistry of these macrocycles focuses on porphyrins because of their well-developed chemistry. Porphyrins are tetrapyrrolic macrocycles that are ubiquitous in nature. In general, porphyrins have very strong absorption bands around 400 - 430 nm (Soret band) with absorptivities, ε, on the order of 105 M-1 cm-1 and several Q-bands between 500 and 650 nm with ε 10-20 times less. The electronic spectra depend on the exocyclic modifications and coordinated metal ion and are well explained by the Gouterman four-orbital model. The other porphyrinoids also have strong absorptions, generally to the red of the porphyrins.


For some applications, such as solar energy harvesting, several chromophores are needed to collect light from the entire solar spectrum and to maximize optical density. Therefore as in nature, construction of multichromophoric systems or materials is important to ensure maximum use of solar energy. Arrays containing different kinds of dyes can be engineered in several ways. (1) To ensure vectorial energy and electron transfer, the architectural organization of the chromophores must be specifically designed such that molecules with the greatest HOMO-LUMO gap can funnel energy/electrons to those with the lowest HOMO-LUMO gap next to the electrode. Supramolecular systems afford a viable means to accomplish this. (2) Spatially separated chromophores in patterns with periodicity less than ca. 400 nm may ensure maximal charge injection into the electrode without competing energy and electron transfer to neighboring dyes with different electronic properties. The latter strategy can be accomplished by adsorbing the dyes onto different nanoparticles and by nanolithography. The former strategy is employed in natural light-harvesting systems in photosynthesis, wherein the photonic properties of the antenna systems are controlled by the spatial arrangement and orientation of the various chromophores self-assembled on a protein scaffold.

Chem. Rev. 2009, 109, 1630–1658

Phthalocyanines (Pc)


Supramolecular chemistry, defined as “chemistry beyond the molecule”, is at the heart of the development of chemistry of complex systems, molecular devices, ensembles, and nanochemistry. This is the chemistry where molecules are able to self-organize, self-assemble, and self-control into systems and the components are often analogues to biological molecules. Metalloporphyrins and metallophthalocyanines are remarkable precursors in supramolecular chemistry, and the rapid development of this chemistry led to assemblies possessing various architectures and properties (photo-electro, and catalytic properties among others).


Metalloporphyrins are one of the cornerstones on which the existence of life is based, and major biochemical, enzymatic, and photochemical functions depend on the special properties of a tetrapyrrolic macrocycle. The green colour of plants and the red colour of blood are due to magnesium and iron cyclic tetrapyrroles, respectively. For this reason, the denomination of "pigments of life" has been coined for these ubiquotuos chromophores. Metalloporphyrins act as key elements that require assembly with other molecules to form a supramolecular architecture, that is, the working device. 


In natural systems, polypeptides define a given structural organization and hold all the moieties together. Such complex natural devices are not accessible by direct chemical synthesis so far, but their modeling, using simplified designs, has been actively exploited during the last decades. The rapid development of this new area of chemistry has promoted the understanding of the concepts of design and strategies of self-assembly of structures based on intermolecular interactions to result in natural and synthetic supramolecular complexes of metalloporphyrins. Synthetic metalloporphyrin complexes are often used as analogues of natural systems found in photosynthesis, oxygen carriers, and catalysts. Such research also led to the discovery of new applications of these systems, for example in photodynamic therapy, information storage devices or photoelectrical devices that transform energy in both directions (photocells and light-emitting diodes). An application of increasing importance is the use of metalloporphyrins as receptors, exploiting their ability to selectively form complexes which can sharply change the spectral properties. Using molecules that combine different receptor units such as porphyrins and crown ethers expands the functionality of the system and provides a means to control the physical properties and chemical reactivity of the supramolecular species.

Chem. Rev. 2009, 109, 1659–1713

Experiments and Analysis
1-) Synthesis of Dipyrromethane

    
[image: image2]

In a 1-l flask supplied with a magnetic stirrer, a suspension of formaldehyde and pyrrole was introduced. The mixture was bubbled with argon for 10 min and heated to 55 °C until complete dissolution. The heating was stopped, and trifluoroacetic acid was added drop by drop. The solution was stirred for one more hour, upon which NaOH was added to neutralize it. The reaction mixture was again stirred for 45 min. The excess of pyrrole was distilled under vacuum. Then, the mixture was purified with the use of column chromatography on silica gel. The product was separated by means of gradient elution with a hexane : ethylacetate (95 : 5 vol parts) mixture.(4,2 g). NMR results showed that the reaction was successful.
“PROTECTION OF METALS AND PHYSICAL CHEMISTRY OF SURFACES”  Vol:45 No:5 2009

2-) meso-diphenyl porphyrins


[image: image3]

A 1-l flask with a magnetic stirrer and a foil light protection was blown with argon for 10 min. Then, dipyrromethane, benzaldehyde, and 600 ml distilled CH2Cl2 were put in it. The solution was bubbled with argon for 10 min. Trifluoroacetic acid was added drop by drop. The solution was stirred for 20 hours. DDQ was added, and the solution was stirred for one more hour, upon which the mixture was neutralized with Et3N, and the solvents were distilled off. The reaction mixture was purified by column chromatography on silica gel. Porphyrin was separated by means of gradient elution with a CH2Cl2:Hex (1 : 1 vol parts) mixture.The yield was 20%. NMR results showed that the reaction was successful.
“PROTECTION OF METALS AND PHYSICAL CHEMISTRY OF SURFACES”  Vol:45 No:5 2009

 3-)

 a-) 1,2 didecylbenzene-1
[image: image1.emf]

A flame-dried, 1-L, round-bottom flask was charged with Mg chips under an argon atmosphere, a THF solution of 1-bromodecane was added, and a small amount of I2 was added to initiate the reaction. The addition of 1-bromodecane was adjusted to maintain a constant reflux. The reaction mixture was cooled to room temperature and filtered under an inert atmosphere to remove any unreacted Mg metal. l,2-dichlorobenzene was then added in portions. The reaction mixture turned dark brown with heavy MgBrCl precipitates. This mixture was refluxed for 1.5 h and then cooled to rt and poured into hexane (150 ml) and 320 mL of a 6 M H2SO4 solution with ice. The organic layer was separated and washed several times with 3 M H2SO4, H2O, NaHCO3, and H2O and dried over MgSO4. The solvent was removed under vacuum, and the resultant oil was chromatographed through silica gel with a minimum amount of hexane. The low-boiling components were distilled off to give pure 1,2-didecylbenzene at 245 OC/6 mmHg as a colorless liquid (colorless oil). NMR results showed that the reaction was unsuccessful.
3-)

b-)1,2 didecylbenzene-2
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A flame-dried, 1-L, round-bottom flask was charged with Mg chips under an argon atmosphere, an ether solution of 1-bromodecane was added, and a small amount of I2 was added to initiate the reaction. The addition of 1-bromodecane was adjusted to maintain a constant reflux. The reaction mixture was cooled to room temperature and filtered under an inert atmosphere to remove any unreacted Mg metal. (1,3-Bis(diphenylphosphmo)propane)-nickel(II) chloride was then added in portions while l,2-dichlorobenzene was added dropwise. The reaction mixture turned dark brown with heavy MgBrCl precipitates. This mixture was refluxed for 26 h and then cooled to rt and poured into 320 mL of a 6 M H2SO4 solution with ice. The ether layer was separated and washed several times with 3 M H2SO4, H2O, NaHCO3, and H2O and dried over MgSO4. The solvent was removed under vacuum, and the resultant oil was chromatographed through silica gel with a minimum amount of hexane. The low-boiling components were distilled off to give pure 1,2-didecylbenzene at 245 OC/6 mmHg as a colorless liquid (colorless oil). NMR results showed that the reaction was unsuccessful.
 3-)

 c-)1,2 didecylbenzene-3
[image: image5.wmf]Cl

Cl

Mg

1

-Bromodecane

C

H

3

C

H

3

Diethyl ether

(dppp)NiCl

2



A flame-dried, 1-L, round-bottom flask was charged with Mg chips under an argon atmosphere, an ether solution of 1-bromodecane was added, and a small amount of I2 was added to initiate the reaction. The addition of 1-bromodecane was adjusted to maintain a constant reflux. The reaction mixture was cooled to room temperature and filtered under an inert atmosphere to remove any unreacted Mg metal. (1,3-Bis(diphenylphosphmo)propane)-nickel(II) chloride was then added in portions while l,2-dichlorobenzene was added dropwise. The reaction mixture turned dark brown with heavy MgBrCl precipitates. This mixture was refluxed for 22 h and then cooled to rt and poured into 320 mL of a 6 M H2SO4 solution with ice. The ether layer was separated and washed several times with 3 M H2SO4, H2O, NaHCO3, and H2O and dried over MgSO4. The solvent was removed under vacuum, and the resultant oil was chromatographed through silica gel with a minimum amount of hexane. The low-boiling components were distilled off to give pure 1,2-didecylbenzene at 245 OC/6 mmHg as a colorless liquid (colorless oil). NMR results showed that the reaction was successful.
J. Org. Chem. 1994,59, 1294-130
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