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Introduction:

Porphyrins are highly useful aromatic macrocycles of carbon and nitrogen atoms that can exist alone or in metallated states. These metallated states may be the most useful aspect of porphyrins, in that they can transport ions such as Fe2+ or Cu2+, as in the case of TPP1. Porphyrin synthesis is most easily achieved by the combination of the building blocks of the macrocycle (pyrrole and methine bridges—benzaldehyde in TPP) in a suitable solvent using a reflux condenser. The conjugation of the π electrons in the aromatic ring results in high UV-vis peaks as well as an extremely high molar absorbtivity, giving these compounds their intense color. Other uses for porphyrins include oxygen and electron transport1. Utilizing these electronic properties, research performed by Kenneth Suslick on metalloporphyrins reversed the reactivity of hydrocarbons. Tetraphenylporphyrin’s π system even allows the use of it as a type of “organic semiconductor” in the development of solar cells and in cancer detection2. Tetraphenylporphyrin is similar in structure to phtalocyanines, yet the phenyl groups form a bicyclic group with the pyrrole rings in phtalocyanine, a ring that may be used in photodynamic therapy (a chemotherapy technique). 
Experimental Methods:

The synthesis of Tetraphenylporphyrin (H2TPP) was carried out by the refluxing of 15.75 mmol of benzaldehyde and 14.4 mmol of pyrrole in boiling propionic acid. The resulting mixture was filtered with a vacuum and frit then rinsed with cooled methanol to yield purple crystals. The synthesis of Copper Tetraphenylporphyrin (CuTPP) was carried out by the refluxing of TPP dissolved in N,N-dimethylformamide and copper(II) acetate, Cu(O2CCH3)2. Conversion to the product was confirmed by the absence of fluorescence in a spot test under long-wavelength UV light. The product was then run through a separatory funnel thrice and concentrated on a rotary evaporator. Chromatographic Purification of CuTPP was carried out using a chromatography column filled with silica gel (stationary phase) with methylene chloride as the solvent (mobile phase). The CuTPP was dissolved in CH2Cl2 and then eluted and collected. The solution was concentrated to 50mL, dried, and weighed. UV-vis and fluorescence spectra of TPP and CuTPP were taken. 
Results:


The products (TPP and CuTPP) are purple and dark red crystals, respectively. The yield of TPP was 85.65% and the yield of CuTPP was 82.28%; CuTPP was later redissolved and column chromatography was performed upon it. These two were not fully pure, as side products were evident in the tar of the chromatography column. The final product of CuTPP was pure as a result of the column chromatography. Porphyrin macrocycles exhibit two main bands in UV-vis spectra: the Soret (a more intense band around 400nm) and the Q bands (500-650nm). The molar absorbtivity of CuTPP can be calculated using Beer’s Law, A=εcl. The concentration of the CuTPP was approximately 9.70874 x 10^-5 M, the cuvette was 1cm in length, and the percent transmittance (absorbtivity) was approximately 3 from the UV-vis printout. This indicates the molar absorbitivity, ε, is 30902 cm-1M-1. The actual value for the Soret Band of CuTPP is 20600 cm-1M-1.3 Only a rough concentration of TPP was made, so the molar absorbtivity cannot be calculated from the UV-vis printout. 
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CuTPP Absorption Spectrum
Discussion:


The appearance of CuTPP and TPP differed in that CuTPP was more of a dark red color and TPP was more of a vibrant purple color. The reason for this is that the intensity for TPP is much higher in the 600-700nm range (~200 a.u. at 654nm) compared to the 60 a.u. at 654nm of CuTPP. A higher intensity in the red range results in a compound more resembling blue, which is why CuTPP is redder than TPP. Metallated porphyrins such as CuTPP are more symmetrical, resulting in fewer Q bands and a simpler spectrum. The Soret Band is the highest peak in the UV-vis spectrum, around 400nm, and the Q bands are the smaller bands in the spectrum around 500-650nm. To improve this series of experiments, the concentration of CuTPP could have been more accurate by using a larger volume of distilled water so that the accuracy of weighing would be less important and a larger sample could have been used as opposed to a few grains. This would result in more accurate spectra that more closely matched the model of molar absorbtivity. 

Conclusions:


The synthesis of TPP and CuTPP together allowed for a comparison of the physical and electronic properties of each molecule; specifically, the π conjugation of electrons that led to various spectra and absorbtivities. Fluorescence and UV-vis spectra allow for an explanation of the intense colors of these compounds and Beer’s Law calculations qualitatively define the molar absorbtivities of each compound. 
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