Chapter 15- Excited States Producing Fluorescence and Phosphorescence

The characteristic of fluorescence and phosphorescence spectra can be rationalized by means  of the simple molecular orbital considerations. However, an understanding of the difference between the tow photoluminescence phenomena requires a review of electron spin and single/triplet excited states.

Electron Spin

The Pauli exclusion principle states that no two electrons in an atom can have the same set of four quantum numbers. This restriction requires that no more than two must have opposed spin states. Because of spin pairing, most molecules exhibit no net magnetic field and are thus said to be diamagnetic. In contrast, free radical, which contain unpaired electrons, have a magnetic moment are said to be paramagnetic.

Singlet/Triplet Excited States

A molecular electrons state in which all electron spins are paired is called a singlet state and no splitting of electronic energy levels occurs when the molecule is exposed to a magnetic field. The ground state for a  free radical, on the other hand, is a doublet state because the odd electron can assume two orientations in a magnetic field, which imparts slightly different energies to the system.

The lowest heavy horizontal line represents the  ground-state energy of the molecule, which is normally a singlet state and is labeled So. At room temperature, this state represents the energies of essentially al of the molecules in a solution.

15A-2 Rates of Absorption and Emission

The rate at which a photon of radiation is absorbed is enormous, the process requiring on the order o f 10-14 to 10-15s. Fluorescence emission, on the other hand, occurs at a significantly slower rate.  Here, the lifetime of the excited state is inversely related to the molar absorptivity of the absorption peak corresponding to the excitation process.

15A-3 Deactivation Processes

An excited molecule can return to its ground state by a combination of several mechanistic steps. Both processes involve the emission of a photon of radiation. The deactivation steps, indicated by wavy arrows, are radiationless processes. The favored route to the ground state is the one that minimizes the lifetime of the excited state. Thus, if deactivation by fluorescence is rapid with respect to the radiationless processed, such emission is observed. On the other hand, if a radiationless path has more favorable rate constant, fluorescence is either absent or less intense.

Vibration Relaxation

This relaxation process is so efficient that the average lifetime of a vibrationally excited molecule is 10-12s or less, a period significantly shorter than the average lifetime of an electronically excited state. As a consequence, fluorescence form solution, when it occurs, always involves a transition from the lowest vibrational level of an excitation level of an excited state. A consequence of the efficiency of vibrational relaxation is that the fluorescence band for a give electronic transition is displaced toward lower frequencies or longer wavelengths from the absorption bands ( the stokes shift).

Internal Conversion

The term internal conversion describes intermolecular processes by which a molecule passes to a lower energy electronic state without emission of radiation. These processes are neither well defined nor well understood, but it is apparent that they are often highly efficient, because relatively few compounds exhibit fluorescence. 

 Internal conversion may also result in the phenomenon of  predissociation. Predissociation should be differentiated from dissociation, in which the absorbed radiation excites the electron of a chormophore directly to a sufficiently high vibrational level to cause rupture of the chromophoric bond; no internal conversion is involved. Dissociation processes also compete with the fluorescence process.

External Conversion

Deactivation of an excited electronic state may involve interaction and energy transfer between the excited molecule and the solvent or other solutes. These processes are called collectively external conversion, or collisional quenching. Evidence for external conversion includes the marked effect upon fluorescence intensity exerted by the solvent; furthermore, those conditions that tend to reduce the number of collisions between particles generally lead to enhanced fluorescence.

Phosphorescence

Deactivation of electronic excited states may also involve phosphorescence. After intersystem crossing to an triplet state, further deactivation can occur either by internal or external conversion or by phosphorescence. External and internal conversions compete so successfully with phosphorescence that this kind of emission is ordinarily observed only at low temperatures, in highly viscous media or by molecules that are adsorbed on solid.
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