Luminescence spectroscopy

Franck-Condon Principle.

Electronic transitions are vertical, i.e. nuclear positions are unchanged during the time (~10-15 s) of an electronic transition.

The mass of the nuclei are much greater that the mass of the electrons. Therefore, electronic transitions take place faster than the nuclear response.
There are no restrictions on change of vibrational state accompanying an electronic transition.
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Figure 1. The transition comes from a state described by the lowest energy vibrational wavefunction in the lower electronic state.

Boltzmann statistics based on our vibrational spacing in the ground state will determine what vibrational states are populated and therefore what transitions are allowed and seen.

The form of vibration wavefunction shows that the most probable location of the nuclei is at their equilibrium separation R0. This means that the electronic transition is most likely to take place when nuclei have this separation. When the transition occurs, the molcule is excited to the state represented by the upper curve on Fig. 3. The vertical transition cuts through several vibration levels of the upper electronic state. The arrow head points that level is the one in which the nuclei are most probably at the initial separation R0.
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Figure 2. The most intense vibration transition is from the ground vibration state to the vibrational state lying vertically above it. Transitions to other vibrational levels also occur, but with lower intensity.

The fate of excited states: luminescence spectroscopy
Luminescence is a collective term for different phenomena where a substance emits light without being strongly heated, i.e., the emission is not simply thermal radiation. This definition is also reflected by the term "cold light".

Fluorescence is light emission caused by irradiation with light (normally visible or ultraviolet light) and typically occurring within nanoseconds to milliseconds after irradiation. 

Phosphorescence is a light emission which can occur over much longer times (sometimes hours) after irradiation. It involves storage of energy in metastable states and its release through relatively slow (often thermally activated) processes. The phenomenon was discovered early on for phosphorus. 

Chemiluminescence is light emitted during (cold) chemical reactions. 

Fluorescence, phosphorescence, chemiluminescence all follow an electronic excitation.
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Excited Electronic States:
Singlet state: All electrons in the molecule are spin-paired
Triplet state: One set of electron spins is unpaired

[image: image4.emf]
Fluorescence

The ground singlet state molecule, S0, goes into first excited singlet state, S1, 
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Figure 3. The mechanism of fluorescence. The initial excitation takes place between states of same multiplicity and in accord with the Franck-Condon principle.

Non-radiative decay: 
collisions with surrounding media,

partition the excess energy to other possible modes of vibration and rotation.
At the lowest excited singlet state, the molecule:


may be completely deactivated by the solvent (quenching),


may fluoresce.

The observed fluorescence will show two important characteristics:

1. Fluorescence may appear as an approximate mirror image of the absorption at a lower energy, and hence lower frequency (longer wavelength) than the absorption, the difference (in wavenumbers) between the two corresponding bands being known as the Stokes shift.

2. Fluorescence emission may show vibrational structure which can provide information about the force constants of the molecule in its ground state (the electronic structure provides information about the force constants in the excited state). Time of radiation = time of fluorescence.

Spin Orbit Coupling

The magnetic interaction is responsible for spin orbit coupling.


[image: image6.png]



 An electron is a charged particle so, its angular momentum from its orbit will result in a magnetic field. This orbital angular momentum (L) allows it to act like a tiny bar magnet we call spin angular momentum (S). Another magnet, the orbital angular momentumn (we refer to as quantum number L) can interact with the spin angular momentum. The interaction of these two magnets is called spin orbit coupling.

a. A high total angular momentum corresponds to a parallel arrangement of magnetic moments (represented by bar magnets), and hence a high energy (J). We can think of it as a constructive interference.

b. A low total angular momentum corresponds to a anti-parallel arrangement of magnetic moments and hence a low energy, interaction is destructive. 
Nuclei with a high number of protons will be at the centre of a strong magnetic current and the electron will experience a strong magnetic field. This strong field can cause the spin to flip.

Phosphorescence

Phosphorescence may be defined as the emission occurring due to the radiative transition between two states of different spin multiplicity, for example between T1 and S0, is generally delayed relative to the exciting radiation, and may persist for several seconds after the exciting source is removed. 

The absorption emission process

Initial stage: excited singlet state, S1 and radiationless decay occurs.

Molecule may convert , under the influence of spin-orbit coupling, to triplet state. Following the intersystem crossing process, radiationless decay continues.

At the lowest excited triplet state (T1) the molecule becomes, essentially, trapped. Spin-orbit coupling is sufficient to partially break down the singlet-triplet selection rules, making the transition weakly 'allowed'.
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Figure 4.  The mechanism of phosphorescence. Absorption of light raises the molecule to its excited singlet state which intersystem crosses to the triplet state. Non-radiative vibrational relaxation continues to leave the molecule trapped in its lowest excited triplet state before a weak radiative transition returns it to the ground state singlet.
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Figure 6. Phosphorescence occurs at a lower energy (lower wavenumber, longer wavelength) than fluorescence.

Chemiluminescence:

Reaction produces molecule in electronically excited state


A BC* D


C* Ch

Example:


NO O3 NO2* O2


NO2* NO2 h(600 2800 nm)

Used to detect NO from 1 ppb to 10 ppt.

Intensity depends on rate of reaction of production of C*
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