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Molecular Luminescence Spectroscopy

In Molecular Luminescence Spectrometry ( MLS ) , molecules of the 

analyte in solution are excited to give a species whose emission 

spectrum provides information for qualitative or quantitative analysis . 

There are three types of MLS : 

Fluorescence: excitation by absorption of photon, short-lived excited 

state (singlet), emission of photon. 

Phosphorescence: excitation by absorption of photon, long-lived 

excited state (triplet), emission of photon. 

These two types are called photoluminescence where molecules are 

excited by absorption of electromagnetic radiation 

Chemiluminescence: no excitation source – chemical reaction energy 

to excite molecule which emit radiation . 

These three methods will be the subject of this unit . 
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Fluorescence is important due to its inherent sensitivity which 

can be several orders of magnitude more sensitive than 

absorption methods. Another reason which adds to its 

importance is the specificity of fluorescence methods since, 

relatively, small margin of molecules fluoresce. 

When radiation of an appropriate wavelength is used to 

irradiate molecules in a sample, certain electronic transitions 

take place. As excited molecules return to the ground state they 

emit radiation of longer wavelength. The emitted radiation is 

referred to as fluorescence. The following Figure shows a 

description of absorption and emission phenomena and energy 

levels associated with these electronic transitions. 
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Electrons in the ground state (So) absorb energy from incident 

radiation and are excited to S1 or S2 excited states. Vibrational

relaxation results in the return of the electron to lower vibrational 

level. Vibrational relaxation is a nonradiative deactivation process 

where excess energy is consumed as kinetic energy or heat. A 

second collisional deactivation process can take place and the 

electron returns to the ground state by a nonradiative deactivation 

process to So. The other possibility involves direct transition of 

the electron from the S1 excited state to So ground state and excess 

energy is emitted as photons at specific wavelengths called 

fluorescence. 

Electrons in the excited state can follow a third approach by 

changing their spin and transferring to the triplet state through a 

process known as intersystem crossing. 
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The path of the excited electron depends on several factors which 

will be mentioned shortly . An electron in the triplet state will 

surely exhibit a vibrational relaxation to the main triplet energy 

level. A second flip in spin is necessary for such an electron to 

transfer to the ground state by one of two mechanisms. The first 

involves emitting a photon at a specific wavelength 

(phosphorescence) or non-radiative deactivation. Some molecules 

show a different behavior where an electron in the triplet state can 

experience a flip in spin and return to the first excited singlet state 

followed by vibrational relaxation then either non-radiative 

deactivation or fluorescence. 
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Fluorescence of this type can be observed after some time and 

is referred to as delayed fluorescence. It should be noticed that 

the life time of an electron in the excited state is about 10 

second which is the time needed to observe fluorescence. 

Phosphorescence or delayed fluorescence can be observed after 

some time, usually exceeding 10 second. As all 

processes of deactivation and phosphorescence are possible, 

precautions should be considered in order to inforce

circumstances that prefer fluorescence route. 
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Molecular Fluorescence Spectroscopy

Molecular Fluorescence is a photoluminescence process in which 

molecules in solution are excited by absorption of electromagnetic 

radiation. The excited molecules then relax to the ground state, 

giving up their excess energy as photons ,typically, but not 

necessarily in, visible radiation. 

One of the most attractive features of molecular fluorescence is its 

inherent sensitivity ( F, 0 ) which is often one to three orders of 

magnitude better than absorption spectroscopy ( P , P0 ). 

Another advantage is the large linear concentration range of 

fluorescence methods, which is significantly greater than those 

encountered in absorption spectroscopy. 
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Relative rates of relaxation depends on the molecule, the 

solvent, temperature, pressure, etc. Energy of Phosphorescence 

is less than the energy of fluorescence . Phosphorescence 

occurs at a longer wavelengths than fluorescence . Lifetime of 

Fluorescence (10 to 10 s) is very short compared to 

phosphorescence (10-4 to 102 s) because T S is forbidden and 

involves change of spin. 

Following absorption of radiation , the molecule can lose the 

absorbed energy by several pathways : 

1- Vibrational relaxation which involves transfer of energy to 

neighboring molecules in solution . This termed external 

conversion . 

2- non-radiative transitions from higher vibrational excited 

level to lower vibrational excited level , this called internal 

conversion. 
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3- The molecule after losing some of it’s energy in non radiative 

transitions can return to the singlet ground state and emit radiation 

with wavelength longer than the absorption wavelength . This is 

termed fluorescence . 

4- The molecule can return from the highest excited singlet state 

to the ground singlet state and emits radiation with wavelength 

equal to the wavelength of the absorption radiation . This is 

termed resonance fluorescence . 

5- The molecule can undergo intersystem crossing which involves 

transfer and electron spin flip from the excited singlet state into a 

triplet state . Following this the molecule may return to the singlet 

ground state emitting radiation called phosphorescence with 

wavelength longer than fluorescence . 
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Notes :

Two Possible Transitions in Excited State 

Single state – electron spins opposed 

Triplet state – electron spins are parallel 

In general, triplet state has lower energy than 

singlet state. 

Singlet to Triplet transition has a very low 

probability 

Singlet to Singlet Transition are more probable 
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For a concentration above C1 the calibration is no longer linear . 

c1

.
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The constant K depends on several factors : 

1- The intensity of the incident radiation P0 , K α P0 . So to 

increase F you increase P0 by choosing the suitable source . 

2- Quantum effeciency of fluorescence ɸ which is equal to 

ɸ = F/ ( P0 – P ) 
Because not all the absorbed radiation is emitted as 

fluorescence F as mentioned before , K α ɸ 

ɸ ≤1
3- Absorptivity a of the analyte as in Beer’s law : K α a . 

4- Cell bath length b , K α b
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Nature of substitution groups :

Electron donating like NH2 , OH enhance fluorescence . 

Electron withdrawing like NO2 , COOH reduce fluorescence.

More rigid the structure of the molecule more the intensity the 

fluorescence .

Presence of O2 and some metals decreases the fluorescence 

because both increase intersystem crossing so deaerate solution . 

Solvent : Decreased of viscosity of solvent leads to decreased 

fluorescnce due to increased collisions and thus increased 

external conversition processes . 

The most important transition that contribute to good 

fluorescence characteristics is the π → π* transition since Ɛ for 

this transition is the largest. The n→π* transition is damaging to 

fluorescence because it facilitate and increase the possibility of 

intersystem crossing.

.
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Instrumentation

Two general types of instruments exist:

fluorometer use filters spectrofluorometr use diffraction grating 

to isolate the incident light and fluorescent light.

Both types use the following scheme: The light from an 

excitation source passes through a filter or monochromator, and 

strikes the sample. A proportion of the incident light is absorbed 

by the sample, and some of the molecules in the sample 

fluoresce. The fluorescent light is emitted in all directions. Some 

of this fluorescent light passes through a second filter or 

monochromator and reaches a detector, which is usually placed 

at 90° to the incident light beam to minimize the risk of 

transmitted or reflected incident light reaching the detector
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Spectrofluorometer components
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Various light sources may be used as excitation sources. Commonly a 

xenon lamp which has a continuous emission spectrum with nearly 

constant intensity in the range from 300-800 nm is used .

Two monochromators are used , emission and excitation .The most 

common type of monochromator utilizes a diffraction grating As 

mentioned before. 

The detector can either be single-channel or multichannel. The single-

channel detector can only detect the intensity of one wavelength at a 

time, while the multichannel detects the intensity of all wavelengths 

simultaneously, making the emission monochromator unnecessary

Sample Cell : cylindrical and rectangular cell fabricated of glass or 

silica are employed for fluorescence measurements.
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Methods of fluorescence determination
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Applications

Luminescence methods are amongst some of the most sensitive 

and selective methods of analysis available . Detection limits are 

in the ppm levels for absorption spectrophotometry and in the 

ppb levels for luminescence methods . Fluorescence 

spectroscopy is used in , biochemical, medical, food products , 

pharmaceuticals , natural products and chemical research fields 

for analyzing organic compounds. In analytical chemistry, 

fluorescence detectors are used with HPLC. Fluorescence is 

most commonly observed in compounds containing aromatic 

functional groups .Quantum efficiency increases with the 

number of rings .
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When one of a pair of electrons in a molecule is excited to a 

higher-energy level, a singlet or a triplet state can be 

produced. In the excited singlet state the spin of the promoted 

electron is still opposite that of the remaining electron. In the 

triplet state, however, the spins of the two electrons become 

unpaired and are thus parallel. The excited triplet state is less 

energetic than the corresponding excited singlet state . One of 

the disadvantages of phosphorimetry is that it requires liquid 

nitrogen to cool the sample in order to minimize the 

unradiative transitions 
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Chemiluminescence Methods

Chemiluminescence is produced when a chemical reaction ( mostly 

exothermic oxidation ) yields an excited molecule, which emits light 

as it returns to the ground state. One attractive feature of 

chemiluminescence for analytical uses, is the very simple 

instrumentation. Since no external source of radiation is needed for 

excitation, the instrument may consist of only a reaction vessel and a 

photomultiplier tube. Generally, no wavelength selection device is 

needed because the only source of radiant is the chemical reaction. 

Chemiluminescence differs from fluorescence or phosphorescence in 

that the electronic excited state is the product of an exothermic 

chemical reaction rather than of the absorption of radiation . A 

standard example of chemiluminescence in the laboratory setting is 

the luminol test. Here, blood is indicated by luminescence upon 

contact with iron in hemoglobin.



09/05/40

30

Advantages of chemiluminesence :

1- High sensitivity . 

2- Inexpensive . 

3- Chemiluminescence has been used as 

a detector in many flow-injection 

analysis methods and in HPLC ,,,, etc .
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peroxidase


