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Action of light with matter
When a system absorbs light radiations, several different phenomena are possible. If in the molecule there is no ele​ctronic or atomic excitation, it means that no physical or chemical change will occur. However, if in the molecule there is electronic or atomic excitation, the absorbed light energy is utilized in one of the following ways

(1)
The increase in thermal energy of the System.
(2)
Electronic excitation.
The electronic excitation gives rise to some new phenomena e g.

(i) If the absorbed light has sufficient energy to eject electrons completely, the photoelectric effect is said to take place.
(ii) If light absorbed is not sufficient energetic to eject an electron, it will excite the electrons from lower levels to higher levels. When these excited electrons come to the ground state, the absorbed energy will be given out in the form of radiations. This is known as luminescence. But if the electrons revert to their normal state after undergoing chemical reactions then the phenomenon is termed as photochemical reaction.

Luminescence:

We know that the usual methods of obtaining light involve the heating of solids, or solid particles to sufficiently high temperatures. For example, by heating tungsten, platinum wire or a carbon filament electrically or in a flame, bright light can obtained. These are examples of incandescence in which thermal energy is converted into light. If, however, light is produced by processes other than those involving heating, such light is called luminescence light or cold light.

The above discussion may be summarized as follows:
‘When the emission of visible radiation occurs due to some cause other than temperature, the phenomenon is known as luminescence”.

As light is produced at low temperatures the term lumines​cence may be regarded as ‘light’ produced without ‘heat’ or cold light’.

Both in incandescence and luminescence, emission of light occurs due to the return of electrons from excited outer positions to lesser excitation positions or ground state.


Luminescence as of the following types
1- Photoluminescence. Luminescence caused by light is called photoluminescence. Photoluminescence that ceases immediately after the cause of excitation is cut off is called fluorescence. Photoluminescence that persists for an appreciable time after the stimulating process is cut off is called phosphorescence.

2- Chemiluminescence : is defined as : ‘It is the phenomenon of emission of visible light as a result of a chemical change at a temperature at which a black body normally does not emit visible light.” 

Examples: Some examples are as follows

(A)  phos​phorus produces a greenish yellow glow, due to the oxidation of phosphorus vapors by atmospheric oxygen. Phosphorus trioxide also produces glow. This is probably due to the oxidation of P2O3 to P2O5. 

(B)  When a solution of strontium chloride is added to dilute H2SO4 in dark, a feeble glow is produced along with precipitation of SrSO4
                     SrCI2 + H2SO4 -+ SrSO4 + 2HCI + 
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(C)  Lifschitz reported that the oxidation off Grignard’s compounds in the solid state or in ethereal solution by oxygen or air is generally accompanied by light. Laten Evans and Dufford confirmed that the oxidation of a solution of magnesium. P.bromophenyl bromide gives out a greenish b1u &’ glow even in daylight. It is interesting to note that chemiluminescents are any those Grinard’s compounds in which Mg atom is attached to an unsatu​rated carbon atom e.g. a benzene ring. 

(D) Kautsky reported that the oxidation of silicone, a mixture of siloxen (Si6O3H6) and several other clobbered reaction product of siloxen, at room temperature gives out a bright chemiluminescence. Silicone forms colored adsorption compounds with basic dye- stuffs like rhodamine and these fluoresce. If we add a solution of KMnO4 to these adsorption compounds, the chemiluminescence, which we get, is surprisingly bright.  

(E) In 1925 Kautsky reported that oxidation of unsaturated silicon hydride by KMnO4 is accompanied by a luminescent glow. If the same oxidation is carried out in the presence of certain dyestuffs such as rhodamine-B, a strong red fluorescence characteristic of the dye is observed. This type of change is known as Sensitized chemiluminescence 
(F) When a mixture of hydrogallol and formaldehyde is oxidized by hydrogen peroxide, a red glow is observed  and 3-amino phthalic cyclic hydrazide (luminol) is oxidized in alkaline solution by hydrogen peroxide. To it is then added the solution of K3 Fe (CN)6 drop by drop and a bright glow is produced.

(G) When the surface of mercury is allowed to come in Contact with a stream of atomic hydrogen, a blue fluorescence appears                 
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The pheno​menon of Chemiluminescence can be explained on the basis of quantum theory.

According to this theory, certain chemical reactions result in formation of products, which are in electronically excited states. When these excited products return to their ground levels, they do so by emitting the extra energy in the form of visible, light radiation Thus by this process, the chemical energy is converted into higher energy. 
3-  Bioluminescence : Certain living organisms emit light It is known as bioluminescence. The phenomenon of bioluminescence was investigated by E.N. Harvey (1917). Some interesting examples are
(i) The cold light produced by certain living organisms like fire fly or glow worm is probably due to the oxidation of protein luciferin to oxyluciferin by the atmospheric oxygen in the presence of enzyme luciferase. The fire-fly emits light having a maximum intensity of wavelength of 5700A0. It can be easily judged by naked eye. 

(ii)Certain marine animals emit also light: The protozoa Noctiluca of the, sea produces phosphorescence: It has also been observed the many deep-sea fishes have powerful organs which emit dazzling light.
Bioluminescence holds great promise to illuminating engineer. Studies of luminous bacteria have shown that overall efficiency of the luminous bacteria is greater than a nitrogen-filled electric lamp as calculated from the energy content of coal required to run the dynamo supplying the current to the lamp.
Some times one may see the light from decaying wood that is generally called “fox-fire”. This is due to luminous bacteria present in the decaying wood. It is important to remark here that a culture of luminous bacteria may he readily grown in the laboratory. 
4- Electroluminescence : Electroluminescence in gases is caused by an electric discharge in which the energy of excitation is transmitted to the molecules of the gas by a mechanism involving electron or ion collisions. In the electroluminescence, the excited state is always caused by the passage of some kind of current and is thus associated with the existence of an electric field. In solids, electroluminescence is observed, for instance, at the P-n junction in semiconductors. : 
5-  Cathodoluminescence Luminescence stimulated by bombardment of electrons is called Cathodoluminescence.
Fluorescence and phosphorescence
Introduction to Fluorescence: When a beam of light is incident on certain substances, they emit visible light of radiations and they stop emitting light or radiation as soon as the incident light is cut off. This phenomenon is known as fluorescence.  Such substances, are called fluorescent substances.
When these excited electrons return to the ground state, the light is emitted which may possess different frequency than the incident light. The successive stages may be put as follows
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Some characteristics of the phenomenon of fluorescence are as follows: 
(i) This phenomenon is instantaneous and starts immediately after the absorption of light and stops as soon as the incident light is cut off. Fluorescence is stimulated by light of the visible or ultraviolet regions of the spectrum. The character of the spectrum depends essentially on the state of aggregation of the substance.

(ii)  It is a general phenomenon and is exhibited by gases, liquids and solids. No fluorescence will be observed in gases unless the pressure is low.

(iii)  Different substances fluoresce with light of different wave​lengths. Thus, fluorspar fluoresces with blue light, chlorophyll with red light, uranium glass with green light and so on.

(iv) The fluorescent light from solutions is polarized and the degree of  polarization depends on some cases upon the concent​ration of the solution

(v)  The extent of fluorescence depends upon the nature of the solvent and the presence of certain anions in solution. Thus, the thiocyanate, iodide and bromide ions show a marked quenching effect.

(vi)   According to Stoke’s law, during fluorescence light is absorbed at a certain wavelength and should be emitted at a greater wavelength. The above principle was recognized before the quantum theory was proposed.

(vii)  The quantum yield in fluorescence is the ratio of the number of photons of luminescent radiation to the number of photons absorbed from the stimulating light upon a fixed wave​length of the latter. 
(viii) The quantum efficiency of fluorescence increases in proportional to the wavelength of absorbed radiation. Then after reaching its maximum- value, in a certain interval of λ –λmax the efficiency drop’s rapidly to zero upon a further increase in λ.

(ix)  Fluorescence may be regarded as a secondary effect resulting from the primary process of absorption of a quantum of light by an atom or molecule.
Examples of Fluorescent Substance                                               Among the naturally occurring substances, chlorophyll present in green leaves shows the phenomenon of fluorescence. I.e. when leaves are strongly illuminated in presence of oxygen, they emit fluorescent light whose intensity changes with time of irra​diation. 

Petroleum, vapors of sodium, iodine, acetone and hydrocar​bons have been found to fluoresce in ultra​violet light. For example, acetone absorbs at 2700 A0 corresponding to  C=O group and emits blue fluorescence. 

We know that all molecules are capable of absorption. But fluorescence is not exhibited by a large number of compounds. Fluorescence is generally observed in those organic molecules, which have rigid framework and not many loosely coupled 
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substituents through which vibronic energy can flow out. In analogy with chromophores, following structures are termed as fluorescence.

A large number of substances enhance fluorescence. These are known as fluorochromes in the same analogy as auxochlromes. Generally, electron donors act as auxochromes.
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Electron withdrawing substituents like —COOH tend to diminish or inhibit fluorescence completely.
Among inorganic substances there are only few examples such as fluorite (the name fluorescence - originates from it), uranium compounds and rare earths which exhibit fluorescence.

Nitrogen peroxide in blue light 4920 to 4550A0) shows intense fluorescence which becomes much weaker it violet light (4550 to 3650 A0) and vanishes at 3650A0.
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Introduction to Phosphorescence
When light: radiation is incident on certain substances, they emit light continuously even after the incident light is cut off. This type of delayed fluorescence is called phosphorescence and the substances are called phosphorescent substances. 

Some characteristics, of the phenomenon of phosphorescence as follows

(i) Materials exhibiting fluorescence generally reemit excess radiation within   10-6 to l0-4 second of absorption. On the other hand, materials exhibiting phosphorescence recruit excess radiation within l0-4 to 20 seconds or longer. Thus, the lifetime of phosphorescence is much longer than fluorescence.

(ii)  The phenomenon. of phosphorescence is caused chiefly by the ultraviolet and violet parts of the spectrum

(iii)  Mainly solids show the phenomenon of phosphorescence.

(iv) The magnetic and dielectric properties of phosphorescent substances are different before and after illumination.
(v)  The time for which the light is emitted from phosphorescent substance depends upon the nature of substance and some times on the temperature changes.

(vi)   Different colors may be obtained by mixing different phosphorescent substances.
Examples of Phosphorescent Substances

i) Many dyes, which fluoresce in ordinary light in aqueous solution, exhibit phosphorescence when dissolved in fused boric acid or glycerol and cooled to form a glassy solid. The phosphorescence in such a ease shows two distinct bands, i.e. one in blue and the other in yellow region. The former persists for some time at the ordinary temperature is called α- phosphorescence and is identical with the fluorescence. If the temperature is lowered, α- phosphorescence becomes less marked and disappears altogether at 0 0C. The yellow phosphoresces on the other hand, is practically independent of temperature and has been observed down to —2500C. The yellow phosphorescence is called β phosphorescence.

i) The common substances that exhibit this phosphorescence phenomenon are sulfides of calcium, barium, and strontium.
(iii) Many organic substances and certain fungi phosphore​sce to emit a faint light. This is due to the slow oxidation of organic substances.

(iv) Mineral e.g.  Ruby, emerald are the interesting examples of phosphorescent substances.
(v) Many phosphors are prepared by mixing alkaline earth metals with about 2.5 per cent alkali chlorides and a trace of sulfide of some heavy metal.
Theory of  Fluorescence  and Phosphorescence.
1
Singlet and Triplet States. In order to understand the theory of fluorescence and phosphorescence, one has to understand the meaning of singlet and triplet states. simply define, the number of unpaired electrons in the absence of a magnetic filed. If there is n number of unpaired electrons, it means that (n + 1)-fold degeneracy will be associated with the electron spin. Thus, if no unpaired electrons are where is only n + l or 0+1 or 1 spin state. Such a state is a present (n = 0), called a singlet state. Similarly, systems having 1, 2, 3, 4 unpaired electrons refer to doublet, triplet, quartet, etc., respectively.

Most of the molecules in their ground state do not have un​paired electrons (Singlet State). When such a molecule absorbs ultraviolet or visible radiation of the proper frequency, one or more of the paired electrons (generally a П-electron) get raised to an excited singlet note. In this excited state, the spin of the elec​tron does not undergo any change and the net spin is still zero. 0ne more possibility is that one set of electron spins may have undergone umpiring, resulting in two unpaired electrons which make a excited triplet state. Fig 1
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2-
Excited-State Processes in Molecules. When molecules are irradiated with, it will be absorbed in about 10-15 second. In the process of absorption the molecules may move from the ground to the first excited singlet electronic state. Although at room temperature molecules may be present in their ground vibrational level, after absorption the excitational molecules can end up in any one of the vibrational levels in the first excited electronic slate. From the excited singlet state, one of the following three phenomena will probably occur, depending on the molecule involved and the conditions.

(a) The first possibility is that the excited Singlet State is relatively unstable. In such a situation, the excited molecules will return to the ground state by collision deactivation without emitting any radiation.

(b) The second possibility is that the molecule in the excited Singlet State may emit an ultraviolet or visible light photon. This process is known as fluorescence. If we compare the absorption and fluorescence spectrum of the same compound, they do not superimpose on each other as expected but they are mirror images of each other with the fluorescence spectrum shifted to longer wavelengths. The reason for this is that, as the time required executing a vibration is about 10-13 second, which is much shorter than the decay or mean life of 10-9 second. Most of the excess vibrational energy will be given to the surroundings and then the excited molecules will decay in their ground vibrational levels. 

(c) The third possibility is that the molecule with relatively stable excited singlet state may undergo transition to a rnetastable triplet state and some time thereafter returns to the ground state, usually by emission of an ultraviolet or visible light photon. This known as phosphorescence emission and the process of crossing from a singlet state (no unpaired electron) to a triplet state (two unpaired electrons is termed as intersystem crossing.

The decay from the triplet to the ground state singlet is forbidden by spin symmetry and is therefore slow. Thus, the life-time of phosphorescence is much longer that fluorescence.

According to Hund’s rule, the triplet level always lies low than the corresponding singlet level and for this reason phosphorescence spectrum is not the mirror image of the absorption spectrum and it always occurs at longer wave lengths compared with absorption and fluorescence spectrum.

Phosphorescence is rarely observed in gases. It is almost never observed at room temperature (biacetyl is one exception) 

Factors Affecting Fluorescence and Phosphorescence, The various factors are as follows

(a) All the molecules cannot show the phenomena. Only such molecules show these phenomena that arc able to absorb ultraviolet or visible radiation. This means that molecules having conjugated double bonds П-bonds) are parti​cularly suitable for this study.  On the other hand, aliphatic and saturated cyclic organic compounds are not suitable.

(b) Substituents often exhibit a marked effect on the fluores​cence and phosphorescence of molecules. There are no rigid rules but a few generalities may be useful. These are arc follows

(i) Electron-donating groups like —NH2 and —OH often enhance fluorescence. On the other hand, groups like —SO3H, —NH3~ and alkyl groups do not have much effect on both phosphorescence and fluorescence.

(ii)  Electron-withdrawing groups like COOH, O2, N-N, and halides decrease or even destroy fluorescence.

(iii)  If a high-atomic-number atom is introduced into a П-electron system, it enhances phosphorescence and decreases fluorescence.

(c) The pH exhibits a marked effect on the fluorescence of compounds. For example, the neutral or alkaline solution of ani​line shows fluorescence in the visible region. But if this solution is acidified, the visible fluorescence disappears (aniline show fluorescence in the ultraviolet region regardless of pH).
(d) An increasing temperature usually decreases fluorescence intensity. In order to minimize temperature effects in fluorescence distillation flask, which on treatment with an alcoholic solution benzoin yields a fluorescent solution.  It has been found that -fluorescent power is linear with the concentration, up to 100 ug of boron in 50 ml volume hut drops off at higher concentration This method for its determination is superior to old techniques in speed and Sensitivity.
Applications of Fluorescence

1. Cadmium or calcium, can be estimated by precipitating it with 2 (2-hydroxyphenyl)-benzoxazole in the presence of tartrate. The Complex on dissolving in glacial acetic acid yields a solution with an orange tint and a bright blue fluorescence in u1traviolet light. 
2. Fluorescent indicators The intensity and color of the fluorescence of mans’ substances depend upon the pH of the solu​tion, i.e. their colors depend upon the pH range. 
3.  Determination of vitamin B1: Vitamin B1 (Thiamine) is non-fluorescent whereas its oxidation product, thiochrome, fluo​resces with blue color. This property is used for the determi​nation of vitamin B1 in the food samples like meat, cereal. Etc. The food sample is treated with phosphates, which brings about hydrolysis of the phosphate esters of thiamine present in the sample. The solution on filtration removes phosphatase and other insoluble matter. Then, the filtrate is diluted to a known volume. From the filtrate, two equal aliquots, are taken one for analysis and other for a blank. To both aliquots, equal quantities of sodium hydroxide and isobutyl alcohol are added. To the first, oxidizing agent like potassium ferricyanide is added. After shaking, the alcoholic solution is separated from the aqueous solution. Then, the alcoholic solution is examined in the fluorimeter. The whole procedure, including a blank, is repeated with a standard thia​mine solution.
4.   Determination of vitamin B2 (riboflavin): Determination of vitamin B2 is done by a fluorescence method. Generally, In the method of standard increment one measures fluorescence of a portion of the standard in the same solution with the unknown. The procedure also considers the simple fact that riboflavin on oxida​tion yields a non-fluorescent substance. An acid solution of the sample (a foodstuff) is treated with different reagents to precipitate various interfering ions. This solution is then oxidized with dilute permanganate. Then, the residual fluorescence is measured as a blank. Now, a slight excess of solid sodium dithionite (Na2S2O4) is added. Fluorescence is again determined. Then, a known volume of standard is added and fluorescence is again measured. 
5.  Foodstuffs the phenomenon of fluorescence is being in examining conditions of foodstuffs. When ultraviolet light is incident on newly laid eggs, they fluo​resce with rosy color, while bad eggs appear blue. Similarly butter, lard and different kinds of honey can be readily distinguished.
6. Police work. The difference in the fluorescence cause-by ultraviolet rays in different types of inks enables police detect forged documents
7.  Medicine Ringworm may be detected by the fluorescence caused by ultraviolet radiations.
8.  When fluorescent liquids are injected into an animal body, the internal organs will fluoresce and can be observed by a microscope of special type called fluorescent microscope. In this way doctors without any difficulty may diagnose the internal organs of human or animal body.
9.  When, in fluoroscope, X-rays are allowed to fall on a screen of barium platinocyanide or other materials, there will be charac​teristic fluorescence which may he used for diagnosis by doctors. This is the principle of the fluoroscope used in X-ray diagnosis. 

10.  Analysis The characteristic fluorescence of various subs​tances – like .

Drugs and dyes - Textile and paper industry -  Medicine and bacteriology- Fuels and chemicals- Lamps Fluorescent lamps which are now widely used for lightning depend upon the fluorescence caused by ultraviolet light on phosphors coated inside the fluorescent tubes.  Science use of the phenomenon may be made in see​ing the invisible radiations like ultraviolet Rays. -  Organic analysis Fluorescence has been used to carry out qualitative as well as quantitative analysis for a great many aromatic compounds present in cigarette smoke, air-pollutant concentrates and automobile exhausts.
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