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المحاضرة الثانية –رابعة تربية كيمياء – photochemistry 
STOKE’S and ANTISTOKE’S Behavior

Stoke’s law states that the wavelength of the emitted radiation in fluorescence (or phosphorescence) is greater than that of the stimulating light. In certain cases, fluorescent radiation has wavelength shorter than the stimulating or incident light. This is termed as antistoke’s behavior.

There are, however, cases where Stoke’s law is violated. Two exceptions are

(a) Resonance Fluorescence: In certain cases, fluorescent light has the same frequency as incident light. The fluorescent light is called resonance radiation and the phenomenon is known as resonance fluorescence. This phenomenon is analogous to resonance of sound. For example if the mercury vapor is exposed to radiations of wave​length 22537A, it fluoresces, to emit radiations of same wavelength i.e., 22537A0.

When mercury vapors are exposed to light radiations, its electrons will get excited to higher states called P1 states. If, how​ever, the pressure of the mercury vapor is low, there will not be too many collisions and there will not be any loss of energy. Thus, when the excited electrons, return to normal state, they emit the same radiation 2537A0 in a very short interval of time ranging from l0-7 to 10-8 a sec.
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(b) Sensitized Fluorescence. A substance, which is normally non-fluorescent, may be made fluorescent in the presence of other fluorescent substances. This phenomenon is known as sensitized fluorescence. For example
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QUENCHING OF FLUORESCENCE

When a photochemically excited atom has a chance to undergo collision with another atom or a molecule before it f1uoresces; the intensity of the fluore5cent radiation may be diminished or stopped. This phenomenon is known as quenching of fluorescence. Some facts,

(i)  It depends greatly on the concentration of the fluorescent atoms and of the quenching substance.

(ii)  Quenching of fluorescence depends upon pressure. At low pressures. At high pressures, appreciable quenching takes place.
(iii) Quenching of fluorescence takes place appreciably in a liquid medium because collisions are frequent.
(iv) Quenching of fluorescence occurs to a large extent with, gases. For example, quenching of mercury is effectively done by oxygen gas, less effectively by hydrogen and least effectively by carbon monoxide. While helium and neon are totally ineffective in this case.

  Theory of Quenching of Fluorescence: The quenching of fluorescence is due to transfer of energy from the Photochemically excited atom to the molecule or atom with which it undergoes collision As a result 

(i) A photochemically excited atom may with which it undergoes collision.   
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(ii) A photochemically excited atom may react chemically with a molecule to form the products. Example is
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(iii) An excited atom may undergo collision with thus, resulting it dissociation. Example is 
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Factors affecting Quenching of Fluorescence 

Following rare the factors which affect the quenching of fluorescence:

a) Effect of temperature: The higher the temperature, the large number of collision will take place, whereby quenching is observed. In solutions (H2O as solvent) association is increased and fluorescence is decreased.
b) Nature of the solvent: Generally, making the solution more viscous increases the fluorescence. For example, sodium salt of phenolphthalein does not show any visible fluorescence in water but exhibits fluorescence when dissolved in cane sugar or gelatin.

(c)  Effect of foreign substances. On adding a gas to iodine vapor which is fluorescing, two effect are observed

(i) There occurs expansion of the doublets in the spectrum into bands containing all the rotational lines.
(ii)   There occurs a decrease in the total amount of light radiated.
PHOTOSENSITISATION 
Certain reactions are known which are not sensitive to light. These reactions can be made light sensitive by adding a small amount of foreign material which can absorb light and stimulate the reaction without itself faking part in the react ion. Such an material is known as photosensitizer ,the phenomenon as photosensitization

Formally, it was- thought that photosensitization might be akin to catalysis. Photosensitized reactions are spontaneous involving an increase in free energy of the system.

Thus, a photosensitizer acts as a carrier of energy. Some examples are: 
Reactions sensitized by mercury atoms:
a) When a mixture of mercury vapor and hydrogen gas is illuminated by light of wavelength 2537A0, the dissociation of molecular hydrogen into atomic hydrogen takes place.
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b) When the reaction is carried out between hydrogen and oxygen in the presence of mercury vapor under the influence of light radiations, this reaction leads to the formation of H2O2 and H2O.
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The accepted mechanism of the above reaction is that the first stage is the formation of hydrogen atom by collision between excited mercury atom and hydrogen molecule.
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The above reactions may he followed by the reactions such as
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The H2O2 may either be isolated as such or further decomposes to form H2O and O2                
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 (iii) Mercury atoms photosensitize the reaction between hydrogen and carbon monoxide; the main products are formaldehyde and glyoxal in similar amounts. The quantum yield for this reaction is nearly 2.

The accepted mechanism is that the primary process is the formation of hydrogen atom, which further carries out chain -reactions as given below
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Frankenburger suggested the following reactions to occur so as to explain that Glyoxal was produced in commensurate with the formaldehyde.
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According to the Franke-nburger’s mechanism, the quantum yield should be between 1 and 2, depending upon the relative probabilities of reaction (v) and (vi). From this mechanism it is also evident that the quantum yield is independent of pressure at high pressures. However, at low pressures, the following reac​tion takes place.

c) Mercury photosensitizes the decomposition of ammonia in the presence of light of wavelength 2537A0. Quantum efficiency of this reaction is 7 and the rate of this photosensitized reaction is about 203 times as great as the photo​lysis of ammonia (in the absence of mercury vapor), if both the reactions are carried out at the same wavelength. The possible mechanism is
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(d)  Decomposition of water vapor was studied by Senftleben and Rehren (1925) and gave the following mechanism 
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Beutler and Rabinowitch (1950) proposed the following Primary process
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Other examples, which are photosensitized by mercury atoms, are

(a) Decomposition of phosphine,
(b) Ozonolysis of oxygen. 
(c) Decomposition of acetone, 
(d) Decomposition of ethyl alcohol.
)F) Chlorine as a photosensitizer: In many reactions, chlo​rine acts as a photosensitizer

Let us consider the decomposition of ozone in the presence of chlorine (as a photosensitizer) under the influence of ultra​violet-light.                              
[image: image19.wmf]2

3

3

2

O

h

O

Cl

¾

®

¾

+

g


The rate of above reaction is independent of concentration but is proportional to the intensity of absorbed light.
Many mechanisms have been proposed from time to time and the most satisfactory mechanism is given below
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The excited ClO3* radical may be absorbed on the walls of the containing vessel to form a mixture of C12 O4. Cl2 and O2
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In addition to the above reactions, C1O3 in the gas phase may react to form ClO2 and O2
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)C) Bromine as a photosensitizer: Bromine acts as a photosensitizer in the  conversion of maleic acid into fumaric acid.
(e) Cadmium vapor as a photosensitizer. Cadmium vapor acts as a photosensitizer for the polymerization of ethylene, for the decomposition of ethane and propane into hydrogen, methane and higher hydrocarbons.

Photosensitization in solid phases: 

 When silver halides in photographic plates are exposed to red (7500A0), and yellow (5900A), light they are not appreciably affected. But addition of certain photosensitizer like red dye- to the emulsion makes the photographic plate to respond not only to red but even to far infrared radiations.
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Photosensitization in solution: When the decomposition of oxalic acid is carried out by light of shorter wave-length in presence of uranyl ions, the quantum yield for this reaction is 0.5 or more. The mechanism of this reaction is not clear.                             
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Uranyl ions also act as a photosensitizer in the photolysis of formic acid.
Chlorophyll as a photosensitizer: Chlorophyll acts as a photosensitizer in the photosynthesis of carbohydrates from CO, and H2O

PHOTO CHEMICAL INHIBITION

There are certain substances, which are able to retard the rate of a photochemical reaction when present in trace amounts. Such substances are known as inhibitors and the phenomenon is known as photochemical inhibition.

Examples

(i) Traces of nitric oxide and propylene lower the quantum yield of the photochemical combination of hydrogen and chlorine,

(ii) Traces of’ impurities like NH3 which when present in the hydrogen and chlorine reactions lower its quantum yield from 105 to l04. In 1906. Chapman showed that the inhibitory action of NH3 is due to the side reactions of NCl3, which may result due to the reaction of NH3 with Cl2. In this equilibrium concentration of NH, is maintained and (he actual formation of HCI is reduced.
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(iii) SO2, and O2, were also found to be the inhibitors in various photochemical reactions. 
PERIOD OF INDUCTION

Many reactions are characterized by an initial period during which the process appears to be silent. This time is known as period of induction. Examples

(i) An induction period is observed in hydrogen and chlorine reaction when certain impurities are present. With pure hydrogen and chlorine, no induction period is observed.
(ii) An induction period is also observed in the absorption of As2O3 by mercuric oxide in the presence of light.

Period of induction is due to the presence of impurities like ammonia. These substances act as inhibitors by breaking these chains. When these impurities are completely converted into nitrogen and ammonium chloride during the reaction, then only normal photochemical reaction can take place.

THEORY OF HUMAN VISION

The compound responsible for human vision is II-cis retinal, which occurs in association with a protein in the rod and cone-shaped cells in the retina of the eye. When visible light falls on the human eye, photo excitation of 11-cis retinal takes place, resulting in the formation of II-trans-retinal. As the newly formed trans-isomer cannot fit well with the protein, it is released. The free trans-isomer is then enzymatically reconverted to cis-form, which instantaneously recombines with the protein, These molecular changes produce electrical potential which is transmitted to brain within 25 millionth of a second after the flash of the color.

    Our eye sees different colors because II cis-retinal is bonded to different kinds of proteins. Each of these is responsible for absorbing photons of different wavelengths depending upon the kind of protein bonded to it. Thus, it creates highly specific nerve signals.

II-cis-retinal is an aldehyde whose precursor is vitamin A. This is the reason why vitamin A is good for good Vision.
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THERMOLUMINLSCENCE

Certain substances while cold are exposed to suitable light radiations; they store energy which can later be released as light, when they are heated. 

This phenomenon is known as thermolu​minescence. Examples are phosphors.

The phenomenon of thermoluminescence is illustrated by taking a phosphor like SrS. First of all this is illuminated, with light at room temperature. Then, the light is turned off and finally the phosphor is heated at a steady rate of 2.50C per second. It was seen that the resulting light increases up to a certain, temperature and after this it starts decreasing. The reason for this is that there are two distinct trap levels, which are responsible for the two peaks in the thermoluminescence, curve (a curve between thermo luminescent intensity and temperature). It has been round that the thermo luminescent intensity is propor​tional to their rate of escape, i.e.,             
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Where I = energy in the excited state,            E = energy gap

           e/ = number of electron trapped at any instant 

            P = probability per unit time,             a = constant

TRIBOLUMINESCENCE

  Many substances in the crystalline state, when rubbed produce glow. This phenomenon is termed as triboluminescence. Examples are

(i)Rubbing of sucrose crystals produces glow.
(ii) Uranyl nitrate on shaking or on crushing produces glow.

In order to observe triboluminescence, an apparatus known as spinthariscope is used. This apparatus consists of a screen of zinc sulfide or barium platinocyanide at the top of a tube, on the side of which a lens is fixed. There is a pin near the top on which a little salt has been fixed. When the pin strikes the screen to break the zinc sulfide, one can observe triboluminescence through a lens from the lower end.

PHOTOPHORESIS

It is the phenomenon in which there occurs the, migration of so/s in a definite lie direction under the influence of light. If the colloid particles start moving towards the source of light, the phenomenon is termed as positive photophoresis and when the particles shart moving away from the source of light, the pheno​menon is termed as negative photophoresis.

Stintzing (1914) reported a combined coagulation and photo​phoresis under the influence of light.

EhrerihaIt (1917) reported negative photophoresis with sols having finely divided particles of S, Se, etc.

In some cases it has been reported that it becomes possible to bring about reversal of the direction of migration of colloidal particles in an electrical field by exposing them to light

PHOIOCHEMICAL-AFTER-EFFECT

  Some reactions are known which once started by light con​tinues even in the dark after the incident light is cut off. This phenomenon is termed as photochemical after effect. Some examples of photochemical after effect are as follows

(a)  Szilard and Plotinikoff  during the oxidation of iodoform first of all observed the phenomenon by free oxygen in solution other than alcohol like ethyl acetate, benzene, etc. If an alcoholic solution of iodoform is employed, the reaction stops as soon as light is cut off.

(b)  Dbar and Mukcrjee reported that this phenome​non is very common in Photochemistry. This group of workers has reported that the following reactions are accompanied by the phenomenon of photochemical after effect

(i)
Tartaric acid-bromine

(ii)
Potassium formate-iodine

(iii)
Oxalic acid-potassium permanganate manganese sulfate.
(IV) Oxalic acid-iodine

(V)
 Decomposition of-Fehling’s solution in the presence of FeCI3
 (VI) Decomposition of cupriammonium oxalate in the pre​sence of FeCl3
(c) Stark and Rayleigh observed photochemica1 after effect when a stream of mercury vapor is allowed to distil. Philips reported that this glow persist even mercury is exposed to 2537 A Franck (1921) offered an explanation for this phenomenon by saying that Hg atom on absorbing radiation of 2537A0 gets excited. These excited atoms on collision with another atom are to form mole​cule, which on dissociation liberates the stored energy giving 2537 Å 
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Asterblurn (1927) reported that the duration of the after glow of mercury decreases logarithmically with time.

BUDDE EFFECT

E.
Budde (1873) reported that the absorption of radiation by atoms or molecules brings about the dissociation of that absorbing molecule but the final yield of atoms or molecules is small due to the recombination of atoms or molecules.
Budde effect mainly occurs in the continuous absorption region of the spectrum where dissociation is supposed to be the first step. For examples, the molecules of chlorine and bromine on illuminating with sunlight dissociate into atoms and these atoms recombine giving rise to Budde effect. This recombination lakes place due to a three body collision
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DRAPER EFFECTS

If a mixture of hydrogen and chlorine is illuminated for a short time by an electric spark, there occurs, a brisk expansion at constant pressure fol1owed by immediate contraction. This effect is termed as Draper effect.
This effect mainly occurs due to the warming of the reaction mixture by the heat liberated by the reaction. The more exo​thermic or faster the reaction, greater will be the effect. This phenomenon is mainly found in chain reaction.

FLASH PHOTOLYSIS

Though first used by Porter (1950) to study gaseous reactions, the flash photolysis method is now widely used in investigating reactions in solution.

If iodine vapor is illuminated with light of appropriate wavelength, the dissociation reaction occurs. The absorbed
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Photon is represented by 
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Illumination with light of moderate intensity, a steady state is established with only a very small fraction of iodine dissociated to atoms. This steady state results from equa1itof rates of photochemical dissociation of iodine molecules and non-photo-chemical recombination of iodine atoms.

If illumination occurs as a very brief and very intense flash, an appreciable number of iodine atoms can be produced, and their recombination can he directly observed after the flash. In actual experiments, the peak intensity of a flash may build up in 10-5 see and their decay over a period of 4x 10-4 sec or Is. After light intensity from the flash has decayed light of low intensity are used in a spectrophotometric arrangement to follow the increase in concentration of molecular iodine. This procedure, called flash photolysis, has contributed valu​able information regarding rates of very fast reactions such as recombination of iodine atoms. The technique has been used for study of reactions in solution as well as those in the gas-phase.

1- Illustrate and explain photosensitization?
2- What are photo inhibitors? How is their action explained? Give examples?

3- Write a note on photochemical equilibrium and ozone umbrella?

4- What is a photo processes? Describe the meaning, theory, examples and applications of fluorescence and phosphorescence. What is the difference between fluorescence and phosphorescence?

5- Write short notes on the following :

A- Resonance fluorescence 

B- Sensitized fluorescence

C- Quenching of fluorescence

D- Chemiluminescence 

E- Bioluminescence

F- Theory of Human vision

G- Budde effect

H- Flash photolysis
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