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CHAPTER-1
INTRODUCTION
The formation of dichlorobenzene was first observed in 1862 by Muller, who obtained it along with other products by passing chlorine into a benzene solution of iodine.A mixture of 300 kg of benzene,1 Kg iron, 1Kg Ferric chloride and 156 Kg of chlorine give a mixture of 335 Kg of monochlorobenzene,24 Kg of paradichlorobenzene and 3kg of dichlorobenzene mixture.On nitration of paradichlorobenzene produces a mono nitro compound 2,5-dichloronitrobenzene
The nitration reaction serves to introduce one or more nitro groups(-NO2) into a reacting molecule.The nitro group may become attached to carbon to form a nitro-aromatic or nitro-paraffinic compound.It may become attached to oxygen to form a nitrate ester, or it may become attached to nitrogen to form a nitro-amine.In the nitration process the entering nitro group may replace a number of different monovalent atoms or groups of atoms. Nitration is one of the most important reactions in industrial synthetic organic chemistry.Not only do nitration products find wide applications as solvents, dyestuffs, pharmaceuticals and explosives but they also serve as useful intermediates for the preparation of other compounds,particularly amines which are prepared by the reduction of the corresponding nitrocompounds.A variety of reagents can be used to effect nitration. These include fuming,concentrated and aqueous nitric acid and mixtures of nitric acid with sulphuric acid,acetic anhydride,acetic acid,phosphoric acid and chloroform.Nitrogen pentoxide, N2O5, and nitrogen tetroxide,N204, are also used in certain instances.In order to make an intelligent choice of nitrating system for a particular nitration,it is desirable to know what species are present in the various systems and to understand the mechanism of the reaction under consideration.The Nitryl Ion NO2+ the system nitric acid-sulphuric acid commonly known as mixed acid is the most important nitrating medium from a practical standpoint and is probably also the best understood.There is a large body of evidence that supports the belief that nitric acid exists in strong sulphuric acid as the Nitryl  ion.The nitration of aromatic compounds can be represented by the equation  

ArH + HNO3  ArNO2 + H2O
The nitration agent is an electrophilic reactant hence reaction will be favoured at the carbon atom of the aromatic ring where the electron density is greatest. When the aromatic compound to be nitrated contains a substituent, the nitro group can enter at the ortho,meta or para positions. The relative amounts of these isomeric products will depend upon the substituent since the substituent has a profound effect on the electron densities around the various carbon atoms.Certain substituents cause the electron density to be greater at the ortho and para positions than at meta positions; hence they yield nitration products in which the ortho and para isomers predominate.
The kinetics of the nitration reaction depend upon the reaction medium.Let us consider first the reactions in strong sulphuric acid.Compounds which are nitrated at a conveniently measurable rate in this system are those which have strong –I and –M effects such as nitrobenzene,anthraquinone and ethyl benzoate.The rate of all these nitrations is proportional to the concentration of added nitric acid and of organic substrate.
Rate= k(HNO3)(ArH)
Here , in this project we are required to perform nitration of p-dichlorobenzene to produce our desired product 2,5-Dichloronitrobenzene.
1.1 2,5-Dichloronitrobenzene,C6H3Cl2NO2: Two parts by volume of nitric acid varying in specific gravity from 1.46 to 1.55 and 3 parts by volume of sulphuric acid were mixed and after cooling, a volume of this mixture equal to one and one-half times the number of grams of the dichlorobenzene were taken for nitration.The mixed acid were added in four or five portions,the last portion causing little or no evolution of heat.The end of the reaction was reaction was reached in about half and hour and the flask was well shaken throughout the operation.The reaction mixture was then placed upon water bath for an hour or so in order to complete the action.The recovery of the product was that the mixture was poured with much stirring into cold water where it solidified into a yellow mass.Then after being ground finely in mortar washed and dried and finally re-crytallised from alcohol.2,5-Dichloronitrobenzene crystallises in thick plates with a pale yellow color and a faint sweetish odour resembling that of nitrobenzene.It is insoluble in water but quite soluble in hot organic solvents.
   1.2.  Uses of 2,5- Dichloronitrobenzene:
1. It is a reagent used in the synthesis of antitrypanosomal, antileishmanial and antimalarial agent.
2. It is used in the synthesis of lysophosphatidic acid acyltransferace Inhibitors.
3. It is used an an intermediate for pigments,pesticides and U.V. absorbant. 
Chemical and Physical Properties of 2,5- Dichloronitrobenzene:
[image: C:\Users\Papan\Desktop\n-10670.jpg]
Fig 1.1 Chemical Structure of p dichloronitrobenzene
 (
Table 1.1 Physical properties of 2
,5
-dchloronitrobenzene
)
	Properties
	Values

	Molecular weight
	191.99952 gm/mol

	Molecular formulae
	C6H3Cl2NO2

	Boiling point
	261º

	Melting point
	56 º

	Density
	1.67 gm/cc

	Flash point
	135º

	Topological polar surface area
	45.8 A^2

	Auto-ignition temperature
	465º

	Formal charge
	0

	Complexity
	159

	Solubility
	95 mg/L at 25º C (in water)

	Vapour Pressure
	0.00383 mm Hg at 25º C

	pH
	pH = 6.9 (80 mg/L water) at 20 deg C

	Surface Tension
	6.6



1.3  Nitration:
The  nitration  reaction  serves  to  introduce one or more nitro groups (-NO2) into a reacting molecule. The nitro group may become attached to carbon to form a nitroaromatic or nitroparaffinic compound.It may become attached to oxygen to form a nitrate esters, or it may become attached to nitrogen to form a nitramine.In the nitration process the entering nitro group may replace a number of different monovalent atoms or groups of atoms.Among the reactions in which the nitro group replaces atoms or groups other than hydrogen the following are shown by way of illustration.Certain alkyl halides can react with silver nitrate  to form a corresponding nitrate esters or with silver nitrite to form the corresponding nitro compounds as shown below.

RCl + AgNO3  RONO2 +AgCl

RCl + AgNO2  RNO2 + AgCl
In the aromatic series the sulfonic acid or acetyl groups can in certain instances, be replaced as shown in the accompanying equations.
Nitration is one of the most important reaction in industrial synthetic organic chemistry. Not only do nitration products find wide application as solvents, dyestuffs, pharmaceuticals, and explosives but they also serve as useful intermediates for the preparation of other compounds, particularly amines which are preapared by the reduction of the corresponding nitro compounds.
Selectivity can be a challenge in nitrations because as a rule more than one compound may result but only one is desired, so alternative products act as contaminants or are simply wasted. Accordingly, it is desirable to design syntheses with suitable selectivity.

 1.4 Nitrating Agents
A variety of reagents can be used to effect nitration. These include fuming, concentrated and aquous nitric acid and mixtures of nitric acid with sulphuric acid, acetic anhydride, acetic acid , phosphoric acid and chloroform. Nitrogen pentoxide N2O5 and nitrogen tetroxide, N204 are also used in certain instances. In order to make an intelligent choice of nitrating system for a particular nitration, it is desirable to know what species are present in the Various systems and to understand the mechanism of the reaction under consideration.
The Nitryl Ion, (NO2+) . The system nitric acid- sulphuric acid, commonly known as mixed acid is the most important nitrating medium from a practical standpoint and is probably also the best understood. There is a large body of evidence that supports the belief that nitric  acid exists in strong sulphuric acid as nitryl ion. From freezing point depression measurements , the Van’t Hoff i factor ( the number of particles generated by one olecule of solute) of nitric acid in sulphuric acid is found to be 4, which indicates that the ionization of nitric acid can be represented by the equation

HNO3 + H2SO4   NO2+  + H3O+  + 2HSO4-
The i factors of ethyl nitrate, nitrogen pentoxide and nitrogen tetroxide in sulphuric acid are 5, 6 and 6, indicating that these substances ionize to form nitryl ions according to the equations

C2H5ONO2 + 3H2SO4     NO2+  +  H3O+  + C2H5OSO3H + 2HSO4-

N2O5 + 3H2SO4   2NO2+  +  H30+  +3HSO4-

N2O4 + 3H2SO4   NO+  +  NO2+  + H3O+  + 3HSO4-
Each of these solutions is a powerful nitrating agent.
Solutions of nitric acid have three different ultraviolet – absorption spectra. In dilute aquous solution, its spectrum is that of the nitrate ion, NO2-. In an inert weakly polar solvent such as chloroform its spectrum is the same as that of ethyl nitrate, indicating that the nitric acid exists as unionized HNO3. A third spectrum is characteristic of sulphuric acid solutions of nitric acid and its esters, indicating that here nitric acid does not exist as anitrate ion or as unionized nitric acid.
1.5 Aromatic Nitration
The nitration of aromatic compounds can be represented by the equation 

ArH + HNO3   ArNO2 + H2O
The nitration agent is an electrophilic reactant ; hence reaction will be favoured at the carbon atom of the aromatic ring where electron density is maximum.When the aromatic compound to be nitrated contains a substituent the nitro group can enter at the ortho,meta and the para positions. The relative amounts of these isomeric products will depend upon the substituent , since the substituent has a profound effect on the electron densities around the various carbon atoms. Certain substituents cause the electron density to be greater at the ortho and para positions than at the meta positions; hence they yield nitration products in which the ortho and para isomers predominates.Other substituents cause the electron density to be greater at the meta positions than at the ortho and para positions.These are therefore meta directing.The isomer distribution arising from nitration of various monosubstituted benzenes is shown in Table 1.2
                    Table 1.2 Nitration  Of  Various  Monosubstituted  Benzenes
	Group already present
	Percentage of

	
	Ortho
	Meta
	Para

	F
Cl
Br
I
COOC2H5
CHCl2
CH2Cl
COOH
NO2
	12.4
30.1
37.6
41.1
28.3
23.3
40.9
18.5
6.4
	Trace
Trace
Trace
Trace
68.4
38.8
4.2
80.2
93.2
	87.2
69.9
62.4
58.7
3.3
42.9
54.9
1.3
0.25




1.6 Kinetics And Mechanism Of Aromatic Nitration :
The kinetics of the nitration reaction depend upon the reaction medium. Let us consider first the reactions in strong sulphuric acid. Compounds which are nitrated at a conveniently measurable rate in this system are those which have strong –I and –M effects such as nitrobenzene, anthraquinone and ethyl benzoate. The rate of all these nitrations is proportional to the concentration of added nitric acid and of organic substrate.
Rate = k (HNO3) (ArH)
The reaction rate rises sharply with increasing sulphuric acid concentration and reaches a maximum at about 90 per cent H2SO4 and then falls off at higher acid concentrations. It was first suggested by Westheimer and Kharasch that the rise in rate with increasing acid strength when the acid is less than 90 per cent is due to the increase in concentration of nitryl ion. Since triphenylcarbinols ionize in sulphuric acid to yield carbonium ions in a manner analogous to the formation of nitryl ions from nitric acid

(Ar)2COH + 2H2SO4  (Ar)2C+ + H3O+ +2HSO4-
It was believed that both ionization constants would show a similar dependence on acid strength. This conclusion seems justified in view of the strong evidence for the nitryl ion given in the paragraphs on nitrating agents.
The generally accepted mechanism which is compatible with the data may be represented by the following series of reactions:

HNO3 + 2H2SO4    (NO2+) + (H3O+) + (2HSO4-)   (fast)                             Step 1

ArH + (NO2+)     ArHN02+  (slow)                                                           Step 2

(ArHNO2+) + (HSO4-)    ArNO2 + H2SO4                                                Step 3
There still remains to be explained the decrease in rate with increasing acid strength when H2SO4 > 90 per cent. It was originally thought that the Step 3  in the above mechanism was so slow and that the decrease in rate was due to the decrease in concentration of bisulphate ions which served to remove the protons from the positively charged intermediate formed in Step 2.This theory was found to be untenable from experiments with isotopically labelled aromatic substrates. If the removal of hydrogen were a slow step, then the nitration of aromatic compounds in which the hydrogen was replaced by deuterium or tritium should proceed more slowly. It has been experimentally found that the tritium containing compounds are nitrated at the same rate as the hydrogen containing substances, indicating that the proton transfer step could not be the rate determining step. [image: C:\Users\user\Desktop\mechanism 1.png]
Fig 1.2 Mechanism Of  nitration Of Benzene
    A plausible explanation for the decrease in rate at higher acidity has been given by Gillespie and Millen. An interaction occurs between the organic substrate and the sulphuric acid which decreases the electron density in the ring and hence decreases the reactivity. The interaction is probably a hydrogen-bond formation. The strength of a hydrogen bond increases with the acidity of the hydrogen donor, which in this case is sulphuric acid. Decreasing the water content of the acid would thus be expected to increase the interaction between acid and organic substrate, which would result in greater withdrawal of electrons from the ring.

1.7 Thermodynamics Of Nitration:
The nitration reaction is highly exothermic.The heat released, for example in nitration of 1 lb of benzene is comparable to that released on condensation of 1 lb of steam. The heat problem is accentuated because of the heat of dilution of the nitrating acid and the low heat capacity of the medium. A study of the thermal properties of the nitrating acids is consequently essential for an adequate understanding of this unit process. The chemical engineer must, moreover, know how to develop and use thermodynamic data in designing  nitrating equipment and providing safe and efficient operations.
   A convenient function to use in such calculation is the enthalpy (H), sometime called the heat content. This is a characteristic function; i.e; it has a definite value at any given state of a system. Its value is determined entirely by the temperature, pressure, composition, and any other thermodynamic coordinates concerned. The engineer is interested , however in the absolute value of H, in any state but in its change when the system passes from one state to another.The value of change in H is determined solely by the magnitude of H in the initial and final state and is not affected by any process through which the system passes from one to the other. In  an exothermic change, the enthalpy decreases. The magnitude of the decrease equals that of the heat evolution, but this is true only when the reaction proceeds without performance of useful work and when the system is brought back to the initial temperature and pressure.
    The assumption that these conditions hold is implicit in the usual manner of writing thermochemical equations, in which change in H, is understood to mean the heat actually absorbed in the reaction of the number of gram formula weights indicated.
The protonation–dehydration equilibrium of nitric acid (HNO3 + H+ ⇌ H2O + NO2+) has been studied in the range 80–94 wt% H2SO4 as a function of temperature and the variations of [NO2+]/[HNO3] ratios have been analysed to evaluate the dissociation constants (pKNO2+) and the enthalpy of dissociation of the process.
The nitration rates of some aromatic compounds, related both to the stoichiometric concentration of nitric acid (rate = k2obs[Ar][HNO3]) and to the effective concentration of electrophilic species (rate = k2°[Ar][NO2+]), have been investigated in the range 50–100 wt% H2SO4 and the dependence upon acidity and temperature of the different rate profiles is discussed.
Activation energies determined by k2obs and k2° nitration rates are reported. The k2° values are found to be independent of medium acidity and allow one to obtain consistent activation energies as expected for activated and deactivated aromatic substrates as well as for an encounter limited reaction.
Equilibria and rates in sulfuric acid have been analysed using the Mc activity coefficient functions whose values have been estimated over a range of temperature between 25 °C and 90 °C. The general trend observed in the acidic properties of the medium is reported. It is shown that the temperature has a small influence on the Mc function

1.8 Mixed Acid For Nitration:
In order to comprehend the operations of a complete nitration plant, it is necessary to understand something of the processing of the mixed acid normally used, including its preparation, adjustment to the needs of nitration, its handling as spent acid, and the disposal of the wastes recovered from it. The economics of acid operation are of great importance in the overall operating cost of a nitration process. The materials entering the acid processing unit are 65% oleum from a contact process sulphuric plant, 56-60% nitric acid from an ammonia-oxidation plant, and spent acid from the nitration operation. The processing produces nitroglycerine mixed acid , concentrated nitric acid and 93 %   sulphuric acid.
1.8.1 Mixed acid Compositions:  In the operation of a plant, the specification of the composition of a mixed acid used will have arisen originally from some process research or development. The theoretical consideration of the mechanism of nitration , their kinetics and thermodynamics, have clearly pointed out the governing processes and factors affecting nitrations. From the technical standpoint of using nitric acid and sulphuric acids there are 2 primary conditions that must be met . These are (1) The amount of 100% nitric acid (HNO3) present in the nitration must be enough to satisfy the stoichiometric requirements of the nitration reaction. It is usually present in excess in order to maintain reasonably fast overall- reaction rates. (2) The amount of 100% sulphuric acid, with, if necessary, its associate dissolved S03 (oleum) must be sufficient to promote the desired reaction regardless of the mechanism which is involved.Two values which are calculated from the reaction stoichiometry in one case and determined in the process development in the order are the practical control yardsticks.These values are the D.V.S (dehydrating value of sulphuric acid) and the nitric ratio. D.V.S. is the ratio of H2SO4 to H2O present at the end of the reaction.The nitric ratio (R) is the ratio of the weights of 100% nitric acid to weight of material being nitrated. R is set by specifications of the process.
 D.V.S was used for mixed- acid calculations for many years before the presently held theories of nitration by the agency of the nitryl or nitronium ion, (NO2+). It is still a valuable tool in such calculations and an important factor in setting up optimum conditions for nitrations so as to obtain maximum yields and productivity. From the practical standpoint, the accumulation of water, as a result of the nitration reaction would be objectionable in the nitrating medium, and the function of the sulfuricc acid is to render it ineffective whether the effect of water be to repress the formation of the nitryl ion in aromatic nitrations or to exert an unfavourable influence on the equilibrium involved in the aliphatic esterification involved in preparing nitrates from alcohol. The ratio involved in D.V.S figure can be calculated for any stage of the nitration reaction. When high total acidity mixtures are involved in nitration such as at the trinitration stage of the process for T.N.T or in the preparation of nitroglycerine , the mixed acids are generally not made up to specified compositions. The compositions will vary somewhat because of normal variations in the strength of nitric acid and oleum used especially the former. For these mixtures the final adjustment of the mix to make it ready for use is by adjustment of the D.V.S. 
1.9 Process Equipment  For Technical Nitration
Nitration, as technical industrial processes, have evolved from batch-type operations using stoneware vessels and hand operations to automatically controlled continuous type processes carried out in gleaming stainless-steel vessels. The high heat of reaction and dilution involved in nitration, originally absorbed by placing the stoneware vessels in a water bath, are now taken up by coils or jackets cooled by refrigerated brine. Controls have evolved from none at all to completely automatic systems which may be so elaborate as to permit operation from remote locations. The ideaof remote control has always appealed to the designer of equipment for the manufacture of hazardous, explosive compounds which often are the result of the nitration processes.
   In broad terms batch processes have the following advantages compared to continuous processes :
1. Flexibility : Batch-process equipment posseses general usefulness because each batch of material passing through the process is separate, or nearly separate, from batches which have preceded or which will follow it. It is usually easier to introduce process variations into a batch process than into a continuous one. Furthermore, batch-processing equipment is often such general applicability that a given plant may be readily converted from production of one nitrated material to another. Beginning production of a new compound or pilot production is conveniently done by the batch process because of operating flexibility, even though the use of a continuous process may be planned for the completely developed process.
2. Labor Usage : For high rate of production where large batches are used the labor efficiency of a batch process may be just as good as that for a continuous process. This appears to be true for the large scale industrial production of nitroglycerine and nitrotoluene, for example.

Continuous processes in general will be found to have the following advantage over batch processes :
1. Lower Capital Cost : For a given rate of production, the equipment needed for a continuous process is smaller than for a batch process.This is usually the most striking difference between the two types of process.The reason for this is obvious since it is not necessary to accumulate material in a continuous process anywhere, the vessels are designed with capacities dictated by the rate of the reaction process step which they must accommodate.
2. Safety : Because of the relatively small size of continuous process equipment, there is less material in process at any time than at certain times in a comparable batch process. For example, at the completition of a batch process nitration and during its normal separation of the product  from the spent nitrating acid, the entire batch of an hazardous compound will be present in the equipment. In the continuous process only as much material need be present in hazardous condition as needed to gain sufficient reaction or process time. In the case of highj explosives made by nitration, such as nitroglycerine, this inherent safety factor of a continuous process is very attractive. 

CHAPTER-2
LITERATURE  SURVEY
Dichloronitrobenzenes are important organic intermediates for the synthesis of quinoline class of antibacterial compounds. Nitration reaction of benzene or substituted benzene is an electrophilic substation and various processes have been proposed using different nitrating regents .
[image: http://www.clearsynth.com/structures/CST17625.png]
Fig: 2.1 canonical structure of 2,5 Dichloronitrobenzene
Nitration is important for two reasons: firstly, because it is the most general process for the preparation of aromatic nitro compounds; secondly, because of the part which it has played in the development of theoretical organic chemistry. It is of interest because of its own characteristics as an electrophilic substitution. The first nitration to be reported was that of benzene itself. Mitscherlich [1] in 1834 prepared nitrobenzene by treating benzene with fuming nitric acid.1 Not long afterwards the important method of effecting nitration with a mixture of nitric and sulphuric acids ('mixed acid') was introduced, evidently in a patent by Mansfield;[2] the poor quality of early nitric acid was probably the reason why the method was developed. Since these beginnings, nitration has been the subject of continuous study.
Nitrating Agents: The means which have been used for effecting nitration are numerous, [3] but not all of the methods are in common use. Dilute nitric acid is useful for nitrating reactive substances such as phenol, but the oxidising properties of more concentrated nitric acid can be disadvantageous. Solutions of nitric acid or nitrates in sulphuric acid of various concentrations, or in oleum, provide reagents of a wide range of vigour. They have the additional property, often useful, that some organic compounds are appreciably soluble in them, and the disadvantage of being able to sulphonate some aromatic compounds. The disadvantage is rarely serious, for nitration is generally a more rapid process than sulphonation. Nitric acid in organic solvents also provides reagents in which aromatic compounds are usefully soluble, but these solutions are milder nitrating agents than those in mineral acids. In preparative nitration, acetic acid is probably the most frequently used of organic solvents. Solutions of nitric acid in organic solvents are less acidic than solutions in mineral acids, a virtue when compounds sensitive to acids are being nitrated, and one which is shared by solutions of nitric acid in acetic anhydride. Nitronium salts in solution in inert organic solvents have been used in recent years to nitrate a wide range of aromatic compounds. Yields are generally good, but in preparative work the method is advantageous only in special cases, notably where the aromatic contains a hydrolysable substituent
The conventional method of producing 2,5-Dichloronitrobenzene as suggested by 
Joyce Homer Crowell  has invented the process of mixing two parts by volume of nitric acid varying in specific gravity from 1.46 to 1.55 and three parts by volume of sulfuric acid (1.84) were mixed and after cooling, a volume of this mixture equal to one and one-half times the number of grams of the dichlorobenzene were taken for the nitration.[4] The mixed acid v/as added in four or five portions, the last portion causing little or no evolution of heat. The end of the reaction was reached in about half an hour and the flask was well shaken throughout the operation. The reaction mixture was then placed upon the water bath for an hour or so in order to complete the action. The recovery of the product was quite simple; the mixture being poured, with much stirring, into cold water where it solidified into a yellow mass. Then, after being ground finely in a mortar and well washed with water and dilute alkali, it was oven dried at a temperature of about 40° and finally recrystallized from alcohol. The yield was very nearly theoretical. 2,5-dichloronitrobenzene crystallizes in thick plates with a pale yellow colour and a faint, sweetish odour resembling that of nitrobenzene, M.P. 54.5°(uncorr.). This agrees with Morgan's work (loo. cit.}. It is insoluble in water but is quite soluble in hot organic solvents. 
Sripati Narayan Reddy et. Al in the year 2009  used anhydrous hydrogen fluoride for the nitration of dichlorobenzene to prepare dichloronitrobenzene.[5] The objective of his invention was to describe a viable process for the preparation of dichloronitrobenzenes from either an isomeric mixture of dichlorobenzene (o+p) or from independent ortho or para isomers. The other objective of this invention was to provide a suitable substitute from sulphuric acid in the nitration reaction in the form of hydrogen fluoride which is widely accepted chemical. Yet another objective was to minimize the quantities of spent acids generated in the down stream process and the recovery and recycle the excess hydrogen fluoride from the reaction was an additional advantage in respect to atom economy. Accordingly, their  invention provided an improved process for the preparation of dichloronitrobenzene from dichlorobenzene which comprised reacting ortho or para dichlorobenzene or a combination of two with nitric acid in a dichlorobenzene to nitric acid ratio ranging from 1:1 to 1:1.5 (w/w) in the presence of an anhydrous hydrogen fluoride with hydrogen fluoride to nitric acid ratio in the range of 1:1 to 5:1 at a temperature ranging in between -10 to +80°C, distilling the excess hydrogen fluoride and diluting the reaction mixture with water and washing the organic layer with alkali such as herein described followed by water, finally drying the product to obtain the desired dichloronitrobenzene. In an another embodiment of this present invention the mole ratio of dichlorobenzene to nitric acid to 1 is in the range 1:1:1.2.
In an another embodiment of the present invention the weight ratio of hydrogen fluoride to nitric acid is preferably in the range 1:1 to 2:1 .In an another embodiment of the present invention the hydrogen fluoride used is recovered by distillation.

Details  Of  This  Invension :

This invention relates to anhydrous hydrogen fluoride catalysed nitration of dichlorobenzenes(Scheme-l). A mixture of dichlorobenzenes and hydrogen fluoride was charged in to a cylindrical SS-316 reactor equipped with a stirrer, cooling condenser and with provision for addition of nitric acid. The contents of the reaction mixture were cooled by circulating cold water with an immersed coil in the reactor. Fuming nitric acid in hydrogen fluoride was slowly added with constant stirring maintaining the temperature in the range -10° to +80°C and preferably in the range 0° to 60°C. The mole ratios of dichlorobenzenes to nitric acid were in the range of 1:1 to 1:1.5 and preferably 1:1.3 and more preferably 1:1.1. The weight ratio of hydrogen fluoride to nitric acid was in the range of 1:1 to 5:1 preferably 2:1. After completion of addition of nitric acid the excess hydrogen fluoride was distilled and reaction mixture was diluted with water. The organic layer is thoroughly washed with alkali followed by water, dried and distilled obtaining dichloronitrobenzenes more than 97% yield.
Advantages:
The main advantage of this new process was the usage of anhydrous hydrogen fluoride in place of conventional sulphuric acid which is an industrial chemical and convenient to recover the excess after completion of the reaction. Other advantage of the process is eco-friendly because of the minimum generation of the effluents.

Rezso Csikos, Zoltan Decsy prepared o-phenylenediamine via  2,5 dichloronitro-benzene in the year 1980. O-phenylenediamine can be prepared from 1,4-dichlorobenzene in three reaction steps: nitration, selective ammonolysis and catalytic hydrogenation with a good yield.[6] The first, nitrating reaction step was accomplished in a manner known in the art (Fierz-David, Blangey: Farbenchemie 104, Springer Verl. (1947)). They carried it out in a concentrated sulphuric acid suspension with a mixed acid, at a temperature of 30 to 40° C., with a yield of 97 to 98%. The product was isolated from the sulphuric acid suspension by dilution with ice water and a subsequent filtration.
A 99% yield was achieved when the nitrating acid was added at a temperature of 35 to 40° C., under an intensive cooling, the nitrating acid was allowed to react until it has entirely been used up and the product was isolated from the sulphuric acid by cooling and a subsequent filtration and finally was washed with water and dried. The waste acid contained in the filtrate can be made use of repeatedly, after supplementation with oleum.
In the year 1995 Karl H Neumann et. Al [7] prepared 2,3-dichloro-nitrobenzene by nitration of 1,2-dichlorobenzene using an anhydrous mixture of phosphoric acid, sulphuric acid and nitric acid. The conditions according to his invention displace the ratio of 2,3,-dichloro-nitrobenzene and 3,4-dichloro-nitrobenzene in favour of the 2,3-isomer.They found that if nitration was carried out in an HNO3 /H2 SO4 mixture without addition of H3 PO4, in the nitration of 1,2-dichlorobenzene the two isomers were typically formed in approximately 98.5% yield in a ratio of 3,4-dichloro- 1-nitrobenzene to 2,3-dichloro- 1-nitrobenzene of 8.2:1. If 1,2-dichlorobenzene was nitrated using phosphoric acid which was concentrated to 104%, simultaneously dispensing with sulphuric acid and with additional use of nearly anhydrous nitric acid, then a shift in favour of the 2,3-isomer was obtained. The ratio 3,4-: 2,3-dichloro-1-nitrobenzene accordingly fell to values of 5.95 or 5.45, depending slightly on the reaction temperature, as was found by their own experiments. The term 104% strength H3 PO4 signifies a concentrated, i.e. dehydrated, phosphoric acid, which contains a proportion of pyrophosphoric acid and accordingly has a P2 O5 content which corresponds to 104% H3 PO4. The serious disadvantage of such a procedure was the great fall in the yield to 89% or even 86% as a specific function of the reaction temperature. It was surprising then that even a small addition of sulphuric acid to the reaction medium maintained the favourable isomer ratio or even additionally slightly improved it, but at the same time brought the total yield to values far above 90%, in many cases above 95% of the theoretical yield. The process according to the invention was characterised by the use of an anhydrous nitrating acid mixture. Such a nitrating acid mixture can be prepared by mixing together industrially available, nearly anhydrous acids, provided one of the acids is employed with an anhydride content which is suitable to use up the small water content of the two other acids. Thus, the reaction can be carried out, for example, by use of a 98% strength HNO3 and a 98% strength H2 SO4 if the phosphoric acid is an acid which has been concentrated in the manner described above, which thus contains a proportion of pyrophosphoric acid, which corresponds to a content of acid anhydride P2 O5 which exceeds the content of the 100% strength H3 PO4. However, it is likewise conceivable that a nitric acid and a phosphoric acid with a low water content are employed, if at the same time, instead of the sulphuric acid, oleum is employed whose content of SO3 is suitable to use up the water entrained by the other acids. Of course, it is furthermore possible to employ a more highly water-containing. HNO3 if the phosphoric acid is employed in the form of the concentrated acid and/or the sulphuric acid in the form of oleum. Further modifications of this composition of the nitrating acid mixture are known in expert manner when only the indication of the freedom from water in the acid mixture is fulfilled. Thus they preferred the nitric acid and the sulphuric acid to be employed as industrially available approximately 98% strength acids and the phosphoric acid was employed in the form of a concentrated acid. The molar mixing ratio of sulphuric acid and phosphoric acid assumed values from 0.05 to 3 mol of H2 SO4 : 1 mol of H3PO4, preferably 0.1 to 1.5 mol of H2 SO4 : 1 mol of H3 PO4, very particularly preferably from 0.12 to 0.5 mol of H2 SO4 : 1 mol of H3 PO4.
The process according to the invention was carried out at a reaction temperature of 30 to 180° C., preferably 60 to 140° C. particularly preferably 75 to 125° C. In this connection, it had been found that the proportion of 2,3-dichloro-nitrobenzene compared to 3,4-dichloronitrobenzene at higher temperature is greater than at lower temperature within the range indicated. In the case of this change in the isomer composition, the yield on the whole was only insignificantly reduced.
The molar ratio of the nitric acid to the dichlorobenzene is 0.7 to 1.4: 1, preferably 0.85 to 1.3: 1, very particularly preferably 1.0 to 1.2: 1. After completion of the nitration, a phase separation in general occured into an upper organic phase and a lower acid phase. After removal of the organic phase, the isomer mixture of 2,3-dichloro-nitrobenzene/3,4-dichloro-nitrobenzene contained therein is worked up by means of further aqueous work-up (removal of residual acid) and separated into the two isomers by customary methods, such as distillation, crystallisation or chromatography. It is, then, a further advantageous variant of the process according to the invention that the lower acid phase obtained in this work-up can be freed from the water of reaction from the nitration reaction by distillation, preferably under reduced pressure, and as a result an anhydrous mixed acid, consisting essentially of sulphuric acid and phosphoric acid, can again be prepared. In the case in which a marked separation into an organic product phase and an inorganic mixed acid phase does not occur, this can be effected by addition of a little water. It is possible to carry out the process according to the invention batchwise or continuously.
In 1945, Joseph R. Mares et. Al. invented  relating to the mono-nitration of aromatic hydrocarbons such as benzene and substituted derivatives thereof, such as chlorobenzene. More particularly, this invention relates to a method of nitration wherein nitric acid is used in the nitration in lieu of mixed acids, and water was removed from-the reaction zone during and nitrogen tetroxide.[8] Of these methods, only that process utilizing a mixed acid had been widely used. The mixed acid commercially used was that consisting of sulphuric acid, nitric acid and small amounts of water. In the mixed acid process for nitrobenzene, the nitrating, mixed acid was gradually added with good agitation to benzene at temperatures within the range of about 40ºC. to 90ºC. Since the reaction is markedly exothermic, the reactor is equipped with a suitable cooling jacket or with cooling coils. A composition of the mixed acid was chosen which will allow all or practically all of the nitric acid contained in the mixed acid to be consumed and in order to make all of the nitric acid available, acid and oxides of nitrogen which was separated and recovered from the nitration reaction is called spent acid. The approximate composition of a mixed acid used in, and the spent acid obtained as a by-product from the mono-nitration of benzene was as follows:
Although various modifications of the mixed acid process for the mono-nitration of benzene had been employed commercially with success, nevertheless, these processes have serious disadvantages. In all the mixed acid processes heretofore proposed and used, the spent acid had either been discarded and wasted, or the recovered spent acid was subjected to expensive separation, recovery and concentration steps, since little or no use may be found for the spent acid as recovered directly from the nitration process without purification. It was obvious that mixed acid nitration had always presented a serious spent acid disposal problem. Furthermore, in these processes involving the use of mixed sulphuric and nitric acids, the control necessary for successful operation is very critical. During the first stages of the nitration, the acid concentration of the nitration mixture concentrations of the nitrating acid, which had resulted, at times in serious explosions. Moreover, the heat capacity of the reaction mixture in the initial stages is low and it is difficult to maintain the proper temperature control. During the latter stages, when the acid concentration is lower because of dilution with more spent acid, the control of the temperature is much easier, and the danger of high local concentrations and explosions is avoided. The use of mixed acids, therefore, necessitates the most vigilant control in the stage where the strong mixed acid is added to the benzene. Likewise, when mixed acid is used as the nitrating agent, the optimum conditions for nitration during the first and latter stages are vastly different. In the first stages the nitration takes place using very high nitric acid concentrations, e. g. 30 to 40% of nitric acid in the mixed acid, and in the latter stages, the nitration take place with 3 to- 2% or less nitric acid in the spent acid. In the nitration of benzene, therefore, a procedure sometimes followed involves the use of a heel of spent acid from the preceding nitration, carrying out the initial nitration at 50ºC. or below, and gradually raising the temperature until the reaction is completed at or about 90ºC. The use of this heel of spent acid only partially moderates the undesirable violent reaction in the most active nitration stage. Although the above mentioned mixed acid nitration process had been widely used for the nitration of benzene, the disadvantages hereinbefore mentioned had been recognized and appreciated. Not the least of these disadvantages is very high and there is danger of local high heat build up the cost of the equipment and labour necessary to recover-the spent acids in soluble form.
An important object of his invention was a process for nitrating benzene wherein no lay-product spent acids are formed. A further object of his experiment was a process for nitrating benzene wherein dilute nitric acid may effectively be employed as the nitrating agent. A still further object of his invention is the development of a process wherein benzene may be nitrated by a continuous process in which aqueous nitric acid may be used as the nitrating agent, and in which no by-product spent acids are produced. In addition to that he invented and developed a benzene nitration process wherein the nitration may be carried out continuously or batch-wise under optimum conditions of temperature and nitric acid concentrations. Still further he aimed at the invention of the development of a process for the nitration of benzene which can be easily controlled. Other objects of this invention will become apparent as the description proceeds. He had discovered that benzene may be nitrated readily and easily by a process wherein aqueous nitric acid was added to a mixture of benzene, sulphuric acid and water, and, under certain conditions of temperature and. pressure, the water present in the nitric acid used and that chemically formed in the nitration is removed during the nitration reaction. According to his process, this removal of water was accomplished by the distillation of the azeotropic benzene-water mixture from the nitration reaction mixture. The benzene and water in the condensed benzene-water distillate were separated from each other, the proper amount of water discarded, and the remainder of the water and all of the benzene returned to the reactor. More specifically the amount of water removed by this distillation is that amount which is necessary to be removed in order to maintain the acid concentration in the acid phase of the reaction mixture at the determined value.
Richard Clyde Glogau in the year 1957 used settling agents such as a siliceous material and/or a soluble fluoride to accelerate the separation of mixtures comprising aromatic nitro compounds and waste acids[9].  Aromatic nitro compounds are usually prepared by nitrating aromatic hydrocarbons by means of a mixed acid comprising sulphuric acid and nitric acid in variable proportions, allowing the resulting mixture of nitro compound and waste acid to separate into layers, drawing off the acid layer, and finally subjecting the nitro compound to washing and neutralizing operations. Frequently, however, the mixtures of nitro compound and waste acid obtained are very difficult to separate within a reasonable length of time, and, in some cases, the mixtures cannot be separated satisfactorily even after prolonged periods of time. The economic disadvantages of this slow and incomplete separation are immediately evident. Furthermore, during the washing step, difficulties are often encountered when attempts are made to effect rapid and satisfactory separation of the nitro compounds from the wash water and incomplete separation leads to a product of lesser purity. These unsatisfactory conditions result, for example, during the manufacture of nitrobenzene, dinitrobenzene, nitroxylene, and other related aromatic nitro compounds. In the case of nitrobenzene, such a persistent emulsion with the waste acid is formed that satisfactory separation is not possible.
In this invention settling agents such as a siliceous material and/or a soluble fluoride had been used to accelerate the separation of mixtures comprising aromatic nitro compounds and waste acids. Unfortunately, however, the nature of these substances caused them to be extremely troublesome during subsequent operations. These settling agents become entrained with the waste acid layer and also, to a certain degree, with the nitro compound layer. As a result of the presence of fluoride, severe corrosion was experienced in the process equipment and also in the acid-recovery equipment. In addition, solid particles of siliceous material were carried along to subsequent operations, and erosion added to the corrosion problem. Furthermore, experience had shown that the use of solid materials of any kind to accelerate the separation of mixtures of aromatic nitro compounds with waste acids was undesirable not only from the standpoint of erosion caused by entrainment, but also because solids tend to collect in the process equipment. In accordance with this invention, it had been found that difficult-to-separate mixtures of aromatic nitro compounds with waste acids were separated rapidly and effectively, and the disadvantages of the prior art overcome, when a small amount of tertiary-octylamine was added to the mixture as it entered the separating tank. As was known, tertiary-octylamine was the name in common usage for 2-amino-2,4,4-trimethylpentane.
Obviously the amount of separating agent needed will vary with different mixtures, depending on how difficult they are to separate. In the case of nitrobenzene-waste acid emulsions, for example, the amount of agent used may vary from 0.0025 to 0.0150%, based on the nitrobenzene charged. The amount of agent needed varies inversely with the nitric acid content of the nitrating acid, since less waste acid must be separated at the higher nitric acid concentrations. The mixtures formed in the process of the present invention were separated with great rapidity and effectiveness. After a separation time of thirty minutes, the nitro compound layer may have a waste acid content of only 0.02%.
The following example is provided by the inventor to describe the present invention more fully.
Benzene was introduced continuously into the nitrator at a rate of 4500 pounds per hour. While mixed acid having a composition of 27% HNO3, 59% H2S04, and 14% H2O was added continuously at a rate of 13,250 pounds per hour. The mixture in the nitrator was agitated,the retention time was about 30 minutes. The nitrobenzene-waste acid emulsion formed was led continuously to a separator into which tertiary-octylamine was introduced at the rate of 0.48 pound per hour. Thus, based on a production of 6850 pounds of nitrobenzene per hour, the concentration of tertiary-octylamine was 0.0070%. Separation was essentially completed after about 30 minutes retention time in the separator. The acid layer was withdrawn continuously from the separator, and the nitrobenzene layer led to the washing equipment to remove remaining traces of acid. The water content of the nitrobenzene layer after the washing operation was only 0.5 to 1.0%. With this invention, corrosion was greatly minimized, solid particles did not accumulate, and process and acid-recovery equipment could be operated satisfactorily for extended periods of time.

Our next step of reaction is the formation of o-nitro, p-chlorophenol from 2,5-dichloronitrobenzene.
[image: ChemSpider 2D Image | 2-nitro-4-chlorophenol | C6H4ClNO3]Fig: 2.2 Canonical structure of o-nitro p-chlorophenol
Molecular Formula :C6H4ClNO3
Experimental melting point : 88◦C
Experimental boiling point :242◦C
Experimental  flash point: 100◦C
 William L Cox [1966] invented a novel process for the preparation of nitrophenols, and in particular p-nitrophenol, which process substantially eliminated the formation of undesirable by-products which tend to reduce product yield as well as product quality. His invension embodied a process which comprised reacting a halonitro aromatic compound and an alkali metal hydroxide in contact with an oxidizing agent at a temperature of from about 100 . to about 200. and recovering a nitrophenol by acidification of the resulting alkali metal salt thereof. The nitrophenols were prepared by hydrolisis of a corresponding halonitro aromatic compound. For example, in a preferred embodiment of this invention p-nitrophenol was prepared by the hydrolysis of p-chloronitrobenzene. The halonitro aromatic compound, which is preferably p-chloronitrobenzene, was reacted with at least a stoichiometric amount of the alkali metal hydroxide. Generally a molar excess of about 2:1 or 3 :1 is desirable. The alkali metal hydroxide is preferably sodium hydroxide although potassium hydroxide, lithium hydroxide, cesium hydroxide, or rubidium hydroxide may be utilized if so desired. He  utilized the alkali metal hydroxide  as an aqueous solution thereof. A reaction temperature of 100◦C to about 200◦C. is generally operable as suggested by him. The halonitro aromatic compound and the alkali metal hydroxide were reacted in contact with a mild oxidizing agent capable of functioning as an oxidizing agent in an alkaline reaction media. The oxidizing agent may be an oxygen-containing gas or a peroxy compound containing the bivalent OO- radical. The undesirable side reactions accompanied by the formation of ammonia and dark colored materials were substantially eliminated by the inclusion in the reaction mixture of only small amounts of the oxidizing agents herein described. While in most cases the particular oxidizing agent may be utilized 'in excess of from about .001 wt. percent to about 0.1 wt. percent of the halonitro aromatic compound present, no particular additional benefit results therefrom. Hydrolysis of the halonitro aromatic compound, requires the reactants and dispersion of the oxidizing agent throughout the reaction mixture. After a suitable reaction period the reaction mixture was cooled to about room temperature and filtered. The residue was washed with aqueous caustic solution, dried, and thereafter acidified to recover the desired nitrophenols. Where the oxidizing agent is air or other oxygen-containing gas, for example; air or oxygen admixed with nitrogen or other inert gas, said oxygen-containing gas may be continuously introduced into the reaction mixture in a manner to insure intimate contact therewith and thereafter discharged to the atmosphere.



CHAPTER  3
OBJECTIVE OF WORK

The main objective of the project are as follows :
· In this experiment we will try to get p-dichloro nitrobenzene as product from p-dichlorobenzene as reactant and a mixture of Sulphuric acid and Nitric acid.
· We will study the nitration mechanism of the reaction.
· We will also study the kinetics of the reaction.
· We will find out the order of the reaction.
· We will find out the rate constant of the reaction.
· We will draw different graphs and try to study kinetics of the reaction by graphical analysis.
· We will also try to study the future aspect of the project. 









CHAPTER 4
MATERIALS AND METHODS

4.1   CHEMICALS REQUIRED :-
1) P-dichlorobenzene
2) Sulphuric acid
3) Nitric acid
4) Sodium Hydroxide
5) Hydrochloric acid

4.2  EQUIPMENTS REQUIRED :
1) Round Bottom Flask
2) Condenser
3) Heating Mantle
4) Thermometer

4.3  EXPERIMENTAL PROCEDURE(1ST STEP) :
1st Run
· 88.2gm p-dichlorobenzene was taken in a dry conical flask wit h a stopper cork.[image: ] Fig 4.1 p dichlorobenzene
·  Then 57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

[image: C:\Users\user\Desktop\20160412_155158.jpg]  Fig 4.2 Experimental Set-up

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

· The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9. 

· The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.
[image: C:\Users\user\Desktop\20160412_155527.jpg] Fig 4.3 2,5dichloronitrobenzene obtained from run 1
·  The weight of the final product obtained was 113.02gm. 
2nd Run
·  88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.
· After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 70 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 70 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·   The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final obtained product was 74.53gm.

3rd Run
· 88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 50 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 50 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 50 degree Celsius.


·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

· The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

· The weight of the final product obtained was 22.8gm.


· Now we will keep the reaction temperature constant at 60-65 degree Celsius and we will vary the reaction time. Already one run is done for this set of runs that is the 1st Run.
4th Run
·  88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 1.5 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

· The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

· The weight of the product was obtained as 110.84gm.

5th Run
·  88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 2.5 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

· The weight of the product was obtained as 114.11gm.

6th Run
· 88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
· 57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

· After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 3 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 114.84gm.

7th Run
·  88.2gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 1 hour. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 108.30gm.

· In the following runs we will repeat the previous processes but this time we will take the quantity of p-dichlorobenzene to be 44.1gm and the quantity of the acids to be same so that the ratio of p-dichlorobenzene to the acids is 1:2. We will vary the temperature in the 1st 3 Runs and then the reaction time.

8th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·   57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product was obtained to be 53.60gm.

9th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 70 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 70 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 75 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 34.25gm.


10th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 50 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 50 degree Celsius was carried out for 2 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 55 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 9.04gm.


· In the following we will keep the temperature constant and will vary the time.

11th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 1.5 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 49.98gm.

12th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 2.5 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 55.78gm.

13th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 3 hours. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an aor dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

·  The weight of the final product obtained was 56.87gm.

14th Run
·  44.1gm of p-dichlorobenzene was taken in a dry conical flask with a stopper corck.
·  57.6ml of 98% sulphuric acid was slowly mixed with the p-dichlorobenzene. During mixing the suspension was thoroughly stirred by a magnetic stirrer keeping the conical flask in a cooling water bath so that the temperature of the content of the conical flask did not rise above 20 degree Celsius.

·  After that 21.72ml 98% sulphuric acid was taken in another conical flask with stopper corck. Keeping  the flask in cooling water bath at 10 degree Celsius, 41.4ml 70% nitric acid was slowly added with sulphuric acid. During mixing, care must be taken so that the temperature of mixed acid never exceeds 15 degree Celsius.

·  Before initiating mixture, p-dichlorobenzene suspension and mixed acid temperature must be kept within 10 degree Celsius. Mixed acid was slowly added in 10ml batch through a burette keeping the conical flask in a cooling water bath at 10 degree Celsius with vigorous stirring. Care must be taken that during mixing, the reaction medium temperature can never exceed beyond 20 degree Celsius. Consecutive dosing of mixed acid to p-dichlorobenzene suspension must be made at least in 5 minutes interval.

·  After successful completion of addition of mixed acid with p-dichlorobenzene suspension within 20 degree Celsius, the reaction mixture was gradually heated within 60-65 degree Celsius with constant stirring. During heating conical flask was fitted with  an atmospheric condenser.

·  After that agitation of reaction of mixture within 60-65 degree Celsius was carried out for 1 hour. During the reaction time temperature must be monitored carefully so that it can never exceed 70 degree Celsius.

·  The reaction mixture was again cooled to 20 degree Celsius. Solid product was then separated from acid solution by a strainer. Product was then washed with (N/10) sodium hydroxide solution so that the entrained acid could be neutralised. Alkali wash was followed by a thorough water wash until the pH of leached out water showed a value of 6.9.

·  The product was dried in an air dryer for 6 hours.

·  The product was then dissolved in ethyl acetate at room temperature. The saturated solution was evaporated in an air dryer. The re-crystallised solid was then stored as final product.

· The weight of the final product obtained was 45.25gm.

CHAPTER 5
RESULTS AND DISCUSSIONS

5.1 RESULTS;
The reaction is as follows:

A       +      B           R
A=reactant (p-dichlorobenzene)
B=acid (mixture of HNO3 and H2SO4)
R=product ( p-dichloro nitrobenzene)
Yield of the reaction = (( weight of A taken/molecular weight of A ) / ( weight of R obtained/molecular weight of R )) * 100

Table 5.1.1  Yield v/s Temperature( 1:1 )
In the 1st table we have obtained the yield varying the temperature keeping the reaction time constant at 2 hours and  taking the ratio of p-dichlorobenzene to the acids as 1:1
	Run Number
	Weight of A taken(gm)
	Weight of R obtained (gm)
	Yield(%)
	
Temperature of the reaction mixture ( degree Celsius )

	1
	88.2
	22.8
	19.80
	50

	2
	88.2
	113.02
	98.11
	60

	3
	88.2
	74.53
	64.70
	70



Table 5.1.2   Yield v/s Temperature( 1:2 )
In this table we have obtained the yield varying the temperature keeping the reaction time constant at 2 hours, taking the ratio of p-dichlorobenzene to the acids as 1:2
	Run Number
	Weight of A taken(gm)
	Weight of R obtained(gm)
	Yield(%)
	Temperature of the reaction mixture (degree Celsius)

	1
	44.1
	9.04
	15.69
	50

	2
	44.1
	53.60
	93.05
	60

	3
	44.1
	34.25
	59.46
	70



                                   We now draw the graph of yield v/s temperature.


Figure 5.1  Yield v/s Temperature
In the above graph yield has been plotted on the y-axis and the temperature has been plotted in the x-axis. We obtained a non-linear nature of the curve. As we can see from the above graph that the yield first increases with temperature and at 60 degree Celsius the yield is maximum and after that the yield decreases with temperature. The blue line indicates the graph of yield v/s temperature for the 1:1 ratio and the red line shows that of the 1:2 ratio.
Table 5.1.3 Yield v/s Time( 1:1 )
In this table we have obtained the yield varying the time keeping the temperature constant at 60 degree Celsius, taking the ratio of p-dichlorobenzene to the acids as 1:1
	Run Number
	Weight of A taken(gm)
	Weight of R obtained(gm)
	Yield(%)
	Time of the reaction(hours)

	1
	88.2
	108.30
	94.01
	1.0

	2
	88.2
	110.84
	96.22
	1.5

	3
	88.2
	113.02
	98.11
	2.0

	4
	88.2
	114.11
	99.05
	2.5

	5
	88.2
	114.84
	99.69
	3.0


 

Table 5.1.4  Yield v/s Time( 1:2 )
In this table we will vary the time keeping the temperature constant at 60 degree Celsius, taking the ratio of p-dichlorobenzene to the acids as 1:2
	Run Number
	Weight of A taken(gm)
	Weight of R obtained(gm)
	Yield(%)
	Time of the reaction(hours)

	1
	44.1
	45.25
	78.56
	1.0

	2
	44.1
	49.98
	86.77
	1.5

	3
	44.1
	53.60
	93.06
	2.0

	4
	44.1
	55.78
	96.84
	2.5

	5
	44.1
	56.87
	98.73
	3.0



We now draw the graph of yield v/s time.

Figure 5.2  Yield v/s Time
In the above graph yield has been plotted on the y-axis and the time has been plotted in the x-axis. Again we have obtained a non-linear curve. As we can see from the above graph the yield increases with time first and at around 3 hours the yield becomes somewhat constant. The blue line indicates the graph of yield v/s time for the 1:1 ratio and the red line shows that of the 1:2 ratio. So it can be concluded that yield attains maximum value at around 3 hours.


5.2   DISCUSSIONS:
Now we will try to find the order and the rate constant of the reaction by differential method of analysis. The steps are as follows:
Concentration © of the reactant A with respect to the time elapsed =
(( weight of A taken/molecular weight of A) – ( weight of R obtained/molecular weight of R)) / ( total volume of the reaction mixture )
Molecular weight of A = 147
Molecular weight of R = 192
Total volume of the reaction mixture = 189.11 ml

The rate equation is:-

  [ where c= concentration of unreacted A, k= reaction rate constant, n= order of the equation.
To find the order and the rate constant we will use the following equation



Or, 

We will draw the graph of  v/s logc and from the slope and intercept we will find out the order and the rate constant respectively.

Table 5.2.1.1 Concentration v/s Time( 1:1 )
We have varied the concentration with time taking the ratio of p-dichlorobenzene to the acids as 1:1.
	Run Number
	Concentration of A(c mole/ml)
	Time of the reaction(hours)

	1
	0.00019
	1.0

	2
	0.00012
	1.5

	3
	0.00006
	2.0

	4
	0.00003
	2.5

	5
	0.00001
	3.0






We will draw the graph of concentration v/s time.

Fig 5.3  Concentration v/s Time (1:1)

In the above graph concentration has been plotted in the y-axis and time has been plotted in the x-axis. We see that as time increases, the concentration decreases. We join them by smooth lines. To obtain the derivative  used in this plot, we must differentiate the concentration-time data graphically. As shown in table 5.2.1.2 we have obtained the derivative at different concentration values.
Table 5.2.1.2  Finding out the tangents ( 1:1 )

From the graph we draw tangents at each time point and find the value of .
		Run Number	
	Concentration of A( c mole/ml)
	


	1
	0.00019
	-4.56

	2
	0.00012
	-1.85

	3
	0.00006
	-0.76

	4
	0.00003
	-0.45

	5
	0.00001
	-0.19




Table 5.2.1.3 : logc v/s  ( 1:1 )
	Run Number
	Concentration of A ( c mole/ml)
	

	logc
	


	1
	0.00019
	4.56
	-3.72
	0.66

	2
	0.00012
	1.85
	-3.92
	0.27

	3
	0.00006
	0.76
	-4.22
	-0.12

	4
	0.00003
	0.45
	-4.52
	-0.35

	5
	0.00001
	0.19
	-5
	-0.72




Now we will draw the graph of  v/s logc.


Fig 5.4   v/s log c (1:1)




Fig 5.4 shows the plot of  versus C on log-log graph where the slope is equal to the reaction order n.The specific reaction rate k can be found by first choosing a concentration in the plot, say Cp ,then finding the corresponding value of  as shown in table 5.2.1.2. After raising Cp to the n power, we divide it into ( )p to determine k : k=()p / ( Cp)n
From the graph we get the following information.
The slope obtained, n= 1.04
The intercept obtained, log k = 4.39
Therefore the order of the reaction = 1.04

The reaction rate constant is = 24547.09  
Table 5.2.2.1  Concentration v/s Time( 1:2 )
We have varied the concentration with time taking the ratio of p-dichlorobenzene to the acids as 1:2.
	Run Number
	Concentration of A(c mole/ml)
	Time of the reaction(hours)

	1
	0.00034
	1.0

	2
	0.00021
	1.5

	3
	0.00011
	2.0

	4
	0.00005
	2.5

	5
	0.00002
	3.0


We will draw the graph of concentration v/s time. 
Fig 5.5  Concentration v/s Time (1:2)

In the above graph concentration has been plotted in the y-axis and time has been plotted in the x-axis. We see that as time increases, the concentration decreases. We join them by smooth lines. To obtain the derivative  used in this plot, we must differentiate the concentration-time data graphically. As shown in table 5.2.2.2 we have obtained the derivative at different concentration values. 
Table 5.2.2.2  Finding out the tangents ( 1:2 )

           From the graph we draw tangents at each time point and find the value of .
	Run Number
	Concentration of A( c mole/ml)
	


	1
	0.00034
	-4.56

	2
	0.00021
	-2.84

	3
	0.00011
	-1.56

	4
	0.00005
	-0.62

	5
	0.00002
	-0.22




Table 5.2.1.3 log c v/s  ( 1:2 )
	Run Number
	Concentration of A ( c mole/ml)
	

	logc
	


	1
	0.00034
	4.56
	-3.47
	0.66

	2
	0.00021
	2.84
	-3.68
	0.45

	3
	0.00011
	1.56
	-3.96
	0.19

	4
	0.00005
	0.62
	-4.30
	-0.21

	5
	0.00002
	0.22
	-4.70
	-0.65




Now we will draw the graph of  v/s logc.


Fig 5.6  v/s log c (1:2)

In the above graph has been plotted on the y-axis and log c has been plotted from the x-axis in log-log plot. Similarly like the previous graph 5.4 we get the following information
The slope obtained, n= 1.07
The intercept obtained, log k= 4.39
Therefore the order of the reaction = 1.07

The reaction rate constant is = 24547.09 

















CHAPTER 6
CONCLUSION
From the above analysis we conclude that :
· We have obtained p-dichloro nitrobenzene as product in the form of yellow crystals.
· We have studied the nitration mechanism of the reaction.
· We have studied the kinetics of the reaction.
· 
By using Differential method of analysis, we get the order of the reaction as 1.07 and the rate constant as 24547.09 .
· As we get the values of rate constant and the order we can now think of designing a reactor which can be used for the reaction. We have to use isothermal batch reactor method of reactor designing. In order to make a reactor design we assume that there is no inflow or outflow of material and that the reactor is well mixed. For most liquid-phase reactions, the density change with reaction is usually small and can be neglected.
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yield1	50	60	70	19.8	98.11	64.7	yield2	50	60	70	15.69	93.05	59.46	Temperature (ºC)

Yeild(%)


yield1	1	1.5	2	2.5	3	94.01	96.22	98.11	99.05	99.69	yield2	1	1.5	2	2.5	3	78.56	86.77	93.06	96.84	98.73	time(t hours)

yield(%)


conc©	1	1.5	2	2.5	3	1.9000000000000109E-4	1.2000000000000045E-4	6.0000000000000293E-5	3.0000000000000143E-5	1.0000000000000053E-5	time(hours)

concentration ( c mole/ml)


der	1.9000000000000109E-4	1.2000000000000045E-4	6.0000000000000293E-5	3.0000000000000143E-5	1.0000000000000053E-5	4.5599999999999996	1.85	0.76000000000000212	0.45	0.19	logc
log(-dc/dt)
conc©	1	1.5	2	2.5	3	3.4000000000000133E-4	2.1000000000000104E-4	1.1000000000000072E-4	5.0000000000000273E-5	2.00000000000001E-5	time(t hours)

concentration(c mole/ml


der	3.40000000000001E-4	2.1000000000000085E-4	1.1000000000000061E-4	5.0000000000000199E-5	2.000000000000008E-5	4.5599999999999996	2.84	1.56	0.62000000000000166	0.22	logc
log(-dc/dt)
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Loss of tho leaving group, a water molecule
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electrophile.

Step 3:

The electrophiic nitronium ion reacts with
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rate determining step as il destioys the
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Step4:

Water functions as a base to remove the
proton from the sp> C bearing the nitro-
group and reforms the C=C and the aromatic
system
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