SEPARATION OF ORGANIC MIXTURES( with no or minimal ether)

General Introduction

                During the course of an organic synthesis, it is quiet common to get a number of products. This necessitates the application of separation techniques. Separation techniques are a world by themselves. The exhaustive description of themwould be beyond the scope of this book. We limit our discussion to certain broad categories of compounds. Separation techniques are of three broad categories.

1. Separation based on ether solvent with some associated reagents.
2. Chromatographic techniques.
3. Separation through derivative formation.
               Here let us see some of the salient features of the separations based on ether solvent.
             Organic substances may broadly be classified into three types. i.e. acidic, basic and neutral. Acidic substances may further be classified into carboxylic acids and phenols. Among the two, the former is more acidic than the latter.

                               Separation Using Ether Solvent
            
               Ether is a non - polar solvent, in which majority of the organic substances are soluble. There are substances like carbohydrates, diamides, sulphanilic acids, dicarboxylic acids which are not soluble in ether. 


Why are they not soluble in ether?
              In general these substances are polar in nature, which makes them insoluble in ether.
               So if these substances are present in a mixture, they can be separated, using ether (provided the other substances of the mixture are soluble in ether) by simple filtration. The filtrate is called the ethereal solution. The ethereal solution may contain carboxylic acids, phenols, amines and other neutral substances.
                    One may not be sure about the nature of the substances in a given mixture. To achieve a successful separation one is in need of a difinite method of separation. To find such a method one has to run a pilot separation, which we prefer to call as preliminary separation. This will help us to avoid the wastage of time and material in the laboratory.

                WE FOCUS HERE UPON THE SEPARATAION OF ORGANIC 

                            MIXTURE WITH MINIMAL OR NO ETHER.

                              PRELIMINARY SEPARATION (WITHOUT  ETHER)
	          EXPERIMENT
	            OBSERVATION
	                  INFERENCE

	1. About 10mg of the mixture is taken in a semimicro test tube/ watch glass. One or two drops of water are added.
.

	a. The mixture                        partially dissolves.              





. b. The mixture 
remains undissolved                    
	Presence of carbohydrates, urea  amine salts, salts of carboxylic acids, sulphanilic acid dicarboxlic acid etc
    
      b. Absence of
 all  the above                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               



Theory:
Most of the organic compounds are either non- polar or less polar, so they readily dissolve in ether solvent. Substances which are polar in character are not soluble in ether. But  are soluble in water. So solubility in water means the mixture can be separated with ether solvent  itself. 

	2. . In another semimicro test tube/  watch glass 10mg of fresh  mixture is taken and then tested with a drop of the saturated bicarbonate solution
	

Brisk effervescence. The  solid  acid reappears on addition of a drop of 8N HCl 
	


Presence of an acid.





Theory :
The carboxylic acids react with bicarbonate to form sodium salts of the acids. Alkali metal salts being water soluble comes along with the aqueous layer. On acidification the free acid is generated as a solid.
RCOOH    + NaHCO3    RCOONa + H2O + CO2

RCOONa +  HCl           RCOOH    + NaCl




	.  
3. In another semimicro test tube/  watch glass 10mg of fresh  mixture is taken and then tested with a drop of 2N sodium hydroxide  solution.
	

 Solubility observed and a Turbidity or oil is formed  upon adding a drop of
 8N HCl                               
	
                                  presence of phenolic compound.
                                     



Theory:
Phenolic compounds react with sodium hydroxide toform sodium phenolate. Since alkali metal salts are soluble in water, phenolate ion comes along with the aqueous layer.Upon acidification, liberates the phenol.

Ph-OH      +   NaOH             PhONa  +  H2O
PhONa     +   HCl                 PhOH    +  NaCl    
	4. In another semimicro test tube/ watch glass 10 mg of fresh  mixture is taken and then tested with a drop of 2N hydrochloric acid   solution.
	Solubility observed and a Turbidity or oil is formed  upon adding a drop of 
10N NaOH.                               
	
presence of amino compound.
                                     


         



Theory :
The amines form amine hydrochlorides with hydrochloric acid. The hydrochloride being water soluble comes along with the aqueous layer. Upon neutralisation the free amine is liberated.
RNH2 + HCl                 RNH2 . HCl
RNH2.HCl + NaOH    RNH2 + NaCl + H2O

              MAJOR SEPARATION (with no / minimal ether) 
            (For Bicarbonate / Sodium hydroxide /Hydrochloric acid separations) 
From pilot separation, the preferred method of separation may be identified as ether/bicarbonate / sodium hydroxide /hydrochloric acid separation.
Basically all the chemical methods of separations are exothermic in nature.  Ether is a low boiling liquid.  Also it is carcinogenic/ anesthetic in nature.  The following method will help in reducing the consumption of ether, by reducing the wastage due to evaporation of ether because of the exothermicity of the separation techniques.
The entire mixture (~ 4g) is transferred to a 50mL boiling tube/ beaker; appropriate reagent {Sat.bicarbonate (~ 5mL) / 2N sodium hydroxide (~ 4mL) / 2N hydrochloric acid (~ 4mL)} is added and stirred. Transfer the aqueous layer to another boiling tube /beaker with the help of a dropper / Pasteur pipette. For a solid / solid-liquid mixture use a cotton plug filter. [It is better to provide the binary mixture in a 50mL boiling tube/ beaker]
    After 3 or 4 treatments and after verifying the completeness of the separation do the following-
a. Solid component :
                Dissolve the neutral organic solid component in minimum amount of ether, wash once with ~ 5mL of appropriate reagent (bicarbonate / sodium hydroxide / hydrochloric acid), then twice with ~ 5mL distilled water, dried with anhydrous sodium sulphate and then evaporate off ether to get the compound. 
b. For liquid component: 
          Wash the remaining neutral organic liquid component twice with ~ 5mL distilled water and dried with anhydrous sodium sulphate. The liquid is transferred to a 50ml beaker.The sodium sulphate is rinsed with 5ml of ether and added to the liquid in the beaker. Evaporate off ether to  get the pure compound.
The aqueous layer (well cooled) is neutralized carefully with dropwise addition of the required reagent (8N HCl or 10N NaOH as the case may be) and the precipitated compound (solid/ liquid) is then separated and washed twice with ~ 5mL distilled water to get the pure compound.
N.B. In the case of ether separation the soluble component is recovered by evaporation of ether.


Precautions to be taken 
1) In the case of ether separation:-
a) Use dry ether
b) The beaker should not contain more than one third of its capacity.
c) During evaporation do not forget to add a porcelain bit.
d) There should be no naked flame nearby.
e) After the evaporation of ether if the residue is a liquid, cool to room temperature. Make sure that it is a liquid even at room temperature and then analyse.
f) Try to evaporate off ether at room temperature.  In the case of low melting solids such as benzophenone (48oC), p-nitrotoluene (54oC), p-toluidine (45oC) etc. they melt at the temperature of the steam bath and remain in the beaker as liquids. This very often misleads a beginner.
2) In the case of sodium hydroxide /hydrochloric acid separation:-
1. If a solid phenol/ amine appear, the contents of the beaker are cooled and the components are recovered using cotton plug.
2. If a liquid phenol / amine appear as turbidity, cool the contents, transfer to a 100mL separating funnel and extracted two times with 10mL ether.  [If the volume is less, we can centrifuge it to get layer separation, no need to add ether]
 Alternately, a Pasteur pipette/ dropper can be used in place of a separating funnel.  The ethereal solution is washed well with water.  Collect the ether layer in a clean dry conical flask.  Dried it over anhydrous sodium sulphate and evaporated the ether over an electrically heated water bath.







