Solvent Extraction

Purpose/Theory:

 

The lab involving solvent extraction served to acquaint experimenter’s with an important separation technique of liquids. 

 

The technique itself is based upon the various solubility properties of organic compounds and the immiscibility of solvents. Essentially, a mixture of compounds is separated from one another using their properties as acids/bases or their solubility/insoluble nature in a solvent. This, coupled with the use of solvents which are immisicble (do not dissolve in one another) allows compounds to be separated more selectively.   

 

There are two main types of extraction techniques.  Solid-liquid techniques usually are useful to separate one component from another by dissolving one and then decanting it, separating the soluble compound from the solid. This particular lab utilized liquid-liquid techniques to separate three components from solution—an acidic, basic, and a neutral compound. All extractions were done in liquid phase, either in an organic or aqueous layer, hence the liquid-liquid moniker.

  

Solvent immiscibility plays the largest role in allowing for the lab’s success. Though like molecules often dissolve similar molecules (i.e. alcohols in water-both contain a polar hydroxyl group), when two solvents are unable to dissolve one another, a separation into layers between the two occur, based primarily on each solvent’s density.  This phenomena can be utilized in separation, allowing an experimenter to separate compounds into the different layers (typically aqueous and organic) and extract them easier.  (Note: using the partition coefficient, an equilibrium relationship between a solute's solubility in two immiscible solvents, a compound can also be more easily isolated and purified. In equation form, this is expressed as: 
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The solvents used in the experiment consisted of diethyl ether (commonly shortened to ether) and a water layer formed when adding the acid/base to the mixture. Since water is more dense than ether, the aqueous layer was the bottom layer and the ether remained at the top of the “mixture”. This meant careful extraction techniques were necessary to remove the layers using pipettes.

 

In this lab, a mixture containing an acid, base, and a neutral compound were separated utilizing acid/base properties of the molecules and by taking advantage of the soluble nature of their conjugate species. Essentially, even though large (containing more than five carbon atoms) compounds may generally remain insoluble, unless containing multiple polar functional groups, acids and bases can take part in neutralization reactions that produce conjugate acid/bases that are soluble salts. The aqueous layer containing this species can then be separated from the mixture and then reacted with another acid (in the case of a conjugate base) to cause the precipitation of the original acid, now separated from the other components of the mixture. The same process can be used to separate a basic component, except it is dissolved using a strong acid, separated, and then reacted with a strong base to cause the original base to reform. 

 

For the neutral component, which remains throughout in the organic layer, an anhydrous drying agent (such as sodium or magnesium sulfate) is used to remove any residual water in the layer to allow crystallization (precipitation) to occur (see below for specific reactions of these species). Such agents need to be efficient (dry quickly), be unreactive to species, and be easily separated from the dried component. 

( Note: In order to increase efficiency of the experiment, multiple extractions are often done. In this lab two such extractions were conducted in order to increase yield of species.)

 

 Overall, the lab provided an introduction to various organic laboratory apparti and an important separation technique that will be useful in future experiments.
Specific Reactions: 
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The three compounds in the mixture were benzoic acid, ethyl 4-aminobenzoate, and 9-fluorenone. The base reacted with HCl to yield a water soluble salt:

          
     ethyl 4-aminobenzoate

It was then separated and reacted with NaOH to yield the original basic compound
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The acid reacted with NaOH to form a water soluble salt:

benzoic acid

It was then separated and reacted with HCl to give the original acid (benzoic acid):
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The organic layer was removed of any water using sodium sulfate that produced a hydrated compound:
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Structure of 9-fluorenone:
Discussion:



The experimental data gathered for the most part was consistent with either known values or gave high yields, though one anomalous data point was encountered.

 

As far as yield is concerned, for all components, excellent recovery statistics were gathered (over 70+% for each component). However, it should be noted the samples did have to be weighed two times. The first weighing yielded impossible data (one component had over 100% recovery). Though insoluble impurities trapped in the recrystallized component may have added some additional mass, the most likely source of error probably stems from not allowing the filter paper (with crystals) a sufficient time to dry. (i.e. A wet filter paper would give positive error) Though the crystals were dried using the vacuum filter and also allowed to air dry for 15 minutes before weighing, enough time was not given to allow for complete drying. This is reflected in the re-weighed values that seem much more reasonable. Thus, the experimenter has learned a valuable lesson—patience and precision over fast and sloppy results. 
 

 
The melting points for two of the compounds were relatively close to accepted melting points. Both the acidic and basic components fell within a 5-10 degree range around their actual melting points. The 9-fluorenone, the neutral component, however melted in a 10+ degree range below the accepted melting point.
 

 These deviations may be due to the fact that impurities were present in each extraction layer, causing some to become trapped in the solid crystals when they reformed. Such impurities would depress the melting points as observed. Also, the somewhat lower range of the neutral component may be due to the fact it might be more susceptible to certain impurities in the layers than the acid or base. Since the solutions containing the extraction components were allowed to sit for extended periods, reaction with air may have caused oxidation or reduction reactions to take place, yielding either positive/negative error as well. Also, the sample of the 9-fluorenone may have been partially contaminated* with the drying agent, which may have contributed to the much lower melting point.  (* I mean it was maybe a part of the sample used to determine melting point, an impurity.)

 

Other error sources may stem from a variety of factors. The balances used may either have had calibration problems or contained amounts of solids from other experimenter’s weighings, affecting recorded masses. Since the amounts of reactants are so small, any type of weighing error could have a significant affect on the data. Also, error would have been introduced in each step when liquid/solid transfers where involved. (Especially considering this experimenters clumsiness.) Using pipettes and in filtering the solid, some of the samples would have been lost. Moreover, since the experimenter noted the presence of flakes in the aqueous layer, these precipitates could have in some way affected the experiment, in causing added weighing error or in affecting the solubility of various components. These and other error sources could have affected the data.  

 

Though the one melting point was in significant err, the other data seemed fairly consistent with expected values, indicating a fairly successful experiment. 

Data:

I.) mass of unknown mixture:  162.0 mg

II.) mass of filter paper:  118 mg

   
mass of basic component after extraction (with filter paper):  156.4 mg

mass of basic component: 38.4 mg

basic component’s observed melting point: 70-80 oC

accepted melting point:  89 oC

III.) mass of filter paper: 116 mg

 
mass of acidic component after extraction (w/filter paper): 155.8 mg

mass of acidic component: 39.8mg

acidic component’s observed melting point: 110-115oC

accepted melting point: 122 oC

Observations:

White flakes noted after adding the base to the mixture.

IV.) Mass of filter paper: 119mg

 
mass of neutral component after extraction(w/filter paper): 159.3 mg

mass of neutral component: 40.3 mg

neutral component’s observed melting point: 52-65 oC

accepted melting point: 84 oC

Observations:

Mass of Na2SO4 salt used: 308 . g
Experimental Results:

1. Melting points:
[image: image3.wmf]
Basic component’s observed melting point: 70-80 oC

Accepted melting point:  89 oC

 
acidic component’s observed melting point: 110-115oC

accepted melting point: 122 oC

neutral component’s observed melting point: 52-65 oC

accepted melting point: 84 oC

2.) % yield calculations:
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a.)  basic component: mass of basic component before extraction = initial solid mass/3 = 162mg/3 = 54 mg (this assume the mixture contained 1/3 of each component.)

mass of basic component after extraction = mass of component w filter paper- mass of filter paper =  156.4-118 = 38.4 mg 

% recovered
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b.) acidic component: mass of acidic component before extraction = initial solid mass/3 = 162mg/3 = 54 mg (this assume the mixture contained 1/3 of each component.)

mass of acidic component after extraction = mass of component w/filter paper- mass of filter paper =  155.8-116 = 39.8 mg 

% recovered  =
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c.) neutral component: mass of neutral component before extraction = initial solid mass/3 = 162mg/3 = 54 mg (this assume the mixture contained 1/3 of each component.)

mass of neutral component after extraction = mass of component w/filter paper- mass of filter paper =  159.3-119 = 40.3 mg 

% recovered =
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