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DATA

Source for all physical properties is http://www.chemfinder.camsoft.com

Table 1: Physical properties of chemical substances used.

Compound
Molecular Formula
Boiling Point (ºC)
Melting Point (ºC)
Density

(g/ml)
Solubility in H2O

G/100ml at 25ºC

Benzoin
C14H12O2
344
137 

<0.01 

Nitric acid
HNO3
121
-42 
1.383 
Miscible 

Ethanol
C2H6O
78.3 
-114.1 
0.789 
Miscible

Benzil
C14H10O2
346 - 348 
95



Potassium hydroxide
KOH
1320 
360
2.044 
107

Hydrochloric acid
HCl
-85.06 
-114.24 
0.909 
62

Potassium benzilate






Benzilic acid
C14H12O3

150 - 153 



o-phenylenediamine
C6H8N2
257 
101 

<0.1 

2,3-diphenylquinoxaline
C20H14N2

125 - 127 



Table 2: Quantitative properties of chemical substances used

Compound
Molecular Weight (g./mol)
Moles 
Mass (g)
Volume (ml)

Benzoin
212.2476
0.024
5.0


Nitric acid
63.0128
Conc. Not known

20

Ethanol
46.0688
NA
Liberal use


Benzil
210.2318
0.007958
1.673


Potassium hydroxide 6M
56.0973
0.03

5.0

Hydrochloric acid ?M
36.4609
Conc. Not known

7.5

Potassium benzilate

NA



Benzilic acid
228.247
NA
No result


o-phenylenediamine
108.1426
9.2 X 10-4
0.10


2,3-diphenylquinoxaline
282.344
3.2 X 10-5
0.009


Example of molar calculation by mass:


1.673g Benzil X 1mol/210.2318g = 0.007958 moles

Example of molar calculation by volume:


No example, all liquids were solutions

Example of molar calculation by concentration:


5.0ml 6M Potassium Hydroxide X 1L/1000ml X 6 moles/1L = 0.03 moles

RESULTS

Theoretical yield of Benzil: 5.05g

Assuming nitric acid was in excess, 0.024 moles of product (ratio 1:1) are expected. Therefore: 0.024 moles Benzil X 210.2318g/mole = 5.05g Benzil

Yield of Benzil: 1.673g

% yield of Benzil: 33.1%


% yield = actual yield/theoretical yield X 100


% yield = 1.673/5.05 X 100 = 33.1%

Melting point of Benzil: 124-127ºC

Theoretical yield of Benzilic acid: 1.60g

Benzil is the limiting reagent, the ratio is 1:1.  1.473g of Benzil was used, this is 0.00701 moles. 0.00701 moles of product are expected.  Therefore 0.00701 moles Benzilic acid X 228.247g/mole = 1.60g Benzilic acid

Yield of Benzilic acid: 0.0g

% yield of Benzilic acid: 0%

Theoretical yield of derivative: 0.26g

o-phenylenediamine is the limiting reagent, the ratio is 1:1. 9.2 X 10-4 moles of 2,3-diphenylquinoxaline are expected. 9.2 X 10-4 moles X 282.344g/mole = 0.26g 2,3-diphenylquinoxaline

Yield of derivative: 0.009g

% yield of derivative: 3.5%


% yield = actual yield/theoretical yield X 100


% yield = 0.009/0.26 X 100 = 3.5%

Melting point of derivative: 121-124ºC

Conversion of Benzoin to Benzil

Fig.1

Conversion of Benzil to Benzilic acid

Fig.2

Formation of the derivative

Fig.3

The conversion of Benzil to Benzilic acid was first studied by Friedrich Wohler and Justin von Lieberg and is one of the first known rearrangement reactions in organic chemistry.  It is a great reaction to introduce students to complex reaction mechanisms.

Since Benzil is required to form Benzilic acid, it must first be synthesized from Benzoin.  This reaction is simple and only requires the addition of nitric acid under favourable reaction conditions.   The vessel containing the acid and the Benzoin is kept hot using a water bath and a slow stream of air is introduced into the vessel.  This stream will remove the NO gas as it is produced and will therefore shift the equilibrium (reaction is Fig.1) to the side of the products and the Benzil will be formed more quickly. It is important to note that this part of the experiment must be performed in a fume hood since NO gas is a strong irritant.  A magnetic stirring bar is also added to the reaction flask to keep the mixture homogeneous and the reactants in as much contact with each other as possible.  To get as much product as possible, the reaction should be carried out until no more NO gas is produced (indicating the completion of the reaction).  Due to time constraints, this was not possible and the reaction was stopped prematurely.  The solution is then combined with cold water to precipitate out the product and dilute the acid (Benzil is less soluble in cold water than it is in warm acid).  The crystals formed are vacuum filtered and washed with water to remove any acid still in the product.  The Benzil/Benzoin (reaction has not been completed) mixture is recrystallized to remove any impurities trapped in the crystal structure.  Scratching the vessel as it cools helps the precipitation of product by giving it a rough surface to build a crystal structure on.  An ice bath is used to precipitate out the maximum amount of product by further lowering ethanol’s solving capacity.  The crystal product is isolated by vacuum filtration and most moisture is removed by pressing the crystals with the bottom of a beaker.  A yield is then measured and a melting point as well as an IR spectrum are taken to verify purity.  Since no samples yielded satisfactory IR results, the lab performers were asked to identify Benzil and Benzoin from the provided IR spectra.  The analysis can be found on the last page of this lab report.  As for the low yield of Benzil, it can be explained by a few factors.  The first is that since the reaction did not go to completion, it is impossible to have a high yield.  Secondly, some Benzil may have failed to precipitate out of solution either during the first isolation or the recrystallization step.  As for the product’s purity, it can be said to be marginal.  Since the melting range of the sample was between the melting points of Benzil and Benzoin, one can easily conclude that a substantial amount of Benzoin was still present in the isolated product.

To further test for the presence of Benzil, a derivative was prepared from a small amount of the product.  The reaction is shown in Fig.3.  Both reactants are dissolved in ethanol in different test tubes to make sure the reaction proceeds quickly and thoroughly.  This is much more likely to happen in a liquid phase than in a solid phase.  The reactants are then combined and kept in a warm water bath, the heat from the water provides the energy of activation for the reaction.  Once this is complete, the tube is saturated with water.  Since ethanol is miscible in water, it moves into it, leaving the crystal product behind.  The crystal is isolated using vacuum filtration and a yield and melting point are taken.  One can conclude that the derivative obtained was the expected product since it had a melting range very close to that of the literature melting point.  The extremely low yield can be attributed to the fact that only a fraction of the previous product was pure Benzil and it therefore yielded a smaller amount of derivative.  The other key factor is that the other substance formed in the tube was very waxy and only a very small amount of derivative was actually liberated from this matrix for weighing and testing.

The formation of Benzilic acid from Benzil is the last part of this experiment and proved to be too lengthy to finish.  Since no product was obtained, result for this section will not be discussed although the steps in the procedure will be explained.  This reaction is Fig.2.  The first thing to do is to reflux the Benzil with potassium hydroxide.  The refluxing ensures maximum energy supply while conserving the solvent.  The hydroxide ion will convert Benzil to the Benzilate ion by a simple rearrangement mechanism (Fig.3).  This solution is then diluted and heated to aid the decolorizing carbon in removing most impurities.  Celite is added while filtering this mixture to help retain most small particles in the filter.  Once the solution has been purified, the potassium benzilate is incorporated into cold acid to protonate it to its Benzilic acid form.  The temperature needs to be low to keep this exothermic reaction under control as well as to aid in the precipitation of the crystal product (as most solvents lose capacity at lower temperatures).  The pH is checked and kept low using HCl to ensure that most of the Benzilate has been protonated.  An ice bath is used to cool the solution further, forcing maximum precipitation of the product.  Once crystallization has stopped, the product is isolated by vacuum filtration and neutralized by washing it with cold water.  Finally, the sample is recrystallized using aqueous ethanol to remove any impurities trapped in the crystal structure.  Aqueous ethanol is used because Benzilic acid is too soluble in water and not soluble enough in ethanol to use either as the recrystallizing solvent.  The combination of the two provides great solving capacity at high temperatures yet very low solving capacity at low temperatures.

