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Introduction
Oxidation reactions are associated with loss of electrons, so more bonds are added to the more electronegative atoms. Thus, the number of hydrogen atoms is smaller in the product obtained from an oxidation reaction compared to the starting material. Both primary and secondary alcohols can be oxidized. Primary alcohols are initially oxidized to aldehydes. In the presence of water, aldehydes can be transformed to the corresponding aldehyde hydrate which can be further oxidized to the corresponding carboxylic acid. The oxidation of the aldehyde hydrate intermediate occurs because it is a highly reactive species and it will be likely oxidized in order to produce a species with a lower activation energy, namely a carboxylic acid. The oxidation of a secondary alcohol leads to the formation of a ketone and no further oxidation occurs. Tertiary alcohols are resistant to oxidation, because there are no hydrogen atoms to be removed from the carbon linked to the hydroxyl group. The oxidant used in this lab was 5: 3 KaMnO4:CuSO4 5H2O. In this case, CuSO4 is used as a solid support for KMnO4, being the actual oxidant. In this experiment, diphenylmethanol was subjected to oxidation. Because deiphenylmethanol is a secondary alcohol, it is expected that it will be oxidized to benzophenone, which is a ketone. Under acidic conditions an aldehyde is converted to a hemiacetal intermediate, which is a functional group with the connectivity R1R2C(OH)OR. The hemiacetal intermediate is converted to an acetal under acidic conditions, which is a functional group with the connectivity R1HC(OR')2. In the presence of an acid catalyst, a ketone is converted to a ketal, which is a functional group with the connectivity R2C(OR')2.  Many naturally occurring compounds can be found as hemiacetals or acetals. According to its structure, glucose can be defined as a cyclic hemiacetal.
Mechanism 
Scheme 1: Oxidation of benzyl alcohol with NO water present.


benzaldehyde
Table of reactants
Table 1: The table of reactants used in production of benzophenone
	Compound
	Volume (mL)
	Mass (g)
	# moles
(mol)
	Density (g/mL)
	Molar Mass
(g/mol)

	Diphenylmethanol
	n/a
	1.0
	0.00543
	1.103
	184.23

	KaMnO4:CuSO4 5H2O (oxidant)
	n/a
	4.0
	0.0119
	n/a
	          335.65

	Hexanes
	20.0
	n/a
	13.096
	0.6548
	86.18

	Na2SO4
	1.31
	3.5
	0.0246
	2.66
	        142.04



Experimental procedure
Refer to CHM 2123 lab manual, pages 61 - 62 of the experiment. 
Experimental modifications:
1)  In part A, step 12 was not performed (oxidation of benzyl alcohol)
Observations 
Part A
1) The diphenylmethanol – a white crystallized substance was mixed with blue and gray crystals of oxidant (KMnO4/CuSO4 5H2O). After about 25-30 minutes of heating, the solid mixture started to change its color to purple The purple color was which initially was more concentrated on the bottom of the flask rather that the top. After an hour, the crystals had a uniform violet color.
2) The final product formed was benzophenone, having the appearance of white powder with tiny crystals in it.
Part B 
1) An opaque – red suspension formed in the test tube containing the unknown B after 2 minutes of heating. The solution started to change its color from blue to orange from the bottom to top. At the beginning the solution had the appearance of tomato juice, but towards the end the red sediment settled on the bottom of the test tube.
2) No visible change in color was observed in the test tube containing the unknown A while it was heated for 2 minutes in hot water.
Sample calculation
The formula for calculating the yield of the reaction:   %Yield =  × 100% 
1) According to the Table 1, diphenylmethanol is the limiting reagent in this reaction, meaning that n practical (C13H12O) = n theoretical (C13H10O) = 0.00543 mol. 
2) The mass of benzophenone obtained was m practical = 0.63 g. 
            Thus, 
n practical (C13H10O) =  =  = 0.003457 mol

3) %Yield (pure benzophenone) =  × 100%  = 63.67%
TLC plates

Fig.1 (crude benzophenone)                  Fig.2 (recrystallized benzophenone)
		Legend

              Rf = 0.46   Rf =0.46 
Rf = 0.31         Rf = 0.31

     A             B             D

               Rf = 0.50     Rf = 0.50

Rf = 0.32       Rf = 0.32

     A             B             C

	A = C13H12O
 	 B (co-spot) = C13H12O + C13H10O
	C = C13H10O (crude) 
	D = C13H10O (recrystallized)


       System solvent:                                           System solvent:
5 :1  Hexanes : Ethyl acetate                         5 : 1 Hexanes : Ethyl acetate
Discussion
Benedict’s solution contains CuSO4 and as a result of dissociation of this salt, the ions of Cu2+ are released, giving the light blue color of the solution. The free Cu2+ ions will be reduced to Cu2O by oxidizing the aldehyde groups on the reducing sugars *(see scheme 2). The solution will turn red because of the formation of the insoluble in water copper (I) oxide. After mixing the 2 unknown substance with water and Benedict’s solution in different test tubes (A and B), the mixture in test tube A did not change its color upon heating, while the color of the mixture contained in test tube B changed its blue color to an intense red. The appearance of the red color suggested the formation of the reduced Cu2O. Thus, test tube B contained glucose, which is a reducing species. Because the solution of test tube A maintained its blue color after heating, it likely contained sucrose - a non – reducing sugar.
         Scheme 2: Oxidation of glucose.

* The glucose molecule contains a hemiacetal group and it will react with water to give an open chain that contains an aldehyde. The aldehyde is further oxidized to a carboxylic acid.
              One purpose of this experiment was to obtain and extract benzophenone by oxidating diphenylmethanol. The mixture of diphenylmethanol and the oxidant (KMnO4/CuSO4 5H2O) was heated during an hour. After an hour, reaction mixture was washed in 10 mL of hexanes. Then the solid mass was separated from the liquid hexanes by performing filtration. At this point most of the non - polar benzophenone dissolved into the non – polar hexanes solvent. Although it is generally considered non – polar, the ketone group on benzophenone is slightly polar. Thus, a small portion of the final product may be dissolved in water as well. Because both reactants - the oxidant and diphenylmethanol were both solid and the reaction was performed in a closed system, no water was present in that mixture. However, some small amount of condensed water vapors from the air could appear when the hot reaction flask was removed from the heat source and disconnected from the condenser (step 5 of the procedure). In order to remove any traces of water from the mixture, Na2SO4 was used as a drying agent, which absorbed water molecules in which some amount of benzophenone was dissolved in. At this point, a bigger amount of benzophenone product was transferred to the hexanes phase. The final step in the extraction of benzophenone was to mostly evaporate hexanes, in order to form a saturated solution, from which benzophenone product crystallized after cooling. According to the results of the TLC analysis of the crude product of benzophenone (see fig.1), there were no traces of the starting material (dyphenylmethanol) detected, suggesting that the product is fairly pure. 
             Although TLC analysis confirmed the purity of the crude product, benzophenone was recrystallized, by being dissolved in a small amount of hexanes. After recrystallization the purity of the final product increased, because some left over impurities trapped during the formation of the crystal lattice of the crude product were eliminated. Considering the TLC analysis of the recrystallized product (Fig.2), benzophenone is non – polar compared to diphenylmethanol – one of the starting materials. We can observe from fig.2 that the final product has a bigger Rf value (0.46) that starting material (0.31), implying that the final product is non- polar (benzophenone) and reacted actively with the non – polar solvent. Finally, the purity of the benzophenone product was verified by measuring its melting point. According to the data of another group, the obtained melting point of recrystallized benzophenone was 49.6 ºC, which is close to the literature value for its melting point (48.5 ºC). Thus, it can be deduced that the final product was very pure, especially after recrystallizing the crude benzophenone.
            In order to convert benzophenone to a ketal, the obtained product must be exposed to acidic conditions, which will make the carbonyl group a better electrophile. Then, a diol is required to convert the benzophenone in a hemiaketal. Then, in acidic conditions, the hemiaketal will be converted into an aketal and this way the benzophenone product would be protected.
Answered questions
1) The Rf value of diphenylmethanol is smaller than the Rf value of benzophenone, because diphenylmethanol is more polar and it will strongly interact with the polar stationary phase (silica plate) rather than with the non-polar mobile phase                      (5:1 hexanes : ethyl acetate). Thus, a shorter distance traveled on TLC results in smaller Rf value. 

2) 
(a) 


(b) 


(c) 

(d) 



3) (a) The expected acetal: 


(b) The mechanism of acetal formation:
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