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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

Sulfuric acid
H2SO4
280
3 
1.84 
Miscible/Reactive 

Cyclohexanol
C6H12O
161
23 - 25 
0.962 
3.60

Sodium dichromate dihydrate
Cr2H4Na2O9

357 
2.348 
soluble 

Oxalic acid
C2H2O4
190 
189 
1 
10

Water
H2O
100
0
0.995
N/A

Cyclohexanone
C6H10O
155.6 
-47 
0.947 
5-10 

Sodium chloride
NaCl
1413 
801 
2.165 
>10

Anhydrous magnesium sulfate
MgSO4


1124 


2.66 




2,4-dinitrophenylhydrazine
C6H6N4O4

198 (dec)



Cyclohexanone 2,4-dinitrophenylhyrazone
C12H14N4O4


159-160



Ethanol
C2H6O
78.3 
-114.1 
0.789 
miscible

Table 2: Quantitative properties of chemical substances used

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

Sulfuric acid
98.0734
Conc. of solution not known

20

Cyclohexanol
100.1602
0.200

20.8

Sodium dichromate dihydrate
297.99774
0.0705
21.0


Oxalic acid
90.0354
0.011
1.0


Water
18.0152
Liberal use



Cyclohexanone
98.1444
0.118

12.2

Sodium chloride
58.44277
0.257
15.0


Anhydrous magnesium sulfate
120.3626
As needed



2,4-dinitrophenylhydrazine
198.1378
Conc. of solution not known

4.0

Cyclohexanone 2,4-dinitrophenylhyrazone
278.267


0.001271
0.3538


Ethanol
6.0688
Liberal use



Example of molar calculation by mass:


15.0g Sodium chloride X 1mole/58.443g = 0.257 moles

Example of molar calculation by volume:


20.8ml Cyclohexanol X 0.962g/ml X 1mole/100.16g = 0.200 moles
RESULTS

Yield of Cyclohexanone: 12.2ml or 11.6g

Theoretical yield of Cyclohexanone: 19.6g

(Refer to the figures below to see the relative molar ratios).  The limiting reagent is cyclohexanol.  Therefore, 0.200 moles of Cyclohexanone are expected.  

0.200 moles X 98.1444g/mole = 19.6 g Cyclohexanone.
% yield of Cyclohexanone: 59.2%


% yield = actual yield/theoretical yield X 100


% yield = 11.6g/19.6g X 100 = 59.2%

Yield of the derivative: 0.3538g

% yield of the derivative: 26.3%

Since 2,4-Dinitrophenyl Hydrazine is an explosive and must be diluted with water to keep it safe, the concentration of 2,4-Dinitrophenyl Hydrazine is not known.  Because of this, the molar amount cannot be calculated and a % yield is not possible to obtain.  The following is the theoretical yield assuming the cyclohexanone was the limiting reagent.

0.5ml cyclohexanone X 0.947g/ml X 1mole/98.1444g = 0.00482 moles

0.00482 moles derivative X 278.267g/mole = 1.34g derivative

% yield = 0.3538/1.34 X 100 = 26.3%

Oxidation of Cyclohexanol to Cyclohexanone

Fig.1

Preparation of the Derivative

Fig.2

The conversion of secondary alcohols to ketones is a relatively simple oxidation reaction that can be carried out by a variety of different oxidizing agents.  To quickly confirm the formation of a ketone, one can easily make a variety of derivatives and ascertain their physical properties.

The first step in this reaction is to combine the acid, the ice and the cyclohexanol in an Erlenmeyer flask.  No reaction will take place at this time since there is no oxidizing agent present.  A thermometer is placed in the reaction flask to monitor the temperature of the mixture as it reacts.  A concentrated sodium dichromate dihydrate solution then prepared and as the sodium dichromate dihydrate dissolves, it becomes a mixture dichromate ion.  This solution is added dropwise into the reaction mixture.   As soon as this solution comes in contact with the previous mixture, the chromate will be protonated to chromic acid and will oxidize the alcohol.  This reaction is very vigorous and exothermic, which is why the starting materials were iced down and why the temperature is monitored using a thermometer.  To prevent overheating, the solution is kept reacting at around 25-35ºC by occasional ice bathing and slow addition of the reactant.  It is also important to swirl the mixture frequently to keep it homogeneous, this prevents a buildup of unreacted chromic acid which could react all at once (generating a large amount of heat).  Once the mixtures are fully combined, the flask is swirled until the reaction stops (a quick temperature drop can be observed).  A small amount of oxalic acid is added to bind any remaining chromic acid before the product can be isolated.  The mixture is poured and rinsed with water into a new flask to maximize yield.  The mixture is distilled at around 95ºC until 100mls of distillate are collected.  Since cyclohexanone is a water azeotrope, it will co-distill with it and both will be found in the distillate while all the ionic substances and most of any unreacted cyclohexanol will be left behind.  Since cyclohexanone is relatively non-polar compared to water, a separation of the two can be observed in the distillate.  To create a sharp contrast between the two phases and thereby make them easier to separate, the aqueous phase is saturated with sodium chloride.  The two layers are then easily separated using a separatory funnel.  The lower aqueous layer is discarded and the organic phase is dried using anhydrous magnesium sulfate.  Once the drying agent is removed (by vacuum filtration), the product is analyzed by Infrared spectroscopy.  A copy of the spectrum of the sample obtained from this procedure is attached.  As is evident by the spectrum, the product has a double bond, shown by the absorption peak at 1702.  No other functional groups seem to be present.  The other strong peak is found at 1931 and is the absorption caused by the C-H bond stretchings around the ring.  There is also a small amount of absorption in the 3500 range.  This can indicate the presence of some cyclohexanol and/or contamination by water.  From this spectrum, one can easily assume that the product is a ketone and that it is most likely cyclohexanone.  A yield is also calculated at this point and in this case it was found to be 59.2%.  Many factors may have contributed to the less than stellar yield.  It is possible that the reaction never went to completion, or that a substantial amount of product was left behind during the flask transfers.  It is also possible that the distillation was not carried on long enough.  It was stopped once 100mls of distillate were collected yet the stillhead temperature had not yet risen sharply and this could indicate that the product had not finished distilling.  Finally, it is also possible that some product was left “stuck” in the drying agent.

To confirm that the product that was obtained is in fact cyclohexanone, a 2,4-dinitrophenyl hydrazone derivative is prepared.  This is a simple procedure that requires only a few moments.  2,4-dinitrophenyl hydrazine is combined with cyclohexanone in an ethanol medium (to keep the reactants in homogeneous contact).  The vessel is shaken a few times to ensure the two reactants have had a chance to fully react and produce the derivative.  The resulting crystals are isolated using vacuum filtration and are left to dry.  Once dry, a melting point is taken to insure the expected derivative was obtained.  In this case, the melting range of 148-151ºC is narrow, indicating purity, and close to the range given by the literature (159-160ºC).  Although slightly lower than expected, this range is consistent with the data expected (factoring in instrumental error) and the derivative can be said to be pure cyclohexanone 2,4-dinitrophenylhydrazone.  The %yield calculated here is irrelevant, please refer to the RESULTS page for an explanation.

