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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

Benzaldehyde
C7H6O
178
-26
1.04
0.01 

Acetone
C3H6O
56.2 
-94.3 
0.79
miscible

Dibenzalacetone
C17H14O

111 - 113 



Ethanol
C2H5OH
78.3 
-114.1 
0.789 
miscible

Sodium Hydroxide
NaOH
1390
318
2.13
50

Water
H2O
100
0
0.995
N/A

4-chlorobenzaldehyde
C7H5ClO
214
46
1.196
0.1 

4-chlorobenzyl alcohol
C7H7ClO
234
71



4-chlorobenzoic acid
C7H5ClO2

243

0.1 

Methanol
CH3OH
64.4
-98
0.791
miscible

Potassium hydroxide
KOH
1320
360
2.044
107

Methylene chloride
CH2Cl2
39.8 
-96.7 
1.3255 
1.32

Sodium bicarbonate
CHNaO3
851
270
2.159
10

Hydrochloric acid
HCl
-85.06 
-114.24 
0.909
62

Anhydrous sodium sulfate
Na2SO4


884
2.68


Table 2: Quantitative properties of chemical substances used

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

Benzaldehyde
106.13
7.8X10-4

0.080

Acetone
58.08
3.94X10-4

0.029

Dibenzalacetone
234.297
1.77X10-4
0.0415


Ethanol
46.0688
Liberal use



Sodium Hydroxide
39.99707
N/A

1.0

Water
18.0152
Liberal use



4-chlorobenzaldehyde
140.5689
0.00213
0.300


4-chlorobenzyl alcohol
142.5847
4.64X10-4
0.0661


4-chlorobenzoic acid
156.5683




Methanol
32.042
0.0197

0.800

Potassium hydroxide
56.0973
0.0088

0.800 (11M)

Methylene chloride
84.9328
Liberal use



Sodium bicarbonate
84.00687
N/A

0.5

Hydrochloric acid
36.4609
N/A

0.4

Anhydrous sodium sulfate
142.03714


Liberal use



Example of molar calculation by mass:


0.0415g Dibenzalacetone X 1mole/234.297g = 1.77X10-4 moles

Example of molar calculation by volume:


0.080 ml X 1.04g/ml X 1mole/106.13g = 7.8X10-4 moles

Example of molar calculation by concentration:


0.80 ml Potassium hydroxide X 1L/1000ml X 11moles/L = 0.0088 moles
RESULTS

Yield of Dibenzalacetone: 0.0415g (crude = 0.0640g)

Melting point of Dibenzalacetone: 105-107ºC

Theoretical yield of Dibenzalacetone: 0.0913g

(The reactant molar ratio is 2:1,See fig.1) Benzaldehyde is the limiting reactant.  Therefore 

7.8X10-4 moles/2 = 3.9X10-4 moles X 234.297g/mole = 0.0913g dibenzalacetone
% yield of Dibenzalacetone: 45.5%


% yield = actual yield/theoretical yield X 100


% yield = 0.0415g/0.0913g X 100 = 45.5%

Yield of 4-chlorobenzyl alcohol: 0.0661g

Melting point of 4-chlorobenzyl alcohol: 63-64ºC

Theoretical yield of 4-chlorobenzyl alcohol: 0.152g

(Reactant/product ratio is 2:1 See fig.2) With 0.00213 moles reactant, one can expect 0.00213/2 X 142.5847g/mole = 0.152g 4-chlorobenzyl alcohol

% yield of 4-chlorobenzyl alcohol: 43.5%


% yield = actual yield/theoretical yield X 100


% yield = 0.0661g/0.152g X 100 = 43.5%
Yield of 4-chlorobenzoic acid: 0.2002g

Melting point of 4-chlorobenzoic acid: no MP obtained, refer to IR for purity

Theoretical yield of 4-chlorobenzoic acid: 0.167g

See above

0.00213/2 X 156.56g/mole = 0.167g 4-chlorobenzoic acid

% yield of 4-chlorobenzoic acid: 120%


% yield = actual yield/theoretical yield X 100


% yield = 0.2002g/0.167g X 100 = 120%
Aldol Condensation

Fig.1

Cannizzaro Reaction

Fig.2

The Aldol condensation is a useful synthetic reaction because it allows for the formation of new C-C bonds in predictable locations on a molecule.  In this instance, the reaction can be driven to the side of one product because of its physical properties in relation to the other possible products.  This procedure is quite simple and begins with the combination of benzaldehyde, acetone and ethanolic sodium hydroxide in a conical vial containing a spin vane.  At this point, the condensation reaction begins, please refer to fig.1 for details.  The magnetic spin bar helps keep the reagents homogeneous and therefore favours the interaction between them to form the desired product.  This reaction is an equilibrium with more than one possible product (including possible polymerization) so the desired product needs to be removed from the equilibrium as it is formed or the reaction will proceed as desired.  To solve this problem, the reaction takes place in aqueous ethanol and since dibenzalacetone is not soluble in this medium, as soon it is produced, it precipitates out.  The reaction is allowed to take place for half an hour and then the yellow crystal product is extracted by vacuum filtration.  The spin bar is scraped and the product is added to the filter cake, this maximizes yield.  The filter cake is washed with three portions of water to try to flush out as much sodium hydroxide from the crystals as possible.  The removal of the base is important because it would interfere with the formation of pure crystals during the recrystallization that is now performed.  The dibenzalacetone is recrystallized from hot ethanol and icing the crystallizing flask to force as much product as possible into crystals attains maximal purified product.  These are collected by vacuum filtration and once dry they are weighed for a yield and a melting point is taken.  The 105-107ºC melting range is so close to the 111-113ºC of the literature that it can be confidently concluded that this product is indeed pure dibenzalacetone.  As for the low 45.5% yield, it can be attributed to a few factors.  The first being that this reaction goes by an equilibrium and that if this was not shifted far enough to the dibenzalacetone side, the reaction would not go to completion and less yield can be expected.  More may have been lost during the primary washings of the filter cake if the water has carried some with it through the filter.  Another source for loss can be identified as “handling loss” as some crystal stayed behind on the filter paper when they were transferred to an Erlenmeyer flask for recrystallization.  Finally, as the crude:pure ratio shows (0.0640g:0.0415g), some was definitely lost during the final purification by recrystallization.  

The Cannizzaro reaction takes an aldehyde and simultaneously oxidizes and reduces it to form both and alcohol and a carboxylic acid.  In the presence of a strong base, an aldehyde molecule will reduce another molecule of itself and in the process, will itself become oxidized.  This usually leads to a product ratio of acid to alcohol of 1:1.  To get this reaction (refer to fig.2) underway, the chlorobenzaldehyde and methanol are put into a round bottom flask along with a magnetic spin bar and the concentrated sodium hydroxide.  The magnetic bar serves the same purpose as it did in the Aldol condensation.  A reflux condenser is attached to the flask before it is heated because, since this reaction requires a substantial amount of heat as energy, the methanol would boil and this prevents most of it from being lost.  Therefore, the reaction flask contents remain in solution and the volume remains relatively constant.  The reaction is kept going for an hour to ensure as much product is formed as possible.  The mixture is cooled and the volume is increased by adding 2.0ml of water, this will make it easier to separate the phases that will be formed in the next step.  This solution is extracted with three portions of methylene chloride.  This organic solvent will dissolve the methanol and the product alcohol and therefore, when the phases are separated, the alcohol and the potassium acid salt are separated.  Now for the purification of the alcohol.  To remove any water and to neutralize any base, the methylene chloride phase is treated with saturated sodium bicarbonate.  The resulting aqueous layer is removed and the organic phase is dried using anhydrous sodium sulfate.  After having been filtered using a Pasteur filter pipette, the organic phase is heated while a slow stream of air is applied.  This will quickly remove the methylene chloride and methanol and leave behind the solid alcohol product.  This product is recrystallized to purify it and a melting point and yield are taken.  Now, to isolate the acid.  The aqueous phase that was conserved is now diluted with 2.0ml water to help make the base less caustic and to prevent solid salt formation.  A small amount of concentrated hydrochloric acid is added to neutralize the base and to protonate the potassium carboxylic acid salt.  This protonated product precipitates as a solid and is collected by vacuum filtration.  The filter cake is washed with water to get rid of any residual salts or hydrochloric acid.  After recrystallizing this solid to purify it, a yield was calculated, a melting point was taken and an IR spec was performed.  A discussion of the IR can be found on the graph itself, which is attached as the last page of this report.  The alcohol product can be deemed pure since its melting range of 63-64ºC is narrow and near the 71ºC indicated in the literature.  The difference could be caused by instrumental flaws.  As for the 43.5% yield, it can be easily explained by the same factors as those in the Aldol condensation.  One, it is possible that the reaction did not go to completion (insufficient heating perhaps).  Two, some product may have been left behind in any of the flasks/vial as the solutions were transferred from one to the other.  Finally, it is quite possible that some was lost because it stayed in solution during the purifying recrystallization.  Due to time restrictions, a melting point for the carboxylic acid was not taken.  Please refer to the attached IR spectrum for purity discussion.  The 120% yield is surprising and may be due to impurities in the product and/or measurement errors (assuming 100% yield of the reaction and slight inaccuracy of scales).

