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I N T R O D U C T I O N 


      This laboratory experiment honed the practice of for nitration occurs with acetylene in order for the nitro group to be added onto the aromatic ring.  Aromaticity is a very important feature when it comes to the stability of a benzene ring. The aromaticity is the feature that determines where and how the strong electrophile reacts. This reaction results in a substituent being added to the ring with the pi bond replaced by the flow of electrons. The first step in the mechanism seen in the lab would be to create a powerful electrophile through the reaction of nitric and sulphuric acid. When these acids react, they create a very strong electrophile: the nitronium ion (Refer to Figure 1). 











The production of the nitronium ion now allows it to react with the aromatic ring in the following steps:

1. Aromatic ring pi bonds attack the positively charged nitrogen from the nitronium ion, which is very electrophilic
2. A carbocation results and water deprotonates the hydrogen
3. Electrons from the hydrogen go to stabilize the carbocation
4. Aromaticity is restored as the nitro group is added to the benzene ring (refer to Figure 2 for the mechanism). 











The next result is a major product with the nitro group with para to the substituents. The steps of the reaction mechanism go as follows:

1. Major product because the electron donating group will act as ortho/para
2. Ortho and para favoured because resonance forms can occur and cause the positive charge on the molecule to be stabilized
3. The stabilizing factor is the electron donating group (refer to Figure 3 for the reaction mechanism)

















The regioselectivity of this rxn demonstrates that para is the major product followed by ortho and then lonely meta as the minor product. This is due to the fact that para is favoured out ortho because there is more potential for a nucleophilic attack. Meta, however, would be the minor product because resonance is not possible. Refer to Figure 4 for the reaction mechanism.










P R O C E D U R E

Refer to lab manual for the procedure. Modification: 


O B S E R V A T I O N S

	STEPS 1-5

	The Acetanilide has a crystal and flaky texture, has an off-white hue.

	The Sulfuric acid has a very strong odor and is a transparent liquid. When sulphuric acid and acetanilide are reacted together, a transparent orange/brown liquid is created. Some undissolved acetanilide still settles on the bottom of the flask.

	When the mixture is cooled there is no change in appearance. 

	STEPS 6-9

	Nitric Acid also has a strong odor and is a transparent liquid. When it’s mixed with sulfuric acid, the result is an opaque liquid that is dark brown. Bubbling is immediate and some ‘smoke’ is seen coming from the flask, therefore exothermic.

	When water and ice is added to the mixture, it turns into an orange liquid yet again and it pretty cloudy, therefore precipitate is forming. It also foams and small, angular, dark orange chunks can be seen forming at the bottom of the flask.

	STEP 10

	During filtration, some mass is seen falling into the mother liquor flask. However, the final product retrieved from the suction filtration methods is left looking like spaghetti sauce dropped on sand to be honest. Not a lot of mass is obtained and most of it is too wet and sticks to other apparatuses we used in the experiment. 








Table 1: Table of Reagents 

	COMPOUND
	MOL. WT
	AMOUNT
	DENSITY
	MOL

	Sulphuric Acid
	98.08 g/mol
	4.3 mL
	1.84 g/cm3
	0.081

	Nitric Acid
	63.01
	07 mL
	1.51
	0.017

	Acetanilide
	135.17
	1.00 g
	N/A
	0.0074





































D I S C U S S I O N	


     In the first TLC, the starting material used in the reference lane has NHAc attached to the aromatic benzene. Therefore, this is and electron-donating group that makes it most polar compared to other products in the laboratory experiment. This can be observed where the reference lane has a higher Rf value (35). These Rf values aren’t in line so the reaction is complete. 

     In the second, third, and fourth TLCs (the observations of the meta/para/ortho-isomers), it can be seen that each plate has a different polarity. Considering the ortho-isomer has the higher Rf values, it means that it’s the most polar due to the dipole moment that occurs naturally in the molecule. Here, the NHAc is the electron-donating group with a dipole moment towards the benzene ring. However, the nitro group is withdrawing electrons and is creating a dipole moment away from the benzene ring. When all of the dipole moments are compared on the ortho-isomer, it can be noticed that ortho has the weakest dipole moment because of the close positions of functional groups. In contrast, the para-isomer has its dipole moments pointing in the same direction based on its functional groups, creating a very polar isomer. When observing TLC 2, it can be seen that the reaction contains para (the para value has the lowest Rf because of its polarity). In TLC 3, there is significantly less meta in the crude product. When looking at TLC 4, there is a small amount of ortho in the end product. 

     In theory, the product should contain the para and ortho-isomer due to the fact that the energy obstruction for ortho and para is much lower than meta. Less energy is required for the ortho and para isomers to form, which is why the solution was placed inside an ice bath for formation. Meta should not have been able to result in the ice bath. 

     During the last two TLC evaluations (5 and 6), three solutions were compared: the mother liquor, the crude, and the pure crystals. The crystals along with the mother liquor were looked at in TLC 5, with it theoretically containing para with the mother liquor containing ortho. No meta should have been present in this TLC because the para-isomer isn’t soluble in ethanol, which should have precipitated para when boiling. Due to an error in the procedure, meta, in fact, was present in our final product TLC.  In TLC 6, it can be observed that the Rf value in the Rxn lane is high, along with the reference lane. This fact insinuates that the ortho-isomer has the highest polarity. It also can be noticed that the mother liquor successfully dissolved the ortho-isomer. The crude and the pure crystals contained all three isomers, however, with meta being a faint spot and para having a larger influence. This is where human error in the experiment comes into play because the isomers were not successfully isolated.

     Potential sources of error that could of occurred during this experiment could have been during suction filtration. During this point of the experiment, some solid material was seen going into the mother liquor flask. Also, the final product was extremely wet and pasty; not looking at all like it was supposed to look like (grains of sand, separated and granular fragmented, etc). A lot seemed to stick onto the filtration apparatus and it was impossible to secure the entire product, thus skewering the final result of the mass, which happened to be 0.21 grams, a particularly small yield. A potential reason for the small mass could be that the nitration occurred twice, creating more of the meta-isomer. Another reason is that an over the top addition of ethanol was inputted into the experiment, faltering the recrystallization process. It’s also possible that the solution was not left in the ice bath enough during the procedure. 

     However, based on Image J, the values concluded that the crude contained 14.8% ortho, 3.3% meta and 81.9% para. Therefore, it can be shown that most of the isomer produced was the para-isomer. The presence of there being in the final products shows that the experiment was unsuccessful in isomeric separation.

     

R E F E R E N C E S 

“Lab Manual.” Venkateswaran, Rashmi. University of Ottawa. 2015. 24 March.




















Q U E S T I O N

1. It was shown on the TLC plates that the para-isomer is more polar than the ortho-isomer. The para-isomer has a smaller Rf value than ortho-isomer due to the arrangement of the substituents on the benzene ring. For example, the para-isomer substituents are placed on opposite sides of the ring, causing a large dipole on the molecule. The electron-donating group then shifts its electrons towards the nitro group on the other side, thus moving the electrons away from the overall groups. This, in turn, results in a more powerful dipole force. In the ortho-isomers, this process does not occur because the groups are adjacent to each other, making it difficult for the electrophile to attack.

2. The para molecules are more stable and therefore have a higher melting point. This means that ortho-isomers are less stable and have a lower melting point (making it more soluble, too). Therefore, the ortho-isomer is more likely to dissolve in ethanol than the para-isomer.

3. The second nitration of acetanilide occurs at a slower rate. This is because the nitro group located at the para position is withdrawing electrons. Due to this fact, the nucleophile ability is deactivated. The end result is a less nucleophilic and reactive aromatic ring. 

4. The main different in importance and favourability between the para/ortho-isomers is illustrated by the steric. In para, there is more space for the electrophilic aromatic attack whereas in ortho there isn’t.

5. 
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