


Lab Report: Multi-Step Synthesis Part I and Part II: Electrophilic aromatic substitution of benzoic acid to 

produce m-nitrobenzoic acid; Fisher Esterification of m-nitrobenzoic acid to produce methyl m-

nitrobenzoate 

Reading Assignment: 

Handout: Pedersen, S.; Myers, A.; Gilbert, J.C.;  Martin, S.F.; Williamson, K.L.; Masters, K.M.; Hill, N.; 

Esselman, B.; Organic Chemistry lab I/ II; (Chem lab 336/337); Custom Edition For Cleveland State 

University; Cengage Learning; 2015; ISBN:1-305-76438-2 

For Reflux: Lab book; Chapter 7, page 87-88 

For Filtration: lab book,  Chapter 9, page 132-141 

For Recrystallization: lab book,  Chapter 15 page 221-235 

**When writing on your lab report, be aware that your work will be checked against all the students of 

all the course sections, including past sections. You can have your friends to help you brain storm the 

assignment, but plagiarized work and identical/partially identical work will be easily identified by 

your TAs and instructor. No credit will be given to plagiarized work, besides to be considered an 

academic misconduct, to be punished in accord with the academic code of conduct.** 

Part I report  ___/

30 

Part II report  ___/

30 

Total   ___/

30 



Lab Report Part I: 

Multi-step synthesis part I: electrophilic aromatic substitution of benzoic acid to produce m-

nitrobenzoic acid  

             _____/30 

Experiment Title:           (0/30 points) 

Date:             (0/30 points) 

Laboratory Partners:           (0/30 points) 

Goals: The goal of this experiment is to produce m-nitrobenzioc acid from benzoic acid via electrophilic 

aromatic substitution. We are using a nitrating mixture and a reaction mixture to conduct this experiment. 

in order to continue to the second part of the experiment, we will need to obtain m-nitrobenzioc acid. 

            

Procedure changes:  

Changes that were made: We used 1.5 grams of Benzioc Acid.  

1. Prepare nitration mixture by slowing adding H2SO4 to concentrated HNO3.  

2. Cool in Erlenmeyer flask to 0 degrees C or less.  

3. Prepare reaction mixture  

4. Add concentrated H2SO4 to flask  

5. Add benzoic acid slowly to H2SO4 and making sure that the temperature remains below 0 deg. C. 6. when 

the benzoic acid is all added, there should be a paste like consistency.  

7. Obtain a shirt pipette and transfer the chemical compound.  

8. Make sure that this reaction remains under 0 deg. C.  

9. Allow the mixture to cool for 10-15 minutes with occasional stirring.  

10. Pour the mixture over ice/water slurry.  

11. Stir vigorously and allow product to precipitate.  

12. Filter the product via vacuum filtration.  

13. Wash with cold water and dry the precipitate.  

14. Obtain mass and calculate the theatrical yield, percent yield, MP, IR and or NMR. 



Chemical Overal Reaction Reactions Use ChemDraw        

!  

Reaction Mechanism 

!  

Observations:  Observations that were noted during this procedure were not very significant. The first part 

of the procedure ran very smoothly and there were not difficulties. During the flirtation process, there was 

some product that was left in the glass “container” even after rinsing. During the vacuum filtration part of 

the procedure, we had loss of product. 

Calculation: 

Benzoic acid started with: 1.505 g  

(1.505 g benzoic acid) / (1 mol benzoic acid / 122.12 g benzoic acid) = 0.012 mol benzoic acid 

Nitric acid started with: for each gram of benzoic acid used, use 0.67 mL of nitric acid  
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(1.505 g benzoic acid)(0.67 mL nitric acid) = 1.008 mL nitric acid 

1. 008 mL nitric acid = 0.001008 L nitric acid (15.8 mol/ 1 L nitric acid ) = 0.0159 mol nitric acid 

Limiting reagent: benzoic acid 

Theoretical yield: 0.012 mol benzoic acid ( 1 mol m-nitrobenzoic acid / 1 mol benzoic acid) = 

0.012 mol m-nitrobenzoic acid (167.12 g / mol m nitrobenzoic acid) = 2.01 g m-nitrobenzoic acid expected 

Recovery yield:  

0.97 g m-nitrobenzoic acid/ 1.505 g m-nitrobenzoic acid = 0.64 (100%) = 64% recovery  

Results: Report all of your data acquired here, no data discussion. Use the data collected during your 

experiment; they will be compared to the data you left behind for your TAs. Report all your data in a clear 

way. Report the MP for your product; include a copy of your thermometer calibration (first lab) and BE 

SPECIFIC ON WHICH INSTRUMENT YOU USE FOR YOUR MEASUREMENTS. Include a copy of your recorded IR 

and 1H-NMR spectra. For the  1H-NMR mark sets of peaks and relate to peaks in molecule o m-nitrobenzoic 

acid.  DO NOT DISCUSS YOUR spectra here!. When using tables and graphs, you need legend; be clear on 

which calculations you are showing and what your numbers represent. Any chemical structure must be done 

using ChemDraw or it will not be given credit.    (5/30 points) 

TAs: 1.0 point for data clear presented; give 1.0 points for MP, 1 point for IR and 2.0 for 1H-NMR of 

product including preference to the peaks on spectra;  

Discussion: Discussion is dissertative. Use “It” instead of “I, She/He” when writing the discussion.Your 

discussion shall explain (not necessarily in the sequence below): 

▪ What is aromatic substitution? What is the characteristic mechanism for aromatic substitution? 

 Aromatic substitution is when an aromatic atom for exile hydrogen is replaced by an electrophile. These 

substitutions can be done by notation, sulfonation, halogenation, alkylation, and acylation. The 

characteristic mechanism of aromatic electrophilic substitution is an attack on the pi bond of the ring. From 

this, the carbocation forms, followed by an attack by base and loss of proton, and then the pi bond reforms. 

The lasts step int he process is the hydrogen being replaced. In this experiment, the nucleophile is the 

benzoic acid ring.  



▪ What is the electrophile and the nucleophile species in the nitration of aromatic substitution 

reactions? 

 The electrophile in the ntiration of aromatic substitution reaction is NO2+. The nucleophile in the 

nitration of aromatic substitution is the benzoic acid ring.  

▪ How  activating groups and deactivating groups affect the reactivity of  aromatic compounds? How 

activating and deactivating groups direct the incoming substituent into the ortho, para or meta position 

of the ring? What is the role played by of carboxylic acid in benzoic acid? 

Activating groups and deactivating groups affect the reactivity of aromatic compounds. The activating 

group increases the rate of substation. The deactivating group decreases the rate of substitution. Whether 

an electron withdraws or donates, occurs based off the activating group or deactivating group. The 

activating group is ortho-para directs whereas the deactivating groups are the meta directors. The 

activating group is in direct respect to the donating electrons and the deactivating group is in direct 

respect to the withdrawing electrons. The carboxylic acid is an electron withdrawing group which in turn is 

the deactivating group and removes electrons from the ring, therefore making it less nucleophilic.  

▪ What is the function of nitrating mixture? 

The function of t he nitrating mixture is to prepare the reagents that will react with the benzoic acid to 

form the electrophile NO2+. In this reaction, temperature had to be controlled to avoid formation of an 

oath product since the desired product in the meta form.  

▪ Why temperature must be controlled in this reaction? 

According to literature, the melting point of m-nitrobenzioc acid is 139-141*C. Based not he results 

obtained from our end product, we can conclude that there were some impurities in the product. This 

could be due to the lack of recrystallization done in the experiment.  

▪ Summarize your MP findings. Is your product pure? (DO NOT FORGET TO CORRECT TEMPERATURE, KEEP 

YOUR ORIGINAL MP RECORD AND YOUR CORRECT MP IN MIND WHEN DISCUSSING YOUR DATA)  

 The melting point of our product did not end up close to the text book values. The melting point 

according to the test book is 139-141*C. When finding the melting point of our product, we reached the 

values of 115-120*C. Although this is close to the melting point, one can conclude that there are slight 

impurities in the end product. The corrected values would be 125-130*C.  

▪ Analyze your 1H-NMR. Does your spectrum support your MP data? 

*** 



▪ Would you expect that your 1H-NMR can differentiate between pure o-nitrobenzoic acid, m-

nitrobenzoic acid and p-nitrobenzoic acid?  

▪ What is the yield for the reaction? Is this a real yield for the reaction (if your product is impure, part of 

the mass you are calculating is not product of interest). 

 Our yield for the end product was 64%. Due to our melting point being lower than the txt book MP, we 

know that our product is not pure, hence it is not “real”. This could mean the mass calculated from our 

end product was not the actual product of interest.  

▪ Discuss the problems you faced in this experiment; what did you learned and what would you do 

different?    

 One of the main problems we faced during this experiment was the transfer of of products throughout 

the experiment. There was no clear cut way to transfer each particle of the product. Due to this difficulty, 

we faced the loss of product which in then turned out to affect out total percent yield. When vacuum 

filtrating, we also had a good amount of product lost. When it came to weighing our final product, our 

percent error ending up being higher than normal.  

             

▪ Conclusion: what is your conclusion (what did you learned from your experiment?). Be sure your 

conclusion will correlate the goals you have for your experiment. It is fine to break your conclusion in 

parts.     

 In conclusion we were able to learn how an aromatic substitution reaction occurs. We also learned that 

it can create meta, ortho, and para products based on the reagents being used in the experiment. This is 

all dependent upon the product and orientation of the substituents in the activating and deactivating 

groups. M-notrbenzioc acid is created from the carboxylic acid which is also the deactivating group. We also 

learned how to read the HNMR graphs from out end product. We learned how to find out the purity of our 

end product. This was done by analyzing the melting point, the IR spectrum and the HNMR spectrum.  



References: 

Bruice, P. Y. Organic chemistry, 7th ed.; Pearson: Upper Saddle River, NJ, 2014 

Pedersen, S.; Myers, A.; Gilbert, J.C.;  Martin, S.F.; Williamson, K.L.; Masters, K.M.; Hill, N.;  

 Esselman, B.; Organic Chemistry lab I/ II; (Chem lab 336/337); Custom Edition For  

 Cleveland State University; Cengage Learning; 2015; ISBN:1-305-76438-2 



Part II 

Multi-step synthesis part II: Fisher Esterification of m-nitrobenzoic acid to produce methyl m-

nitrobenzoate;   

Multi-step synthesis part II: Fisher Esterification of m-nitrobenzoic acid to produce methyl m-nitrobenzoate 

           

Date Performed:            

Laboratory Partners: Shahad Ahallaza and Kris Patika         

   

Goals: The goal of this experiment is to producemethyl-m-nitrobenzoate from m-nitrobenzoic acid via Fisher 

Esterification. The ester product will be formed alongside water. We are also learning about the esterification 

reaction.  

            

Procedure change: 

1. In a round bottom flask, add 1.5 g of completely dry m-nitrobenzioc acid, 12 mL methanol, 0.6 mL H2SO4 

and a couple boiling stones.  

2. Reflux for one hour and then allow time to cool.  

3. Pour mixture into ic/water slurry which should be about 60 mL.  

4. Make sure to stir vigorously.  

5. Isolate the product via suction filtration and rinse with water.  

6. Slowly add boiling methanol to solid product. 

7. Stir until all the solid product has been completely dissolved.  

8. Bring mixture to room temperature via an ice bath.  

9. Filter and wash with cold methanol.  

10. Dry crystals.  

11. Calculate melting point and HNMR.  

Chemical Overal Reaction Reactions       



  

Reaction Mechanism 

!  

Observations:  A couple observations were made throughout the experiment. When obtaining our m 

nitrobenzioc acid, we saw that it was completely dry and we were able to continue with the experiment. 

Another observation made was in regards to the vacuum filtration. We were able to obtain crystals at the 
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end of vacuum filtration. Some product was lost during the vacuum filtration process. There was also an oil 

like layer formed.  

Calculation: 

m-nitrobenzoic acid started with: 1.02 g  

1.02 g m- nitrobenzoic acid (1 mol m nitrobenzoic acid / 167.12 g m nitrobenzoic acid) =  

0.00610 mol m-nitrobenzoic acid 

Methanol started with: 8.0 mL methanol = 0.008 L methanol 

0.008 L methanol (1 mol methanol / 0.02 L methanol) = 0.4 mol methanol  

Limiting reagent: m-nitrobenzoic acid  

Theoretical yield: 

0.00610 mol m-nitrobenzoic acid ( 1 mol methyl-m-nitrobenzoate / 1 mol m-nitrobenzoic acid) = 

0.00610 mol methyl m- nitrobenzoate (181.15 g methyl m-nitrobenzoate / 1 mol methyl m-nitrobenzoate) 

= 1.10 g methyl m-nitrobenzoate expected 

Reaction Yield: 

.32 grams/1.10 g methyl m-nitrobenzoate x 100  

 = 27% recovery  

Reaction yield of multi-step synthesis:  

*** 

Results: Report all of your data acquired here, no data discussion. Use the data collected during your 

experiment; they will be compared to the data you left behind for your TAs. Report all your data in a clear 

way. Report the MP for your product; Include a copy of your recorded IR and  1H-NMR spectra, For the 1H-

NMR, mark sets of peaks and relate to peaks in molecule o methyl -m-nitrobenzoate, but DO NOT DISCUSS 

YOUR NMR here!. When using tables and graphs need legend; be clear on which calculations you are 

showing and what your numbers represent. Any chemical structure must be done using ChemDraw or it will 

not be given credit.      

 We were able to yield an end product but not much of it. If the correct amount of product was 

obtained and there were no imputirieis, the melting point should be between 78-80*C. Our melting point 

turned out to be between 65-70*C. With this being said, one can conclude that our product was not pure.  



HNMR Spectrum shows ***. There should be a peak around 4 ppm and three peaks should be around 7-9 ppm. 

IR Spectrum***  

Discussion: 

Which carbonyl compounds belong to class I carbonyl compounds and which carbonyl compounds belong to 

class II compounds? What is the characteristic reaction mechanism for each of the carbonyl class 

compounds?  

 There are 2 classes of carbonyl groups. The class I carbonyl group includes carboxylic acid derivatives 

and can also take part on nucleophilic acyl substitutions. The mechanism is as follows: undergoing a 

nucleophilic acyl substitutions, leaving group is replaced by one nucleophile, the second nucleophile takes 

part in normal nucleophilic addition reactions. Class II carbonyl compounds cannot be replaced by a 

nucleophile. Class 2 only goes through nucleophilic additions with one nucleophile.  

▪ What is Fisher Esterification? What is the function of the acid in this reaction? 

 A fisher esterification reaction is known as the product of an ester and a water molecule by the means 

of heating a carboxylic acid with an alcohol, and a strong acid. The acid causes the protonation of the 

carboxylic acid and also speeds up the esterification process.  

▪ Summarize your MP data. Compare your values (original recording and corrected) to the real MP for 

methyl-m-nitrobenzoate and indicate if your product is or not pure.  

 We were able to yield an end product but not much of it. If the correct amount of product was obtained 

and there were no imputirieis, the melting point should be between 78-80*C. Our melting point turned out 

to be between 65-70*C. With this being said, one can conclude that our product was not pure.  

▪ Would 1H-NMR be able to indicate if your final reaction product is impure with m-nitrobenzoic acid (or 

benzoic acid from your first reaction?).  

 Based on the end yield of our product, we can conclude that our product still has impurities. Although 

we had some crystals form, there was not enough to say that our product was completely pure. Our meting 

point was also not close to what the actual melting point should have been, Our melting point turned out 

to be 62-65*C.  



▪ Analyze your 1H-NMR. Does your data reinforce your MP data? 

*** 

▪ What can be said of your reaction yield? What can be said of your multi-step reaction yield? Is this a 

real yield? If not, what do you think it needs to be done for calculating the real yield? 

 Our reaction yield was very low. This was due to the amount of product lost during the experiment as 

well as not yielding a great amount of product in the end. Our multistep reaction yield is *** 

▪ Discuss the problems you faced in this experiment, specially the ones that can affect your yield; what 

did you learned and what would you do different?         

 Due to lack of time, we were not able to reflux as directed. We also had a loss of product during the 

vacuum filtration. Due to these problems, we were not able to end up with a low percentage error. If we 

had the chance to complete this experiment again, we would need more time.  

Conclusion: 

 In conclusion we learned how to obtain methyl-m-notrobenzoate from m-notrobenzioc acid via Fisher 

Esterfication. Even though we were not able to yield a great amount of the end product, we were able to 

yield the end product. The lack of end product yield could be due from the recrystallization and reflux. This 

would have allowed us to have a better and more pure product.  

  

References: 

Bruice, P. Y. Organic chemistry, 7th ed.; Pearson: Upper Saddle River, NJ, 2014 (March 26, 2017) 

Pedersen, S.; Myers, A.; Gilbert, J.C.;  Martin, S.F.; Williamson, K.L.; Masters, K.M.; Hill, N.;  

 Esselman, B.; Organic Chemistry lab I/ II; (Chem lab 336/337); Custom Edition For  

 Cleveland State University; Cengage Learning; 2015; ISBN:1-305-76438-2 (March 27, 2017)  




