
Experiment 4: Radical Bromination 

 

You will be conducting two different experiments. In the first experiment you will be 

brominating p-toluic acid. In the second part you will make bromine and test the rate of radical 

bromination of a variety of different hydrocarbons. Write a separate prelab for each part of the 

experiment. Make sure to have a separate purpose, reaction scheme and procedure for each part. 

For part II include the mechanism for the initiation and propagation steps of the reaction. You 

will only need to calculate the yield and take a NMR and IR for the product from the first part of 

the experiment. The second part of the experiment is qualitative, but still include a discussion 

section in your lab report for this part. 

 

 

Background  

 

Bromine radicals can react with a variety of different C-H bonds to form brominated 

hydrocarbons. In the first part of the experiment you will brominate p-toluic acid and isolate the 

brominated product. In the second part of experiment you will monitor the bromination of a 

variety of hydrocarbons to determine which one gets brominated the fastest. This can be done 

qualitatively by watching the color change of the reaction. Bromine is red in solution and when it 

reacts the solution turns colorless. 

 
Alkanes can react with halogens to form alkyl halides via free radical substitution 

pathways. Free radicals are atoms or groups of atoms possessing unpaired electrons that are 

usually highly reactive, non-isolable intermediates in reactions. For the halogenation of the 

simplest alkane, methane, the free radical intermediates are thought to arise in the following way: 

 



The initiation step is the initial, homolytic cleavage of the halogen to form two halogen 

atoms that are free radicals. The energy for this step is provided by ultraviolet light or heat. In the 

propagation steps, the halogen free radical abstracts a hydrogen atom from methane to form a  

methyl free radical (•CH3) and HBr. Since the methyl free radical is also highly reactive, it in 

turn abstracts a halogen atom from Br2, regenerating Br•. Thus, the formation of just a few Br•  

radicals leads to a self-perpetuating or chain reaction. In the termination steps, two free radicals 

come together to produce either an alkyl halide or a new alkane. Methane, the alkane used in the 

illustration above, is a special case in that it has only one type of hydrogen.  

In other alkanes, there are often more than one type or class of hydrogen in each 

molecule, all of which can potentially react with the halogen. The halogens vary greatly in their 

reactivity toward hydrocarbons in a free radical mechanism. While fluorine reacts explosively 

with alkanes, iodine does not react at all. Bromine and chlorine are intermediate in their 

reactivity toward hydrocarbons and are both used routinely to prepare alkyl halides. However, 

chlorine will often form a mixture of products, while bromine generally forms a single 

bromoalkane. Any factor that stabilizes the free radical intermediates will increase the rate of the 

radical bromination. This selectivity can be used to probe the relative reactivities of the various 

types of hydrogen atoms, such as those classified below. Those hydrogen atoms that lead to the 

most stable free radical intermediates should react fastest with the bromine.  

Since the stability order of hydrocarbon radicals is:  

3° benzylic > 2° benzylic > 1° benzylic > 3° aliphatic > 2° aliphatic > 1° aliphatic > aromatic  

 
One would predict that a hydrocarbon that contains a benzylic hydrogen atom should react faster 

than one that contains only a tertiary aliphatic hydrogen atom and this, in turn, should react faster 

than a compound that only contains a secondary aliphatic hydrogen atom. Thus, simply by being 

able to identify the various classes of hydrogen atoms one can predict the principal mono-

bromination product of any hydrocarbon. In the first part of the experiment you will brominate p-

toluic acid, which contains benzylic hydrogens. In the second part of the experiment you will use 

free radical bromination in order to verify the relative reactivities of various types of C–H bonds 

toward homolytic cleavage. The hydrocarbons that will be tested are cyclohexane, 

methylcyclohexane, toluene (methyl benzene), ethylbenzene, isopropylbenzene (cumene), and t-

butylbenzene. 

 
 

In each case, assume that only the most reactive hydrogen will be substituted. You do not need to 

calculate the theoretical yields or limiting reagents.  



 

Safety Precautions  

Care should be taken when handling the hydrochloric acid and hydrocarbons. HCl solutions will 

burn the skin; the fumes are very irritating. Most organic chemicals used in this experiment are 

very flammable, irritating to the skin, and toxic by inhalation or absorption through the skin. 

Goggles must be worn throughout the experiment; Bromine in the non-diluted form is a poison, 

an oxidizer, and corrosive. The bromine solution that you work with in this experiment is very 

dilute and therefore less harmful, but still must be handled with care. If you spill the bromine 

solution, tell your TF immediately. Wear protective clothes and gloves and avoid inhaling 

vapors. The hydrocarbons are flammable. Chlorobenzene (used as the solvent for the first 

experiment) is rated as only a moderate health hazard.  

 

Part 1: Bromination of p-toluic acid 

 
 

Reaction Mixture 

Add 0.272 g of p-toluic acid (MW=136.1) to a 5-mL conical vial. Add 0.36 g of N-

bromosuccinimide (MW: 177.98), 2 mg (this does not need to be exact, you just need a little) of 

benzoyl peroxide (MW: 242.2) and 2.5 mL chlorobenzene (2.5 mL) to the vial. Place a spin vane 

in the conical vial and attach an air condenser.  

 

Heating 

Heat the reaction mixture with an aluminum block at ~140 °C (the mixture should be boiling) 

and stir gently for 1 hour. While your reaction is refluxing, do part II (bromination of various 

hydrocarbons) of the experiment. 

 

Isolation of 4-(Bromomethyl)benzoic acid  

Remove the vial from the heat and allow it to cool. Once the vial has cooled to the touch, detach 

the air condenser and remove the spin vane. Place the vial in an ice-bath for 5 min. Collect the 

solid by vacuum filtration on a Hirsch funnel. Wash the solid on the funnel with three 1 mL 

portions of petroleum ether and transfer it to a beaker. Add 5 mL of deionized water to the 

beaker and stir the resulting suspension with a glass stir rod (this dissolves the succinimide). 

Collect the solid in the beaker by vacuum filtration on a Hirsch funnel. Rinse the solid with three 

1 mL portions of petroleum ether and allow the dry on the funnel.  

 

Yield calculation and characterization 

Weigh the 4-(bromomethyl)benzoic acid and calculate the percentage yield (MW: 215.0). Make 

sure to determine the limiting reagent in your calculation section in your lab report. Benzoyl 

peroxide is an initiator for the reaction and the amount of moles used does not need to be 

determined.  



 

Obtain an IR of your product and prepare an NMR sample using deuterated chloroform, by 

dissolving ~10 mg of your sample. The product is only sparingly soluble in CDCl3 so filter away 

any solid that won’t dissolve. If you don’t do this your NMR will not run. The easiest thing is to 

take a short pipette, push a little cotton into it and pipette your suspension through it directly into 

the NMR tube. Turn in your labeled NMR tube to your TF. 

 

Prelab: See Lab Information Sheet! 

 

 

Part 2: Bromination of Various Hydrocarbons 

 
 

Bromine Formation 
 

5 KBr + KBrO3 + 6 HCl  3 Br2 + 3 H2O + 6 KCl 

 

 

Rate of Bromination 

1. Measure 0.5 mL samples of each commercial product to be tested into test tubes. 

(cyclohexane, methylcyclohexane, toluene, ethylbenzene, cumene (isopropylbenzene) and t-

butylbenzene). Identify the sample by labeling the side of each test tube.  

2. Add 5 drops of bromide-bromate solution (10:1 KBr:KBrO3) that has been prepared for you 

and 1 drop of concentrated HCl to each test tube. Shake well. (Make sure to have the light on in 

your hood since the reaction is promoted by light). 

3. When a sample gives the appearance of having reacted (solution goes from brown/orange to 

milky white/pale yellow), record the time.  

4. Identify the hydrocarbon(s) you think reacted with the bromine. Not all of the hydrocarbons 

will react. If the hydrocarbon has not changed colors after you have completed part 1 of the lab 

then you may stop timing and clean up. 

Decolorize any solutions in which the color of bromine is still visible by the dropwise addition of 

cyclohexene until the color is gone. Discard all solutions in the halogenated organic waste 

container. 

 

Postlab 

Write a postlab report for both parts of the experiment separately. For part 1 calculate the yield 

for the product and show how you determined what is the limiting reagent. You do not have to 

calculate the moles of benzoyl peroxide. Include in your discussion how by NMR you can tell 

that you obtained your desired brominated product. How do the chemical shifts change from the 

starting material to your product? Why does this shift happen? Attach an IR and NMR of the 

product with all of the peaks labeled. For IR you need to find the C-H stretches, OH stretch on 

the carboxylic acid and the C=C stretch from the benzene ring. 
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Prelab 

Part 1: Title, purpose, reaction scheme, procedure 

Part 2: Title, purpose, reaction scheme: pick any of the hydrocarbons you are using for the 

experiment, you only need to show 1 + the reaction to make the bromine (see prelab slides), 

mechanism (initiation and propagation steps), procedure 

 

Postlab 

Part 1: Calculations: percent yield, determine limiting reagent. Discussion: You should discuss 

purity of your product based on NMR and IR evidence and how you can tell if your reaction 

worked by NMR. NMR: Spectrum attached which is properly referenced, peaked picked, 

integrated on mestre nova. The structure of the product should be drawn on the NMR and each of 

the peaks should be assigned. IR: Spectrum attached with the O-H, Csp2-H, Csp3-H and C=O 

stretch assigned. 

Part 2: Discussion: Discuss if the order of reactivity you observed was similar to what was 

predicted based on radical stability. Also discuss reasons why one of the hydrocarbons would 

react faster than another based on radical stability (specific example). 

 

Postlab questions (See Lab information sheet!): Should be attached after the discussion 

section of part 2. 

 


