
ACID – BASE CHEMISTRY; TITRATIONS 
 

 
 

AIM 

I) Prepare a natural pH indicator. 

II) Determine the concentration of acetic acid in vinegar by titration with baking soda 

 

THEORY 

An indicator in chemistry is used to detect the presence of a specific chemical or a specific type of 

chemical. Red cabbage juice is an example of an acid-base indicator. 

In this lab, we are going to use red cabbage juice as an indicator to identify pH of a solution. Red 

cabbage contains the pigments flavonol and anthocyanin. The anthocyanin pigment causes very 

strong acids to appear red while it makes neutral or weak basic solutions to appear blue and strong 

basic solutions to appear colorless. Flavonol, on the other hand, causes strong acidic solutions to 

appear colorless and strong basic solutions to appear yellow. The following chart shows the 

correlation between the colors of a solution that contains red cabbage indicator and pH. 
 

 

                                                                                                           @ https://www.compoundchem.com/2017/05/18/red-cabbage/ 

http://www.compoundchem.com/2017/05/18/red-cabbage/


Vinegar can be found in almost any home. Vinegar available at homes is mostly made up of water 

plus acetic acid (HC2H3O2) and sometimes contains herbs and spices. It is the acetic acid that gives 

vinegar its characteristic taste and odor. The optimum amount of acetic acid in vinegar is between 4 

and 5 % by weight. Any percentage of acetic acid greater than 5 results in very bad tasting vinegar. 

Titration is a common analytical method used to measure the amounts of compounds in solution. 

You can use this method to analyse the percentage of acetic acid present in vinegar. The titrant in this 

experiment would be sodium bicarbonate solution. The acetic acid (CH3COOH) in the vinegar will 

react with the sodium bicarbonate (NaHCO3) as follows; 

CH3COOH (aq) + NaHCO3(s)                  H2O (l) + CO2 (g) + NaCO2CH3 (aq)           (1) 
 

Equation 1 is an acid-base reaction; also known as a neutralization reaction. The acetic acid 

(CH3COOH) found in the vinegar react with the sodium bicarbonate (NaHCO3) until all of the acetic 

acid is neutralized. When an acid, such as acetic acid reacts with a base like NaHCO3, the products 

are a salt (NaCO2CH3) and water (H2O). If you know the concentration of the sodium bicarbonate 

solution and the volume that you need to add to the acid, then we can find out the concentration of 

acetic acid in vinegar. 

TABLES AND CALCULATION 

CH3COOH (aq) + NaHCO3(s) → H2O (l) + CO2 (g) + NaCO2CH3 (aq) 
 

Volume of vinegar =  ml 

 

Concentration of baking soda (sodium bicarbonate) solution = x g/ml =  g/ml 

Volume of NaHCO3 solution used for neutralization: 

NaHCO3 

(ml) 

TRIAL 1 

(ml) 

TRIAL 2 

(ml) 

TRIAL 3 

(ml) 

AVERAGE 

(ml) 

    

 
Weight (in grams) of NaHCO3 used for neutralization: 

 

                                   
          

              
                   

 
To calculate the mass acetic acid in vinegar: 

 

         
               

                    
 

                  

             
 

                             

                       
 

                                                                                           
 
                                                                             = ____________ acetic acid (g) 

 
Percentage of acetic acid in vinegar; 

 
                              

                       
         

 

 
 

 



MATERIALS 

 Several leaves of red cabbage 

 Strainer 

 Pot filled with enough water to cover cabbage leaves 

 Vinegar 

 Baking soda 

 Measuring cup and spoons 

 Eye dropper 

 One clean clear mixer jar 

PROCEDURE 

Red Cabbage indicator: 
 

STEP 1: Cut several leaves of cabbage into small pieces and place them in the pot with enough water 

to cover the leaves. (Fig.1a,1b) 
 

(a)                                   (b) 

Figure 1:Image showing chopped cabbage. 
 
 

STEP 2: Boil the mixture for 20-30 minutes, until the liquid turns a dark purplish colour. (The colour 

you get depends on the acidity of water you use to boil) 

 

STEP 3: Add more water if you think the mixture will boil dry before it turns dark purple. 

 

STEP 4: Transfer the fluid into a glass or jar, pouring it through a strainer to remove the cabbage 

pieces. 

 

Titration of Vinegar and baking soda 
 

STEP 5: To prepare a standard solution of baking soda, dissolve a known quantity of baking soda in a 

known volume of water. (Refer notes for ideas to prepare standard solution) 

 

STEP 6: Measure 5 ml of vinegar in a paper cup. 

 

STEP 7: Add about 2 ml of red cabbage indicator solution to the vinegar taken in the paper cup. 

 

STEP 8: Observe the colour and try identifying the pH, you could also take a picture and colour map 

with the known colour codes using red cabbage indicator with the help of software like paint. 

 

STEP 9: Fill a dropper with measurement and fill it with the prepared sodium bicarbonate solution. 

 

STEP 10: Add sodium carbonate solution drop by drop into the 5ml vinegar taken in the paper cup. Stir 

the cup after adding each drop and observe the change in colour when the reaction reaches the 



neutralization point. (Look up the chart for colour code for neutral solution in the presence of red 

cabbage indicator) 
 

 
Figure 2: Image shows the change in colour at the end point of titration. 

 

STEP 11: Note down the volume of sodium bicarbonate in ml used to complete the reaction. Perform 2-

3 trials and take the average of the readings. 

 
 

NOTE: You can use the solubility temperature table given below to prepare a stock solution of 

sodium bicarbonate and if needed prepare dilute solutions using this stock solution. 

 

 
* - concentration of salts is represented in normal divisions (n.d.). This concentration 

measuring is used at soda plants. One n.d. corresponds 1/20 g·equiv of matter in 1 litre of 

solution. Measurement of matter concentration in gram-equivalents simplifies calculations, 

eases browsing and comparative assessment of technical estimation and laboratory reports. For 

sodium bicarbonate coefficient of n.d. in g/l equals 4200, g/l in n.d. – 0,2381. 

 

Source: Krasheninnokov S.A. “Technology of soda ash and purified sodium bicarbonate”, 1985 


