
 
 

 

 

 

 

 

Acid Base  

Titration 
 

 

 

 

 

Written by: 

 

Harsh Bhasin, 300064070 

 

TA: Luana Porto 

 

Date: 9 November 2018 

  



1 
 

Introduction: 

Acids and Bases:  

According to Brønsted-Lowry theory an acid is a substance that can transfer a proton to 

another compound, and a base is a substance that accepts a proton. For example, an acid 

HA, on dissociation would produce H+ and a base AOH would give up OH- ions. 

When an acid/base dissociates completely into its ions it is said to be a strong acid/base, 

however, when it doesn’t dissociate completely into its ions it is said to be a weak 

acid/base. 

The concentration of an acid or base is directly proportional to the number of moles of 

the solute and inversely proportional to the volume of the solution in which it is 

dissolved. 

Titrations of Acids and Bases: 

Acids react with bases to neutralize the solution and form either neutral, acidic or basic 

salts. Every titration reaction reaches a point called, equivalence point at which the 

number of moles of the acid equal the number of moles of the base. And at this point the 

following formula can be used to determine an unknown concertation of the acid or the 

base: 

Cbase * Vbase = Cacid * Vacid 

Throughout this experiment we will be using the above-mentioned formula to first calcite 

the approximate concentration of the NaOH solution, then the exact concentration of the 

NaOH solution and then finally use the exact concentration of the base and titrate it with 

the given unknown acid to determine its concentration. 

Procedure: 

 As described in the lab manual (Ref). 

Data and Observations: 

1. Observations for the titration of HCl acid: 

During the titration experiment, 3 drops of phenolphthalein was poured into the beaker 

containing the Hydrochloric Acid. This was done so that when the solution reached the 

equivalence point, the mixture would change its color and turn from a clear solution to 

light pink in color. According to our observation, at the following volumes of the base the 

equivalence point was reached, and the color of the solution went from transparent to 

light pink. 

Trial Number Volume of NaOH at which the HCl solution 

changes color (in mL) 

1. 9.227 

2. 9.318 
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3. 9.409 

 

A partial representation of the data collected in the titration of HCl acid with NaOH 

solution: 

 

2. Observations for the titration of the provided unknown diprotic acid (Number 1): 

During the next part of the titration experiment, 3 drops of phenolphthalein was poured 

into the beaker containing the unknown diprotic acid. This was done so that when the 

solution reached the equivalence point, the mixture would change its color and turn from 

a clear solution to light pink in color. According to our observation, at the following 

volumes of the base the equivalence point for the unknown acid was reached, and the 

color of the solution went from transparent to light pink. 

 

Trial Number 

Volume of NaOH at which the unknown 

diprotic acid solution changes its color (in 

mL) 

1. 9.227 

2. 9.409 

3. 9.318 

 

A partial representation of the data collected in the titration of the unknown diprotic acid 

with NaOH: 
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Calculations: 

1. Approximate concentration of NaOH solution: 

To determine the approximate concentration of the Sodium Hydroxide (NaOH) solution 

that was used throughout the experiment, we can use the following formula:  

C1V1 = C2V2 

Where, C1 refers to the initial concentration of the NaOH solution, i.e., 6 mol/L, 

V1 is the initial volume of the NaOH solution, i.e., 5 mL, 

C2 is the approximate concentration of the new NaOH solution, and is yet to be found, 

V2 is the total volume of the new NaOH solution, i.e., 255mL (250 + 5),  

(6) * (5) = (C2) * (255) 

C2 = 0.118 mol/L                                       (1 sig digit) 

Therefore, the approximate concentration of the NaOH solution we are using in this 

experiment is 0.1 mol/L. 
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2. Concentration of NaOH solution determined from the experiment with HCl acid: 

Trial 1 for HCl acid: 
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Trial 2 for HCl acid: 

 

  

 

 



6 
 

Trial 3 for HCl acid: 
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For our sample calculation we can see from the graph of the first trial with HCl acid 

attached above, that the equivalence point, i.e., the volume of the base where the first 

derivative is the highest, is 9.864 mL, to determine the concentration of NaOH solution 

we can again use the same formula C1V1 = C2V2. In this case,  

C1 is the concentration of the HCl acid, which is 0.1 mol/L, 

V1 is the volume of the HCl acid, which is 10.0 mL, 

C2 is the concentration of the base NaOH, which we are trying to find out, 

And V2 is the volume of the equivalence point, which is 9.864 mL 

(0.1) * (10.0) = (C2) * (9.864) 

         C2 = 0.1014 mol/L 

From this sample calculation we see that the concentration of the NaOH solution is 

0.1014 mol/L. 

 

Similarly, we can calculate the concentration from the other trials and determine the 

average concentration of the NaOH solution. 

 

Trial 

Number  

C1 (in 

mol/L) 

V1 (in 

mL) 

V2 (in 

mL) 

C2 (in 

mol/L) 

1 0.1 10 9.864 0.101379 

2 0.1 10.2 9.318 0.109466 

3 0.1 10 9.545 0.104767 

 

Hence, the average concentration of the NaOH solution we were using can be calculated 

as: 

Cavg. = (0.101379 + 0.109466 + 0.104767)/3 = 0.1052 mol/L. 

Therefore, the concentration of the NaOH solution is found to be 0.1052 mol/L. 
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3. Concentration of the unknown diprotic acid (Number 1): 

Trial 1 for the unknown diprotic acid: 
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Trial 2 for the unknown diprotic acid: 

 

 

 

 



10 
 

Trial 3 for the unknown diprotic acid: 
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From the previous calculation we know that the concentration of the NaOH solution is 

0.1052 mol/L. We are now going to use this concentration to find the concentration of the 

unknown diprotic acid (number 1) that was given to us in the lab. 

The reaction of the NaOH base with the unknown diprotic acid (H2A) would be as 

follows: 

H2A (aq) + 2NaOH (aq) → Na2A (aq) + 2H2O (l) 

From the above-mentioned reaction, we can come up with the following equation, that 

would help us find out the concentration of the unknown diprotic acid: 

Cbase * Vbase = 2 Cacid * Vacid 

For our sample calculation we can see from the graph of the first trial of the unknown 

diprotic acid attached above, that the equivalence point, i.e., the volume of the base 

where the first derivative is the highest, is 9.864 mL, to determine the concentration of 

the unknown acid we can again use the formula Cbase * Vbase = 2 Cacid * Vacid. In this case,  

Cbase is the concentration of the NaOH solution, which was found to be 0.1052 mol/L, 

Vbase is the volume of the NaOH, which is 9.864 mL, 

Cacid is the concentration of the unknown acid, which we are trying to find out, 

And Vacid is the volume of the acid in the beaker, which is 10.0 mL 

(0.1052) * (9.864) = 2 (Cacid) * (10.0) 

         Cacid = 0.051885 mol/L 

From this sample calculation we see that the concentration of the given unknown acid is 

0.051885 mol/L. 

 

Similarly, we can calculate the concentration of the unknown acid form the other trials as 

well, 

Trial 

Number 

Cbase 

(in 

mol/L) 

Vbase 

(in mL) 

Vacid 

(in mL) 

Cacid (in 

mol/L) 

1 0.1052 9.864 10 0.051885 

2 0.1052 9.773 10 0.051406 

3 0.1052 9.182 10 0.048297 

 

Hence, the average concentration of the unknown diprotic acid we were given can be 

calculated as: 

Cavg. = (0.0.051885 + 0.051406 + 0.048297)/3 = 0.0505 mol/L. 
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Therefore, the concentration of the unknown diprotic acid (number 1) is found to be 

0.0505 mol/L 

 

Discussion: 

The main objective of this lab was to determine the concentration of the acid that was 

provided to us in the lab, using the Sodium Hydroxide base solution we made. However, 

in order to achieve that we must go through three different steps: firstly to calculate 

approximate concentration of the base, second was to find the actual concentration of the 

base and then finally we would be able to calculate the concentration of unknown diprotic 

acid. 

While making the NaOH solution we were given its initial concentration in only 1 

significant digit (6 mol/L), and hence we were left with just an approximate concentration 

of the NaOH solution, which was 0.1 mol/L. In order to continue with the experiment of 

finding the concentration of the unknown diprotic acid we would first have to know the 

exact concentration of the base. 

In order to find the exact concentration of the base we titrated Hydrochloric Acid 

(mol/L), after titrating HCl acid for three times we came up with the average 

concentration of NaOH to be 0.1052 mol/L. 

Now, with this known concentration of the base we titrated the given unknown diprotic 

acid for three times and using the formula Cbase * Vbase = 2 Cacid * Vacid, we found the 

concentration of the unknown acid to be 0.0505 mol/L. 

The errors in manually finding out the equivalence point of the acid-base titration, by 

noting the volume at which the solution in the beaker changes color, could possibly be 

due to the fast changing value of volume on the lab quest, however when the actual 

values from the graph are compared to the values that were noted down manually there 

was not much great difference, and almost all noted values were very close to the actual 

values. 

Even when the trials are compared to each other the volume at which the equivalence 

point is reached appears to be virtually the same. Thus, it can be said that the errors made 

in this experiment are insignificant and hence negligible. 

 

Conclusion: 

In conclusion, there were three major parts to this experiment: 

Firstly, it was the approximate concentration of the NaOH solution which was found out 

to be 0.1 mol/L.  
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Second, was to use the monoprotic acid HCl (0.1 mol/L) and find the exact concentration 

of the NaOH solution we were using, and that turned out to have a concentration of 

0.1052 mol/L. 

The final part of this lab was to find the concentration of the unknown diprotic acid 

(Number 1) that was given to us, this turned out to have a concentration of 0.0505 mol/L. 

 

References: 

 “OH, HOW BITTER A THING IT IS...” ACID BASE TITRATIONS, Exp. 4 

Raw Data: 
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