Strong Acid-Strong Base Titration 

Renee Y. Becker

Valencia Community College

Introduction


A titration is a procedure in which one standardized substance (titrant) is carefully added to another (analyte) until complete reaction has occurred.  By accurately measuring the volume of each solution required to reach the equivalence point (equal molar amounts of acid and base) of the reaction the concentration of the unknown solution can be determined.  In this strong acid-strong base titration, which is a neutralization reaction, the titrant will be sodium hydroxide and the analyte will be hydrochloric acid.


Strong acids and strong bases are strong electrolytes, which means that they dissociate well in water.  Equation 1 is an example of a strong acid dissociating in water and Equation 2 is a neutralization reaction for a hydrochloric acid-sodium hydroxide system.  The complete net ionic equation and the net ionic equation for Equation 2 can be seen in Equation 3 and 4 respectively.  The only difference between the complete net ionic equation and the net ionic equation is that the spectator ions, Na+ and Cl-, have been omitted.  Notice that in Equation 3 the H+ ion from the HCl(aq) is actually written as H3O+, this is because hydrogen ions are so reactive that they will bond to the nearest water molecule to form the hydronium ion.     

(1) HBr(aq)  +  H2O(l)  (  H3O+(aq)  +  Br-(aq)
(2) NaOH(aq)  +  HCl(aq)  (  H2O(l)  +  NaCl(aq)
(3) Na+(aq)  +  OH-(aq)  +  H3O+(aq)  +  Cl-  (  2 H2O(l)  +  Na+(aq)  +  Cl-(aq)
(4) OH-(aq)  +  H3O+(aq)  (  2 H2O(l)  

We can monitor any acid-base titration by following changes in the H3O+ concentration in the solution.  The equation that we will be using to find the pH can be seen in Equation 5.

(5) pH = -log[H3O+]

Note that the square brackets represent the molarity (M, mol/L) of H3O+.  We will be using a pH meter to monitor the pH of the acid solution as we add base to it.  Initially the pH will be very low because the acid will be the only substance present.  As we add base to the acid solution the pH will increase until we reach the equivalence point where the pH should be approximately 7.  This neutralization reaction is complete at the equivalence point, when the number of moles of OH- added as titrant equals the number of moles of H3O+ originally present in solution.  The pH at the equivalence point is established by the components of the titration mixture.  For the titration of HCl with NaOH, a strong acid with a strong base, Equation 3 shows that the only species present at the equivalence point are Na+, Cl-,H3O+, OH- and H2O.  Because neither Na+ nor Cl- react with water (neutral ions), the pH of the titration mixture at the equivalence point is established by the dissociation of water, shown in Equation 6.

(6) 2 H2O(l)  (  H3O+(aq)  +  OH-(aq)
The equilibrium constant expression representing this reaction is shown in Equation 7.  At 25(C, the dissociation constant for water is 1.0 x 10-14.

(7) Kw = [H3O+][OH-] = 1.0 x 10-14
At the equivalence point of our NaOH and HCl titration, H3O+ and OH- concentrations are equal (Equation 6).  Therefore, [H3O+] = 1 x 10-7 M, and the pH of the solution is 7 (Equation 5).

 
After the equivalence point we will continue to add base and the solution will become alkaline, pH>7.  

If we plot the pH of a titration mixture versus volume of titrant added we obtain a graph called a titration curve.  Figure 1 shows a typical curve for the titration of a strong acid with a sodium hydroxide solution.  We can locate the equivalenc point of the titration by drawing a vertical line through the midpoint of the steep portion of the curve.  The titrant volume and pH of the solution at the equivalence point correspond to the x and y coordinates.  

Figure 1:  

[image: image1.wmf]Titration Curve for 50 mL .02 M HCl with .02 M NaOH
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Calculating H3O+ and OH- for Points on a Titration Curve

[image: image2.wmf]Titration Curve for 50 mL .02 M HCl with .02 M NaOH
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We can calculate the molarity of H3O+ and OH- from the pH at any point on a titration curve.  Suppose we find from our titration curve that the solution pH is 2.98 when we have added 45.0 mL of .02 M NaOH to 50 mL of a .02 M HCl solution.  To determine the [H3O+] and [OH-] for the mixture at this point, we substitute 2.98 into Equation 5, and solve for [H3O+].

2.98 = -log[H3O+]

-2.98 = log[H3O+]

[H3O+] = 10-2.98 = 1.05 x 10-2
Using Equation 7, we can calculate [OH-].

Kw = [H3O+][OH-] = 1.0 x 10-14

[OH-] = Kw / [H3O+]

[OH-] = 1.0 x 10-14  =  9.52 x 10-13
                                                         1.05 x 10-2
Using these equations we can calculate [H3O+] and [OH-] for any point on the titration curve.

Procedure
1. Obtain 25 mL (via volumetric pipet) of a 0.100 M HCl solution in a clean, labeled 250 mL beaker, record exact molarity, add a stirring bar

2. Obtain 75 mL of a 0.100 M NaOH solution in a clean, labeled beaker, record exact molarity

3. Fill a clean 50 mL buret with the NaOH solution, take initial reading to ( .01 mL

4. Place the acid beaker on a stirring plate and secure the pH electrode in the beaker 

5. Position the base buret just inside the acid beaker, with the tip below the rim but above the solution surface  

6. Turn stirring plate on to low

7. Begin to slowly add 1 to 2 mL portions of NaOH solution to the acid beaker, record the pH and corresponding buret reading on data sheet 1

8. When pH readings begin to increase rapidly, add NaOH solution dropwise 

9. When the pH reading reaches 9 you can add 1 to 2 mL portions of NaOH again

10. When you reach a pH of 11.5 you are done

11. Repeat with another 25 mL sample of 0.100 M HCl

12. Graph pH titration curves for both runs.  (pH vs. mL NaOH Added), label equivalence point 

Disposal


Place all solutions in the properly labeled waste bottle in the waste hood 

Data Sheet

Titrating HCl Solution with NaOH Solution


Concentration of HCl solution, M  







Concentration of NaOH Solution, M  





1st Determination


 

initial buret reading, mL  



         pH

    buret reading, mL      volume NaOH 
      [H3O+]

[OH-]

 




added, mL
pH

    buret reading, mL      volume NaOH 
      [H3O+]

[OH-]

 




added, mL
2nd Determination


 

initial buret reading, mL  



 pH

    buret reading, mL      volume NaOH 
      [H3O+]

[OH-]

 




added, mL
pH

    buret reading, mL      volume NaOH 
      [H3O+]

[OH-]

 




added, mL
Pre-Lab Questions:

1.
Three solutions have the following pH:

a) pH = 4.3

b) pH = 6.8

c) pH = 11.5

1) Which solution contains the highest H3O+ ion concentration?

2) Which solution is the most acidic?

3) Which solution is the most basic?

2.
What is the difference between a strong acid and a weak acid?

3.
Calculate [H3O+] and [OH-] for the following three solutions






[H3O+]


[OH-]

a) pH = 9.5







b) pH = 3.6







c) pH = 7.0







Post-Lab Questions:

1.
If you have not already done so, calculate the [H3O+] and[OH-] concentrations for 
all of your pH data

2.
a)  Plot a titration curve for the following data for a 50 mL .02 M HCl(aq)solution 
titrated with a .02 M NaOH(aq) solution (use a curved line with data points)

Volume NaOH added, mL



pH


0





1.70



5





1.79



15





1.97



25





2.18



45





2.98



50





7.00



65





11.42



85





11.71



95





11.79



100





11.82

b) What is the volume of NaOH added at the equivalence point?

c) What are the pH, [H3O+], and [OH-] when 30 mL of titrant has been added?

3.
a)  Sketch a titration curve for the titration of NaOH (analyte) solution with a 
standardized HCl (titrant)solution
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