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Unit 7: Acids & Bases, pH, and Titration 

An aqueous molecule of hydrochloric acid, HCl, dissociates (ionizes) into 2 ions: 1 H+ ion and 1 Cl- ion.  

   HCl     
            
→             H+  +   Cl- 

           1HCl     
            
→             1H+  +   1Cl-           same mole ratio  as      3HCl     

            
→             3H+  +   3Cl- 

Notice that any molar amount of HCl will equal the same amount of its H+ ions, because of their 1:1 

mole ratio. It is the H+ ion that we will be focusing on in our study of acids. The dissociated H+ ions are 

what give hydrochloric acid HCl, nitric acid HNO3, and sulfuric acid H2SO4 their acidic properties. 

          HCl     
            
→             H+  +   Cl- 

    HNO3     
            
→             H+  +   NO3

- 

    H2SO4    
            
→             2H+  +   SO4

- 

The three common mineral acids mentioned above are substances classified as electrolytes because 

their charged dissociated ions conduct electricity in water. 

The pH of an acid depends on the number of its dissociated H+ ions in solution. The molar concentration 

of H+ ions is symbolized by [H+], where the brackets mean “Molar concentration of…”.  

By strict definition, pH is the negative log of the hydrogen ion concentration present in a water solution 

of the acid. Symbolically represented, pH = -log [H+]. The “p” in pH means “power of [H+]”, so think of pH 

as “the power above 10” to remind you that the pH number is a power of the hydrogen ion 

concentration (written in scientific notation to get the base-ten exponent). (Since an increase in pH is an 

exponential increase, it is a logarithmic relationship).  When you see [H+], it should be read as “the 

Molar concentration of hydrogen ions”.  

Example 1: 

A 0.001 M solution of hydrochloric acid, HCl, can also have its molar concentration expressed 

as [HCl] = 0.001 M.  A molecule of HCl dissociates (ionizes) into 2 ions: 1 H+ ion and 1 Cl- ion. 

Because of the 1:1 mole ratio of HCl and its acidic ion H+, 

HCl     
            
→             H+  +   Cl-       

then [HCl] = [H+] = 0.001 M    

This means “The molar concentrations of HCl and its dissociated hydrogen ions are both equal 

to 0.001 M.” Using scientific notation to get a power of ten, [H+] = 1 x 10-3 M.  



So, as you can see, the hydrogen ion concentration can be written as a positive power of 10. 

And since, by definition, [H+] = 1 x 10 –pH, so if [H+] = 1 x 10-3, then pH = 3. 

Example 2:  

 A 0.010 M solution of hydrochloric acid, HCl, has a molarity of 0.010 M.    

 This means that [H+] = 1 x 10-2 M.  

The pH of this aqueous solution of H+ ions is pH = 2. You will notice that the pH number is just 

the positive exponent of 10 from the Molar concentration. 

A less-concentrated solution of [H+] = 0.0001 M   gives us [H+] = 1 x 10 -4 M. This larger negative 

exponent just means there are 2 extra zeros in front of the 1, meaning fewer aqueous H+ ions. 

So this solution of pH = 4 is closer to neutral pH = 7 than pH = 3. 

Since 10-4 is 100x less than 10-2, a solution of H+ ions with a pH of 4 has 100x fewer H+ ions than a 

solution of H+ ions with a pH of 2. 

The positive value of the exponent of the hydrogen ion concentration in our problems is the pH:  

 [H+] = 1 x 10-pH  

You learned in previous science classes that a neutral pH is 7. Acids have a pH of < 7, and bases have a 

pH of > 7. The whole pH scale ranges from 0-14, and each number represents a [H+] which is 10x more 

or less concentrated than the previous number. (This is because each pH number increase/decrease is 

a power of 10 above/below the previous one.) 

As expected, strong acids have a high aqueous [H+] concentration. The higher the [H+], the lower the pH 

number below 7. In fact, any pH below 7 means the solution is acidic.  

Example 3: 

How many times more acidic than pH 6 is a pH of 5? Explain.  

 

How many times more acidic than pH 6 is a pH of 4? Explain. 



 

Example 4: 

What is the hydrogen ion concentration of a solution with a pH of 7?  

 

Explain how you got your answer. Why is this pH considered to be neutral? 

 

 

Pure water actually consists of not just H2O molecules, but also some ions of H+ and OH- . 

HOH  
            
→             H+   +   OH- 

This dissociation of pure water into equal amounts of acidic H+ ions and basic OH- ions makes it neutral 

with a pH of 7.  

Since these acidic and basic ions are formed in equal concentrations of 1 x 10-7 M each, they neutralize 

each other completely.  

 

 

 

 



A base of known molarity can be used to titrate an acid of unknown molarity to determine the unknown 

molar concentration of the acid at the stoichiometric equivalence point (when the [H+] = [OH-]). This is 

the basis for a technique called volumetric analysis. A few drops of a color indicator are added to the 

sample to indicate the equivalence point with a sudden color change. 

 

The (unknown) molarity of the acid sample multiplied by its given volume equals the known molarity of 

the base times the volume of added base needed to reach the equivalence point.    

 Titration Equation: Macid ions   x   Vacid    =   Mbase ions  x   Vbase 

Looking at the equation above, it makes sense that if it takes twice as much base volume to neutralize a 

certain volume of acid, the unknown acid Molarity must be 2x more concentrated than the known 

Molarity of the added base.   

Note that the Titration Equation is really just a re-statement of [H+] = [OH-]. In a titration neutralization, 

the acid ions and base ions become equal in number and cancel each other’s effects! 

               [H+] = [OH-] 

               Macid ions   x   Vacid    =   Mbase ions  x   Vbase 

                

 
                     

                

  
                  

 

          



The following graph shows a titration curve for the determination of an unknown molarity of a 100-mL 

sample of hydrochloric acid titrated with a 0.1-M solution of sodium hydroxide. 

         

            NaOH added (ml)       pH 

       
 
 

 



1. Looking at the titration curve shown, find the equivalence point. How many mL of NaOH does it take 

to neutralize the acid ions, H+? 

 

 

2. Based on the last question, what is the unknown molarity of the hydrochloric acid titrated?    

    (Hint: Macid ions  x Vacid  = Mbase ions x Vbase ) 

 

 

As you know, bases don’t generally donate protons like acids. Instead, they accept protons. That’s why 

acids and bases make good reaction pairs!  In fact, equal amounts of H+ and OH- make neutral water! 

    H+   +   OH-      HOH 

 

3. Phenolphthalein is a chemical often used as an indicator for visual determination of the equal 

number of H+ and OH- ions in acid-base neutralization titrations.  If phenolphthalein’s color-change 

range is between pH 8 and pH 10, why is still effective for finding the equivalence point at pH 7? Look at 

the previous titration graph for a hint. 

 

During titration of an acid sample like HCl with a base of known concentration like NaOH, the added OH- 
ions combine with, and increasingly remove, H+ ions from the acid sample until the solution pH is raised 
to neutrality at pH = 7. At a pH of 7, the molarity of acidic H+ ions equals the molarity of basic OH- ions, 
where [H+] = [OH-] = 1 x 10-7 M. 

H+ + Cl-     +     Na+ + OH-      NaCl   +   HOH 

acid           +     base              salt     +   water 


