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Introduction

The Bronsted-Lowry definition of an acid is a substance that donates a hydrogen ion to a Bronsted-Lowry base, which is a hydrogen ion acceptor.  A typical acid-base reaction is that of hydrobromic acid (HBr) with water, as seen in Equation 1.

(1) HBr(aq)  +  H2O(l)  (  H3O+(aq)  +  Br-(aq)
In this reaction, HBr, the acid, donates a hydrogen ion to a water molecule, the base.  The products of this reaction are a hydronium ion, the conjugate acid, and a bromine ion, the conjugate base.


Another acid-base reaction is shown in Equation 2.

(2) HF(aq)  +  H2O(l)  (  H3O+(aq)  +  F-(aq)
In this reaction, a hydrofluoric acid molecule becomes a fluorine ion when it donates a proton to a water molecule, changing the water into a H3O+ ion.


The two reactions above seem to be very similar, when in fact they are not.  The main difference between them is the strength of their acids.  Hydrobromic acid, HBr, is a strong acid, whereas hydrofluoric acid, HF, is a weak acid.  What this means is that Hydrobromic acid will essentially totally dissociate in water and the hydrofluoric acid dissociates approximately 1%.


The relative strength of acids is based on how well, or to what extent they dissociate in water.  Strong acids are strong electrolytes, which dissociate essentially to 100% in water.  Examples of strong acids are HClO4, HNO3, H2SO4, HCl, HBr and HI.  Weak acids such as HF and CH3CO2H are weak electrolytes that dissociate to a much lesser extent.  The extent of dissociation of any weak acid is indicated by the magnitude of its acid dissociation constant, Ka.  The Ka is an equilibrium expression with respect to an acid and if the Ka> 1 x 103 it is considered a strong acid and if the Ka < 1 x 10-3 it is considered to be a weak acid.  The general rule is that as the Ka increases the strength of the acid also increases.


The Ka expression for Equation 2 can be seen in Equation 3.

(3) Ka = [F-] [H3O+] / [HF]

The Ka expression is the products divided by the reactants and the coefficients become the exponents. The brackets [ ], indicate the molar concentration (mol / L) of the species in the brackets.  When we write equilibrium expressions we leave out pure liquids and solids because their concentrations remain essentially constant.  There are no units for equilibrium constants such as Ka, but they are temperature dependent so we must include the temperature.  For example the Ka of CH3CO2H is 1.7 x 10-5 @ 25(C.  

Calculating The Acid Dissociation Constant From pH Data


We will use the generic formula HAn to stand for a weak acid and this allows us to represent its dissociation using Equation 4.

(4) HAn(aq)  +  H2O(l)  (  H3O+(aq)  +  An-(aq)
The Ka expression for Equation 4 can be seen in Equation 5.

(5) Ka  =  [H3O+] [An-] / [HAn]

In today’s lab we will find the molar concentration of a weak acid solution by titration with NaOH, a strong base.  A plot of the pH of the weak acid solution as the strong base is being added, pH versus Volume NaOH added, is called the titration curve (see Figure 1).  Notice that the Equivalence point of a weak acid-strong base titration will have a pH > 7 due to the strength of the conjugate base of the weak acid.  
Figure 1:  Titration of a Weak Acid with a Strong Base
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Titration Curve for an Unknown Acid with 0.100 M NaOH
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When you reach the equivalence point the acid has been neutralized by the base, the associated volume of NaOH added at the equaivalence point will be abbreviated as Veq.  The pH of the solution will be equal to the pKa of the acid when exactly ½ of the acid has been neutralized.  We will abbreviate this point as Veq/2, because the volume of base added when ½ of the acid has been neutralized is exactly ½ of Veq (volume of NaOH added @ equivalence point).  See figure 1.  This allows us to use the titration curve to find the pKa of the acid and therefore the Ka of the acid.
Using equation 5 let’s see why pH = pKa @ Veq/2
When you have neutralized exactly half of the acid this is Veq/2.  Half of the acid is in it’s original form, HAn, and half of it has been neutralized, An-. 
Therefore, [HAn] = [An-]

(6b)   Ka  =  [H3O+] [An-] / [HAn]
Therefore:

(7) Ka = [H3O+]

Taking the –log of both sides gives us

(8) pKa = pH
Now we can use Equation 9 to calculate the Ka of the weak acid 
(9) Ka = 10-pKa  

We will also calculate the molar mass of the unknown acid sample.  We know that at the equivalence point the moles of base = moles of acid.  You can use the given molarity and equivalence point volume of NaOH from your titration curve to solve for moles. Equation 10
(10) Moles = M(L)
You will record the initial mas of acid used and then using Equation 11 we can solve for the molar mass.

(11) MM = mass of acid, g / moles of acid


Example:  Calculate the Ka and find the molar mass of the unknown acid
 
Let’s say that you are given a 0.195g of unknown weak acid and asked to dilute with 75 mL of DI water.  You then use a standardized 0.100 M NaOH to titrate the unknown acid solution.  For the titration you are using a pH meter and taking volume readings of the NaOH added.  From the resulting graph (Figure 1), plotted from your pH and volume data collected you find Veq= 10 mL NaOH.

If Veq = 10 mL     then Veq / 2 = 5 mL

Looking at the graph, when the volume of NaOH added is 5 mL the corresponding pH = 6.25.

Therefore pH = pKa @ Veq/2,   therefore the pH = pKa = 6.25

Finding for the Ka let’s use Equation 9
Therefore, 
Ka = 10-6.25 = 5.62 x 10-7
We still need to find the molar mass of the acid.  At the equivalence point the moles base = moles acid.  At the equivalence point 10 mL of 0.100 M NaOH was added.  Using Equation 610 let’s calculate the moles of base at the equivalence point.

Moles = 0.100 M * 0.010 L = 0.001 moles NaOH = moles acid

Now using the fact that we started with 0.195 g acid and Equation 11 let’s calculate the MM.

MM = 0.195 g acid / 0.001 moles acid = 195 g/mol acid 
Procedure

1. Get an unknown acid sample, record the unknown # 
2. Weigh out 3 samples of ~0.2g, record weight

3. Place each acid sample in a labeled 150 mL beaker 

4. Dilute each acid sample with 75 mL of DI water

5. Get a clean 50 mL buret 

6. Fill buret with standardized NaOH solution, record exact molarity of NaOH 

7. Titrate each acid sample with NaOH

a. Make sure to record volume and pH readings on page 5-7
b. 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

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

d. You are finished titrating when you reach pH = 12.50

8. Plot titration curve for each titration
a. Label equivalence point

b. Label Veq
c. Label Veq / 2

9. From information gained from titration curve, calculate ka for each sample, calculate MM for each sample

10. If you have not done it yet fill out data sheet

1st Determination


 

Exact Molarity of NaOH



Initial buret reading, mL  



         pH

    
buret reading, mL      

volume NaOH added, mL
2nd Determination


 

Exact Molarity of NaOH



Initial buret reading, mL  



         pH

    
buret reading, mL      

volume NaOH added, mL
3rd Determination


 

Exact Molarity of NaOH



Initial buret reading, mL  



         pH

    
buret reading, mL      

volume NaOH added, mL
Data Sheet:

Unknown Acid #



Trial #




1


2


3

Mass acid, g











Molarity, NaOH







Veq












Veq / 2












pKa acid











Ka acid












Avg. Ka








Moles NaOH @ Veq










Moles acid @ Veq










MM acid











Avg. MM








Pre-Lab Questions:
1.  What is the difference between a weak acid and a strong acid?

2. Why is the pH>7 at the equivalence point for a weak acid-strong base neutralization reaction?

3. Why is the pH=pKa at Veq/2 in a weak acid-strong base neutralization reaction?

4.  Why do we have to include @ temperature for the Ka value?

Post-Lab Questions:

1.  Calculate the Ka and find the molar mass of the unknown acid
 
Let’s say that you are given a 0.215g of unknown weak acid and asked to dilute with 75 mL of DI water.  You then use a standardized 0.125 M NaOH to titrate the unknown acid solution.  For the titration you are using a pH meter and taking volume readings of the NaOH added.  The resulting graph can be seen below.
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Titration Curve for an Unknown Acid with 0.125 M NaOH
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