AP Chemistry
Name ___________________________________


Period ___   Date ___/___/___

Acid-Base Reactions

CALCULATIONS

Information from the Curve:

There are several things you can read from the titration curve itself.  Consider this titration curve.
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1.
This is a ___________ (strong/weak) acid titrated with a strong base.  The acid is ________________ (monoprotic/diprotic).


How would the other strength of acid look?

        No buffer region, begins at a lower pH, 
        Steeper equivalence region, pH = 7 at equiv. point.

        Note: At first glance, this might seem like a strong acid/strong base titration because the equivalence region seems steep.  However, the equivalence point is greater than 7, so this must be weak acid/strong base (See #2).
2.
Place a dot (() on the curve at the equivalence point.  The pH at the equivalence point is _( 8___.  Choose a good indicator for this titration from Figure 17.11 on page 810 of your textbook.

        Any indicator that changes color with a pH of 8.  Phenolphthalein is a good example.
3.
What volume of base was used to titrate the acid solution? ___25____ mL

        Note: “titrate” should be replaced with the word “neutralize”.
4.
Place a box (() on the curve where the pH of the solution = the pKa of the acid.
What is the pH at this point? __(5_____


What is the pKa of the acid? ___(5____


What is the Ka of the acid? ___(10-5____

Calculations knowing the Acid:
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5.
Hydrofluoric acid, HF, has a Ka = 7.2 x 10-4.  Calculate the pH of 10.0 mL of a 0.050 M solution of HF.  Plot this point on the axes.

          pH = 2.2  
         Note: cannot use approximation; must use
         quadratic formula.

6.
A 0.020 M solution of NaOH is used for the titration.  What volume will be needed to reach the equivalence point?

             25 mL
7.
Write the net reaction for the neutralization of a solution of HF with a solution of NaOH.

______HF + OH- ( HOH + F-_______

8.
Calculate the moles of F at the equivalence point.  What is the total volume? ___0.035____ L
The [F] at the equivalence point is ___0.014 M______

            moles of F- = 0.0005 mol (moles of HF was calculated in #6. Use this to get moles of F-)
9.
Calculate the pH of the solution at the equivalence point.  Use this information and the answer to question 6 to plot the equivalence point on your graph.  Choose a good indicator for this titration from Figure 17.11 on page 810 of your textbook.

         pH = 7.6  (Bromothymol Blue would be a suitable indicator, among others)

10.
What is the pH halfway to the equivalence point?  Plot this point on your graph.

               pH = 3.14
11.
How many moles of HF are in the original 10.0 mL sample of HF? __0.0005 mol_____

        Note: You should have calculated this in #6
12.
When only 5.0 mL of 0.020 M NaOH has been added, calculate the moles of HF left and F produced.

	
	HF
	OH
	H2O
	F

	i
	0.0005 mol
	0.0001 mol
	-------
	0

	c
	-0.0001 mol
	-0.0001 mol
	-------
	+0.0001 mol

	e
	0.0004 mol
	0 mol
	-------
	0.0001 mol


        Note: This “ICE” table represents a complete reaction (not one at equilibrium).  OH- completely reacts with HF.
13.
Use the Henderson-Hesselbach equation or an icebox to calculate the pH when 5.0 mL of base has been added.  Plot this point on your graph.

            pH = 2.5
        Note: moles in #12 need to be converted to molarity.  Total solution volume is 0.015 L.

14.
When 20.0 mL of 0.020 M NaOH has been added, calculate the moles of HF left and F produced.

	
	HF
	OH
	H2O
	F

	i
	0.0005  mol
	0.0004 mol
	-------
	0 mol

	c
	-0.0004 mol
	-0.0004 mol
	-------
	+0.0004 mol

	e
	0.0001 mol
	0 mol
	-------
	0.0004 mol


       Note: Again, this “ICE” table represents a complete reaction (not at equilibrium).
15.
Use the Henderson-Hesselbach equation or an icebox to calculate the pH when 20.0 mL of base has been added.  Plot this point on your graph.

            pH = 3.7
         Note: moles in #14 need to be converted to
         molarity.  Total solution volume = 0.03 L

16.
When 30.0 mL of base is added, how many moles of OH is in excess?  __1x10-4 mol__
The total volume is __0.04 L___ L.
[OH] = ___0.0025 M______
pOH = __2.6_______   pH = ___11.4____


Plot this point on your graph.

17.
Sketch the titration curve on your graph.

Weak Base-Strong Acid Curve:

A 20.0 mL sample of 0.10 M CH3NH2 (methyl amine) is titrated with 0.15 M HCl.  The Kb for CH3NH2 = 4.2 x 10-4.

Do the appropriate calculations to sketch a titration curve for this titration.

Before Titration begins: 0 mL, pH = 11.8

Equ. Pt.: 13.3 mL, pH = 5.9

Halfway to Equ. Pt.: 6.7 mL, pH = 10.9

After Equ Pt:(17mL of HCl added): pH=1.8

Before Equ Pt: (3mL HCl added): pH=11.2

Plot these points on the graph and obtain your 

titration curve.

Good indicator to use: An indicator that changes color at pH near 6 (Bromcresol Purple would work)

[image: image3.png]o

12

10

Y




Mixed Problems:
1.
HCN is a weak acid (Ka = 6.2 x 10¯10). NH3 is a weak base (Kb = 1.8 x 10¯5). A 1.0 M solution of NH4CN would be 


(A) strongly acidic
(C) neutral
(B) weakly acidic
(D) weakly basic 
2.
How many moles of HCOONa must be added to 1.0 L of 0.10 M HCOOH to prepare a buffer solution with a pH of 3.4? (HCOOH Ka = 2 x 10¯4) 


(A) 0.01
(C) 0.1
(B) 0.05
(D) 0.2 

3.
The acid-base indicator methyl red has a Ka of 1 x 10¯4. Its acidic form is red while its alkaline form is yellow. If methyl red is added to a colorless solution with a pH = 7, the color will be 


(A) pink
(C) orange
(B) red
(D) yellow 

4.
Which mixture forms a buffer when dissolved in 1.0 L of water? 


(A) 0.2 mol NaOH + 0.2 mol HBr
(B) 0.2 mol NaCl + 0.3 mol HCl
(C) 0.4 mol HNO2 + 0.2 mol NaOH
(D) 0.5 mol NH3 + 0.5 mol HCl 

        Note: (D) is a weak base with strong acid, but the weak base is not in excess.  (D) is a weak acid in excess with strong base.  
5. A buffer solution is prepared in which the concentration of NH3 is 0.30 M and the concentration of NH4 is 0.20 M. What is the pH of this solution? 
The equilibrium constant, Kb for NH3 equals 1.8 x 10¯5. 


(A) 8.73 
(C) 9.43
(B) 9.08 
(D) 11.72 

6.
For which titration would the use of phenolphthalein introduce a significant error? 


Kindicator for phenolphthalein = 1 x 10¯9 
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                     ans = D
7.
The titration curves labeled 1 and 2 were obtained by titrating equal volumes of two different acid samples with portions of the same sodium hydroxide solution.
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What conclusions can be drawn about the relative concentrations and strengths of acids 1 and 2 from these curves? 


(A)
The concentrations are the same but acid 1 is weaker than acid 2.


(B)
The concentrations are the same but acid 1 is stronger than acid 2.


(C)
Acid 1 is the same strength as acid 2, but it is less concentrated.


(D)
Acid 1 is the same strength as acid 2, but it is more concentrated. 

        Note: The concentrations are the same, because they both take the same amount of base to neutralize.  Acid 2 has a steeper equivalence region, indicating that it is a stronger acid.
8. A 0.100 M solution of acetic acid (Ka = 1.8 x 10¯5) is titrated with a 0.1000 M solution of NaOH. What is the pH when 50% of the acid has been neutralized? 


(A) 2.38
(C) 5.70 

(B) 4.74
(D) 7.00 

9.
The pKa values for several acid-base indicators are given in the table. Which indicator should be used in the titration of a weak base with a strong acid?

	Indicator, pKa 

	2,4-dintrophenol 
	3.5 

	bromthymol blue 
	7.0 

	cresol red 
	8.0 

	alizarin yellow R 
	11.0 



(A) 2,4-dintrophenol
(B) bromthymol blue
(C) cresol red
(D) alizarin yellow R 

        Note: A weak base/strong acid titration has an equivalence point with pH less than 7.
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