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Chem 206 GENERAL CHEMISTRY II --- Dr. C. Rogers  


EXTRA PROBLEMS
ACIDS & BASES, TITRATIONS, BUFFERS
# 1.   The pH of black coffee is 5.0.

     (a)   Black coffee can be described correctly using which of the following terms?

 
            strongly acidic;    weakly acidic;    neutral;    weakly basic;    strongly basic

(a) What are the concentrations of hydrogen ion and hydroxide ion in coffee?  

# 2.  Write the formula for the conjugate base of:

(a) HCN

(b) H2PO3-
(c) HCO3-
# 3.  Predict the products and identify the acids and bases (and their conjugate species) in reactions of the following in aqueous solution:  

(a) NH3 with CH3COOH       

(b) N2H5+ with CO32-       

(c) H3O+ with OH-
(d) HSO4- with HCOO-
# 4.  Use the data provided on the information sheet to rank the following species in order of increasing acidity:          CH3COOH         H2O         HCOOH         F-

# 5.  Use an analysis of molecular structures to determine which acid in each pair is stronger. Explain your reasoning.

(a)   GeH4   vs.   AsH3     

(b)   HNO2   vs.   HNO3
# 6.   Calculate the pH of 0.010 M sodium acetate (CH3COONa).

# 7.  If a 0.0100 M solution of caproic acid (thought to be at least partially responsible for the unique, and generally considered foul, smell of goats) has a pH of 3.43, what are Ka and pKa?

#8.  Which of the following represent conjugate acid-base pairs?  For those pairs that are not conjugates, write the correct conjugate acid or base for each species in the pair.

  (a)  HSO4-  and  SO42-    (b)  HClO4  and  Cl-     (c)  H2PO4-  and   HPO42-    (d)   NH4+  and   NH2-
#9.  Using acid dissociation constants, determine which acid is stronger in each of the following pairs:                       (a)   HCN   vs.   HF      
       

(b)   HNO2   vs.   HCN

#10.  Complete the following table:

	[H3O+]    in Molarity
	[OH-]  in Molarity
	pH
	pOH

	4.29(10-3 M
	
	
	

	
	7.36(10-2 M
	
	

	
	
	5.12
	

	
	
	
	5.12


# 11.  Complete the following statements:

(a) According to Arrhenius, bases are species that produce __________________ ion in aqueous solution.

(b) According to the BrØnsted-Lowry model, a base is a species that __________________ protons.

(c) A conjugate acid-base pair consists of two substances related by the donating and accepting of a(n) __________________ .

(d) A solution with pH = 4 has a ( LARGER / SMALLER ) hydrogen ion concentration than a solution with pOH = 4.

(e) A 0.20 M HCl solution contains __________________ M hydrogen ion (i.e., H+ or more accurately, H3O+) and __________________ M chloride ion concentrations.

(f) A buffered solution is one that resists a change in __________________ when either a strong acid or a strong base is added to it.

(g) A solution is buffered when a weak acid and its __________________ are present in comparable amounts.

# 12.  Explain the following statement:

 “A strong acid has a weak conjugate base, whereas a weak acid has a relatively 

  strong conjugate base.”

# 13.  In each of the following chemical equations, identify the conjugate acid-base pairs (circle the partners and connect them with a line, and label each conjugate acid / conjugate base).

[image: image1.wmf](a)    NH3(aq)    +    H2O(l)                 NH4+(aq)   +   OH-(aq)

[image: image2.wmf](b)    PO43-(aq)    +    H2O(l)              HPO42-(aq)   +   OH-(aq)

[image: image3.wmf]
(c)   C2H3O2-(aq)   +   H2O(l)             HC2H3O2 (aq)   +   OH-(aq)

# 14.  A bottle of acid solution is labeled “3 M HNO3”.  

(a)  What are the substances that are actually present in the solution?  Are any HNO3 molecules

       present?  Why or why not? 

(b)  What is the hydrogen ion concentration and the pH of a 6.33(10-3 M solution of this strong acid?

# 15.  Complete the following table that describes three different solutions.

	Solution
	[H3O+]  

in molarity
	[OH-] 

in molarity
	pH
	pOH
	Is solution neutral, 

basic, or acidic?

	1
	
	
	1.02
	
	

	2
	
	
	
	3.91
	

	3
	1.0(10-7 M
	
	
	
	


# 16.  Indicate which acid is the stronger in each of the following acid pairs.  Use the ionization constants (Ka) values listed on the last page.  

(a)   H3PO4   and   H2PO4-   
 (b) H3PO4   and   H2CO3   
 (c) HC2H3O2   and   HCN

# 17.   Predict whether aqueous solutions of the following salts will be acidic, neutral or basic.

(a)   K3PO4
(b)  NaNO3


(c)  NaC2H3O2  

# 18.   Predict whether each of the following pairs of substances could function as a buffer system in aqueous solution:

(a) HF and NaF 
(b) HNO3 and NaNO3 
(c) KCl and KCN
(d) H2CO3 and NaHCO3
# 19.  What is the pH of a buffer solution that contains 0.175 M of a weak acid and 0.200 M of the acid’s conjugate base?  The acid’s ionization constant is 5.7(10-4.  

[You may find some information on the back page helpful.]

# 20.  Determine the concentration (in molarity) of a KOH solution when 20.00 mL of 0.250 M HNO3 neutralizes 25.0 mL of the KOH solution.
Ionization constants (Ka) values for 1.0 M solutions of weak acids at 24(C

	Name
	Formula
	Ka
	Name
	Formula
	Ka

	phosphoric acid
	H3PO4
	7.5(10-3
	dihydrogen phosphate acid
	H2PO4-
	6.2(10-8

	nitrous acid
	HNO3
	7.2(10-4
	hydrocyanic acid
	HCN
	4.4(10-10

	hydrofluoric acid
	HF
	6.6(10-4
	hydrogen carbonate ion
	HCO3-
	5.6(10-11

	acetic acid
	HC2H3O2
	1.8(10-5
	hydrogen phosphate ion
	HPO42-
	2.2(10-13

	carbonic acid
	H2CO3
	4.3(10-7
	
	
	


  Henderson-Hasselbalch equation: 


Auto-ionization constant for water:

pH = pKa + log  [A-] 




Kw = 1(10-14   (this number will not limit sig. fig.s)
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