
Ka >> 1!

Ka < 1!



Nitric acid, HNO3, is considered to be a strong acid whereas
 nitrous acid, HNO2, is considered to be a weak acid. Which of
 the statements here is fully correct?	



A. 	

Nitric acid has an aqueous equilibrium that lies far to the	


	

right and NO3

– is considered a weak conjugate base.	


B. 	

Nitric acid has a stronger conjugate base than nitrous acid.	


C. 	

The dissociation of nitrous acid compared to an equal	


	

concentration of nitric acid produces more H+.	



D. 	

The equilibrium of nitrous acid lies far to the left and the	


	

conjugate base is weaker than the conjugate base of nitric	


	

acid.	



A)  correctly compares equilibrium and conjugate base
 characteristics.  The conjugate base of a strong acid is
 considered to be weak.  The stronger the acid, the more
 reaction in water. Therefore, a weak acid’s equilibrium is
 favored to the left.	



Would there be a difference in the
 reaction of HF versus HCl? !

Are there differences in the titration of HF versus
 HCl? ….1) mass wise? …. 2) pH wise? !

A) 1.NO 2.NO  B) 1.YES 2.YES  C) 1.YES 2.NO  D) 1.NO 2.YES !



Most acid-base indicators are weak acids.  In a titration of
 0.50 M acetic acid (at 25°C, Ka = 1.8 × 10–5) with KOH,
 which indicator would best indicate the pH at the
 equivalence point?  The approximate Ka for each choice is
 provided.	



A. 	

Bromophenol blue; Ka ~ 1 × 10–4	



B. 	

Methyl red; Ka ~ 1 × 10–5	



C. 	

Bromothymol blue; Ka ~ 1 × 10–7	



D. 	

Alizarin yellow; Ka ~ 1 × 10–10	



D. provides the best choice although there may also be better
 choices available than these four.  The equivalence point pH
 should be as close as possible to the pKa of the indicator.  As
 acetic acid is a fairly weak acid and NaOH is a strong base,
 the pH at the equivalence point will be above 7.  The only
 choice above 7 in the list was Alizarin yellow.  Without a
 more detailed calculation, this would be the best choice.	



The acid-base indicator bromocresol purple has an interesting
 yellow-to-purple color change.  If the approximate Ka of this
 indicator is 1.0 × 10–6, what would be the ratio of purple [A–]
 to yellow [HA] at a pH of 4.0?	



A. 	

100:1	


B. 	

1:100	


C. 	

1:1	


D. 	

This choice indicates that I don’t know.	



B. shows the [A–]/[HA] ratio at pH 4.0 for bromocresol purple. 
 The pH can be converted to [H+] and divided into the Ka value
 to reveal the [A–]/[HA] ratio at pH 4.0.	


Ka/[H+] = [A–]/[HA].	





http://chemconnections.org/general/movies/Ka-KbActivity.swf!

Use information on this table to determine which of the following bases
 would have the weakest conjugate acid:	



OC6H5
–;   C2H3O2

–;     OCl–;      NH3	



A. 	

OC6H5
– 	



B. 	

C2H3O2
–     	



C. 	

OCl–     	


D. 	

NH3	



A.  correctly identifies the base, among these four, with the
 weakest conjugate acid.  The Ka’s in the table can be
 used to compare conjugate acid strength.  The higher the
 Ka value, the stronger the acid.	



What are the respective pH values for a 0.100M
 solution of HCl (Ka = ∞) and a 0.100M solution of
 HF (Ka = 3.53 x 10-4)? 	



What are the respective pH values for a 0.100M
 solution of HCl (Ka = ∞) and a 0.100M solution of
 HF (Ka = 3.53 x 10-4)? 	





Which of the following correctly compares strength of acids,
 pH, and concentrations?	



A. 	

A weak acid, at the same concentration of a strong acid,	


	

will have a lower pH.	



B. 	

A weak acid, at the same concentration of a strong acid,	


	

will have the same pH.	



C. 	

A weak acid, at a high enough concentration more than a	


	

strong acid, could have a lower pH than the strong acid.	



D. 	

A weak acid, at a concentration below a strong acid,	


	

could have a lower pH than a strong acid.	



C. correctly predicts that it is possible to have a high enough
 concentration of the weak acid compared to a strong acid, and
 that the pH of the weaker acid would be lower (more acidic)
 than the more dilute stronger acid.  Strength of an acid refers
 to its dissociation.  The pH of a solution depends on the
 concentration, regardless of source, of the H+ ion.	



What is the pH value for a 0.100M solution
 of HF (Ka = 3.53 x 10-4)?!

    HF(aq) 	

 	

 H 
+

(aq) + F -
 (aq) 	



Ka =	


[H 

+] [F -] 	


      [HF]	



Concentration (M)       HF           H 
+

          F -
 	



__________________________________________	


Initial                          0.100         0         0	


Change                      0.100-x      +x       +x	


Final 	

 	

          0.100-x        x         x	



Kc =                   = 3.53 x 10 -4 =                                        	

[H 
+][F -]	



    [HF]	


x2	



(0.100 - x)	



Quadratic:	


0 = x2 + 3.53 x 10 -4 x - 3.53 x 10 -5 !

3.53 x 10 -4 (0.100 - x) = x2	



x=[H 
+] = 0.00594 M; pH= 2.23	



 HF(aq) 	

 D     H 
+

(aq) + F -
 (aq) 	

 	

	



Simplified:	


3.53 x 10 -4 =!

x2	



(0.100 )	


3.53 x 10 -4 (0.100 ) = x2	


x= [3.53 x 10 -4 (0.100 ) ]1/2	

x=[H 

+] = 0.00805 M; pH= 2.09	



Butyric acid is a weak acid that can be found in spoiled butter. 
 The compound has many uses in synthesizing other flavors. The
 Ka of HC4H7O2 at typical room temperatures is 1.5 × 10–5. 
 What is the pH of a 0.20 M solution of the acid?	



A. 	

5.52	


B. 	

4.82	


C. 	

2.76	


D. 	

–0.70	





C. is correct assuming that the amount of dissociation of this
 weak acid is negligible when compared to its molarity.	



Ka = [H+][A–] / [HA – x] = x2/(0.20 M – x)	



becomes 1.5 × 10–5 = x2/0.20; once x is found, representing the
 [H+], taking –log of that yields the pH.	



A 0.35 M solution of an unknown acid is brought into a lab. 
 The pH of the solution is found to be 2.67.  From this data,
 what is the Ka value of the acid?	



A. 	

6.1 × 10–3	



B. 	

1.3 × 10–5	



C. 	

7.5 × 10–4	



D. 	

2.1 × 10–3	



B. shows the unknown acid’s Ka value.  The pH could be used
 to find the [H+] concentration , 10–2.67, then the Ka expression
 only has one unknown: 	



Ka = [0.00214][0.00214]/(0.35–0.00214)	



Ka Values of Some Hydrated Metal Ions at
 25oC 

Ion                                   Ka	



Fe3+ (aq)                          6 x 10-3	


Sn2+ (aq)                          4 x 10-4	


Cr3+ (aq)                          1 x 10-4	


Al3+ (aq)                          1 x 10-5	


Be2+ (aq)                          4 x 10-6	


Cu2+ (aq)                          3 x 10-8	


Pb2+ (aq)                          3 x 10-8	


Zn2+ (aq)                          1 x 10-9	


Co2+ (aq)                          2 x 10-10	


Ni2+ (aq)                           1 x 10-10	





http://chemconnections.org/general/movies/pHofSaltSolutions.swf!

The following salts were all placed in separate solutions at the
 same temperature so that their concentrations were all equal.  
 Arrange them in order from lowest pH to highest pH.	



  NaCl;      NH4NO3;     Ca(C2H3O2)2;      AlCl3	



Additional information: Kb for NH3 = 1.8 × 10–5; Ka for
 HC2H3O2 = 1.8 × 10–5; Ka for Al(H2O)3+ = 1.4 × 10–5.	



A. 	

NaCl; 	

NH4NO3;     Ca(C2H3O2)2; 	

AlCl3	


B. 	

AlCl3;     	

NaCl; 	

 	

NH4NO3;         Ca(C2H3O2)2	


C. 	

AlCl3; 	

NH4NO3; 	

NaCl; 	

 	

Ca(C2H3O2)2	


D. 	

NH4NO3;   AlCl3; 	

NaCl; 	

 	

Ca(C2H3O2)2	



C. correctly ranks the salt solutions from lowest pH (most
 acidic solution) to highest pH.  The ranking is based on
 production of H+ from the salt ions interacting with water. 
 Highly charged small metal ions such as Al3+ can produce 
H+ as can NH4

+.  However, the Ka of the aluminum’s
 reaction is larger than the Ka for NH4

+.  NaCl is neutral and
 the acetate ion undergoes a reaction that produces OH–, so it
 has a high pH.	





A) 1.more 2.higher  B) 1.less 2.lower  C) 1.less 2.higher  D) 1.more 2.lower! D) 1.more 2.lower!



Ascorbic acid, also known as vitamin C, has two hydrogen
 atoms that ionize from the acid.  Ka1 = 7.9 × 10–5; Ka2 = 1.6 ×
 10–12. What is the pH, and C6H6O6

2– concentration of a 0.10 M
 solution of H2C6H6O6? 	



A. 2.55;  [C6H6O6
2–] = 0.050 M	



B. 2.55; [C6H6O6
2–] = 1.6 × 10–12 M	



C. 1.00;  [C6H6O6
2–] = 1.6 × 10–12 M	



D. 5.10; [C6H6O6
2–] = 0.050 M	



B. 	


In a diprotic acid with two small,
 widely separated Ka values the pH of a
 solution can be obtained from using
 the first Ka and the molarity. Eg.
 H2SO4.  The concentration of the
 dianion can be closely approximated
 by assuming very little dissociation of
 the second acidic hydrogen, so that Ka2

 is very close to the molarity.	


Are there differences in the titration of HF versus

 HCl? ….1) mass wise? …. 2) pH wise? !

D) 1.NO 2.YES !



Most acid-base indicators are weak acids.  In a titration of
 0.50 M acetic acid (at 25°C, Ka = 1.8 × 10–5) with KOH,
 which indicator would best indicate the pH at the
 equivalence point?  The approximate Ka for each choice is
 provided.	



A. 	

Bromophenol blue; Ka ~ 1 × 10–4	



B. 	

Methyl red; Ka ~ 1 × 10–5	



C. 	

Bromothymol blue; Ka ~ 1 × 10–7	



D. 	

Alizarin yellow; Ka ~ 1 × 10–10	



 D. is best. (C. is marginal.)	



A. 	

Bromophenol blue; Ka ~ 1 × 10–4	



B. 	

Methyl red; Ka ~ 1 × 10–5	



C. 	

Bromothymol blue; Ka ~ 1 × 10–7	



D. 	

Alizarin yellow; Ka ~ 1 × 10–10	




