
0Chemistry II-AP

Acid-Base Practice Test
Solution Set
1.   E     Which of the following is an acidic salt?


A) NaClO;         B) NH4Br;          C) K2HPO4;         D) Al(NO3)3;          E) both B and D;    


F) A, B, and C are all acidic.


[Strong acid w/ weak base – due to strength of conj. acid]
2.   A     Using the available ionization constants on your chart, which of the following is the strongest base?

   A) S2-;        B) NO2-1;        C) H2O;        D) H2;        E) HPO42-.


[Looking for weakest acid, lowest KA]
3.  D      Bromocresol green shows a color change from yellow to blue in a pH range of 4.0 - 5.6.  

What is the KA of this weak organic acid?


A) 2.3 x 10-4;         B) 6.6 x 10-7;        C) 4.9 x 10-3;       D) 1.6 x 10-5;         E) 2.5 x 10-6

[ midrange is 4.8 = pKa ( Ka = 1.6 x 10-5]
4.  T - F     According to the Arrhenius theory, acids are electron-pair acceptors and bases are 

   electron-pair donors.    [Acids – release H+ in water; bases release OH-1  in water.] 
5.    E    Which of the following salts should produce a basic solution when dissolved in water?     


A) NaI;       B) MgSO3;       C) NH4Cl;       D) BaCO3;       E) both B and D.


[Strong base w/ weak acid – due to strength of conj. base]

6.   E     The bisulfate (HSO4-1 ) ion is the conjugate base to which acid?


A) sulfide ion;       B) sulfite ion;       C) bisulfite ion;       D) sulfurous acid;       

E) sulfuric acid;     F) hydrosulfuric acid.

7.  T  -  F    The larger the size of the metallic ion and the smaller its charge, 
                    the more basic its hydroxide will be.

[Ex. The cesium ion (CsOH) would be considered to be the strongest base because the low E.N. of cesium allows for the most complete ionization.]
8.   E       Which property is observed for solutions of both strong acids and strong bases?  The solutions:


A) turn red litmus blue;       B) have a bitter taste;       C) feel slippery;       D)have a [H+](aq) of 0.10;      E) are good electrical conductors.

9.   D     The particle formed by the hydration of a hydrogen ion with a water molecule is the:


A) hydroxide ion;      B) hydrate ion;      C) hydrogenated ion;         D) hydronium ion.

10.   A       Which of the following acids would be predicted to show the most complete ionization?  


 A) sulfurous acid;     B) hydrosulfuric acid;      C) acetic acid;    D) hydrofluoric acid;    E) HCN.


[Need to compare KA values.]
11.   D       In the reversible reaction:     CO32-  +  H2O  ((   HCO3-1  +    OH-1
           
water is the conjugate acid of which base?

           
A) carbonate ion;     B) water;     C) bicarbonate ion;     D) hydroxide ion.

12.   C       Indicators are usually weak acids, HIn, that ionize according to the equation:

                            HIn   (( H+1   +   In-1

The molecular form (HIn) has a different color than the ion form (In-1). When the indicator 
               is added to an acid solution, the indicator equilibrium shifts:    


A) left and the color of the ion form is dominant;   


B) right and the color of the molecular acid is dominant;    


C) left and the color of the molecular acid is dominant;   


D) right and the color of the ion form is dominant.

13.   A       The solution produced when a weak acid is neutralized by a strong base has a pH:


 A) greater than 7.0;      B) less than 7.0;     C) equal to 7.0;       D) impossible to predict.

For the next three problems, write the net ionic equation for the principal acid-base reaction. 

Indicate the extent of each reaction by using arrows of differing length, IF NEEDED.

14. Sulfuric acid solution is neutralized with a sodium hydroxide solution.

    (1.00 liter of 0.10 M solution)             (1.0 liter of a 0.10 M solution)

              [Note: the concentration and volumes are important  for this one!!!  If this question had been phrased so that there were 0.2 moles of the base with 0.1 mole of the acid, then the net ionic would simply be the hydrogen and the hydroxide ions forming water.] 

        
            H+  +   HSO4-1 +  OH-1                 H2O    +    HSO4-1                        H3O+1   +   SO4 -2

15. Hydrogen fluoride gas is added to water.

      HF(g)  +   H2O                          H3O+1   +   F-1

16. A sodium acetate (NaOAc) solution is mixed with a HCl solution.

 C2H3O2-1 (aq) + H+1(aq)                                   HC2H3O2 
                            









17.   E       If KA for HZ is 7.2 x 10-4, then it follows that:


A) HZ ionizes very extensively in water solution;      B) water is a stronger base than Z-1;


C) HZ is a stronger acid than the hydronium ion;    


D) a solution of NaZ should be neutral (pH = 7);


E) HZ should be formed upon mixing aqueous solutions of NaZ and HCl.

18.   The irritant in an ant "bite" is formic acid, HCHO2. Why does "baking soda" relieve the effects of 

an ant "bite"?


Baking soda is an amphoteric compound.  In this case, it would use its “basic” properties; ie. it would be a proton acceptor, taking the hydrogen ion from the acid.  In the process, it would produce carbonic acid, or more accurately, an aqueous solution of carbon dioxide.
          HCHO2   +   HCO3-1   (    CHO2-1  +   H2O  +  CO2
19.   B       Which of the following reactions will have the smallest Keq value for the reaction as written?


A)    HCl(g)   +    H2O(liq)  (      H3O+1(aq)     +   Cl-1(aq)

B)    HOAc(liq)  +    H2O(liq)  (      H3O+1(aq)    +   OAc-1(aq)

C)    HOAc(aq)  +     NaOH(aq)   (      NaOAc(aq)     +  H2O(liq)

D)   HCl(aq)    +      NH3(aq)     (     NH4Cl(aq) 


[For (A), K approaches infinity;  for (B), K is KA;  for (C) K = 1 / KB (figure this out!);

                       For (D) K = 1 / KA for the ammonium ion.]

20.   D        NaOH is an example of which type of base?


A) Arrhenius;    B) Bronsted-Lowry;     C) Lewis;     D) all of these.

21.   C        Which of the following species would be considered to be the strongest base in aqueous solutions?


A) chlorite ion;   B) chlorate ion;    C) hypochlorite ion;    D) perchlorate ion;    E) chloride ion

22.   A       When P4O10 is dissolved in water, what type of solutions results?


A) acidic;    B) basic;    C) neutral;     D) cannot tell without the Kc for the reaction.

23.   D       Which equation does not represent a Lewis acid-base reaction?



A)   Cu2+(aq)   +    4  NH3 (aq)     (      [Cu(NH3)4]2+(aq)  



B)   HCl(g)     +      NH3 (g)        (      NH4Cl(s) 

C)   H+1(aq)     +   OH-1(aq)       (
H2O(liq)

D)    2 Na(s)    +    Cl2 (g)   (    2 NaCl(s) 
===========================================================================

Essays: 
A.  For oxyacids, how does acid strength depend on the each of the following:


1.  strength of the bond to the acidic hydrogen atom?


2.  electronegativity of the bond to the acidic hydrogen atom?


3.  the number of oxygen atoms?


[1. The stronger the H-O bond in an oxyacid, the harder it is for the polar nature 
           of water to ionize it, so it becomes a weak acid.

       2. Same idea as above, since the hydrogen is bonded to one of the oxygens in 
           an oxyacid – may help to draw a Lewis structure of nitrous acid vs. nitric acid.


  3.  As the number of oxygens increases, the strength of the acid increases.  
            Ex. perchloric acid is extremely strong because the hydrogen is only bonded
                  weakly to the tetrahedral perchlorate ion yet, HClO is very weak because 
                  of the linear nature (and strong polarity) of the molecule.]

B.  Which would you expect to be the stronger Lewis acid - the ferrous ion or the ferric ion?  


Justify your response.


[The ferric ion would be the stronger Lewis acid since it’s +3 charge would be more strongly attracted to an electron pair – def. of a Lewis acid.]
D.  Liquid ammonia is sometimes used as a solvent for chemical reactions.  It undergoes the autoionization reaction:
2 NH3  ((     NH4+1   +   NH2-1

1.  What species correspond to the hydrogen and hydroxide ion in liquid ammonia?
               NH3 +  NH3 ((     NH4+1          +       NH2-1
                                                  C.A.                    C.B.

                                               hydrogen ion   hydroxide ion

      2.  Sodium metal reacts with liquid ammonia in a manner analogous to the reaction of sodium metal 

     with water.  Write a balanced chemical equation describing this reaction.


               2 Na(s) +  2 HOH    ((     2 Na+1      +    2 OH-1   +  H2
                           2 Na(s) +  2 NH3 ((     2 Na+1      +     NH2-1   +  H2
      3.  What advantages might there be to using liquid ammonia as a solvent?



[Would dissolve solutes that may not be soluble in water.]
E.   Making use of the assumptions we ordinarily make in calculating the pH of an aqueous solution of a 

weak monoprotic acid, calculate the pH of a 1.0 x 10-6 M solution of HBrO given that its pKa is 8.70.


What is wrong with your answer?  Why is it wrong?  Without trying to solve the problem, tell what 

has to be included to solve the problem correctly.

[Assumption is that the difference between the initial concentration and the KA must 
       be greater than 103.  Since this is not true here, amount dissociated will factor in.  
       More importantly, though, is the fact that the conc. is so low, the hydrogen ion 
        produced from the water itself makes a noticeable contribution to the pH of the 
        solution.  Doing the calc. the “regular” way, you would probably get a pH > 7 (for an acid!).]

F.   Hemoglobin (abbreviated Hb) is a protein that is responsible for the transport of oxygen in the blood of mammals.  Each hemoglobin molecule contains four iron atoms that are binding sites for O2 molecules.  


The oxygen binding is pH dependent.  The relevant equilibrium reaction is as follows?






HbH44+    +   4 O2  ((     Hb(O2)4    +    4  H+1

Use LeChatelier's principle to answer the following:


1. What form of hemoglobin, HbH44+ or Hb(O2)4, is favored in the lungs?  What form is favored in the cells?


[With the higher conc. of O2 in the lungs, the reaction above would shift right so the
             molecular species would be the predominant form.  In the cells, the opposite it true, 
             so the anionic form is dominant.]


2.  When a person hyperventilates, the concentration of CO2 in the blood is decreased.  How does this affect the oxygen-binding equilibrium?  How does breathing into a paper bag help to counteract this effect?

            [When CO2 dissolves in the blood, the predominant species is the bicarbonate ion, 

             which is a weak conjugate base to carbonic acid.  If CO2 levels drop, the conc. of 

             the anion drops, lowering pH of the blood system.  Based on the equation above, 

             that would increase hydrogen ions from the blood, causing the reaction to shift to 

             the left. Breathing into a bag keeps the CO2 level higher in the lungs (because now 

             you are inhaling it instead of exhaling it) which restores the blood pH back to 

              normal levels. ]

3.   When a person has suffered a cardiac arrest, injection of a sodium bicarbonate solution is given.  


Why is this necessary?

           [Baking soda contains the bicarbonate ion, which is a weak conjugate base 
            to carbonic acid.  Adding this anion to the blood system raises pH.  Based on 
            the equation above, that would remove hydrogen ions from the blood, causing 
            the reaction to shift to the right to make up for the loss in hydrogen ions.]
24.   12.653     When 2.05 grams of strontium hydroxide is dissolved in enough water to make 750.0 ml 
                             of solution, what is the pH of the solution?


(2.05 g base / 121.6 g/mol) / 0.7500 L  = 0.02248 M cpd  

                       ( 0.0225 M x (2 moles OH / 1 mole cpd) =   [OH-1] = 0.0450 M    

                         ( pOH = 1.347   (   pH  = 12.653

25.   0.025 M     If a solution has a pOH of 12.40, what is the hydronium ion concentration?

                                       pOH = 12.40  ( pH  = 1.60  ( [H+] = 10^-1.60  = 0.025 M
26.   5.099  
A 0.400 M solution of a weak monoprotic acid is known to dissociate 0.445%.  
                                   What is the pKa for this acid?


          HA                 ((        H+1        +         A-1

I    0.400 M                               0                        0     
                                       R  - (0.00445)(0.400)

                                            = 1.78 x 10-3 M          + 1.78 x 10-3 M         + 1.78 x 10-3 M  


E    0.398 M                            1.78 x 10-3 M           1.78 x 10-3 M  


              [H+1][A-1]                 [1.78 x 10-3]2           

KA  =    --------------    =    --------------    =  7.96 x 10-6  (  pKA  = 5.099



       [HA]
           0.398

27.   45.68 g/eq
What is the gram equivalent weight of a solid monoprotic acid if it takes 38.60 mL 
                                       of a 0.1250 N solution of sodium hydroxide to neutralize 0.2204 grams of the acid?

                                       GEW = GMW for a monoprotic acid
                                       moles H+1 = moles OH-1    = (0.1250 M)(0.03860 L)  = 0.004825 moles


M. Wt = GEW = 0.2204 g / 0.004825 moles = 45.68 g/mole

28.  3.60
A student uses 30.00 ml of a 0.2005 N solution of hydrobromic acid to react with 30.00 mL of a 0.200 N solution of potassium hydroxide, what is the pH of the resulting solution?


HBr        +          KOH     (         KBr        +      H2O
                                       E.R.                     L.R.

                                   6.015 mmoles        6.000 mmoles


[H+1] in xcs  = 0.015 mmoles / 60.0 mL   = 2.5 x 10-4 M


(   pH  = 3.60
29.   1.30
45.00 grams of sodium chloride is added to 1.00 liter of a 0.0500 M solution of hydrochloric acid.  What is the pH of the final solution?



NaCl is a neutral salt; ie.; it has no effect on the pH of the solution.


[H+1]  = 0.0500 M  (   pH  = 1.30
30.  2.2 x 10-11
Using the table of dissociation constants from your problem solving book, determine the KH for potassium nitrite.


KH for the nitrite ion, which is the conj. base of nitrous acid  = KB

KB  =  KW / KA  = 1.0 x 10-14 /  4.5 x 10-4   = 2.2 x 10-11
31.  2.94
What is the pH of a buffer solution that is prepared by adding 0.0250 moles of 

 potassium fluoride to 1.00 liter of a 0.0400 M HF solution?


Using the H.H. eqn.   pH  = 3.14 + log (0.0250 mole F-1 / 0.0400 mole HF)
                                                                pH  = 2.935   = 2.94

32.    E
10.00 grams of magnesium hydroxide (MW = 58.3 g/mole) is dissolved in 1.00 liter of a 0.400 M acetic acid solution.  What is the pH of the solution at equilibrium? [Remember the products!]


A) 8.75;         B) 8.27;         C) 9.05;         D) 5.25;          E) 5.52;        F) 4.74



10.00 g Mg(OH)2  = 0.1715 moles cpd  = 0.343 moles OH-1
                       Which neutralizes 0.343 moles of the 0.400 moles leaving an xcs of 0.057 moles acid

                       And generating 0.343 moles of the conjugate base.



pH = 4.74 + log(0.343 moles / 0.057 moles)  = 5.519   = 5.52

33.   D
A student needs to make a buffer solution that would simulate blood (have a similar pH to that of blood).  Which of the following would be the closest substitute based solely on pH?


A) 4.0 grams of NaOH dissolved in 1.0 liter of 1.0 M acetic acid;


B) 16.0 grams of NH4Cl dissolved in 1.0 liter of 1.0 M aqueous ammonia;


C) 8.20 grams of sodium acetate dissolved in 1.0 liter of 1.0 M acetic acid;


D) 0.917 moles of HCl dissolved in 1.0 liter of 1.00 M solution containing phenolphthalein anion;


E) 0.115 moles of NaOH dissolved in 1.0 liter of 0.117 M HCl solution.


Blood has a pH of 7.4


A)   moles OH-1 = 4.0 g / 40.0 g/mole = 0.10 mole (  0.10 mol OAc-1
                   pH = 4.74 + log (0.10 / 0.90)  = 3.79


B)   moles NH4+1 = 16.0 g / 53.5 g/mole = 0.299 mole

                   pOH = 4.74 + log (0.299 / 1.0)  = 4.22   ( pH  = 9.78 


C)   moles OAc-1 = 8.20 g / 82.0 g/mole = 0.10 mol OAc-1
                   pH = 4.74 + log (0.10 / 1.0)  = 3.74


D)   moles phenolphthalein anion = 1.00 mole – 0.917 moles = 0.083 mole
                   pH = 8.5 + log (0.083 / 0.917)  = 7.46

E)   not even a buffer solution – has an excess of a strong acid!!!


[Since phenolphthalein is the active ingredient in many laxatives, this would be 
             a tough buffer to deal with in the blood system!]

  Consider the following information for the first 6 questions:     KA for nitrous acid is 4.5 x 10-4
  30.3 grams of potassium nitrite (MW = 85.1 g/mole) is added to 749.0 ml of a 0.6424 M nitrous acid solution.

34.    C
What is the pH of this solution?


A) 3.35;      B) 1.77;        C) 3.22;      D) 0.19;       E) 2.12 ;      F) 2.33


pH  = 3.35 + log [(30.3 g / 85.1 g/mol) / (0.749 L)(0.6424 M)] 
                         = 3.35  + log (0.356 mole / 0.481 mole)   = 3.22
35.    D
How many grams of the salt would need to be added to get this buffer solution up to maximum buffering capacity   A) 30.3;       B) 0.125;       C) 5.88;        D) 10.7;       E) 40.9;  
F) 16.6
                     0.481 moles – 0.356 moles  = 0.125 moles x 85.1 g/mol  = 10.6 g
36.   A
If 2.020 grams of KOH were put into a similar volume of distilled water (749 mL), how much change in pH would occur (from the pH of the distilled water to the pH of the final solution)?


A) 5.68;      B) 1.32;       C) 5.56;       D) 10.68;       E) 1.44;      F) 7.00


2.020 g / 56.1 g/mole  = 0.0360 moles OH-1 / 0.749 L  = [OH-1] = 0.048

pOH = 1.33  (  pH  = 12.68  ( pH = 12.68  - 7.00  = 5.68 pH units

37.   E
If 2.020 grams of KOH were put into the buffer solution in problem #34, what would be the pH of the new solution?  
A) 0.07;      B) 0.055;      C) 0.392;      D) 3.71;      E) 3.29;       F) 4.25


pH   = 3.35  + log [(0.356 + 0.0360 mole) / (0.481 – 0.0360 mole)]  = 3.29

        [Notice the buffering power – same amt., but only an increase of 0.07 pH units.]
38.    B
How many milliliters of a 1.00 M HCl solution can be added before the buffering capacity of the original buffer solution is exceeded (the solution from problem #34)?


A) 644;       B) 356;      C) 35.6;      D) 393;       E) 481;      F) none of these.


Original buffer had 0.356 moles of conj. base to neutralize the acid, 

                    so 356 mL of a 1.0 M HCl solution could be neutralized.

39.   T  -  F    If 1.00 liter of distilled water were added to the original buffer solution, the pH of the solution would not change.     [Would affect the concentration of both parts.]
Use the following information for the next of questions:  1st KA for carbonic acid is 4.3 x 10-7







       2nd KA is 4.7 x 10-11.

40.  3.33
What is the pH of a 0.500 M solution of H2CO3?


4.3 x 10-7  = x2 / 0.500 M   ( x = [H+] = [HCO3-1]  = 4.6 x 10-4 M
                           pH  = 3.33    [Remember that pH comes from 1st ionization 
                                                 if difference between K’s is large.]
41.   9.68   
What is the pH of a 0.100 M solution of sodium bicarbonate?


[This is a salt hydrolysis problem; need the 1st KA to find KB for the conj. base.]


KB = Kw / KA =  1.0 x 10-14 / 4.3 x 10-7  = 2.3 x 10-8 = x2 / 0.100


x = [OH-1] = 4.8 x 10-5 M  ( pOH  = 4.32     ( pH = 9.68   
42.   4.7 x 10-11
What is the [CO3-2] of a 0.500 M solution of carbonic acid?




No calc. needed:   [CO3-2] = 2nd KA
......................................................................................................................................

43.  D       What is the sulfide ion concentration in a 0.100 M solution of H2S?


A) 2.7 x 10-8;      B) 1.0 x 10-20;       C) 1.3 x 10-17;       D) 1.3 x 10-13;      E) 1.3 x 10-22;      F) 1.0 x 10-21



No calc. needed:   [S-2] = 2nd KA
44.   0.979
Calculate the pH of a 0.0010 M solution of sulfuric acid.



                 HSO4-1  ((         H+1   +      SO4-2



I
0.100 M                    0.100 M         0

                                 R               - x                          +x                x

                                 E         0.100 – x                   0.100 + x       x      [CANNOT IGNORE X!]

                               0.012  =  (0.100 + x)(x) / (0.100 – x)   ( x =  0.00985 M    

                               ( [H+1] = 0.100 + 0.00985 = 0.105 M         (  pH = 0.979
45.  An aqueous solution of ammonia is reacted with a dilute solution of hydrochloric acid.  At the equivalence point, what are the major species in the solution?  List them.

   NH4OH  +  HCl  (  NH4Cl  +  H2O   (  major species:  H2O, Cl-1, NH4+1
46.   Show the net ionic equation of the reaction between acetic acid and sodium hydroxide.


     HC2H3O2 (aq) + OH-1(aq)                                         H2O   +   OAc-1
      A 0.682 gram sample of an unknown weak monoprotic organic acid, HA was dissolved in sufficient water to make 50.0 milliliters of solution and was titrated with a 0.135 molar NaOH solution.  After the addition of 10.6 milliliters of base, a pH of 5.65 was recorded.  The equivalence point (end point) was reached after the addition of 27.4 milliliters of the 0.135 molar NaOH.

47.   E
Calculate the number of moles of acid in the original sample.


A) 3.70 x 10-5;    B) 1.43 x 10-3;    C) 2.3 x 10-4;    D) 1.3 x 10-3;    E) 3.70 x 10-3;     F) 1.2 x 10-4

moles hydroxide = moles acid  = (0.135 M)(0.0274 L)  = 0.003699 moles 
48.   F
Calculate the molecular weight of the acid HA (in grams/mole).


A) 288;    B) 122;      C) 78.4;     D) 347;       E) 904;       F) 184;      G) 204.2


0.682 g / 0.00370 moles =  184 g/mol
49.   A
 Calculate the number of moles of unreacted HA remaining in solution when the pH was 5.65.


A) 2.27 x 10-3;    B) 1.33 x 10-3;     C) 2.3 x 10-4;    D) 2.23 x 10-4;     E) 1.43 x 10-3;   F) 1.2 x 10-4

(0.135 M)(0.0106 L)  = 0.00143 moles reacted 

                     (   0.00370 – 0.00143  = 0.00227 mol xcs acid
50.   F
 Calculate the [H3O]+ at pH = 5.65.


A) 2.2 x 10-4;     B) 1.3 x 10-6;     C) 2.7 x 10-5;     D) 3.3 x 10-8;     E) 7.4 x 10-9;    F) 2.2 x 10-6

10^-5.65 = 2.2 x 10-6 M
51.   D
 Calculate the value of the pKa of the acid HA.   [Think Henderson-Hasselbalch!]


A) 5.15;      B) 5.45;      C) 5.65;     D) 5.85;      E) 6.15;     F) none of these.



5.65  =  pKA  +  log (  0.00143 mole CB / 0.00227 moles HA)  = 5.85
52.   Calculate the value of the equilibrium constant for the reaction of acetic acid with sodium hydroxide.

      Net ionic equation:   HOAc   +  OH-1  ((  H2O   +  OAc-1
      (Reaction goes far to the right (as do all acid-base neutralization reactions!!!)

      Notice that this reaction is the reverse of the salt hydrolysis reaction, 

       so the KN = 1 / KH  = 1 / KB    = KA / KW  = 1.8 x 109
53. What are the components of the two main buffering systems (solutions) in human blood?

       The primary buffer is the bicarbonate ion; it’s concentration is regulated by the
       CO2 exchange between the respiratory system and the circulatory system.  
       The secondary system is the H2PO4-1 / HPO4-2  system generated by ATP/ADP
       exchanges, nucleic acids breakdown, and bone structure issues.
54.  Although it didn't describe it in your book, what is the significance of the Solvay process?  

 What are the products of this process?


It is the commercial production of soda ash, also known as sodium carbonate.
            This is a highly caustic, or basic, compound – used to raise the pH of many solutions.


