PAGE  
23

Chapter 4 Reactions in Aqueous Solutions


Molar concentration (Molarity) M:

It is defined as moles of solute per volume of solution in liters:




M = n/V    mol/L

Exercise 1:

Calculate the molarity of a solution prepared by dissolving 11.5 g of solid NaOH in enough water to make 1.50 L of solution.

Answer:




n = m/MM = (11.5 g)/(40.00 g mol-1) 




   = 0.288 mol NaOH
                 M = n/V = (0.288 mol NaOH)/(1.50 L solution)



    = 0.192 M
NaOH solution  

Exercise 2:

Calculate the molarity of solution prepared by dissolving 1.56 g of gaseous HCl in enough water to make 26.8 ml of solution.

Answer:



n = m/MM = (1.56 g)/(36.46 g mol-1)

                     = 4.28 x 10-2 mol 
HCl
        M = n/V = (4.28 x 10-2 HCl)/(26.8 x 10-3 L)                       

             = 1.60 M 
HCl solution 

Exercise 3:


Give concentrations of each type of ion in the solutions:

a) Ca(NO3)2(aq) ( Ca2+(aq) + 2NO3-(aq)

     0.50 M              0.50 M     1.00 M

b)
Fe(ClO4)3(aq) ( Fe3+(aq) + 3ClO4-(aq)



     1 M                   1 M           3 M

Exercise 4:

Calculate the number of moles of Cl- ions in 1.75 L of 

1.0 x 10-3 M ZnCl2
Answer:


ZnCl2(aq)       (       Zn2+(aq)       +      2Cl-1(aq)

         1.00 x 10-3 M            1.0 x 10-3 M         2.0 x 10-3 M

 M = n/V

  n = MV = 2.0 x 10-3 mol L-1 x 1.75 L

              = 3.5 x 10-3 mol     Cl-
Exercise 5:

Typical blood serum is about 0.14 M NaCl. What volume of     

 blood contains 1.0 mg NaCl ?

Answer:


nNaCl = m/MM = (1.0 x 10-3 g)/(58.45 g mol-1) 

                 = 1.7 x 10-5 mol 

NaCl

M = n/V 

(
V = n/M =  (1.7 x 10-5 mol)/(0.14 mol L-1) = 1.2 x 10-4L 

Exercise 6:

How much solid K2Cr2O7 is needed to make 1.00 L of aqueous 0.200 M K2Cr2O7 solution.

Answer:


M = n/V

n = MV = (0.200 mol L-1)(1.00 L) = 0.200 mol

n =  m/MM
    
m = n x MM = (0.200 mol) x (294.20 g mol-1) 

             = 58.8 g

K2Cr2O7
Dilution:

  Moles of solute before dilution = Moles of solute after dilution




         nb = na
· M1V1 = M2V2

Exercise 7:

What volume of 16 M sulfuric acid H2SO4 must be used to prepare 1.5 L of 0.10 M H2SO4 solution?

Answer:





M1V1 = M2V2


 
  16 M x V1 = 0.10 M x 1.5 L
   V1 = (0.10 M x 1.5 L)/(16 M) = 9.4 x 10-3 L =  9.4 mL
Simple Rules for the solubility of salts in water:

(
Most Nitrate (NO3-) salts are soluble

(
Most salts containing the alkali metal (group I) ions (Li+, Na+, K+, Cs+, Rb+) and the ammonium ion (NH4+) are soluble

(
Most chloride, bromide and iodide salts are soluble, except salts containing Ag+, Pb2+ and Hg22+
(
Most sulfate (SO42-) salts are soluble, except salts containing Ba2+, Pb2+, Hg22+ and Ca2+
(
Most hydroxide salts (OH-) salts are only slightly soluble.

The compounds Ba(OH)2, Sr(OH)2 and Ca(OH)2 are marginally soluble


NaOH and KOH are soluble
 

(
Most sulfide (S2-), carbonate (CO32-), chromate 

(CrO42-), and phosphate (PO43-) salts are only 

 slightly soluble

Exercise 8:


a) Molecular equation:

KCl(aq) + AgNO3(aq) ( AgCl(s) + KNO3(aq)

Complete ionic equation:

K+(aq) + Cl-(aq) + Ag+(aq) + NO3-(aq) (
               AgCl(s) + K+(aq) + NO3-(aq) 
Net ionic equation:

Cl-(aq) + Ag+(aq) ( AgCl(s)

b) Molecular equation:

3KOH(aq) + Fe(NO3)3(aq) ( Fe(OH)3(s) + 3KNO3(aq)

Complete ionic equation:

3K+(aq) + 3OH-(aq) + Fe3+(aq) + 3NO3-(aq) (
                                  Fe(OH)3(s) + 3K+(aq) + 3NO3-(aq)

Net ionic equation:

3OH-(aq) + Fe3+(aq)  ( Fe(OH)3(s)

Exercise 9:

Calculate the mass of the solid NaCl that must be added to 1.50 L of 0.100 M AgNO3 solution to precipitate all Ag+ ions in the form of AgCl.

Answer:


AgNO3(aq) + NaCl(aq) ( AgCl(s) + NaNO3(aq)

    nNaCl = nAgNO3 = 0.100 mol L-1 x 1.50 L


           = 0.150 mol
NaCl


        n = m/MM

 (
 mNaCl = n x MM = 0.150 mol x 58.45 g mol-1
                            = 8.77 g

NaCl

Exercise 10:
When aqueous solutions of Na2SO4 and Pb(NO3)2 are mixed, PbSO4 precipitates. Calculate the mass of PbSO4 formed when 1.25 L of 0.050 M Pb(NO3)2 and 2.00 L of 0.0250 M Na2SO4 are mixed.
Answer:

Na2SO4(aq) + Pb(NO3)2(aq) ( PbSO4(s) + 2NaNO3(aq)


   Pb2+(aq) + SO42-(aq) ( PbSO4(s)



nPb2+ = nPb(NO3)2 = MV  = 0.050 mol L-1 x 1.25 L 



         = 0.063 mol 
Pb2+

     n(SO4)2- = nNa2SO4 = MV  = 0.0250 mol L-1 x 2.00 L 

         
        = 0.050 mol 
SO42-

(
SO42- is limiting reactant


From balance equation:




nPbSO4 = n(SO4)2- = 0.050 mol



mPbSO4 = n x MM = 0.050 mol x 303.3 g mol-1
                    
  = 15.2 g

PbSO4

For the acid-base titration:


1)      NaOH versus HCl: 


At end-point:
nacid = nbase
and  (MV)acid = (MV)base

2) 
NaOH versus H2SO4: 


At end-point:
nacid ≠ nbase
and  (MV)acid  ≠ (MV)base

Exercise 12:

What volume of 0.100 M HCl solution is needed to neutralize 25.0 ml of 0.350 M NaOH ?
Answer:

     M = n/V

nacid  = nbase = MV = 0.350 mol L-1 x 25.0 x 10-3 L

                 = 8.75 x 10-3 mol 


  
 Vacid = (n/M)acid = (8.75 10-3 mol)/0.100 mol L-1)

                  = 8.75 x 10-2 L

Exercise 13:

A 10.00 mL sample of 3.72 M sulfuric acid requires 35.08 mL sodium hydroxide solution for complete neutralization. What is the molarity of sodium hydroxide?

Answer:

H2SO4(aq) + 2NaOH(aq) ( Na2SO4(aq) + 2H2O(l)
nacid= (MV)acid = 10.00 mL x 10-3 L/mL x 3.72 mol/L

       = 0.0372 mole H2SO4
nbase= 2 x 0.0372 = 0.0744 mole NaOH
Mbase = (n/V)base = 0.0744 mole / 35.08 mL x 10-3 L mL-1
          = 2.121 M  NaOH
Exercise 14:

In a certain experiment, 28.0 ml of 0.250 M HNO3 and 53.0 ml of 0.320 M KOH are mixed. (a) Calculate the amount of water formed in the resulting reaction. (b) What is the concentration of excess H+ or OH- present after the reaction goes to completion?
Answer:

(a)


H+(aq) + OH-(aq) (H2O(l)



nH+ = MV = 0.250 mol L-1 x 28.0 x 10-3 L

                          = 7.00 x 10-3 mol 
H+


nOH- = MV = 0.320 mol L-1 x 53.0 x 10-3 L

                          = 1.70 x 10-2 mol 
OH-


(
H+ is limiting reactant


nH+ = nH2O = 7.00 x 10-3 mol 
H2O
(b) nExcess OH- = initial amount – reacted amount
   


       = (1.70 x 10-2 - 7.00 x 10-3) mol   OH-
                = 1.00 x 10-2 mol 
    OH-
Vsolution = (28.0 + 53.0) = 81.0 ml = 8.10 x 10-2 L
M Excess OH- = n/V 

         = (1.00 x 10-2 mol)/(8.10 x 10-2 L)



= 0.123 M
   OH-
Chem 101 Chapter 4: Selected Old Exams Questions:

(All correct answers are A):

1.
How many of the following salts are expected to be insoluble in water?


sodium sulfide, barium nitrate, ammonium sulfate, potassium phosphate, barium sulfate?


A.
1 salt

B.
2 salts

C. 3 salts


D.
4 salts

E.
all 5 salts

We learned from the solubility table that all group I (here sodium and potassium) and all ammonium salts are soluble and that also all nitrates are soluble.


So only barium sulfate is insoluble in water.

2.
The complete ionic equation for the reaction of aqueous sodium hydroxide with aqueous nitric acid is:


A.
Na+ + OH- + H+ + NO3- ( Na+ + NO3- + H2O


B.
2 Na+ + 2 OH- + 2 H+ + NO32- ( 2 Na+ + NO32- + 2 H2O


C.
Na+ + OH- + H+ + NO3- ( NaNO3 + H2O


D.
Na+ + OH- + H+ + NO3- ( NaOH+ + H+ + NO3-

E.
Na+ + NO3- ( NaNO3
This is a neutralization reaction, i.e. H+ and OH- form water and NaNO3 stays in solution, as given in A.

B is nonsense, there is no NO32-, C is not a complete ionic equation, because NaNO3 is soluble and thus dissociated, D is nonsense, because a NaOH+ does not exist, it also violates the charge balance and finally E is no neutralization, but suggests that NaNO3 precipitates, what is not true and also it is not complete.

3. In which of the following does the chlorine atom (Cl) have an oxidation    

      number of 5?

      A)  ClO3-
      B)  HCl

      C)  ClO-
      D)  HClO4
      E)  ClF3
Solution:
In each of the choices we assign the oxidation number of Cl as unknown with u, and the other 

oxidation numbers as usual in compounds: that of O with -2, that of H with +1 and that of F 

with -1. Then the sum of all oxidation numbers must give the overall charge:

A) ClO3-: u - 2 x 3 = -1; u - 6 = -1; u = +5

For oxidation number 5 for Cl is asked, and thus choice A is correct.

B) HCl: +1 + u = 0; u = -1

C) ClO-: u - 2 = -1; u = +1

D) HClO4: +1 + u - 2 x 4 = 0; u - 7 = 0; u = +7

E) ClF3: u - 1 x 3 = 0; u - 3 = 0; u = +3  

4.
A student weighs out 0.568 g of potassium hydrogen phthalate (KHC8H4O4, KHP) and titrates to the stoichiometric (equivalence) point with 36.78 mL of his NaOH stock solution. What is the concentration of the NaOH stock solution? KHP (molar mass MM = 204.22 g/mol) has one acidic hydrogen.


A.
0.0756 M
B.
0.102 M
C.
0.943 M


D.
0.315 M
E.
0.0378 M


1 mol NaOH neutralizes 1 mol of KHP in the titration.
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at the end point nH+ = nOH- and thus (volume of NaOH solution: 36.78 x 10-3 L):
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5.
The mass of K2CO3 needed to prepare 2.00 L of a 0.0970 M solution of K2CO3 is:


A.
26.8 g
B.
19.2 g
C.
13.0 g


D.
20.6 g
E.
24.5 g

The number of moles needed is obtained from the volume and the molarity:
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That gives the mass of K2CO3 needed:
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6.
How many mL of distilled water must be added to 10.0 mL of a 2.00 M Na2CO3 solution to bring its concentration to 0.100 M?


A.
190. mL

B.
180. mL

C.
200. mL


D.
100. mL

E.
90.0 mL

The dilution law (i for finitial, f for final) tells that MfVf = MiVi = n(Na2CO3) because the number of moles of solute does not change in the dilution process (adding solvent).


ΔV is the volume of water that has to be added, and thus Vf = Vi + ΔV:
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7. Balance the following equation using the smallest set of whole numbers,   

    then add together all the coefficients.


SF4 + H2O ( H2SO3 + HF

    The sum of the coefficients is

    A) 9

B) 4

C) 6

D) 7

E) 8

SF4 contains 1 sulfur atom, S, and 4 fluorine atoms, F, per molecule.

Thus the hydrolysis of 1 SF4 molecule must result in 1 H2SO3 and 4 HF molecules.

Then we have on the right hand side of the equation 6 H atoms and 3 O atoms more than on the left hand side. This adds up to 3 H2O molecules which we must put on the left.

So the balanced equation is


1 SF4 + 3 H2O ( 1 H2SO3 + 4 HF

2 of the coefficients are equal to 1, so it is the smallest possible set of integers. Their sum is  1 + 3 + 1 + 4 = 9, choice A

8.  1.00 mL of a 3.50 x 10-4 M solution of oleic acid is diluted with 9.00 mL of  eher, forming solution A. 2.00 mL of solution A is diluted with 8.00 mL of ether, forming solution B. How many grams of oleic acid are present in 5.00 ml of solution B. (Molar mass for oleic acid is 282 g/mol).

      A) 9.87 x 10-6 g     

B) 4.94 x 10-6 g

C) 7.00 x 10-6 g       
      D) 4.94 x 10-5 g         

E) 1.97 x 10-6 g

Call the initial solution 0, then the dilution law when going from 0 to A tells that

M0V0 = MAVA (= noleic acid) and thus
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6
change from mL to L is not needed because the units of the volumes cancel.

Further the dilution law when going from A to B tells that

MAVA = MBVB (= noleic acid) and thus



[image: image7.wmf]B

 

10.00mL

 

=

 

ether

 

mL

 

8.00

 

+

 

A

 

mL

 

2.00

 

=

 

V

 

 

 M

10

 

 

7.00

 

=

 

 M

10

 

 

3.50

 

mL

 

10.00

mL

 

2.00

 

=

 

M

 

V

V

 

=

 

M

B

6

-

5

-

A

B

A

B

·

·


7
change from mL to L is again not needed because the units of the volumes cancel.

The number of moles of oleic acid in 5.00 mL B is thus

n = 7.00 x 10-6 mol/L x 5.00 x 10-3 L = 3.50 x 10-8 mol

and its mass m = 3.50 x 10-8 mol x 282 g/mol = 9.87 x 10-6 g (choice A)

9. What is the correct formula of the salt formed in the neutralization reaction  

       of hydrochloric acid with calcium hydroxide?

       A) CaCl2
   B) CaO
      C) CaH2
            D) CaCl
    E) H2O

Ca is an element in representative element group II and has only Ca2+ cations. Thus calcium hydroxide must be Ca(OH)2. Since hydrochloric acid is HCl, 2 HCl are needed to form 2 H2O molecules (NOT a salt):


2 HCl + Ca(OH)2 ( CaCl2 + H2O

Choice A

10. 75.0 mL of 0.250 M hydrochloric acid is added to 225.0 mL of 0.0550 M 
      Ba(OH)2 so​luti​on. What is the concentration of the excess H+ or OH- ions 
      left in the resulting solution?

      A) 2.0 x 10-2 M OH-

B) 2.7 x 10-2 M OH-
C) 2.1 x 10-2 M H+
      D) 2.8 x 10-2 M H+

E) 1.4 x 10-2 M H+
The numbers of moles are
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8
In the reaction H+ + OH- ( H2O each H+ ion needs 1 OH- ion to react.

Thus the final number of moles of OH-, nf(OH-), is

nf(OH-) = ni(OH-) - ni(H+) = (0.02475 - 0.01875) mol OH- = 6.00 x 10-3 mol OH-
Thus the OH- concentration in the combined solutions is 
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choice A

11. When HCl was added to a solution containing two metal ions, a precipitate 
       formed with one ion but the other remained soluble. The solution could 
       have contained. The solubility rules will tell you the correct choice.

       A) Ag+ and Cu2+
            (AgCl(s) is insoluble and precipitates, CuCl2(aq) is soluble; correct 
              choice)
        B) Cu2+ and Ni2+
             (Both CuCl2(aq) and NiCl2(aq) are soluble)
        C) Ag+ and Pb2+
             (Both AgCl(s) and PbCl2(s) are insoluble and precipitate)
        D) Ba2+ and Ni2+
             (Both BaCl2(aq) and NiCl2(aq) are soluble)
        E) Na+ and Ca2+
             (Both NaCl(aq) and CaCl2(aq) are soluble)
12. For the reaction:

       __ H3PO4(aq) + __ Ba(OH)2(aq) ( __ H2O(l) + __ Ba3(PO4)2(aq)

       For every mole of Ba3(PO4)2 produced, this many moles of water are also            

       produced,

       A) 6

B) 1

  C) 2

    D) 4

E) 8

First the neutralization reaction equation must be balanced:

H3PO4 has 3 protons, H+, and thus needs 3 hydroxide ions, OH-, to neutralize all of them to 3 H2O(l). 

For 3 OH- ions, 3/2 Ba(OH)2 are needed

Thus there are 3/2 Ba2+ ions and 1 PO43- ions. These can form 1/2 neutral Ba3(PO4)2:

_1_ H3PO4(aq) + _3/2_ Ba(OH)2(aq) ( _3_ H2O(l) + _1/2_ Ba3(PO4)2(aq)

In a balanced equation all stoichiometric coefficient must form the smallest possible set of integer numbers, and thus the above equation must be multiplied by 2:

_2_ H3PO4(aq) + _3_ Ba(OH)2(aq) ( _6_ H2O(l) + _1_ Ba3(PO4)2(aq)

Thus, when 1 mol Ba3(PO4)2 is formed, 6 mol H2O are also produced.

13. Which of the following is a strong electro​lyte solution?

       A) KMnO4(aq)

            (KMnO4 is a normal salt, and thus this is a strong electrolyte solution)
       B) C2H5OH(aq)

            (This is a dissolved polar molecule (an alcohol) and thus it is a non-
              electrolyte solution)
       C) NH3(aq)

            (This is a weak base solution and thus a weak electrolyte solution)
       D) HCH3CO2(aq)

            (This is a weak acid (acetic acid) solution, and thus a weak electrolyte 
              solution)
       E) C12H22O11(aq)

            (This is a dissolved polar molecule (a sugar) and thus it is a non-
              electrolyte solution)
14. Calculate the sodium ion (Na+) concentration when 70.0 mL of 3.0 M 
       Sodium carbonate (Na2CO3) is added to 30.0 mL of 1.0 M sodium 
       bicarbonate (NaHCO3).

       A) 4.5 M

B) 0.136 M

C) 0.817 M



       D) 2.4 M

E) 0.050 M

Sodium carbonate has 2 Na+ ions per formula unit, while sodium bicarbonate has 1 Na+ ion per formula unit. Thus the number of moles of Na+ in the combined solution, nNa+, is:
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10
The volume of the combined solution is (70.0 + 30.0) mL = 100.0 mL = 0.1000 L. Thus the molarity of Na+ is:
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15. When 10.51 mL of a 0.0100 M solution of Ag2SO4 is mixed with an excess 
       of a 0.0200 M solution of NaCl, how many gram precipitation will be 
       obtained?

      A) 0.0301 g AgCl(s) 
      B) 0.0149 g Na2SO4(s)
C) 0.0299 g Na2SO4(s)

      D) 0.0151 g AgCl(s)         E) 0.0328 g Ag2SO4(s)

choices B), C), and E) are excluded because both Na2SO4 and Ag2SO4 are soluble and cannot be the precipitation, while AgCl is insoluble.

molecular equation: Ag2SO4(aq) + 2 NaCl(aq) ( 2 AgCl(s) + Na2SO4(aq)

net ionic equation: Ag+(aq) + Cl-(aq) ( AgCl(s)

Thus the number of moles of Ag+ ions, nAg+, being equal to the number of moles of AgCl, nAgCl precipitated, and its mass, are:
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16. 50.00 mL of an aqueous solution of sulfuric acid, H2SO4(aq), is neutralized  

      completely with 23.78 mL of an aqueous 0.1500 M solution of potassium     

      hydroxide, KOH(aq). What was the concentration of the original sulfuric 
      acid solution?

     A) 0.03567 M


B) 0.1500 M


C) 7.134 x 10-5 M

     D) 0.07134 M


E) 3.567 x 10-5 M

The number of moles of KOH used in the titration was:
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The balanced molecular equation is:

H2SO4(aq) + 2 KOH(aq) ( 2 H2O(l) + K2SO4(aq)

This gives the unit factor to calculate the number of moles of H2SO4 in the original solution:
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With the volume of the original solution its molarity is:
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17. Determine the oxidation number of sulfur in Na2S2O3
      A) +2

B) +1

C) +7

D) -2
        E) -4

Na is in representative group I and thus is Na+ with oxidation number +1.

S is assigned the unknown oxidation number o.

O has, as in all oxo anions the oxidation number -2.

The sum of all oxidation numbers in the formula unit must be equal to the total charge which is 0 here. Thus:

2 x (+1) [from Na] + 2 x o [from S] + 3 x (-2) [from O] = -4 + 2o = 0

Thus 2o = +4 and the oxidation number of sulfur is  o = +2 (choice A)

18. What is the oxidation number of chromium, Cr, in the dichromate ion, Cr2O72-?

       A) +6

B) +5

 C) +4
      
     D) +3

E) +2

in an oxo-anion the oxidation number of each oxygen atom is -2. The unknown one of Cr we call o. The rule is, that the sum of all oxidation numbers must be equal to the total charge (-2):

2 x o - 2 x 7 = -2; 2o = -2 + 14 = 12; o = +12/2 = +6
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