    Chemistry II-AP

                       



  Solutions / Colligative Problem Set

Answer Key
If the following statements are false, indicate what is incorrect about the statement.

1.  T  -  F   When acetic acid is dissolved in water, it exists predominantly as hydrated H+ ions and the hydrated acetate ions.


Acetic acid (in its dilute form, it is known as vinegar) is a weak acid, 

which mean that it only ionizes to a very small extent.  It mainly exists 

in the molecular form. 
2.  T  -  F    The solubility of gases in liquids is inversely proportional to the increase in temperature.

3.  T  -  F    Examples of solid emulsions would be marshmallows, butter, and paint.


   Only butter is the “solid emulsion”.  Marshmallows are “solid foams”

    and paint is classified as a “sol”.

4.      E         Which of the following substances might stabilize a colloidal suspension of oil in water?        

            
A) octane, C8H18;     B) sodium bicarbonate, NaHCO3;        C) CaCl2;        D) HCl;   


E) sodium stearate, NaCO2(CH2)16CH3.


   (It is large enough to have a polar and a nonpolar end)
5.    4.40 N      What is the normality of an acid solution if 56.0 ml are needed to neutralize exactly 5.89 grams of lithium hydroxide?

                         5.89 g LiOH / (23.9 g/mol) / 0.0560 L  =  4.40 N
6.   555.2 mL     If you needed to make a 0.4450 M solution from 650.0 ml of a 3.050 M solution of HCl, how many milliliters of water would you need for the dilution? 




V2  = (0.4450 M)(650.0 mL) / 3.050 M   =  94.836 mL



Vwater  =  V2 - V1  =  650.0 mL - 94.8 mL  = 555.2 mL
7.    A      Which of the following is a nonelectrolyte in aqueous solution?

             
A) naphthalene;       B) sulfuric acid;    C) HCl;   D) sodium chloride;    E) acetic acid.

8.    D      If a 0.600 m aqueous solution of a weak acid, HA, has a freezing point of -1.28oC, what is the percent ionization of HA in this solution?    


  A) 0.0;        B) 2.2;         C) 10.0;         D) 14.7;           E) 29;       F) 34.5.


1.28oC   = i x kf x m    =>    i   =  (1.28oC ) / [(1.86oC / m)(0.600 m)]


i =  1.1469  =  1.15   then     =  (i - 1) / (n - 1)   =  (1.15 - 1) / (2 - 1)  = 0.15 
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      Use the following information to answer the next set of 4 questions:

A volumetric flask contains 400.0 ml of an aqueous hydrosulfuric acid solution.  The solution has a density of 1.19 g/ml and contains 28.0% hydrogen sulfide gas by weight.

 9.   133 g H2S     Calculate the weight (in grams) of hydrosulfuric acid (H2S) in the  solution.




400.0 mL  x  (1.19 g / mL)  x  (28.0 g H2S / 100 g soln.)  




=   133 g H2S
10.    9.77 M         What is the molarity of the solution?



         1190 g soln         28.0 gH2S         1 mol H2S

  
          --------------   x    -------------   x   --------------   =   9.77 M
                                 1 L soln           100 g soln         34.1 g H2S
11.    11.4 m         What is the molality of the solution?




    [28.0 gH2S / (34.1 g/mol H2S)]         



   --------------------------------------   =   11.4 m



            0.0720 kg H2O        
12.   7.80 eq. H+     How many gram-equivalents of acid are in the solution?




133 g H2S x (34.1 g H2S / 1 mol cpd) x ( 2 mol H / 1 mol cpd)  





=   7.80 eq. H+
............................................................................

13.     B  
A substance in water that can be separated from substances in solution by being held back by a parchment (semipermeable) membrane due to its larger size is a(n):   

             
A) acid;   B) colloid;    C) salt;    D) electrolyte.

14.   1.0 x 102 g/mol  
Calculate the molecular weight of a nonelectrolytic substance 5.00 grams

 of which dissolved in exactly 100 grams of water raised the boiling point  to 100.25oC.

             
                     g x kb                (5.00 g)(0.512oC / m)

 
            MWt   =   ----------   =    ----------------------------   =   102.4 g/mol



                    t x kg            (0.25oC)(0.100 kg)
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15.   0.155       What is the mole fraction of water in a solution prepared by mixing 12.5 grams of water with 220.0 grams of acetone -  C3H6O ?





                    (12.5 g / 18.0 g/mol)




Xwater   =    --------------------------------------------------------    




      [(12.5 g / 18.0 g/mol) + (220.0 g / 58.0 g/mol)]


           Xwater   =    (0.694 mol) / (4.49 mol)  = 0.155
16.    A  
A 0.157 M NaCl solution is to be used to replace lost blood. The average osmotic pressure of blood is 7.68 atm. at 25o C.  (Remember that NaCl is a strong electrolyte.)


With respect to blood at 25oC, is this salt solution  


(A) isotonic,  (B) hypertonic, or  (C) hypotonic? 

          
Put your letter choice in the black, then show with calculations.


     = iMRT  = (2)(0.157 M)(0.0821)(298 K)  = 7.68 atm
17.    E        Dissolving a solute such as NaCl in a solvent at 25oC results in:  (READ CAREFULLY!)

           
A) an increase in the kinetic energy of the solvent molecules;

           
B) a decrease in the kinetic energy of the solvent molecules;

          
C) a decrease in the boiling point of the liquid;

           
D) an increase in the melting point of the liquid;

           
E) a decrease in the vapor pressure over the solution


F) C, D, and E are all correct.

18.   -0.093oC   What is the freezing point (in oC) of a 0.050 m solution of a nonelectrolyte in water?




t   = i x kf x m       i = 1 for nonelectrolytes



t   = kf x m     =  [(1.86oC/m)(0.050 m)] = 0.093oC




F. Pt  = -0.093oC
19.     1.39 x 104 g/mol  
Lysozyme is an enzyme that cleaves cell walls.  A 0.100-liter sample of a solution of lysozyme that contains 0.0750 grams of the enzyme exhibits an osmotic pressure of 1.003 torr at 298 K.  What is the molecular weight of lysozyme?





                       MWt  = gRT / V



                  (0.0750 g)(0.0821)(298 K)

                                        =   -----------------------------------------    =   13903.79 g/mol
                                              [(1.003 torr / 760 torr/atm)(0.100 L)]
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20.    2.77 M  
If 150.0 ml of 12.0 M HCl is diluted with 500.0 ml of distilled water, what is the molar concentration of the hydrogen ion in the final solution?


M2  = [(12.0 M)(150.0 mL)] / (650.0 mL)  = 2.769 M
21.    101.06oC            If the freezing point for an aqueous sugar solution was -3.864oC, what would be the expected boiling point of the solution?




t   = kf x m  = 3.864 oC  =  [(1.86 oC /m)( m)] => m =  2.077 m


              t   = kb x m  =  [(0.512 oC /m)( 2.08m)] = 1.06oC  B.Pt  = 101.06oC                                        
                                             [Alternate: do a ratio of constants to changes of temp.]





23.   1.38 g H2 
If 500.0 ml of a 2.76 N solution of sulfuric acid is allowed to react with 67.0 g.


 of magnesium metal, how many grams of hydrogen gas will be released?


Mg  +   H2SO4   (   Mg+2(aq)   +   SO4(aq)-2   +   H2(g)

67.0 g / 24.3 g/mol = 2.76 mol Mg


(0.500 L)(2.76 mol H+ / 1 L soln)(1 mol acid / 2 mol H+) 

= 0.690 mol acid     Acid is the L.R.


0.690 mol acid (1 mol H2 / 1 mol acid) (2.0 g H2 / 1 mol H2) =  1.38 g

24.    24.5 mm
The vapor pressure of pure water at 26o C is 25.21 mm. What is the vapor pressure of a solution which contains 20.0 grams of glucose (molecular weight is 180.0 g/mole) in 70.0 grams of water if the pressure is measured at 26oC?





                                        (70.0 g / 18.0 g/mol) 




VPsoln  =  25.21 mm    -------------------------------------------------------








[(70.0 g / 18.0 g/mol) + (20.0 g / 180.0 g/mol)] 




VPsoln  =  25.21 mm ( 3.89 / 4.00)   = 25.21 (0.973)  = 24.5 mm
25.    D
 Pure benzene freezes at 5.45o C. A solution containing 7.24 grams of ethylene tetrachloride (the molecular weight is 170.0 g/mole) in 115.3 grams of benzene was observed to freeze at 3.55o C. What is the molal freezing point depression constant (kf) for benzene?

            
A) 7.10;       B) 6.36;      C) 5.95;        D) 5.15;       E) 7.86

             
                     g x kf                

 
            MWt   =   ----------    then kf = (M.Wt x t x kg) / g            



                    t x kg            

    kf = (M.Wt x t x kg) / g    = [(170.0 g/mol)(1.90oC)(0.1153 kg)] / 7.24 g



     = 5.14oC / m          
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26.   1.50 x 10-4 M        The osmotic pressure of a solution prepared by dissolving 1.000 gram of hemoglobin in enough water to form 100.0 ml of solution is 2.75 mm Hg 

at 20.0oC.   Calculate the molarity of the solution.






  = iMRT  i = 1



M = [2.75 mm / (760 mm/atm)] / [(0.0821)(293 K)]  = 1.50 x 10-4 M
27.    0.118oC  
What is the increase in the boiling point (Tb ) of a 0.200-molal aqueous solution of AB2, assuming AB2 is 7.80% dissociated into A+2 and B- ions?




 =  (i - 1) / (n - 1)   => 0.0780 =   (i - 1) / (3 - 1)  => i = 1.156



t   = i x kb x m    =>   t      = [(1.156)(0.512oC / m)(0.200 m)]




t   = 0.118oC
28.    52.5 mL  
A standard solution of Al(OH)3 is 0.350 M. What volume of 0.200 M nitric acid would be required to neutralize 10.00 ml of the aluminum hydroxide solution?


NAVA  = NBVB    VA  =  [(0.350 M)(3)(10.00 mL)] / 0.200 N


VA  = 52.5 mL

29.     254 g/mole        In a given experiment it was observed that by dissolving 3.101 g. of solute X in 100.0 grams of carbon tetrachloride the vapor pressure of the solvent was lowered by 1.85%.  What would be the molecular weight of X ?


VP  = VPsolvent Xsolute




                        [moles X]


VP  = 0.0185  =  (1.00)  ----------------------------------------------




           [(moles X) + (100.0 / 154.0 g/mol)]


0.9815 X = 0.0120,  then  moles X  = 0.0122 moles


M.Wt of X  = 3.101 g / 0.0122 mole  = 254 g/mole  
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30.      1.63                  If 65.00 grams of sodium hydroxide are added to 500.0 mL of a 3.00 M solution of phosphoric acid, how many equivalents of the acid are reacted?


(0.500 L)(3.00 M)(3)  = 4.50 equivalents H+ available


65.00 g / 40.0 g/mol  = 1.63 mole  = 1.63 equivalents OH-1 used

31. 1.25 x 105 g/mol       An unknown solute is dissolved in 300.0 ml of water. The osmotic pressure of the solution is 167 torr at 15.0oC.  If the density of the solution is 1.166 g/ml at the same temperature and the solution is 24.5% solute by weight, what is the molecular weight of the solute?  (The solute is known to be a nonelectrolyte; 

it was a large organic macromolecule.)


    MW = gRT / V, so  D = g/V  = [(MW)()] / RT  

 
    so   MW  = DRT / 



        MW  = [(1166 g/L)(0.0821)(288 K)] / (167 / 760)





= 1.25 x 105 g/mol

Possible  Essays:

A.  
Why are the majority of chemical reactions most readily carried out in solution?

B.  
Explain why HBr is a nonelectrolyte in benzene and an electrolyte when dissolved in water.

C.  
Is the following statement true or false?

        “In all cases, the molality of a solution has a value that is larger than that of the molarity of the same solution.”    Explain your answer.

D.  
The triple point temperature of air-free water is defined as 273.15 K.  Why is it important that the water be air-free?

E.  
Some mammals, including humans, excrete hypertonic urine in order to conserve water.  In humans, some parts of the ducts of the kidney (which contain the urine) oass through a fluid that contains a much more concentrated salt solution than that normally found in the body.  Explain how this could help conserve water in the body.

