Chem 1A, Test Review #2


1.
Identify all compounds that will form strong electrolytes in aqueous solution:


(a) Al(NO3)3
(b) BaCl2
(c) C2H5OH
(d) C12H22O11
(e) H2SO4 
(f) HC2H3O2 


(g) HCl

(h) KOH
(i) LiBr

(j) Na3PO4
(k) NH4NO3
(l) NH3 

2.
Seawater contains 3.5% (by mass) of NaCl. (a) How many kilograms of seawater will produce 454 g of NaCl? (b) If the density of seawater is 1.025 g/mL, how many liters of seawater would yield the above amount of NaCl? 

3.
A solution is prepared by dissolving 25.0 g of iron(III) chloride hexahydrate, FeCl3(6H2O, in enough water to make 500.0 mL of solution. (a) Calculate the molarity of FeCl3 in the solution. (b) What are the molar concentrations of Fe3+ and Cl– ions, respectively? (c) How many milliliters (mL) of this solution must be diluted to make 250.0 mL of 0.100 M FeCl3 solution?
4.
(a) How many milliliters of concentrated (18 M) sulfuric acid, are needed to prepare 1.00 L of 3.0 M H2SO4 solution?  (b) Briefly describe how you will prepare this solution?  
5.
Complete and balance the following double-displacement reactions. Indicate the products that will form precipitates (if any). For each reaction that produces a precipitate, write the net ionic equation.



(a)       Hg(NO3)2(aq)  +     Na3PO4(aq)   (  ________   +    _________



(b)      AgNO3(aq)  +       Na2CO3(aq)  (  ________   +    _________


(c)      FeCl3(aq)  +      Na2SO4(aq)  (   ________   +    _________



(d)      Pb(NO3)2(aq)  +     KI(aq)  (   ________   +    _________

6.
Balance the following double-displacement reactions. For each balanced equation, write a complete ionic and net ionic equation.



(a)  ___H2SO4(aq)  +    ___ Ba(OH)2(aq)   (  ___H2O(l)  +  ___BaSO4(s);


(b)  ___HC2H3O2(aq)  +    ___ NaOH(aq)  (  ___NaC2H3O2(aq)  +  ___H2O(l);

   (c)  ___CaCO3(s)  +  ___HCl(aq)  (  ___CaCl2(aq)  +  ___H2O(l)  +  ___CO2(g);
7.
When aqueous solution of calcium chloride is added to silver nitrate solution, the following reaction occurs and precipitate of silver chloride is formed.




2AgNO3(aq)  +  CaCl2(aq)  (  2AgCl(s)  +  Ca(NO3)2(aq)

How many grams of AgCl are formed if 100.0 mL of 0.200 M CaCl2 is added to 250.0 mL of 0.150 M AgNO3 solution? (Hint: find the limiting reactant.)    
8.
An experiment is carried out to standardize sodium hydroxide solution of unknown concentration by titration using a solution that contains 1.055 g of potassium hydrogen phthalate (abbreviated as “KHP” = KHC8H4O4; molar mass = 204.22 g/mol). The titration was found to require 21.40 mL of NaOH solution to reach end-point. What is the molarity of sodium hydroxide? The reaction is as follows:




NaOH(aq)  +  KHC8H4O4(aq)  (  NaKC8H4O4(aq)  +  H2O(l);

9.
A 25.00-mL sample of vinegar is diluted to 100.0 mL with de-ionized water. A 20.00-mL portion of the diluted vinegar is then transferred into an Erlenmeyer flask and titrated with 0.2150 M NaOH. (a) If 19.30 mL of 0.2150 M NaOH were required to reach end-point, calculate the molarity of acetic acid in the diluted vinegar. (b) What is the molar concentration of acetic acid in the original vinegar? (c) If the density of vinegar is 1.0 g/mL, calculate the mass percent of acetic acid in the original vinegar. The reaction is given as follows:




NaOH(aq)  +  HC2H3O2(aq)  (  NaC2H3O2(aq)  +  H2O(aq);

10.
Determine whether each of the following reactions is a redox reaction or a non-redox reaction. In each case of the redox reactions, indicate what element is oxidized and what element is reduced.



(a) 2NaN3(s)  (  2Na(s)  +  3N2(g)


(b) Cu(OH)2(s)  (  CuO(s)  +  H2O(g)


(c) 2NaHCO3(s)  (  Na2CO3(s)  +  H2O(g)  +  CO2(g)


(d) 6MnO4–(aq)  +  I–(aq)  +  6OH–(aq)  (  6MnO42–(aq)  +  IO3–(aq)  +  3H2O(l) 


(e) 2KMnO4(aq) + 5H2C2O4(aq) + 3H2SO4(aq)  (  2MnSO4(aq) + 10CO2(g) + K2SO4(aq) + 8H2O(l)
11.
Balance the following equations for oxidation-reduction reactions using the half-equation method?


(a)  __Zn(s)  +  __OH–(aq)  +  __H2O(l)  (    __Zn(OH)42– (aq)  +  __H2(g)

(b)  __MnO4–(aq)  +  __HSO3–(aq)  +  __H+(aq)  (    __Mn2+(s)  +  __HSO4–(aq)  +  __H2O(l)

In each case, identify: (i) the oxidizing agent; (ii) the reducing agent.


Which element is oxidized and which element is reduced in the reaction?

12.
A 0.500-gram sample contains a mixture of KCl and KClO3. To determine the amount of potassium chlorate (KClO3) in the mixture, the sample is strongly heated, which causes the decomposition of potassium chlorate according to the following equation. 




2KClO3(s)  (   2KCl(s)  +  3 O2(g)

The oxygen gas produced is collected over water at 22.0oC and 1.00 atm. If 85.0 mL of oxygen gas was produced, how many grams of KClO3 were in the sample mixture? What is the percentage (by mass) of KClO3 in the mixture? The vapor pressure of water at 22.0oC is 19.8 torr. (R = 0.08206 L.atm/mol.K)   
13.
A weather balloon has a volume of 2.51 x 103 L when fully inflated. (a) How many grams of helium gas are needed to fully inflate the balloon at 22oC and 1.00 atm? (b) When released into the air, the balloon rises to an altitude where the pressure is 385 torr and the temperature is -30oC. To what new volume must the balloon expand? (Assume that the balloon is completely elastic and does not burst.)
14.
(a) A gaseous compound composed of uranium and fluorine effuses through a permeable membrane at a rate of 4.500 x 10–4 mol/s. Under similar conditions, nitrogen gas effuses through the same opening at a rate of 1.595 x 10–3 mol/s. Calculate the molar mass of the compound. (b) If the compound is composed of 67.61% U and 32.39% F (by mass), determine the molecular formula of the compound. 
15.
Using kinetic molecular theory (KMT) explain why: (a) gas pressure increases when the volume is decreased under constant temperature;  (b) gas pressure increases when the temperature is increased under constant volume, and (c) the volume of gas must increase with temperature if the pressure is constant.

16.
(a) With the help of relevant equations, explain how acid rain containing H2SO4 is formed from burning coal. (b) With the help of chemical equation, show how acid rain containing H2SO4 destroy marble structures.

17.
(a) In which atmospheric region is the ozone layer found. (b) With the help of relevant equations, explain how a CFC compound such as CCl2F2 causes the destruction of ozone layer.
18.
A 53.0-gram sample of metal at 100.0oC is dropped into 100.0 g of water at 25.0oC. The water temperature rises to 32.7oC. Calculate the specific heat of metal. Assume that heat absorbed by calorimeter is negligible and all the heat lost by metal is transferred to the water and none lost to the surroundings. 
19.
A 1.107-g sample of benzoic acid (HC7H5O2) is burned in an excess of O2(g) in a bomb calorimeter assembly. The reaction produces heat that causes the temperature of the calorimeter to increase from 24.96 to 29.20oC. (a) If the heat capacity of the calorimeter is 6.90 kJ/oC, how many kilojoules of heat were produced by the combustion of 1.107 g of benzoic acid? (b) Calculate the heat of combustion per gram of benzoic acid and the molar enthalpy of combustion of benzoic acid.

20.
Given the following enthalpy of reactions:


(i)  C2H6(g)  + 7/2 O2(g) (  2 CO2(g) + 3 H2O(l);

Ho = -1560 kJ


(ii)  H2(g)  +   ½ O2(g)   (  H2O(l);


Ho = -285.85 kJ


(iii)  C2H4(g)  +  3 O2(g)  (  2 CO2(g) + 2 H2O(l);

Ho = -1411 kJ


Calculate the enthalpy change for the hydrogenation of ethylene, C2H4(g), in the following reaction:




C2H4(g)  +  H2(g)  (  C2H6(g);
Ho = ?  


21.
Using the following thermodynamics information:




H2(g)  +  F2(g)  (  2HF(g);
H = -537 kJ




C(s)  +  2 F2(g)  (  CF4(g);
H = -680. kJ




2 C(s) +  2 H2(g)  (  C2H4(g);
H = +52 kJ


Calculate the enthalpy for the following reaction:




C2H4(g)  +  6 F2(g)  (  2 CF4(g)  +  4 HF(g);

22.
The following molar enthalpies of formation are given in kJ/mol: 



Hfo[C3H8(g)] = -104;  Hfo[CO2(g)] = -394;  Hfo[H2O(g)] = -242.

(a) Calculate the molar heat of combustion of propane (C3H8) according to the following equation:




C3H8(g)  +  5 O2(g)  (  3 CO2(g)  +  4 H2O(g);


(b) How much heat (in kJ) is required to raise the temperature of 1.00 L of water (density = 1.00 g/mL) from 22.0oC to 100.0oC? (c) How many grams of propane gas must be combusted to provide that amount of energy needed to heat the water? (d) What is the volume (in liters) of the propane gas, measured at STP, required to provide this energy? (Specific heat of water = 4.184 J/mol.K)

23.
Consider the following reaction in aqueous solution:



   
Mg(s)  +  2 HCl(aq)  (  MgCl2(aq)  +  H2(g) 


When 0.304 g of Mg was reacted with 100.0 mL of 1.00 M HCl solution in a Styrofoam cup calorimeter, the temperature of the solution and calorimeter increased from 21.0oC to 34.5oC. 

(a) How much heat is absorbed by the solution and the calorimeter, respectively? (Assume the specific heat of the solution is 4.18 J/g.oC and the heat capacity of the calorimeter is 10. J/oC.) 

(b) Calculate the enthalpy change (H, in kJ/mol) for the above reaction and indicate appropriate algebraic (+/-) sign. (c) Calculate E for this reaction under standard condition where P = 1.00 atm and T = 298 K. (E = H - PV; 1 L.atm = 101.3 J) 

Answers to Review Problems.

2.
 (a) 13 kg;  (b) 13 L

3.
(a) [FeCl3] = 0.185 M;  (b) [Fe3+] = 0.185 M;  [Cl–] = 0.555 M;  (c) 135 mL.

4.
(a) 170 mL; 

`(b) Wear acid resistant glove and a pair safety goggles for self-protection; transfer enough sulfuric acid into a 250-mL or 400-mL beaker, then measure 170 mL of the concentrated acid using a graduated cylinder; transfer the acid into a 1.0-L volumetric flask that already contains some de-ionized water (~250 – 300 mL); rinse the graduated cylinder with 10-20 mL portion of de-ionized water 2-3 times and add the rinses to volumetric flask; let the solution cools to room temperature, then add more de-ionized water to make a 1.0 L solution)

5.

(a)  3 Hg(NO3)2(aq)  +    2 Na3PO4(aq)   (  _Hg3(PO4)2(s)_   +    _6NaNO3(aq)__


n.i.e.:  3Hg2+(aq)  +  2PO43-(aq)  (  Hg3(PO4)2(s)


(b)  2AgNO3(aq)  +       Na2CO3(aq)  (  _Ag2CO3(aq)__   +    _2NaNO3(aq)_


n.i.e.:  2Ag+(aq)  +  CO32-(aq)  (  Ag2CO3(s)


(c)  2FeCl3(aq)  +      3Na2SO4(aq)  (   _Fe3(SO4)2(aq)__   +    _6NaCl(aq)_
(No ppt)


(d)  Pb(NO3)2(aq)  +     2KI(aq)  (   _PbI2(s)__   +    _2KNO3(aq)_


n.i.e.:  Pb2+(aq)  +  2I-(aq)  (  PbI2(s)
6.

(a)  H2SO4(aq)  +   Ba(OH)2(aq)   (  _2_H2O(l)  +   BaSO4(s);



     t.i.e.:  2H+(aq) + SO42-(aq) + Ba2-(aq) + 2OH-(aq)  (  BaSO4(s)  +  2H2O(l)


     n.i.e.:  (i) Ba2-(aq) + SO42-(aq)  (  BaSO4(s);
(ii) H+(aq) + OH-(aq)  (  H2O(l)



(b)  HC2H3O2(aq)  +    NaOH(aq)  (  NaC2H3O2(aq)  +  H2O(l);



      t.i.e.   HC2H3O2(aq)  +  Na+(aq)  +  OH-(aq)  (  Na+(aq)  +  C2H3O2-(aq)  +  H2O(l);



      n.i.e.   HC2H3O2(aq)  +  OH-(aq)  (  C2H3O2-(aq)  +  H2O(l);


   (c)  CaCO3(s)  +  2HCl(aq)  (  CaCl2(aq)  +  H2O(l)  +  CO2(g);



     t.i.e.:  CaCO3(s)  +  2H+(aq) + 2Cl-(aq)  (  Ca2+(aq)  +  2Cl-(aq)  +  H2O(l)  +  CO2(g);



      n.i.e.:  CaCO3(s)  +  2H+(aq)  (  Ca2+(aq)  +  H2O(l)  +  CO2(g);

7.
5.38 g

8.
0.2414 M
9.
(a) 0.2075 M;  (b) 0.8300 M;  (c) 5.0 % (by mass)
10.
(a), (d), and (e) are redox. 

11.
(a) Zn(s)  +  2OH–(aq)  +  2H2O(l)  (  Za(OH)42–(aq)  +  H2(g)


(b) 2MaO4-(aq)  +  5HSO3–(aq)  +  10H+(aq)  (  2Mn2+(aq)  +  5HSO4–(aq)  +  5H2O(l)
12.
 0.279 g KClO3;  %KClO3 = 55.9%

13.
(a) mass of He = 415 g;  
(b) new volume of balloon = 4.08 x 103 L

14.
(a) Molar mass =  352.0 g/mol;  (b) Molecular formula = UF6.
15.
(a) At constant temperature, molecules have constant average molecular speed; When volume decreases, gas molecules have a shorter distance between walls to travel, which increases the frequency of collisions between gas molecules and the container walls, which leads to increase in pressure.


(b) When temperature increases, average molecular kinetic energy and molecular speed increase; if volume is fixed, the distance between container walls is fixed; this leads to an increase in frequency of collision between gas molecules and the container walls, which leads to pressure increase; 

(c) To maintain constant pressure, the volume must increase so that gas molecules have longer distance to travel before colliding with the container walls; the frequency of collisions between gas molecules and the container wall will be maintained and the pressure will remain constant. 
16.
(a) Coals contains sulfur, which when it is burned it produce SO2, SO3, and H2SO4, as follow:



S(s)  +  O2(g)  (  SO2(g)



2SO2(g)  +  O2(g)  (  2SO3(g)



SO3(g)  +  H2O(l)  (  H2SO4(aq)

(b) CaCO3(s)  +  H2SO4(aq)  (   CaSO4(aq)  +  H2O(l)  +  CO2(g)
17.
(a) Stratosphere;  (b) CCl2F2  (  CClF2  +  Cl;  Cl  +  O3  (  ClO  +  O2; ClO  +  O3  ( 2O2  +  Cl;
18.
Specific heat of metal = 0.903 J/g.oC
19.
(a) q = 29.3 kJ;  
(b) 26.4 kJ/g;  H = 3.23 x 103 kJ/mol

20.
H = -137 kJ

21.
H = -2486 kJ

22.
(a) H = -2046 kJ;  

(b) qwater = 326 kJ;  
(c) mass of propane 7.02 g;  
(d) volume (at STP) = 3.57 L

23.
(a) qsoln = 5660 J;  qcal = 135 J;  qrxn = – (qsoln + qcal) = –5795 kJ = –5.795 kJ;


(b) H = –463 kJ;  
(c) W = –pV = –2.5 kJ;  E = –466 kJ)


1

