Chem 1B

Name:_______________________

Chapter 17 Exercises


Exercises #1 
First Law of Thermodynamics
1.
A certain system absorbs 300 J of heat and has 250 J of work performed on it. What is the value of E the system? Is the overall change exothermic or endothermic?
2.
The value of E for a system is –1.45 kJ. During the change, the system absorbs 812 J of heat. Did the system do work, or work is done on it? How much work, expressed in joules, was involved?

3.
Consider the reaction between aqueous solutions of baking soda, NaHCO3, and vinegar, HC2H3O2.  If this reaction occurs at atmospheric pressure (P = 1 atm), how much work is done by the system in pushing back the atmosphere when 1.00 mole of NaHCO3 reacts with an excess of vinegar at 25oC?
4.
What is entropy?

5.
Indicate whether the entropy of the system increases or decreases in each of the following reactions/processes

(a)  N2(g)  +  3H2(g)  (  2NH3(g);



(b)  NH4NO3(s)   (  NH4NO3(aq);



(c)  CO2(g)  (  CO2(aq)


(d)  CH4(g)  +  H2O(g)  (  CO(g)  +  3H2(g);


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


(f)  CO(g)  +  2H2(g)  (  CH3OH(g)


(g)  I2(s)  (  I2(g)


(h)  2N2O5(g)  (  4NO2(g)  +  O2(g)


(i)  CO(g)  +  H2O(g)  (  CO2(g)  +  H2(g)


(j)  C6H12O6(aq)  (  2C2H5OH(aq)  +  2CO2(g)

6.
Give an equation that relates the entropy change in the surroundings (Ssurr) to the enthalpy change in the system (Hsys). What is the sign of Ssurr for the following?


(a) An exothermic reaction;


(b) An endothermic reaction.

7.
When heat is added to the surroundings, the entropy of the surroundings increases. How does Ssurr depend on the temperature of the surroundings? Explain.
8.
Copper metal is obtained by smelting copper(I) sulfide ores according to the following equation:



Cu2S(s)  +  O2(g)  (   2 Cu(s)  +  SO2(g) 


Use the following Thermodynamic data to calculate Ssys, Ssurr, and Stotal at 25oC for this reaction.




  Hof(kJ/mol) 

So(J/mol.K)



        ————————————————————



Cu(s)
         0


   33.1




Cu2S(s)       –79.5

 120.9




O2(g)  
         0


 205.0




SO2(g)
      –296.8

 248.1

          ————————————————————

Is the reaction spontaneous under standard-state conditions at 25oC?
9.
Given the following thermodynamic properties: 




  H2(g)   +     N2(g)          NH3(g)  


—————————————————————



Hof(kJ/mol)
    0
        0

–46.1
        


     So(J/mol.K)
  130.6
       191.5
  192.3

—————————————————————

Calculate Ho, So, Go, and Kp at 25oC for the following reaction: 




N2(g)   +   3 H2(g)   (   2 NH3(g) 

Is the reaction spontaneous under standard-state conditions at 25oC? 
10.
Calculate the boiling point of CH3OH at 1 atm using the following thermodynamic data:



Hof(kJ/mol): CH3OH(l) = -239;  CH3OH(g) = -201;



So(J/mol.K):  CH3OH(l) =  127;  CH3OH(g) =  240.

Exercises #2:

Criteria for Spontaneous Processes

(For a process to be spontaneous: Suniv > 0;  G < 0)

1.
Predict whether the following reactions are spontaneous at all temperatures, spontaneous at low temperature, spontaneous at high temperatures, or nonspontaneous at any temperature.


(a)  CO(g)  +  2H2(g)  (  CH3OH(g);


Ho = -91 kJ


(b)  2NO2(g)   (  2NO(g) +  O2(g);


Ho = +112 kJ


(c)  2 N2(g)  +  O2(g)  (  2 N2O(g);


Ho = +164 kJ


(d)  4NH3(g) + 5 O2(g)  ( 4NO(g) + 6 H2O(g);
Ho = -908 kJ

2.
Explain why hydrazine cannot be made using the following reaction?




N2(g) +  2H2(g)  (  N2H4(l)

3.
For the following reaction, calculate Ho, So, and Go at 25oC.  Is the reaction at 25oC product-favored or reactant-favored?





CH4(g)   +   H2O(g)   (    CO(g)   +   3H2(g)

———————————————————————



Hof(kJ/mol)
-75
     -242

-110.5
        0


     So(J/mol.K)
  186
       189

 198
     131


———————————————————————

4.
Given the following reactions:
2NO2(g)  (  2NO(g) + O2(g);
Go =  +71.2 kJ






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

Go =  -141.6 kJ


What is the Go for the following reaction, and indicate if this reaction is spontaneous (product-favored) or nonspontaneous (reactant favored).




SO2(g)   +   NO2(g)  (  SO3(g)   +   NO(g);


5.
The reaction: N2(g)  +  3H2(g)  (  2NH3(g) has Kp = 3.5 x 10-5 at 500. K. (a) Calculate Go at this temperature. Is the above reaction spontaneous under standard condition?  (b) Calculate G at 500oC under nonstandard condition such that PN2 = 45 atm, PH2 = 135 atm, and PNH3 = 20. atm.


(R = 8.314 J/mol.K)

Exercises #3:

1.
Given the following thermodynamic data:




       Hof (kJ/mol)
        So (J/K.mol)


NaOH(s)
-426.8


64.18



Na+((aq)
-240.12


59.0



OH-(aq)
-230.0


-10.75


——————————————————————


Calculate Ho, So, and Go of solution formation for NaOH(s)  (  Na+(aq) +   OH-(aq)  at 25oC.

2.
The heat of vaporization of mercury is 60.7 kJ/mol. For Hg(l), So = 76.1 J/(K.mol) and for Hg(g), So = 175 J/(K.mol). Estimate the normal boiling point of mercury.

3.
The vapor pressure of liquid carbon disulfide, CS2, is given by:
 
ln(P) = -3308/T + 10.4
a) Determine the enthalpy and entropy of vaporization of liquid carbon disulfide. 
b) Calculate the normal boiling point of carbon disulfide. 
(Go = -RTln(P), where P = liquid’s vapor pressure)

4.
For POCl3(l), Hof = -613.5 kJ/mol, and So = 136 J/K.mol, and for POCl3(g), Hof = -542.2 kJ/mol, and So = 325 J/K.mol. Estimate the normal boiling point of POCl3.

5.
(a) Acetone has a boiling point of 56.2oC. The enthalpy of vaporization (Hovap) of acetone is 29.1 kJ/mol. What is So for the vaporization of acetone.  (b) Assuming that diethyl ether, (C2H5)2O, has about the same So of vaporization as acetone, estimate the enthalpy of vaporization (Hovap) of diethyl ether if its boiling point is 34.6oC.

6.
Given: 
2Al(s)  +  3 O2(g)  (  Al2O3(s);
  Go = -1582 kJ




2Fe(s)  +  3 O2(g)  (  Fe2O3(s);
  Go = -740 kJ


Calculate  Go for the Thermite reaction:  2Al(s)  +  Fe2O3(s)  (  Al2O3(s)  +  2Fe(s);

7.
The oxidation of glucose in body tissue produces carbon dioxide and water:




C6H12O6(s)  +  6 O2(g)  (  6CO2(g)  +  6H2O(l);
Go = -2878.8 kJ


Cells use the hydrolysis of ATP to ADP and hydrogen phosphate as a source of energy:




ATP(aq)  +  H2O(l)  (  ADP(aq)  +  HPO42-(aq);
Go = -30.5 kJ


If all the energy from the metabolism of glucose goes into the conversion of ADP to ATP, ho many moles of ATP can be produced for each mole of glucose? 

8.
The potassium-ion concentration in the blood plasma is about 5.0 x 10-3 M, whereas the concentration in muscle-cell fluid is about 0.15 M. The plasma and cellular fluid are separated by the cell membrane, which we assume is permeable to K+. (a) What is G for the transfer of 1 mole of K+ from blood plasma to the cellular fluid at body temperature of 37oC?  (b) What is the minimum amount of work that must be used to transfer this K+?

9.
Many biochemical reactions have positive values for Go and seemingly should not be expected to spontaneous. They occur, however, because they are chemically coupled with other reactions that have negative Go. An example is the set of reactions that forms the beginning part in glucose metabolism. Given the following reactions and their corresponding Go values,




Glucose + Phosphate   (  glucose-6-phosphate + H2O;

Go = +13.13 kJ





ATP  +  H2O  (  ADP +  phosphate


Go = -30.5 kJ


Calculate Go for the coupled reaction:




Glucose  +  ATP  (  Glucose-6-phosphate +  ADP

10.
One of the metabolic reactions that occurs in human body is the conversion of glutamic acid to glutamine:



HO2CCH2CH2CH(NH2)CO2H(aq)  +  NH3(aq)  (  H2NCOCH2CH2CH(NH2)CO2H(aq)  +  H2O(l)



(Glutamic acid)




(glutamine)

which has Go = 14 kJ at 25oC.  

(a) Calculate the equilibrium constant K for this reaction at 25oC.

(b) In a living cell this reaction is coupled with the hydrolysis of ATP (see No. 6). Calculate Go and K at 37oC for the following reaction:


Glutamic acid(aq)  +  NH3(aq)  +  ATP(aq)   (  Glutamine(aq)  +  ADP(aq)  +  HPO42-(aq)  +  H2O(l)


4

