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Chapter 5 Thermochemistry

1. Exothermic reactions: 

When heat is released out of the system
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(g) + (heat energy)

2. Endothermic reactions:

When heat is absorbed into the system
N2(g) + O2(g) + (heat energy) ( 2NO(g)

Internal energy E:

The internal energy E of a system can be exchanged only in two ways, either as heat (q) or work (W). 

    
ΔE = q + W
    
Work is defined as force to a distance:
     




     work = force x distance 

                                   W  = F x (h            


  But:       pressure = force/Area


                   P = F/A
           or                      F = P x A

 (                     W  = P x A x (h

           when pressure is applied by system to surroundings:  
 

                      W = -P(V
           (
When work is done by the system the result is an expansion of the system and the work is negative (ΔV is positive)
  (
When work is done on the system, the result is compression of the system and the work is positive (ΔV is negative)
 
Enthalpy and colorimetry:

The enthalpy H (heat content) of a system is defined as:




              H = E + PV
where, 
E is internal energy of the system.




P and V are pressure and volume of the system.

Since, E, P, and V are state functions enthalpy is also a state function. 

For an expansion at constant pressure:




            ΔE = qp + W 




                  = qp – PΔV


  (                qp = ΔE + PΔV

       (1)

The change in the enthalpy is given as:





 ΔH = ΔE + Δ(PV)

At constant pressure:


                            ΔH = ΔE + PΔV       

       (2)

(

ΔH = qp
In general for a chemical reaction:            

                                   ΔH = Hproducts – Hreactants               (3)

For exothermic reactions, ΔH is negative
For endothermic reactions, ΔH is positive
Heat capacity:
It is the amount of heat energy required to raise the temperature of a substance:




C = 

C = Heat absorbed /(T

J/oC

Heat absorbed = C x (T

J

When a substance is heated, the energy required depends on the amount of the substance present.

Specific heat capacity:
When the heat capacity C is given per gram of a substance and its unit is J/oC. g. 

Csp = C / m




J/oC.g

Heat absorbed = Csp x m x (T
J

Molar heat capacity:

When the heat capacity C is given per mole of a substance and its unit is J/oC. mol.

Cmol = C / n



J/oC.mol

Heat absorbed = Cn x n x (T
J

At constant pressure:

ΔH = qp
At constant volume:

ΔE = q + W = q + P(V


        


ΔV = Vfinal -Vinitial = 0





( 
ΔE = qv



Excercise 1:

 A 175 g piece of brass at an initial temperature of 152 oC is dropped into an 

 insulated container with 138 g of water  initially at 23.7 oC. What will be the   

 final temperature of the brass-water mixture? (specific heats of water: s2 =   

 4.18 J/(oC g) and of brass: s1 = 0.385 J/(oC g))

 Answer:

The hotter brass gives heat to the water. At equilibrium both must have the same final temperature, Tf.

The heat given off by the brass (1) must be the same as the heat taken up by   

the water (2):
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They start from different initial temperatures Ti(1) and Ti(2):



[image: image2.wmf](2)

T

C

m

 

-

 

T

C

m

 

=

 

T

C

m

 

-

 

(1)

T

C

m

 

 

(2)

T

 

-

 

T

C

m

 

=

 

T

 

-

 

(1)

T

C

m

i

2

f

2

f

1

i

1

i

f

2

f

i

1

2

2

1

1

2

1

]

[

]

[


2
For brass (1) Ti(1) is larger than Tf  and for water Tf is larger than Ti(2).



[image: image3.wmf](2)

T

C

m

 

+

 

(1)

T

C

m

 

=

 

T

)

C

m

 

+

 

C

m

(

i

2

i

1

f

2

1

2

1

2

1


3
The equation can be solved for Tf:
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4
Solving for Tf   we get 37.1 oC

Hess’s Law:

(
Since enthalpy is a state function, the change in enthalpy is the same whether the reaction takes place in one step or in series of steps.

(
Therefore chemical reactions and their enthalpy changes can be treated as mathematical equations:

(
If a reaction is reversed, the sign of ΔH is also reversed.

e. g:
A + B ( Z

         ΔH = +231 kJ




A + B ( Z

         ΔH = -231 kJ

(
If the coefficients in a balance equation are multiplied by an integer, the value of ΔH is multiplied by the same integer.

e. g:
A + 1/2B ( 2Z

ΔH = +231 kJ




   2A + B ( 4Z

ΔH = +462 kJ

Exercise 2:

Calculate ΔH for the conversion of graphite to diamond:



Cgraphite (s) ( Cdiamond (s)

ΔH = ?

Making use of their combustion enthalpies.

Answer:

Cgraphite (s) + O2(g) ( CO2(g)

ΔH1 = - 394 kJ

Cdiamond (s) + O2(g) ( CO2(g)

ΔH2 = - 396 kJ

By revesing reaction (2) and add to reaction (1) gives 

the required reaction:

Cgraphite (s) + O2(g) ( CO2(g)

ΔH1 = -394 kJ

CO2(g) ( Cdiamond (s) + O2(g)

ΔH3 = +396 kJ


_________________________________________________

Cgraphite (s) ( Cdiamond (s)

ΔH = ΔH1 + ΔH3 = +2 kJ



Since ΔH is positive the reaction is endothermic.

For a chemical reaction:

ΔHoreaction = ( np ΔHof (products) – ( nr ΔHof (reactants)
Note that: The enthalpy of formation of an element in its standard state is zero. (e.g: H2(g), O2(g), N2(g), Cgraphite(s), F2(g), Cl2(g), Br2(l), I2(s), metals(s) and Hg (l).

Exercise 3:
Calculate using the enthalpies of formation the standard change in enthalpy for the reaction:


2Al(s) + Fe2O3(s) ( Al2O3(s) + 2Fe(s)

Answer:

ΔHo = [ΔHof (Al2O3(s)) + 2ΔHof (Fe(s))] – 

                                                      [2ΔHof (Al(s)) + ΔHof (Fe2O3(s))]

But:
ΔHof(Fe(s)) = ΔHof(Al(s)) = 0

ΔHo = ΔHof (Al2O3(s)) – ΔHof (Fe2O3(s)) 

   = [-1676 – (-826)] kJ = -850 kJ      

i.e: 
the reaction is exothermic so that the iron produced is    

      
initially molten.

Chem 101 Chapter 6: Selected Old Exams Questions:

(All correct answers are A):

1. When 1 mol of H2O(l), having a volume of 18.1 mL at 100 oC, is evaporated 

    to H2O(vap) at 100 oC and 1.00 atm to a volume of 30.6 L, calculate the 

    work, w, for this process.

   A.
-3.10 kJ


B.
3.10 kJ
   
        C.      -30.6 kJ

   D.
30.6 kJ


E.
30.6 L atm

   Work w, associated with pressure volume work at constant pressure is 

    w = -  PΔV

    Thus  w = -P(Vf - Vi) = -1.00 atm (30.6 L - 18.1 x 10-3L)

                  = -30.58 L atm = -30.58 L atm x 101.325 J/(1 L/atm)

                  = -3099 J = -3.10 kJ

2. In a coffee cup calorimeter, 1.60 g of NH4NO3 is mixed with 75.0 g of water 

    at an initial temperature of 25.00 oC. After the dissolution of the salt, the 

    final temperature of the calorimeter contents is 23.34 oC. Assuming that the  

    solution has a specific heat of  4.18 J/(oC g) and assuming the heat loss to 

    the calorimeter to be zero, calculate the molar enthalpy change for the 

    dissolution of NH4NO3.

   A.
26.6 kJ/mol


B.
-26.6 kJ/mol

  C.
333 J/mol       

   D.
-333 J/mol
   

E.
325 J/mol

The heat used for changing the temperature of the solution is qP:

qP = m(solution) x s x (Tf - Ti) 

= [m(NH4NO3) + m(water)] x s x (Tf - Ti)

= (1.60 + 75.0) g x 4.18 J/(oC g) x (23.34 - 25.00) oC

= -531.5 J

This is the energy loss of the solution because of the dissolution process. Thus the enthalpy change of the system (the dissolving salt) is ΔH = -qP/n, n being the number of moles of the salt that was dissolved.

molar mass of NH4NO3:

MM = (2 x 14.01 + 4 x 1.008 + 3 x 16.00) g/mol 

= 80.05 g/mol

n = 1.60 g /(80.05 g/mol) = 0.01999 mol

    ΔH = -qP/n = 531.5 J/ 0.01999 mol = 26592 J/mol 

           = 26.6 kJ/mol 

    3 figures in m(solution), 4 figures in ΔT, thus result must have 3 figures.

3. Given the thermochemical equation

    2 Cu2O(s) + O2(g) ( 4 CuO(s)

ΔHo = -292.0 kJ

    and that the standard heat of formation of CuO(s) is -157.3 kJ/mol,  

    determine the standard heat of formation of Cu2O(s).

    A.
-168.6 kJ/mol
    B.
337.2 kJ/mol            C.
-134.7 kJ/mol

    D.
134.7 kJ/mol


E.
449.3 kJ/mol

We know that ΔfHo[O2(g)] = 0, because it is the most stable form of an element in the standard state.

Further we know

ΔHo = 4 mol x ΔfHo[CuO(s)] - 2 mol x ΔfHo[Cu2O(s)]

ΔfHo[Cu2O(s)] = 2 x ΔfHo[CuO(s)] - 1/2 mol-1 x ΔHo
= [-2 x 157.3 - 1/2 x (-292.0)] kJ/mol

= -168.6 kJ/mol

4. A 175 g piece of brass at an initial temperature of 152 oC is dropped into an 

    insulated container with 138 g of water  initially at 23.7 oC. What will be the   

    final temperature of the brass-water mixture? (specific heats of water: s2 =   

    4.18 J/(oC g) and of brass: s1 = 0.385 J/(oC g))

    A.
24.5 oC

B.
37.1 oC

C.
45.3 oC

    D.
26.7 oC

E.
33.4 oC

The hotter brass gives heat to the water.

In equilibrium both must have the same final temperature, Tf.

The heat given off by the brass (1) must be the same as the heat taken up by the water (2):
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9
They start from different initial temperatures Ti(1) and Ti(2):
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For brass (1) Ti(1) is larger than Tf and for water Tf is larger than Ti(2).
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The equation can be solved for Tf:
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Thus we can calculate TfPRIVATE 
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13
5. Pentaborane, B5H9(s) burns vigorously in the presence of oxygen to give 

    B2O3(s) and H2O(l) (combustion).

    Given the following standard heats (enthalpies) of formation:

    ΔfHo[B2O3(s)] = -1273.5 kJ/mol,               ΔfHo[B5H9(s)] = +73.2 kJ/mol, 

    and ΔfHo[H2O(l)] = -285.8 kJ/mol

    calculate the standard enthalpy change for the combustion of 1 mol B5H9(s).

    A.
-4.5431 MJ

B.
-18.1702 MJ

C.
-1.2730 MJ

    D.
-8.4480 MJ

E.
 -9.0863 MJ

1 mol B5H9(s) must give 5/2 mol B2O3(s) (5 mol boron atoms in both of them) and 9/2 mol of H2O(l) (9 mol H in both the borane and in the water). 

To balance the O, we need (3 x 5/2 + 9/2) mol O atoms = 12 mol O atoms = 6 mol O2 molecules, note that ΔfHo[O2(g)] = 0 for the element:

B5H9(s) + 6 O2(g) ( 5/2 B2O3(s) + 9/2 H2O(l)

To get ΔHo for 1 mol borane, we must take the heats of formation of all products - those of all reactants:

ΔHo = 5/2 mol x ΔfHo[B2O3(s)] + 9/2 mol x ΔfHo[H2O(l)] - 1 mol x ΔfHo[B5H9(s)]

= (-5/2 x 1273.5 - 9/2 x 285.8 - 73.2) kJ = -4543.1 kJ 

= -4.5431 MJ (choice A)

6. A gas is allowed to expand at constant temperature from a volume of 1.0 L 

    to 10.1 L against an external pressure of 0.50 atm. If the gas absorbs 250 J 

    of heat from the surroundings, what are the values of q, w and ΔE 

    (1 L atm = 101 J)?

    A.
q = +250 J, w = -460 J, ΔE = -210 J

    B.
q = -250 J, w = +460 J, ΔE = +210 J 

    C.
q = +250 J, w = +460 J, ΔE = +710 J

    D.
q = -250 J, w = -460 J, ΔE = -710 J 

    E.
q = +250 J, w = -4.55 J, ΔE = +245 J

w = - PΔV 

    = - 0.50 atm x (10.1 L - 1.0 L) x 101 J /(L atm) = -460 J

The gas absorbs heat, and thus q > 0: q = +250 J

ΔE = q + w = - 210 J (choice A)

7. A 150.0 g sample of a metal at 75.0 oC is added to 150.0 g of water at 15.0 oC. The temperature of the water rises to 18.3 oC. Calculate the specific heat capacity of the metal, assuming that all the heat lost by the metal is gained by the water.

A
0.24 J/(g oC)


B
1.25 J/(g oC)
 
        C
3.36 J/(g oC)      

D
0.72 J/(g oC)


E
0.53 J/(g oC)

exchanged heat: m x s x |ΔT|

the final temperature must be the same for the metal and the water at the end:

water: |ΔT| = Tf - Ti (T rises)

metal: |ΔT| = Ti - Tf (T falls)

Thus
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left: heat lost by the metal, right: heat absorbed by the water 

thus the specific heat of the metal, s, is
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8. Which of the following standard enthalpy of formation values is not zero at 

     25 oC and 1 atm?

    A
H(g)

    (This is not zero, because H(g) is not the most stable form of the element, 

      H2(g), in its standard state)

    B
Na(s)


C
Hg(l)

D
Ne(g)

E
O2(g)

    (B to E are all the most stable forms of elements in the standard state and   

      thus their ΔfHo = 0)

9. If 325 g of water at 4.2 oC absorb 12.28 kJ, what is the final temperature of   

      the water? The specific heat of water is 4.184 J(g oC).

      A
   13.2 oC

B
4.21 oC

C
4.8 oC



      D
   9.0 oC

E
2938 oC

The heat absorbed, 12.28 kJ, is given by
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and thus the final temperature is
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10. Octane (C8H18) undergoes combustion according to the following thermochemical 

      equation:

      2 C2H18(l) + 25 O2(g) ( 16 CO2(g) + 18 H2O(l)
  ΔcHo = -11020 kJ/mol

     Given that ΔfHo[CO2(g)] = -393.5 kJ/mol and ΔfHo[H2O(l)] = -285.8 

     kJ/mol, calculate the standard heat of formation of octane.

     A
   -210 kJ/mol
   B
-11230 kJ/mol
   C
+22040 kJ/mol

     D
   -420 kJ/mol
   E
+196 kJ/mol

The heat of reaction from standard heats of formation of reactants and products is

ΔcHo = - 2 ΔfHo[C8H18(l)] + 16 ΔfHo[CO2(g)] + 18 ΔfHo[H2O(l)]

and thus

ΔfHo[C8H18(l)] = 1/2 [16 ΔfHo[CO2(g)] + 18 ΔfHo[H2O(l)] - ΔcHo]

= 1/2 [ 16 x (-393.5) + 18 x (-285.8) + 11020] kJ/mol

= -210 kJ/mol

11. The combustion of butane produces heat according to the equation

      2 C4H10(g) + 13 O2(g) ( 8 CO2(g) + 10 H2O(l)

ΔcHo = -5314 kJ

     How many grams of butane must be burned to release 6375 kJ of heat?

    A
   139 g


B
1.20 g


C
0.0413 g


    D
   69.7 g


E
97.8 g

MM(butane) = (4 x 12.01 + 10 x 1.008) g/mol 

                      = 58.12 g/mol

ΔcHo = - 5314 kJ/2 mol = -5314/(2 x 58.12) kJ/g 

         = -45.716 kJ/g

mass = 6375/45.716 g = 139.4 g = 139 g

12. According to the first law of thermodynamics:

      A
The energy of the universe is constant.

           (That is one way to state the first law)

      B
Energy is the source of motion.

           (Kinetic energy is there when a mass is in motion, but it is not the only 

             source of motion and has nothing to do with the first law)

      C
Energy is lost in an exothermic reaction.

           (True, but not the first law)

      D
Energy is being created as time passes. We have more energy in the universe now than when time began.


(Contrary to the first law)

      E
Heat and work are properties of a system.

          (They are connected with the way a system changes state, not properties 

            of the system)

13. From the following data at 25 oC,

(1) 2 ClF(g) + O2(g) ( Cl2O + F2O


ΔcHo(1) = 167.4 kJ

(2) 2 ClF3(g) + 2 O2(g) ( Cl2O + 3 F2O

ΔcHo(2) = 341.4 kJ

(3) 2 F2(g) + O2(g) ( 2 F2O



ΔcHo(3) = -43.4 kJ

     calculate ΔHo for the reaction,

     ClF(g) + F2(g) ( ClF3(g)



ΔHo = ?

     A
   -108.7 kJ/mol

B
+326.4 kJ/mol
C
-130.2 kJ/mol 

     D
   +217.5 kJ/mol

E
+465.4 kJ/mol

We need 1 ClF on the left, but have 2 ClF on the left in (1): 1/2 (1)

We need 1 ClF3 on the right, but have 2 ClF3 on the left in (2): -1/2 (2)

We need 1 F2 on the left, but have 2 F2 on the left in (3): 1/2 (3)

Thus 1/2 (1) - 1/2 (2) + 1/2 (3):

ClF + 1/2 O2 + F2 + 1/2 O2 + 3/2 F2O + 1/2 Cl2O

( 1/2 Cl2O + 1/2 F2O + ClF3 + O2 + F2O

Thus 1/2 Cl2O + 3/2 F2O + O2 are on both sides and cancel, thus

ClF(g) + F2(g) ( ClF3(g)

= (0)

Therefore ΔHo = 1/2 [ΔcHo(1) - ΔcHo(2) + ΔcHo(3)]

= 1/2 [167.4 - 341.4 - 43.4] kJ/mol

= -108.7 kJ/mol

14. The work done to compress a gas is 85 J. As a result 32 J of heat are given 

       off to the surroundings. Calculate the change in internal energy of the gas.

   A) 53 J

   B) 117 J

   C) -117 J

   D) -53 J

   E) 96 J

Work done on the system (gas) increases the energy of the system: w = + 85 J

Heat given off to the surroundings is energy lost by the system: q = -32 J

Thus ΔE = q + w = (-32 + 85) J = +53 J

(Choice A)

15. A 3.100 g sample of a compound is burned in a bomb calorimeter whose 

      total heat capacity is 6.752 kJ/oC. The temperature of the calorimeter 

      increases from 21.02 oC to 28.15 oC. What is the heat of combustion per 

      gram of this compound?

    A) -15.5 kJ

    B) -48.1 kJ

    C) -46.3 kJ

    D) -72.5 kJ

    E) -93.2 kJ

The heat absorbed by the calorimeter to increase its temperature is
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The heat of reaction when 3.100 g are burned is the negative of that: 

qrxn = - 48.1418 kJ.

Thus the heat of combustion per g is
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     (Choice A)

16. Calculate the standard enthalpy of formation of solid Mg(OH)2 using the 

      following data:

(1) 2 Mg(s) + O2(g) ( 2 MgO(s)


ΔHo1 = -1203.6 kJ

(2) Mg(OH)2(s) ( MgO(s) + H2O(l)

ΔHo2 = 37.1 kJ

(3) 2 H2(g) + O2(g) ( 2 H2O(l)


ΔHo3 = -571.7 kJ

     A) -924.8 kJ/mol

     B) -1812.4 kJ/mol

     C) -850.7 kJ/mol

     D) -1210.6 kJ/mol

     E) -358.9 kJ/mol

The standard heat of formation comes with the production of 1 mol of the compound from the

elements in their most stable form under standard conditions:

(4)
Mg(s) + O2(g) + H2(g) ( Mg(OH)2(s)
ΔfHo[Mg(OH)2]

1/2 (1): Mg(s) + 1/2 O2(g) on the left

1/2 (3): H2(g) + 1/2 O2(g) on the left

Thus the left hand side of (4) we get from 

1/2 (1) + 1/2 (3):

Mg(s) + H2(g) + O2(g) on the left

Since we need Mg(OH)2(s) on the right to get (4), but it is on the left in (2), we try to add -(2): 

1/2 (1) - (2) + 1/2 (3):

Mg(s) + 1/2 O2(g) + MgO(s) + H2O(l) + H2(g) + 1/2 O2(g) (  Mg(OH)2(s) + MgO(s) +H2O(l)

Now MgO(s) +H2O(l) is unchanged on both sides and cancels, 1/2 O2 + 1/2 O2 adds up to O2 and we get (4):

(4)
Mg(s) + O2(g) + H2(g) ( Mg(OH)2(s)
ΔfHo[Mg(OH)2]

Thus according to Hess's law:

ΔfHo[Mg(OH)2] = 1/2 ΔHo1 - ΔHo2 + 1/2 ΔHo3 

= (-0.5 x 1203.6 - 37.1 -0.5 x 571.7) kJ/mol

= -924.75 kJ/mol = -924.8 kJ/mol

Choice A

17. H3C - CH3 + Cl2 ( H3C - CH2Cl + HCl

Estimate the enthalpy change for the above reaction using the following bond energies:

BE(C-H) = 414 kJ/mol
BE(C-C) = 347 kJ/mol

BE(C-Cl) = 327 kJ/mol
BE(H-Cl) = 431 kJ/mol

Be(Cl-Cl) = 242 kJ/mol

A) -102 kJ


B) -113 kJ


C) -68 kJ

D) -344 kJ


E) 276 kJ

The reaction enthalpy from bond energies is
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Thus:

ΔH = 6 x BE(C-H) + BE(C-C) + BE(Cl-Cl) - (5 x BE(C-H) + BE(C-Cl)+ BE(C-C) + BE(H-Cl))

= BE(C-H) + BE(Cl-Cl) - BE(C-Cl) - BE(H-Cl)

= (414 + 242 - 327 - 431) kJ/mol = -102 kJ/mol

(Choice A)

18. When 0.7521 g of benzoic acid (C7H6O2) was burned in a bomb calorimeter a 

       temperature rise of 3.60 oC was observed. Calculate the heat of combustion of  

       benzoic acid per mole. (Heat capacity of the bomb calorimeter = 5.52 J/oC)

      A) -3.23 x 103 kJ/mol
      
B) -26.4 kJ/mol
         C) -19.9 kJ/mol

      D) -2.42 x 103 kJ/mol
      
E) -15.9 kJ/mol

The heat of reaction is
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The molar mass of C7H6O2 is
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Thus the molar heat of combustion is
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19. Consider the following reaction at 1.00 atm and 100. oC:

              H2O(g) ( H2O(l)
                ΔH = -40.66 kJ

        One mole of H2O(g) at 1.00 atm and 100. oC occupies a volume of 30.6 L. If one mole    

        of H2O(g) is condensed to one mole of H2O(l) at the same temperature and pressure, 

        what would be ΔE for the condensation? (Density of water at 1.00 atm and 100. 
            oC = 0.996 g/mL; 1 L atm = 101.3 J)

        A) -37.56 kJ


B) +3.10 kJ


C) -43.76 kJ

        D) +65.24 kJ


E) -23.64 kJ

We know that ΔH = ΔE + PΔV

The final volume, that of the liquid is
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If we neglect Vl, the volume of the liquid, then ΔV = -Vg = - 30.6 L and PΔV = -3.0998 kJ. Then ΔE = -37.56 kJ, the same.

20. Given that:

(1)
H2(g) + 1/2 O2(g) ( H2O(l)



ΔHo1 = -285.8 kJ

(2)
N2O5(g) + H2O(l) ( 2 HNO3(l)


ΔHo2 = -76.6 kJ

(3)
1/2 N2(g) + 3/2 O2(g) + 1/2 H2(g) ( HNO3(l)
ΔHo3 = -174.1 kJ

Calculate ΔfHo for N2O5(g).

A) 14.2 kJ/mol
             B) 28.4 kJ/mol
                          C) 65.2 kJ/mol

D) 82.3 kJ/mol              E) 121 kJ/mol

The reaction that comes with the standard heat of formation is

(4)
N2(g) + 5/2 O2(g) ( N2O5(g)


ΔfHo
in equation (3) we have 1/2 N2(g) left, but we need 1 N2(g): 2 x (3)

in equation (2) we have N2O5(g) left, but we need it right: -(2)

2 x (3) - (2):  N2(g) + 3 O2(g) +  H2(g) + 2 HNO3(l) ( 2 HNO3(l) + N2O5(g) + H2O(l)

now 2 HNO3(l) can be canceled and we are left with:

N2(g) + 3 O2(g) +  H2(g) ( N2O5(g) + H2O(l)

Now subtracting (1), -(1), gives:

N2(g) + 3 O2(g) +  H2(g) + H2O(l) ( N2O5(g) + H2O(l) + H2(g) + 1/2 O2
Now H2(g) + H2O(l) + 1/2 O2(g) cancels, leaving (3 - 1/2) O2(g) = 5/2 O2(g) on the left:

(4)
N2(g) + 5/2 O2(g) ( N2O5(g)

Following Hess's law:

ΔfHo = -ΔHo1 - ΔHo2 + 2 x ΔHo3
= (285.8 + 76.6 - 2 x 174.1) kJ/mol = 14.2 kJ/mol

21. Consider the following reaction:

       CH3OH(g) ( CO(g) + 2 H2(g)
                                ΔH = +90.7 kJ

       For a given sample of CH3OH, the enthalpy change of the reaction is 18.5 kJ. How 

       many grams of hydrogen gas are produced?

      A) 0.822 g


B) 1.62 g

C) 0.564 g

      D) 2.51 g


E) 1.23 g

The heat of reaction is meant per reaction step:
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Thus when the heat of reaction is 18.5 kJ, then
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Since 1 mol methanol produces 2 mol H2. Thus its mass mH2 is



[image: image23.wmf]g

 

0.822

 

=

 

mol

g

 

1.008

 

 

2

 

 

mol

 

0.40794

 

=

 

m

H

2

·

·


21
26
       Heat absorbed


Increase in temperature
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