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Exercise #1
When 22 grams of ethane are burned the energy released is 1100 kJ.

a) Determine
e the combustion enthalpy of ethane
e the formation enthalpy of ethane
b) Determine the formation enthalpy of ethene
c) Determine whether the hydrogenation process of ethene is endothermic
or exothermic. The process is:

C,H, (g) +H, (9) = C,H, (9)

Atomic weights: H=1; C=12

Enthalpies of formation of carbon dioxide and water are -394 kJ/mol
and -286 kJ/mol, respectively

The combustion enthalpy of ethene is -1386 kJ/mol

a) The combustion enthalpy is given in heat (at constant pressure) per mole.
Therefore, we have to calculate the molar mass and convert the heat given
in heat per mole

M (ethane) = (2*12) + (6*1) = 30 g/mol
AHO =30 9 x ('1100 kJ) = -1500 k_J
‘ mol 22 g mol

In order to get the formation enthalpy of ethane we need to combine some
equations. The equation we are looking for is:

2C(s)+3H,(9) — CH, (9)

The only equation we have related to ethane is its combustion. Therefore,
we will start with the combustion of ethane and then complete with the
equations needed to get the formation equation (that is, the formations of
carbon dioxide and water):
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2¢C6,(g) + 3H01) > CH, (9)+ 350,4g) AH=+1500 kJ
2[C(s)+O,(g) — COg) AH=-394kJ]
3[H, (9)+ 050,49y > HO(U) AH=-286kJ]

2C(s)+3H, (9) > GH, (9) AH,, = -146 kJ
kJ

AHY = -146 —
mol

b) To determine the enthalpy of formation of ethene we need to combine
equations to get this:

2C(s)+2H, (9) > CH, (9)

We can start with the reverse of the combustion of ethene:

2¢6,(q) + 2H01) > CH, (9)+ 30,{g) AH=+1386 kJ
2[C(s)+O4g) — CO(g) AH=-394kT]
2[H, (g)+ 050,49 > HO() AH=-286kJ ]

2C(s)*2H, (9) » GH, (9) AH,, =26 kJ
kJ

AHP =26 —
mol

c) The hydrogenation process can be calculated by combining formation
equations:

2¢64sy+ 3 H, (g) > CH, (g9 AH=-146 kT
CH, (@) — 2€{sy+ 2HAg) AH=-26kJ

CH, (9)+H, (g) —» CH, (g) AH=-172kJ

kJ
Athdr‘og = -172 a
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Exercise #2

Graphite (C) reacts with water vapor fo yield carbon monoxide and
hydrogen, both in gas phase. Write the corresponding chemical equation
and determine:

a) AG® for this reaction at 25 °C and whether the reaction is spontaneous
or not.

b) Provided that AH and AS do not change with temperature, study the
spontaneity for this reaction (the range of temperatures in which it is
spontaneous, building a AG - T graphic)

c) If the activation energy is Ea=220 kJ/mol, draw the corresponding
enthalpy diagram. What is the meaning of activation energy?

Data C H.O cO H,
AHfo (kJ/mol) 0 -241.82 -110.52 0
S° (J/mol.K) 574 188.82 197.67 130.68

a) In order to determine AG® we will calculate the change in enthalpy AH
and the change in entropy AS:

The enthalpy change of the reaction:

AH°

rxn

AH°

rxn

=X n* AH (products) - = n* AH? (reactants)
= -110.52 kJ - (-241.82 kJ) = +131.3 kJ

The entropy change is:

ASY. =X n*S° (products) - = n* S° (reactants)

7 7 7 7 7
AS® = (19767 3 +13068 1)- (574 L +188.82 I)-13379 L
= K" O < K

The Gibbs energy at 25 °C is:

AG° = +131 300 J - (298 K) * (133.79 J/K) >0
Non-spontaneous at 25 °C
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b) The Gibbs energy as a function of temperature can be represented by
this expression:

AG =+131300J - T * (133.79 J/K)
The graphic that corresponds to the expression is:

AG (J)

AH

slope = -AS

To

spontaneous

The process will be spontaneous at any temperature higher than To. This
value can be calculated:

T (K)

AG=+131300J - T, * (133.79J3/K)=0

_ 1313007

= =27 - 9g]
° " 13379 J/K 5

c) The activation energy is the energetic barrier needed to overcome tfo
form an activated complex and yield products.

AH

activated complex

products

220 kJ

reactants
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Exercise #3

A 10 L-vessel is charged 2.5 mol of PCls and heated to 270 °C. Due to its
dissociation, the pressure increases to 15.68 atm. The reaction is
exothermic. Determine:

a) the value of Kc

b) the composition (# of moles) at equilibrium

c) apply Le Chatelier principle to establish a relationship between the
changes in pressure and temperature and the shifting of the reaction.

PCL (9) 2 PCL (9) + Cl, (9)

The equilibrium can be represented as a table:

PCk (9) = PCL (9) + €L (9)
n initial 2.5 mol - -
n change -X X X
n equilibrium 25-x X X
[ ] equilibrium (2.5 - x)/10 x/10 x/10

The total pressure at equilibrium is known; thus, the fotal numer of moles
can be calculated using the ideal-gas law:

* *
P*V=n*R*T—>n=P*¥_= 15T'68L°*m O _352mol
0.082 3= % (270 4+ 273)K
K.mol

Ny =(2.5-X)+Xx+x=25+x
2.5+ x=3.52mol - x =102 mol

a) The value of Kc

_[PCI3*[Cl2 _ (x/10)* _ (1.02)* _

K = = =0.07
= IPC5  (25-x)/10 10*148
b) The composition at equilibrium
n (PCl3) = n (Cl3) = 1.02 mol
n (PCls) = 2.5 - x = 1.48 mol
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c) We will apply Le Chatelier in order to know how the process shifts when
pressure and femperature are changed

Disturbance:

How the process shifts:
change from outside

How the system reacts
Pressure decreases by decreasing
the number of moles:

Shifts to the left ... «
Pressure increases by increasing the
number of moles:

Shifts to the right ... —>
Heat is absorbed; the system shifts
towards the endothermic direction.
Shifts to the left ... «

Heat is released; the system shifts
towards the exothermic direction.
Shifts to the right ... —>

Pressure increases

Pressure decreases

Temperature increases

Temperature decreases
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Exercise #4

A 15 L-container is charged with 0.08 mol of dinitrogen tetroxide and
heated to 35 °C. The reactant dissociates partially, according to this
process:

N.O, (9) = 2 NG, (9)

When equilibrium is reached the pressure is 2.27 atm. Determine:

a) the dissociation percent
b) Kp and Kc

The equilibrium can be represented as a table:

N,O, (g) 2 2NO, (g)
n initial 0.08 mol -
n change -X 2x
n equilibrium 0.08 - x 2X
[ ] equilibrium (0.08 - x)/15 2x/15

The total pressure at equilibrium is known; thus, the fotal numer of moles
can be calculated using the ideal-gas law:

P>V 227 atm*15L

R*T 5082 %ML w308
K.mol

P*V=n*R*T>n= =0.135 mol

N, =(0.08-x)+x+x=0.08+x
0.08 + x = 0.135 mol — x = 0.055 mol

a) The dissociation percent

_ 0.055 mol

_ *100 = 68.75 %
9=70.08 mol 68.75

b) Kc and Kp

Ke (2x/1.5)? _ 4x?
(0.08-x)/15 15*(0.08 - x)
Kp=Kc*(RT)*" >Kp=0.323*0.082 * 308 =8.16

=0.323
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