Finding Extent of Reaction

Orientation:

In this activity you will build physical intuition surrounding chemical equilibrium
principles and equations by studying the oxidation of carbon monoxide (CO). First you
will see how the equilibrium constant, Kp can be obtained two different ways and then
compare these with tabulated values for In(Kp). Knowing whether the reaction is
exothermic or endothermic reaction helps you predict how the reaction will shift as
system temperature is changed. Furthermore, understanding how mole fractions and total
pressures appear in the definition of Kp will help you predict how the reaction will shift
as species concentrations and system pressures are changed.

Learning Objectives:
1. Understand how equilibrium constants are derived from enthalpies, entropies, and
Gibbs energies of reaction.
2. Study how to determine extent of reaction under constant pressure and constant
volume conditions.
3. Apply LeChatelier’s principle to make statements how equilibrium will shift
when different system conditions are changed.

Targeted Skills:

Integrating - combining parts into a new whole

Validating — using alternative methods to test results

Reasoning with theory — explaining data with accepted knowledge

1. Write a balanced reaction for CO oxidation, assuming complete combustion.
Label which are products, and which are reactants.

2. After studying the ideal gas data provided in the spreadsheet, explain how to find
AH for CO oxidation, AS for CO oxidation, and AG for CO oxidation.

3. Explain how to compute the equilibrium constant, K for CO at your assigned
temperature. Validate your answer by checking that attached table of equilibrium
constants, noting that the K,, is tabulated in logarithmic form. Remember that R
is the universal gas constant (8.314 kJ/kmol-k).



. For an exothermic reaction such as this, how does the value of Kp change with
temperature? What is the significance is Kp being less then unity?

. 'Write an equation for CO oxidation including a variable for extent of reaction ().

. What is the total number of moles present during dissociation?

. Define a nonlinear algebraic equation can be used to solve for extent of reaction.

. Forecast how the yield of CO, will change under each of the following conditions.
Provide a rationale for each of your predictions.

a) Increase in system temperature
b) Increase in system pressure

¢) Addition of more CO
d) Addition of a catalyst



DISSOCIATION REACTION CO + 1/2%02 <=> C02

Temp Heo2
Kelvin Mifkmol
298
1500
2000
2500
3000
3500

Temp Sco2

~394
-332
-302
-271
-240
-209

Kelvin Mi/kmol-K

298
1500
2000
2500
3000
3500

Temp Gco2
Kelvin Mifkmol
298
1500
2000
2500
3000
3500

214
292
309
323
334
344

-457
~770
921
-1079
-1243
-1413

Temp (- DeltaG/RT)
Kelvin from above

298
1500
2000
2500
3000
3500

103.5
12.2
6.7
3.3
11
0.4

Mifkmol

MJ/kmol

from text

HoZ DeltaH
Mi/kmol MI/kmol
-111 0 -283
-12 41 -281
-54 5% -278
-36 78 -274
-17 98 -272
2 118 -270
So2 DeltaS
Mifkmol- MI/kmol-K MJ/kmoi-K
198 205 -87 <= note &}
248 258 -85
259 269 -85
267 277 -83
274 285 -83
279 291 -81
GoZ DeitaG DH-T*DS
Mi/kmol  Mifkmol  Mi/kmol
-170 -61 -257 -257
-444 -347 -153 -153
-571 -478 -111 -109
-703 -615 -69 -68
-838 -755 -28 -25
-976 -899 13 12
alpha
103.8 0 1 0
12.2 0.000363 0999637 0.000363
6.6 0.015 0.985 0.008
3.3 0.13 0.87 0.13
1.1 0.44 0.56 0.44
-0.4 0.75 0.25 Q.75

0

0
0.004
0.07
0.22
0.37

COZ_actual CO_actual OZ_actual DeltaH
wifequil

-283
-221
-185
~112
-12
39
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Thermodynamic data
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