


















38)
Using 1 mole of M feed as a basis:

2 M ↔ D

We know the final composition because we are told 20% of M is converted to D, i.e. 0.2 mole of
M is consumed and 0.1 mole of D is produced (by stoichiometry).

Reaction equilibrium equation:
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According to the reaction, the stoichiometric coef.:  νM = –2 (reactant)  and νD = 1 (product).

We are given ∆Go
rxn at temperature of interest (298 K).  What about the other side of the eqn?

xM = nM/ntotal = 0.8 mol/(0.8 mol+0.1mol) = 0.889.         xD = 1 – xM = 0.111.

GE/RT = AxMxD

   ln γM = AxD
2           and      ln γD = AxM

2              (see pset J if you don’t know why this is so)
       γM = exp(AxD

2)                   γD = exp(AxM
2)

Putting everything together:
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The only unknown in the equation above is A.  We can re-arrange the equation to solve it

A = 3.09  (ans)

1 mole M 0.8 mole M

0.1 mole D



39)
Here it is… The last homework problem of them all…
Unfortunately (or perhaps rather suitably) it is a rather long one.  However, let’s see if we can
break it down to several parts that are easier to understand.

We have the reaction: CH4 + CO  ↔  CH3CHO
at 260oC and 100 bar.   Gases are non-ideal but form ideal solution.
To save time, let’s abbreviate: Me + CO ↔ Ac

Information given:  1 mole of CO enters with 1 mole of Me and 4 moles of N2.

a) Final compositions of reaction mixture as a function of ε.
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yi = mole fraction of component i;  νi = stoichiometric coef. of component i;
ni,o = initial number of moles of component i;  no = initial total number of moles = Σ ni,o;   ν =Σ νi

Making a table like the following usually helps:

Component ni,o
(moles)

νi
(from rxn)

ni = ni,o + νiε
(moles)

yi = ni/n

Me 1 -1 1-ε (1-ε) / (6-ε)
CO 1 -1 1-ε (1-ε) / (6-ε)
Ac 0 1 ε ε / (6-ε)
N2 4 0 4 4 / (6-ε)

Total      no = 6       ν = -1      n = 6-ε 1

The answers for this part are in the rightmost column of the above table
.
b)

For reaction equilibrium:
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Most problems require us to ‘fill in the blanks’ for both sides of the equations.  Let’s start with
the right hand side.

For all gas reaction, we derived in class, for standard reference of pure species at 1 atm:
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φ                 This is a general expression for gas-phase reaction.

The problem states that the gases are not ideal ( îφ  is not 1 ); but the gases form ideal solution.
This allows us to say that iφφ =î .    This is because for ideal solution of gases, iii fyf̂ =  = yi φi P
(The fugacity of comp. i in the mixture is fugacity of pure i multiplied by its fraction in the
mixture).   So rewriting the expression above:
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φ expression for ideal solution of non-ideal gases

We have the yi and νi for all the species (done in part a). P = 100 bar (given). T = 260oC = 533 K.
What about the φi’s?   φ of pure species; we can get through generalized correlation.

Component Pc
(bar)

Tc
(K)

ω Pr
(P/Pc)

Tr
(T/Tc)

(φο) (φ1) φ
= (φο)(φ1)ω

Me 45.99 190.6 0.012 2.17 2.80 1.01 1.14 1.01
CO 34.99 132.9 0.048 2.86 4.01 1.04 1.13 1.04
Ac 55.50 466.0 0.291 1.80 1.14 0.63 1.11 0.65

We see that even at this high pressure, but because the temperature is also high, we have almost
ideal behavior for methane and CO.  The acetaldehyde cannot be assumed to be ideal however,
since φAc = 0.65.
Now we can write down all the knowns for the right hand side of our equilibrium equation:
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with νMe = –1, νMe = –1, νAc = 1 (and re-arranging):
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Writing in expressions for yi from part a, and also φi values from the table above:
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Why isn’t N2 included in the expression above?  We can include it, but νN2 = 0.  So the term
drops out anyway.

Not so bad now, was it?   Okay… now for the other part of the equation.

Reminder:

from Appendix B P = 100 bar
T = 533 K

App. E
(with interpolations)
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We know how to get ∆Go
rxn at 298 K  (from data in Appendix C).  To get ∆Go

rxn at a different
temperature, we derived in class (and also in the textbook equation 13.18):
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(where the ∆’s means ∆rxn)        To = T reference = 298 K for our case.  ∆Cp = ΣνiCpi.

From appendix C:

Component ∆Ho
f at To=298 K

(J/mol)
∆Go

f at To=298 K
(J/mol)

A B C D

Me -74,520 -50,460 1.702 9.081·10-3 -2.164·10-6 0
CO -110,525 -137,169 3.376 0.557·10-3 0 -3,100
Ac -166,190 -128,860 1.693 17.978·10-3 -6.158·10-6 0
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rxn(To)
=18,855

∆Go
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= 58,769
∆A=

-3.385
∆B=

8.340·10-3
∆C=

-3.994·10-6
∆D=

3,100

Explanation on the ∆ row:  Just a shorthand where ∆M = ΣνiMi   where M is variable of interest.
e.g.  ∆Go

rxn = ∆(∆Go
f)= Σνi ∆Go

f,i.
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Long, but doable.  We know all the values for the above equation.  T=298 K and To = 533 K.
If we do the calculation, we get:

             

     47.20
RT

K) (533∆G o

(**)=

Cpig/R = A + BT + CT2 + DT-2



Having calculated this, we can return to our equilibrium equation:
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Putting together what we calculated before,  (*) and (**) above:
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This is a quadratic equation in ε which we can solve:
ε = 3.50 ·10-8   …   practically ≈ 0.     What does this mean?  Why?

This means our reaction does not proceed very far before it reaches equilibrium.  The
equilibrium constant K = 1.29 ·10-9 is quite small, suggesting reaction to the left (producing
methane and CO) is favored over reaction producing acetaldehyde.

We could not have known this before we calculated the K and ε.  So it’s not really pointless.
Besides, the point is to make sure you know how to do this type of calculation.   Anyway, for the
mole fraction, we can calculate using ε (using expressions we got in part a):

ymethane = 0.167;   yCO = 0.167;   yAc = 6 ·10-8 ≈ 0;  yN2 = 0.666.

Recapping:

1) We write the reaction equilibrium equation:

2) We figure out both sides of the equation, writing in terms of what we know (given or data from back of the
book) and what we don’t know (what we try to solve).

3) If the temperature is not 298 K and the value for ∆Gorxn or K are not given, ∆Go
rxn(T) must be calculated using

the Cp’s like above.

4) For the right hand side, we express the fugacities depending on the phase of the species (liquid, gas, solid,
solution).

5) The expression of fugacities will usually involve some molar fraction (yi, xi).  Usually it’s easier to write down
the molar fraction in terms of one variable (for one reaction), namely ε.  This requires some stoichiometry and,
sometimes, material balance.

6) Finally, if we have reaction equilibrium, we equate the lefthand side and the righthand side, and solve for what
we don’t know.

(For the case of more than one reactions (say n reactions), we have n equilibrium equations.  Also, we have n of ε:
εrxn 1, εrxn 2, … εrxn n.    We haven’t practiced with this.  We may do this to study for the final)

CH4 + CO ↔ CH3CHO

iν

o
i

i

i

o
rxn

f
f̂K

RT
(T)∆Gexp 










∏==








−


