




















31)
We are given HE data for 1,2-dicholorethane(1) and dimethyl carbonate (2) at 313.15 K and 1 atm.

a) We fit the data to the expression:

HE = x1 x2 (a + bx1 + cx1
2) [1]

This solution uses a spreadsheet program.  We can plot HE /(x1x2) and get the best fit quadratic curve.

From the quadratic equation, we get

a = -523.6 J/mol,
b = -1118.3 J/mol,
c = 1036 J/mol.

b)  We plotted HE/(x1x2).  Now plotting HE vs x1, we get:

The points are data from the table.
The line is the best-fit expression calculated
using equation [1] and the a, b, and c values
above.

The minimum appears to be
HE

min = –206 J/mol     at x1 ≈ 0.51.

A more rigorous approach is to calculate

x1 at which   
dx
dH
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= 0.

HE = x1(1-x1) (a + bx1 + cx1
2) = (x1 – x1

2) (a + bx1 + cx1
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Setting (dHE/dx1) = 0 and using the values of a, b, and c above, we get three solutions:
x1 = -0.199, x1 = 0.509, x1 = 1.249.   The only one that makes sense:   x1 = 0.509
At this x1, HE = HE

min = -206.0  J/mol

y = 1036x2 - 1118.3x - 523.6
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c) To get expressions for  ,E
2

E
1 H and H we use the equations for binary systems:

[4]       
dx
dHxHH      and           [3]    
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dHxHH
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We calculated (dHE/dx1) already, see equation [2] above:

aa)x2(bb)x3(c4cx-  
dx
dH

1
2
1

3
1

1

E

+−+−+=

So, plugging this into equations [3] and [4], we get:
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The above can be simplified by collecting the x1 terms to give us:
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+−++−++−+=       (ans)

Plotting these vs. x1:

Both curves are non-monotonic with a
minimum near xi = 0.1.  The infinite dilution
values are the values at which xi = 0:

J/mol 606H

J/mol 524H
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For xi = 1, see part e).

The curves intersect ( E
2

E
1 HH =  ) at x1 ~ 0.51,

which is where the minimum of HE occurs;
see part b). ‘ 21 MM =  where a minimum of
M occurs’ is always true for binary systems.
See equation [3] and [4] to convince yourself
why.
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d) ∆H = H – Σ xi Hi = HE (p. 436)

So plotting ∆Η is the same as plotting HE, which was done in part b.  But just to put together the results,
below are HE, E

2
E
1 H and ,H  in the same plot.

e) x1 = 0: HE = 0, =E
1H -524 J/mol , E

2H = 0
x1 = 1: HE = 0, =E

1H 0, E
2H = – 606 J/mol

HE = E
22

E
11 HxHx +

At x1 = 0, even if E
1H ≠ 0, as long as E

2H = 0,  HE will be 0.  Similarly, at x1 = 1.

At x1 = 0 HE = (0) ∞E,
1H + (1) (0) = 0

At x1 = 1 HE = (1) (0)+ (1) ∞E,
2H  = 0

Physically:  At x1  0, component 2 behaves ideally.  Component 1 does not behave ideally but there is
so little of component 1 that it does not matter.  So overall, we get ideal behavior (HE = 0).
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32)
Initial (state 1): P1 = 9000 kPa,  T1 = 400oC
Final  (state 2): P2 = 300 kPa, T2 = T1 = T = 400oC

f2/f1 = ?

From definition of fugacity eq (11.30), dropping the subscripts i:

G = Γ (T) + RT ln f

So at state 2: G2 = Γ (T) + RT ln f2

     at state 1: G1 = Γ (T) + RT ln f1

Subtracting the two equations:
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From steam table, at 9000 kPa and 400oC,

H1 = 3121.2 kJ/kg; S1 = 6.2915 kJ/kg K

G1 = H1 – TS1 = 3121 kJ/kg – (673 K) (6.2915 kJ/kg K) = –1113 kJ/kg

From steam table, at 300 kPa and 400oC,

H2 = 3275.2 kJ/kg; S2 = 8.0338 kJ/kg K

G2 = H2 – TS2 = 3275.2kJ/kg – (673 K) (8.0338 kJ/kg K) = – 2131 kJ/kg
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2   0.0378

the constant of integration Γ only
depends on T, which is constant

Mind here that the subscripts refer to
states here, not to components.
We only have one component: steam.


