QUESTION#1
Answer:

The Gibbs free energy in terms of chemical potential:
The following is the relation between the Gibbs free energy and the chemical potential
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We also have.
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Using this relation in Eq. (130) proves the second identity in (129). To prove the first relation in

triple product identity;,
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From Eq. (134) and G = pN, we have,
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so that

And using these relations

GA#soln = Nala, GB#soIn = Ngls, etc.
and, dividing by na, na, etc.

QA#soln =Ha= qu+ RT In Xa,
na

QB#SOIn = Ug = IJ-OB +RT In Xg

Showing that



QUESTION# 2
Answer:

If we have a mixture of two substances present, the internal energy and all the other thermo-
dynamical potentials will depend on how much of each is present, since there will be interactions
between the molecules of each.

Here we focus on the Gibbs free energy, since the relevant conditions are usually those of
fixed temperature and pressure.

We have G = G(T, P, N;, N;) where N, and N, are the number of molecules of each sub-
stance. (This is easily generalised more than two components.) So
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Now the first two partial derivatives are —5 and V as before. We define
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dG = —5dT + VAP + ppdNy + pedN;

giving

ji1 is called the chemical potential of substance 1. But what is its significance?
First, imagine only one substance present. Then
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But & is extensive, and P and T are intensive, so (¢ must be directly proportional to N:
G(T,P,N)= Ng(T, F) (where g is the Gibbs free energy per molecule), and so p = g.

QUESTION # 3
Answer:
At a given temperature the order of the translational partition function assuming volume and
temperature are identical is

H2,< HD < D2

So the Hz has the largest transitional potential value and almost same is in the case of partition
function at a given temperature.



QUESTION # 4

Answer:
Expression for the enthalpy of vdW gas

AH=—pCpAP+CpATAH = —uCpAP+CpAT

Since for VDW gas
uCp=2aRT—buCp=2aRT-b

The equation for AH

AH for a van der Waals gas should be:
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where C; F{G is the heat capacity of the gas in the Ideal Gas (IG) region (low pressures and high

specific volumes). For constant temperature (17 = T3 = T'), this equation reduces to:

11 1 1
&H:—Qa(ﬁ—ﬁ)+bﬂl"(%_b—m_b)

QUESTION# 5

Answer:

(a) Many aerospace applications (compression and expansion) involve flow
of gases (e.g., air) and we thus examine the entropy relations for ideal

gas behavior. The starting point is form of the combined first and
second law,
du = Tds — Pduw.



. de = e d
For an ideal gas, . Thus

dlr P
Tds = c,.dT + Pdv or ds = C‘l-? + ?d-v.

Using the equation of state for an ideal gas (v = HT ), we can write the
entropy change as an expression with only exact differentials:

dT dv
s = C‘y? + RT. (a)

We can think of Equation (a) as relating the fractional change in temperature

Cy
to the fractional change of volume, with scale factors  and  ; if the volume
increases without a proportionate decrease in temperature (as in the case of
an adiabatic free expansion), then s increases. Integrating Equation_(a)
between two states 1" and 2"
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For a perfect gas with constant specific heats

As =8, — 5 —c,In (—2) + Rln (L—z) :
.Tl it

Rfc, =(y—1)
In non-dimensional form (using )

A T v
28 In (—2) + (7 —1)In (1—2) ,  Entropy change of a perfect gas. (b)

Equation b is in terms of specific quantities. For N moles of gas,
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This expression gives entropy change in terms of temperature and volume.
We can develop an alternative form in terms of pressure and volume, which

allows us to examine an assumption we have used. The ideal gas equation of

state can be written as
mMFP4+Inv=mInHK-+InT.

Taking differentials of both sides yields
dP N dv dT
P v T
Using the above equation in Eqg. (a), and making use of the
cp =ty + R Cp/Co =7

relations : , we find
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Integrating between two states 1 and 2
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The above equation is the entropy equation of ideal gas
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