Chemistry 21c (AY 200D8) TA: Kurt Mou
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1 - Surface Tension 15 points

a) Consider a thermodynamic system for which surface effects are important. If
the work required to expand the surface area of the systé&m=srdA , show

that

(= %7# and %*F :g‘j#
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b) Consider a spherical bubble of radius r subject to an external pregstiagd
the pressure P inside the particle to be directed outward from the center and
[utilizing the fact that the bubble is held together by surface tension; that is,
odA = (P- P, )dV] show thatP" P, =4/ /r . Is the pressure inside a small

bubble greater or less than that inside a larger bubble?

2 - Energetics of Mixing Solutions15 points
A regular two-component solution is one for which
I G=n,RTInx, +n RTInx; +(n, +ng X, x,W(T, p)

at constanT andp, whereW(T,p)is a function ofl andp. Statistical mechanics
indicates that when the A and B molecules are approximately spherical and have
similar sizes, the solution will be approximately simple.

For a regularaution using thermodynamic relations,

a) Find expressions fot:  H, ! .S ! .V

mix =" mix

b) Show thatu, = u}, + RTInx, + x2W(T, p) with a similar equation fog .
(1, is the chemical potential of the unmixed comporfeat the samd, andp.
This leads to definitions such as, G" G! G*)

mMix

c) Find expressions for the vapor partial presspgesdps, assuming ideal
vapor.



3 - Entropy in a Magnetic Systeni5 points

Suppose that for a certain systemchamical (pV) work is forbidden, but
magnetic work/ w= BdM is allowed.

a) Using a method similar to that outlined in Sections 5.12 and 5.13 of Engel &
Reid (see handout), show that the entropy varies with T and B according to

S G , andc S ill#xg +M;
aT). T B TRV
where X is a state function X(S,B), obtalned from a Legendre Transform of

U(S,M).

b) Define the magnetic susceptibility of our system as
#"M $

Q.BfL

Show that the entropy variance witlspect to the magnetic field can be

expressed as
sy _ (9B
B |, X\ ar ”

4 - Helmholtz Free Energy of a van der Waals G55 points

a) From lecturedA="! ST ! pdV . Starting with this equation, derive the

equation for A(T,V) for the isothermal expansion of a gas obeying the van der
Waals equation of state.

b) Explain briefly why this problem would be much harder if the title was OGibbs
Free Energy of a van der Waals GasO.

c) How many points should OGibbs Free Enefgyvan der Waals GasO be
worth?



5 - Compressibility Relation 15 points

The compressibility of a gas at constar{t =S, T, etc.) is defined as
0,
V) % ,

n
!

Show that the adiabatic compressibility is related to the isothermal
compessibility by
/

| =_T
"s "

where# = G)/C,

6 - State functions calculatidd10 points
a) Question 4.41
b) Question 4.44



7 - Gibbs Free Energy of Reaction at Netandard Conditions (Klotz and
Rosenberg, Problem 7.16)15 points

S.A.Hawley has measured the change in Gibbs function for the transition from
native to denatured chymotrypsinogen as a function of temperature and pressure.
The reaction can be described as

N(native)  D(denatured)
The following values were found for thevgn thermodynamic functions at 0jC
and 101.325 kPa:

| Gim 10600 J mot

! Sim -950 J mof K*

' Vim -14.3110° m® mor*
("' Vi Tp 1.32!110° m® mol K™*
("I Vim/"p)T -0.296!110" m® J* morl*

I Cpim 16000 J mot K™

Assume! Cp, ("! Vim/"T)p, and("! Vin/"p) are constant.

The overall goal for this prédém is to calculate the Gibbs free energy of reaction
at 35;C and 300 MPa. This can be done through the following steps:

a) Derive an expression for the Gibbs free energy at 0jC as a function of pressure.
Use this expression to determin€&,, at 0;jC, 300 MPa.

b) At elevated pressure, the entropy of reaction will change. Derive an expression
for! Sy at 0jC as a function of pressure, and deterrhiggat 0;C, 300 MPa.

c) Derive an expression for the Gibbs free energy at 300 MPa as a function of
temperatureUse this expression to determin@,, at 35;C, 300 MPa.



Note: The following two problems are meant as a refresher to the introduction to
statistical mechanics that you had in 21b. They will not be graded, but you should
make sure that you can solve theiouOll thank us for this refresher when the OrealO
stat mech problems are distributed!

Review 1- Equivalence of Entropy

a) From S=kIn$, show thatS="Nkz| p, Inp,

b) Show that this definition of S is consistent with the classical thermodgna
definition of entropy,
ds = au
T

at constant N and V (or more generally, constant N%and 0)

Review 2- Count the Rainbow?

a) A bag of Skittles contains 65 pieces of candy. Each piece can be one of five
colors (R, Y, B, G, P). Writan expression that will give you the sum of the
statistical weights. Leave your answer in the form of a summation.

b) We can evaluate summations like the one you obtained in part a by using the
maximum term method. The concept is that there is one dgtlodt will give the
largest term in the sum. This term is so large that it dwarfs the rest of the terms,
and we state that the summation value is approximately the value of the maximum
term. Obtain the Nthat give the maximum term in the sum. You wéled to use
StirlingOs approximation, and the method of undetermined multipliers (Lagrange
Multipliers). See the attached reading from Hill for a description of both methods.

c) What is the probability of obtaining a bag of Skittles (at random) thatiesnta
only one color candy? Use the approximation from part b as your total number of
possible bags. (In reality, the number of bags is even larger, but that just makes
the probability smaller!)

d) Suppose | take six pieces of candy (four red, two blud)agange them in a
straight line. Assume all arrangements are equally likely, and that | make my
arrangement at random. What is the probability of both blue candies being next to
each other?

e) We can assign an OentropyO to the bag of candy by modifyiBibs
entropy formula §=" NI p, In p, ). What is the entropy if the bag contains

{13R, 15G, 12Y, 20B, 5P}? Compare to the entropy of {13R, 13G, 13Y, 13B,
13P}.



