Final Exam. for Physical Chemistry for Energy Science
Department of Nuclear Engineering, Seoul National University
12/17/00 Menday PM 1:00-4:00
Three hour, closed book, two spike sheets plus formula bookelt allowed

1. (35) For Van der Waals Gas;
A\{How can you determine the constant, a ?
B. How can you determine the constant, b ?
. Derive expressions for c%'fil temperature, pressure and

R}

lume. : »
%Osing Table 1.4, show that the van der Waals EOS is reduced
to;

(Pr+3/Vr~2) (Vr-1/3)=8*Tr/3

A

‘where Pr, Tr, and Vr are reduced variables, as defined in the

\ &lass.
W' @Wbat are shortcomings of Van der Waals Model? O
. What is the law of corresponding state?

}@. ~ (20) Provide your view on the following fundamental
questions;

What is the most concise definition of temperature?

What is proof of “energy conservation principle” ?

Why is Boltzmann’s formula, S=k In W, valid?

Why the specific heat of solids increases with temperature

while those of liquid and gas are fairly temperature-
independent?

E. What Sy=0 at 0 K?

SN e

%. (20) Hydrogen gas was mistakenly inserted into a lab with a
60 m3 of free and fixed volmue. Final mole fraction was
found to be 20 %.  Hydrogen explosion is possible when
hydrogen fraction is between 5 to 85 %. Assuming ideal
gas law, answer the following;



-~
a7

“

Temperature

A. What is the maximum heat produced when the explosion was

completed?

B. How much hydrogen is left at end?
C. What if final temperature and pressure?

4.

Show that adiabatic compressibility Kr and isentropic
compressibility K is related as follows;
Kr=Ks+ TVa?/Cp

(20) Thermodynamics forms basis of physical chemistry.
Answer the followings;

JA. From TdS>dq, how can you explain that an isolated system

gets randomized?

-, B. From dA = - SAT + Sum(potential)(volume), how can you

/

include nuclear energy into the expression?

. Derive Gibbs phase rule(P+F=C+2).
D. For eutectic melting of Pb and Bi, following phase diagram is

given. Sketch Gibbs free energy diagram at 200 C.

Astomic Percent Lead
20 ) 40 50 50 G 80 30

300 '.’

1.442°C

e e : ey it i~ T B e amitin sk e

100

327.502°C

DR G atnd

e =

-

: 125.5°C ;
4 i
) !
100 - ‘

) .

-: \‘ 3 1Y ‘,

3 ! ' \

3 . \ ! ! !
—(B0) IO R *

4 \ H 1 {

' ) : ) [
N \ i

0 \\\ : ) i

| '. -

Nt 1 }

~48°C \.: ‘. 3.9 r

' 723 N !

\ i

\ b

\ '

~100 d-eme vrr—ey . SR S St s S e sl r*‘*“?"""‘“*‘ﬂ’rr‘?’""f.’"’"‘"“f?"?‘."V“V'V'v-v?'r‘v—v"v*‘L'rv’? -nw—.-.-.v--v-;-
0 10 20 a0 40 50 60 70 an G0 100

i Weight Percent Lead Ph




5. M (20) Equation of state(EOS) is needed for many engineering
q (7\’ applications.

‘W\M A. How will you determine EQOS of plutonium gas by
W experiment?

B. How will you determine phase diagram of plutonium by
experiment?

C. If only microgram of Pu is available for experiment (note
that IAEA has complicated control system on pure Pu), how
can you determine EOS of Pu-gas ? :

D. What are other properties you can extract from ther.---r e
experiment in (c).
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6. (30) Assume that fugac1ty coeffient of CO( 3and all
changes are made 25 C. o

. Determine the solubility of CQ, In water at a ﬁms

ressure of 2-atm, assuming ionization effect has no influence.

Q./%V hat is Henry’s law constant?

etermine freezing pomt constant for water.
D. In fact, dissolved CO; undergoes ionization in water, as
follows;

CO; + H,0 = H" + HCO3, If unionized dissolved CO,
has a concentration of 0.01 mole/kg water, what is pH of the
solution?

{‘I/What is the degree of ionization for the case D, above?
¥/ What will be the the amount of freezing point depression of
water ?

7. (20) For a saturated solution of: PbSO4=Pb** + S04~
A. The solubility of the salt is given as 1.5x10™ mole/l.
Determine ionic strength of the solution.

B. Determine the mean ionic activity coefficient when Debye-
Hueckel constant is 1.2.

C. Determine the Gibbs free energy of the reaction.




8.

(35) For the ionization of KCI=K" + CI

ion Standard E(V) | Limiting ionic | Ionization | Electron
. | conductivity potential | affinity
(cm2-S/eq. Mol) | (V) V)
K [-2.925 73.5 4.339 0.502
Cr 1.3595 76.34 13.01 3.615

. The first two columns provide data for aqueous solution. What

is the standard Gibbs free energy of dissociation of KCI?

. What is the ionic mobility of each ion? '
. Solubility limit of KCl is given as 34 gm/kg water. What is the

conductivity of a KCl solution that shows undissolved crystals at
the bottom of beaker?

. Albert Einstein has shown that ionic diffisivity in solution is

related to the mobility by ui=Di/kT. Determine diffusivity of

-each ion.

The last two columns of the table shows data for plasmarized gas.
What is the standard Gibbs free energy of dissociation of KCl in
gas?

. Why the values in A and E differ?

END




