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| Problem 1|

There are two steps to solving this problem
(1) What is the pressure difference in terms of the height?
(2) What is the height of the hill?

Use the following form of the Clapeyron equation (thisisvalid for equilibrium between an ideal gas and a solid or

liquid)
dlnP = f%d (;)

Which in this case can be written in terms of the pressure at the top and bottom of the hill, and the respective

boiling points
()2 ]
Pbottom R Ttop Tbottom

Now we write the pressure at the bottom in terms of the pressure at the top

Pbottom == Ptop + pairgh

Pto 1+Igﬂ
1n<p )—1n —r
Ptop+pgh ].

Substituting this,

If we expand In (1 + z) we get,

pgh _ AH [ 11 }
Ptop R Ttop Tbottom
h— AH % Ptop |: 1 B 1 :|
Py Ttop Tbottom

Assuming that the air isan ideal gas, we can relate the density and pressure to the temperature using the ideal gas

law
P _PV _nRT _ RT

p M M (MW)
where (MW) is the molecular weight of the air. We now have

h_AH*RT[l 1 }
gMW) | Tiop  Toottom
Plugging in some numbers (g = 10m/s%, MW = 28.8¢g/mol, and we are dealing with air at 25°C)
b= 1000cal /mol x 4.184.J/cal x 8.314J/mol K * 298 K [ I }
10m/s? * 0.0288kg/mol 368K 378K
h = 2.6km

| Problem 2|

() Integrate the Clausius-Clapeyron Equation
dIn P* _AH

d(1/T*) R

() 281 1
P/ R | Ty

1




For thisexample, P, = 1 atm (at boiling), 77 = 1620K,and 7> = 1000 K
~156,000 [ 1 1
8.314 1000 1620
Py = 7.6 x 10~% am
(b) At the melting point of Li, Psoiiq = Pliquid

1HP2 =

19,314 —156,000 | 1 1
B0 =0 = 53 [T 1620}
550.5
1.47 = ——
7 T
T =375K
Problem 3
First we can find what the vapor pressure over the liquid would be under these conditions
30671 30671
In(P)=—-———+125=——— +125=-7.
n(P") T +12.5 1500+ 5 7.95

P*=3.54x 10~*am = 35.8 Pa
If al of the silver was in the vapor phase (1 gram)
nRT 1

P=-r= (10787) (8.314) (1500) = 115.61 Pa

Hence, there must be both liquid and vapor present

P=P*=35.8Pa
Now we can find the moles in the vapor phase
PV 35.8

= =_"""  —9287x 1072 moles
" T RT T 83141500 x

Grams of vapor

(2.87 x 10~ moles) (107.87 g/mol) = 0.31g
So the fraction in the vapor phaseis0.31

(b) In genera the amount of heat necessary would be the sum of the mixing enthalpy and the enthalpy of
vaporization
A-[7[150150,1 = AHmzx + A-[7[1)11;0
However, since we are told to assume the solution isideal, the enthalpy of mixing is zero. (Thisis related to the

assumption that the mixing species do not interact)
Thus

Q = A-[7[150150,1 = A-[7[1)11;0
Since wewere not given the enthalpy of vaporization or the boiling point in the data, we must find these quantities.
To find the boiling point, use the given equation for the vapor pressure and find the temperature where the pressure is
equal to 1 atm.
30671

In(1) = +12.5 — Tj, = 2454K

To find the heat of vaporization, we can use the integrated form of the Clapeyron equation for an ideal gas.
We know the temperature and pressure at two points (from the given equation for vapor pressure) and we can then

caculate AH,qp.
(P2 _AHwp |1 1
P ) R T, T

Choosing T= 1500 and 1600 K, the value calculated for A H,,,), is 255.kJ/mole. (If you look this up you get 251
kJmole) Now we can get the enthalpy of vaporization at 1500K, which can be done using a loop, since we know
enthalpy is a state function



2454 1500

CLdT + AHyqp(2454K) + / CydT

AH,qp(1500K) = /
2454

1500

AH 0p(1500K) = 33.J/mol K * (2454 — 1500) + 11, 300.J /mol + 23(1500 — 2454)

AH,op(1500K) = 267k.J /mol

Problem 4

Piotar = PN, + Pm,0 = latm
At 70°C,
Pr,0 = 0.3atm = Py, = 0.7atm
After the isothermal volume reduction:
P, 0 isstill equal to 0.3 atm since Pz, o Ccan not increase since it is the saturation vapor pressure! Thiswill
mean that as the volume is being reduced, H,O will condense, keeping Py, o at 0.3 atm.
Py, will double

RT
PN2 = TLN27

e
V — EE - }%Vé — 2})Ab

Piotar =1.44 0.3 =1.7am

| Problem 5|

(a) The boiling point iswhere P* = P,tmosphere- SO Pg,0 = latm a the regular boiling point.
(b) The Clausius-Clapeyron eguation allows usto find vapor pressure at some temperature from knowledge of the

vapor pressure at another temperature
dln P* = fA—Hd <1>

R T
We can integrate this between 373K and 288K
Pz 40,000 [ 1 1 }

" P 8314 |373 288
P} o(288K) = 0.021atm

Relative humidity is defined as

R.H. = 110
PHzO
In this problem the relative humidity is 65% so we can find the Pz, 0
Pr,0

0.65 = 0.021 = Py,0 = 0.0136atm

The dew point is the temperature where Pr,0 = Pf, - Again weintegrate the Clausius-Clapeyron equation, this
time solving for T
In 0.021 _ ~ 40,000 [1 B 1}
0.0136 8.314 288 T

T =281K =8°C
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Problem 6

Nue = Number of unit cells

V =nu.V,. whereV . isthe volume per unit cell

NLi = NycT
oV O(nucV )

Vii = oL O(nuer)

And since n,,. iS aconstant,

— oV

V . _——uc
L1 81’

Thisisthe slope of the curve given. Thusat = = 1 the partial molar volume of Li is
3

Vii=-115
atom

| Problem 7|

The vapor pressure of pure B at 1000 K is5 x 10~ atm. If B isin an ideal solution with another species at 1000
K, its vapor pressure will be:

__Higherthan5 x 10~

| Lowerthan5 x 10~

~ Equalto5 x 1074

__Impossible to say

| Problem 8|

Reaction to go from non-stoichiometric Liy —; Ni14,02 t0 LiNiOo
Lir_gNi1120s + ngzo + %oz — LiNiO3 + zNiO
Principle of LeChatleier indicates that a higher Po, will push the reaction to the right.

| Problem 9|

Once again, we start with the Clausius-Clapeyron equation in thisform
dP  AH 1 dP_AHdT

ar —AavT Y T AV T
Integrating we get
AH T
P,—P=—1
SN <T1>
Let Pibe the pressure at the origina interface (77 = —5°C) and P» be the pressure at the new interface

(T, = —5.2°C)
We can also relate the densities to the volume change as follows:

1 1 s _ Al
av—toL_ e

Pl Pt

l,s T
PP =P AfW <2>
s —p T,

&)y

Also, we know
Py =P+ p°ghor P,— P =—p°gh
Putting this together we get



l s

pp b
—p®gh = AHln | =
PIT <T1>

s =pf 17A—Hln =

Putting in the values of the know quantities (being very careful with units)
_ 83TLJ/kg 0 267.8K
9.8m/s? % 0.4m 268K

Solving for the density of the solid,

p° =1000g/m? [1

p° = 2.6g/cm?



