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1.  One mole of a monatomic ideal gas is contained adiabatically at 10 atm and 300 K.

(a) Would you expect the temperature of the ideal gas to be greater than, the same as, or less
than 300 K when the ideal gas undergoes free expansion to 5 atm? Reason your answer.
(10%)

(b) Would you expect the entropy of the ideal gas to increase, remain constant, or decrease
when the ideal gas undergoes free expansion to 5 atm? Reason your answer. (10%)

2. About the Clapeyron equation

(a) Briefly describe the applications of the Clapeyron equation. (6%)

(b) Theice of an outdoor skating rink is at the temperature of —2.0°C. Calculate the
minimum pressure (applied for example by a skate) necessary to melt the ice. Data: At
0°C, the specific volume of water is 1.000 cm”/g and that of ice.is 1.090 cm’/g; the heat
of fusion is 80 cal/g. Unit conversions: 1 atm = 101325 N/m?, 1cal=4.18 ], (14%)

3. The activity coefficient of Zn in liquid Zn-Cd alloys at 435 °C can be represented as
11 Yz = 0.875 (Xca)* — 0.30 (Xca)’, where Xcq is the mole fraction of Cd.
(a) Derive the corresponding expression for the dependence of In ycg on composition. (5%)
(b) Calculate the activity of Cd in the alloy of X¢=0.5 at 435 °C. Does this alloy exhibit a
positive deviation or negative deviation from the ideal solution at this composition and
temperature? Do Zn and Cd like or dislike each other? (10%)

4. What is the minimum value that the activity of MgO can have in Mg0.ALO; at 1000 °C.
(10%)
MgO + Al,O3 = Mg0.ALLO; AG® (at 1000 °C) = -38220 ]

5. Tin obeys Henry's law in dilute solutions of Sn and Cd, and the Henrian activity
coefficient of Sn, y%, varies with temperature as
1n y°sy = -840/T + 1.58,

Calculate the change in temperature when one mole of liquid Sn and 99 moles of liquid Cd
are mixed in an adiabatic enclosure. The molar constant pressure heat capacity of the liquid
ally formed is 29.5 /K. (10%)
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6. Use the Ellingham diagram to answer the following question.
(a) If we want to grow a layer of TiO; over a clean Ti substrate at 1000 °C in a vacuum
chamber, what is the minimum O, pressure we must have in the chamber? (5%}
(b) Continue the question in (a). If this O, pressure is maintained through the equilibrinm
between H, and H, O, what ratio of Hy over HyO we must use?  (5%)

‘“;"’“z?

18 17 _m-i

N

105, 10d

-

PCOIPCO,

LTELL L L L L

it qgt2 010 408 90 107

£ A  wd

5 4
1% wr )

e
sl ﬂ-ﬂ*o'l“'m

S

19 b ]

-100

N

Wl |

- 200

-
|

"

- 300

&
o
e

- 400

B i

A\

ATAY

FANN
\
AN
AN

y#‘:faz"fo'

*

- 500

$
&

N

wrid

o

i
U

=

Y]

VY
el

NANAZAN
o

so!

- 700

e =

g

AN

W

\
S/

L4

?S

AG = ATin PO kJ

- 800

i

b .

w2

- 1000 -

M

i

1

E".pﬁ,/

i

AVAY

M Melting point of metal ™}

Y

0

Tk

- 1100 gt
ﬂ/

B Hoiling point of melal-

L

-

temperature, °G |
e i 1 j)

1 lEfMaﬂing point of oxide _|

S

- 1200 r
0 200

POy {aim} 1080,

1000

\vso ‘_ \“” NN

1200 1408 1600

seolaco;

=

N

'w‘z/

100
LU LI
tofen
$08 |
\_0110\\
ot |
mﬂ\
10t
e

wd

\

o2

w

0K Py

1013 \

Figure

The Ellingham diagram for selected oxides.
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Consider a binary system that has a and L phases. Both o and L are regular solutions.
These two phases can form a series of binary phase diagrams shown below by adjusting
the regular solution parameters for the o phase, Q°% and that for the L phase, Q" Answer
the following questions.

(a) Which diagram is for the system that o and L are both idea solution? Write down the
number of that diagram. (5%)

(b) Consider diagrams on the central column (3, 8, 13, and 18), these diagram have the
same Q" , but different Q% Which diagram has the highest Q" value? Which diagram
has the lowest Q value? Write down the numbers of these diagrams. (5%)

(c) Consider diagrams on the third row (11, 12, 13, 14, and 15), these diagram have the
same Q , but different Q. Which diagram has the highest Q" value? Which diagram has
the lowest Ol value? (5%) o
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