Chemistry 231 Assignment #9 due Tuesday, 28 November, in class
1. For the evaporation of water at 25 °C
H:0()) = H20(g) '
show AH® = 44,012 ] mol™!, AG° = 8,557 ] mol™! , and K = pyz0 =0.0317 bar.

3] Data at 298.15 K (25 °C):
AH5n(H20, ) = —285,830 J mol™! AHm®(H20, g) = 241,818 J mol™!
AGim®(H20, D) = —237,129 J mol™ AG°(H20, g) = —228,572 T mol™*

2. a) The cquilibrium constant for H2O(/) = H2O(g) gives the pressure of water vapor in
equilibrium with liquid water at a given temperature: K = puso.

Assuming AH° is constant, use the van’t Hoff equation dInK /d(1/T) = —AH/R to show

[7] AH® (1 1
1 tT) = In £298:15K) - Lo
" Puzo at 1) Puzo (@ ) R \T ~ 29815K

b) Use the expression for Inpmo(at 7) to calculate the vapor pressure of water at 100 °C.

¢) Water boils at 100 °C and 1.00 atm (1.01325 bar). The vapor pressure of water at 100 °C
calculated in part b is slightly in error. Why?

d) A tank contains water at 80 °C and a pressure of (.70 bar, Is the water in the tank liquid,
vapor, or both? Justify your answer.

3. a) Calcium carbonate (CaCOs) is found in nature in two different crystalline forms: calcite and
aragonite. Use the value of AG® for the reaction

CaCOas(s, calcite) = CaCOas(s, aragonite)
to show calcite is the more stable form of calcium carbonate at 25 °C and 1 bar.

b) Calcite initially at 25 °C and 1 bar is heated at 1 bar. Will aragonite form? If so, at what
[6] temperature? (Hint: dAG®/dT=-AS°)

¢) Calcite initially at 25 °C and 1 bar is compressed at 25 °C. Will aragonite form? If so, at what
pressure? [Hint: (OAG/Op)r= AV] Does this suggest where aragonite might have formed?
Data at 25 °C:

AHg°(aragonite) = —1207.13 kJ mol™! AHm (calcite) = —1206.92 kJ mol!

AGp°(aragonite} = —1127.75kI mol”'  AGg°(calcite) = -1128.79 kJ mol™!
Sm°(aragonite) = 88.7 J K~! mol™! Sm°(calcite) 92.9 J K mol™!
Vi’(aragonite) =  35.36 cm® mol™! Vm’(calcite) 36.93 cm® mol™!
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4, Use the phase diagram for sulfur given below to answer this question.

(4]

Pressure/atm

a) Give the equilibrium form of sulfur at 25 °C and 1 atm.

b) Can monoclinic sulfur be converted to rhombic sulfur by increasing the temperature? ‘

¢) Can monoclinic sulfur be converted to rhombic sulfur by increasing the pressure?

d) Give the minimum temperature and the maximum temperature at which monoclinic sulfur
can exist under equilibrium conditions.

Temperature
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