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1. a)
What is the internal energy change of a gas if while expanding it does 1000 J of work and gains 400 J of heat?


b) 
How much heat must be added to an ideal gas at 300 K undergoing a reversible isothermal expansion from 10 atm to 1 atm while performing 1000 J of work?

c) How much heat would be added to an ideal gas undergoing adiabatic expansion if the gas performed 1000 J of work during the expansion from 10 atm to 1 atm?

d) What is the entropy change for the gas in parts “b” and “c” above?

2. a) What direction will the following reaction proceed at 1200 K when the activity of Na relative to pure, liquid Na is 0.2;  the activity of NaCl is 0.6 relative to pure, liquid NaCl; and the pressure of Cl2 is 0.2 atm?



Cl2(g) + 2Na(l) = 2NaCl(l)
      G°= -821,000 +182.5T  J/gmole
b) What would the electrical cell voltage be for the reaction under the above-stated conditions?   F=96,520 J/(eq*v).

4.
What is the melting point of ice under a polar glacier one mile thick?


Molecular Weight H2O:
 


18 grams/gmole 


Geothermal pressure gradient of ice: 
145 atm/mile 


ice :



0.9 g/cm3 


H​fusion, ice



330 Joules/gram

5. 
Show how to find the equilibrium partial pressure of SO2 in a constant pressure sampling vessel at 1100 K if the vessel initially containing 2 moles of SO2, 10 moles of SO3, and 1 mole of O2.  The total pressure is 1 atm.


SO2(g)+ 1/2O2(g) = SO3(g)    K​eq at 1100 K  = 1.2

6.)
a) Liquid Pb melts boils (i.e. it’s vapor pressure is 1 atm) at 2023 K.  It is sometimes said that Pb would “boil” on the surface of the planet Mercury.  If the maximum surface temperature of Mercury is 700 K, what would be the vapor pressure of Pb on Mercury?  The heat of vaporization of Pb may be assumed constant and equal to 186,000 J/gmole.
b) Do you think Pb could “boil” on Mercury?  Note atmospheric data below.

Mercury Planet Profile: http://pds.jpl.nasa.gov/planets/welcome/mercury.htm

Mass (kg)............................................3.3 x 10^23

Diameter (km)........................................4878

Mean density (kg/m^3) ...............................5420

Escape velocity (m/sec)..............................4300

Average distance from Sun (AU).......................0.387

Rotation period (length of day in Earth days)........58.65

Revolution period (length of year in Earth days).....87.97

Obliquity (tilt of axis in degrees)..................0

Orbit inclination (degrees)..........................7

Orbit eccentricity (deviation from circular).........0.206

Mean surface temperature (K).........................452

Maximum surface temperature (K).............700

Minimum surface temperature (K)......................100

Visual geometric albedo (reflectivity)...............0.12

Largest known surface feature........................Caloris Basin 

                                                     (1350 km diameter)

Atmospheric components......................trace amounts of 







    hydrogen and helium

7)
a) What is the CO/CO2 ratio in equilibrium with Si and SiO2 at 1000 C?

b) What is the equilibrium partial pressure of O2 for the reaction below at 1000 C?


2Ca(l) + O2(g) =  2CaO(s)
c) What direction will the following reaction proceed at 1000 C?


2Ca(l) + 2NiO(s) =  2CaO(s) + 2 Ni(s) 
