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Materials Thermodynamics TBL Problem Set 1
1. When 1 kg of Ar is heated from 300K to 400K either by process I (constant

pressure) and process II (constant volume)

(a) Draw the P - V diagram for the two process .

(b) Calculate AU, q, w, and AH for process I.

(c) Calculate AU, q, w, and AH for process II .

(Take Ar as a monoatomic gas, MW : 40 g/mole, Cp=2.5R,Cv=1.5RJ/K,R =
8.314J/K)

2. The standard reaction enthalpy for the hydrogenation of propane,

CHz = CHCHj; (g) + H2 (g) = CH3CH2CH3 (¢ ) 1s -124 kJ / mole .

The standard reaction enthalpy for the combustion of propane,
CH3CH2CH3 (g)+ 5 O2(g) = 3 CO2 (¢) + 4 H2Oq)1s -2220 kJ / mole .
The standard reaction enthalpy for the decomposition of water,

H200) — H2(g) + 0.5 Ozg) , is 286 kJ / mole .

Calculate the standard enthalpy of combustion of propene.

CHz = CHCHj3 (g)+ 4.5 02(g)— 3CO2 (¢)+ 3 H20q)

3. Calculate the final temperature when a monoatomic gas at 300K and 24 1/mole is
compressed adiabatically and reversibly until the volume is 2.2 I/mole. (Cv =
1.5R,Cp=2.5R,R=8.314J/K)

4. A monatomic ideal gas at 300 K has a volume of 15 liters at a pressure of 15
atm. Calculate
a. The final volume of the system
b. The work done by the system
c. The heat entering or leaving the system
d. The change in the internal energy
e. The change in the enthalpy when the gas undergoes

1. A reversible isothermal expansion to a pressure of 10 atm
i1. A reversible adiabatic expansion to a pressure of 10 atm. The constant-
volume molar heat capacity of the gas, Cv, has the value 1.5 R.
5. One mole of a monatomic ideal gas is taken on the path A—B — C - D — A,
as shown in Figure below. All paths are reversible.
* A — B is a reversible isothermal expansion of the gas.
* B — C is areversible adiabatic expansion of the gas.
* C — D is a reversible isothermal compression of the gas.
* D — Ais areversible adiabatic compression of the gas.
a. Derive expressions for AU, q, and w during each step in terms of Va, Vb,
Ve, Vd, tl, t2, and R. Determine the sign of each.
b. Determine the values of > (wi), >.(qi), and > (AUi) in terms of Va, Vb, Vc,
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Vd, tl, t2, and R. Determine the sign of each.

Pressure ———

The initial state of a quantity of monatomic ideal gas is P=1 atm, V =1 liter, and
T =373 K. The gas is isothermally expanded to a volume of 2 liters and is then
cooled at constant pressure to the volume V. This volume is such that a reversible
adiabatic compression to a pressure of 1 atm returns the system to its initial state.
All of the changes of state are conducted reversibly. Calculate the value of V and
the total work done on or by the gas.

Two moles of a monatomic ideal gas are contained at a pressure of 1 atm and a
temperature of 300 K; 34,166] of heat are transferred to the gas, as a result of
which the gas expands and does 1216 J of work against its surroundings. The

process is reversible. Calculate the final temperature of the gas.

. When 1 cal of heat is given to 1g of water at 14.5°C, the temperature rises to

15.5°C calculate the molar heat capacity of water at 15°C. (I1cal =4.18J, HO= 18
g/mole)

The densities of water ice and water at 0°C are 0.9168 and 0.9998 gecm™,
respectively. If AH for the fusion process at latm is 6.025 kJ/mole, what is AU for
the process? How much work is done on the system? (1atm= 1.013x10° Nt/m?)
The internal energy (U) of a certain gas, with molecular weight of 85 g/mole is
given by U=0.17T+D. Where U is internal energy in kJ/kg, T is temperature in
Kelvin, and D is a constant.

a) If 1 kg of the gas is heated in a constant volume container from 25°C to
500°C.Calculate AU.

b) Calculate the amount of work done with container and heat flow into the

container.
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