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Single-choice questions

Instructions: For each question, you must identify the answer that best answer the question.
There is only one correct answer for each question.

(5 points each)

1. Which of the following is not a characteristic of an ideal gas?
A. ldeal gases have negligible volume.
B. Ideal gases do not collide.
C. Ideal gases are constantly in random motion.
D. Ideal gases do not have intermolecular interactions.

2. Free energy change of a chemical reaction can be positive, zero, or negative. Which of
the following is a correct statement regarding Gibbs Free energy?

A. When Gibbs free energy change is posmve the chemical reaction cannot proceed
in appreciable time.

B. When Gibb’s free energy change is negative, the chemical reaction must
proceed.

C. When Gibb’s free energy is zero, the chemical reaction must proceed.

D. None of the above.

3. The Clausius-Clapeyron equation describes how surface pressure changes with
temperature. What can this equation be used for?

A. Clausius-Clapeyron equation can be used to evaluate the slope of phase
transformation boundaries on a P-V phase diagram

B. Clausius-Clapeyron equation can be used to predict mobility of molecules at the
surface of liquids.

C. Clausius-Clapeyron equation can be used to evaluate the slope of a vapor dome
on a P-V phase diagram.

D. Clausius-Clapeyron equation can be used to evaluate the shape of phase
boundaries on a P-T phase diagram.

4. A eutectic phase diagram describes the phases in a system. Which of the following
statements must be true about a eutectic system?

A eutectic system only contains solids.

A eutectic system must contain at least two elements.

Liquid phases in a eutectic mixture can exist below the eutectic temperature.

The composition of any point on a eutectic diagram can be described using the

lever rule that compare the ratios of each elements’ compositions.
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5.

A thermodynamic engine runs in a cycle to transform heat into appreciable and useful
work. Which of the following is true about a thermodynamic heat engine?

A

B.
C.
D.

A thermodynamic engine runs in a cycle, so it must be a perpetual motion
machine.

Heat input into a thermodynamic engine must be used for phase transformation.
Efficiency of a thermodynamic engine is a ratio of output work versus heat input.
The only ideal thermodynamic engine utilizes the Carnot cycle.

What does configurational entropy describe?

A.
B.

C.
D.

Configurational entropy is the total measurement of chaos in a system.
Configurational entropy is a measure of chaos based on the number of possible
arrangements in a system.

Configurational entropy is an evaluation on the crystallinity of a material.
Configurational entropy is the difference between Gibbs free energy and enthalpy.

According to the laws of thermodynamics, which of the following scenario is clearly

impossible?
A. Arubber ball dropped from a high point bounces weaker and lower with each
bounce.
B. Aliquid under high pressure transforms into a solid.
C. A semi-crystalline sample gains greater intrinsic defect concentration when
lowered in temperature.
D. Ahot air balloon rises into the sky, and it slowly floats down when the hot air

balloon burner stops.

Hess’s law allows one to calculate thermodynamic quantities of a process without
needing to conduct actual experiment. What is the underlying reasoning to allow hess’s
law’s functions? ‘

A.

B.

C.
D.

Hess’s law adds the thermodynamic quantities together to get the combined
quantities. _

Thermodynamic quantities are state functions, so they can be compared
arithmetically without worrying about the path taken.

Hess'’s law does not consider friction, so it is applicable for chemical reactions.
Entropy never decreases, so it will eventually end up in the same universal
reservoir. Hence, Hess’s law can add it all together.

9. Areversible reaction can achieve equilibrium over time, which of the following must be

true about a chemical reaction system that has achieved equilibrium?
A. All molecules in the equilibrated system must be motionless.
B. The temperature of the equilibrated system must be at zero Kelvin.
C. The entropy of the system must be maximized at equilibrium.
D. The concentration of components in the system must change very slowly.

BAFHAME FUETORATAA




BEE LR 114 BEEREHEEBASE L L RRA

FBLHB ERENE [HAABELHES - AR BEHAELHEES - HAWS AL IES]
A5k 488003
MAABKRBERE "T, EATESR (B~ HEARH) GREMA) £4EE3A

10.Which of the following is a correct description of a catalyst’s function?
A. Catalysts do not get consumed in reaction because catalysts do not affect
reaction.
B. Greater catalyst concentration will always make a chemical reaction more
spontaneous.
C. Catalysts do not affect the spontaneity of chemical reactions.
D. Catalysts are universal, so all reactions can use the same catalyst.

11.What is the sum of internal energy and gaseous work?
A. Gibbs free energy
B. Entropy
C. Heat capacity
D. Enthalpy

12.Heat capacities of crystalline solids are based on the amount of heat required to
increase movement of molecules in a solid. Of the following choices, which one is the
most accurate model for making estimations?
A. Heat capacity per mole is 3R.
B. Heat capacity per mole can be estimated when solids are modeled as molecules
held in place by spring-like chemical bonds unaffected by surrounding molecules.
C. Heat capacity per mole can be estimated by modeling molecules as independent
oscillators with discrete energy levels.
D. Heat capacity per mole can be estimated by treating molecules as a collective
wave that can transform and deform together to alter individual energy levels.

Long Answer questions _
Instructions: The questions require more extensive work and calculations. Please circle your
final answers. Some questions may require an explanation, please circle your explanations.
(10 points each)

13.You found two of your friends arguing about the rection rates of two hypothetical
chemical reactions. Examine their arguments and answer the question.

Friend Albert: “My reaction between benzaldehyde and aniline will be faster because the
Schiff base reaction will have a lower energy barrier than your reaction.”

Friend Betty: “My reaction between benzaldehyde and water will be faster because it has
a negative change in Gibbs free energy.”

Question - Which one of the two friends is correct? Are they both correct? Or are they
both wrong? Explain your answer with reasoning.
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14.Given a thermodynamic cycle that follows the following functions when operating
between 25°C to 300°C;

P =600-V

P =600-1.5V
P =2200 -6V
P =1700 -6V

How much work can this thermodynamic cycle achieve in one cycle?
(P is pressure in kPa, and volume in Liters)

15.Johnny has a 1.0 L helium balloon that he bought from a vendor in New York. He then

goes on a cruise adventure to Antarctica. When he decides to exit the ship’s chambers
to look at the penguins from the ship’s deck, he donned his thick fluffy winter jacket and
brought his balloon with him. He noticed from the thermometer that there’s a 70°C
difference between New York and Antarctica. Once he got onto the deck of the ship, the
cold hit him and he noticed that his balloon had shrank significantly, but his jacket stayed
unchanged. Please answer the following questions;

A. By what percentage does the balloon shrink? (5 points)

B. Why does the balloon shrink, but the fluffy jacket does not? (5 points)

16. Starting from AG = AH - TAS, please derive the Gibbs-Helmholtz equation.
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