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Lesson 1: Introduction into catalysis
1. Which of the following factors are important for increasing the yield of methanol in the synthesis process?
A: Using high pressure to shift the equilibrium towards methanol
B: Increasing the reaction temperature
C: Increasing the activation of the C=O bond using a suitable catalyst
D: Lowering the pressure

2. Which of the following statements correctly describe key aspects of catalytic reactions on surfaces?
A: Adsorption of reactants on the surface leads to a less stable system and is typically exothermic.
B: The activation energy for a catalyzed reaction is lower than for the uncatalyzed reaction.
C: The entropy of gas molecules increases when they are adsorbed on the catalyst surface.
D: Desorption of the product from the surface usually requires energy and is endothermic.

3. Which factor(s) allows the ammonia synthesis reaction to proceed efficiently at lower temperatures while maintaining a favorable equilibrium?
A: Increasing the pressure inside the reactor
B: Using a catalyst to lower the activation energy
C: Raising the temperature of the reaction mixture
D: Reducing the pressure in the reaction vessel

4. Which of the following statements correctly describe the behavior of transition metals in the context of N2 dissociation and catalytic activity?
A: Some metals dissociate N2 but bind nitrogen so strongly that the catalyst becomes less effective.
B: Iron and ruthenium can dissociate N2 and bind nitrogen in a way that allows further reaction with hydrogen.
C: Some metals interact too weakly with N2, resulting in low catalytic activity for ammonia synthesis.
D: All transition metals bind nitrogen atoms with the same strength, resulting in similar catalytic performance.

5. In the catalytic oxidation of carbon monoxide, at which step does the catalyst have its most significant effect?
A: During the desorption of carbon dioxide from the catalyst surface
B: During the adsorption of carbon monoxide onto the catalyst surface
C: During the dissociation of molecular oxygen on the catalyst surface
D: During the reaction between adsorbed carbon monoxide and oxygen atoms

6. Which of the following statements correctly describe what occurs when two hydrogen atoms come together to form a molecule?
A: The atomic s orbitals overlap, leading to the formation of bonding and antibonding molecular orbitals.
B: The energy difference between bonding and antibonding orbitals decreases as the overlap between atomic orbitals becomes greater.
C: The electron in the bonding orbital experiences attraction from both nuclei, resulting in a more stable state than in the isolated atom.
D: The formation of molecular orbitals prevents any stabilization of the system compared to the separate atoms.

7. Which of the following statements accurately describe the behavior and consequences of 4s and 3d electrons in a metallic lattice?
A: 4s electrons are delocalized over the entire metal due to strong orbital overlap.
B: The d-band is narrower than the s-band because 3d orbitals overlap less in the lattice.
C: The density of states for the s-band is low because there are only two s electron positions per atom.
D: The Fermi level is the highest occupied state and all electrons are still bound to the metal below this level.

8. Which of the following statements correctly describe the interaction between an atom with one valence electron and a metal surface?
A: The adsorption orbitals formed have a certain width due to interaction with many metal orbitals.
B: A filled bonding orbital and an empty antibonding orbital lead to a stable adsorption, as seen with oxygen on iron.
C: A higher filling of the d-band in precious metals results in the Fermi level crossing the antibonding orbitals, leading to moderate or weak bonds.
D: The Fermi level always lies below both the bonding and antibonding bands for all metals, resulting in strong adsorption.
.

9. Which of the following elements are typically associated with strong adsorption due to their d-band electronic configuration?
A: Chromium and iron
B: Molybdenum and technetium
C: Gold and Platinum
D: Silver and Iridium

10. Which statement best describes the interaction between carbon monoxide and a metal surface during adsorption?
A: CO forms a strong bond due to fully filled antibonding orbitals
B: CO interacts with the metal through both sigma donation and pi back donation
C: CO adsorption leads to a bent geometry on the metal surface
D: CO adsorption does not affect the C=O bond strength

11. What is the main reason for the reduced IR stretching frequency of CO when adsorbed on Ir/SiO2 compared to gaseous CO?
A: The CO molecule forms a dimer on the surface
B: The SiO2 support absorbs infrared light strongly
C: Electron back donation from Ir to the CO 2π* orbital
D: The CO molecule rotates more freely on the surface

12. What is a typical result when hydrogen interacts with most metals?
A: The H-H bond remains intact and the metal forms a weak bond
B: The H-H bond dissociates and the metal forms a strong bond
C: The H-H bond becomes stronger and the metal does not bond
D: The H-H bond and the metal-hydrogen bond are both weak

12. Which of the following statements correctly describe factors that make dissociation of CO easier on certain metal surfaces?
A: A strong driving force for the reaction increases the ease of dissociation.
B: A lower activation barrier between reactant and product states favors dissociation.
C: Stronger bonding between the metal and the dissociation products promotes easier dissociation.
D: A weak interaction between the metal and the adsorbed CO molecule increases the ease of dissociation.



13. Which of the following statements correctly describe the roles of metals in the production of Fischer-Tropsch fuels and methanol?
A: Metals that can split the CO bond are used for Fischer-Tropsch fuel synthesis.
B: Copper and palladium are effective catalysts for methanol production.
C: Metals that do not split the CO bond are suitable for methanol synthesis.
D: Yellow metals are typically used for methanol production due to their ability to split the CO bond.

14. Which of the following statements correctly describe the Langmuir adsorption isotherm for multiple species competing for the same surface sites?
A: The surface coverage of each species depends on its equilibrium constant, its partial pressure, and the fraction of vacant sites.
B: The sum of the surface coverages of all adsorbed species and vacant sites equals one.
C: The equilibrium constant for each species is defined by the ratio of the concentration of adsorbed species to the product of its gas phase concentration and the fraction of vacant sites.
D: The total number of adsorption sites does not affect the expression for surface coverage in the final Langmuir equation.

15. Which of the following statements correctly describe how the adsorption equilibrium constant and gas pressure influence the fraction of occupied sites (theta A) on a surface?
A: A high adsorption equilibrium constant means that a high gas pressure is required to achieve high surface coverage.
B: A low adsorption equilibrium constant requires a higher gas pressure to achieve significant surface coverage.
C: The initial slope of the theta A versus pressure curve is equal to the adsorption equilibrium constant.
D: A high gas pressure always leads to complete surface coverage, regardless of the adsorption equilibrium constant.

16. Which of the following statements accurately describe the Langmuir-Hinshelwood reaction mechanism for a catalytic process?
A: The catalyst surface is permanently altered after each reaction cycle.
B: Both reactants adsorb on the catalyst surface before reacting together.
C: The reaction rate depends on the concentrations of the reactants in the system.
D: The product desorbs quickly from the catalyst surface after formation.



17. At which condition does the reaction rate reach its maximum according to the graph and the described surface coverage effects?
A: When the concentration of B is much higher than that of A
B: When the concentration of A is much higher than that of B
C: When the surface coverage of A and B are approximately equal
D: When the total surface coverage is at its lowest value

18. Which of the following statements correctly describe the Sabatier effect in catalysis?
A: The catalytic activity is highest when the catalyst-substrate interaction is at an optimal intermediate strength.
B: The Sabatier effect predicts that the strongest possible catalyst-adsorbate bond always leads to the highest catalytic activity.
C: A very strong catalyst-adsorbate bond can reduce the overall catalytic activity.
D: A very weak catalyst-adsorbate interaction can improve the rate of the catalytic reaction.

19. Which property is most closely associated with a metal catalyst that shows optimal performance for methanation based on the thermodynamics of adsorbed species?
A: Very strong adsorption leading to deep energy valleys
B: Adsorption strength close to the reference energy line
C: Very weak interaction resulting in minimal adsorbate binding
D: Adsorption that increases steadily throughout the reaction




Correct answers and background feedback
1. Which of the following factors are important for increasing the yield of methanol in the synthesis process?
A: Using high pressure to shift the equilibrium towards methanol
B: Increasing the reaction temperature
C: Increasing the activation of the C=O bond using a suitable catalyst
D: Lowering the pressure
Correct Answer(s)
A, C
General Feedback
To maximize methanol yield, it is important to use high pressure, lower the reaction temperature with a catalyst, which activates the C=O bond. Simply increasing temperature without a catalyst is not effective, as it reduces equilibrium yield.

2. Which of the following statements correctly describe key aspects of catalytic reactions on surfaces?
A: Adsorption of reactants on the surface leads to a less stable system and is typically exothermic.
B: The activation energy for a catalyzed reaction is lower than for the uncatalyzed reaction.
C: The entropy of gas molecules increases when they are adsorbed on the catalyst surface.
D: Desorption of the product from the surface usually requires energy and is endothermic.
Correct Answer(s)
B, D
General Feedback
Catalytic reactions on surfaces involve exothermic adsorption, a lowered activation energy, and endothermic desorption. Adsorption decreases the entropy of gas molecules because their movement becomes restricted.


3. Which factor(s) allows the ammonia synthesis reaction to proceed efficiently at lower temperatures while maintaining a favorable equilibrium?
A: Increasing the pressure inside the reactor
B: Using a catalyst to lower the activation energy
C: Raising the temperature of the reaction mixture
D: Reducing the pressure in the reaction vessel
Correct Answer(s)
A, B
General Feedback
While high pressures and low temperatures favor ammonia formation, only a catalyst allows the N-N bond to be efficiently broken at lower temperatures

4. Which of the following statements correctly describe the behavior of transition metals in the context of N2 dissociation and catalytic activity?
A: Some metals dissociate N2 but bind nitrogen so strongly that the catalyst becomes less effective.
B: Iron and ruthenium can dissociate N2 and bind nitrogen in a way that allows further reaction with hydrogen.
C: Some metals interact too weakly with N2, resulting in low catalytic activity for ammonia synthesis.
D: All transition metals bind nitrogen atoms with the same strength, resulting in similar catalytic performance.

Correct Answer(s)
A, B, C
General Feedback
Transition metals show a range of behaviors in N2 dissociation and nitrogen binding. Effective catalysts, like iron and ruthenium, achieve a balance that allows both N2 dissociation and further reaction with hydrogen. Metals that bind nitrogen too strongly or too weakly are less effective.

5. In the catalytic oxidation of carbon monoxide, at which step does the catalyst have its most significant effect?
A: During the desorption of carbon dioxide from the catalyst surface
B: During the adsorption of carbon monoxide onto the catalyst surface
C: During the dissociation of molecular oxygen on the catalyst surface
D: During the reaction between adsorbed carbon monoxide and oxygen atoms
Correct Answer(s)
C
General Feedback
The catalyst's primary role in CO oxidation is to facilitate the dissociation of molecular oxygen, which is the most energy-intensive step in the uncatalyzed reaction. This allows the overall reaction to proceed at much lower temperatures.

6. Which of the following statements correctly describe what occurs when two hydrogen atoms come together to form a molecule?
A: The atomic s orbitals overlap, leading to the formation of bonding and antibonding molecular orbitals.
B: The energy difference between bonding and antibonding orbitals decreases as the overlap between atomic orbitals becomes greater.
C: The electron in the bonding orbital experiences attraction from both nuclei, resulting in a more stable state than in the isolated atom.
D: The formation of molecular orbitals prevents any stabilization of the system compared to the separate atoms.
Correct Answer(s)
A, C
General Feedback
When two hydrogen atoms approach each other, their atomic s orbitals overlap, forming bonding and antibonding molecular orbitals. Greater overlap increases the energy difference between these orbitals. Electrons in the bonding orbital are stabilized by attraction to both nuclei, making the molecule more stable than the separate atoms.

7. Which of the following statements accurately describe the behavior and consequences of 4s and 3d electrons in a metallic lattice?
A: 4s electrons are delocalized over the entire metal due to strong orbital overlap.
B: The d-band is narrower than the s-band because 3d orbitals overlap less in the lattice.
C: The density of states for the s-band is low because there are only two s electron positions per atom.
D: The Fermi level is the highest occupied state and all electrons are still bound to the metal below this level.
Correct Answer(s)
A, B, C, D
General Feedback
All four statements accurately reflect the behavior of 4s and 3d electrons in metals, their contribution to band structure, and the concept of the Fermi level. Understanding these principles is essential for interpreting the electronic properties of metals.

8. Which of the following statements correctly describe the interaction between an atom with one valence electron and a metal surface?
A: The adsorption orbitals formed have a certain width due to interaction with many metal orbitals.
B: A filled bonding orbital and an empty antibonding orbital lead to a stable adsorption, as seen with oxygen on iron.
C: A higher filling of the d-band in precious metals results in the Fermi level crossing the antibonding orbitals, leading to moderate or weak bonds.
D: The Fermi level always lies below both the bonding and antibonding bands for all metals, resulting in strong adsorption.
Correct Answer(s)
A, B, C
General Feedback
The interaction between an atom and a metal surface depends on the electronic structure of the metal. Adsorption orbitals are broad due to interaction with many metal orbitals. The filling of bonding and antibonding orbitals, determined by the Fermi level, influences the strength and stability of adsorption, which varies between reactive and less reactive metals.

9. Which of the following elements are typically associated with strong adsorption due to their d-band electronic configuration?
A: Chromium and iron
B: Molybdenum and technetium
C: Gold and Platinum
D: Silver and Iridium
Correct Answer(s)
A, B
General Feedback
Elements with partially filled d-bands, like chromium and manganese, tend to form strong bonds with adsorbed atoms, resulting in strong adsorption. In contrast, elements with nearly filled d-bands, like gold and platinum, exhibit weaker adsorption.

10. Which statement best describes the interaction between carbon monoxide and a metal surface during adsorption?
A: CO forms a strong bond due to fully filled antibonding orbitals
B: CO interacts with the metal through both sigma donation and pi back donation
C: CO adsorption leads to a bent geometry on the metal surface
D: CO adsorption does not affect the C=O bond strength
Correct Answer(s)
B
General Feedback
CO adsorption on metals involves both sigma donation and pi back donation, resulting in moderate bonding and a linear geometry. This interaction weakens the C=O bond, which is detectable by IR spectroscopy.

11. What is the main reason for the reduced IR stretching frequency of CO when adsorbed on Ir/SiO2 compared to gaseous CO?
A: The CO molecule forms a dimer on the surface
B: The SiO2 support absorbs infrared light strongly
C: Electron back donation from Ir to the CO 2π* orbital
D: The CO molecule rotates more freely on the surface
Correct Answer(s)
C
General Feedback
The reduced IR stretching frequency of CO on Ir/SiO2 is a classic example of electron back donation, where the metal donates electron density into the antibonding orbital of CO, weakening the bond and lowering the vibrational frequency.
12. What is a typical result when hydrogen interacts with most metals?
A: The H-H bond remains intact and the metal forms a weak bond
B: The H-H bond dissociates and the metal forms a strong bond
C: The H-H bond becomes stronger and the metal does not bond
D: The H-H bond and the metal-hydrogen bond are both weak
Correct Answer(s)
B
General Feedback
Hydrogen typically dissociates on most metals, resulting in a strong bond between the metal and hydrogen atoms. This process is important for understanding reaction kinetics involving hydrogen and metals.

20. Which of the following statements correctly describe factors that make dissociation of CO easier on certain metal surfaces?
A: A strong driving force for the reaction increases the ease of dissociation.
B: A lower activation barrier between reactant and product states favors dissociation.
C: Stronger bonding between the metal and the dissociation products promotes easier dissociation.
D: A weak interaction between the metal and the adsorbed CO molecule increases the ease of dissociation.
Correct Answer(s)
A, B, C
General Feedback
The ease of CO dissociation on metal surfaces is influenced by the driving force of the reaction, the height of the activation barrier, and the strength of bonding between the metal and the dissociation products. The Bronsted-Evans-Polanyi relationship connects the thermodynamic driving force with the kinetic barrier, helping to predict reactivity trends across different metals.

21. Which of the following statements correctly describe the roles of metals in the production of Fischer-Tropsch fuels and methanol?
A: Metals that can split the CO bond are used for Fischer-Tropsch fuel synthesis.
B: Copper and palladium are effective catalysts for methanol production.
C: Metals that do not split the CO bond are suitable for methanol synthesis.
D: Yellow metals are typically used for methanol production due to their ability to split the CO bond.
Correct Answer(s)
A, B, C
General Feedback
Metals play different roles in fuel synthesis depending on their ability to split the CO bond. Fischer-Tropsch synthesis requires metals that can split the CO bond, while methanol production uses metals that do not split this bond, such as copper and palladium.

22. Which of the following statements correctly describe the Langmuir adsorption isotherm for multiple species competing for the same surface sites?
A: The surface coverage of each species depends on its equilibrium constant, its partial pressure, and the fraction of vacant sites.
B: The sum of the surface coverages of all adsorbed species and vacant sites equals one.
C: The equilibrium constant for each species is defined by the ratio of the concentration of adsorbed species to the product of its gas phase concentration and the fraction of vacant sites.
D: The total number of adsorption sites does not affect the expression for surface coverage in the final Langmuir equation.
Correct Answer(s)
A, B, C, D
General Feedback
All four statements accurately describe key aspects of the Langmuir adsorption isotherm for multiple species. Remember that the model assumes equilibrium, a fixed number of sites, and competition among species for those sites.

23. Which of the following statements correctly describe how the adsorption equilibrium constant and gas pressure influence the fraction of occupied sites (theta A) on a surface?
A: A high adsorption equilibrium constant means that a high gas pressure is required to achieve high surface coverage.
B: A low adsorption equilibrium constant requires a higher gas pressure to achieve significant surface coverage.
C: The initial slope of the theta A versus pressure curve is equal to the adsorption equilibrium constant.
D: A high gas pressure always leads to complete surface coverage, regardless of the adsorption equilibrium constant.
Correct Answer(s)
B, C
General Feedback
The fraction of occupied sites (theta A) depends on both the adsorption equilibrium constant and the gas pressure. Strong adsorption (high equilibrium constant) allows high coverage at low pressure, while weak adsorption (low equilibrium constant) requires higher pressure. The initial slope of the adsorption curve equals the equilibrium constant.

24. Which of the following statements accurately describe the Langmuir-Hinshelwood reaction mechanism for a catalytic process?
A: The catalyst surface is permanently altered after each reaction cycle.
B: Both reactants adsorb on the catalyst surface before reacting together.
C: The reaction rate depends on the concentrations of the reactants in the system.
D: The product desorbs quickly from the catalyst surface after formation.
Correct Answer(s)
B, C, D
General Feedback

25. The Langmuir-Hinshelwood mechanism involves adsorption of both reactants, a surface reaction, and rapid desorption of the product, with the catalyst surface being regenerated after each cycle.
At which condition does the reaction rate reach its maximum according to the graph and the described surface coverage effects?
A: When the concentration of B is much higher than that of A
B: When the concentration of A is much higher than that of B
C: When the surface coverage of A and B are approximately equal
D: When the total surface coverage is at its lowest value
Correct Answer(s)
C
General Feedback
The reaction rate reaches its maximum when the surface coverage of A and B are balanced. This allows both reactants to be present in sufficient amounts on the surface, maximizing the probability of their interaction and the overall reaction rate.
26. Which of the following statements correctly describe the Sabatier effect in catalysis?
A: The catalytic activity is highest when the catalyst-substrate interaction is at an optimal intermediate strength.
B: The Sabatier effect predicts that the strongest possible catalyst-adsorbate bond always leads to the highest catalytic activity.
C: A very strong catalyst-adsorbate bond can reduce the overall catalytic activity.
D: A very weak catalyst-adsorbate interaction can improve the rate of the catalytic reaction.
Correct Answer(s)
A, C
General Feedback
The Sabatier effect highlights that both too weak and too strong interactions between catalyst and substrate can limit catalytic activity. The highest activity is achieved at an optimal intermediate interaction strength.

27. Which property is most closely associated with a metal catalyst that shows optimal performance for methanation based on the thermodynamics of adsorbed species?
A: Very strong adsorption leading to deep energy valleys
B: Adsorption strength close to the reference energy line
C: Very weak interaction resulting in minimal adsorbate binding
D: Adsorption that increases steadily throughout the reaction
Correct Answer(s)
B
General Feedback
The best catalysts for methanation have adsorption energies close to the reference line, allowing for both effective reactant activation and easy product release. Catalysts with too strong or too weak adsorption are less effective.
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