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Solvation effects on twenty-two homogeneous and heterogeneous clusters formed

from m nitric acid molecules and n ammonia molecules were studied using density

functional theory. Percent differences between the gas phase and solution phase values

of critical geometric parameters were used to quantify the effects of water on hydrogen

bonding and proton transfer in these clusters. The effects of water on proton transfer

were further analyzed using a proton transfer parameter proposed by I.J. Kurnig and S.

Scheiner. Trends in these structural data indicate that water has a weakening effect on

hydrogen bonding, which becomes more prevalent with increasing cluster size, as well

as a catalytic effect on proton transfer, which diminishes with increasing cluster size.

The energies of formation, Gibbs free energies of solvation, and evaporation rates of

these clusters were also calculated and observed to exhibit trends which are consistent

with these findings. Solvation effects on two stepwise cluster growth processes were also

studied and a detailed analysis of their energetics indicates that changes in the individual

entropies of their reaction pathway structures are responsible for drastic changes in the

activation barriers, which, in turn, translate to significant effects on the evaporation

rates.

University Web Site URL Here (include http://)
University Web Site URL Here (include http://)
Faculty Web Site URL Here (include http://)
Department or School Web Site URL Here (include http://)

	Declaration of Authorship
	Abstract
	Acknowledgements
	List of Figures
	List of Tables
	1 Introduction
	1.1 Background
	1.2 Ammonium Nitrate as an Atmospheric Aerosol
	1.3 Density Functional Theory
	1.3.1 B97M-V

	1.4 Continuum Solvation Models
	1.4.1 C-PCM


	2 Theoretical Methods
	2.1 Input File Generation
	2.2 Model Selection
	2.3 Hydrogen Bonding and Proton Transfer
	2.4 Energetics of Cluster Nucleation
	2.4.1 Energies of Formation
	2.4.2 Gibbs Free Energies of Solvation

	2.5 Ammonia and Nitric Acid Uptake
	2.6 Evaporation Rates

	3 Results
	3.1 Hydrogen Bonding and Proton Transfer
	3.2 Energetics of Cluster Nucleation
	3.2.1 Energies of Formation
	3.2.2 Gibbs Free Energies of Solvation

	3.3 Ammonia and Nitric Acid Uptake
	3.4 Evaporation Rates

	4 Discussion
	4.1 Analysis of Results
	4.1.1 Hydrogen Bonding and Proton Transfer
	4.1.2 Energetics of Cluster Nucleation
	4.1.2.1 Energies of Formation
	4.1.2.2 Gibbs Free Energies of Solvation

	4.1.3 Ammonia and Nitric Acid Uptake
	4.1.4 Evaporation Rates

	4.2 Future Work

	5 Conclusion
	A Miscellaneous Data From Spartan
	A.1 Gas Phase and Solution Phase Energies
	A.2 Physical Data
	A.3 Thermodynamic Properties of Reaction Pathway Structures of Solution Phase Cluster Growth Processes

	B MATLAB Code
	B.1 Ammonia Evaporation Rate Calculation
	B.2 Nitric Acid Evaporation Rate Calculation
	B.3 Proton Transfer Parameters Plot
	B.4 Energies of Formation Plots
	B.5 Net Dipole Moment Plots
	B.6 Gibbs Free Energies of Solvation Plots
	B.7 Ammonia and Nitric Acid Uptake Reaction Pathway Plots With Respect to Formation Energy Differences
	B.8 Ammonia and Nitric Acid Uptake Reaction Pathway Plots With Respect to Gibbs Free Energy Differences
	B.9 Ammonia and Nitric Acid Uptake Reaction Pathway Plots With Respect to Enthalpy Differences
	B.10 Ammonia and Nitric Acid Uptake Reaction Pathway Plots With Respect to Entropy Differences

	Bibliography



