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General context:

Collisions between N, and NHs play a fundamental role in atmospheric chemistry, astrochemistry, and
low-temperature molecular dynamics. These collisions are particularly relevant for understanding
energy transfer processes in planetary atmospheres, interstellar clouds, and cold molecular beams
[1,2]. While N, and NHs have been extensively studied individually, the N,—NH; dimer has received less
attention in terms of detailed potential energy surfaces (PES) and state-to-state inelastic collision data.
Several studies have explored the N,—NH3 complex using high-level ab initio calculations, focusing on
bound-state properties, van-der-Waals minima, and microwave spectra [3,4,5]. However, fully
dimensional PESs suitable for quantum scattering calculations are either not publicly available or are
restricted to simplified models, such as rigid-rotor approximations [6,7].

Rotational and vibrational excitation in N,—NHs collisions is crucial for modeling energy transfer
processes. This is especially important at low temperatures relevant to planetary atmospheres, cold
molecular beams, and astrochemical environments. Some experimental data exist for rotational
transitions of NH3 in collisions with N, [8,9], but comprehensive state-to-state cross sections for
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combined rovibrational excitation of the N,—NHs; complex are largely missing [10,11]. Previous
scattering studies often rely on approximate PESs or model potentials and therefore cannot provide
high-accuracy cross sections for detailed comparison with spectroscopic, experimental, or
astrochemical models.

This gap motivates the current internship: the construction of a high-quality PES for the N,—NH;3
complex at the ab initio level, to serve as input for quantum scattering calculations using MOLSCAT.
The goal is to produce state-to-state cross sections for rotational excitation, which are currently
unavailable in the literature, and are essential for developing predictive models of collisional energy
transfer and validating approximate theoretical methods. The internship will also assess whether
simplified rigid-rotor models suffice or if a full-dimensional PES is required for accurate cross sections.

As for vibrational excitation, its effect will be explored within the adiabatic approximation using
vibrationally averaged PES. This approach allows inclusion of vibrational effects in the collision
dynamics at a reasonable computational cost and enables evaluation of the rigid-rotor approximation
for N,—NHs collisions [12,13].

Description of the work

The main objective of this internship is to compute a high-quality ab initio PES for the N,—NH3 dimer
and to study its quantum collision dynamics. Energy points for the dimer will be calculated at the
CCSD(T)-F12/aug-cc-pVXZ level (or using calibrated DFT for more extensive regions) with Gaussian,
MOLPRO, or ORCA, covering relevant radial and angular configurations [3,4,5]. The resulting PES will
be represented analytically via spherical harmonic expansions, splines, or machine-learning
interpolation methods, ensuring smoothness and numerical stability for scattering calculations.

Using this PES, quantum non-reactive scattering calculations will be performed with MOLSCAT to
obtain state-to-state cross sections for rotational and, if feasible, vibrational excitation of N, and NHs
[1,6]. The close-coupling equations will be solved by propagating the log-derivative matrix, and
convergence will be carefully verified with respect to the number of channels, radial grid, and
propagation step. Integral and differential cross sections, as well as thermal rate coefficients as a
function of temperature, will be derived. The sensitivity of the results to approximations such as the
rigid-rotor model will also be assessed, and comparisons with available experimental or theoretical
data will be performed [9-11].

Expected outcomes

e A high-quality PES for N,—NHs suitable for scattering calculations.

e State-to-state rotational (and potentially vibrational) cross sections and thermal rate coefficients
over temperatures ranging from 10-1000 K.

e A detailed report documenting methodology, convergence tests, uncertainty analysis, and
recommendations for future theoretical and experimental studies.

This internship will serve as a preliminary stage for a potential PhD, which will focus on understanding
microscopic mechanisms of energy transfer in N,—NHj3 collisions. The PhD will build on this work to
perform advanced theoretical studies using complementary computational techniques, providing a
realistic description of rovibrational excitation processes relevant to plasma-catalytic ammonia
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synthesis. Results will be compared with experimental data and existing models to validate the PES
and scattering calculations, guiding future research on reaction dynamics under plasma conditions.
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