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Introduction

1) Computational chemistry tasks—geometry optimization, transition states, thermochemistry, noncovalent analysis—are typically
fragmented across multiple codes and manual scripts.

2) Compared to that of heterogeneous catalysis, automation frameworks for molecular systems are far less developed.

3) CHEMSMART provides a unified, extensible integration for end-to-end molecular quantum chemistry workflows, ensuring
reproducibility and reducing human intervention.
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1) Python-based modular design: individual modules for 2) Distortion-interaction / Activation strain analysis
structure preparation, job execution, data parsing, and The code allows users to perform DI/AS

visualization.

analyses along the IRC paths of two
2) Central Molecule Object. encapsulates coordinates, charge, competing transition states and to

multiplicity, and metadata, serving as the data backbone. e calculate the distortion and interaction at
3) Interoperability Layer: interfaces with common quantum i ﬂ:\\\\ each point. Here -i specifies the number of
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ChemIStl’y englneS (e.g. GaUSS|an, ORCA, etC.). > & Boiildistanifalongl;ﬁl,ﬁ & e atoms belong to one Component Of the TS.
4) CLI and scripting support: tasks can be executed interactively

or via batch workflows.

chemsmart sub gaussian -p iron -f ircf.log dias -1 1-20,24,30
plot_dias.py -p gaussian-a5-b 7/

Modular Architecture 3) Thermochemical calculation with quasi-RRHO corrections

. 1. Input geometries and project settings (e.g., the chemsmart run thermochemistry -T 298.15 -f water mp2.log -csg 100
N=[4] density functional theory (DFT) functional and basis chemsmart run thermochemistry -T 298.15 -f water mp2.log -ch 200
chemsmart run thermochemistry -T 298.15 -f water_mp2.log -cst 40 -ch 100

Job Preparation |Sets) are specified by users.

§ The thermochemistry command enables users to recalculate and

2. Users can have their own project and server apply corrections to thermochemical properties. The -csg/-ch/-cst
configurations without moditying or knowing the options apply quasi-RRHO corrections with a specified frequency
submission | CHEMSMART codes. cut-off (in cm™) to calculate the corrected entropy (gh-S),

N/
N/ :
= 3. The code automatically processes and analyzes enthalpy (qh-H), and Gibbs free energy (qh-G(T)).

the outputs from quantum chemistry calculations, 4) Visualization and molecular analysis

ResultParsing ' SUCh as energies, forces, and thermochemical data.
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4. The thermochemistry module recalculates
thermochemical properties for consistent
corrections and analysis across multiple results.

Thermochemistry
Analysis

S 5. PYMOL session files are generated automatically
to visualize results, including molecular structures,

IRC movies, molecular orbitals, NCI, spin densities.
Visualization

N/

N/ 6. Molecular files can be automatically handled and
formatted for publication-ready use, providing a re- Transition states geometries can be visualized using the mol
File producible, one-pass solution for structuring command, with —c specifying the bonds to be displayed (a, b).

Organization ~  Supporting Information. Non-covalent interaction (NCl) commands generate NCI plots

from .wfn files (c) and from promolecular density (d). Molecular
Future Development orbitals can be plotted using the mo command (e, f, g), while spin
1) Integration with additional software. density distribution can be visualized with the sp/n command (h).

: : : : L : chemsmart run mol -f iron_quintet._ modred_ts.log visualize —c
2) Multi-scale simulation (QM/MM) workflows, including integration 11,21.01.91.[1,131.[1,311,[1,36].[1,39],[1 571.,[36,39]]

with machine learning interatomic potentials (MLIPs). chemsmart sub gaussian -f iron_quintet modred _ts.log nci

. : : L : nemsmart sub nciplot -f ts_nci.wfn
3) Data standardization aligned with FAIR data principles ( Findable, hemsmart run mol -f iron_quintet modred ts.log nc

C
C
Accessible, Interoperable, Reusable). chemsmart run mol -f iron_quintet modred_ts.log mo --homo/--lumo
chemsmart run mol -f iron_quintet modred ts.log spin
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