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Design and Practice of a Comprehensive Computational Chemistry
Experiment Based on High-Throughput Computation and Machine
Learning
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(Shenzhen), Shenzhen 518055, Guangdong Province, China.

Abstract: With the rapid advancements in computational chemistry and artificial intelligence technologies, their
integration into chemical education has become increasingly vital. This experimental course is specifically tailored for
senior undergraduate and graduate chemistry students, providing a comprehensive platform that merges
computational chemistry with machine learning methodologies to explore the bond dissociation energies of organic
compounds in depth. The curriculum covers fundamental principles and operational techniques of quantum chemical
calculation methods, as well as the construction, training, and validation of machine learning models. Through hands-
on experience, students will learn to utilize advanced computational tools and algorithms to predict and analyze
chemical bond energies, thereby deepening their understanding of chemical reaction mechanisms. The objective of
the course is to equip students with proficient data processing and analysis skills, empowering them to independently
apply these skills to research chemical problems, thus establishing a strong foundation for future scientific endeavors
or interdisciplinary explorations.
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Search by
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Filter by
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molecule fragment1 fragment2 bde

C#C/C(C)=C/CNCC [C]#C C[C]=CCNCC 132.9189564
CH#C/C(C)=C/CNCC C#C/[C]=C/CNCC [CH3] 90.54515614
C#C/C(C)=C/CNCC [CH2]NCC [CH]=C(C)C#C 92.5851879
CH#C/C(C)=C/CNCC C#C/C(C)=C/CN[CH2] [CH3] 82.47350787
C#C/C=C/C(=0)0 [C]#C [CH]=CC(=0)0 138.1536365
C#C/C=C/C(=0)0 0=[C]O [CH]=CC#C 107.7853384
C#C/C=C/C=C/C=C/C [C]#C [CH)=C/C=C/C=C/C 139.4061444
C#C/C=C/C=C/C=C/C [CH]=C/C=C/C [CH]=CC#C 120.2106441
C#C/C=C/C=C/C=C/C [CH]=C/C=C/CH#C [CH)=CC 118.0193827
C#C/C=C/C=C/C=C/C [CH3] [CH]=C/C=C/C=C/C#C 102.8261348
C#C/C=C/cocccc [C]#C [CH]=Ccocccc 138.8551915
c#c/c=c/cocccc [CH2]occcC [CH]=CC#C 99.31020185
C#C/C=c/cocccc C#C/C=C/COC[CH2]  [CH2]C 88.55909015
C#C/C=C/cocccc CH#C/C=C/COCC[CH2] [CH3] 88.98893382
CHCCHCCCO [Cl#C [cl#ccco 164.3201342
C#HCCH#CCCO CHCCHC[CH2] [CH2]O 74.0529646
C#CC(=0)/C=C/C C/C=C/[C]=0 [Cl#C 113.1681106
C#CC(=0)/C=C/C [CH3] [CH]=CC(=0)C#C 102.7608738
CHCC(=O)NCCCCN [Cl#C NCCCCN[C]=0 118.3707877
C#HCC(=O)NCCCCN CHCC(=0O)N[CH2] [CH2]CCN 84.16338961
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C2H6 =Molecule[”CC”]

Formula: CaHg
Atoms: 8 Bonds: 7

Moleculel —

MoleculePlot3D [C2H6]
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The enthalpy is H = U + kBxT
kB is Boltzmann's constant
Total free energy “es -79.62902567 Eh
Thermal Enthalpy correction ses 0.00094421 Eh 0.59 kcal/mol

Total Enthalpy “es -79.62808146 Eh
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in kcal-mol™! BDE(C—C) XS s 2 BDE(C—H) AET i 2
HF def2-SVP 60.0 33% 74.5 26%
B3LYP def2-SVP 88.2 2% 98.3 2%
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in kcal-mol™! BDE(C—C) AH X6 22 BDE(C—H) X A 2
Random Forest (58 H1#x #) 93.4 4% 102.7 2%
Gradient Boosted Trees (£ & $2 7+ #4) 93.0 3% 104.2 4%
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