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Constructing Potential Energy Surface of Water Molecule by Quantum
Chemistry and Machine Learning: Introduction to a Comprehensive
Computational Chemistry Experiment
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Shenzhen 518055, Guangdong Province, China.

Abstract: The status of machine learning in chemistry and related disciplines is becoming increasingly prominent,
but its application in undergraduate chemistry experiments has yet to be seen. Existing computational chemistry
experiments mostly focus on the application of quantum chemistry methods to study molecular properties and chemical
reactions. In order to popularize machine learning as a powerful tool, this article will introduce a comprehensive
computational chemistry experiment suitable for senior undergraduate students or graduate students. Through this
experiment, students can gain a preliminary understanding of the basic principles and operational procedures of
machine learning, while also develop their ability to apply quantum chemistry and machine learning to solve chemical
problems.
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LogFile = "water_scan.log";

intxt = OpenRead [LogFile];

Find[intxt, "Summary of the potential surface scan:"];

Skip[intxt, Record, 2];

Clear[info];

info = Read[intxt, Table[{Number, Number, Number}, {i, 32}11;
CoordScan = Table[info[i, 2], {i, 32}]1;

EnergyScan = Table[info[i, 3], {1, 32}];

dataset = MatrixForm[Table[{CoordScan[i], EnergyScan[i]}, {i, 32}]1];

N Mathematica H 5 [ A [\ AL 88 2% 2] J7 ¥ (& i #2 [\ )3 GaussianProcess « #f 48 ¥ 4%

NeuralNetwork) Il -4 B 2 W N s, B 2 #57.CoordScan | EnergyScanZ 8] ) 56 %
pGPdataset = Predict[CoordScan O EnergyScan, Method O “GaussianProcess”]

+ Input type: Numerical

PredictorFunctionl !
Method: GaussianProcess

pNEdataset = Predict[CoordScan O EnergyScan, Method O “NeuralNetwork”]

» Input type: Numerical

PredictorFunctionl
Method: NeuralNetwork

fEMathematica™', A 2 MHLES % I A KL, B 4EPredictM Classifyd, EATA LL5E4 H 3L
75 NPAT 73 BATNAE S5, E BN R%E T PR 8 Nk B 5 o AN URAE 32 244 I 1) 42 Predict iR 4L,
BT DA T REAR SR YN SR B 5 s E (0 BT ), 2 Ja il ot 45 58 R AE, TUIHT R A U AE . A1, Predict
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Summary of the potential surface scan:
N B1 SCF
1 0.5000 -74.46288
2 0.5500 -74.98878
3 0.6000 -75.35297
4 0.6500 -75.60367
5 0.7000 -75.77384
6 0.7500 -75.88638
7 0.8000 -75.95752
8 0.8500 -75.99886
9 0.9000 -76.01880
10 0.9500 -76.02347
11 1.0000 -76.01731
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mo- Show[ListPlot [{Table[ {CoordScan [1, EnergyScan [1}, {i, 32}1,
Table[{CoordScan [1, pGPdataset[CoordScan [11}, {i, 32}1},
PlotRange —{{0.4, 2.1}, {-76.2, -74.2}}, Axes —{False, True},

AxesStyle —{None, {Black, Dashed}}, ImageSize —600, Frame —True,
FrameTicks —=True, Joined —=True,

FrameLabel = {”0-H distance (Angstrom)”, “Energy (a.u.)”},
LabelStyle —=Directive[Bold, Italic, 15], PlotStyle —={Black, Red},
PlotMarkers —{Automatic, “OpenMarkers”}1]1]
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Perm: A EIATA BRI — IR AT X RE RN . (HZ IR 25 R 0 SR 1 18] B B AR AL
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mo- ListContourPlot [
Table[{CoordScanX [], CoordScanY [1,
pGPdataset2D[{CoordScanXY [, 11, CoordScanXY [, 21}] - EnergyScan2D L1},
{i, 1024}], Mesh —Automatic, ImageSize =600, PlotRange —A1l,
InterpolationOrder =3, ColorFunction ="BlueGreenYellow”,

PlotLegends —Automatic]
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