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MATLAB-based Visualization of Hydrogen-Like Orbitals and Analysis
of Relavant Teaching Problems

Yiying Yang, Rongxiu Zhu, Yuchen Ma, Dongju Zhang *
School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, China.

Abstract: Hydrogen-like orbitals represent a crucial topic in the education of structural chemistry; however, existing
textbooks usually present simplified schematic diagrams of their images. This paper employs MATLAB codes to
systematically generate visualizations of the wave functions of hydrogen-like orbitals, including detailed isosurfaces of
their angular components, followed by an in-depth analysis. By comparing these visualized images, we clarify several
common misconceptions encountered in teaching and highlight errors found in widely used software, such as Orbital
Viewer. The findings of this study provide valuable resources for visual teaching and offer significant insights to
enhance students’ understanding of the characteristics of hydrogen-like orbitals.
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1 MATLABX %
MATLAB#HEHE T — RV Th g st K = 4E KR 26| bR 28, A SCN HZAR 20 R FPE M1 =
B =4S E T . 7 2 A 3 2R B0 Fimeshgrid. sqrt. atan2. abs. max. isosurface. patch. axis
equal. view(3). camlight. lightangle. material. lighting gouraud. quiver3%§ pf %, X% p& B0 H &
ERIDIREWTR
(1) meshgrid: 7E = 4 25 A Qg 35 ) WS i, DA 5 S0 55
[X,Y, Z cartesian] = meshgrid(x, y, z); % ffiHZ cartesianitf % 5 5 of E0H I Z 3P 2
(2)sqrt: HEAMES, HTHEBT5EFZERS;
atan2: ARHE R IR ALAR U AR AR B A FE
R =sqrt(X.A2 + Y.A2 + Z_cartesian."2); % &[] fE &5,
Theta = atan2(sqrt(X.”2 + Y.*2), Z cartesian); % (theta)ffi ;
Phi = atan2(Y, X); % (phi)ffi;
(3) figure; % GlEEHIEEE;
hold on; % FVFIEILA BIMG LRSI N2, A 235 B 2 11 2 1 1) B
(4) abs: HUH b3 B 21 5 48 50HH s
Max: HUH b3 5040 1 B KAH 5
iso_value = max(abs(Psi(:))) * 0.1; % 15 & 5518 [ i) BRI A LA3EAT v AL, 5
(5) isosurface: $EHUEF B FEI, AR s TE A AT A7 (B 1Y) 56 A Th0 20000
pl =isosurface(X, Y, Z cartesian, Psi, iso_value); % £ % 1F 25 {H 1 ;
p2 = isosurface(X, Y, Z_cartesian, Psi, -iso_value); % G2 61255 M ;
(6) patch: Zxiil| S A T, I 50 B B A 28 1k
patch(p1, 'FaceColor', [0.4, 0.4, 0.8], 'EdgeColor', 'none"); % JJy1EZHH 1 W & W5 L,
patch(p2, 'FaceColor', [0.8, 0.8, 0.4], 'EdgeColor', 'none"); % 6 &5 [ % B 1K 75 1 ;
(7) axis equal; % HHE AL AR A SE K DAAR AL AT AL R 5
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