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Experimental Design of Computational Materials Science Based on
Scientific Research Cases

Xianfei Chen *’, Wentao Zhang ', Haiying Du ?
! College of Materials and Chemistry & Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China.
2 College of Environment and Ecology, Chengdu University of Technology, Chengdu 610059, China.

Abstract: Innovative education is essential for cultivating highly skilled innovative talents. Integrating cutting-edge
scientific research findings and methodologies into classroom teaching can offer students a more comprehensive,
practical, and forward-looking educational experience. This experimental design encompasses the steps of
constructing crystal structure models, optimizing crystal structures, calculating band structures, and catalyzing
compound decomposition in computational materials science. It aims to help students grasp the fundamental
principles, processes, and analytical methods of first principles calculations, connect theory with practical engineering
problems, and nurture their ability to employ modern engineering tools and novel technologies to identify, analyze, and
resolve intricate engineering problems.
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FERR IS VG FR A A O B 52 R, K8 & 2% HL& 5 B8 e R A7 6k HR A Bh T 3207 % R R A A8
H, HESHTR BB B8 IRIR 42 S A S B RR e, ek b ol A% i Ak A e IR AR RS . 5 r kA R B T
F A e, AR Tl (Li-S) B A T m B R b & B A8 8 % 2 (1675 mAh-g ' f12600 Wh-kg™), #ik N
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#T FFMaterials StudiofX £, Hrid—Project, HEATH A “Li-S electrode” . 7EProject [ Hr i —4>
FN “BaS” SR, ke i T AR “import” , 1EFE “structure-ceramics-graphite.
msi” SCAFFFEFT I

MR HAE “Build-Symmetry-make P17, 28 J5 H AR IEHE M E A S 1 — 2, #%Delete S Mz ;
gk 22 3 S A “Build-Symmetry-redefine lattice” , BAF R FAEN N “2 107, A5 HK
Redefine; PR32 Fi4~Build, 78 N H73E ik £ Symmetry, %+ Supercell, X iFHEH A, BFICH
ABEANTS 3AIT, BPSERNT R AEAT1 < 3 x 14 Mo b2l fERIAYSL, S AR B, L Ak W e
HONSCER I EUE “a=526A,6=924 A, c=20A" . KIECHREGEH, B Xt R KCIE ¥ 5 2 BAIS
JEF o B S ECABS . xsd, I TE R 4 LR B S A AR S5 K A 2 (1) BoSHISE M5 B IR 1R

K1 BSTRB. MEFEH. HTLIRELEWEER

7 A s A% HBUA (1 A =0.1 nm)
a b c
PBAM (55)
5.26 9.24 20.00
) R AL R
LS LES
X y z
S1 4.2724 7.6772 10.0000
S2 1.6424 6.1372 10.0000
S3 3.3957 3.0572 10.0000
S4 0.7657 1.5172 10.0000
B1 3.3957 9.2172 10.0000
B2 1.6424 9.2172 10.0000
B3 0.7657 7.6772 10.0000
B4 3.3957 6.1372 10.0000
B5 4.2724 4.5972 10.0000
B6 0.7657 4.5972 10.0000
B7 1.6424 3.0572 10.0000
B8 4.2724 1.5172 10.0000
B9 3.3957 —0.0227 10.0000

B10 1.6424 —0.0227 10.0000
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FTHB2S.xsd, MK #A% “Dmol3 tools-calculation” . fidisetupiEliif, 7ETask T HiFIZRF
1% #¥ Geometry Optimization, £ Functional i) T 7513 F1 £ #E GGA-PBEXZ #t X BEVZ bR, Qualityif #¥Fine
¥, ‘Ai%use Grimme method for DFT-Dcorrection (&2a), fiiitask™ ffimore, 4] i%koptimize cell
(E2b),

RiiiElectronici Wi, 7EIntegration accuracyfISCF tolerance] T $7%1 3 i ¥ Fine. Core treat
)R hr 53R R i £ All Electron Relativistic (K2c). s diElectronicH fmore, #TFFSCFiETiF, )ik
Use DIISflluse smearing, F¥smearing[fJ{H % & 40.005 Ha (K2d). i dik-pointsit i, )% Custom
grid parameters, ¥fa. b cHMESHIRE N3, 3. 1. AidiOrbital cutoffi€ i<, 4ikCustom, HH
global orbital cutofff\I{E B H5.1 A (Kl2e).

i NJob Control#”, & A CPUZLEN S Hil 5, HAhkEZSHCRHRAFEEE2:). ik
Jai [RIB2S I i A S5 A4 T B 3 TS

()

Setup | Bectronic | Properties | Job Contrl | ::, :’;_5 :1 Setup  Bectronic | Propertes | Job Contrl |
Tk [Goomty Gt =] _ Mo .|| e egtonscocy. [Foe =]
Qualey [Comomzes  +] R T 2 SCF tolerance: [fre ]
Functional [Gea =] [eE ] kpont set Customized | 31
7 Uss. [Gamme 5] methodfor DFT-D comsction e Cowtroamert: [N Becton Restietc =]
I Spnuvesticted 7 s 2 Basis set [ONP =] Basisfie: [35 <~
2 - o] it bt et oy [Cotomznd =]
[ Usesynmety  Charge | | b =
=4 ™ Use solvation model
?:.l’::‘:lw:;‘ ;D‘S ;jA L’
Rn |- Fes. | e | o An || Fes. | Heo |
(d) (e)
x

SCF | kponts Orbtal Cutoff | Solvent | DFT-D |

SCF |k points | Orbtal Cutoff | Solvent | DFT-D | Setup | Bectronic | Properties Job Control |

SCF tolerance: 1.0e6 Orbtal cutoff scheme: |Giobal = Gateway location: | My Computer hd
b ok C oy e __ = |
- @ Cust
Witoolsrepanson  [Ocupoe 7] o= b dosciption:  [amabord I Auomatic
Densty moing Global obtal cutoff: 5.1 A e |
I___M l— Run in parallel on: |8 - of 8 cores
% Use DIIS Dis sze: [6 = N T
I™ Use precondtioner 40 Fie usage Smat v
Orbital occupancy
¥ Use smearing Smearing: |0.005 Ha
™ Apply dipole slab comection

_teo |
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B3 fgMRIi %R EZB.SHR T E4HrEE

4.3 B:SREWHEH. RAEEREWMESFEERTE

M HE “Dmol3 tools-calculation” s iiset upi& i~ , 7ETask[P) T iz 51 3 # 1%k Ffenergy
(Kl4a). ridiPropertiesiEli+, “A)i%band structure, FF¥ik-pointseti% & Afine. “4Ji%density of states,
FFrk-point setf){E % B Ffine (El4b).

X FT 25 ML AL 5 R B2S xsd, s T 22 B4~ Build, 7E T $i7 3¢ 8 % Symmetry, %% Supercell,
XHRHEF AL BMIC AT 2801, BISERS daMldEAT1 > 2 < 197 fR kb mde A2 iy “Tools -
brillouin zone path” ¥l brillouin zone pathXf i&HE, fiicreate. FFN{EH X 40.5000.000 0.000, M{H K
240.500 0.500 0.000, F{A 790.000 0.500 0.000 (&l4c).

HAb B S E S WRACEES 2R, FRHIRBAT 5.

TR ZERE, FTHFB2S.xsd, A7 32 F A2 H I Dmol? tools-analysis, s Band structure, energy units
eV, ‘Ai%Show DOSHIFull DOS, fithiview, BIATHBIB,SHIAEHT 4544 (B 5a); it Density of
states, energy unitsit eV, sidiview, BIA] H BB SHI 0 B A% B (K 5b). s i Electron density,
miitrview, HIATH BB S R4 22 70 5 2 B (B 5¢) o
4.4 ZHACYITEB2SRH 19Tk Mt

oG, MIEELLS, FISs A5 1 o Ak S e 18 i i N A A7 1) i1 A A SRAG 3 Lo S, A1 Se ) Ji 5~ 485 A4 AL
B PALLS KB, #HE—Ncbs, B HEi% NLiPSs, A#IEFNEW-3D atomistic document, #5 H
B4 ALLS xsdo FTHFLiS.xsd, i ZE A% 1 Add Atoms, Elementi&FFLi, 1% HLixSH & J5 7 )44
FREN AR R B R (3 2). Bln: av bFlcH HIBEN10.1388. 7.1175518.6655 (K31 LijG & Hix.
vy SR FAARRE), miifiadd, BPSERRLIE FEI0; [FIEE, SERGE R LIASIEFasin, A5 s p
¥~ I Sketch Atom, ZEFELIE FHAISJH T, &/518 8 LixS4E M . A A2 “Dmol3 tools-calculation” .
ritdiset upiE i, HUH A kuse symmetry, sitditask i [fimore, HUIH 4)i%optimize cell. HAh ¥ & %
5 SR CE4 2T E, FXPAT IR . tH R 450 59T FFLizS.outmol 3« #8215 — 22 (1) Total
Energy, 130T TR, i€ N Easobaes 2R G R IKAIZELDLS, (£3). LizSs (£4). LixSe (%5)+ LixSs
(FOMSy RNMEE Y FF A G ALK AR . A5 1% BIFR G M i Bl 6 s

(a

X
Setup | Bectronic | Propertes | Job Control |
Task: [Erewy <]  Moe
Quity:  [Cumomzed -]
Functional [ea— <] [ =]
[ Use [Gimme | method for DFT-D comection

™ Spnunresticted ¥

I Metal £ D
™ Use symmetry Charge: fo—j ot ;:uo::mud X A : ¥ Display reciprocal lattice: DX+ 4+ 6
Separation: V. 2th
|
T30 o R Rn |+|  Fes. | b |
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DMol3 Band Structure DMol3 Partial Density of States
e gop 028 e |
i \
B, 8.
f g - \
z
1 3
L N\
ok ,:iT el
" e
@5 M e 01 iom

SS Lizss L12S6
Li,S, LiS, Li,S

E6 LixS.H1SsH M B fa e b &

F2 Li:SHER TR

JRE R x ¥ z
Li 10.1388 7.1175 8.6655
Li 12.7253 9.7429 8.6662
S 12.1491 7.7236 8.6658

K3 LioS:M% R T4

ESRAIES x y z
Li 9.6253 6.4429 8.0571
Li 11.9980 8.6913 8.0569
S 10.0451 8.3738 9.1457

S 11.5783 6.7603 9.1457
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4 LS4 & FH T2 47

JR TR x ¥ z
Li —2.8950 —-1.2671 -3.1072
Li —0.2055 —1.2903 —2.0565
S —2.0956 —2.4953 —1.1950
S —0.9028 —0.5604 —4.2431
S —0.9632 —3.5368 -2.6510
S —1.4092 —2.5980 —4.5201

5 LizSefI % R 747

ESRAIES x y z
Li 6.9260 6.7386 9.0805
Li 8.3017 9.0497 9.0856
S 6.0263 8.8583 8.2301
S 5.8873 9.4921 10.2121
S 6.4666 7.9198 11.4417
S 8.6854 7.9068 11.4807
S 9.2999 6.3119 10.2975
S 9.2289 6.9134 8.3024

#+6 LixSsif) & R T A AR

JR PR x y z
Li 9.6592 7.2265 10.4621
Li 9.6744 8.9231 8.0988
S 7.7207 7.7304 9.1076
S 7.5240 8.5512 10.9689
S 8.3579 10.5845 10.8674
S 8.6775 11.0646 8.9796
S 10.8155 8.1167 12.4369
S 11.0338 9.9048 11.6164
S 11.7518 9.6785 9.5369
S 11.6424 7.7104 9.0551

RT  SsHE IR T AR

JET R x y z
S 10.4788 4.2265 9.0233
S 11.9926 5.2982 9.9824
S 12.2822 7.1153 8.9767
S 11.1792 8.6077 9.9327
S 9.3514 8.8316 8.9342
S 7.8646 7.8096 9.9928
S 7.5394 5.9462 9.1038
S 8.6811 4.5005 10.0774
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SR 5 T 7 W B HT A KBS S5 4 o FTHF 427 R G5 M AR AL 5 I B2S. xsd S0, s SR B A2 “Build -
Symmetry - Supercell” , XIEHEHF AL BHICH A2, 3F01, X gaMIREAT2 x 3 x 14 fusb 2. JU{T
AbSE, FTHAH R T outmol SCAF, FHFidSR ERIBER, 10 N Eubstratco

55, W€ 2 A I TE B SR T (1) fe e I 1 45 M« LALLS A, 4T FFLixS.xsd, HEIL 42
Ji, mdiRbRAE, Efcopy, FITHEEY MBS xsd M, ridhiRbrGH, Effpaste. M
AeF JE F14) 45 A4 X6 R 1 AR B4 1 225 R0 R 5, TR BE Lin SA T T BoS I IR B o2 B, AT REAL 24 B T RE I
B A R CREMR B A, R, BB AR AR ) . WA PR S5 A Th, LS S54RI BRI B4 2.5 A, M e A
“Dmol3 tools-calculation” , % FFGeometry Optimization. fitiset upiE i, B2 Euse symmetry,
Rirtask ™ fimore, HUJH 2) i optimize cell. HAth % B S E 5L MMNALEE42THHIE, FHIXRPATIHE,
Ak S5 1 2 B B a5 A an B 7 s o vF B 45 RS 9T 1 6 B outmol 3T o 4K 3 J5 — 25 [ Total
Energy, ¥HACHK TR, W HEoa, EHARQ)RIEEWMEE. 5B HAb AL 5 10 25 M e AL,
EE AN [F) W B 45 A4 () Evorar, 11 58 B B 8 WO B AL Ao BB S AR ITT 5 B LinSay LiaSas LiaSe~ LinSsAlISs
TEB,S b [ fe A 7 W B A7 R A 1R W PR i

Ead = (Etotal — Esubstrate — Eadsorbate) X 27.2114 )]

$=

B7  Ss/LizSu (n =8+ 6+ 4 2RI1)7EBSFK I 5 %5 2 W B4 24 A 0fF A0 I A0 0 4
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4.5 Li:SHMALLSHIERREL2

ST AN, FEEA NTST, K4.41 5E I LiaS2AE B2 S bR B 1 d5c £ 5 1 &85 7 52 ) 380 31X A SC A
Je i 2 42 1S 1 .xsd (K8a); FEE#—1r, 4 NFS1.xsd. FTHFFS1.xsd, ¥iFS1.xsdiISIR T zh 2
EI8bAT R I B, HEAT JLAT AL (SER B 544 M R o [N T IF JLAT AR Ak J5 (I FS 1.xsd 344 Al
IS1.xsd - s 7 32 HiF~ tools-reaction preview . i FEreactant’y1S1.xsd, productik £ N4k J5 1
FS1.xsd, sidiMatch (K18d). 7E H LI Find Equivalent Atoms>iz B4~ B % A A2 A5 PR 1 44 Bk AR R 1 i,
Riiset matchiEAT VLHC, E 2T A I 7 # VLA i Ih (K 8e). < MIFind Equivalent Atoms3¢Z ¥4~ ¥
reaction preview>Z HLF= H [fjnumber of frames W B 420, #AJ5 s dipreview. £ 7 IS1-FS1.xtd 3
FTFFIS1-FS1.xtd3C 4, sdiZ et “Dmol3 tools-calculation” , s Setupi 1<, Taski TS Search
(KI8f). siiiMore, search protocoli#complete LST/QST, qualityiF¢Fine (KI8g). HASH X E 5
A4FTMFE, BATHE. HETERE, FTIFISI-FS1.xsdXCHF, A3 #42Dmol3 tools-analysis, i%#F
Energy evolution, fidiView, BIA[4:pIS1-FS1 TS Search.xcd 3. FTIFIS1-FS1.outmol 30, #% %
i Ji — [\ Energy of barrierffI{H, ZMH RN N AE22 M8 . IR %A AL AL AeV.

ST AR, FFE NTS2, A AL 5 IS IO ) B AN SO e, B 1S2.xsd;
HEH—, % NFS2.xsd, FTHFFS2.xsd. W FS2.xsdISIR T 7 2h 2 EIScHT /R IAL &, #EAT JLATAR
the HARDEE FRME. BT R LinS A N LLSHIfE B Re 22 . AN I 2 1) R 2 A8 1 th 28 J &4
W E9FT R -

5 BEE

1) LI T BN S HAT IR ? 1 [ R H A S

2) AR5 0B 2 B AL D CE BoS L X)W PR RE a4 Wi B S 4L 22 it A 420 (1 i R FE D 2

3) R T ASIG bR B AR ST Tk, I A TREE 7 VA T DA SR S BoS A 22 T A ) S 1 45
Py 2

(&1 Reaction Preview [ 8 1] [[3] find Equivelent Atoms = &) DMol3 Calculation B '| | &1 oMol3 Transition State Search =
Reactart: [T 151, xsd ~ o 151 xud st xa | Setwp | Bectronic | Properties | Job Contro |
& @ 76 matched atoms + |48 TEmatched stoms - Search protocol Complete LST/QST +

Product % PS1. xsd ¥ @ 181 ® 181 Task: TS Search - More |

@ 232 - @ 252 &
Have two valid documents @ 383 @ 183 Qualty [Cotomzed =] Convergence tolerance

® B @ 48

@ 52 @ 552 Functions = = Qualty: Fine Y.
= b @ 8 @ s = s

| Number ames L s 1) L s 1) =y 4

f ~ ® 852 ® 52 W Use [Ganme <] methodfor DFT-D comection RMS convergence: 0.002 Ha/A

@ 8 @
a G ® 108 ® 108 ™ Spnunresticted 7
* Base preview on re: @ ns2 @ ns2 2 3
" Bawe preview on product @ 1283 @ 128 L o

@ 1381 @ 181 r [o——‘ Max. number QST steps: |20 =

Match Preview Help @ 1us2 S ® us2 & Charge: =
A [~ Optimize reactants and products
| Help
Reset | | |_He | An || e | e []] [ —‘
— | J

B8 (a—c) LS:fEEHIHE. FRISHAEKSL; (d-H LiS:/EB:S FHFES T ESHRE
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6

(1
(2]
B3]
(4]
(3]
[6]

DMol3 Transition State Search

o emees.
-
Path Coordinat
[ s 57w 1 (7] 0o 1 [0 Ty vs 5 i ) ey . G2 ) e

DMol3 Transition State Search

e

~ =3

=
=

Path Coordinate
) S v ST o (V) s, Copwn 1 ] v s, Q5T pih 2 () Evercy v, Cpan? ) By v, G673 (V) ey s Cpwh3 (] Towstion gt

Message: Transition state found

TS Search Status: Type, Search #, reaction coord, Energy

6 1 0.709054 -14. 53088866
TS Search Status: Type, Search #, reaction coord, Energy
e 1 1. 000000 -14. 53505853

Summary of TS calculation
Energy of reactant
Energy of product -11583. 7856724 Ha
Energy of transition state -11583. 7815026 Ha
Location of transition state : 0. 70905

Energy of reaction g 13.031 kcal/mol
Energy of barrier 15. 648 kcal/mol

-11583. 8064388 Ha

Cumulative number of energy/gradient calls H 15
Message: Transition state found

TS Search Status: Type, Search #, reaction coord, Energy

C6 2 0.556918 -14.50713958
TS Search Status: Type, Search #, reaction coord, Energy
CG 2 1. 000000 -14. 52130201

Summary of TS calculation
Energy of reactant

Energy of product -11583. 7719159 Ha
Energy of transition state ~-11583. 7577535 Ha
Location of transition state : 0. 55692

Energy of reaction ' 8.632 kcal/mol
Energy of barrier 17.519 kcal/mol

-11583. 7856724 Ha

B9 LiS:MELEREHZLKLLSHEALERL2EE

g5

ASLULE Y — YER KB SH E ML Z ALY N =01, RoR 1 e R T o 5L, B/ Material
Studio X #4 K LA VEAT AL A PR BEHEAT DT IT,  IRZ K B S  BA HLRL N 2 TH SR ) ) 2
WA LSl i, bR B RR S BAR IR A0 TE R OIS &, 192 2E (10 52 S R g AN
PP RN, IR T R RG] SIS ERARSE R R, A B S A 0 5 SR A TR R
Br MRIREEST, WU AERIERIR, REAUHTREST, SEOURMIT SO R

VEEAES, XIPKAE, BRIL%. KEA6%E, 2024, 39 (1), 332.

W

X W

VEECHE, KRB, XRME, BREE, XIRAE. K463, 2024, 39 (4), 140.

BEEEZE, UFFST5. K402, 2018, 33 (1), 49.

Zhang, Q.; Wang, Y.; Seh, Z. W.; Fu, Z.; Zhang, R.; Cui, Y. Nano Lett. 2015, 15 (6), 3780.

Manthiram, A.; Chung, S.-H.; Zu, C. Adv. Mater. 2015, 27, 1980.

Zhao, Y.; Li, X.; Liu, J.; Zhang, C.; Wang, Q. J. Phys. Chem. Lett. 2018, 9 (7), 1815.
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