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AnacondaEPM: www.anaconda.com

Distribution

Free Download*

Register to get everything you need to get started on your Provide email to download Distribution

workstation including Cloud Notebooks, Navigator, Al
Assistant, Learning and more.

Email Address:

Q Easily search and install thousands of data science, machine learning,
and Al packages

O Manage packages and environments from a desktop application or
work from the command line

0 Deploy across hardware and software platforms

0 Distribution installation on Windows, MacOS, or Linux
ErE x |
HEHLE B SR REEP T2

=

- Anaconda3 (64-bit)

Anaconda Navigator

-- ™1 Anaconda Prompt

Windows

Python 3.12

4 64-Bit Graphical Installer (912.3M)

BHTASHEN, (REHEOERRER, - . - o . . —
MR, SRR, PR, B C:\P rog ram Data\a naco ndaa

AP RE

# - C:\ProgramData\anaconda3\Scripts

SERMF IR R

RW(E)...

C:\ProgramData\anaconda3\Library\mingw-w64\bin

soonmne C:\ProgramData\anaconda3\Library\bin

R, EREEER

e i RZFB(A)

RTEMRE
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F—F: FEEMFE

Ed: wENFFEIENRE

(base) C:\Users\ZJ>conda create —n catalysis _ml python=3.9

(base) C:\Users\Z]J>conda activate catalysis ml

(catalysis_ml) C:

\ N NBEFEIENRE
Ak i)
)E' } JEFf%ﬁIJ Eﬂ:ﬁﬁ 1.pip install X} Pz PE 45

2. conda install ¥ N EE&

# To activate this environment, use

(catalysis ml) C:\Users\ZJ>conda install numpy pandas scikit-learn matplotlib seaborn

$ conda activate catalysis_ml

To deactivate an active environment, use conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/anaconda/pkgs/main/
- ' conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/anaconda/pkgs/free/
conda config --add channels https://mirrors.tuna.tsinghua.edu.cn/anaconda/cloud/conda-forge/

ig -- N e
conda config --set show_channel_urls yes /ﬁﬂﬂzﬁiﬁ:ﬁ

conda install shap xgboost

$ conda deactivate
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=> NumPy "

# Rit: numpy.org mE) FAFHFEITEHpythonE

- I::I Pandas - ik : pandas.pydata.org - Fﬁ?lﬁ;g@ﬁ;iﬁﬂﬂﬁ

ERTTT =y matpl i tlib =) mit: maplotivors =) smarmttpymonss

4 saxicream [ scikit-learn

Machine Learning in Python

- PALIE : scikit-learn.org - ETFpythoniEBSHINBZEIC
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Catalysis-Hub =~ ) ©ITHURRENE, QERME. REE. TES

BuEEE Matarials Project EEEE) iE{titRla0RASH, M. BTENSEMKIE

AR = A KIR { X OQMD | EEE) EaEHNGE, BENEAEN

SKE8

OQMD

The Open Quantum
Materials Database

atialysiszhtbYolrg

A

1A

—] |

e > \ R
4| &= |

The Materials Project

Harnessing the power of supercomputing and state-of-the-art methods, the Materials Project
provides open web-based access to computed information on known and predicted materials as
well as powerful analysis tools to inspire and design novel materials.
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S ApythonPE APHEOEA BIBFEEN

import requests

impor‘t pandas as pd url = "https://api.catalysis-hub.org/graphgl”

from tqdm import tqgdm

response = requests.post(url, json={"query": query})
data = response.json()

guery = """

{

reactions(first: 10) {
edges {
node {
chemicalComposition
reactionEnergy
reactants
products

edges = data["data"]["reactions"]["edges"]
records = []

for edge in tqdm(edges, desc="f#lfr reactions
node = edge[“node"]
records.append({
"composition"”: node["chemicalComposition"”],
"reaction_energy (eV)": node["reactionEnergy"],
"reactants”: node["reactants"],
"products”: node["products"”

df = pd.DataFrame(records)
print(df)
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| GRER | fExue

fthr reactions #dE: 100% || 10/10 [e0:00<2, 2it/s]
composition reaction_energy (eV) reactants
HH- MoS2 -0.220 {"CHOstar": 1}

HH- MoSe2 -0.530 {"CHOstar": 1} . —
HH- MoS2 -8.690 {"star": 1, "hfH2gas": 1} 1. reactwnEnergy?’qﬁIﬁ?Tﬁl{E'lﬁjﬁ, ATRATFEZESTEEE

HH- Ir-MoS2 0.770 {"star": 1, "COgas": 1}
HH- MoSe2 ©.590 {"star": 1, "COgas": 1}
HH- MoS2 .240 {"star": 1, "COgas": 1}
HH- Re-MoS2 .156 {"star": 1, "hfH2gas": 1}

HH- Ir-MoS2 -0l {"star": 1, “hfH2gas™: 1} 2. chemicalComposition, reactants, products’y T ¥iBAIX 4K M
HH- Co-MoS2 .226 {"star": 1, "hfH2gas": 1}

HH- MoS2 .320 {"CHostar": 1} ﬁ&ﬂl{%%}ﬁ

products
{"COgas": 1, "Hstar": 1}
{"COgas": 1, "Hstar": 1}
{"Hstar": 1} . e
T o 3. first: SAI U E R BB SR M filter fFIE SR, #HBIRINEZHIE
"COstar": 1
{"COstar": 1}
{"Hstar": 1}
{"Hstar": 1}
{"Hstar": 1}
1, "Hstar": 1}

(7}
1
2
3
4
5
6
7
8
9
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| mEeH
composition reaction_energy (eV) reactants products
HH- M0S2 -0.22 {"CHOstar": 1} {1"}@9‘5‘5": 1, "Hstar®:
HH- MoSe2 -0.53 {"CHOstar": 1} {{'}COgas": 1, "Hstar".
HH- MoS2 -0.69 {]"}star": 1, "hfH2gas™: {"Hstar": 1}
HH- Ir-MoS2 {"star": 1, "COgas": "cOstar": 1}

AN A A BIG: HH-Mos SRR %A T BRMEH AT
_composition - gt ] NC .
%ﬁ%ﬂﬁ%ﬂ ' (' CQBtRIF-MioS B fEMoS2 B T In IR
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| mEeH
composition reaction_energy (eV) reactants products
HH- MoS2 -0.22 {"CHOstar": 1} {"COgas™ 1, "Hstar": 1}
HH- MoSe2 -0.53 {"CHOstar": 1} {1}COgas 1, "hstart
HH- M0S2 -0.69 {]}Star H1IRH29aST a1y
HH- Ir-M052 0.77 {'star:1,7C0gas™ i ggiar 1)

1}

‘59$&ﬁ4‘t$7r&1\“'%ﬁ"  CAOastar L SRR 7 1M CHO-HIa K - “star” : BEFRIOEMEMS
Hit# {'star: 1, “hfH2gas™ 1}; RRKEE—IBAL (+) , BE—IHAF “hfH2gas” . “COgas” : £EEXREHEDT

{"COgas™ 1, ‘Hstar": 1}: FRNEM 71 PMCOFARFLIPHK Y AR B

FHEARTRE
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composition reaction_energy (eV) reactants products
HH- MoS2 -0.22 {"CHOstar": 1} {"COgas™ 1, "Hstar": 1}
HH- MoSe2 -0.53 {"CHOstar": 1} {HCOgas -1, THstar®:
HH- M0S2 -0.69 E}Star H1IRH29aST a1y
HH- Ir-M052 0.77 {'star:1,°C0gas™  ipgiar: 1)

1}
HH- MoSe2 0.59 {1}Star ay COga‘k"COstar": 1)

reactants/produts i FHFR, ETRENE, GIARTLUTEH*RMEE, SHEMSEHToH

AR EA EiFiE, LMRESR “Hstar” R MRS IRHIEE
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pip i1nstall mp_api
Structure Summary
Lattice
[ 1- ﬁ?w&ﬁ ] abc : 3.8492784033699095 3.8492794116013456 3.849278
angles : 60.00001213094421 60.00000346645984 60.0000109754579
volume : 40.32952684741405
: np.float64(3.333573) np.float64(0.0) np.floate4(1.924639)
: np.float64(1.111191) np.float64(3.142924) np.float64(1.924639)
: np.float64(0.0) np.float64(©.0) np.float64(3.849278)
: True True True
PeriodicSite: Si (3.889, 2.75, 6.736) [@.875, 0.875, 0.875]
PeriodicSite: Si (©.5556, ©.3929, ©.9623) [0.125, ©.125, 0.125]

from mp_api.client import MPRester

with MPRester("ROMy6FvBhpXZjklkkTBIWDICsZkuuSnk") as mpr:

docs = mpr.materials.summary.search(material_ids=["mp-149"], fields=["structure”])
structure = docs[@].structure

structure = mpr.get_structure_by material_id("mp-149")

[ 2. ER AN BRENFENREHNEID ] [MPID(mp-570778),

MPID(mp-632291),
MPID(mp-850274),
MPID(mp-542605),
MPID(mp-14),
MPID(mp-19),
MPID(mp-555760),
MPID(mp-567313),
MPID(mp-990424),
MPID(mp-160),
MPID(mp-611219),
MPID(mp-12103),

from mp_api.client import MPRester
from emmet.core.summary import HasProps

with MPRester("ROMy6FvBhpXZjklkkTBIWDICsZkuuSnk™) as mpr:
docs = mpr.materials.summary.search(
has_props = [HasProps.dielectric], fields=["material id"]

)

mpids = [doc.material_id for doc in docs]

v 1.6s

Retrieving SummaryDoc documents: 100% ||| 7327/7327 [e0:01<00:00, 6265.85it/s]
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pip i1nstall mp_api

| 3 EZOEASHONMBNLER

MPID(mp-600001): 'Si02',
MPID(mp-561291): 'Si02',

from mp_api.client import MPRester

with MPRester("ROMy6FvBhpXZjklkkTBIWDICsZkuuSnk") as mpr:

docs = mpr.materials.summary.search( MPID(mp_1198966) . 'SiAgz (520?)3 I b |

elements=["Si", "0"], fields=["material_id", "band_gap", "formula_pretty"] . 1 . "
) MPID(mp-1211039): 'MnSi(OF)6',
mpid_formula_dict = { | MPID(mp-23731): 'CuSi(HO02)2",
doc.material id: doc.formula pretty for doc in docs

! MPID(mp-756818): 'LiSiBiO4°,
. }




@H‘Tﬁﬁ ~

Cailiaoren £".com

e
(g

I CHERBIEE: ECEES

B Matarials Projecti¥ 1A =%l

pip i1nstall mp_api

GGA/'GGA+U hull) with large band
gaps (> 3eV)

from mp_api.client import MPRester

with MPRester("ROMy6FvBhpXZjk1lkkTBIWDICsZkuuSnk™) as mpr:
docs = mpr.materials.summary.search(
band_gap=(3, None), is_stable=True, fields=["material_id"]
)

stable_mpids = [doc.material_id for doc in docs]

docs = mpr.materials.summary.search(
band_gap=(3, None), energy above hull=(@, @), fields=["material id"]
)

stable mpids = [doc.material_id for doc in docs]

v/ 6.3s

Retrieving SummaryDoc documents: 100% ||| JEllll| 6196/6106 [00:02<00:00, 2703.54it/s]
Retrieving summaryDoc documents: 100% ||| NEEIl| 6196/6106 [00:02<00:00, 2741.48it/s]
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pip i1nstall mp_api

s EMsEEAE

. g c R fﬂ e “\
from mp_api.client import MPRester 4 /
from emmet.core.electronic_structure import BSPathType \ / \
’ \
with MPRester("ROMy6FvBhpXZjk1kkTBIWDICsZkuuSnk") as mpr: 5 \
bs_sc = mpr.get_bandstructure_by material id("mp-149") 1 A

Band Dup

bs_hin = mpr.get bandstructure_ by material id("mp-149", path_type=BSPathType.hinuma)

bs_hin = mpr.get_bandstructure_by material_id("mp-149", path_type=BSPathType.latimer_munro)

]
N
N

bs_uniform = mpr.get_bandstructure_by material_id("mp-149", line_mode=

S <

/
BRERNY
r L UW L KU

Retrieving ElectronicStructureDoc documents: 1ee%|_| 1/1 [ee:ee<?, ?it/s] Wave Vector
Retrieving ElectronicStructureDoc documents: 100%|_| 1/1 [@@:ee<?, ?it/s]
Retrieving ElectronicStructureDoc documents: 100%|_| 1/1 [©0:00<?, ?it/s]
Retrieving ElectronicStructureDoc documents: 100%|_| 1/1 [@0:00<?, ?it/s]

Vv 244s
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d-band center(d/E L))
BLfii#] (Coordination number)

K57 (Bond length distrubution)

BaderEBfa (Bader charge)

SHEE (DOS) HHiE

#if2 (Particle size)
RRGEE (Reaction temperature)
pHE

BT (Solvent polarity)

SR EFIRE BRI 5, TlRbIaEE
HARFREHE, WEHUROTRE
FLRFEEEFRAR REEEEN
ENBTEBHRERND

BRI ST, AT RTIERME R

=t
SIRETAREWENE
IREMNDFFRNZFTAH
P NOMEERR N R & B iEtE
B ER - AT IAEE R
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The Journal of Physical Chemistry C > Vol 124/Issue 36 > Article L1 I = e
Cite Share Jumpto Expand

C: SURFACES, INTERFACES, POROUS MATERIALS, AND CATALYSIS | August 12,2020

Descriptors for Hydrogen Evolution on Single Atom Catalysts in Nitrogen-Doped

G ra ph ene Table S1. Properties and descriptors of transition-metal single-atom catalysts in nitrogen-doped
graphene (see footnotes for definitions of each descriptor).

Victor Fung, Guoxiang Hu, Zili Wu, and De-en Jiang* Size son T Gulol) T LY Boom | = |5 [0 T30 e [dme
Periodic Sc 0.190 1700 | 0310 | -8.282 6.561 | 1.360 1084 |3 1640 | 085 417
Graphene

Ti -0.500 1600 | 0280 | -8.326 6.827 1540 0.998 1404 083 358

4
v 0270 1530 | 0.260 | -7.494 6.746 1630 1316 | 5 1341 122 257
Cr 0310 1390 | 0.250 | -6.604 6.766 | 1660 | 0944 | 6 1263 | 236 098
Mn 0430 1390 | 0.230 | -6520 7434 1.550 <0513 | 7 1279 133 246
8
9

Fe 0250 1.320 0.220 | -7.360 7.902 1.830 -0.846 1.080 298 1.23 | = RS
SV BEESE
0.887 4.80 1.30

Co 0.150 1260 | 0210 | -7.562 7860 | 1.880 | -0573

N | 1590 | 1240 | 0495 | 7699 | 7639 | 1910 | -1.750 | 10 0844 | 191 058
Cu | 1880 | 1320 | 0185 | -5097 | 7.726 | 1900 | -2748 | 11 0928 | 047 045

In | 0760 | 1220 | 0475 | -3474 | 9.304 | 1650 | -3581 | 12 1159 | 052 001

Zr | 090 | 1750 | 0540 | 8071 6634 | 1330 | 1749 |4 1788 | 0.16 115 “

Nb | 0760 | 1640 | 0510 | 8042 | 6756 | 1600 | 1432 | § 1646 | 035 069 *;E?iﬁ{s E
Mo | 0910 | 1540 | 040 | 5661 | 7.082 | 2160 | 0820 | 6 1310 | 089 206 A Ay
Tc | 0460 | 1470 | 045 | 6988 | 7.275 | 1900 | 0006 | 7 1264 | 284 (K

Ru | 0560 | 1420 | 0450 | 7135 | 7.361 | 2220 | 0.191 | 8 0851 | 354 46

Rh 0170 1420 0420 | -7579 7458 | 2280 | 005 | § 0619 447 046

Pd | 1840 | 1.390 | 0400 | 5704 | 8337 | 2200 | -2.046 | 10 0708 | 101 003

Ag | 0730 | 1450 | 0385 | 1862 | 7576 | 1930 | 4184 | 11 0853 | 0.09 057

Cd | 0060 | 1440 | 0370 | 1185 | 8994 | 1690 | -2385 | 12 0984 | 0.15 002

Hf -1.040 1.750 | 0630 | -9420 6824 | 1.300 | 1392
Ta -1.080 1700 | 0605 | -8.832 78687 | 1500 | 0841 1645 | 073 246

] 1589 | 036 245
5

W | 1450 | 1620 | 0580 | 7101 7980 | 2360 | 00% |6 1558 | 191 201
7
B
9

Re 0910 1510 | 0.565 | -6.599 7877 | 1900 | -0.085 13719 142 183

0s 0.730 1440 | 0543 | 7784 8706 | 2200 | -0.262 1178 | 359 091

Ir 0.300 1410 | 0526 | -8.361 9121 [ 2200 | -0135 0720 | 442 042

Pt 1480 1360 | 0510 | 7677 9017 | 2280 | -1487 | 10 0715 |23 0.14

Ay 2240 1.360 | 0488 | -2953 9225 | 2340 | -3348 | 11 0918 | 0.02 057
Large Ti 0498 | 1600 | 0280 | -8.232 6827 | 1540 | 0688 |4 1345 | 112 37
nan hene

v 0.210 1530 | 0.260 | -7.494 6.746 | 1630 | 0890 |5 1275 | 192 212

Cr 0.351 1390 | 0.250 | -6.809 6.766 | 1.660 | 0826 |6 1212 | 243 037
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atom | Gu(eV) [reov [ rd(A) [ EF IE EN e\ | n qle) | d d

(A (eVlatom) V) o unece
Sc | 0180 | 1700 | 0310 | -8.282 6561 | 1.360 | 1.084 | 3 1640 | 085 417
Ti 0500 | 1600 | 0280 | -8.326 6827 [ 1540 | 0998 |4 1404 | 083 358
\ nATH 1 RN Ll T AOA & TAR 1 /%N 1 1a 3 4244 19 A RT

RIBFHEEIHE

XESEOTLAD =2

1. JUAITRE: rcov, rd

2. #hZ2/EFHRKE: Ef IE EN, g, n

3. BFEE/EAMER: <d, GH, docc, dunocc

GH (Hydrogen adsorption free sk sF /i CIRMIMIE MAsE(L

5 — B T ERIE RO B
energy, SURMIEIEEE) (8G_H) BN ORISR SR

B MMEE R LSS EMER

RFEHNREE PRI RA R B

rcov (Covalent radius, #/1342)

rd (Zunger radius of atomic d-

- oy FRT S MAMENE N
orbital, diiER) @RS S mAERE RS

B SHECEENBFEHEIEX

— BRFUR (BERR) ERELIAESE

Ef (Formation energy, FZA%aE i,

— WEFhBE— B ENE — B BEERNRTEREERBT, WU

o i
IE (Ionization Energy, EBES8E) AR TN

B RERFHEFRARE, HRRMENS

EN (Electronegativity, EBfatk) [ et At

— RFRS|BFAEED —

ed (d-band center, L))

— QREETFASE (DOS) HINIALELIEE B d‘ﬁ#’fﬁ)ﬂ%.ﬁ%ﬁ%ﬁiiﬂ&[ﬁ%ﬂﬂﬁé

n (Number of valence electrons, — - B EEMWERFRNS, WRIFEEDREW
HEaFH) RFBINERT S SHFERMAIBTE BRE

q (Bader charge, Baderegfsy) [RFERRFRSER BN ETLAHBR R T AR F At AR

docc (Number of occupied d
states from0to-2eV, EHIEAE
)

— EFREERMHA (0 F) -2 eV) #WGHER d Fhill

BT, — B WS EEN o/n {FR

dunocc (Number of unoccupied d
states from 0 to 2 eV, RKAGE AT
#)

B UECREPREBFEBENEERY

— FEKBERINE (032 eV) FRiRAGIEAT d BH P

com
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1. SURMNERSHE - TEIUESENERNER
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3. (B - (M ETEE HERFEMEFRMI.ipynb

A {EBIT - SEMTEISRFIRT f
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