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Graphene-C,N,~Graphene =BBia%5ts

L. Yang, X. Y. Li, G. Z. Zhang, et.al., Y. Luo, J. Jiang*, Nat. Commun. 2017, 8, 16049
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L. Yang, X. Y. Li, G. Z. Zhang, et.al., Y. Luo, J. Jiang*, Nat. Commun. 2017, 8, 16049
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Hydrogen %

A 4

(electron doping)

H-VO:2 H-VO:2
(Metal) (Insulator)

Hydrogen doping induce Metal-Insulator Transition (MIT):
insulating monoclinic vanadium dioxide (M-VO,) to metallic H,VO,

Mano-sized Pt islands
Epitaxial VO, ' Epitaxial VO,
Substrate Substrate

T<200°C

q, (A1
a, (A

Epitaxial VO,
-+
Nature Mater. 2016, 15, 113;

Nature Nanotech. 2012, 7, 357;
Science. 2011, 331, 746;

q, (A1)
q, (A

Epitaxial HVO,

Substrate




Hydrogen penetration is never easy
1. Creating atomic H-source : Noble metal catalysis
2. Implantation : High energy driving force

!

Convenient and cheap H-source ?7?77?
Proton (H*) in acid solution

‘ 2, H*+ VO3

H,O+ V4

Strong acid

Positive charge of proton (H*) breaks lattice —— Corrosion



P iR{LEETE : IRENEF (IEBE ) &5

EiERFIEEHRFISE)
EIERFFREETFEIN=eR

N il @ e;ry &
ql g e
ESHF
B - BEn O ~|v
¢ ® ﬂ
| é € g;
MSESH

Y. Chen, Z. Wang et.al., J. Jiang*, C. Zou*, Y. Luo Nat. Commun. 2018, 9,818
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Al Zn H VO,Ag Cu VO, Au Pt

Y. Chen, Z. Wang et.al., J. Jiang*, C. Zou*, Y. Luo Nat. Commun. 2018, 9,818
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Resistance (M)

Resistance (KQ)
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C

1515
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metallic phase

1 03 3 " | 1 " 1 " 1 1 "
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Temperature (°C)

| V in acid
I V in metal-acid

- -
=) o
L)

Concentration (ug/ml)
o

o

L

.11
g 0.03

0.0
30 min.

1.82

0.06

20 hours

Y. Chen, Z. Wang et.al., J. Jiang*, C. Zou*, Y. Luo Nat. Commun. 2018, 9,818
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2 &ABE R (MOF) Cuy(BTC), ‘ S
TRABME vs. & HAMBCO,® ACH, tatintsienton

" ADVANCED
MATERIALS

£ /;r &

0.4 - — Cu,(BTC),

—— Cu,(BTC),@2H,0
—— Cu,(BTC),@CO,+H,0
—— Cu,(BTC),@2CO,

Absborance
=
N

0.0 -

400 500 600 700
Wavelength(nm)

Adv. Mater. 2014, 26, 4788.
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BF,dbm methAcrylate (BF,dbm), (2)
Monomer, BAM (1)

Nanoscale

—_—_ISC
F
Sy S
Monomer Polymer (H-Aggr.)
2 —— Unoccupied MO  —— Occupied MO
Singlet Triplet |Singlet Triplet | Singlet Triplet |Singlet Triplet
34 A i —

Energy (eV)
A

:|| I ﬁﬁ

B3 nenst

Macromol Rapid Comm. 2015, 36, 298

(BF ,dbm),

(BF dbm),

(BF dbm),

(BF,dbm

'

Nanoscale 2016, 8, 17422
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Angew. Chem. Int. Ed.
2015, 54, 11495
Nano Res. 2016, 9, 1590
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AgR AL B 47 25CuO
B RCORALH 2
vac_ _____\Vac
Wi=
W= 4.45eV
5.97 eV A _
f Ef
-
CuO Ag

J. Am. Chem. Soc. 2014, 136, 14650.
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Semicond-Metal Polarization :
Fe/VO, for H doping
CuO/Ag oxidize CO
Co,@C,N for O, activation
Co@C;N, for HCOOH Dehydrogenation

Metal-Metal Polarization :
Pt/Pd layers for water splitting

Pt/Pd alloy for water splitting
Fe/Co doping Pt for HER

Semicond Facet Polarization :
NiO nanosteps for Water splitting

Semicond defect induced Polarization :
WO, defect for oxygen activation

Semicond-Chemical Group Polarization :
Si nanowires for water splitting

Metal-Mol aggregates Polarization:
Pt catalyze HCOOH

o oL e

Nature. Commun. 2018, 9, 818
J. Am. Chem. Soc. 2014, 136, 14650.
J. Phys. Chem. Lett. 2016, 7, 1750
J. Mater. Chem. A 2018, po:: 10.1039/c8TA022998

Angew. Chem. Int. Ed. 2014, 53,12120.
Angew. Chem. Int. Ed. 2015, 54,14810.
Adv. Mater., 2016, 28, 2077.

Sci. Rep. 2015, 5, 8557.

J. Am. Chem. Soc. 2016, 138, 8928.

Angew. Chem. Int. Ed. 2015, 54, 2980.

J. Phys. Chem. C. 2015, 119, 19287.
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15 years hard working =) 10 days happy time

Foldit screenshot illustrating tools and visualizations
David Baker & 57000 Game Player

Nature 466, 756—760 (2010)


http://www.nature.com/nature/journal/v466/n7307/full/nature09304.html#auth-8
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the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
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System Cubic
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1,3-Cyclobutadiene, 1-ethenyl- S

space fill ball stick Download Structure (SDF)
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unique ap  frequency
1 c31c2102 3
2 €31¢2101 2
3 0l11c2103 2
4 n20c2101 2
5 c31c2103 1
6 212102 1
7 €21¢2101 1
8 €21e2103 1
9 c3e3io 1
10 n20e3103 1
11 n20c3102 1
12 ollc3102 1
13 olln2004 1
14 n20c2102 1
15 ollc3101 1
16 ollc2102 1
17 311001 1
18 c21c1004 1
19 c31cl002 1
20 ollclO03 1
21 <21cl003 1
22 ¢21c1002 1
23 n20c1003 1

28 total

umque tt

frequency

1 ollc3lc3lc2l
2 olle3lc3lclO
3 c31c31c21c21
4 c21c31cdic2l
5 c21c31c3lcl0
6 n20c21c31c31
7 olle3lc21c21
8 c31c21n20c21
9 n20c21c21c31
10 n20c21c31c10

11 c21n20c21c21

11 total
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N1 =Qc1 * Qu/dgin

N3 =Qc1 * Qc2/dE1c2

N3 =Qc1 * Qca/dG1cs

Ns=Qc1 *Qca/dE1cs
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MD Simulation

4

Extract the structure(10000)

Calculate The Transion energy by TDDFT

Statistical molecularieometry parameters

Neural Network Machine Learning



Neural Networks  ==m) Model : DNN(Deep Neural Networks)

€ The neurons in each neural

€ \We use 9 structure parameters network are 16, 32, 128

as inputs (x)

€ Use three layers of neural

¢ Use three layers of neural network and one output layer (y)

network and one output layer (y)

€ using an activation function to

& Train set : 9000; Test set :1000 emove linearization

output

77



Predict dipole with neural network analysis

NMA molecule: peptide bond

Dipole Moments from
10000 MD snapshots
Train set : 9000

Test set :1000

PBE1PBE/cc-pvDZ
Average error: 1.8%
Pearson correlation coefficients: 0.94

Pearson correlation coefficient=0.942
6 - MAPE=1.6% .
5 -
4+ ;
3 1 | T
5 4 0 6




Predict dipole with neural network analysis

NMA molecule: peptide bond

Dipole Moments from

10000 MD snapshots

Train set : 9000
Test set :1000

-4.0

L(Y)_NN(D)

B3LYP/6-311++G**
Average error: 2.8~7.0%
Pearson correlation coefficients: > 0.91

3.0

T T
Pearson correlation coefficient=0.954

MAPE=7%

T S T
Pearson correlation coefficient=0.911

MAPE=2.8%

8
W(Y)_DFT(D)

H(Y)_NN(D)

2 3

WX)_DFT(D)

-4.0

—5. 01

| MaPE=2.8% SRR
4.5 T

T = T
Pearson correlation coefficient=0.911

-6 -5 —4
LL(Y)_DFT(D)



Predict absorption spectra with neural network analysis

Oscillator strength

NMA molecule: peptide bondSpectra from 10000 MD snapshots
Train set : 9000
Test set :1000

PBE1PBE/cc-pVD

' 10 .
0. 15 i 'IT'IT* : 1I:I}IS\IEO/CC-PVDZ i 8 J n-l-r* : II:]:»\]]EIO/cc-pVDZ
. 2 B
&
0. 101 5 61
S 4-
0. 05 =
Q
S 27
0. 00 N
180 200 0 240 160 170 180 190
A/(nm)

A/(nm) a4



Importance analysis on transitions

0
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Descriptor
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A descriptor easy to

compute/predict, measure, and
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