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院 長 的 話 

 中國文化大學理工學院目前所擬定之發展方向，係以「AI人工智慧與工程應

用」、「淨零排放與綠色科技」以及「前瞻科技」為核心，並延續既有之「綠能科技

與材料」與「智慧型數位生活」等整合性研究基礎，積極推動跨領域教學與研究發

展。 

在「淨零排放與綠色科技」方面，本院持續投入綠色能源、奈米材料、先進化工製

程、智慧衣著、節能減碳技術與永續環境等相關研究；在「AI人工智慧與工程應用」

方面，則致力於智慧型機器人、無線感測網路、數位機電、影像處理、智慧控制及其

工程實踐等領域的深化與整合；此外，面對科技快速演進的全球趨勢，本院亦將「前

瞻科技」納入重點發展方向，期能掌握未來科技脈動，培育具創新思維與跨域整合能

力之優秀人才。 

本院將以上述發展主軸為基礎，持續推動研發中心之建置、執行研究計畫、舉辦學

術論壇與專題研討，藉以凝聚師生研究能量，拓展學術視野。值此本校 64週年校慶之

際，本院特別配合校慶舉辦本次論壇活動，期盼透過師生共同努力，激盪創新思維，

促進跨系所、跨領域合作，進而展現本院特色，提升學術研究與產學應用之整體成

果。 

進入 21世紀以來，高科技已深刻改變人類生活型態，全球對能源與資源的需求日

益增加，永續發展與環境保護的重要性亦更加受到重視。臺灣天然資源有限，多數能

源仰賴進口，經濟發展易受國際局勢、能源供需及環境變遷等因素影響。因此，如何

發展綠色能源、推動淨零排放、提升能源使用效率、落實節能減碳，已成為產官學研

各界共同面對的重要課題。尤其在政府積極推動綠色轉型與永續政策之際，正是臺灣

加速發展綠色科技、培育相關人才、提升國際競爭力的重要契機。 

為此，本院特由化學工程與材料工程學系同仁協助「綠能科技與材料」相關議題之

規劃，舉辦「2026綠能科技與材料論壇」，並邀請三位學者專家進行系列專題演講。

講者陣容堅強，內容精彩可期，本院謹致上最誠摯之感謝與敬意。 

最後，敬祝本次研討會圓滿成功，並祝與會貴賓與全體同仁身體健康、平安順心。 

 

中國文化大學理工學院院長 

 謹誌 

2026年 3月 26日 
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Green Hydrogen: Water-splitting 

Electrocatalysts-from Nanoscale to Atomic 

Scale 

 

主講人: 

 

黃景帆 特聘教授 

國立中興大學化學系 

 

主持人: 

陳輝龍 教授/系主任 

中國文化大學 化學工程與材料工程學系 
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Green Hydrogen: Water-splitting Electrocatalysts-
from Nanoscale to Atomic Scale

黃景帆

Jing-Fang Huang

國立中興大學 化學系

Department of Chemistry 

National Chung Hsing University, Taiwan (R.O.C)

J. F. Huang 綠能科技與材料論壇-中國文化大學 3/26/2026
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Efficiency
Cheap

Clean

Hydrogen 
Source

Water-Splitting
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Hydrogen Production Processes 
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Water Splitting- HER and OER
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OER Electrocatalysts- Mass Activity and 10

7J. Kibsgaard and L. Chorkendorff, Nature Energy, 2019, 4, 430.

Turnover frequency (TOF)

8

9

 Highly surface/volume ratio
 “Functionability”
 Favorable electronic and thermal features
 Electrocatalytic effect

Nano-materials for several applications

Sustainability 
of materials

Downing the active sites to atomic or sub-nano size

10

Supported-SACs

11

Preparation of atomic or sub-nano sized active sites 

ACS EST Eng. 2021, 1, 2, 157

12

Increase in surface area per unit mass with decrease in particle size.
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Tools for Characterization of Catalytic Materials Key Challenges in Fuel Cells

• Electrocatalysts durability
• The cost of catalyst materials
• Green hydrogen
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F: Faraday constant
r:  Nanoparticles’ average radius 
N: Number of particles
Pt: Density of platinum
MPt: Atomic mass of Pt

Pt clusters 
(< 1 nm) 
Pt clusters 
(< 1 nm) 

Electrodissolution of Pt
in the “basic” 25–75% 
ZnCl2-EMIC Ionic Liquid

16

J.-F Huang* et al., Angew. Chem. Int. Ed, 2012, 51, 1684.~100% current 
efficiency

Electrodissolution of Pt nanoparticle 
through 4e- pathway

17

SACs is possible

This results make Pt 
Size and Content 

Tracing in Pt-
SACs is possible

Electrochemical determination of supported Pt 
nanoparticle electrocatalysts

18

J.-F Huang* and F.-W. Yang, Anal. Chem. 2016, 64, 6403.



Mechanisms for HER

19

Acidic

Alkaline

Tafel Slope vs. Mechanisms for HER

20
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

Reduction of Pt Loading Changes HER 
Mechanism 

21
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

Pt Tafel
TEM images in Pt Loading Reduction

22
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

Edge-to-edge distance between two 

adjacent Pt active sites- Dee

23

Dee

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

Downing the active sites to atomic or sub-nano size

24

Is only 
downing the 
size of active 
sites enough?



Thermostable carbon-supported 
subnanometer-sized (< 1 nm) Pt 
clusters for HER

25
Jing-Fang Huang*, R.-H. Zeng and J.-L. Chen, J. Mater. Chem. A 2021, 9, 21972

High-density
Shorten Dee

Unstable
Aggregation

26

Ptc(250)/C
Ptcs on the naked C Commercial Pt20/C

HAADF images

HR-TEM images

Pt L3-edge XANES spectra of Ptc(T)/C, Pt foil, and PtO2

27

The FT-EXAFS fitting in R-space for Pt foil, 
Ptc(250)/C and PtO2

28

CVs of the HER

29

The Pt loading 

Pt20/C/GCE
 4.3 μg cm-2

Ptc(250)/C/GCE
 0.6 μg cm-2

CVs of Pt

30

H-UPD



Electrochemical determination of Pt content in 
Sub-nano Size

31

The Pt loading 

Pt20/C/GCE
 4.3 μg cm-2

Ptc(250)/C/GCE
 0.6 μg cm-2

Jing-Fang Huang*, R.-H. Zeng and J.-L. Chen, J. Mater. Chem. A 2021, 9, 21972

CO stripping 
voltammetry
for sub-
nanosized Pt

32

The specific ECSA (sECSA = ECSA/Pt weight, m2 g-1)
Pt20/C was ~28.7 m2 g-1

Ptc(250)/C ~335.7 m2 g-1

Pt particle size distribution

33
Jing-Fang Huang*, R.-H. Zeng and J.-L. Chen, J. Mater. Chem. A 2021, 9, 21972

Tafel Analysis

34

Tafel Slope

Evaluation of Dee (edge to edge distance between each Ptc)

35

Dcc (center to center distance between each Ptc) = (ABET/NPtc)0.5

Dee (edge to edge distance between each Ptc) = Dcc-DPtc

=(ABET/NPtc)0.5-DPtc

(Note: NPtc is the number of Ptc and ABET is BET surface area of Carbon Substrate)

HER performance vs. Dee

36



Tafel step : Intra-Particle vs. Inter-Particle 

37
38

39

Janus Ru/RuO2 Nano-Boomerangs on Carbon as pH-Universal 
Electrocatalysts with Bifunctional Activity toward HER and OER

J.-L. Chen, S. -Y. Feng, C.-J. Luc and Jing-Fang Huang*, Chem. Eng. J., 2023, 468, 143761. 
40

RuCl3ꞏxH2Oaq

Ru(OH)2
+

41

0.318 nm

0.233 nm

0.318 nm

300 oC/Ar
(PAP(300))

42



43 44
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Ar flow

RuO2 Ru
(300-500 oC) ?

RuO2 Ru
(800 oC)

VacuumRuO2 Ru
(550 oC) 

E0

COg/C (0.52 V)  
CO2g/C (0.23 V)
RuO2/Ru (0.58 V)

46

47

XANES and EXAFS were 
performed at the TPS 44A
beamline at the NSRRC, Taiwan

Ru K-edge XANES spectra for RuO2NR/C

48



FT-EXAFS oscillations for RuO2NR/C

49 50
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0.318 nm

0.233 nm

0.318 nm

300 oC/Ar
(PAP(300))

52

0.318 nm

Charge Polarization between Oxide and Carbon Make 
the Spontaneous Formation of the High Density of Pt1s
(HD-Pt1s)

53

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510
54

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510



Pt L3-edge XANES spectra and FT-EXAFS 
oscillations

55
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

Only Pt single atoms 

HR-TEM image of one Pt1/RuO2NR

56

20 nm 5 nm

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

HR-TEM and HAADF images of one Pt1/RuO2NR

57
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510
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a b

c d

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

59
Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

H-upd occurs on Pt single atoms on RuO2 nanorod

60

Pt loading 
< 0.5 g cm-2



TOF is 280-fold higher than that of 
commercial Pt/C

61

Shortening Dee remains inter-Pt Tafel in ultra-
low Pt usage

62

d

Jing-Fang Huang,* W.-J. Hsieh, J.-L. Chen, ACS Appl. Mater. Interfaces 2024, 16, 27504−27510

63 64

Spontaneous Deposition of High-Density Pt Single 
Atoms on Oxides via Charge Polarization between 
Oxides and Carbon (as the Outside Front Cover)

65
Jing-Fang Huang,* et al, Journal of Materials Chemistry A, 2025, DOI: 10.1039/D5TA00614G

66



67

Pt1/TiO2 Pt1/CeO2

Pt1/Al2O3Pt1/SiO2

Jing-Fang Huang,* et al, Journal of Materials Chemistry A, 2025, DOI: 10.1039/D5TA00614G
68

Jing-Fang Huang,* et al, Journal of Materials Chemistry A, 2025, DOI: 10.1039/D5TA00614G

69

NPt1/ABET

Dee

70

Hydrogen evolution in natural seawater via
superaerophobicity and surface acidity

71

Jing-Fang Huang,* et al, J. Mater. Chem. A, 2026, 14, 2136–2142
72

Long-term stability 
tests in natural 
seawater
(a) a constant 

overpotential of 
100 mV (CA) 

(b) A constant 50 
mA cm-2 (CP)



73 74

Conclusion
 Thermostable carbon-supported subnanometer-sized (< 1 

nm) Pt clusters with significantly enhanced activity and 
durability toward the HER.
 => Finding New Inter-Particle Tafel Process

 Janus Ru/RuO2 Nano-Boomerangs on Carbon as pH-
Universal Electrocatalysts with Bifunctional Activity toward the 
Hydrogen/Oxygen Evolution Reaction

 Carbon-Promoted Pt-Single Atoms Anchored on RuO2

Nanorods to Boost Electrochemical Hydrogen Evolution

 Spontaneous Deposition of High-Density Pt Single Atoms on 
Oxides via Charge Polarization between Oxides and Carbon

75
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議程二 

 

從減塑到淨零- 

共聚酯材料循環製程與 

單一材質易回收產品的應用 

 

主講人: 

 

林哲增 經理 

工業技術研究院材化所 

 

主持人: 

張鈞智 副教授/副院長 

中國文化大學 化學工程與材料工程學系 
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2020

2025

2030

No virgin plastics
and polyesters

100% of recycled materials
100% recyclable packaging

22% replacement in packaging

46% replacement of virgin 
materials

100% recycledd orr sustainablee raww 
materials

25% of recycled materials
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Biodegradable 
ProductsHot-melt 

Adhesive

Elastomer

Midsole Acoustic 
Diaphragm

Elastic 
Fabric

Waterproof 
Breathable 

Textiles

Water-based Coating

Anti-Rust Coatings CF Sizing Agents

Flooring & Concrete 
Coatings

Automobile 
Coatings

14



Water-based Coating

Anti-Rust Coatings CF Sizing Agents

Flooring & Concrete 
Coatings

Automobile 
Coatings

15

•

•

•

1616



ITRI Allnex

Solid content 55wt% 53wt%

Particle Size 320nm 530nm

Stability (in 50 ) >7day >7day

Waterborne Coating

Solid Epoxy 38-42

Emulsifier 14-17

*Solvent 18-21

Water 44-46

Total 100

* Removed after emulsion.

(1) depolymerization

(2) esterification

(3) modification

17

Emulsifier

18

Elastomer

Midsole Acoustic 
Diaphragm

Elastic 
Fabric

Waterproof 
Breathable 

Textiles
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NIKE Adidas /
Adidas 2019 TPU Futurecraft Loop

10%( 90% )

>60

>70

>40 >50
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NIKE Adidas /
Adidas 2019 TPU Futurecraft Loop

10%( 90% )

>60

>70

>40 >50

26



•

•

27

•
•
•
•
•
•

28



29

30https://www.snowcentral.com.au/choosing-a-jacket-for-the-snow/ 30
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議程三 

 

From Molecules to Materials: Exploring 

Green Chemistry through DFT Simulations 

 

主講人: 

 

李涵榮 助理教授 

中原大學化學系 

 

主持人: 

雷健明 教授 

中國文化大學 化學工程與材料工程學系 
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From Molecules to Materials: Exploring 

Green Chemistry through DFT 

Simulations

Chinese Culture University,
Department of Chemical and Materials Engineering

March 26th , 2026

Research Interests

2

Simulation: A computational approach that employs mathematical/physical models to 
describe, analyze, and predict the structural, physicochemical, and dynamic behaviors of 
materials across multiple length and time scales.



Research Interests

3

Atomic scale

Quantum mechanics

Core concept: Schrödinger 
equation
Applications: Reaction mechanism

Electronic structure

Gaussian Orca VASP

Research Interests

4

Screening of Lithium Metal Surface Additives for High-Energy-Density Lithium 
Batteries: Combining DFT Simulations and Machine Learning

Cathodes: layered transition-metal oxides 
LiNiMnCoO  (NMC) or LiFePO  (LFP)

Anodes: graphite or Si–C composite

Li metal: highest capacity

Cathode

Anode

Dendrite 
safety 
stability



Research Interests

5

Screening of Lithium Metal Surface Additives for High-Energy-Density Lithium 
Batteries: Combining DFT Simulations and Machine Learning

Archer et al. Adv. Electron. Mater. 2016, 2, 1500246

dendritic

smoothLiF-rich SEI

electronically insulating

mechanically robust

Li+ diffusion

Research Interests

6

Screening of Lithium Metal Surface Additives for High-Energy-Density Lithium 
Batteries: Combining DFT Simulations and Machine Learning

1. A DFT + machine learning workflow was established, narrowing down 6000  
600  1 fluorinated additives through geometric and electronic criteria. 

2. Electrochemical stability: Additives with low HOMO (anti-oxidation) and low 
LUMO (preferential reduction) can form stable SEI layers on Li metal. 

3. Simulation–experiment agreement:
Predicted additives led to smooth Li deposition and longer cycling stability in 
experiments, validating the DFT-based design strategy.

Conclusion

Accelerate materials screening/discovery via simulation-based design



Research Interests

Au55 Ag13Au42 Au13Ag42 Ag55

1. Electronic effect
2. Synergy Effect

Environmental Protection: Oxidizes toxic CO into less harmful CO .
Automobile Emission Control: Key reaction in three-way catalysts (TWC).
Energy & Industry: Prevent catalyst poisoning.

J. Phys. Chem. C, 2012, 116, 13196.

Research Interests

structure 
construction

active site search

intermediate opt

energy calculations

PES

Electronic analysis Au55 Ag13Au42 Au13Ag42 Ag55

Icosahedral (ICO)



Research Interests

Au55 Ag13Au42 Au13Ag42 Ag55

d-band 
center/eV  2.88  2.82  3.97  3.82

Eads(CO)/eV  0.91  1.12  0.47  0.51

Zmax (shell) 0.203 0.210 0.130 0.145

Eads (O2)/eV  0.39  0.29  0.97  0.75

Electron localization function (ELF) 

Local density of states (LDOS) – d orbital

Research Interests

1. Core–shell structures can significantly alter the electronic properties of 
nanoclusters, thereby tuning the adsorption energies of CO and O .

2. For the OCOO intermediate in CO oxidation, the core–shell structure facilitates 
O–O bond cleavage.

3. Overall, core–shell structures regulate catalytic activity through electronic 
redistribution. DFT simulations provide deeper insight into how different 
metals influence electron distribution, making core–shell design a key 
strategy for developing highly efficient catalysts.

Conclusion

Guide experimental strategies using computational insights



Research Interests

11

ACS Appl. Mater. Interfaces 2024, 16, 27329.

In Operando X-ray Spectroscopic and DFT Studies Revealing Improved H2
Evolution by Metal Sulfite in the Alkaline Condition

Advanced Science 2025, 12, 2411622.

Metal Sulfite (pyrite): NiS2 CoS2 Ni0.5Co0.5S2

hydrogenase enzymes

12

NiS2(100) 

Ni0.5Co0.5S2(111) 

CoS2(111) 

Research Interests
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Research Interests

HER activity:

Ni0.5Co0.5S2 < CoS2 < NiS2

H---OH dissociation activity: 
Ni0.5Co0.5S2 < CoS2 < NiS2

H2 production activity: 
Ni0.5Co0.5S2 < CoS2 < NiS2

Research Interests

1. The calculated free energy profiles show that Ni . Co . S  lowers the barriers 
for both H–OH dissociation (Volmer step) and H  formation (Heyrovsky/Tafel 
step), consistent with the experimental observation.

2. For CoS , the surface segregation of metallic Co strengthens H adsorption, 
leading to surface poisoning.

Conclusion

Explain experimental observations through simulations

In Operando X-ray Spectroscopic and DFT Studies Revealing Improved H2
Evolution by Metal Sulfite in the Alkaline Condition
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Research Interests

Using microkinetic analysis to search for novel anhydrous formaldehyde
production catalysts

Surface. Science. 2015, 641, 105.

Production of formaldehyde (CH2O) attract considerable interests:
• raw material for production of plastics, resins, explosives, etc.
• Annual production of 2~3 x 107 tons

16

(1)  CO(g) + * CO* (adsorption)

(2)  O (g) + 2* 2O* (dissociative adsorption)

(3)  CO* + O* CO (g) + 2* (surface reaction)

Research Interests

Microkinetic Modeling

Site Balance & Steady-State Approximation

From DFT calculation
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Research Interests

13 elementary steps

�

y�=�0.9241x�-�0.47�
R²�=�0.98413�
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0� 0.5� 1� 1.5� 2� 2.5�

CH2OH*�

ECHO (eV)�

E C
H
2O
H
(e
V
)�

• Adsorption energies of 
surface intermediates scale 
with the binding energies of 
CHO* and OH* 

• Transition state energies for the 
dehydrogenation scale with the 
energies of the adsorbed products

ri = f (ECHO*, EOH*)

18

Research Interests

CH3O-H 
Route

Cu, Ag, Zn, 
Co, Ni, Fe

H-CH2OH 
Route

Rh,Pd, Pt

T = 823 K, P = 1 bar



Conclusion

19

1. DFT simulations bridge theory and experiment:

revealing reaction mechanisms and electronic properties
guiding molecular design
rationalizing experimental observation
reducing experimental trial and error

2. Interdisciplinary Bridging Chemistry, Chemical Engineering, Materials Science, 
and Industrial Applications.

Acknowledgements
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Thanks for Your attention
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Q & A
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