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[1] Z. Mi, T. Wang, L. Xiao, G. Wang, L. Zhuang, Catalytic Peculiarity of Alkali Metal Cation-Free
Electrode/Polyelectrolyte Interfaces Toward CO; Reduction, J. Am. Chem. Soc 2024, 146, 17377-17383.

[2] W. Li, Z. Yin, Z. Gao, G. Wang, Z. Li, F. Wei, X. Wei, H. Peng, X. Hu, L. Xiao, J. Lu, L. Zhuang,
Bifunctional ionomers for efficient co-electrolysis of CO, and pure water towards ethylene production
at industrial-scale current densities, Nat. Energy, 2022, 7, 835-843.
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[1] Chen, C. et al. Nat. Chem. 12, 717-724 (2020).

2] Zhang, X. et al. Angew. Chem. Int. Ed. 62, 202305447 (2023).
3] Chen, W. et al. Angew. Chem. Int. Ed. 60, 7297-7307 (2021).
4] Wei, X. et al. J. Am. Chem. Soc. 144, 11530-11535 (2022).

5] Zhang, X. et al. Nat. Commun. 13, 5337 (2022).
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[1] He, M.; Sun, Y.; Han, B. Angew. Chem. Int. Ed. 2013, 52(37): 9620-33.
[2] Xie, Z.; Han, B.; Sun, Y.; Su, B.-L.; Yang, J.; Bao, X.; He, M. Natl. Sci. Rev. 2023, 10(9): nwad225.
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C-C Coupling Reactions of Oxygenates and Implementation in

Biomass Conversion
Petter Tingelstad, Kishore Rajendran, Albert Mir¢6 i Rovira, Robert L. Peters, Samuel K. Regli, De

Chen'!

' Department of Chemical Engineering, Norwegian University of Science and Technology

C-C coupling reactions of oxygenates are pivotal in biomass conversion, transforming low-value oxygenated
compounds into valuable chemicals and fuels. These reactions enhance the economic viability and sustainability of
biofuels by enabling the production of longer-chain hydrocarbons from renewable resources, thereby increasing
biofuel yield and quality. This significantly boosts the efficiency and reduces the carbon footprint of renewable energy
technologies, underscoring the importance of C-C coupling in advancing green chemistry and sustainable energy
solutions.

This research investigates the C-C coupling reactions, specifically through ketonization of acetic acid on metal-
deposited TiO2 catalysts, and their application in biomass conversion. Using kinetic analysis and in-situ Diffuse
Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS), the study identifies how different operational
conditions affect catalyst performance and reaction pathways. Key findings indicate that in hydrogen-rich
environments, a-hydroxy enolate formation, facilitated by metal catalysts, markedly enhances ketonization.
Conversely, in inert atmospheres, catalysts primarily promote the dissociation of acetic acid to carboxylates, which
accelerates catalyst deactivation. The study extended to various metal-deposited catalysts, including Ni/TiO2 and
Co/Ti02, using pulsation and time-on-stream DRIFTS experiments. These experiments provided deeper insights into
surface species dynamics and the crucial role of a-hydroxy enolate in the catalytic process. The research also devoted
into the strategic design of bimetallic catalysts such as Cu-Fe, tailored based on metal-hydrogen and metal-carbon
binding energies.

The effective catalysts were implemented in a laboratory pilot plant with fast pyrolysis reactors. This setup converted
C1-C4 oxygenates from beach wood biomass into higher hydrocarbons (C5+). The process's impact on carbon
efficiency, energy efficiency, and the minimum selling price of the produced biofuel was evaluated through a
comprehensive techno-economic analysis.

This study provides foundational insights into optimizing catalytic systems for industrial applications, highlighting
the role of C-C coupling reactions in enhancing biofuel production. The findings have significant implications for

improving the sustainability and efficiency of bioenergy processes.
wEAEN:
De Chen Department of Chemical Engineering, Norwegian University of

Science and Technology

Dr. De Chen is a professor in catalysis at the Department of Chemical Engineering,
Norwegian University of Science and Technology (NTNU) since 2001 (associate professor
1998-2001). He earned his PhD in industrial catalysis at NTNU, Norway, in 1998. He was a
visiting professor at the University of California at Berkeley (2009-2010) and East China
University of Science and Technology (2017-2018). His research is mainly on a multiscale
approach at the interface between catalysis science and industrial chemical processes. His
work on combined theoretic and experimental heterogeneous catalysis has in several instances led to the
development of new catalysts for gas to liquids, monomer production for polyvinyl chloride (PVC), biomass to
liquids, natural gas to olefins, hydrogen production and fuels, as well as materials for CO, capture technologies,
plastic waste recycling and energy storages. He is a member of the Norwegian Academy of Technological
Science and Royal Norwegian Academy of Sciences and Letters, as well as the Academy of Europe. He is the
director of the innovation hub of chemical upcycling of wastes.
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2] D. Wang, X. Wang*, Catal. Today, 2020, 339, 220.
3] Yaqian Liu, X. Wang*, Catal. Today, 2019, 337, 171.

4] Lihong Zhang?, Qiang Lai*, X. Wang*, Phys. Chem. Chem. Phys.,2022,24,4212.
5] Xiaohui Feng, X. Wang*, Chin. J. Catal.,2021,42,396.
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[1] Xu, Y.; Li, X.; Gao, J.; Ding, M.* et al. Science, 2021, 371: 610.
[2] Xu, Y.; Ding, M.* Science, 2022, 377: 369.
[3] Xu, Y.; Li, X.; Ding, M.* Chem, 2021, 7: 1.
[4] Wang, X.; Zeng, T.; Li, C.*; Ding, M.* et al. PNAS, 2024, 121, ¢2408297121.
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Theory of Reaction Sites in Heterogeneous Catalysis '

Peijun Hu”

ShanghaiTech University, Shanghai, 201210
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X #217]: Active Sites; DFT; Valence

In heterogeneous catalysis, identifying the active site—where reactions take place—is one of the most
fundamental questions. This issue was first explored by Langmuir, who proposed that catalysts behave like
2D chessboards, implying that the active sites are uniformly distributed. In 1925, Taylor [1] suggested that
catalytic reactions occur at surface defects. However, the exact nature of these active sites at the atomic level
remained elusive. In this talk, I will present some of our work on this topic [2,3,4]. I will demonstrate that
different reactions actually occur at different sites on catalytic surfaces, showing that there is a correlation
between the valence of reactants and the coordination of active sites. The role of surface defects will also be
discussed.

Sk

[1] H.S. Taylor, A theory of the catalytic surface. Proc. R. Soc. Lond. A, 1925, 108, 105.

[2] A. Michaelides, P. Hu, Insight into microscopic reaction pathways in heterogeneous catalysis, J. Am.
Chem. Soc., 2000, 122, 9866.

[3] Z.-P. Liu and P. Hu, General rules for predicting where a catalytic reaction should occur on metal surfaces:
A density functional theory study of C-H and C-O bond breaking/making on flat, stepped and kinked metal
surfaces, J. Am. Chem. Soc., 2003, 125, 1958.

[4] H.-F. Wang, D. Wang, X. Liu, Y.-L. Guo, G.-Z. Lu, P. Hu, Unexpected C—C bond cleavage mechanism in
ethylene combustion at low temperature: Origin and implications, ACS Catalysis, 2016, 6, 5393.
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t‘ﬂ? = _.’ T4+ Professor Peijun Hu graduated with a bachelor’s degree from the East China
' /i\_\ University of Science and Technology and obtained his PhD from the University of

EH Cambridge. Professor Hu was appointed a lectureship in the Queen’s University of Belfast
‘\/ . and then promoted to Reader and Professor. In 2009, he was elected as a member of Royal
f Irish Academy. Professor Hu's research interests lie in theoretical chemistry, with a
particular focus on heterogeneous catalysis. He has published over 300 papers, including 2 papers in Nature,

1 in Nature Chemistry, 1 in Nature Catalysis, 1 in Nature Energy, 1 in Nature Materials, 6 in Nature
Communications, 22 in J. Am. Chem. Soc., 11 in Angwe. Chem., and 4 in Phys. Rev. Lett..
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KA. JedfEl: RS &R

ARERASMO. WA TCBHEBCNN T 3. LUKV, DUKKH REFE A IREh 713k
AT AR B T R SRR EFR IR AT A0 2 — o vk il B SE 6B B L e BRI
Hr i i e K G HEAL AT RL DG Fa A BA B B 3

AT G T — RIDGHCHRAEARL, R TR A A . R R A7 88 4y
T A A BER % PIFEE CAS@CsNg A H G R #0i 7r Bt RE,  ml OGRS T P~ S0d %
AlIk 292.6 pmol h™'[1]. MIGSRZF M [ SR, MoS, 4K 7B = A B A7 Rt 3 5 1
CdS GBI AT WOt or K EEPE, o] WJEHRS N PSR — P % 1914 pmol h™'e FRRTHE
HE—HIESE, CdS F1 MoSy Fr1H 7] =y 28 1) WA e A 2 e iy = E0E PR EZE R R [2]. ARG A2
BRI A A R E T 1, (ARE AR AR VA S K AE BB RIE. XX,
AT T A BN G 1 bR FH W E R TC 57 4 B B 4H e SR, BT Rk MOFs ‘B2 B I s | AL IR
Bz e EE MR T K B R R3] FE AL T F2EM AT S, HAR e G2 7 R4, ek
St b, FATTEE 0N E R O A7 5 B ) 2H 25 SRR P B 2 AL O PH AR AR R, R R R T AR T
A, FHEEC S MOF 1B B b7, BT TiFe,05 I HLIRZE S 3.3 mA cm? (1.23 Vrur)[4].
250, AT BAGHTHb R B e XU R BC A2 AL, B T BiVOs@ZnCoFe-Pe JeRHK, 3%
FETHLER ARG FH M 1 HA 5 FE 22 5.7 mA em™ (1.23Vrug), FE3E7 7 RHEE Sk a) B A7 78 1 Bk 4 B A
R T2 PR A AL ) SR E (5]

S R
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FIK B ARG R « T Ao < 3T [ AR SR S AR A A RER A 7 IO AT 4 R SR b AR 2 U
FRECF A A AR AT PRI 3% DA b o ATFRRERIRRLE B AT IR KR &R T ARk ARKAE
P, B B SR OARTRRF AL 5 AT RPER IR R B o A 7 77 1) B B 28 15 AN S BIDUUR H AR A 1
HEIRIT.

ARG AR LRI RITT 46T J& ol RESERRLIT I, FE SR N BRI DUREAT 1 ARARAT =, TR T 5
SRBORBRER, BAR T AR S . AR INESOR T, #H0 SBURFEmAR ER, JFR T
A AR AE PR R (SRIET), MBI 3T 55%~57%. S fa FEAR I AL LN A 462 T3 /4R 4
WA 10T /A A 7 A B R TR, 7 dh i B X T 2R SR b ik 31 B[R] SR e AR KT
JRO9E A AT B AU A P SR HRAT IR AR 7 B JT A Ak, SO 14 B B S -
FEEMI RS BT S BT, A RMWIRFE AN, 5 7 TRERE & 1T R A 2
SAFHIAR, TR ITEA AR E AL R AL B, 5 E P FEAT AT I M B fERERIMAR AR
JiT,  DARMR SR B B S S T VA 25 1) SR IR, TR BERIREIEOR . JTRE T &R 51 LBz i
KA ZAGEACTIIIB A, LREEEA AR 4299.5%, LMk FMER99%. FEAHURFIIM I, 3T IK
TRV AN, 2R A BRI, PR N TSI NSO R A AR AT . FECOL N
A G BNTRBARTT H, TFR T s TR A BRI ST, D B IE s ST, CO,
etk 41.6%, WS HUEIERIES1.1%, £ 2 FRMBETJOIRE T, ARG mEHTE. b5
HEAL S B A% B A B DA R TR SR IR S S A AR 15 T A LR B AR R AT R 5 A RS T A 2R

kA PALAmE IR ARARAR

fajsr: W, R, S, BEMRILEE RIS, PEA 4
ARl ox, B gl bl 5 B TR AT b 2 (IR B 5 BT e+
KR TAR  BUEH EAL T2 R TR R A 2R e TRER
AT A TERERRR G R T mtEsim e BOR A & 7
RO TEARRR E RO, TR BN A T — &R B B A B S 2 KT i s o &
AT, TN TENST A RETARE, SR/ 8000 J
WL /A5, AR T O T T B B IS e JA 4 L ) R B PR AR A R
T AT S e MR R AR, HE 7 R T2 S S AR & a4 i G BoR IR,
FEE T I R R e ™ w5 5o AR DRI H A S NI U T 245/ 5 B A0 op A e KR
R R, PAFE KRR 5K 1 0 P EARREED 3 1 01 Afia 2Rt
ST T P EBEIRT TS R —AE 1 T T EA AL ATIE PERE R AT SR A 2 A
T op B A BEIACAL BT R 2 — 4542 1 T SRAG A<= NI, At 75 37 58 2
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TR SR ] 5 PR BT HOR

4T CO SR AE H MR/ PR BS THT FR STAR B B v EAT , TS & s o0 7. B 1S
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TR BT A% SN S5 S BRI, e T 2 I A A 28 2 7, 1 B R s e AR
JEYIFIRT COL FEIE BRI LA, BESL T 2 G RO R SV, KR 7 AT AR & B 35
TG S L s ey S TN, 465 ) S s 1) 8 ) e AR S S e PR IR BB 7V R I M IR B B
R Je T TH T G PR B R 2 SR, o I R NG/ R ARV T 22 4 2 SRR AN O MR, Z T ST T
WOAEE L, SCI 1 A > TR R RO S B A 8N ST B RIA D T AR R
THEETT%, QIHTCOL MRS X R B AL B AR TR AL B, TRBITE PR AL RUF I 28 S W 2 BEAR A S B e A
ST SEIL T IR Ek R A S AR COLR IR ), Jusi B BoR 1) K e B85 T LR FEAit
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W VEGH ) I8 AR X — SO A FU ke, el 2 B0 AL IE JRCO, . FRA /K A S LA S 22 & U B
PR,

BEX AL BRCOL ATV IR B T — RV I REVE & T IAA, X LB IR L T Bk 7k 1Y
“CESTIAE”, 1E AL AL SR COL T T R I AR (R BE o e ) A2 DI REAL B B TR [Bmim] [ 124 Triz]
B FH K T COMB AL, SKHL T mHCOOH L % FEAE R 5 e . gbabh, didE &Eih 5, &
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KA I 77 I COLE Ay BT, BERT LA COARIR, Sl 4% 7 Ak, NV B
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B, R LAEE T 20t oe. Hod, KB RO BT HL A8 ) 1 U8 68 70 3 51 A InpO3(M/InyO3) 2
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A N2 5] A Coffill % 1 In-Co — Ju 4 J& L Wi AL 71 N H T CO & il S, 4558 W], AT
Iny0s, In-CofE AL 514 B8 H 1R KHE T, F A Ini-Coaftt AL 77 I FF B I 25 77 %6.(9.7 mmol-geae ' h7!' )2
Iny05(2.2 mmol-ge ' ™1 )JITSHE (N 25142 P = 4.0 MPa, T =300 °C, GHSV = 24000 cm® STP gcat !
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Carbon-contain species

Carbon-contain species 4 "HCOO *HCO; *CH;0
4 i *co, co, Etc
H

H species
« p

H species
< p

CH,OH

Low CO, adsorption ability High CO; adsorption ability
Weak adsorption of carbon-containing species Stable adsorption of carban-containing species
Low surface C/H ratio Moderate surface C/H ratio

lead to produce CH, lead to produce CH,OH

E. [&4-27 CO27ECo304FIn-Cof Ak 71 NS R W 7w 2 K
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Olefins + H,0 O,-depleted Air | Oxidative Cracking:
“ C4H,, + MeO, — Olefins + H,0 + MeO,
Oxidative c \'\I[i?‘ Air Air Regeneration:
Cracker 1 - Regenerator MeO,, +1/2 0,— MeO,

Net Reaction:

Nﬂphﬂlﬂ Air Cﬁll” +1/2 03—’ Olefins + IIZO

Fig. 1 A block flow diagram for the redox oxidative cracking (ROC) of naphtha
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X#E17): sulfur-doped g-C3Ny, V2C MXene, photocatalytic hydrogen evolution, interface-charge transfer

Abstract: Graphitic carbon nitride (g-C3N4) is considered to be a promising photocatalyst for hydrogen
evolution reaction (HER) due to its facile synthesis, outstanding chemical/thermal stability and suitable band
structure. However, the unsatisfactory performance of pristine g-CsNy severely restricts its its further
widespread application. In this work, theoretical predictions reveal that integrating sulfur dopants and
coupling vanadium carbide (V2C) MXene can significantly optimize the hydrogen adsorbed Gibbs free
energy (AGn+) of g-C3N4 to near zero. Inspired by the theoretical predictions, an advanced HER photocatalyst
of sulfur-doped g-C3N4/V,C MXene (SCN/V,C) Schottky junction is fabricated successfully by vacuum ball
milling and subsequent annealing treatment. Interface-charge transfer between SCN and V,C endows a strong
electron interaction, which not only improves hydrophilicity and visible-light absorption, but also facilitates
the separation and migration of photoexcited carriers. Density functional theory calculations and in situ
characterization results corroborate that the carrier migration of SCN/V,C adheres to the typical Schottky
heterojunction mechanism. Femtosecond transientabsorption (fs-TA) spectroscopy demonstrates the
favorable carrier dynamic behavior of developed SCN/V,C photocatalysts. Thus, the SCN/V,C achieves a
superior Hy production rate of 8003 umol g!' h™!. The Schottky heterojunction established in this research
provides valuable insights into the further strategic design and construction of high-performance HER
photocatalysts.
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Fig 1. Reaction mechanism on platinum-based MWW catalysts
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KA WL, AFE A, SR EEERE (HMF): 2,5-0kME —FWg, S

S-FRFLRERE (HMF) #8 U 2 EER AV A A S 5 me —, HEAEW™ Y 2, 5-PRIE
Z W (FDCA) HABE XM 1, 7TLMERNREW RS REREN R IR L Rl (PET)H
& [1-2], AT R A R ARRA HE WA FFMMEMNI R E L G TTEAA R ESR. &
JEAN 5 & @ AL, T HMPF ) FL L AL (HMFOR) i & FDCA P i i T 25 B 2%, 3 4 SR IR 2 AR A0
FHAR AL R} BE 4 78 23 1 BRI 53 AU S5 A0 e T R 52 2 5% . Had, HMF A AR I Il 5 i f
RN 15 RS E PR . TR AR DT & 8 AL, BUOAMMASAR. WM S 5t & R 0 55 5 R 49 21 5
Z I RE R T

ST, BARE T A S SR, BMOF AT CoFe i i AHIELE GO B4R
A (NF) L. /£ 1MKOH Ml 10 mM HMF H, H#1.38 V&M TR LUASE] 100 mA cm™ [ H
R, RN 100%, 2,5-Fk —HF R (FDCA) II7F=%A 96%, LR ZBRCR (FE) A 100%. Eik
A LR BRI BRI VE T, PEARGE A MR IE IR (NB) HL AR AR A s B I ELAG 2, ik
RIKFN Yoo I T A IS I 7 3G S A v 1 7 ThD R T B LA .
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Fig. 1 Conceptual Illustration of the Deactivation (Blue Lines/Arrows) and Regeneration (Green Lines/Arrows) of Cu Single Atoms.[!
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Fig. 1 Dual beam FTIR spectroscopy in the in situ study of zeolite catalysis
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KBEIR): COME: WESFAFED: &R-BMMEIER; WHESEEY); b s

EAHIE RN R TG F T KA S5 W AR AT AT S BURE TS PO s A HER AT MERE AR O, (H
AL T —Fh AR S H IR RS, SR SR GG B L 2 e DS A TG 1 0 o 428 3445
M EHAEH (strong metal-support interaction, SMSI) &AL FITE S FINIR1H T T KA 45 175 28 1) i
B R 2 —, ZELRY 72 B B I 8 o e 32 202 ml Ha 0B 5 1 AT I8 R A AL
Vit (i TiO2, NboOs 55) R i 7034 5 5 10 4% 28 40 SR T it 7 45 M o 3 Ffradl 2 mT A
8 H bR = Wik £ 1 A6 Bt i 45, IR OREF 7R SRS E s SR, X PRI () 25
oy [ET IS A 1 2 R (RN P, R, 40 1 RO 70 1 B BRE AL, e I AR I & s B H R B
BT .

ATAE, FATEET TiOs fE R Ho R T I RERSRFE, A TiO A1 MnO 2 8] 2 1 44,
-4 A0 B AE H (surface oxide-support interaction, SOSI), f#15 TiO, 7] PAIEFEE: ) 1] MnO £
[ H 5, 7E MnO RIETER TiOx “#h 17, MR &JEERm . RuyBP. X5 EA R
UE VIR e E R A R IR, Tio, B A2 BT S % E TiOyMnO FHH, A7 83t (g #tiE
P H VM N & e i EA R T, IREERHE H 88, gEmiocH g gt Co, Wid i N CO (¥
KIEAZ N, RWGS). 1ZHHEXT RWGS T RE R A KA T & @ F k(M =Ru, Pt, Pd), tH
AT TiO2 I GI AT BN G s AR Al B2 [ AH T Vi & Ru/TiO2 A1 Ru/MnOx AL T 2%
KL
S 3k
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Fig. 1 Uni-Mol predicted dielectric constants of the test set with respect to the experimental counterparts.
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Fig. 1 HDA performances of the catalysts with different metal location
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Fig. 1 The structural characterization and catalytic performance of S5Fe@C catalysts.
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