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Enhanced Hydrolysis of Cellobiose Using Vanadium-Doped Niobium Phosphate: A Water-Tolerant Solid

Acid Catalyst with Superior Kinetic Performance
Daming Gao,Haichao Liu
Changzhou University
The doping effect of transition metal ions into niobium phosphate (xV-NbP) was explored to develop

a water-tolerant solid acid catalyst with superior kinetic performance in the hydrolysis of glycosidic bonds.
Among various transition metals, vanadium-doped niobium phosphate demonstrated the highest catalytic
activity in cellobiose hydrolysis. Extended X-ray absorption fine structure analysis revealed a reduction in
the Nb-O bond length and a decrease in the Nb-(O-P) coordination number from 12 to 8 upon doping with
10% vanadium (V/Nb, mol/mol), compared to the undoped NbOPO.. This modification reduced the energy
of niobium phosphate, thereby enhancing its thermodynamic stability. Rietveld refinement indicated that
doping V5+ ions predominantly resulted in the formation of the Nb0.935V0.06506.39P1.56 phase (99.19
wt.%) and a minor Nb2OisP4 phase (0.81 wt.%). The synthesized xV-NbP primarily featured weak
Brensted acid sites, facilitating high kinetic performance in cellobiose hydrolysis. The yield and selectivity
for glucose reached approximately 90.4% and 93.5%, respectively, when 1.0 wt.% cellobiose was treated
with 10%V-NbP. Both the substrate and the solid catalyst had estimated reaction orders of 1.0. Vanadium
doping primarily enhanced the hydrolysis reaction rate constants, whereas elevated temperatures favored
decomposition due to the higher activation energy for decomposition (120 kJ/mol) compared to hydrolysis
(110 kJ/mol). The 10%V-NbP catalyst displayed excellent stability in aqueous solutions, maintaining at
least 65% reactivity with glucose selectivity exceeding 93% after four cycles. These findings offer valuable
insights for designing water-tolerant catalysts suitable for industrial saccharidic biomass conversion.
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MR, FIRRREE (1H-12.4) BEST =84 KEY (8. 1UK-11.4) . BHTHIRRA
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PLBEER - — AL — K SN AT, 6B R S =5l — K E R ERN 1:4, T/
5KkWRERAE 1-2, RMNEERIE 2 h, 7870 C. 4.0 MPa &M T FiEHAL 0Tk 99%, HFr
PR SEBR I E B E T 99%, AT Sl K Hifa e 18 i .
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PRS2 G ) 25 L G ER F R (Methyl Methacrylate, fAIFR MMA) & HETANEIGEE . W&
Gr L2k, HOCHE T SR AR . B T SCRRIRIE AT B b= 3 K4
80%, (EXJHEIF=IANIE, Rl =4 Az B AR MR IR 1 o8 R D

AT S 53 5 A LA AS [ Bl i B AR S B A e AR fh 30 & JB Al — S b R B R
BREREONMEALTR, BE T /K. WS, WEES A ER H B84 0 & 1 LU TR 2 FR G PP B 408 SO N =4 73
A B s JEE AN R SR RS R P A AR A IR 3 AT, R A A 7 2R TR
Bl A7 B i 5 TR R B i Y A 6 S Sk R R R P2 T s A, s R S AR T K, i
T 2R A AR

WA s SRR T A R P B F A 40 & I ONL3E B A R e R B A = & f 35 fr . &
TR E G, AR M ATEYE . RIBGREE s, A IR P B B8 K A 2B N R
SR PR A TR R TR BB 67 A 13 R R F B A AR T B, 1 B2 SRR I S H AR =4 N I
R G 2 (R SR N AR G T RS, DA R FH G 401 IR0 4 5 26 A 300 458 il s I 1R R A
S—TREH B A E W SN G, M SR R A AELE 3R, 3-TREA S kS HINER R . LI ER
HESSE R ARG I, TR ERE 0. N AR ZR A F S TR F RS 5 & L ) B, s 3sgn
RS 7 T4 6 R BLE, SR 3- IR KRG 7 e . SR 2 A FE R L Agil sk
&, S EIREES B AR =4 IR R A A OB, A TR . NAR R K& &
HE, S PR A RN ER RS SRR IR R AR ONL,  RIR R AR AR AL A oG e A

DL AT 17 BB R A AL ), A NG 350-370 “C. MNJE S 0.2-0.4 MPa. PHERH
fis 5 BRI EE 3: 1. RBRla# 1.0 h ' (I4HE T, NER R ES AL R ATIA 25-30%, X H R~
W) R L DA IR TSR R 99% LA B, EIIFE e S T BRI RE

E14-06
BRAEE R AL ) B AL I 7
JEH L BREA L KO L Bk L RNEAKY
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REREMRE R EMA, MONEERER DAL E AR . AR E P AL FAFAE B da . S B )
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WEFR, BRI R BURDIR Fe2 Mo04) 3 AR Mo03 ZHfk:  Fitk MoO3 yEPEAR. IEFEMEZE;
Fe2 (Mo04) 3 Fiki4bZ FITE E T MoOx J2 SR 2 [BIAFE R FMER . JEFE se b e v 5 R
MoO3 #H L, MoOx E&FEiiin, 88 T 1 MoOx 25 Fe2 Mo04) 3 I EI/EH, AMYGEE &1L
FIRIEVE S FENE, B RE ST 78 S B FR Y FE I S As A, G~ ARl 2, (LA VR
TR AR BRI AT AR R R E

FH B4 A ) S 2 DR TR S, TR ] 78 R S N3 HHAFAE A, IS AL B iR in R 17 Mo i 2R 1
TS, TSRS RIE . RIS REAT, RZE B SR HE RSP YA 35 B 1) mT DAFRARG, AT
22 Mo Mg, ERKABMFIAdr. Kk, RABF RS S5HEREIC R, SRS,
TERARAL TR 77 iy B AT 2 B 30 i SRS o S P A 18
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Rt —EH IR R (PPDO) 1 N —Fh A= e 25 HowT B i = A4 RH 2 =97 2 mil™= b . B AT
PPDO A= 15% F PR AL B 2 B A7 BRI S I AR O —43A Ui, PDO) PO & leAs . —
HEEAE S 2% PDO &2 Tl Akl 4% PDO W ER AR BE 2L . ik, AT AR T 8otk Cu/Si02 fEALF)
FESHUR AN 4 S —H B A i S A b e #0125 PDO.

TEARA R N 2618, DEG #4540 IA 5] 91. 1%, PDO ik #etEisF) 98. 3%, Hi%EL: KN 400h J5
DEG fRFEALR AN PDO AR M A BB & T F% .

E14-08
AT i J JoL i) 5 vy % B B AU 9
ROEA A ML kM. R AE
1. AeHCA AL T2 B B b R 54 T2 B
2. BEEY TR AL T AL & A
BEEREE . NERBRRL 24Xt IAF, WA AR MAIE W afk. HATESERES . NERES Tolk
RFABRER L T 2477, P E K E SRR KIS YR . B8 [ W e 3RAS i 0 I 5 e 2% T
F—MaAEm A . SBrE, SREE mE T Ek MR A A R
AHIFFE 53 Tl T AN BB e R 5 P e A B (A 77, 20l ARG R S N R 5 P B, DA R BE FR
g, WERHERS OB IENEERIE T BE Rk, 25 S A0 7 BRI I 5 e A 4 S BTG I R R
A AN [ 245 i 77 T 0 g T T 5 2 60 S5 o7 ) LA o
WEF L SRR BRI AT HA T B A B AL v 1, (Bl TRk & B E K, Bk
AL TR TR AR 1A 35 1 PP O S /K R AR A 2R B, s MR e e 2 (LD o BRYEMEAL G &
FROR RN, FEAC e an,  HLEORE AR AR K S A TR T il M H O A A IR BT 1, AT
BHIRFTEERE . RMEAFELEE AN, B N R, BRAC e iRk,
(ERI =BG T 5. G TRk T 0 B B B 16 Il A e i AL R T vmy s (ELRE 5 TR s 1 B e T 2 e
RO KB A v MBI
EREMAFIER T, BERAENERS PR & AEEEN T 248N JMNES 1
MPa. RMNIRFEAN 50 ‘C. RMNZH A 0.8 h-1. BEEEEE/REL N 1 E 3, MRS ABERIHAL R A A
78. 54%, RPN 99. 93%. FELLBHEIT 1000 h, MEALFEEFEA KA A,
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AR B R F Fe-N-C ALFI I S 11 5 SR R B 7T
o
WaRIE ALK 2 R

T P R AR Bk 2 4 S 1 i T 4000 SR AT 0T 4 B 2 < b R A SRR F e ) S AL B R
B, AR LN R T Fe-N-C IIFCAE, SZILT Fe-N4 iSTEAL & T 45ttt , ki RiEse
T+ T Fe-N-C AL FI IR R e . ARBTG5 N Fe2N 44K 7515 Fe-N4 {37 5 i B 145
FRFETE Fe-N4 FIARNEVEE, (15 Fe-N-C FBS M S0 R vE A B G120 5% 19 0. 957V vs RHE, ZH%%
e 2 Lt g Fa e MRS 1000h, JEZ(ET- 0. 68V, T2 ais 7228 W e 4 J5 T4k Fe2N a4 1 2] N
FETE R Fe2N R Fe-N4 £i7 f 08, AH IS £ SR IE L REAE ¥ 2 21 Ni Fll Co /R R .
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MOFs ARG -RECth Rk R MR KRR & ATt R
REH. B9H2
R AR
AT FUER XS HERES /R FHURF AR I O T AR, R GERR T AL SR 5 AR PR - < SR A LA

B O(MOFs) SR FEIEEHEAR . %1t Ni/Co-MOF gk, #ATIAZEMEK R, Bk
(240°C) EALRMEH L. KIGRW, LN 2wt%ofEALF . SwtlU&EZE, 240°C v 24h 5,
Ni-MOF XJ HAM R FERE % (LA 50°C R AVEMFabr) 4 90. 5%, % Co-MOF (F&EFLZ 82. 7%) FKILH
AR TE M. B ANET N EERRRPERE (LSL) 5 MIL-101(Cr) . MIL-100(Fe) &, ik fefE
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MR R, HRFEE. pH. WALEX HEFER R m, sLieas B R0, LSLeMIL-101 (Cr) A& &t
HIFRZ AR, 7F 60°C. Jh7KEL 5:5. pH=9. ™ {LJE 50, 000mg/L 335 FAER 2h iF, [%EEZIA 99. 6%,
TF 58 R S AR AR R € i O R BR AL T BV AR AN AR S HE
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T DFT EHif: TESEE T N-FF O F K BT BT
EF. B L
AL FCR AL T2 B
FIRVEN IR A B V2 B B AR, Herh /K GRS B 3 T R AR B &
R o SR R W TR GRS, DA s 28R R S S B S RS2 TR R
LIRS . AR, EH T /KGR LEE AN I, BRI 7 4TS5 AN [F) SRR e 3 A AL R e
Ho ATFFE B AEIRNIR T S B K LRI S HE A . DU N-3R IR (CPA) SRRy
&Yy, RS EZ RIS (DFT) 73k, RT B3LYP 5 wBI7X-D 2 M M tzvp 3E4H, REGHEE T
Co** Ni2* Cu?* Zn? K H0YEWIG S E MBI A4 R X CPA /K AAAT NI ERE . 245 SRR,
Cu® *fEARHE C - N B 245 T R P H B2 AL RN, (H AL B3R AR 2D AP AR BR324 B

ES“O
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MOx/CeO 4K 1, 4-T —EEEFFMEBKER R
MFER . PRESTE. . 5 Big, B
b E AT AL T2 B
1, 4T ZEE (BDO) J&—Fn] ISk th AR TR LSt R I SR 1~ S A 248 . alid BDO i%
PRI AL K AT A 2 1 Ui i B DI AT A 72 3T M- 1-1% (BTO) , FHirr, A/ BDO &M B K il
2 BTO AL S BX — I RE R A AE P2 R A B IR . AT T — R 5141 Ce02 KB IRILIES R
EAbY Ce02 fiE4LF) MOx/Ce02 (M N Co, Fe, Cr, Ni, Mn) , ¥FJ XRD, BET, H2-TPR, TEM,
NH3-TPD A1 XPS RAE T HEAFIMIERACME ST, 7ERBDE R BRI T 1, 4T ZEEEFEEN K S %
=T -1 BEMIEAL RS . 25K EUKAUTTERIHI 1 Ce02 BA HBfEM 3- T /%1 BRleR, H
RN 14, 44%. IS 4R BB 2L Ce02 fEALTIFF (REDECN 5%) , Co B2 AL
BDO ¥4t 2% A1 BTO a1t f 51, 437008 70. 26%F1 46. 04%.
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AR (N20) 2 —FR =AM, AN N20 7 138 B itb . &R
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HIRHE T V%o I AR BNR AR 2% T ANFE ELI) Cu/ v —~A1203 A1 CuY/ v —A1203, JFEXHEFE
1T TGV AIRAE 4. Cu/ v —A1203 fEALF A, Cu SAEE A 12%0F, fEALFITE iR, N20 58
ORI E N 54TC; CuY/ v —A1203 AT, Cu. Y FERE N 12%0F, AL RS, N20
SEAAY RIS N 488°C o MMM RIL, TSI Y, CuO [F) ki R~FAS /N, (AL FA R 5 . 7E
460°CF, X CuY12/y -A1203 HEALFIESHZAT 100h, MEAFNETERA HIH B R %@ Xt
CuY12/ vy —A1203 AT K G E PE 2, TRV R I KZE S AL AEYE D B R %, (B
IKZEA, TEPE LT 0T DU 2 SR 7K
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TERE AR A R A, A BT S 2 Sl m R e E Rt oG8t . AR RET
SR A TSR R, DEHRE VR, RABEVU— 5%k, @Id7E NiCo FERAEE I
(NiCo-LDH) e SR [HI A4 3R 2% [ v ME A O B8, Rl £ 1 STAB-NiCo-LDH A1 DTAB-NiCo-LDH FH
WAL BEFCR I, RIS RIS AEH AT A R A S AL AR R, R L/ b NS
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PErOSREE T EE AL, B SIS ISR Co MM ARk, SEBL T 2K HEE 4 FAE AL IR T
fmRE R, BERTE VR AR . ZBORROL 7148 LDHs HAEALFI A PEREA, 9lE
SR & ) ST PR AL 13 P BB o 30 o R T A A SRS R AR A T PR P A5 A sz v i) AR R
179, AURE T BRI B AEREMACR, N IRRERE. RN EA L™ S & gt 1]
fAE. BEEIZHORIE—D RS, A LR RIS SC L e R S 5 A LA 7 B R &
LR, DRI RFEERER 1A AR (1R 2 Tk B AN
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NiCo204/NF SRALKRER AL 2-RRRR: AL, JEAZHETIATEESE ARM FEJtL PP
R T
LA AL TR

Wl (FF) AE A Z 9N AN EY), H—D8 A= (FA) FIRIR R E A
BHLEROCE PR, EHTREME. B2y, RAZAT EEL v N AT 5. Al KA Rk
FER T 5 FH 8 K FoIREAE 77 NiCo204/NF, I RS VEAl T HAERIME 21 R HfE Ak a0 B RS (1)
PERE. JEIE SEM. XRD Al XPS S5 HIRIES R, R T ZMEWFIEA BAEMREAEW. FEN
Co3HiEMEAL s AR S I Fa A B A2 e /0 FEARAL S5 (1. OM KOH. 1.45Vvs.RHE. 40°C) T, HEfEH
e E A IR I FE AR . B FERL 28 2405 71 8 80. 44%. 83. 12%. 86. 95%. it — DAt
MR B S T2 (ARMD Hffh, HAERAESIE Tl T 93, 3T%IMBRIRIE R . W R AL
AL LA IS (FTIR) HRSERL T FF [ FA AL SER ShaS I, 7R 17 H R BB . B4
AMLEZR T NiCo204/NF 1EHLMEA LW S Ak Fh ) RE S BT 5%, oMM =R, IRRERERT LG Ak
AR R IR T BB AR A SRR T
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o fA& TR (R 38 S MR LSS B RRXT R AR
VN
B | e i 8 =4

AHF AL — I T+ e AR RN (SDS) MBI SR Mg g B e A AR R, I KA R
2% T SDS IR A AR (NT(OH) ) FIEREHER A AN (NiMo-LDH) fE4LF, SEBL T 4
20 R FEL A B ) ] 22 R R - T SV (1) e R B S B 5 R AR B, SDS A8 i ik WU EE 1 AL 1) 5 3
TETFHEALPERE: TEPEAL ST T SRR, R A A R R A B AR 277,06 mV CRURAE A
Ni (OH)2f%AI% 7. 7%) ; XRD. SEM Al XPS FRAFIFSZ SDS 55 i/ FL 45 #3545 Ni2+/Mob+48 1k A& bt
B, AT MEESI S A ZMEALFITE 1.0 M KOH B fgi, 0.4 A FRRESEE T M 6 I i) sk
P 82. 5% E A HEFEAL R 46. %M B BRI %, BRI F M EMAEI MRS . AW FONIT R IR
Ik RE A R S T A E A TSR A T SRS, eI T AR AL SiEE R IR T R AR, AR
SRR REIR - TR G RFIR ML T HESE,
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Sn—W B &&REAENIF I Baeyer-Villiger &bt #& 6 -XAER
BEE
B | e it i B2

B-V JxJi, MR Baeyer-Villiger %A, A& — ol i FOR 40 A Rl sk B 1 28 g 75 v .
H A2 P B 1 5 B i vk, Hop 8 - RN B i TAEVF 2 7 A A & EEAEH, FllnaT LA
GRRITRIAIR R 2. 3- &ML PLMRZ5%) Apixuban DLRPUIM/MRERESSEZ5Y), HILEA
HEM AR L AR EEBRTILYEES % T — K5 Sn-W E AL 8 AW T IR E A
il 6 —IKNEE. B R 2 R RAET BOMEAL T A3 T b, RBUEALTISE #4928 Sn02 (VY J7
MR W03 FI =R KRS R S RAMUKRES M. B, W BB AN TR
IREHAAH] 6 -~ RN BN, EMEASSREANY Sn-W-2-800 HIRIFAIMEIIERE . Ba R
filt bdt— AT T RBEAEAL, RIS AEUKBINE AR ER 2. 1 6%, B GRK
B H5EE (AR /KA 1 20.25 , WIS 0.0088 g/mL, JIIHEY 4 /N 50 47,
SNIRRE 56°C. MM T REELZ N 81.47%, & —JRMEELEEME )Y 63.83%, EILF] 52%.
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EDTA S E#E LaFe03 #4b772835 1 &A% DMSO SR K
i AH g
JERCA AL T 2B

7E2K Fenton MR R, A HLECHR R 51 N2 o FE I I BE R A RO071 . AR T 5%
FRERRECAR (4 EDTA) X} LaFe03 fEAL A H202 BV LA 5B s RO . AWF 5t 8¢ 7 Hoxt
DMSO (1125 Fenton F&MA AL IE I . EDTA-LaFe03/H202 & 2 7F 90 min WSZHL T 93.8 %[#) DMSO %
B, JEALIEPE R Bt LaFe03 1) 3. 3 ff. SZURIFSZ EDTA i I 5 (4K 75 B 53 T 428 1 FH ke PR A1
Felll/Fell HIAAIRJE AL, JfHIEm 7RG EL S F2 5, g 7 H202 361k, M3t
H202 YR FARCR, PoA T LM E M. &3 DMPO /F 34711 EPR S256 DL E B JE 0] s2 56
WERH T AR R R B Rk B A D 2 B AT R, T RN ) s g it — 4
7~ 1 EDTA MR B LaFe03 3R THIAFLEMURE I 3 A B4, Ik &1 EDTA W Bt Bl Az 2401 LaFe03 LIS
PEo AHFFCIE B T EDTA ik S i 2 06 At A4 4H Fenton S FURR(E FALEE, Bor HA LA
VK Bk 22 A S RLAA 2R B AT e g I S 3 0 AR L A 1R 8 P T 55
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AT 2,2, 4, 4-TU R EE-1, 3-F T —Ein& HERe BT 5%
B G
LA AL TR

NN A — R E B HAL T N, HA AR ik Bt i &0 4 ai sk b S5H5
b AR B R AT [ o 2, 2, 4, 4-PUHE-1, 3-3F T % (TMCD) J& 47 & ht B Dl e 58
et R EE a4k, HAT, TMCD =ESlId %) 2, 2, 4, 4-PUHI -1, 3-3£ T —Fi (TMCB) hn&
KRG, SR TIT RS IZ IR R E S 2 — . B St BT AR &, AR5
WPUEIERIE T Cu-Zn-Al ST &R ML BT A Cu-Zn-A1 4075428 2 7] (1) BE /K B R IR
U GBI F ZEAA sem DL R FLAE IR B IS S A E A, RIS 88 T OB . R AT
I T) 5 P 45 A o s 2 1 B AV P R . b Cus Zn AL BEREE A 15:7:1 () Cu—Zn—Al fEALFILE
140°C. 5MPa. 0.5H JBZ&MF T TMCB % AL 2 m]ak 99. 83%, TMCD [REHE4: N 86. 49%.

E14-20
ANFIEURE] 2 ZSM-5 HRALH K I T IR AR [ SR RERT 5T
BN, R
AEsCH ML L2 R

ZSM=5 731 G S A5 ARSI SR FAVE R AT R IR Y, FEAR B IR SN, (3R eAfL.
iR B AU IR REAI N I F7 . TSR, AR TR RE s B T8 SR ST 1 0 A
REFENR AL E S, HAl, CATTRS 7 Emact nBson. it @i
AR X ZSM=5 S5k SERTERIFEM . SR, BRIRAN X — G885 S BN PR il iR 42 B AR I
Vi N7 S Lo R AV o R i AR SR ML AR IRIFEM,  1HR ARG B, RHRHLTS AN BB . ASHIE 7T 5 4
RNRTEA R IR CENUERIR: (R, KA. AR AR SRR XK
FNE B ZSM-5 73 TR I ALIE S5 ORI T A . BRI B S TR R S S A M RE . A5 IRR
W1, AR ZSM-5 BRI, RIS GREBRCR/ ABRD AP ke A — 2
KRR R AR IR N B SRR 2257, FEUN TIRSLE S R A RE A . NaAl02 NHETR £ Ak
() ZSM=5 43 ¥ HAT S KB LL R THAFI 29U 42 . [E> AL MAS NMR RAEUESKE, FRUEME Bk
E T HRBR T (RPORTIRE) 127> 7L RGP S AL, AL (OH) BRI & B ZSM-5,
HA AR T 8 S T LIESE AL L) 2 T AR o EAL TR REVRAN 45 R R, T2y
FEALIEA IR oy, DRIEIURR A2 TR IR 1, ek St TSR A i 20 55/ 77, LT AL
A AR G, RIS, BT 20 7R S ROV, BRI AR IR Sk
GRS, FEOMIERENE TR AT TUMARS 18R ZSM-5 AL T I 2t B R/ F ALY
i DA ERVRAFIE 5 AR S RIS ) R 3R (N M7= T Mg LIE A2 ) & 8D, AT SEB g 1
MEACTIRAEHEE . BEMLIR T3 EHAM PR A R, BFIRTHERRAFE.
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E14-21
H4B 4% i NiCo204 2K 5413 T B8 s LA
Iyt
K

o E A — PP B m R AR R S E AR, DO SRR AL AR s [116] o« Hh
YE NS AP R E R, RIE 2. AR ER, AL o F R 2% o P I 7=
Y, AMUE B TR IR S RO, RS T RS RE TR R IR R (117, 118]. 2R, Hil A
it R R R TR 50 T HAE, SEURMN RS I A R U R A 2,
RN 2 FL SRR R R B A [119-121] . A, BEimsl. MRS HoAs e Mk R4 i e p Ak 771
AR H B AR R EE A [122-124] .

TEARZ AR, 20 i BLEAL Y NiCo204 R HMUER () fE 1454 . RIFHI S ML A £ E
FIHEAIE A, A, PRI AL S A B AL B [125]. ARTT, NiCo204 A< By 1A Ae Ak id v A g i 1tk
B PRI, ARG CRIETHBI) &—F ARz TR [126]. BFAE
W4 B LR B R RS T A R F 4540, DA OB TR IR BRAT S, 3o e A0 70 11 F ey A% 35
ey, NI B 3 s Ak e RE [127] . Tang (128146 ANFRIE T — i id JE A7 AT 4 SEIE Fy 8 Zn 544
Co9S8 Ik OFR HLfEALF . BRI 5S04 AR, Zn BAMEdt TR S IR, Wiz d
RO B R T OB HL TIA TS, MTTINTE T OBR N7 K HL P HRERE AN A 364k . AN, Zn-
Co9S8 N il 4 J& FhAd o FL I FE A% SR AL T B 2R 42, B3I T R Nish Ji . e R A LR
CER R TR RN, ZMEALFIE 10 mA cm—2 IR E TR ALK S 256 mVRHE, Tafel #}
FRAUN 44 mV dec—1, FERIUHAR KR & M.

1M Cu fEA—FP A ST a5 I &8, HBINRERA RO MR TR, (it
F T FE AL IR, DT S 5 B T A S B [ B E PE R B (129, 130]. Li[131]5 NI 7 —F
Cu 7% NiCo &4 (Cu-NiCo/NF) , Ll &4 XM B 7450, AREETHH A b
AE, 7F 10 mA cm—2 BHYFE 1.23 VRHE, HRVERZBRCER EE 93. 8%, Cu M5 AN T NilII-00H
AT ColTT-00H (A RR, & 380 T ARG M kP . Flores[132] 58 Al #& 7 —FPflfLig M
WRNE Cu B A (CuCo204) [WHEMEALT, @ TIREHARME AC/ Co304 F AC/Cu
Co204 Zbitkl, I RGEFEILMBMENTENERE. TR, 415 42 538 AL T AL BT S B fr,
BT TR, RIS ALY . He[133] 45 N B — B IE 7 PGERE T Cu B4 Co 3
SJRAVIMELE (Co-MOF-74) , {EN OER HfHALFT. 1ZAFKBIFE 1 M KOH HERELH 235 mV FUMIKIT H
£ (10 mA em-2) KALRKIARRE M. PLEL O HriER, Cu 445 1 MOF TSR AN fE 145
PERE T IS AR TCE JE CoOOH W SR AR R, MR 532 TF T OER y&tE. 2R1M0, &FXF Cu B4+ 8h 2L
T T H i E AR A SO AR S AT A B, R 2 0 AR AL 1) R G R -

TEME,  AHF T A8 fa] B () ETRA Z A TR SR8 K AR EE, 4% T4 (Cuw) BRI NiCo204 4K
JFrBEF] (Cu-NiCo204/NF) F 3T H CFEAEEE (NF) )R, % H R Cu-NiCo204/NF HLf#
e ZGUK R BRSNS R AORIR SR T T HEAG TR A e R AR DL A B 2 3E Ry JS e iR, [ 50
RARIE I R 2 T, A RO T TR AS BT, 32T 7 RS R R e . MERE IR AE B
KB, A Cu-NiCo204/NF AL FILE 1. 22 VRHE K HEAZ FEPATSZIL 10 mA cm—2 [ HLYR 28RS,
JEAE 1,35 V RSZHLETIE 90. A% H AL 20 94. 3%/ I ERVER %, R I AR F A 1k
AEEME. Cu nRM S E L ML B T458, DA T Hr i S Ak 3k R v iy v 1) R IR B A A
AT R, IR Z T T AR N R . 48 BT, AR TAERRE T —MET Cu B34
NiCo204/NF H- it A AL AEAL TR I TESR0S, 9 H VSR A0 20T IR R OB AL 3 AL 138 1A
BHMA RGBSR, (R BX ARk 2 2 R -5 Bk B U5 v (LR P AU 1 e B B R X

E14-22
B LB REB A BIHAIE FeCoNiCrCu B & &9 H T REEEMME
=1
ALK

BT B R B e, 5 RN A Yk B 08 S5 A B RE AL PR B ATs AR 2 — AN BRI Bk
Mo 20 R SR LB ) i A 4 D HRR R I AL A O KA TR . IR EL, AT R
T RIB IR IR AK T 4 EL 52 1) HEA 49K ik (FeCoNiCrCu@N-CNFs ), B TR 328 & s S AL R % .
FeCoNiCrCu@N-CNFs fE L 7RI BB iEYE, 78 60°C F A= 2N 99%, Et FeCoNi@N-CNFs fiE4L
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FlrE 6. 6 . HIBRIEIS AR MG R0 18] 15 5 1A, AEALTRI AR BRI T HEA-4)
KSR, %R RS (DFT) THER MY, ssso ELAR A SR HEA d 7 vhoCa R T v b o 17 o 18] 14
(TSR o HEA ANZ5 2B 18] IR b B[R AH LA P O e vh e ek i Sl AL U S L 13T FO SRS

E14-23
N-TRZEHREA R S A RS 18 2 B8 5 A 2 1 iR R AE
B
st A T2 b
N—fE SR AT A A E R — PR R R R IE ES A HLEEE (LOHCs) , mIBAFEMEALImE. Mt
SRR LI ERIEF SR AW S 754 B 24l N-T5 3 (NPC) HIEMATAEY) (12H-NPC,
8H-NPC 5 4H-NPC) I ARG R A H M FEMERT . H5e, RAMERSIEE A Dt MR &4y 55
R =2 12H-NPCy 8H-NPC 5 4H-NPC, 43 BS i FE M OCEEAE TR RS S 40 (Wi B B 71+ TRl
T ELEE) DA Foh sS i 2 R S s A B . o B e S AL Al B i S il (GO 3T 8 B
ho BlJE, X B HRAl G ) =R F SALFE B I NPC #EAT 1 41 A B S o A PN A0
M. Phai B BB ORE. RMEIKIAITHR. SIS RERY, NPC AW TR I X
SRR ZUK R E . Rk, FERFFC LOHCs HIMIB R, MG H AR . A FRAML
PRAE T IR = 2 B R e N- T BRI A RO, BRI E IR R SHE T 12H-NPC, 8H-
NPC 5 4H-NPC LRIV FME R, JEAN T AR R 2 Ao X ESIEREBEE 6T T IR AR NPC S AL
YIMESN LOHCs TEMN. AP MR R, PLAVPAL HAE A S iR R EEANE, R
AT R AR e H A AL S AU 1 8 70 8 FH B A P B S 4

E14-24
N-Z B AL IS R RiBh 150 A
=R
A AL T2k

N-Z FEMME (NEC) 1ENBASAHUEEE A (LOHCs) Mysef ik, HAREA . mERE
e nEe SEI A IE B . SR, B AUHRIE 1 & AU R R EERO S & B AL, HXFER
& BT N BN T E RN AT AR« B, JF R TR &8 1 mid PR 7 S RN
RIERPBN )RR EE ., AFFCRH BHIIEST &)@ Ni/ v -A1203 L7, RAFLZRE. A
REFT HFEER K A5 X NEC AL N RE R Rom, Ak e B2k it . FE T SL IR A i e or
NEC JESE NG N W48 50 11 AR, 245 R e HERR LA A [ IS B 261 R 25 ] P B e 2 Ak
FE IR EEAR A . R ER AR OH-NEC—4H-NEC—8H-NEC— 12H-NEC H & D IR R MLTE AL BRI /N
76. 2kJ/mol. 47.3kJ/mol. 50.1kJ/mol. SZEGIGAIEZE R, BIRIFMY 5 5256 5 & 15T
BT ST () Bl F1 A N S N g A T T OR R A AT e3E S A4 AT 5 ) B VS A H AN A 2
TH.

E14-25
Z AL S BRER FREAFIRIH & 5 R 5
HEE
bR AL T 2B

R L DR L G RE BT (2600 Whke—1) FMARGREREE R3S, O AR HT—CREIR LT
FURIR AL SR, FLRDEZ B Z BRI A B 1« AR DR I AR Ak 4 25 A 1] Rt ) )
29, BTG (single—atom catalysts, SACs) YEN—FgrBfELLF], HATIT 100%H) IR 1F
R MRR 0 T 5 MR s R AL TS 1 o ASHIF T RGO E AR N S B 2L, FER AL 6
e L RN JER AT 8 5 S SRS TR 4 T S R R T 1 DA 9K B SR R B 2 2 SR AL T,
M X SFRATH (XRD) KT 2TE 48 SRR, 5 A3 d T BABT (S M RIIHI 51
BULK B HERE S AP RS (TR EUR R ILE BN, VIEbHERR 7 48 IR 1 FIR i ml fetk .
REREHGE (EDS) #E—HEsE, &R TF/ABIEmMER Y, SR MEmEwE, REERT M-
Nx JEVEAL A I LA T AT VR B R . TOER AR IEASRHE, DLA R 2T RE ) R 2T,
[ I0AIE T F R T S5 M BRI A o I8 LRI RGN oK /-5 B PR 1 1) AR A K i R I G
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B2 AL/ MR MR RACSEYERE, VPO T EANERMIAENE . AR5 AR A G R TR
FL R B T P i

E14-26
PEALINE B B A A i [E AL
g
TLVEEE T K2

FEAEALR 2 TREZ A A L e, REREZ TSR (SRANY SR AL
WD) SRR, 25 2 IR P DX AL B R PR 2 S, LA R T L AL
SRR, BAIE: Bt S AT SR St SR SRS T R T ISR /i
JEEULY (AU GkER T BRI ONM/TM/THO (TMOH) /C) A&l A) , L
SR AE RS, BFIT T A b FIALE [1-4] . Wil SRR SR 4R
GG R~ IS B A SR A (I B, HISEA B A kLI £ 4
TR, ARG RG2S R AR K T R R, BEE 4 T PtRu/Ni (OH) 2/C,
RulPd/Ni (OH) 2/C Fil Pt1Cu/Ni (O) 2/C %— R 1% L UL . 3E— 15 R A4 2 524 1%
DET - 500F B T i 700 2 L f8 P o b 4R FE LR (5-9]

27 ik
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E14-27
R6G 7% FIAE S AHVR S U B 2 B LR R
ERR, AN’
JEHCENRI =B
JE AR (CLC) PRILIR — e P A B SR ARG S AU a2 2132 )0, (B A i sh It

BRI 2 1 AR [ 250 2 BRI D BE i 52 vh 45 B SERR B o A SCE ARG, HlE TR DO
B REG 15 4% IH SRR S #E (R6G-CLCMs) , P T 45#th . Juklmlicta . 5 K5t
Bl e Ot (CPL) 25 2GS RrME RS B 4% .l RGN GRRREE . TR TE 7 )2 5 R Jk
NRIERE, AR mEE—1 KRR A AN PRE T (glum) o ¥4 R6G-CLCMs BCHIKMEMSE, Il
Jeor 1 B SRR e RIS A 1) i R DA K E A IR R AR, I ) 4%t SR R A4 R
TR AR, SEIL T LR AR ) D' i i DA B A 5 GRS 8 B ER R MR SRIE T AR
N 5 BN FHTE F1 . AR TAR NI AL . 2 DhREG 22 K m gy Dy h s e it 1 D)5k
AATHIAM R &, FERRGF I FRIERT 7 8RR MO AR B 2 e U R AT T R 0 B S

Cholesteric liquid crystals (CLC) have garnered significant interest in optical fields due to their inherent
circular dichroism and selective reflection properties. However, their intrinsic fluidity severely restricts
practical applications in solid-state optical materials and functional inks. In this work, we present the
scalable preparation of Rhodamine 6G-doped cholesteric liquid crystal microcapsules (R6G-CLCMs) via
interfacial polymerization, achieving precise tunability of multi-mode optical features including structural
color, dye absorption color, fluorescence emission, and circularly polarized luminescence (CPL).
Systematic optimization of dye concentration, microcapsule shell thickness, and film thickness resulted in
a luminescence dissymmetry factor (glum) as high as —1. Furthermore, R6G-CLCMSs were successfully
formulated into water-based inks and processed through pattern-based mold casting, scalable blade coating,
and customized dispensing patterning techniques. The flexible films exhibited pronounced viewing-angle-
dependent anisotropy, including fluorescence enhancement and optical crosstalk between structural
coloration and dye absorption, while the encrypted "code boards" demonstrated effective visual
encryption.This work provides a feasible material platform for the scalable development of multifunctional
optical coatings and advanced security inks, demonstrating broad potential applications in intelligent
optical anti-counterfeiting, flexible wearable displays, and secure optical information encryption.
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E14-P01
EE S ALK RE-0-Ru B0 NI & 5 FAL IR BR M U ML
IvE. REE. BB HAE IR
1. E AR 5B
2. BARTIE A
JRF A K LR (PEMWE) 2 SR 45 O S R AR, [ UL N 52 BR T BR M AT S8 B2
(OER) A it B SRR e eI # . B 2 i FE AL AT (Ru0.) AL, KA
EMHEZ R T RN LR AR, ek, BATRE T —FalHEnma &M+ (RE) A 5K
W&, B HIEAKTFR) RE-0-Ru S5MJ5A 50, AN OER a7~ #)7E Ru0, #MEH 7. » LA Sm
B2% RuO 4K A (Sm—Ru0.,—0,) NIRRT FAEALT], Sm 52415 S8 & M 8 S AL /s A st
FR Sm-0-Ru #.70, H Af 5RH-F R IANIE f-p-d LT IERE AL AR S R 2 8 S 220 R
BT B, A5 R PHAS Ru02 T AR A0 B S R il v v i i AT 84k (Ru0:™ ) TER. AL 22 IR
RIL, Sm—Ru02-x-0Ov fEALFIZE 10 mA cm’ N RFFE 217V L Az, JEHAE 0.5 M HS0, F &gz
17 300 /NEFRA |, TEBESETTE Sm ) RuO. FIHAB K ZHCOHIE R Ru ST, JRA7HL 2
RIS R, MEKAKFR Sm-0-Ru HICRHIE T Ru PR & o R RSk, FEInE 1 2R A
27 AL %00 257 TG AR, fE Ak LOM-OVSM [z BN 4%, M-S 2011 OFR 3% 1 Alfa e 1

E14-P02
Covalency Regulation of Ru-based Solid Solutions by Iridium for Durable PEMWE
Xuemei Du,Jinhua Ye,Lequan Liu
Tianjin University

Ruthenium dioxide (RuO2)-based catalysts are widely recognized as the most active for the acidic
oxygen evolution reaction (OER), yet overoxidation and dissolution of Ru species hinder their application
in proton exchange membrane water electrolyzers (PEMWEs). Herein, we present a stabilization strategy
in which the remarkable stability of Ru-based solid solutions is achieved by the introduction of iridium (Ir)
to regulate Ru-O covalency. The Ru8Ir1Ox catalyst exhibits a low overpotential of 177 mV at 10 mA cm-2
and demonstrates stable performance exceeding 850 h at 100 mA cm-2 with negligible degradation.
Operando spectroelectrochemical measurements and X-ray absorption fine structure (XAFS), combined
with theoretical calculations, reveal that the participation of lattice oxygen and the leaching of Ru species
are suppressed due to weakened Ru—O covalency, which results from Ru—O bond elongation and reduced
hybridization upon Ir introduction, ultimately enhancing the stability of RuO2-based catalysts. PEMWE
assembled using Ru8Ir1Ox exhibits a voltage of only 1.76 V to reach 3 A cm-2 and maintains stable
performance for 350 h at 2 A cm-2. This study provides a feasible solution for the practical application of
RuO2-based catalysts in PEMWE.

BiEHRS
E14-01
SRR TREAT RS BRI R I 2 S kN
B
TR R

OJERAHEA 751 BT R v ) P 3R SR T 1R 4 SR SRt M) A LA . DB S RETRAF 1 5 2
AT FE A o (B, <R U T AT JRy el s g R R A R 2 vl sl 26— B LR R TE
e E AR EEPR A, 1 L H R T R U T (R P R RN R LA ER S NS R . AR R
U7 AR 00 4 JeR Dot 2R AL | TC S PS5 4 J XU/ [T e o 2 RO 4, Sieaiond L Ry 1
AT RS HERE s 455 2 RS RIE . r A2 PR REI BRI L2 o BR TH 5T, R TR
REMPFEIE AV, & @ A FUE R /Hréa. (ORR/OER) (A b M FIES E M B XU -1
MEALT, JFIRTTIAE R 2 A AT A LA
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E14-02
T R T SRV R T B AR R B B
BEAN, FIH EWR, ARH, LRE
JEHCEN R 22 B

JH S A (Cholesteric Liquid Crystal, CLC) Al 43— e il i 1k e e k21, R T
FH L FENE RO AR — A, AETCAMIDGIE S T BT 2B HoaT i i . FN, X
TPk AR AR IR T VAR RS R B i IR A6 506 TR R . SR, AR GEIE AR A
BHA B S ah ks e R A SRR, 7R SE PR B OR TR ) 48 I R h A7 A OB 22
FsEVEAS L« I T ESER, 20 7 HIhRe N 5P AL K g -

BExf BRI, AWTFOEE 5N R AN TR, MIAPERINGEI KRS, R
HAT RUFHUENE  UBRAS E P R RS 52 1% A IE S AR VRO 7 A A . (RIS 3 — 0 R P IR 2
WA, BHEHMRRUETREYZEST, BEUCE TR EE. VR aTEnRtE. Jyit
—DEEMRRDC AR S ThRENE, BRI TRO6HE BT ARy, KL T St
HUOCERIUFETE, IR 2 R L] S 2 D Rem N R RO T B AR R Ry
PR FERTE T IH AR AR T BE AR OB 5 SEPR N W 7, dh R T AR RO B O FRIAL
B REARZE BT 5 RO LT S AV T B 5 8] DT BV D BE LT O'GT SR AR AR LA
RESRBE T B s 5B D

Cholesteric liquid crystals (CLC), characterized by the periodic helical arrangement of their
molecules along the helical axis, exhibit remarkable selective reflection and circular dichroism, thereby
presenting vivid and tunable structural colors without any external light source. This unique chiral self-
assembled structure also endows CLCs with circularly polarized luminescence and precise photonic
bandgap control, making them ideal candidates for advanced photonic applications. However, conventional
CLC materials inherently possess high fluidity and are highly responsive to external stimuli, which pose
significant challenges in terms of film formation, long-term stability, and large-area processing, thus
limiting their practical application and industrial scalability.

To address these limitations, this study introduces polymerizable small-molecule liquid crystal
monomers and employs UV-induced photopolymerization to fabricate robust, well-formed cholesteric
liquid crystal photonic crystal films with enhanced mechanical and environmental stability. Furthermore, a
microencapsulation strategy was implemented to encapsulate the CLCs within a polymer shell,
significantly improving the material’s dispersibility, flexibility, and compatibility with various printing
techniques. To further enrich the optical properties and functional diversity of the material, fluorescent
dyes and quantum dots were incorporated, achieving synergistic modulation of structural color and
fluorescence emission. This integrated design successfully endows the CLC photonic crystals with
multiple color-rendering mechanisms and multi-responsive features. Overall, the proposed approach
significantly enhances the functional integration and practical usability of CLC-based materials, paving the
way for their application in flexible displays, anti-counterfeiting labels, smart tags, and wearable photonic
devices, and providing new insights and strategies for the development of printable functional CLC
photonic crystal materials.
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