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Abstract

In this work, a novel vinyl polymer (TBPY-PM) was precisely constructed by a Knoevenagel reaction
using 2,4,6-trimethylpyridine as an electron donor and 2,2’-bipyridine-5,5’-dialdede as an electron
acceptor. The controllable synthesis of a high-crystallinity organic polymer (PM) with a specific sur-
face area of up to 2029 m?2-g™* was successfully achieved. Thermal stability tests showed that it re-
tained 69% of its mass at 900°C. Photocatalytic studies showed that TBPY-PM could efficiently syn-
thesize H,0, through a single-electron oxygen reduction pathway driven by visible light (A > 420),
with ayield of up to 2023 pmol-g*-h"* and an apparent quantum efficiency (at 425 nm) 18.0%. Mech-
anism analysis showed that its excellent performance was due to the wide-spectrum response
(band gap 2.34 eV) conferred by rigid vinyl connection, the inherent donor-acceptor structure, high
carrier mobility, and low charge transfer resistance. The results showed that the material still main-
tained its initial activity after 16 hours of continuous cycle experiments. This study provides a new
strategy for designing efficient and stable PM photocatalysts, which has important application po-
tential in the fields of green chemical industry clean energy.
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H 1818 4 Thénard &5 A[11H A AU S IR N, 1 IR S I A S (H200) I LA B BASK,
Ho O {8 [ HMURR ) 73 740 B 5 S8 A0 SRR, RRERIR 51 36 R 3RRH RN 78 o A R S A7)
AR, H00 M5 H il A L 11(47.1%) « 5632 B pH 3&E & 1 (pH 0~14) K Sl P2 0 235 G (I A B H.O
O ZE R, FEAE G Tl S5 R U 5 e I AN o] BRI BN . 78 TR FHZERE, EA NGRS
AIEA PR SE. SRR SR FR 00 TF A S, BRI EE VA B AU R OB —— 8 i 25l e
S HE B F A LTS G R A AR ER 2] IR L — P b R T S A T FEREIR U, Ho0.-HoO 1A R
(P 4 FELAR FEASE 2 35 A0 1 AU R it , HL O, 1A R KB PR (330 wit%) T BEFEAR AR v S A BHI g 12 %2
RRE2].

20T T AP HoOoffh LERRENIE N E G T, (HZEARAARZEN: B4 1t H0.HHFE
25 t AN TAEW, 724 0.8 t~1.2t AHUL/K, HAeMREREFER[3]. REBEEERIETE PA-PYTIOE R L8
AT AT szEi>50 mmol-g ' -h™! (=3, (HIELF AL EFESZ IR TP 5 TAZ O . (1) Ho/OIR A SUBRSE
WIRVER TE; (i) & BNEEFTRE S wt% bl b, SEURAFIRA & SR A T 60% [4]. HEZT,
JEHEAL B A I H AR IR U S B A . LK B -3, AR BEDG IS 7 43% I AT IOt Re & Bk 5
KBL(2H20 + 02 — Ho0: + Ha), FRIBHKKFHRE - (b FREHALCRTTIA 15.3% [5]. TEMRZ LML+,
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AHEL T G0 e, By WUBagE S 1 B % b o el s R py s i th[ 7], I BA R T Sooe 4 P
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HHEAER[8], X LR (EAFBRBR AU L PMs 1E AR5 5610 N BA S B AL S A g 191 Behb, AT
FEAR ) 0 HEHEEE KA A TSR B TR I FE10] R, BB WEERE N PMs B0 PERE, 78 H20.
(A= T DU I SRR G A PERE . SFCEDRHEI AR LL, AHUR GG AL Bk A
FEICERAS, SEEEMRM, BRI, & TERR, Ruttn i Siis. it Es
J& R AT R T AL 22 7] LLE I 27 KCF ISR T TR AA Y, I EA TR A P RE

R FIET 77 LREHNE, EH 2,4,6- = REbne (k) 5 2,2-Benkne-5,5 - — (R T 32 )1
RS TT, it Knoevenagel 46 5 N DR 138 B Bchie AUBEE#2 ¥ PM (TBPY-PM). 6 /5 X TBPY-
PM T T RGMERAE, RIULEAG MR 1045 MR = 0 Lh R MR . B JE X AT 7 et =it LA
PEREHIMR, FEAAD R FEC IR, HoObfA HoOn 1 #8IA F] | 2023 pmol-g!- h7le

2. SKEMH St
2.1. SEEME ST

UV-3600 Plus VAT WL 73 e 6 FE T (B Ak 2B ED A PR A 7). Nicolet Nexus 110 W R ff 5L
AR 3 2 A TS AN (3R [ B 5 1N ES A F]  KBr & F)~ Empyrean B X-SF 2R T 8 (F77F 2= 1A 45 F} A 5] )« BSD-
PM4 24 4x 1 By LR T S FLBSUEE 73 BT A (AL 5 DU A8 M A28 B FE B ). TG 209 F1 Libra®Z #4434 4% (1
B (E IR PR A F])+ CHI660E B Hifh 22 TR vk (iR AT PR A 7)) Labsolar-IITAG AR /K il & 5
GrALTAEER AR A R A F])

2,4,6- = HIEEMERE . 2,2"-BKIENE-5,5 - IS KR, KHIRE. FiE. OB, SN, HE. Nafion
M IR R TR AR AR A& H b =& e AL IR IE R AL A TR A F).
PA RIS o b ali, e b .

2.2. TBPY-PM BIE X

TBPY-PM A Bt f2 a0 1 s, BAOPER: fE— NP EiEANFEMY, FifEFRE 80.82uL (0.6
mmol)2,4,6- = F 3L ML IE (TMP). 190.98 mg (0.9 mmol)2,2"-BEMEnE-5,5"- — FS(BPYD). 122.12 mg (0.9 mmol)
ZEHE A 226.23 mg (0.9 mmol) 2 IR B T-76 5mL 2, ZRVEEES TS, BT 200C %
Frm# sd. AHBEFRG, HASIMREEAERERES AR, HFE. FiE. &R, =&
LR OBES 10 mL REMBEZ K, B 1M ZEAENF FBEAS BRI 72 he T F F BRI N R VR A WS R
AR 3 R, BJafE 60°CHZ TR E132] 239.96 mg MK, 775N 91%.
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Figure 1. Synthesis route of compound TBPY-PM
[ 1. TBPY-PM HI& Al BE 4%
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2.3. TBPY-PM HYSAE(L 14 EMIR

FEUEFREL 10 mg TBPY-PM B T B A S LEE . F RS R B RUK B, HEOpsE, R
JE N FE AR AE 100 W D3 T8 75 A0 FE 20 mine KRR ZXUZ A9V, EHGHAREEmE
SN AR AT G N, N BRE I HE I SR B EE, [T IE IR /K FR @ s a5 <, I O 75 2247 4L 30 min,
WA REMA . MG LRETEAR, JFRGITEIE 300 W, > 420 nm)IE ST, SO — B a] J5 AU N 2%
il 2 ml BESL, IREHE T RO L 10000 rap BOFE AL 2 min, B2 IE WO K

AL R 7 V2R iR Kormann 58 A FR ) 5 EEAT11]. ¥ EREHE 1.0 mL 4528 — HIRE
BVATL0.1 M), 0.25 mL BULEE(0.4 M), 0.25 mL ZUEAL AT (0.06 M)FIT 0.25 mL 4HIR £ (00002
ME IR E, IREWFEMN DG, %A - v WIS OGHATRM, 7E 352 nm AW EE 3 B (1)
W fScieg, R LS ik A A SR IR B it 26 AT AR T DATR B HL 00 IR

3. TWER5THE
3.1. TBPY-PM By EFHFRAE

W 2(a)fi7x, TBPY-PM {8 LI A8 B 2T ANFT-IR) GG AE 1640 e Al 960 cm™ 4b St B4R AL, %t
LT BB IR Bl o [ AL LR 3 — DAIE S T AR S5 M RFIE: 126 ppm AR FLHR ISR B R AL
B sp? ZUBE T, 157.9 ppm ALFIME 5 AT HREVONIERERR - 5 RUR AR AR T [12] (K] 2(b)), iXebsh
FRUESE T =45 & PM R A [ 13]. TBPY-PM [ bt [ #H (Brunauer-Emmett-Teller, BET)Z8 il i 12 £
TR 2029 m2g ! (] 2(c)), i U R TR 1 3= 5 WS 7 a5, Y58 1 RSL5 -5 1 A0 770 2R T AR AH B
YEH, HEMREeMbReR; Kidits, TBPY-PM KIFLAEN 1.74 nm & B (LA BI T R N0 5 F 3%
PEAL 8L, R GEE HaOn FBLRH, By IEEALRIR TG ZE, S3AMBOR LA T e TR BCE A 7 i iE, {2
BES AT - SO S AERS, A AL, TEEARAUR PTG AT (TGA)R B, TBPY-
PM 7E 450°C DL FRILH /NI E RS, FFE 900 CHREE T I 69% M & (Kl 2(d)), XA T4
R P 2 TR TR AR R B B R 5 42 B T T B R ] SR A HE 22, et L BB S it 52 5 20 R A S 7 2% A2
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Figure 2. (a) Infrared spectra of TBPY-PM and its monomers; (b) solide state '3C NMR of TBPY-PM; (c) nitrogen sorption
isotherms of TBPY-PM; (d) thermogravimetric analysis curves

[ 2. (a) TBPY-PM RHEBAMERMLISNEEE; (b) TBPY-PM MIEIZS °C NMR HIEE; (c)TBPY-PM RIS SIRFH
(BB BRZL; (d)AE D HTRRZE
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P T BB (SEM) FE B L F BB (TEM) 78T (8 3)E7~, TBPY-PM EHFHM. £, EIR#E
Fr&Ei .

Figure 3. TEM images (a)~(b) and SEM images (c)~(d) of TBPY-PM
3. (a)~(b) TBPY-PM HJ TEM B8 Fr; (c)~(d) TBPY-PM HJ SEM BB &
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Figure 4. (a) UV-Vis diffuse reflectance spectra (DRS) spectra of TBPY-PM; (b) The band gap of TBPY-PM; (c) M-S curves

of TBPY-PM; (d) band structure diagram of TBPY-PM

4.(a) TBPY-PM RYESMRULSEIE(DRS); (b)TBPY-PM M3 ; (c)TBPY-PM RUE4S B4 E N ; (I)TBPY-PM

HIRET 451 E
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e hh - A I8 A (UV-Vis)ZR (/4 4(a)), TBPY-PM 7E 200 nm~500 nm I 78 [ P 52 50 55 i oty
W, 2 B S AT W SR AE f1. 38 Tauc B H G BN 2.34 eV (4 4(b)), X%l
5 WOCIRSN A R 2 7 SR S BE UL . A TS TH 3 (CBYRIALE, 4%l 4(c)fniliAT T Mott-Schottky
(M-S)Zr 41, 3@ RN 0.197 V ¥ SALER Al rEL AL 3L 40 ARt S A (SHE) » M-S /i 45 (1) IE R} 0E 5S¢ TBPY-
PM j&—Fl n B 54K114], H CB B N-1.88 V. ETIMEMAE, TBPY-PM K (VB B 5
061V, tiE 4(d), TBPY-PM 7E#R [ IEIIZD [ 1e ik Ji ) M (ORR)(-0.33 V vs. NHE) 4 H,0,
157,

WK 5(a)f, WA T TBPY-PM 7E 0.8 V I (BEAS L IR EE, BRI BE Mt R
RGBT 73 B . JFEAE 0.2 ] 1.2 'V vs. RHE WHLALE R AT T 2R kLS V)M E(E 5(b)),
ESEHEA RS HIER T E8E. N T PR R EA NS AIEE, Wl 5o T T A
PrRE(EIS)MK, TBPY-PM AHU/NWEGK, FKH AR B, M 5(d), RAEREakR Mt 7
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Figure 5. (a) Transient photocurrents of TBPY-PM; (b) Linear Sweep Voltammetry (LSV) curve of TBPY-PM; (c) EIS spectra;
(d) Fluorescence spectra plot of TBPY-PM. Inset: fluorescence lifetime of TBPY-PM

5.(a) TBPY-PM BIBRASSEERERLE; (b)TBPY-PM B9 LSV Bh%ZE; (c) EIS EliE; (d) TBPY-PM RUTSHNILERE., BN
: TBPY-PM HUHKFHF

3.2. TBPY-PM RUStHEL M BERFST

TR LGB A (O > 420 nm) 25 4F T, @i R GG R AR R(E 6(a), LT TBPY-PM HIHAL
ME, RIK - RAEQ:D)IREEBR R BT H20277%(2023 + 45 umol-g '-h™"). 4fi7kK+ H,0, K177
A I BAR T AERPEFI RN, HAEAF] 985 umol-g '*h™', 1IESE 1 M4 FIAE v B A ) 5 EAE
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Figure 6. (a) H202 production rate under different conditions of TBPY-PM; (b) real-time production rate of TBPY-PM; (c)
AQY of TBPY-PM; (d) Time profiles of H202 production for TBPY-PM in 16 h

6. (2)TBPY-PM ZERNEI &4 T H2023RZ; (b)TBPY-PM HYSERTAELIRR; (c)TBPY-PM A AQY [&; (d)TBPY-
PM 7£ 16h A H.0: 1L IRZEE
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