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Effect of Pyrene-Benzothiadiazole Linkage Sites on Photocatalytic Hydrogen Evolution
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Abstract: The design and synthesis of organic polymers for photocatalytic hydrogen evolution have attracted recent attention.
However, the corresponding work on the synthesis methods and optimal synthesis sites of organic polymers are not complete.
This paper was to synthesize five organic polymer photocatalysts via a Suzuki cross-coupling polymerization reaction. The effect
of linking position content on the photocatalytic H,-evolution and photoelectrochemical performances of organic polymer
semiconductors was investigated. The results show that the increase of 1,6-linkage pattern severely affects the photocatalytic
hydrogen evolution effect. A 1,6-linked pyrene benzothiadiazole polymer (L16-PyBT) has a photocatalytic hydrogen evolution
rate of 6.81 mmol/(h-g) under visible-light irradiation, which is greater than that of L2 (i.e., 2.80 mmol/(h-g) and L27-PyBT
(i.e, 0.34 mmol/(h-g). The increased photocatalysis is since 1,6-linkage has a stronger n-m stacking, and better
absorption/wettability. The evolution of this connection mode provides an important idea for the synthesis and design of organic
polymersin the future.
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M2 E) 2 E 0, e Rk, TEmAENES
YR E BRI BN Suzuki cross-coupling M
Sonogashira-Hagihara < . . Yamamoto [ ¥ .
Schiff-base V. oxidative coupling (Glaser coupling)
JJvi. phenazine—ring-fusion /<% Al cyclotrimerization
JRT R A LR A e A LR
R A CPyMY L g R A BB
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. BIRZRIFIE MR IE )y D-A HLERY)
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EAHI S LB 3 ME VLRSI ER, B8R T
ANERERETT S B A LIRSV R S e
AR B R R 4,7-91-2,1,3- 7K 1

Ml i Suzuki 2 SRR RN G AN [F A LR S
Wy, WA B HEAT TR, R BLE R
12 r SFERAVE SR e R & .

FeMEL AR R 1,6-7 307 A =R
Hhn. eI KRR, DU MR (AA)TE AR HE
A 3% (i &4 %) PtAE B iEALFIRS, L16-PyBT
ER] LG BA G = E0E 1, i EE &
(HER)#] 1% 6.81 mmol/(h-g). EE—2F Jf: 1 — A5 HL
e B T KB A, I B AR
HER T O YA B — 5 HI R

11 #mMERK

L16-PyBT: 1,6-#F£(90 mg, 0.25 mmol), &
JKBRERAH (90 mg, 0.5 mmol), 4,7-%(4,4,5,5- VY i &
-1,3,2- AR AR SR e -2-3E)-2,1,3- 7 18 (97 mg,
0.25 mmol), Pd(PPhs); (0.007 5 mmol, 9 mg)H T
Suzuki 22 AR N RN 1,4- 2 N, RN
HEFEN 100 °C, MR M 3d, RIFHAL AR A, -
2R 48% (89 mg) . FIT 45 5564 43 ) FH I S0Pk g A1
REARIRBE G T, IR

L27-PyBT: 2,7-#1£(90 mg, 0.25 mmol),
JKBRERAH (90 mg, 0.5 mmol), 4,7-%(4,4,5,5- V4 Hi %k
-1,3,2- AR AR IR e -2-3K)-2,1,3- 7K 18 (97 mg,
0.25 mmol), Pd(PPhs), (9 mg, 0.007 5 mmol), HAh
LA L16-PyBT.

L1, L2, L3: A FE el 1,6- —REE. 2,7-
TIREEAN 4,7-X0(4,4,5,5- VY H %E-1,3,2- A AR R
-2-3%)-2,1,3-F8 IFE kI Rl . AL AR 1, H
finid F2 5 L16-PyBT AH[FIPY.,

®1 BRAENERE

Tablel Relativemolar monomer ratio

Copolymer X y z n m
L1 3 1 4 3 1
L2 1 1 2 1 1
L3 1 3 4 1 3

x: Ratio of 1,6-dibromopyrene in synthesis; y: Ratio of 2,7-dibromopyrene
in synthesis; z Ratio of 4,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-2,1,3-benzothiadiazole in synthesis; n: Proportion of the 1,6-linkage
pattern in the polymer; m: Proportion of the 2,7-linkage pattern in the
polymer.
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(a) TG curves of polymers

(d) XRD of polymers

(g) BET of L16-PyBT

(b) DTG curves of polymers

(e) FTIR of three polymers

(h) BET of L2

PAFHEUF WML TERE . BRAh, TR 3 I &
E HAE 2 MG ST .

PR XPS Wit — R T R G AE .
L16-PyBT H1[) C JLZE{E 284.78. 286.28 eV Al
163.8 eV 4t K FlL.L16-PyBT H () N JG & 7E 399.48 eV
140138 eV A&k Fl. L16-PyBT. L2 1 L27-PyBT
() C UWEFl N IR AP E . 75 164.98 eV
166.98 eV ALK I ST E . L27-PyBT 7£ 169.88 eV
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A5 L27-PyBT AHBLM 2514 (] 4). DL b 25 SR i
Wi B T RE i 4k 22 B A6 U I 25 3R
22 S mEMR

XFRE VAT SN REREAT T — RISk
6. NTIRE L16-PyBT M4, XFPiifiim
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() °C NMR spectra of polymers

(f) FTIR of dibromopyrene and polymers

(i) BET of L27-PyBT

K1 AIRseEE
Fig. 1 Material properties of organic matter
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(a) SEM image

(b) TEM images, EDS, elemental mapping

K2 ARSI T BB
Fig. 2 Electron Microscopy of Organic Polymers

K3 HHLEEYIR KM A
Fig. 3 WCA of Organic Polymers

1T AL ER IS AT LA A TEOA, L16-PyBT 1, M L16-PyBT K6 =AU R i iy . B
XFAA BARE AT WA = E0E . B 5arh, 1,6-FE AU, e A = S 2 12 B A (1
i/ 0.1 mol/L HLIRIMERIE RN /GERAEAT T8 5b). R Le- BB NG AR Tl = 4.
AT AL . 5 MANRAWEE T WE=E0E  FE, & 0EVEREY 54 ST AT
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B4 hEwn X HEem 1
Fig. 4 X-ray photoelectron spectroscopy spectra of polymers

BTSSR LE (R 2). K, E$% L16-PyBT
AT e AR E PRI, R BA s i mT ok
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A= IR T A WL & P00 B A ARACL R S A i &
WA, R B A G S A 7 1) E
P (K] 5a). 1 300 W AT Il & L16-PyBT KW
B H(AQY). L16-PyBT KM & 8% R H
X AR 1, R FLAE Hp =28 e AL TE
X BT HAEAS R R B K. L16-PyBT 7
420 nm 4B R AQY N 2.4%, KRG AQY fE

435 nm AbF% 5 2.0%, 7E 520 nm b F% % 1.4% (& 5d).
X5 L16-PyBT HIMWOBE—2, 8] L16-PyBT
EIR SR e R A IR KR, BABIT &
567 EELE 550 nm LR,
23 RFERBHFESH

I 5 AT W8 1S (DR T T R &
YIRS REAN TR, 3 B G ALE SRS A]
D DI I R R P . B AR RS
5 L27-PyBT #fLt, L16-PyBT (0] W OGW G 2 B i
¥, U L16-PyBT FLA 54 (1) m] Woem i i
KIARTEH R RAILYRE, B ER 1,6-1%8
BEAAEMEREFI R R TC Z AR T LG 2,7- 5 T 2 1R
WES, AT arEEbY EI R ks 4%
AT EH TR G R AL E . B,
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(a) HER of L16-PyBT prepared with different
sacrificial agents and different batches (b) Hydrogen evolution rate of organic polymers
(c) Stability test of L16-PyBT (d) AQY and UV-Vis spectra of L16-PyBT
5 FREMERENRK
Fig.5 Hydrogen production performance test
Fz2 USRI
Table2 Photocatalytic hydrogen evolution activity comparison
Photocatalysts Cocatalyst Sacrificial reagent HER/(mmol-h2-g™) Ref.
L16-PyBT 3%Pt 6810 Thiswork
L2 3% Pt 2804 Thiswork
L27-PyBT 3% Pt 3414 Thiswork
g-CaN4 3%Pt TEOA 417 [36]
Cds 1% Pt Ethanol 172.7 [37]
TiO, Degussa P-25 NO Ethanol 164 [38]

HER israte of H, evolution.

AR -3.93 eV FI-3.96 eV (I 6a~ & 60)4Y.,

PR RRY, X 3IMEEYEA BRI
ARSI, L16-PYyBT ) LUMO BEZAL T
L27-PyBT & L16-PyBT [ )% fi 1k ¥ fE 18 T
L27-PyBT [fJR R4, PL itk B ML A4 H
AN E B 6 R 5 5 FE FgAE (K 6d). 5 L27-PyBT
AL, L16-PyBT Eon i B PL KAHIEa s, 3t

— R A AR o IX 5 2R Ah 1T ILi8 S e
25 RAUCEL . BT 615 5 i far 2R 1) v 2000 B
T2 L16-PyBT KTsEE(LT L27-PyBT, X fiif5
L16-PyBT H A 5 & 1) o6 flE 1L 3 1% . L16-PyBT
(tavg: 0.0 P IR &S 7 i bE L27-PyBT (7a0g:0.18)
B, XERE A BT IRTEMZRAC, F8L16-PyBT
e TS 1
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(a) (ahv)¥? vs. hv plots of three organic polymers from UV-visible DRS analysis

(c) Band positions

(b) Cyclic voltammetry curves

(d) Photo luminescent spectra

Ke Jtfbzathi
Fig. 6 Photoelectrochemical properties

3

WA T —RIAENEREEY M. £
BT T L16-PyBT. L2 Al L27-PyBT fHRIEAG
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