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Tris(4-ethynylphenyl)amine-Based Conjugated Microporous Poly-
mers and Its Photocatalytic Water Splitting Hydrogen Evolution

Du, Junping™ Feng, Shanshan Zhang, Jie Zhang, Yonghui

Wang, Shiwen Han, Lifeng Chen, Junli*

(Henan Cyclohexanol Catalytic Separation Engineering Research Center, Zhengzhou University of Light Industry,
Zhengzhou, 450002)

Abstract Conjugated microporous polymers (CMPs) have shown attractive application prospects in the field of photo-
catalytic water splitting hydrogen evolution because of their excellent stability and adjustable properties. To develop novel
multi-functional building blocks for CMPs photocatalysts and explore effective methods to tune their properties, based on tris-
(4-ethynylphenyl) amine (TEA) unit and benzothiadiazole (BT) unit with different linking positions, four CMPs FS1, FS2,
FS3 and FS4 have been synthesized with Sonogashira-Hagihara coupling reaction. The linking positions of BT units in them
are 5,6, 4,5, 4,6 and 4,7, respectively. It suggests that the four polymers all have stable photocatalytic hydrogen evolution
performance under visible light driving. FS4 with 4,7-linked polymer has the best performance, and its hydrogen evolution
efficiency is as high as 115.74 X103 pmolemg 'sh !, nearly three times than that of FS1. It shows that TEA is an excellent
multi-functional building block of CMPs photocatalyst, and the linking position regulation of BT unit is an effective means to

tune the performance of TEA based CMPs.

Keywords tris(4-ethynylphenyl)amine; benzothiadiazole; linking position; conjugated microporous polymers; photocatalysis
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EITERCRIESE. 5 TPA HIrHItl, =@- 2Rk
(TEA) B 70 H AT FH A () REAR 45 4912930, (B854 2 FE [,
— 5 T W] ELREAE N R N s A5 CMPs, 73— 7T, 4
REEFM G NEF T — B 58 CMPs 16 AE L1
Aele31-321 oR, ok B al, % TEA 28 CMPs [FofiE
7K 53 fi 1t B AIE FE3E A WL AR T 52331,

G R ERAYMRNEETR Y — NT
LG K R, FEIEMFINTE T 1.8 eV,
R4 = K PH R J 0 0%, e A7) 1y o8 75 2 A 1 3
22 eV DUF, [Hi, A& oAb s o8 75 2 1 3
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AHFFELL TEA 1ENZ B RERI AR, BA AR ER
AL BT ool NAUE seldl 54k, @it Sonogashira-
Hagihara {56 R % T 4 #f TEA 2% CMPs: FS1.FS2,
FS3 Fl FS4, Hr, BT HITHIERALE 750N 5,64 4,5+
4,6 4,7. VEHIWTIE T RAEMRIES. AFEtERe. e
HEPERE. HALEEMERE . LR BERN AT G IR Bl A il A
PERE, R T IERALE XN TEA 25 CMPs PERERI S, [F]
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KR TR 5,64 4,5, 4,6 F1 4,7. BEVIIAA
FEIIE A, AR ATE T —BEmaK. &5,
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C(sp?). BAMH XPS Mk E xR, WITRMETILTN
F, =B T RE R, WEHRIE S AT
Al e T R R I AAAE 5.
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Figure 6 (a) UV-Vis light absorption of the polymers and (b) photoluminescence spectra of the polymers
£ 1 REVNLLRAAZ FLIER
Table 1 BET surface areas and porosity properties of the polymers
Polymer SpeT/(m?eg ") Vmicro/(cm3sg ™) Viotl/(c®eg 1) Vnicro/ Viotal
FS1 5.20 0.0002 0.001 2.00
FS2 11.86 0.002 0.015 0.13
FS3 89.95 0.022 0.071 0.31
FS4 367.57 0.110 0.247 0.44
x2 REVKDCYERDG A IERE
Table 2 Photophysical and photocatalytic properties of the polymers
Polymer Eox°"/eV ERed®™<!/eV Erumo/eV Enomo/eV Eglcd/eV EPb/eV HER®
FS1 0.76 —0.62 —3.78 —5.16 1.38 1.83 34.93
FS2 0.70 —0.59 —3.81 —5.1 1.29 1.79 45.58
FS3 0.72 —0.64 —3.76 —5.12 1.36 2.06 90.43
FS4 0.69 —0.57 —3.83 —5.09 1.26 1.74 115.74
“ The electric bandgap. ? The optical bandgap; °10° pmolemg 'sh ' (>420 nm).
1.0x10™* 8(a). HAEWBIRI A E W S O], MFEZMGT,
| ——Fs1 2 S -
B R FS1. FS2. FS3 fl FS4 [T &334 58 34.93 X103,
S s 45.58X 1073 90.43X 103 1 115.74X 103 pmolemg e
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-1.5x104} N e e e i St e
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Figure 7 Cyclic voltammetry curves of the polymers
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FHTE (EIS)
Figure 9 (a) Time-dbependent photocurrent of the polymer and
(b) electrochemical AC impedance (EIS)
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FAFRE [ 738 78 v at. Foh i 7 AR e B 1 Py sl
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2L AN B Nicolet iS50 #U 48 BLIH-AR B 2T AP gAY
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NGO i B 35 5), BT RARNLH, R B 1 7
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Mg, FHEHZE 10 C/min, HEARLXE 25~750 C;
FI B R ISM-7001F 37 & S48 7 B il 5E ;
AR X SHRATH R A 75 [ Bruker D8X fTHHX I E; 4
AN GRS Y Hitachi U-3900 25 4R a] WG RESGINE, LA
o 00 ] A [ (0 5, 0B o A A o AV R T
FHEZ: 120 nm/min, FFTEHE: 800~200 nm; K&
W E AR K 966 E(PLY I Hitachi F7000 %% Y66 A%
MWAF, BRBEK 360 nm; REWMFLIERE R ASAP
2460 TSR PHACT 77 K RIGE, Ff5FRE R 80~
120 mg, MHAXHTAE 120 CFESBA 12 h; REWIMAL
PERE MK Brunauer-Emmet-Teller (BET)® 5. RA
PR LR ST B B o0 A7 il 425k F Al e 380 B i bR FE R
(NLDFT)fE B 4307, FAbVERE . G s AN B ik 2% BT
10 CHI660D HLAL TAEEM e, #F Ml B gL
BN 1 mg/mL W5 B — 30 F QR R 75 23 1,
FE AR AN 12 L (1 SO I B3 b ik b, Bt
R, RA=EBWIER, Ag/AgCl B NS G, Pt A
XofFLA,  FEAL S RN I DABR B FR R A TR FR, FE
BN 0.1 mol/L [BugN]ClO, 1] Z 5, 455 & 100
mV/s, BEVIIHE A HUIEHOMO)E A Enomo=
— [Eox™™' — Eere )+ 4.8] eV iH5, WK 5 HHIE
(LUMO)Y 2 A A5 ELumo = — [Erea®™ — Epere) 14.8]
eV, Hr Eo e AR IR HAT, Ered®™ JIE G AT HG HE
Ar; SEERMIER L 0.1 mol ) NaySO4 N HLMFESR, TAF
R ITO FHLBEES, 40 s BRI % 1.8638 ¢
mol KC1 (0.1 mmol), 0.5280 g K4Fe(CN)g*3H,O (5 mmol)
H10.4115 g K3Fe(CN)s (5 mmol)Ht il i 250 mL 7K
A g B Ak 2 BEATL I (BIS )i 5 IR PR E AR

32 HIEWMFILEBEUNERK

TAKTEAEEM T, MO (1589 mg, 0.5 mmol). M1
(147.3 mg, 0.5 mmol). VY (= 7K F& Jj) 4 (40.8 mg,
0.03mmol). AL IE4A(20.5 mg, 0.10 mmol). N,N-—FiFE
H i (DMF) (5 mL)F1=ZJ%(5 mL), 100 ‘C FHii#kx
Ri72h. HARREZRER, I8, BT BRI A E
Ky HEE. HERYES, FRKULET . FEENIER], &R
IRPEEAR PR, HA T8, 19 220.0 mg 7% B 20 L E 144
K FS1, 77 98%. FT-IR (KBr) v: 2194, 1588, 1496,
1310, 1116, 828 cm !. Anal. caled for C30H14N3S: C 80.34,
H 3.15, N 9.37; found C 75.32, H 3.77, N 7.91. FEig{E M
D A P s 25 1T B A2 T SR B Wi 0k B 5 kR 1, 13
RAEREWICE T L7, FS2. FS3 Al FS4
YIRHYE FS1 MFEIME B E. FS2 723 94%. FT-IR
(KBr) v: 2189, 1595, 1496, 1314, 1182, 833 cm ™ '. Anal.
calcd for C3;0H14N3S: C 80.34, H 3.15, N 9.37; found C
72.96, H 3.96, N 8.55. FS3 /% 94%. FT-IR (KBr) v:
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3026, 2199, 1582, 1500, 1315, 1093, 825 cm™ !. Anal. calcd
for C30H14N3S: C 80.34, H 3.15, N 9.37; found C 71.48, H
3.92, N 7.80. FS4 =3 95%. FT-IR (KBr) v: 3034, 2202,
1598, 1499, 1315, 1169, 830 cm . Anal. calcd for CsoH 4-
NsS: C 80.34, H 3.15, N 9.37; found C 66.70, H 3.80, N
7.76.

3.3 EENHIS

80 mL 5l A S R, 20 mL K5 = ZEEE(V
V=4 DIRAHF], 20 mg [FIEMEAT B+, %
H, BAH0.5 h, mAEAENN 0.5 he R PR N
e, 300 W AR OBIE, 25 C RPN, BE/NFEL 0.4
mL SAAEIEEEE TCD FI%i#e 7890A SAH LU 1L
22 I b S .

4 Bh 41l (Supporting Information) R &YIHIfL12 5
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