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BRI, YRS E N 10 mA-cm i, P-TP-DAAQ
COF i i 7 45 mV, Tafel £tk 29 mV-dec ', 3%
555 19 FEL AL 76 P 75 25 T TP-DAAQ COF 5 Pt 2
(] (4 R [R50 . % TA A TG #A#: COFs B A Ak 5 1Y)
WP B T — 5 1 FEA.
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Hitachi S-4800 %! 3 $ i + & 1 5% &fE 1%
(SEM&EDS), D/MAX-2500(4 #0) % X i} & oK
i JHL (PXRD), H A< #k 2 & 41 ; Autosorb- iQ
A Ak AR A, 56 R BB AN AR A W
VERTEX80/80V %1 {# 57 I £T 4] % (FT-IR) {X, o
[ 417 & 75/ ) Zennium Pro Y Ak 2 T AEuG, 18 =
FL4h 2 7); PerkinElmer 8300 %Y H, JEHH G 45 58 T4
RHEIEL (ICP-OES), 2 HE 14 /K BR; X St
B, T~ BB (XPS) M) % ¥E K FH Thermo Scientific K-
Alpha YEiE{SCRAE.
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1.2.1 TP-DAAQ COF E’JAEE

R 4 SCHR, SR o R #A 2 ) 4 TP-DAAQ
COF"™, 45 MBS 2 &L 1 775 4% 2,6-— 58 Hk JAU R

(DAAQ, 0.142 mmol, 34.0 mg) il 2,4,6- = H ik & [A]
= (TP, 0.096 mmol, 20.0 mg) fill A #] Pyrex &
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1 TP-DAAQ COF #1 Pt-TP-DAAQ COF & lin &
Fig.1 Schematic diagram of the composition of TP-DAAQ COF and Pt-TP-DAAQ COF

(10 mL) 7, FifiJ5 hn A NN-—H 3t 2, Bk i (DMACc,
0.375 mL) A1 1,3,5-=H 7 (TMB, 0.125 mL), # pi
2 min, @'iﬁli YIS 50 10, AR 70 T R /K i
W (6 mol'L ', 0.05 mL), k57 2 min. K41t Pyrex
BHETWA (-196 C) %R, IR 3 % k-l
SRR IR, RSN AR. SJafh B HAR
TEAE PN VR AARBBE 45 1 TR, ZE PR T T FAS 4% 3t
fif Pyrex B 2 =, B I 120 C HEAH, )2
N3 d. RWEEWHR IR, 7F Pyrex R HEER, B0
BEAR BT R, N, N- 5 Bz (3%10 mL)
FITN (310 mL) MR BESRLL R A, I FH d &k
MR A FRE T 19 Ry AR 2R [CHR I 24 h. FRIG LMK
BT 100 C MBS T4 12 h

1.2.2 Pt-TP-DAAQ COF &,

¥ TP-DAAQ COF(20.0 mg) Fl K,PtCl, (0.096
mmol, 39.8 mg) Jil A BB 1, A B EE (15 mL),
TEREFE T FHE 2 60 C, fRE 12 h. JOWZE S, B0
WSO 1, I FH 25 B 1 AKORT R B R TR A BT A A AR,
JEET 60 C MR EZS T 12 h
1.3 BN

AL 2E AT S REIICR F = AR AR 2 R H Ak
22 T ARSI, B ot FLb, Ag/AgCI(TR AT LA
HL A S LR, 17 085 AR 70 i 3 i FEL AR (GCE,
4 mm) T AERAR. BRFRKIEW (0.5 mol-L ) FEHLfR
W SO T RS AR A R, R AR A
FTd: Expp (V) = Exgaga +0.197 +0.059 pH. FREUH
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FEFVEESL (4 mg) 0 BCE LK IR A w0 (I
FALE 12 3, 1 mL), JF H LA Nafion #5471 (30 uL).
B ERIBS ARG 1 h B S pL B2 PRI
FFTEB GBI L, ZEEIR T AT, 158 T
Ve, LR Ze (LSV) MR 2 AE S R hy
5 mV-s R Y R R K TR A5 T
LSV hdek it e S5 FE IR R RHR. 22 im BT
T & 100 MHz~100 kHz, #1084 5 mV.
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2.1 LI5MRIEFD X ST MR GTET 4R
K LM IS AL 43 53] % TP-DAAQ COF F
Pt-TP-DAAQ COF #£ i B RE A1 (148 4k, 15 B A9 ZL

AR EREE GNIE 2(a) T . DAAQ 7E 3 418 cm ' Ak
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R, B2 PR I s U RE M, SIER 4
JE BT % TP-DAAQ COF HEZEYE i R,

i@t PXRD Hil Materials Studio #X 4B E T
TP-DAAQ COF HJFhAZEH™ i 2(b) FiR, 525
Jrfs XRD %85 SH 0 AA HEFLE XRD |43
4 (a=b=3.10 nm, ¢=0.35 nm, a=4=90°, y=120°). X
S TS XRD #E4T Pawley 4516, 45 5 %8 20
TE 3.47°, 5.89°, 6.77°H1 25.44°1) 177 5 16 43 531 6 7 T
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Fig.2 FT-IR of TP-DAAQ COF and Pt-TP-DAAQ COF (a) XRD patterns of TP-DAAQ COF (b), Topology of TP-DAAQ COF
simulated by Materials Studio (c), XRD patterns of Pt-TP-DAAQ COF (d)

(100), (110), (200) F1 (001) FhTE ", 25 b 4307, MG
TP-DAAQ COF E. A a1l 2(c) Fr 7 B #i M EZR 25
¥y, 55 4k, X Pt-TP-DAAQ COF #E4T XRD 437, 4%
IR 2 B H o IR BT U A B R AR 4k, IE B Pe-TP-
DAAQ COF EAU1[A TP-DAAQ COF AYHESLLEHE.
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g 3 s, FIHESWERREE 3 F7E-196 C
TXF TP-DAAQ COF Al Pt-TP-DAAQ COF #4171
AW/, TP-DAAQ COF 7K X (P/P, <
0.01) Fy M B s bR iy, iX % W] TP-DAAQ COF H
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Fig.3 Nitrogen absorption/desorption isotherms of TP-DAAQ COF (a) and Pt-TP-DAAQ COF (c); The pore width distributions of
TP-DAAQ COF (b) and Pt-TP-DAAQ COF (d) obtained by non-localized density functional theory
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RS FALE NS IA T BR 57, X AR
BT Pt 23 A %] TP-DAAQ COF i 7Lt o 1'%, 4
&l 3(c) M (d) T, AR AR R Bl i 72 s HLe T
Jfi#% TP-DAAQ COF By EfL/3 i e 2.7 nm £ 47. Pt-
TP-DAAQ COF H 3 —A4~ 1.3 nm A= 47 B il AL,
X EEF 2 T Pt 4 € 7E TP-DAAQ COF At fLEE |-
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23 HEHRETEDH

I8 I A R B 2 B T AR TP-DAAQ
COF F1 Pt-TP-DAAQ COF (1) W& 5. il 4 i
N, B OISR 20 BE G ) SR EFR S5 4. I, Pe-TP-
DAAQ COF 5 TP-DAAQ COF I, Fifi JLF- A
KA, HORJE ORI # . XA 4 ) Pt &
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Fig.4 SEM images of TP-DAAQ COF and Pt-TP-DAAQ COF,
and SEM-EDS images of Pt-TP-DAAQ COF
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#H T TP-DAAQ COF(490 mV) 1T & 4 Pt/C fi
{651 (50 mV), Pt-TP-DAAQ COF i B A7 Il /)N 1
445 F1 5 mV. Pt-TP-DAAQ COF £/t 5 i F fi fk 14 R
1835 Pt 5 TP-DAAQ COF 2 [a] B i i Uh [l 1 .
Wid Tafel £} I 5¢ T Pt-TP-DAAQ COF [ Hi f
1k HER 3fj 1%, Tafel #2380/, {4k 3h ) 2 8.
WE 6(b) fif 7%, Pt-TP-DAAQ COF iy Tafel % Hy
29 mV-dec ', /NT* TP-DAAQ COF FIi Y Pt/C i
fE 5. Pt-TP-DAAQ COF i1/ Volmer-Tafel 1L 4L
P H e A5 B R H,,, + H,,, — H,. 5 COFs L Hf
{EAA HE, Pt-TP-DAAQ COF [ Fi ARk 1 P 42 51 iy 5
(IZI 6(0)) [11, 18727].

K FHAC it BE AT AT 55 A A 750 r Ay R or 2 8, AR
P2 e 1], A2 /N 3% B R oy 5 A% F BELRR /).
5 TP-DAAQ COF #f I, Pt-TP-DAAQ COF J& 8 |
BUNEAR, 3 UL Pt-TP-DAAQ COF REA A ik
FLfaf £ AR/ RV A T 6 A%, 5340, S T BG3IF Pt-TP-
DAAQ COF [ fu e v, AR A R 22 vk
X} Pt-TP-DAAQ COF i 1" 3 000 ¥RG ¥, 455K 3%
B Pt-TP-DAAQ COF £+t 3 000 G K Z )=,
Hid B A7 43 mV, X 55 1 IRIGFR R HEA—FL, X
FHT Pt-TP-DAAQ COF HA B IFnytaE k.

3 &t

¥R 4RSI A% COF MALIE, BitAm T
Pt-TP-DAAQ COF, Jf-xf H i 17 i fb 2 A & P e ik
4R, il 5k PXRD, FT-IR, 20 R /58 B i 3 252
UEBH )G i T BA AR BT i A K L R TR
A TP-DAAQ COF #il Pt-TP-DAAQ COF. Pt-TP-
DAAQ COF EAT R Ay f A v, oAbt
i TR PYC AL XA 5 0 E AL T 1 R
T COFs A ML) —4EfLiE, b T AL,
R L 3R T R R R R sk R T T A
Pt(11) 5 TP-DAAQ COF Z [a] ¥ HrFEF#E S T Pt-
TP-DAAQ COF (1) Hi fi fb 7% 1. b, A0 i it
COFs 2514, fiifs COFs HA AT & il iy AL 5, X
XFTH & COFs HLMEALFIA 53 S 21 R L.
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Covalent Organic Frameworks Supported Noble-Metal Pt for
Electrocatalytic Hydrogen Evolution

ZHANG Zhi-yan , ZHANG Xiao, SHI Chen-chen
(Hebei Chemical & Pharmaceutical College, Shijiazhuang 050026, China)

Abstract: This work explored the electro-catalytic hydrogen evolution performance of covalent organic
frameworks loaded with noble metal Pt. Tp-DAAQ COF was synthesized by solvothermal method using 2,6-
diaminoanthraquinone and 2,4,6-Triformylphloroglucinol as building blocks. Subsequently, Pt-TP-DAAQ COF
was prepared by impregnation of metal precursor. X-ray powder diffraction, Fourier infrared spectroscopy, and
nitrogen adsorption/desorption showed that TP-DAAQ COF and Pt-TP-DAAQ COF were prepared successfully.
The results of electrochemical tests showed that Pt-TP-DAAQ COF with a 5.8% Pt content showed better
electrocatalytic activity than 20% Pt/C. When the current density is 10 mA-cm , the overpotential of Pt-TP-
DAAQ COF is 45 mV, and the Tafel slope is 29 mV-dec . The synergistic effect between TP-DAAQ COF and Pt
enhances the electrocatalytic activity of Pt-TP-DAAQ COF. Pt-TP-DAAQ COF has a larger specific surface area
and regular one-dimensional channels, making catalytic sites more accessible for interaction with substances in
the electrolyte, thereby enhancing its catalytic performance.

Key words: covalent organic frameworks; noble-metal Pt; electrocatalysis; hydrogen evolution reaction;

synergistic effect
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