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Fig.1 Molecular structure diagram of TCPP, TmCPP and H{OCPP
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g-C;N,, ﬁ)ﬁﬁttjﬂ 1:1.
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2.1 ZMHBREIMES FERRIUERERITE

TCPP 'H NMR(400 MHz, (CD;),SO) %% # : o
13.48 (brs, 4H), 8.87 (s, 8H) , 8.37 (d, 8H), 8.34 (d,
8H), —2.90 (s, 2H).

TmCPP 'H NMR(400 MHz, (CD;),SO) {4 : ¢
13.33 (brs, 4H), 8.86 (s, 8H), 8.73 (d, 4H), 8.52 (d,
4H), 8.43 (d, 4H), 7.99 (d, 4H), —2.93 (s, 2H).

HyOCPP 'H NMR(400 MHz, (CD;),SO) ¥(#: o
13.6 (brs, 8H), 8.88—8.95 (t, 20H), —2.95 (s, 2H).
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Fig.2 The ESP charge distribution of TCPP, TmCPP, and H;OCPP

#* 1 TCPP, TmCPP 5 H,OCPP i DFT it It H o FBRELIE
Table 1 Numerical value of molecular dipole moment calculated by DFT theory of TCPP, TmCPP and H;OCPP

Mulliken charges of ~ESP charges of per Dipole moment Quadrupole moment/(10 " C'm®) Isotropic polarizability

Samples per carboxylate group carboxylate group /(10729 Cm) XX YY zz (Bohr3)
TCPP —0.104 —0.038 1.503 —1.034 —1.189 -1.112 773.2
TmCPP —0.099 —0.041 2.114 -0.910 —0.963 —1.145 739.4
H;OCPP —0.081 —-0.027 1.420 —-1.323 -1.301 -1.292 825.9

2.2 FRENMHC AL M AE IR R R AE
2.2.1 Jffbr AR

FefE Ao i A = A R U= DL 300 W R
STVERGIR, A2k 25 1 T SEA 7). AR S 56
SRS AR N #F 10 mg (9 MNBRAE g AL 5 i A F]
A1 45 mL H,0 M6 T, J34MimA 5 mL (1)
= CFEREAE 79, 88 75 4y i A et

TE 5 °C BYTHE IR T AT, F FLEFSERE R ARIIE
FSEAAR Z B S K FE A . = FhR L bk
B A S R AN 3 B R, SRk B
FetEAb s f K F= A P RE, TCPP Al TmCPP [ 7= &
FHAR 3, 439K 1580 A1 1690 pmol-g h'. i
H,OCPP (4 7= Z % 4111 pmol-g “h ', B & &
T TCPP Hl TmCPP, 2 PR IENNIRAY 2.5 1.
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2.2.2 fer gt

FI T ER A -] UL 1 s St Dt v A £ 5 14 '
WP fiE, 18 3 Kubelka-Munk J5 f231&45 5] 17 =
PR BERP IR SRR 2R SE R (), QnlE] 4 BF
TN, RPN [R5 A6 P 2 RN bty iR L S8, TCPP,
TmCPP il HOCPP B 2547 %8 B 43 7 4 1.89. 1.91
F11.88 eV. BLRE-H R 2k (Mott-Schottky (MS))
MRS5S (5] 5) 2B = Fhnbopfo Al 1 Sk SR 5 75

L (@
25 —— TmCPP
— TCPP
2.0 — H,0CPP
3
&
3 1.5
£
2
§ 1.0 |
k]
<
0.5
0F
350 400 450 500 550 600 650 700
Wavelength/nm
0.015
(©) —— TCPP
0.010 |
=
-~
S
0.005 - E~1.89 eV
0
1 1 1 1
1.6 1.8 2.0 2.2 2.4

Photon energy/eV

2k 5K TCPP. TmCPP 1 HyOCPP (1) F-# H {37 B
S —0.32, —0.15 F1-0.61 eV. F£T MS il
255 Tauc plots FRAFLER, =Rk g4 l7 - T4l
WA 5(dy fFris.
2.3 BMEIMNKE &L E LRI R R

TR IELNIRTE = C B KT 4 A T
MR, RNReFE FAAE, ToIERr S TG AR K R
L. A R — [, AT Tl sk ) (R 2R e i A 2

0.015

(b) —— TmCPP

0.010

(ahv)?

0.005

1.6 1.8 2.0 2.2 24
Photon energy/eV

0.025

d —— H,;OCPP
0.020 -

0.015

(ahv)?

0.010 -

E=1.88 ¢V
0.005 |

0

1 1 1 1
1.6 1.8 2.0 2.2 2.4
Photon energy/eV

&l 4 (a) =ik £ 40 AT DB & (b) TmCPP | (c) TCPP 5 (d) H;OCPP HY Tauc [&]
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Synthesis of Carboxyphenyl Porphyrins and Photocatalytic
Properties of Their Composites

WANG Yu-ting , CHEN Hui, LI Yan-ting, LIN Wan-ming
(School of New Energy and Materials Engineering, Shanxi University of
Electronic Science and Technology, Linfen 041000, China)

Abstract: Porphyrins have strong structural modifiability and visible light absorption ability, and are widely used
in the design and research of novel photocatalysts and photosensitizers. However, the catalytic activity of
porphyrins with different structures varies greatly, and the catalytic stability of porphyrins monomers is poor, so
they cannot fully play the efficient photocatalytic activity. In order to explore the intrinsic reasons for the
difference in photocatalytic activity of porphyrins and enhance the stability of porphyrins in the photocatalytic
process, three kinds of carboxyl porphyrins with different molecular structures TCPP, TmCPP and HyOCPP were
synthesized. The results showed that H{OCPP exhibited the highest photocatalytic water splitting activity with the
hydrogen evolution rate of 4 111 pmol-g ' ‘h". In addition, by utilizing the electrostatic interaction between amine
and carboxyl groups, g-C;N, and TDPP were loaded onto the surface of HiOCPP, significantly boosting the
photocatalytic stability of carboxyl porphyrin. The increase in the number of strong polar carboxyl groups is
beneficial for the separation of photogenerated hole-electron pairs of porphyrin molecules, leading to improve the
photocatalytic hydrogen production performance. The introduction of amine group modified molecules enhances
the stability and catalytic activity of carboxyl porphyrin in the photocatalytic reaction system.

Key words: photocatalysis; carboxyl porphyrin; composite materials
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