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Fig.1 The mechanism for photocatalytic conversion of CO,

1 MR ERF=*
1.1 &l

2-FHBERME | 7SR A RETREE . F AT SRRV
W 2,2'-BRIERE-5,5"- R IR . n-FRBLBRHAME WA . IR
. AR FE A FL UM MR (TCPP). PEICEE Z 4 U Wz ).
NADH, [ IR, BEREREUY) . S8 (NaCl), #L
Wi, RIREE % . = W (TEOA), LA Fik I [ Fif
LT ERIA R AR (P E LE).

Fk 58353 E. coli THEE (FDH) H 52565
{438, 50 mL LB 3535 (pH 7.0) Bl )7 10 gL
AR . 5 gL BERHERUI AN 10 gL' NaCl, &
121 °C FKTA 15 min.

12 £EEHIELR (ZIF-8) REEAWHE

TR T AP A 25 50 uL RARE 2 LB 55%
S/ R Bl 70, 37 °C . 200 r'min | R 5 3E 10 h,
B2 mL FhF R 2 & 50 uL RIFEE &K LB K557
b, MR 2548557 3 h, JILA 500 uL FLBEAE 20 C.
120 rmin ' £ TSR B0 BUUKE, iNA pH
7.0 PBS I, BEWE 5 5.0, 345 LW, BD>~ FDH
g

7 2 mL B0 PN 800 uL 7S 7K A filf B 4
(30 mmol-L "), 200 pL — F KL Bk wk (30 mmol-L ™),

FRE IR, B0 PERE R =K, 153 ZIF-8.

£ 2 mL B0 A8 A 800 uL 75 7K A il 2 F
(30 mmol-L™"), 200 uL — FF Z£ Bk M (30 mmol-L ™)
A1 mL Y FDH, # &%, B0 Wik ERE =X,
DI 2 A 004 1 BFF )0 25 il 75931 FDH@ZIF-8.
1.3 TCPP-C;N,/PEI/Rh@ZIF-8 %

o EIW PR E T S I = iR g 550 C {4
$5 2 h, FHEHEE 4.58 °C-min |, RVEERGEHIE R
TR EIE g-CN,. B 50 mg g-CN, ¥ T I/K 2B, A
3% [RNPIRIATR, 78 °C [B13 10 h. FHUEHUITEE, 60 C
HEAS T4 24 h, 135 TCPP/g-C;N,. HL 10 mg TCPP-
C;N, 11 0.5 g PELIA T 10 mL ZE18/K Hh, i FF 24 h,
B0, VEY. 16 2 mL 60% HEEH A 4 mmol-L
2,2 BRI IE -3,3- R R, 3 mL Z2 187K Thoim A g
(30 mmol-L ) Fl n-¥3 JEBE HITE W (30 mmol-L ),
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ZENEFE 24 h, B0 YR, 15 3] TCPP-C;N,/PEI/Rh.
7E 40 mL ZE 4K P A A 1.25 mol-L™" — F BE Bk ik
FI TCPP-C5N,/PEI/Rh, i il 4 mL 757K & filf 2 £
(0.31 mol-'L™") #l 650 pL PVP(1 mg'mL"), 30 °C,
400 r'min ' $EEE 30 min, B0, PRI, 30 C ELZS T
10 h, Bi#§ TCPP-C;N,/PEI/Rh@ZIF-8.
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0°~50°), 25K 0.02°0% 3 & AT R . SR A8 HL 21
Ak (FT-IR) J 7% 4% (Thermophile 1S55) 3k 5 & Y
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Fig.2 Schematic diagram of photocatalytic device
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ZIF-8(10 mg) & AHEIEIH T, 38 A CO, i 8 h, ¥
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FERI AR EE A 1 20.
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PR AN LI () J BRI, o FLES AR AN PR e . 25 SR 3%
B, FDH W [EEAE T ZIF-8 |-, HALB R T 5, 1L
BROE ) —, HLFR A K. HAh, TCPP-C,N,( 3(e))
ISR 2L R RGEE, PORHEAA BRI LR T AR,
5 TCPP-C;N, #H H, TCPP-C;N,/PEI/Rh([& 3(f)) %
HTESIAR B AR KR, 53R R fRas ), T LA
WML B R HA — R A E S E R AN Z
L, W] TCPP i I 7% $ 15 g-CN,2Y. il 5 1k,
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Spectral analysis diagram and element contents of (i—1) FDH@ZIF-8
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SRH X SR AT (XRD) %o il 45 HF 5 11 d AR 25
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LAY ZIF-8 XRD 75 WA UT FiL B 4. AV B 53 %
T FRifE ZIF-8 H % (011). (002). (112), (013) Fil
(222) fb T, WERA G LAY ZIF-8 2 R0 B+ T Ak &%
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U, ELAYT S i RAIG, 19690 FDH@ZIF-8 5 ZIF-8 A
KU S5H, (H2 T FDH B A S8 ZIF-8 &k
AT IS TR . 14 4(b) T LA ) TCPP-C,N, 77
TEXFRY (002) FHTAIE 27 49T B X2 @ T 5 &
IR A 1) S Uiy M 28 2 1l 1 5 58 A B 0, XoF 7 (110)
i T 13.0° (A7 B A S 0 i B AR, Ji TR 2
VF) 3 B A 55 B AT S5 04, W LU H 8 52 TCPP Ji 1%
A XF g-CyN, L5 #9773 R B2 R . F FH PEI 3% $
Rh BS & 0)5 , 5B AT TCPP-C,N, JiIT HH 30 A A7 5 i,
Uk B L 45 & 5 TR b R 25 4 R & AR AR, X
TCPP-C,N,/PEI/Rh@ZIF-8 5 ZIF-8 ([l 3E, fi ik

1 BRE A — 2, FURAT SR kAR T ARk, W LLE
HATRE B E ZIF-8 LUG I ASBEXT ZIF-8 J5A Ay i
RUP= R B R .

i A8 H AR B 2T A (FT-IR) i — 25 3= Ak
AL TR 4 A 2 285 KA E W AT RE ) I A 1. T 4(e, d)
R T A RESAE 4000~400 cm ' TR N Y FT-IR
63, ZIF-8@FDH 7E 1650 cm ' 1 1540 em ' 245
Sy EE T BhiE T SR mEE 15 nd i, 28] FDH AY
& E T ZIF-8 . & 4(d) 7T LSS =Fpkt Rl
HBA TCPP-C,N, H C=N R 114 {45 7% 3l %k 7 114
1637 cm ' BYSRAFIE, LUK 2435 119 C—N B4R
K 1200~1 700 cm ' FFFAFIERY. 75 2930 em ' Y
T A B B ZIF-8 DRI (1) 55 R G i i C—H
() e 45 J% 3 51382 19, & TCPP-C;N,/ PEI/Rh@ZIF-8
¥R 1Y R A 1. TCPP-C,N,/PEI/Rh Fil TCPP-C,N,/
PEI/Rh@ZIF-8 7E 1530 cm ' FiF 3T %54 3% A PEI &
A B—CH, BRI, JER PEL B9 RS, (B4t
R IT AR R Rh e A9 A9 RRAE 05, -t 35 A 460 5]
B AR AR B, BER Rh BE G902 LA Rh IR
KB 2BE AR

BRI > B FANE 4(e, ) TR, & 4(e) AT
PIFEF TCPP 5I#LHY 160~240 °C 2245 By /N 2%
) Rh BEA IR 400 C ZEA7 (9 53#, 540 <C



124 g T oA A (o ) $39%
—— FDH@ZIF-8 (b) — ZIF-8
® zm-so —— TCPP-C,N,
. y —— TCPP-C,N,/PEI/Rh
Simulated ZIF-8 — TCPP-C,N,/PEI/Rh@ZIF-8
A 1 LA ‘ Acnchr AN A J
’; : AAAA A A
3;' N Y D S ‘E P
= = =
£ e
= =
a A A
-
&~
>
bl Y
A Aot A _JL A l Ll. A Y VU SOUN
10 15 20 25 30 35 40 45 50 10 20 30 40 50
20/(°) 20/(°)
© ()
D P
2 —— ZIF-8@FDH, I : 3 2
= — E:ES(F@;EHf 1 ) 2 = | —— TCPP-C,N/PE/Rh@ZIF-8
— ZIF@FDH, 1 :
ZIFE,1:3 —— TCPP-C,N,/PEI/Rh
—— ZIF-8,1:2 —— TCPP-C,N,
A T AF81:1 . . . .
4000 3000 2000 1000 4000 3000 2000 1000
Wavenumber/cm™! ‘Wavenumber/cm™!
€
100 () 100 -(0\
200 °C
o N
go b 100°C 240 °C 80 b
IS g
z 60f = 60F
= s
@ @
z z
40 40
20 20 \
—— TCPP-C,N, —— TCPP-C,N,/PEI/Rh
—— TCPP-C,N,/PE/Rh —— TCPP-C,N,/PEI/Rh@ZIF-8
0 L L L 0 L L
0 200 400 600 800 0 200 400 600 800

Temperature/°C

Temperature/°C

& 4 AREGHIRY (a, b) XRD [&]; (c, d) fEHLIT ARG, (e, ) AT IMTE
Fig.4 (a, b) XRD pattern; (c, d) FT-IR; (e, f) TGA of various catalysts

T 245 PEL B9 i 2, 72K 24 500~780 °C
JEH T g-CoN, 8 58 4 FHAE RN 43 fifk 385 1) 100%
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200 CEFE N AERUR, & T ZIF-8 W& KK+
FFRTH A S BCAR I 22 B %, 7E 200~400 °C 13
BRI N oA = A FE A R, REAE— 25 A UE AR Dy ]
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F IR AE 5(b) FroR, &K BLDU4 FDH@ZIF-8 11
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Fig.5 (a) NADH regeneration rate, (b) FDH@ZIF-8 encapsulation rate

2.3 REAFEWN CO, REXFILLWE RS

W 6 FToR, 164 Bk R 6L 1k Co,
H, 2R T 969.42 umol L IR 5 R U OB AL
F R T B AL A Eb, [ b FDHARR K= T
476.00 pmol-L " IR, 15 1A il £ (4 e A AL R ZEAR K
TR L RENZ (e UE NADH 4, $ e iR & &, iy 2
REICHEALTI-fELS & RS AR CO, il & iR AT &
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Fig.6 Photocatalytic conversion of CO, and its comparison
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PEFEAT TIRTE. TR T(a) "ol LU LA AL 70 A
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7 ZIF-8 [E3E, W LAE th e =W IS, i 4
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25 LAk, AR SO K FDH ke 48 A HUE
ZRE RS, Rh B A 8 IE 2 TCPP & 1415 1)
g-CN, A A i AL 550 4 20 7 4 Ja HE 2204 %) b,
TEOA 1E B FHbA, SCHL T NADH -4, i)
¥ CO, TEVCAEH T b A R A 114

P EDGAE -8 R R TR L CO, 2
—PETRSIEOR, BAT) iz N AT dE e
Ak CO,, T CO, HAb LA B, MM SEEE CO,
A BHE RN GRS PR, RSk AT DI 2 Dihe R &
PR, SEEREE TN E AL RREE CO, fk. R, FIH
FAUEALFR TCPP-C,N,/PEI/Rh@ZIF-8 StAE k5% 1k
CO, T —Le Pk iR, H g 32 25 h7ESL 50
TR, T B — 2 WG AT & A B il % 7
AT 2. BeAN, LA ] Frak vt R 75 2% S8
FEFER, BT ZREA R 628 AR Fe = ik
FN B 50 3%. {H T Y S5% A AL 44 8F TCPP-C;N,/PEL/
Rh@ZIF-8 7r fe I ¥5 53 J5 T g 08 42 Bt — B LI,
TE G SUA & — R I SRS
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Novel Catalyst Based on MOFs for Photocatalytic Conversion of
CO, to Formic Acid

CHEN Min"?, WU Siyi'"?, ZHONG Haojie"’, HU Jiahuan’, FU Yonggian'~, SUN Xiaolong"”"

. School of Life Sciences, Taizhou University, Taizhou X ina; 2. Taizhou Key Laboratory of Biomass

1. School of Life S Taizhou U Taizhou 318000, Ch 2. Taizhou Key Lab B
Functional Materials Development and Application, Taizhou University, Taizhou 318000, China)

Abstract: In today’s world, global warming, energy shortage and other problems are closely related to carbon
dioxide. Metal-organic frameworks (MOFs) materials have structural advantages such as high porosity, large
specific surface area and abundant active sites, and have important advantages in the photocatalytic CO,
conversion process. A new type of photocatalyst (TCPP-C;N,/PEI/Rh@ZIF-8) and enzyme catalyst (FDH@ZIF-8)
were prepared by MOFs. The Rh-complex was coupled to TCPP-modified g-C;N, photocatalyst (TEOA as
electron donor) and formate dehydrogenase (FDH), respectively. The CO, was converted by the regeneration of
nicotinamide adenine dinucleotide (NADH), and 969.42 pmol-L"' formic acid was formed in the synthesis system.
In the comparison of photocatalysts with free FDH and unconnected PEI, 969.42 umol'Lf1 formic acid produced
in FDH@ZIF-8 system is slightly higher than that produced by free FDH and unconnected PEI (934.78 umol‘Lfl
and 793.48 umol'L_l), but the stability and tolerance are greatly improved. Therefore, this work provides a way to
explore the development of new catalysts for photocatalytic conversion of CO, to efficiently synthesize formic acid.
Key words: photocatalysis; carbon dioxide; catalyst; MOFs; formic acid
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