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Co Xf CO, iR J B AT WLIGAEAL TG 1. 25 R, A& WL &5, BG4 CHB-Co 7€ H,O/CH;CN ¥
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The study of 3-[(2-hydroxy-5-chloro-benzylidene)-amino]-7- hydroxy-
coumarin cobalt complex for photocatalytic reduction of CO,
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Abstract While 2, 4-dihydroxy benzaldehyde was chosen as starting material, a coumarin Schiff-
base ligand 3-[(2-hydroxy-5-chloro-benzylidene)-amino]-7- hydroxy -coumarin CHB was prepared.
Subsequently, a novel cobalt Schiff base ionic metal-organic molecular complexes CHB-Co was

synthesized and then characterized by various methods. The photocatalytic activities of this cobalt
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Schiff base complexes for visible-light-driven CO, reduction were studied in detail. The experimental
results show that CHB-Co possess excellent photocatalytic efficiency for CO, reduction in
H,O/CH;CN solution (¥ : V=1 : 4) under the optimum conditions. The yield of the main product CO
was 14.68 umol with the turnover number (TON) value of 1468 and the turnover frequency (TOF)
value of 146.8 h™'. The selectivity was up to 90%. The results of UV-Vis absorption spectra of the
catalyst and the photosensitizer under different illumination time verified that the catalysts CHB-Co
was stable in the photocatalytic process, and the photodegradation of the photosensitizer was the
main reason for the stagnation of the photocatalytic system. In contrast, electrochemical result
showed that the initial potential of CHE-Co was —0.89 V (vs NHE), indicating that it is sufficient to
drive electron transfer from the metal center of the photosensitizer toward the catalyst, and effective
electron transfer occurred between the catalyst and the photosensitizer in the process of
photocatalytic conversion of CO,. The fluorescence spectra and fluorescence quenching experiments
showed that the sacrificial agent didn’t have quenching effect on the excited photosensitizer, while
the catalyst did. With the increase of catalyst concentration, the quenching effect on the excited
photosensitizer was gradually enhanced, suggesting that electron transport can be carried out between
the catalyst and the photosensitizer. Therefore, above results show the perspective highlights of this
material in reducing environmental pollution and the utilization of CO, resources.

Keywords cobalt Schiff-base complex, synthesis, photocatalytic reduction of CO,, mechanism.
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49 CHB-Co, i it % i 2o 4k 03k ("H NMR) X B R B9 G5 49 2547 1 3RAE, IF 8 Bk (MS) | ST 34T,
fE L AR 0 2T AP (FT-IR) DL KR AR ] DL IO 3 (UV-vis) RAE T B & Y B S5 i R 2 e 23
fifi F§ CHB-Co 1 A 64467, [Ru(phen);](PFq), S JEHIF, TEOA Sk FIHR5E T Hot i fk CO, if i
PERE, 45 R &P 10 h J5 72 AE B CO 5455 (TON) FFE 4545 #8 (TOF) 4351l 4 1468 h™' il 146.8 h', #E+%
PE R IE 90%, f5e i 38 1o B AL 3 F 26 43 B ik X FL & WG ik CO, R R ALEE AT T R G b 5E,
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(CoCly6H,0) WL F 1 Mg 35 i IR AL H AR A PR R, B ETR it — 25240, A LR e SEF -
Vg ] 24 48 P Ak 27 3500 A B2 =D, 3 700 00 R T R Ak 3 Ak = (2, 20k g ) £ (T ) KB Y
([Ru(bpy);]Cl,-6H,0), TEOA W4 F Pl Fh B 1 B 25 (115 ) 52 55 A R A w15 = (1, 10-FERE o) £7 (1) WL (S
SRR ) WA F A B A Tl & R A BR 2 B (H AR TCL Sz T ) ), SEE8 Fris ik il R 4 i W 38
9 AR G SEH6 AT FH /K R B 4lK (R R KT 18 MQ-em), T —&UALR% . /<3 0 1 4l <044(99.999% )
(Eh# 1L T RAT SR FRA A

21 463 R 92 18 Nicolet/Nexus-870 FT-IR 2T #8614 (KBr FE A, #E 4000—400 cm ™ 35 Bl P4
W A% g PR3 >k H1 58 B Varian 400 MHz B A% @ e 4R G35 40 % 5 > H 58 [E Perkin-Elmer 2400 JG &R
IA AT IC 43475 SR H B 7 H 7.3 &) Hitachi-700 286G MY 98 663 SR B A 18 HeA 7 4
77 UV-2700 2840 AT UL 43 06 FE A 5 28 40 - AT WG WSO % 5 >R 4% [E] Bruker 4 7 MALDI-TOF Jit
TSR TE A 4 43 -1 (8 PR FESE PCX50B Discover £ 38 8 A7 G AL v 2 Se AT 64k CO, i
JR R, YA FESE PL-MW 2000 SE48 51005 A G612, {fi ] CHI650D %Y Hi fb2f T AEuk (i R e {U3s
ABRAF) T CHE-Co MLk 50415 S5 2 HE 20 Rl A 7= 1) 7820A AR (1S AUH T 7= AR i 437
1.2 3-[(2-FRHE-5-G R W L) 23 1-7-58 567 & R B iR CHB 194 AR

Z:25 30k [12] B I 09 & B 15 A B CHB, HERRFR & 2.76 g(20 mmol) 2, 4- 3K 234 ¢
(20 mmol) Z Bt H 22 Fi1 4.92 g(60 mmol) TL/K LEREMINAF 200 mL FEEEH, FEmBEHA A 50 mL
CTREF, PEFEA R T, NI LR 8 h, B HI E =G, FIMA 30 mL VKoK, WS E A T ye A= i, g 45
JEAFENR B AR K b — 2 P E T 20 mL WeERRR: 4B (2 D BIRA N T 85 °C A& T aksklnl
Wi 3 h, AR, I 30% NaOH ¥#45 pH {2 5—6 Z 8], i KB, iS58 TG K
S5 AN E] -5 B -7 A T R ORI,

FREL 1.77 g 3-F FE-7-32 575 5. 2 (10 mmol) 5 1.56 g 5-5 /K (10 mmol) % T 20 mL Jo/K £ B
o, INER R 4 b, AR KR TUTE, B A B R IR G, KR ve s 2 ny BHA S T 1A T4 T 50 ¢ T
10 h, B TS 00K B 05 FH TG 7K £ s E 45 A 30 2 () A LR R BCAR CHB(2.43 g),
iR E 1R, 753 77%. '"H NMR (400 MHz, DMSO) 8: 12.74(s, 1H), 10.74(s, 1H), 9.26(s, 1H),
8.07(s, 1H), 7.75(d, 1H), 7.56(d, 1H), 7.43(d, 1H), 7.00(d, 1H), 6.83(d, 1H), 6.78(s, 1H).

0
CHO HO o_ O
+ N OH (1) CH;COONa, C,H,05
H (2) HCI: C,H;0H=2:1 = yZ
HO OH o H,
HO

o_ O
HO o_ O cl CHO OH
C,H,0H
7 NH, OH
a

1 JEfk CHB B94 B2k
Fig.1 Synthetic route of CHB ligand

1.3 CHB-Co Bi& ¥t &

225 3k [13] Btk 4 07 A BUBE &4, HERf AR & 31.3 mg CHB(0.10 mmol) B T 50 mL 1[5 HE
H, A 10 mL HE B, fiff CHB 58 2V ff SR 2060, BB INA &4 18.3 mg CoCl,-6H,0(0.05 mmol)
(4 2.5 mL By 21 €5 FF R, AR RIS 4 b, SR S0 IR 21 (038 M i A0 S 2R 68, G5 SRR g, Ve H0 %
W, SR ER KA RV Y CHB, BRI, 15 2 Z0AR LB AR, Sl I (8 F 8 Sk Vi 3 URAS IREL 0 [ {4
WA, e i JoK B A5 A 2 27.7 mg 2045 TR R (CHB-Co) , 7= %4 77%. JTCE T &
1B (%) CoC3,H gN,Og sCl,: C 55.12, H 2.75, N 4.02; I & {H (%) : C 56.02, H 2.66, N 3.99. ESI-MS(m/z) :
701.41.
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SR A A BRI BB ) A SRR R AL R 2 . S SE I B R AN R : 1 5, il A L
A —E W R CHB-Co FOLHUH [Ru(phen); IPFs FIZK-ZHE (V2 V=1 : 4) R HK, W8 E 1
RO T 0 B2 B 4l CO, B 3 IR, BN TR CO, Ak SRS, IR B — 2 IR B A Ak 5] L O
BHCHR VS YRR A 79 — BB T A B S 07 ol R, P — R K- G (V2 V=1 4)IRB W, i
o7 I PR TR ) SRR 20 mL CHEH AR 57 A R 34 0.5 pmol- L', YA A9 e B2 4 0.5 mmol L, 4744
FU EE R 0.3 M) 5 4R E2 XA T Pl A CO, ARSI 30 min, 15 2] CO, MR, % B I N i 55 ;
B J B A B SRR AR HE 3K PCXS50B Discover 2210 38 - 17 Y6 AL 2 W 2 48 Fh - A e Ak I b7, 12 2
S EA 5 W LED [ (1=428 nm, 90 mW-cm ) JGIE . 7EYGAE AL i A2 v, DS 3B 4l U< AR O 38
I AAH AL AT AT Ny VRS 2, FEAR L BERE 1R I B A I B 43 I AR R 1E E AE 40, 150,
250 C. Otk s /0 3 0, UM, DU DR ECE i v
1.5 AL E ik

VBB L A T AR, 4A22 b Xt Bt Ag/AgCLOIAN KC) HLM 2 FE LR, 7654 0.1 mol-L!
TBAPF¢ J LR T K-S G (V 2 V=1 4) Wi h AT B AR 22 5250 Bir A fL 6 38 DL %4k (Fe™ ) 2y
HPbR, Jf I ) s 0 FL AN b B R 45 S 2 L NHE (% FU AR D22 SR 36 ke FL A 43 il
F 0.3 pm F1 0.05 pm ALO; #il15: 3 min DAFS 241, #2345 78 £ EEAK 430 68 75 Ab B 5 min, 2 545 3¢
TR HAR BT 45 VR oA T PR MR e 3 B Fa 0 o 1k, fieJ5 F Ar 3 CO, W4 15 min i F A 0014V 72
it Ar 8¢ CO, J& Fi-fil A CHB-Co ¥E4T HL AL 3256 5T
1.6 BB AR K CO =i 85

B (TON) i 3433 (TOF ) BT A=A F

n(CO)

TON =
n(cat)

T
TOF = ON _ n(CO)
t n(cat) Xt

=, n(COVRFA L CO YT &, n(cat) FORAMEILFI AP TG &, ¢ BT (s).
1 T2 COy 385 CO JEPI L il A2, G i A A A% FR i B i i 177 3 (Do ) :
G = COsrTHix2
O mOE T
3 Ao SR 2 T AN 5 75 3 MR S T B P Y B, A5 BRI (6.022x10%) , s HT LLAR
1 CO 437550 PR FH I 52 725 4 AR AR %8 (90 mW-em ) R s WAL DI 7B (G IR 14
WAy 428 nm, AT UL SR T AR BIOE SOOI AR AR R 7.54 em®), e 23 FR15 6 10 h /5 CO 11
A

2 FZEE 5508 (Results and discussion)

x 100%

2.1 BiE% CHB-Co 45 5 FAF

kg K T A A R 2 75 A O, 4 RS T CHB K CHB-Co Y4841 A] DL 1%, 4n &l 2A R, i
& CHB 7£ 251 nm F1 424 nm 20 HA7 B & /9 W e i, ] 05 PR F BE R CHB B - W Wi, 177 44 46 55%] CHB-
Co WU 7E 251 nm [FlFE A W, - FLYE 498 nm Ak HBE T 58 04 W e g, 305 R e & 40 401 P9 H fef
FEBRAE W, B MLCT # BRIE W IS8T S 380, WESE T 4 @ 4 b0 5 CHB BL AR LD B . 4n &l 2B i,
CHB ML MG /R TE 1610 em™ A7 —Z538% 417, AR T (C=N) F M 4 4 3, SIS Bk S & )m B 1l
PG, B R E &SR (1641 cm™) . CHB-Co LT AMR OGIE Y, B4 H I C=0 Fil N-H fi Hiz fif
PR, AT 68 K& AL T Jemlids & . il i By 533 em™! A1 458 em ™! FUAFZE AT LIARIN & 2B T 2R T
(Co-N) FIE Ji ¥ (Co—O) I BL 2L
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Fig.2 UV-Vis spectrum (A) and FI-IR spectrum (B) of CHB and CHB-Co

2.2 BdAEY CHB-Co YAtk CO, i JEPERENFST

ffFH 0.5 pmol-L ™' it &4 CHB-Co Ayt 4L 7, 0.5 mmol-L' [Ru(phen);](PFy), 65, 0.3 mol-L!
= LM (TEOA) A HEHE I B 58 T 42 J& - HLIC A5 %) CHB-Co X} CO, i J5t (% S 4 Ak 1% £ . 7F 20 mL
CO, ML AIK) HyO/CH;CN IR (V 2 V=1 : 4) Wil i LED AT R 480 A PH il BR S oE AT e f Ak 5286, A5FR 2 h
PRI YR B L B A AR I3 ek SO 5 B 7 A B SR A S i, AL 3 R S AR R ol
F#EALT] CHB-Co, B CO, YoM AR IS B HEFT, CO YRR i 2 i 2 o) ) 14 1 2 i, - AE 2 10 h
Ja G A LA BN R, 285 TR, SBIR 10 h JF 3R 4 T 14.68 pmol 9 CO Al 1.56 pmol 1Y H,, 4
W) CO PGB L B A 38 3 ) & 1468 h™' 1 146.8 h™', %F CO BYIEFENEIL R T 90%, YeEAk 52 v (1
TR (Do) Lt T 0.033%.
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B3 AL CHB-Co R [a] 22 (ROLAEAL ™ 4= CO M1 H, AYHELL K TON fH
Fig.3 The amount and TON of CO and H, produced by the photocatalysis of the catalyst
M 1R, 5—2 0 RGN CO, i J5 R CO MIMEALTRI U™ A LL, S SCE 1A DG A A 77
CHB-Co H# %2 1 TON Fl TOF {8, [FH 2 B HH 5 4 () e 4
R 1 AFMETDEML CO, i CO ks
Table 1 Results of photocatalytic CO, to CO conversion with different catalysts

fEAEF) JERR LIS AR b PEEENE /% Z:7% 3k
Catalysts Photosensitizer TONco TOF o Selectivity Literatures
Co-bipy Cds 4.1 0.5 88 16
Fe-CB Cds 1220 152.5 85 17
[Co(NTB)CH;CN](ClOy), Ru(phf:n)?r 1179 115.2 97 18
Co-ZIF-67 Ru(bpy)3* 112 224 66.7 19

CHB-Co Ru(phen)3* 1468 146.8 90 A3
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2.3 el IR R R AL RS

7R S 6 3 4o T 4 SR S5O T AR CHB-Co A YGAEALRCR, Wk 2 BitR. 76384 Ak B9 15
OLF (Entry 2) 23 £ i 19 CO Al Hy, XKW CO F %2 i CHE-Co i1k COy i Ji 5 7™ Az A 24X
H [Ru(phen)s " AL A= . 1E A EHGH (Entry 3) | 45457 TEOA (Entry 4) 8 AT W't (Entry 5) 4% 52
Sorfr, BT CO AL, RIS TR CO, HEAL ol CO AT . AT JA A1, E 4 U
FJE CO, 5 (Entry 6) 1/ 0L T 15 8 Jo i WAL 5 CO M AL, FBIZE (Entry 1) "FIE ALK CO K H CO, 1H
W AN & CHB-Co B3O B8] A7 4 3 T 50 1Y) 43+ . 53 A CoCly-6H,0 108 CHB-Co #4716 AL
B2, KB CO Hl Hy i7" i B3 FEAK (Entry 7), RIIEC S W RYIE MBS T CoC ID) ERAHEAL IS 1.

3 2 CHB-Co 7EAFIFEHIAZH T HOLHEM CO, i 4k
Table 2 Photoinduced CO, reduction results by CHB-Co under different conditions

%H  CHB-CoZsfinE / (umol-L™")  COf*&/umol H,/™ fi/pmol AR HREE CO EEM/ %
Entry Added Yield of CO Yield of H, TONCco TOFco Selectivity of CO

1 0.5 14.68 1.52 1468 146.8 90

2 0 trace trace 0 0 0

3 0.5 0 0 0 0 0

4 0.5 0 0 0 0 0

5 0.5 0 0 0 0 0

6 0.5 0 0.014 0 0 0

7 0 2.96 0.14 296 29.6 95

2.4 SEHEGR R ) ) e B

SRR R AL 2R G i B A A, AN ] B SRR 7 A2 06 IR HA A TR A9 38 R F 3, LA R
Bk IE AT BE S LV IR S AL IR SR CO,, 3 1 = AR R N, A T AR AL G AE AL B 36 PR e 5%, Fir LA
306 T 3 oA [ 9 2 (0.5 mmol-L™) 56 HLH [Ru(bpy);]Cly. [Ru(bpy)s]Cl, F1 CdS e X} L [R) e 38 45 44
K CO, YEEALIRJF A CO IR, Zead Xt b & B [Ru(bpy)s]Cl, F1 CdS #H H, [Ru(phen)s](PFe), 1E 6
BGRIE P24 CO Ry = B AT PR o 3 ([ 4A) .t FORBGNW K S b 2 & &R L T8, IRt
BHCT (%) R B 2 X D A b 5 SR 7 AR R i, AUE 5 A AL R VR R 1 A 0.5 pmol L B AE B R, K S B
[Ru(phen); > f 9k BE M 0.2 mmol- L™ & ik 25 2 0.6 mmol-L™, 45 5 & BOGAEAL 77 A i) CO B s i,
0 AT B T MR MR R R, LI Y B 2R T B 2 2 0 T B, 2 R B AR S TR AL SRR
[Ru(phen);](PF), ¥ & E+£EH 0.5 mmol- L™ (|4 4B).

8- A

I CO
=)id

Product/umol
Product/pumol

Ru(phen)}”  Ru(bpy)?* Cds 0.2 0.3 0.4 0.5 0.6
Concentration/(mmol-L 1)

4 AFEDEHON (A) KA TFEDEEGH R E (B) XGS5SR A0
Fig.4 The influence of different photosensitizers (A) and different amount of photosensitizers (B)
A 7R ) P e i SO GR35 B 7 A 9 23 7R, TS [R) B S TR0 o T 38 i RE 0 A
[7 Xof J37 36 A [] B s J ri F . 24 DGR 4T 5 R, 26 49 -5 D' 7R A DE P Py A A 0 0 e A1 700 355 2 8 32 i AR
K, AR 3CLA [Ru(phen);](PFq), 15 4 JE G, 4% 3 B3 DL BAHE ) TEOA | TEA DI 53 N B JT JR BIF 5T,
A RIS 2 2 e £ TEOA 1 A HHE R, CHB-Co HIGHEMME RE fe i (&I ).
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i

ke

3

2.5 AR BE A R PR SRR e PRI ST

S3R 3 Fk BE 19 CHB-Co #EATGHEALSL I, 45 SR I, R4 6 MIGRI FHG A 39) 10 R 38 Ay e A (L
(A5 R, 8 0.5 umol-L™ CHB-Co fE LG & 10 h 57742 T 14.68 umol CO, CO ¥ TON {§ N
1468, TOF {H 4 146.8 h'!, 7 F /= A 0.033%, HEFE R 90%. 2445 CHB-Co AR 12 % %] 1.0 pmol L™
i, #4724 19.34 pmol CO, CO (1) TON {4 967, TOF {fi} 96.7 h™', £ T /=3 K 0.044%, EFEIE T &
h 88%. 45 5L FR B CHB-Co FEAHXTH = (VR B HAT R s AL M e, (ER e B NI, 55— i, #%
CHB-Co ¥ J& [ & 0.1 umol-L™" £ 7= 4 ¥ K i) TON 1 TOF 1 (43 % &y 1685 h™' 1 168.5h), {H &
CO =i ik, I AR B BEHE 0.5 umol- L™ ¥ B AYHEAL 77 HEA TG A AL 5256

AT CHB-Co HIF4 5E M B 32 P2 Gk COy b R i — AR BN K. K-ZIE(V : V=1 : )&
W, BEUOEIRT 10 h 5, CO YA B B I b FRAIR, 22 S8 10 2 17 T g 5 A 70 sl BRI 199 Y6 B A A O
i o 5 AP T WG A 5T T, 6 10 h S, {4k 57 CHE-Co MY MROEEE JL-F- %48 A8 Ak (R m ) , i b fik
7 [Ru(phen); ] A9 W 5% B B 58T B (RIS ), SN AE LA fb B v, AR DR R 1), AL IR R R TE 5
FEHR IR A AT O, AN o 3 Sk ) A AL S 56 2R B, WS DB & 24 i 119 [Ru(phen)s](PF), 1T LA B i
I COy JGHEAL I Tt i, 9K T 3 357 I A A7) CHE-Co /S 44 H) TEOA A1 REfdf & £ 40T 452 1E 1)
N PR 2 EA T, 6B CHB-Co J& % G Ak 2 G e e 1 X A A AL ).
2.6 MLA Y CHB-Co HEHELL CO, it ML ST

h TR S SN WL, 3l IR L (CV) 76 & R B 0.1 mol-L ™' TBAPF (7K -2 %
(V2 V=1 4TS T CHB-Co FyHLAL =M iT, W&l 5 fros, 76 < T, CHB-Co 7E E=—1.10 V
(vs NHE) i 7R i Co( 11 )/Co( T AR iRt A2, eah, 76 CO, SU4R T HLIRZERL A7~ —1.27 V(vs NHE)
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Fig.6 CO production at different catalyst concentrations (A) and linear relationship between CO production and catalyst
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