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Fig.1 Common structures of [2Fe2S] compounds in the literature and the structures of compounds A and B synthesized in the present
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BEAT 20 A4 F Nicolet TR-470 % 21 485t 3% 1%
( KBr JE i, 400~4 000 cm ' 3t Bl P #5E33% ) M3 21 4h
i, F 3SR UV-1800PC £ 4 a] WL 73
O T 5 A 563, S K F FISONS 2wl (1)
Carlo-Erbal106 %I G & /3 AT G AT IC R 43 Hr; FHAE
Bruker DRX #% i 3 2 1% (400 MHz) I3 % 7 ;
FH g BB pHS-25 iR FE TN pH; H B R e
b2 T AEST CHI630B I % ¥R 425 B H A H 57
HITACHI F-4500 %% 6 M35 A0 5 26 SV K i
b 7™ O R A 5T JE 3 2\l R PLS-SXE300/
300UV AT 00" & R FH Agilent 4890D
SARETEL.
1.2 B EY B MRS

& Y1 B &L R B0 PE R A Bruker SMART
APEX CCD firfH¥ (i 5 fa S epa2) . BEIL G
& A PR SRR AL 7E 20 °C R ] Mo-Ka HT 4k (4 =
0.071 073 nm) 1 o 5 77 W HE L AE, H SAINT
TR P BRI 5, X5 Lp 1 3EAT T 38 AL IE.
Iy PR R B, FH SHELXTL 44 f /s
TIRPAHEE, A AR SRR A 10 RS AL
Kif. i 8 SHELXL-97 #5752, 1k
G A SR B © 45 5 ST i R 22 B s b
(Cambridge Crystallographic Data Center, CCDC) i
FriEME, FRA5) CCDC 5l 978354, fb AU Fik
S AREERT SR 1 PR,
1.3 L& A F1 B BIA R

EY) A BIE R B Fey(CO)y, (0.9 g, 1.8 mmol)
A 2-Fi AT BEWE (MBD, L,) (0.57 g, 3.8 mmol) &
F =B, A 25 mL T4 THE, B SEP T
PHRA W RIRHEFE 3 h NS HI B =, o U8R
TN ) A T, AR UB TR, TReZ5 BRI A5 R £
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Table 1 Crystallographic experimental data for B

Parameter Complex A

Empirical formula CyH,404S,Fe,

Formula weight 526.15
Temperature /°C 20(2) C
Wavelength /nm 0.071 073 nm
Crystal system Triclinic
Z 2
Space group P-1(2)
a/nm 0.774 14(4)
b /nm 0.945 57(5)
¢ /nm 1.589 85(9)
a/(°) 105.195(5)
pA°) 97.205(4)
/() 95.667(4)

Volume /(nm’) 1.103 64(10)

/(usmm ") 5.896

Density /(gecm °) 1.583

Goodness-of-fit 1.117
R,, WR, 0.045 5, 0.049 6

R,, wR,(all data) 0.067 8, 0.054 1

VERTGEIEA), AR LT i, BRI AT TR R 4L
EK 0.76 g, PR A 67%. TEEIIHT CooH,(N,O¢Fe,S,:
C, 41.55%; H, 1.74%; N, 9.69%; Found: C, 41.85%;
H, 1.89; N, 9.83%; 'HNMR (CDCL,): 67.12-7.59 (8H),
5.84 (2H) ; IR: CO: 2 073,2 037, 1 994 cm .

ALEY B RIA L K 1.8 g Fe;(CO),, (3.6 mmol)
F10.94 (3.8 mmol) — 3 BBk (L,) INA = 113K
o, DL 20 mL T O S KA R, IR G Y
ERAY T R 4 h, 5 54069
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A [, FJa15 8] 1.5 g 2L AR, Hr=%Hh 79.3%. 7T
ZE M1 CyoH,O¢Fe,S,: C, 45.65% ; H, 2.69%; Found:
C, 47.21%; H, 2.86%; 'HNMR (CDCL,): 7.436 (10H,
Ph), 3.668 (2H, —CH,—), 3.259 (2H, —CH,—), IR:
CO:2073,2 036, 1993 cm . AU ANl 48 A
B S8R 1 R,
1.4 XELFES

etk S FE—A 60 mL Y A7 9 [ 1 s o ok
5. R ) [ 7 RN R 20 mL, LAFEA ) A 5% B
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W (TEA) g 50 AR 725 A e Ak 24 SR i,
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Fig.2 The molecular structure of compound B with 30% probability level ellipsoids, hydrogen atoms are omitted for clarity
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Table 2 Selected Bond Lengths and Angles for compound B

Bond lengths d/nm Bond lengths d/nm
Fel—SI1 0.225 88(9) Fe2—Sl1 0.225 83(9)
Fel—S2 0.226 39(10) Fe2—S2 0.226 91(10)
Fel—Fe2 0.252 45(6) 01—Cl1 0.113 1(4)
Fe2—C6 0.179 7(4) S1—C7 0.183 8(3)
C7—C8 0.150 7(4) S2—C14 0.184 3(3)

Bond Angles/(°) Bond Angles/(°)
S1—Fel—S2 8.092(3) Fe2—S1—Fel 6.796(3)
S1—Fel—Fe2 5.601(2) Fel—S2—Fe2 6.769(3)
S2—Fel—Fe2 5.625(3) C15—C14—S2 11.09(2)
S1—Fe2—S2 8.082(3) C8—C7—Sl1 10.98(2)
S1—Fe2—Fel 5.603(2) 0O1—C1—Fel 17.79(4)
S2—Fe2—Fel 5.606(2)
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1: 27846 %) 2+ 11 3% B A%, 24 CH,CN : H,0
VVBSER B 1, BB R R AEE, N
123.8 umol (31.0 TON vs. A). 24 CH,CN : H,0
(v:v) BB 2 5 1 FN 1 2 B, 78 bk [FARE G 77
AEMTF, A& Bk 76.9 Fl 50.4 pmol, T #
TR0 B 7E 3 Ffr L 5] Ay 95 7] 00 2 B0 IR 1) =
TEPE, SO e SR A AL 25 R B, 269 A A ik 7).
LIRSS IR, N EL T 3 e Al e A A
FIE A FEE SR, PP G T R KR R
PEBA A . A H R BOR Y 5CR BN AL R N
A EE A,
2.2.2 TEA WREEHIIN

AR R 1187 S0 M 2 G TR B A s ). 5 T
AN TRV BE Y TEA FE 4 1 7= S O, =& 5%
7 A F EBS™ YU HE 43 510 2.0x10 1 4.0 x10™°
mol'L™ , %I~ CH,CN/H,O (1 : 1, v : v), St
[6]2% 4 h. U0 & 3(b) Bz, TEA AUMREEH 2.5% 340
F] 12.5%, R F 1 7= S0 T S BT KR 1IN
B B KAE H BLAE TEA (VR BE N 10% B, 28 4 h 6
M, B K& 3K 123.8 pmol (31.0 TON vs. A) . iX
AIRER t1 TOLHGN EBS™ Bl m] Wi & I ni 2 38
kA0 UEBS” (&t R FIEBIE R EBST) DG
239, Motk 23 7GR TEA %464 TEA™ [ T
FIH 3, 2D 0 3 S5 B S = B R A EBST
eV B2 72 N TEA s BHESF A H 25 R85 ok 1Y
52 AT X — B4 S SCEkIRaE o — 2
2.2.3 W) pH AYSZNR

FERT) pH ACERD A IA R 7 S s A
Fs . RATIRSE TR RTEAR pH K5
FRASUR, A R 3(c) s, T AL F AL
EBS® K TEA ¥ i 43 5}y 2.0x10°, 4.0x10 "
mol-L™" F1 10% (v : v) , CH,CN/H,0 FI Ll g 1 ¢ 1
(v v). B 3(c) FTHN, 78 Fr % 25/ pH JE LA, 4
pH=12 i, IR R A= S00G M, JEIR 4 h A3 A
SRR, S 156.1 pmol. 4 pH i B X — /K T,
P A R R R EE AU, X T RE R 25 °C
if, TEA 1Y pK, 4 3.99, 24 pH 7£ 11.01 57E 3.99 Ff}
U, KR4 TEA LIy T e 7", (H7E pH
E AR BT, 4 pH=9 I}, 1K A SRS PR EE 4
=1, TEA B45 5 i1k, T2k 253585345 HL ¥ e
AH I HL, 7E pH (B8 = IR, 40 pH=13 B}, /K £
PR AR, AN T35 4 v ) 1A HFe"Fe' 1
TR, AV I B pH AKSFEAE— A Bl RO e, AT

FTF 7= EE Tk A .
2.2.4 fEALFIEEF A5 IR

R T 2 BAEA TR ZE A X 7 S T R I, 533
L 2.0x10 " mol-L ™' f4 A 8% B AL, 76 LL T AH
G 9 72 S A6 T HEAT P2 A S8 EBS” A 4,010
mol-L”', CH,CN/H,0 5 1 : 1 (v: v), TEA H 10%
(v : v), pH {EIE R 12, Y618 4 h. 41l& 3(d) Fis,
LILE) A AR 7R Z 7 &R 156.1 pmol
(37.9 TON vs. A); LMEAY B LA AR A
DEIA S E (RYY 18.4 umol, 4.6 TON vs. B).
XATREIH T A A & H B N T RE N i
FHARAL AT, i 2 25 B0 I ™ 0 M b AR S Ak
%ﬁ‘ ( 772'H2‘ Fe”Fe[) [12] .
2.2.5 R SIER

e e T A A ) P i ) EE AR A, 223
TR =R S, P AR IR R e = &
A, S5 RWE 4 fs. PER 4 h R, Ny SIRE R
K2, BG4 h, 4550 K IR 2 AU o AU
FEAE AN 3 AEATICE R A BRI I
fHR) EBS™, WG ML) A B 14 )

220

Il The maximum hydrogen poduction of the first 4 hours
200 N The maximum hydogen production of the second 4 hours

Yield of H,/pmol
— "

P 4 AT A 7 B PR SE g
Fig.4 Hydrogen production cyclic experiment of catalyst A

FUMELLF] A, N, PRIPAREE IR 4 h, (R R 535U 2
953, 112.6 K 132.7 pmol B H,; 2B 43 M4 i
BRI RN AR, AR 3R 0 7 S0 TR AR s — e FR B AR
52, KRB A 60.2% F1 74.3%, {H 24 [F]IHAMIn)

f i G RIGR R AR B, (R = s T
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2 400 | \
= |
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II
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EBS” By JE Y K FL A9 A Al B 4 EBS” HY4E AL
TR ALEY AR B B RLALSAAT R K T R AT AE
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3.1 WHRERX

FEIEVER S b, SR EBS” ) HA MR
1x10° mol'L ™', 7E 1 : 1 f CH,CN/H,0 ¥ Wi, 43
B AS R e BE 1 TEA RIS )k B2 1) F AR e A
1B (I 0 1z 2.0x10° . 9.0x10  mol-L ™)
TS EAEGR A b, A TR R A A VR K 45 SR
& 5(a)—(c) Fizn.

400
(b)
350 L — 0 equiv of A
0.5 equiv of A
300 - - 1.0 equiv of A
—— 1.5 equiv of A
~ 250 | - 2.0 equiv of A
:5 ——2.5 equiv of A
; 200 | ——3.5 equiv of A
% —— 4.5 equiv of A
E1
100 -

500 550 600 650 700
Wavelength/nm

400

©)
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200

Intensity (a.u.)

150
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0

0 equiv of B
—— 15.0 equiv of B
—— 20.0 equiv of B
—— 25.0 equiv of B
= 50.0 equiv of B
— 75.0 equiv of B
—— 100.0 equiv of B

500 550
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Wavelength/nm

K5 TEA &AL&9 A il B X EBS™ (1x10° mol-L ") B JETEXK (a) ALK (b)—(c)
Fig.5 Reduction quenching (a) of EBS™ (110> mol-L™") by TEA and Oxidative quenching by A and B ((b)—(c))

W& 5(a) 7R, 7€ 554 nm 4b EBS™ 30 T 4058
Mt & B, 29K TEA A% EBS® MR i,
B AR IO R (VEBST) AR
A5, FEAFE TR e SR R b, N TEA % B

TR SIOEEGH (TEBST ) B R T AR
ATATIA, X — S5 SR R IE I T Y /0 el = ik
Z IR K H e "EBST 4 & ] 48 # (ISC) 77
HETEBST MY RPHEAT; SRT, 24K H AR A R
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B 7 BINMAZE] EBS” (Wi, EBS” 28600 #R 2
PR [ R AV K, 24 1) EBS” A3 AR 43 91 fm
A 4.5 58 BT A 5% 100 £ 2 A #E1L 5] B AT,
o 6 5 B A ) B VR K T4 78.7%(1E1 5(b)) ANl
60.0%( &l 5(c)). PIEALTIRTKHEL (k,) 7] 435
FR4E Stern-Volmer 2 (1) &
Iy/1=1+k,7[Q] (1)
X I B EBS” 2SR, 1 H
TN IR 58 60 B, 7, JCIE KGRI, EBS™ 14
PETFAT (1 =75 ps '), k, WVERHERFEL, [Q A
VR FV MR L. ARYE TR (1), TTHHE H ky Rk, 4351
7 5.5%10" F1 1.0x10" L-mol s ', Ui BHIZZE LR K
JE MU B AS TR K TR A, A5 K AR VR R 3 W

()

100 - __ EBS-

50 -

IIpA

0.88V

1 0 -1 3
EIV vs. Ag/AgCl

A Fl B Xt EBS™ 1 9 14 72 A b B (14 4 K, B
"EBS® FHALF] A F1 B YA —NHL T RO RS fE
P IR,
3.2 A 70 B WL F MR

&Y AR B R HAL2ETT R AE RV T
ik, MR ZEAF: A A1 B EOIRIES 3 13107 mol- L,
S FF LR n-Bu,NPF, %% 4 0.05 mol- L™, iE
W4, F3 A 100 mV/s; DA3E -t AR SR TAEH
e, Ag/AgCl HLM AR 2 L HILA, #1122 50k Sl Bl FRLAG
DR Ak 22 R, 255 A1E 6(a)—(c) Fim.

H &l 6 T, P B br i Ak 50 i 96 21O 22 fih 42
(CV) #B H B A~ A AT 300 B 38 JiL 0, 43 531 Sk —0.50/
~1.19 V (A) F1-0.70/—1.42 V (B), i% B3 JE I 43

100 [
(b) ~1.19V

—— Complex A

50 -0.50 V

—100 -

—150 -

3 2 1 0 -1 -2
E/V vs. Ag/AgCl

(©)
100 |

—100 -

—— Complex B

-2.08V

-1.31V

E/V vs. Ag/AgCl

Fl 6 EBS” (a) Fil A (b). B (c) IUTEFRA L INZL (CV)
Fig.6 Cyclic voltammetry (CV) grams of EBS” (a), A (b) and B (c)
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SEJE T M Fe'Fe' 3] Fe'Fe” 1 Fe'Fe” 3] Fe'Fe’ [ 3
HL b SRk 7 AR, PSS s i fE+2.21 Vv
(A), +0.13 V(B) &b H B 1 — AN a] 0 i S AL, 3%
AT )E T Fe'Fe' 3] Fe'Fe' (AL 72, (H157E
BEIE LS A B ) 5E—if JR &Y Y Darens-
bourg B 4 R B A (u-pdt)[Fe(CO);], F 2 — ik Ji
W (—1.34 V) HIE™, RBIEATE 5 YOG 32
LT I6 B TR 20 i T e &7 LR AR i EBST
(AL B (), tEEY A Fil B B3R FELA (E,..)
K EBS W R I RE R Egp ( Eg=hc/lgp, A=542 nm,
M| Ey=2.29 eV ), Hi4 Rehm-Weller 72 (2) ", 7]
SR L MOREI S R B LRI ) 1 FR ARk,
AG® =E,,~E, —E, (2)
#5578 (2) AT LATHE W FEBS” 3] A 5 B
(Fe' Fe') Y55 — L TR R 19 H h fig A8 bk, 43510 K
—0.91 A1 —0.71 eV, k,< 0 < B M\ A 3 & 1)
EBS” F| A Fll B B 1 AL TR RS RISy 2]
Frid A WFEBS™ LAY A F1 B AR JFS Y Fe'
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Study of Photocatalytic Hydrogen Production Performance and
Mechanism of ‘Open Butterfly’ [2Fe2S] Compounds

ZHENG Hui-qin"*’, FAN Yao-ting'
(1. Green Catalysis Center and College of Chemistry, Zhengzhou University, Zhengzhou 450001, China;
2. College of Environmental and Economics, Henan Finance University, Zhengzhou 450046, China)

Abstract: Two new compounds A and B with ‘open butterfly’ structure [2Fe2S] compounds were synthesized
and characterized. Then, a homogeneous photocatalytic hydrogen production system was constructed, among
which complex A or B, EBS’ and TEA was used as catalysts, photosensitizer, and electron donor & proton
source, respectively. The results show that the hydrogen production activity is the highest in the CH;CN : H,O
solution with a pH of 12 and a volume ratio of 1 : 1. The maximum hydrogen production is 156.1 pmol (37.9
TON, turn over number) vs. A) and 18.4 pmol (TON 4.6 vs. B) in 4 hours of visible light irradiation; the catalyst
contains proton trapping sites, which are conducive to the formation of hydrogen-producing active intermediate H,-
Fe,S, (nz-Hz-FellFel) species, thereby improving the hydrogen-producing activity. In the current system, the
reduced Fe'Fe’ species is transferred from "EBS’ to the Fe'Fe' center, and then undergoes an EECC (Compound
A , electron-transfer process (E) , Chemical reaction process(C)) or ECEC (Compound B) to form the hydrogen-
producing the above active intermediate species, eventually producing H, molecules and regenerating the Fe'Fe'
species.

Key words: [2Fe2S] compounds; photocatalytic hydrogen production; electrochemistry; fluorescence quenching;

mechanism
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