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R & 2,7-— SR AR EIHKIMNKE EH
ERNHFRAELEEFTRER

2 F',k ml, xEE', $eA? BA®C, kagx”
(1L REMTRY B TERESELRE, L7 K#E 116024; 2. hEP2ERE &Y RS HFRAT,
fEaE R 350002; 3. BAERUOK i b E AR E, 1A MR 210023)

TE: ZIAEEE &, BEHAEREET B oCE LM S W i G B, 3 2k )l B A sc
PRAEYEL YT 2,7- 25056 FK (DCF) MNERTFIR, JEKEER 8 1R 1 FR IR S A A7 48Tk bk 42 JE A7 HILAE L
( MOFs ) PCN-222(Fe)W#5 8 #T7 m b, ¥t #il4 T3T MOFs WL b# R DCF@PCN-222(Fe). R
'HNMR , XRD. SEM, EDX . UV-Vis, %GR . XPS %f DCF@PCN-222(Fe)#H4T T FAL . WIiFEHMAZE (CV)
Mt T DCF@PCN-222(Fe) AL PERE,, LI DCF@PCN-222(Fe) ATl LA Bk 45 S e B s g, Ak T
RBLEAE, TIRISEIS BRI, F5 T HATIMIRIRA R E . 45538, DCF@PCN-222(Fe){/if#1F PCN-222(Fe)
REAHEZRZER, PN DCF SR A AR B LR 1.6 = 1, HEMIEAL2:30R CgoHus 4Cly2FeN, O 4Zr3,
AN o7 i 1878.47, DCF@PCN-222(Fe) LA 5 DCF IRl Al e R Ah g i (532 nm ) FI9 't & S
(556 nm), HAFFEHEZRPY ML F56R, RTASHUANSA R B T4 FE, JEIRT, DCF ¥ A& 45 2kt
A, AR DA RS T DK LR A IS FER L T2 /K . DCF@PCN-222(Fe) AL TR Tl %
W AE RN 2 IR R LA 532 nm LED SAGE . 2.5 umol DCF@PCN-222(Fe) oAbl . 1 mL B S i
. LIRS 0.1 mmol AHFEEA . IETIE] 2 ho FEIZAMF T, ARB=HR 82%. MEALRESEH 3 K, R
FEERIEN T7%. TIN5, DCF@PCN-222(Fe) Ak & A A RN A BU R FE R RS A R M A0R IR, Fedr=
Z 64%~91%.
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Enzyme-inspired dye-incorporated iron-por phyrin metal organic
framework for photocatalytic reduction of nitroarenes
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Abstract: Inspired by nitroreductase and the electron transfer process of its metabolite nitroaromatic or
nitroheterocyclic compounds, dye 2,7-dichlorofluorescein, which was ring-opened through solvent-assisted
ligand incorporation to form carboxylic acid ligand groups, was loaded into the channels of iron-porphyrin
metal-organic framework PCN-222(Fe) for synthesis of DCF@PCN-222(Fe). The DCF@PCN-222(Fe) was
characterized by 'HNMR, XRD, SEM, EDX, UV-Vis, fluorescence spectrometer and XPS, and evaluated
for its electrochemical properties via cyclic voltammetry (CV). With DCF@PCN-222(Fe) photo-catalyzing
nitrobenzene reduction to aniline as a model reaction, the reaction conditions were optimized, the
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nitroaromatic hydrocarbon substrate was expanded and the cycling stability of the catalyst was evaluated.
The results showed that DCF@PCN-222(Fe) still maintained the PCN-222(Fe) parent framework with a
molar ratio of DCF to iron porphyrin ligand 1.6 : 1, with its formula speculated as CggHyg 4Cly ,FeN4O 4713
and a relative molecular mass of 1878.47. DCF@PCN-222(Fe) exhibited UV-Vis absorption and
fluorescence emission peaks at the same positions as DCF (532 and 556 nm, respectively), indicating
electron transfer within the framework which can simulate the electron transfer process of nitroreductase.
Under light irradiation, excited DCF transferred electrons to the iron-porphyrin center, from which the
generated low-valent iron center transferred electrons to other electron acceptors, enabling the efficient
reduction of nitrobenzene substrates. Under the optimal reaction conditions of room temperature, with
532 nm LED as light source, 2.5 pmol DCF@PCN-222(Fe) as photocatalyst, | mL methanol as solvent,
catalytic reduction of 0.1 mmol nitrobenzene for 2 h, the aniline yield was 82% and reduced to 77% when
the catalyst was used continuously for three times. Under the optimum reaction conditions, the reduction of
nitrobenzene substrates with different para substituents catalyzed by DCF@PCN-222(Fe) showed yields
from 64% to 91%.

Key words. enzyme-inspiration; metal-organic frameworks; iron porphyrin; 2,7-dichlorofluorescein; photo-

induced-electron transfer; photocatalysis technology
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il o S D 2 — 5 A% B R v AR R RS
TR TR, vT LRI FE R T A R T S A% TR
(NADPH ) 1E M s TR oI5, A 05 A sl o
AL, )R — R 9 & MR A LT,
W HAE R BT A MU AL BT R S il 9 5 i
rR B R A% AR (FMN) BAS0 M NADPH 25 HUH
TR FLAIRZS, RS M E SR FAL 3 P4 H T
MBS E R, SR, KR EA = 0& —i,
XF B e A 1 R ISR B N S AR AR R AL, UK
YE G R . NTHEHAR, aEmElY. &R4A
U7 ELE S b AR < B i o= S e T DS e |
PN s RU NS K 8= 112571 S [V v A | =
N Tt A 2238 5 ) 5 4 0 A Ak n &0 O =0 A
Lo TR LT, AR B . — SR SIS —ad
ERAMAE, gk, RSN RRNE2RFIR, T
TR, H5 2 AR TCHLRE A R, 1T HE
BFR 8 5 Ge® I N T TR 40 K oK il %) fEL T
18 1 PR A R AR 1 i ) — b B SR mig 11O
A HLCHN T LR I T R B RS, il Ak E
B EMER (LMCT) B4R T, Jalfd
FHEREE A b B3R A b 2 o, T2 AR sk, 3
FEAAR Z2 TR AN ] 42 ) 3002 B R FR Al 3 ) 2 ' SR
WOR SRR UL B 3R DR S 4 T8 22 ] 1) B - o]
&, SEOLMACR TR,

SEAPHEZE (MOFs ), WK NEAIREY
(CPs), fENEA KA FHM SR, LI
G JE TR S5 R AL MR T A 4 R — 5 1 B 2 R e
P ST BRI P HEA , B A O 0 R e
& JE B T A MLECAR 22 18] 4% ) S 14 % 42 07 =X mT
i I N i e e ST 1 R R ey (o O CE R e

WL, A N TR AR £ f 30 J5ad AR 4R 40t R 4
(S G U1 R ] T A i 12 A A - A2 R — SR Ak sl
=Pk, MOFs "lKA HLCHGIZS [0 5, k%
TIEBVERDT, Eie k148 R HAE A MOFs
WRRT S, A SN EARE, GEVRE BTt
ZM BT, AR R I SE R B A G B i AL A S
BROUDBRRJR I 2T R e oL, B N TR
CO, WAHMMR N Z T2 ik R fe, VK
R SR N O a o A M| N N U NS B a9
B R SR Z RS MOFs, B Z R AL P rp
O B R LA H P22 Ze IR I R R T 1R 1T
LR FRE A FL MOFs™ ) gknpui4: g
AHUHELE [ PCN-222(Fe) ) HA HAEHN 3.7 nm f)—
e Bt fLiEDY, AR RIERRE RS T, A%
WPHF I (SBUs ) %4 8 A~—O0H, JEEBAEN
RN, YR F LB iR IR IE A, v
G A BB 7 R BUR Zr #EiEH—OH, A3
MOFs fLi# P f gk gkt or 719 H P JkZ Yekt
A3 Pl H BAT B AL (—1.3~1.1 V vs. SCE (#f1
FH R ) )20 K9 6 R 43 7133 PCN-222(Fe)
MIFLIEH, Z AT r R AL 25 Fe(THfiEfk
FUL PR AR Fe, fIRHY Fe E MK o 14526 45 il 3
JE) T2 A, H I AT DAAREEAEL R SR A 3 D i 1Y
WAL BE, P RESC B R SR G & G fb i 3Lin
B CE 1),

AR SCHAIE VA SR Sl B O AR SS e, K A FRIR IR
FEH YR 7 2,7- A F N E (DCF) i3 5]
PCN-222(Fe)fLiiH, JEHRIAL 2,7- AU, ff
B A3 5 I bR ony , AREAUL A A il 17
FALubid e, SRAKIEEK (532 nm ) LED AGIR,
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it R R
Schematic illustration of photo induced electron
transfer in 2,7-dichlorofluorescein decorated PCN-
222(Fe)
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11 KFENEE

N,N-— 23 H BEfE ( DEF ), & fk#: . DCF, 4
Mrat, ZRETHRHEABRAR; A . KR
B ATR (R 48% ). AHFEAS | INER . Z B,
spprat, R RORA2=l 0 Lo mme .
KO, srhral, 2548 H k2l 5 A BRA Al
Nafion 117 ¥ ( Biim o4k 5% ). A bk, o¥0r
afi, Kt KA A BRA R s SR, B
FREE . KW, shral, RKETHEEL THRA
Al AEAOSIR L DUEMRR . HEE . N,N- IR
¢ (DMF), ZIROEE. NG —E W ke, airal,
KRN A AR A R A R RERS, fo2fal,
B S BILEH R ARM B AR A A Ny (RS
99.995% ), KiENCHAREFIMSIAEARRAE]; XHEIEAR L
i 4-TRASHEAR | 4SRN | XTSI O, 4-96aH
FER | A-HFER B | 4-fE RN | 48U T SRR,
trat, e aEl R A R A w5 S
R UL, R T T A i A .

ZAHNER ENNIUM #U e fb 22 T /R o, 1l
Zahner 2~ 7] ; ADVANCE T %Y % w2 3 U 3% Y
(NMR ), f#[E Bruker A H]; FLS 920 BRI A/Wi &

Fig. 1

PWINIEIEAL, [ Edinburgh /A ] ; SmartLab 9 % X
SHEEMTHMY (XRD) , HZ Rigaku ZA#]; U-4100
RUEEAM-A] WL-3E 21 A5 66 EE T (UV-Vis-NIR ), H
AN Hitachi 23 ] ; HP 8453 B 4h-n] WL GG EE T,
2 [# Agilent A ; EscaLab Xi+f X Bkt HL T g
4 (XPS), ZFE[E Thermo Fisher Scientific 2YH) ;
LED 4T (532 nm, 30 W), JbE4EHEEARAA,
12 Ak
1.2.1 PCN-222(Fe)# #1 & 5 &4k

e, AR SCHER[24] 07 R A R SR R S A I
FFENNI, [5,10,15,20- 0 (4- 52 HE 2K Kbk 4 &1k
() (Fe-TCPPCI); #RJ5, # 30 mg (0.13 mmol )
ks . 25 mg (0.028 mmol ) Fe-TCPPCI, 1.3 g
(10.6 mmol ) ZH i il 4 mL DEF & T 10 mL ¥
R, 49T 5 min AL EE, ARRIEEEWR G,
5 B 35 R A A SR DU SR 0 P A e KBRS N &8
H, BETHEEE N, 16 120 °C RN 48 hy FEFEE A
RN, B0 R BR RN, IR B A,
FHl DMF W0k 5 Wk, RBRERAFRIBCAAR R4 8 £k 24 i,
B E =P, A 100 mL DMF, FEZ51
A 6 mL ¥ 8 mol/L BYELR , 7F 100 °CF I 8 h;
REMBEREG, KBHEE L, H DMF, JT/KZ
Fis . NEA A CBEAS TR 3 K, BRI &5,
16120 C FEZ T4 12h, BHEFER, 53 26 mg
HhAEPIR A, 723 76%, I PCN-222(Fe).
1.2.2 B4R R ARAL ) 6 4] &

TE AT R A B AR A A, O A R IR S L 6 S
A 2,7- SR 7403 PCN-222(Fe)fLiE N 1Y
FETT AL, BREC 100 mg (0.08 mmol, H:T4knp
WEACAA, T ) PCN-222(Fe)#l 110 mg ( 0.32 mmol )
2,7- AR F =Y, JmA 10 mL DMF, 7§
90 °C FHit+E 8 h, MEA IR E M, KA.
B (%% 8000 r/min, 2 min), ] DMF. WHEilf1Z,
fik AT VE 3 W, 7E 60 °C R H.ZS5 T4 3 h, 155 80 mg
PR A, S BmCAELLT], i DCF@PCN-
222(Fe)o I AGEEEHE ST & H .
1.3 ZHRESHEREMIK

'HNMR i : FREC 9 mg DCF@PCN-222(Fe)
F2mL B0, A 50 uL HF, $&¥% 3 min, Hil
A 0.5 mL jifC - H R ( DMSO-dg ), fE 40 °C
oM 1 h HE M. XRD MK K MOFs A4 R
Friiat, #k Cu, EHJE 240 kV, FHI 50 mA,
Ko &M 0.1541 nm, FA##EZEK 8 (°)/min, 1
VI 3°~ 40°, SEM K : FE AL ME4:, G0 K
+ (LEI) &3, TAEH 20 pA, HFIEEABEE
5.0kV, AN UL (UV-Vis ) WIOEIE 5266t
Mk . ¥ 5 mg DCF@PCN-222(Fe)ilFE A, 5
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3 mL DMF J& &, #7420 min, 285 H DMF Fi Bl
WHE 1x107° mol/L ByEMIK (T 2,7- &K
). XPS M. Al K, MHFLE, JFLL C s
(284.8 eV ) JHEAEXTEE HATALIE
14 BLENK
KA ZHMARR, iR AE R TR, W
J& 0.1 mol/L /< FUBER VU T 3644 1Y) DMF ¥ AE N i
W, TGN 0~1.3 V, HHHH %% 10 mV/s,
¥ 5 mg 2,7- ABOCRE TR, SETIE,
DCF@PCN-222(Fe) TAE L B Hl 45 : ¥ 5 mg
DCF@PCN-222(Fe)if 55, fA 1 mL JorK Z EEAl
50 pL Nafion 117 ¥k, @S HHINS], @R T FTO &
B (1 emx1 em) I, JH7E 60 CHEFEH T4 1 he
B TAEH B LIAN, DCF@PCN-222 By 5 s
SR AAE R
15 NEAHEEFELE
DI ( T a) ARk, 4 DCF@PCN-222(Fe)
RS T AL AR, &AM ((Ta), Hil
0 RN AR AR TR

DCF@PCN-222(Fe) 2.5 pmol,

L-ytih 0.3 1
NO, YIS ER0.3 mmo . sz
F@El mL, 532 nm
Ia LED light, rt., N,, 2h Ia
0.1 mmol

¥ 4.4 mg (2.5 umol, JF Fe ifH ) DCF@
PCN-222(Fe)fi L 5] . 0.1 mmol fi§3E7 . 53 mg
(0.3 mmol ) L-PUIR I ER AN 1 mL B EE 0 A 34 38
R, I SE % B, S ok s v
B2 S E B AR, SERHEISY 5 min, DL LED AT
(532 nm, 30 W) fERLIR, | TFHHE2 he X
NASHRIE, WAL DB, I RN PO A
SmL &b, FHZKUENR S R, AHUEHTI KRR
BT, B TIEZEB RN, B 200~300 H AERCR
AT JE BT 50 B A B R B 2l
Fie IR R A TR AR RR . AR AS R o R
FRBIAS R Mg 2R, ) 25 A [R) XA A A 2 g
45 A8 2R 28 0T IR
MeOOWZ

O O

M2, 82% b, 71% Tc, 64%

a ONHz Br «i%m{2 FONHZ
1d, 86% Me, 83% £, 85%

NC ONHZ Bu ONHZ Ac OWZ
Mg, 91% I, 68% i, 88%

FWES 5, ¥ DCF@PCN-222(Fe) B L3 55,
FANERR k4578 vE 3, SR FESETH3 hE
AT — i S5

Al (Ma): M=y as 25 B mifs,
WRLEW R VA e < V(R BD)=1 - 1, &7
W AAEWE, 7% 82%., 'HNMR (400 MHz,
CDCly), d: 7.11 (t,J=7.4 Hz, 2H), 6.71 (t, J="7.3.
6.8 Hz, 1H), 6.64 (d, J = 8.1 Hz, 2H), 3.39 (brs, 2H).
BCNMR (101 MHz, CDCly), 6: 146.41, 129.21,
118.41, 115.05,

4-HERRE (1b): K4 b PR AT 2T o0 8
M5, WREERCN VA hER) - M(CRROER)=5 : 1, &
PR O TE AR, PR T1%, 45 55 43~44 °C ."HNMR
(400 MHz, CDCly), d: 6.89 (d, J= 7.9 Hz, 2H), 6.54
(d,J = 8.1 Hz, 2H), 3.42 (brs, 2H), 2.16 (s, 3H).
“CNMR (101 MHz, CDCly), J: 143.87, 129.85,
127.92, 115.40, 20.57.,

4-HAEFR R (Me): MW &Pl it )2 53
BN, WRUERCh V(A - M(CTRGHER)=3 : 1,
LYk a AR, R 64%, M 58~60 °C,
"HNMR (400 MHz, CDCly), 6: 6.71 (d, J = 8.6 Hz,
2H), 6.61 (d, J = 8.6 Hz, 2H), 3.70 (s, 3H), 3.20 (brs,
2H), “CNMR (101 MHz, CDCls), d: 152.93, 140.02,
116.56, 114.92, 55.85,

4-GR N C11d): H= P 2 st 20 43 25
%, MIERCH Vo) - MCFRCTER)=5 = 1, &=
YR, 75 86%, Mk 72~74 °C., '"HNMR
(400 MHz, CDCls),:7.05 (d, J = 8.6 Hz, 2H), 6.56 (d,
J = 8.6 Hz, 2H), 3.47 (brs, 2H), CNMR (101 MHz,
CDCly), d: 145.02,129.18, 123.20, 116.34,

41N (e ): MWy g s At 2 43 B
%, MIERCH Vo) - MCFRCTER)=5 = 1, &=
YR, 725 83%, M 65~67 °C., '"HNMR
(400 MHz, CDCl3), d: 7.18 (d, J = 8.6 Hz, 2H), 6.50 (d,
J = 8.6 Hz, 2H), 3.53 (brs, 2H), "CNMR (101 MHz,
CDCls): 6 145.51, 132.10, 116.82, 110.30,,

4- AR CIE): A=Y 2 P AT 2 BT 43 B M
5, WRSRIBCA VCAThEE) © MCTRLER)=S5 : 1, 45~
YIRS AW, 7% 85%, 'HNMR (400 MHz,
CDCly), &: 6.78 (t, J= 8.7 Hz, 2H), 6.55 (dd, J= 8.7
4.4 Hz, 2H), 3.45 (brs, 2H), CNMR (101 MHz,
CDCly), d: 156.47 (d, J = 235.4 Hz), 142.54 (d, J =
1.7 Hz), 116.13 (d, J = 7.4 Hz), 115.72 (d, J = 22.4 Hz),,

4-FIHRNE (M g): ML Z M 75
AT, VLR V(A : (CROBR)=2 = 1,
PR R A AR PR 91% , 44 45, 83~85 °C.'HNMR
(400 MHz, CDCl3), d: 7.36 (d, J = 8.6 Hz, 2H), 6.60 (d,
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J = 8.6 Hz, 2H), 4.15 (brs, 2H), “CNMR (101 MHz,
CDCly), d: 150.67, 133.84, 120.33, 114.49, 99.89,

4-RUT HZR M (Th): M=t i 24T 7
BMAT, WRUEECH VOETNE) - (LR OTR)=4 ¢ 1,
PR TR, 723 68%., '"HNMR (400 MHz,
CDCl3), d: 7.14 (d, J = 8.4 Hz, 2H), 6.61 (d, J =
8.4 Hz, 2H), 3.39 (brs, 2H), 1.22 (s, 9H), “CNMR
(101 MHz, CDCl;): 6: 143.89, 141.54, 126.21, 115.11,
34.02, 31.72,

4-FIR TR (1) KL= G PR 28T 5 5
A, WM HR VOAmEL) : M(CRROER)=3 = 1, &
PR IR E AR, T7E 88%, MM 63~65 °C,
'"HNMR (400 MHz, CDCl;), 6: 7.71 (d, J = 7.1 Hz,
2H), 6.55 (d, J = 7.2 Hz, 2H), 4.02 (brs, 2H), 2.42 (s,
3H), *CNMR (101 MHz, CDCl3), 6: 196.71, 151.34,
130.92, 127.88, 113.81, 26.18.

2 ZER5iTE

2.1 EEFIHRA
2.1.1 'HNMR 5 #7
2 Jilf# DCF@PCN-222(Fe)f) "THNMR /&,

45|

]
2
o o

7.66]

= =
L = g
22 = g

6.52|

2

v=Fe-TCPPCI ¥ 5t F Bt

o \
Enoeod
O “OOH v |

82 80 7.8 7.6 74 72 7.0 68 66 64
6
Bl 2 Wt DCF@PCN-222(Fe)l "THNMR % [&
Fig.2 '"HNMR spectrum of digested DCF@PCN-222(Fe)

M 2 /LA, BT Fe 00520,
TEMR B TR BYELAR Fe-TCPPCL Ht, 5 Fe Hl HAENL
{7 B RPIBRIA HH IR SE 3% GBS Fe o0 A R 5L i
SRUEAT IR, (HIRIESEHRE, TLL, RAZPOECETF
5 C—H 1§15 Fe-TCPPCI [\ %% C—H W 7XF
W, iHRJEBM G, 4520 BIR, 2,7- 28K RS
Fe-TCPPCI i bkl 1.6 ¢ 1, B 1 MBS
o FIERE 1 ANERINRECR T 1.6 > 2,7- 5B
R, 2,7- PR WA X BE R G i = TR 4K
P SC K [24] © #it 3 Y PCN-222(Fe) fb 2% X
C4sH3,CIFeN,O,¢Zrs #1745, DCF@PCN-222(Fe)
mk2E=Ch CgoHu6.4Cls 2FeN4O; 4213, AT 43
4 1878.47,

2.1.2 XRD o #f
% 3 i PCN-222(Fe). DCF@PCN-222(Fe)f11fE
RS 5 1Y) DCF@PCN-222(Fe)f) XRD &,

PCN-222(Fe)

)
\'/' \JJ Lw e DN
DCF@PCN-222(Fe)

|

)

PN o
3 5 ITDCF@PCN-222(Fe)

K3 PCN-222(Fe). DCF@PCN-222(Fe) I3 5L 5 )5 Y
DCF@PCN-222(Fe)ff) XRD %4
Fig. 3 XRD patterns of PCN-222(Fe), DCF@PCN-222(Fe)
before and after recycling experiment

ME 3 ATLLE 1, JEEM DCF@PCN-222(Fe)f)
XRD 55 55 M HT Y 25 HESL PCN-222(Fe) HeAS fR4F
—5, YIS I ARER PCN-222(Fe) 2845147,
2.1.3 SEM #= EDX 5 #7

& 4 & DCF@PCN-222(Fe)fy SEM & FIIATE i
Y EDX JeEMGHE

Kl 4 DCF@PCN-222(Fe)l®) SEM [ (a) & O (b). CI

(¢). Fe (d) ML EDX JTR M E

Fig. 4 SEM image of DCF@PCN-222(Fe) (a); Annular-
dark-field EDX element mapping of DCF@PCN-
222(Fe) for O (b), Cl (c), Fe (d)

MIE 4 7 LIE H, DCF@PCN-222(Fe) & BRIk 4
&5 Fe. Cl1#l O JLF¥J5 AR 7E ik I, FEIER
NRBRFTRCAR 2,7- S5O CRABAAE T ik, #F—
HAESE T GuRk o+ i 2 7 2 5 MOFs 2544,
2.1.4  UV-Vis ROk A= % K H 3 547

& 5k 2,7- P E M DCF@PCN-222(Fe)it
UV-Vis B2 e
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2 o —27-CRPR
/| — DCF@PCN-222(Fe)

Y6 /a.u.

440 480 520 560 600 640 680
Pi/nm

b — 27T R
— DCF@PCN-222(Fe)

PR /au.

560 580 600 620 640 660 680 700
Bet/nm

&5 2,7-Z&FEE M DCF@PCN-222(Fe)H) UV-Vis Il

BOLHE (a) ML (b)

UV-Vis adsorption spectra (a) and fluorescence

spectra (b) of 2,7-dichlorofluorescein and DCF@
PCN-222(Fe)

Fig. 5

M 5a ATLIEH, 2,7- 59O E M DCF@
PCN-222(Fe) i KK ¥k 532 nm. 7ELLIE K
AT, 2,7- A5 E M DCF@PCN-222(Fe)
) R & B K ERAE 556 nm (8] 5b), B 5 B4
| MOFs fLiE H g JURHIC DR 1 H Bk et

ME sb aTLAAE W, MFEGYEHS & T DCF@
PCN-222(Fe)iy 2 e BE B B 55 F 2,7- AN R,
T ZCIE I KA T 96 R I A RV rpue 1
B 55 #5120

K6 0 2,7- A BEER I IH— 1k L Ah-1T DL i
ek I

Lo [ T
[\ — RS
0.8 - A :‘/ \
/ |\ A=544nm
6r / E E"=228 eV

i
b
Q]S2 0.4 I N
o j ! \ E» \\
02 A
/ N .

oF—— -

1 1 1 1 1
400 450 500 550 600 650 700
P /nm

K6 2,7-ZRFVEEH—k UV-Vis 3§ B FEOLIE R
Fig. 6 Normalized UV-Vis absorption and fluorescence
spectra of 2,7-dichlorofluorescein

ME 6 FTLUFEH, XF 2,7- A 5OER A LI
FECEIA TIA— LA HE, — A58 (2%0) 7E 544 nm,
5 AR B s R A E (HOMO ) 5 &R b
SrFHIIE (LUMO ) Z [ iBES 22 (E™°) A 2.28 eV,
2.1.5 XPS o4

[l 7 5 DCF@PCN-222(Fe)%4: 532 nm [ LED fi#
SIRTIE Fe 2p 19 XPS K,

740 735 730 725 720 715 710 715 700
A te/eV
& 7 DCF@PCN-222(Fe)%: 532 nm 4 LED FRSHTS Fe
2p 1y XPS #£K

Fig. 7 XPS spectra of Fe 2p in DCF@PCN-222(Fe) before
and after irradiation with 532 nm LED
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