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Abstract Metal-organic frameworks (MOFs) are one of the most important crystalline porous materials. In recent years,
there has been a strong interest in MOF's based devices with electrochemical activity. MOFs with redox activity are the ideal
choice for such devices. 1,1'-Ferrocene dicarboxylic acid (H,FcDCA) containing ferrocene units is an ideal ligand for con-
structing MOFs with redox activity. However, due to its uncontrollable coordination mode and torsion angle, there is still a
challenge to construct such materials. In this paper, two MOFs were synthesized by the reaction of functional ligand
H,FcDCA with Cd*" under different hydrothermal conditions: [Cd(FcDCA)(bpy)(H,0)]*(bpy) (1) (bpy=4,4"-bipyridine)
and [Cdy(FcDCA)(bpy)(0OX)(H,0),]2H,0 (2) (H,OX=oxalic acid). The single crystal structure, fluorescence properties,
redox activity of two compounds were characterized and described. In compound 1, Cd center was linked by FcDCA to form
a zigzag chain, and it was linked by bpy to form a chain. Both chains linked each other by sharing the Cd center to give birth
to a 2D layer with square lattice topology (sql). These layers were packed in AA mode along ac plane. Bpy as guest mole-
cules are filled in the channel of it. By introducing H,OX in this system under similar condition, compound 2 with 3D
framework was obtained. Different to compound 1, two Cd atoms were coordinated by OX ligands to form a binuclear Cd,
unit. The Cd, units were connected by bpy and OX ligands to form a 3D framework with typical 4-connected diamond to-
pology (dia). Each FcDCA ligand linked two Cd, units as functional unit and pore partition agent. The whole framework of
compound 2 can be simplified as 6-connected sxd topology by treating three kinds of ligands FcDCA, bpy and OX as linkers.
Both compounds exhibited strong visible light absorption ability, photocurrent response, and typical redox properties of fer-
rocene, which may be good candidates for photoelectric catalysts.
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K, & )& A HLAHE 42 8 Kl (metal-organic frameworks,
MOFs) DA L AURR (1 285 W R ] a2 ) B0 T S o, & — 2Kk
B L RS 00 22 DhREARNTOL R R 3 T Rk AT
AR MOFs FEAEAK o R I 3 25 75 THI 7R H 25
AR RO R R IR Th RE LR S T B
GG B AT A S R, NI 2 2 IR T K
I8 J5 [z i (carbon dioxide reduction reaction, CO,RR)]
A RO, — ] SRR AT AE M 4 ) A HLAE 42 AR
b AR (1-GCE) I Bt M7, SRR R g g as P fg,
i H 1-GCE HHATHIVEAN AL S0 A o, HEAA &E
AR I HLEA 8 IR 5 A e i e ek gl

H, &8 2 AREM LI X8k AR
(HoFeDCA) A2 #4 37 S8 A0 38 J 35 74 (redox  activity) MOFs
(O FRAREC A, SR, BRI AT S e A A QR A,
FISA R D e o RHAR SR A B . H ar & T
H,FcDCA (1) MOF #HRH¥I& 55 1 e 7t L e A2,
2021 SEA IR VR ] HoFeDCA SRR SRS T &
FIEE TG JRAE LA RL, T SR ESRE S T rIms &
BROE B DLIRGE . A BT A, A R AR A B
TR IX 2 4 8 B 7 5 R 5 T A P I 7 B ok B 4 ol
FoH A BB R P R, A TR o g R A
H,FcDCA RPN AH T 2 NEEBEEY, 55N
[Cd(FeDCA)(bpy)(H,0)]*(bpy) (1) FI[Cdy(FcDCA)(bpy)-
(OX)(H,0),]2H,0 (2) (bpy =4,4-BXILIE, OX = HfR),
TR 2 AMOEYIHEAT T VRAN IS5 R AL A RE AR
R RS BRI, XML AR R TRk
(O HT FUME LS, J B 58 1Y) AT L o' R AL RE 77 R ' FiL Y7 il
JS7, R LA ek i R AR T

2 HZER5THE

2.1 L& [Cd(FcDCA)(bpy)(H.0)]*(bpy) (1)A)5 &
LEHEAR

B X ERATH TR, (AR T RN R,
P2y/n ZEEE. 1 AWFRE GRS —A CdADE T, —
AN FeDCA™, —AMEALK, —ANELALR bpy Fl—% 4k
43 bpy(Kl 1a). Cd—O0 #KIEHEN 0.231~0.244 nm,
Cd—N BKIEHEA 0.239~0.242 nm, 5 CERH ELERTE
AHTEE AP Cd Faos B, A 1 AEEAIK,
PN RIL SR T AP bpy &R 1. FeDCA e A L i)
ANFRFER 1420/ /1, [ — N RIE RPN AR 7 DL
HRAL I EALE] Cd . Ik, FeDCA #EEIMFIE
BCARIE ), ERIGIE RIS Cd FOIEE a 7R
W% “27 FIREE(E 1b). FIR, bpy ECAAMZE Cd 5
TR A () — 4E4E () 1b). AS[R] 5 2 18] 38 i 34
Cd FLMERIEE ac TR 482 REEM(E 1¢0). #%
JEARGER A TN 4R sql R 4h. 2522 RILLAA
TERFNHERR, W& b =4 —4EFLIE, bpy &R T
HEARAELENE 1d). FERHMZ, BN/ T/
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B, In A0SR B 8-Be A E A2 4- LKA 4 4> FeDCA
BRI A sql hAMEEREW, BT =M In
HLE 4 DN FRBRICAL, FEK B B R A
28, bpy TP RPHE TR EH F. mix Bk &
Y, AR Cd BT B 2 AR IR, e 2
5, [FIES 2 4~ FeDCA FLAAF1 2 A bpy MR A
K2, HAEFRNE R bpy &4E. Hbal i, 2
AR P ZEAET, ARNSHERH O TEFREGE
G AR RN 225 77 M 30 MOF AEZE, #E—25 TR HE MOF
PR g R4 AT R PR A

E1 HEW1RERE: () LIS, (b) FeDCA-Cd Al bpy-Cd
1) 1D 5%; (c) W4 ac HIJERL 2D JZREEH; (d) b B EROHERR. AT
TR G, A ST DR

Figure 1 Structures of compound 1: (a) Coordination environment of 1;
(b) Ilustrations of 1D FcDCA-Cd and 1D bpy-Cd; (c) 2D layered struc-
ture along the ac plane; (d) b axis pack. Some hydrogen atoms are re-
moved for clarity

2.2 L& H[Cdy(FCDCA)(bpy)(OX)(H20),]*2H,0 (2)
B SRR LEH TR

ZREAAEY 1 PRGBS 4 A AR AL
R FRATTEE— 25 51 N LA B8 7755 58 1 R R A4 SR A4 0B
BT MOF HEZEIERRINAR B TR & 2. Hudd X SHERAT
S HTRM, ED 2 458 T R R 12/a S FEE. 2 1)
AHFRETCAE 1A CAANE T, 4 FecDCA™, 4
bpy, FANEERARA —AEALK. CAID) & 7 FEE 2L
REf, BFE—AIK, 14 bpy FIRJR T, PIANE A ECAL M)
FeDCA RIEAE T, WAEIETRAER EAR MR
5, DS —AMFIE R R AR (B 2a). Cd—O
KFEHETE 0.2339~0.2413 nm, Cd—N K 0.2299 nm.
BCAL K5 HEERRCAR ) O TEREH#(O1—HI1B05, O—
H--O B 24 152.8°, 00 HIFEE N 0.2686 nm), 5
FcDCA EERILAR 7 IE A8 (O1—H1A-02, O—
H--O 8/ N 157.7°, 00 FIFEE N 0.2698 nm).
Gh, EY) 2 BT —MNERS T H0, %G1
FcDCA® [ O A2 88 (06—H6B: 04, O—H-+0
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(M FE N 167.7°, 00 BEE N 0.2899 nm; 06—
H6A--04, O—H-0 #MAEAN 165.2°, 00 HHEN
0.2852 nm).

B2 WEW2 MAME: (a) 2 B XU R BT S R 6-7E 4
R, ERAROCHE S AUR T ORE (b) BERR. BOMENE AN TRBORIRIE
BFERCAR 73 3 TR =Rl A R B (o) WY o B0 Rl BRI =4k
HEZE; (d) FTALEYT 6-3E4% sxd #h4h; (e) TERRANBRHLIE B H7 470
TERRIR = HENELE; () B HoXT 2R 6 WA 3 4h

Figure 2 Structures of compound 2: (a) the Cd, SBUs and simplified
6-connected node of 2; parts of hydrogen atoms are kept for clear exhibi-
tion of the H-bonds; (b) bpy, OX and FcDCA as linkers; (c) view of the
3D framework along a axis; (d) the simplified 6-connected sxd topology;
(e) view of the 3D framework only constructed by bpy and OX ligands;
(f) 4-connected dia topology

A& 1 e OAE, tham2 hEs—
ANRZER TG 22). 7E 2 1, BRI I A
BILA T EARALE] Cd Hty, [FEF, Hp— 0 &
FIEHALBNEUT A Cd Hty, 45 RPN ERREREM A Cd
R — AT, BHRENE, SRR T AR
MNEREARBAL 2 46, BF 2 A bpy EAER 2 4
FcDCA™ it 4k, 1 H = Fh A&k /5 AR BERC AR (B 2b).
FeDCA Btk I (i /MR IS5 ) RN, #1584 M KZ8 71,
X AL EY) 1 AR FE (B 2b). =FAN R
A )32 2 UAZ 4 B T T R e 248 (1) — 4ERE 22 (1] 200).

PATE 25 FH 0 0 50 BT 140 77 92 R 8 i 48 Hh R R
ZAESRLER. AT R B XUZAR oA BEE 6 ANECARRLAL
A ARG A 6-EFE T (B 2a), = FPECAR IS MR BT
(B 2b), Fk, BAANER AT — 6- M AR
sxd AN A 2d), W RFIRFS E(37.4°.57.6). XA
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— Rl EL D WL PR AN, ERAZ AR N ERAT T BRI 4
NI ANE — &R R, R H R EER A bpy FITEH,
K% BT ] A S — A -SRI 0, T ERE%
BT FIFEIE S = 4EAESL (B 2e). ZAELL AT faifb A 4
Fi¥hth(dia, Bl 20), IXJ&—FhL kR AR AR5 L
AR AN 2%, T FeDCA? B A& AT LA A & e e
TZAESE TR, X FLIE L B 43 R BE A 1R .
2.3 LISMIR)AIE SR

BATHEED 1 R 2 e T 7T, 8t
KBr 55 il JKTEE N 4000~400 cm™. 1B FR,
3323 cm ' A OH FIMH 4R SN, 3047 cm™' AR L C—
H FHZE4RSN, 1590 em™' AIEHIEAG FRAFLE R Eh (3L
PRIk, IR N R RIREEE), 1470 em ™' KR L
) C=C KIH4EHRE), 1050 cm ' JEFF LI C—C h738
TEAREN, 790 ecm ' IR B =C—H KIS HiIRS), 480
cm ' NIEIR S Fe M 4R
2.4 PFEFESF X SR KRITE O

NT W TR AP HRR e E, RAOTHEAED 1
A2 AT T HT(TGAR. MR BAWEN S
em’/min, FFHEEZE A 10 °C/min, ¥&E M EEITLE,
800 CTHEW. TGA Mk B/nib &4 1 3G DB
HCLHHEE, B SS5). ZilRE 110 CZlakEL 2.5%,
XL 2 df R LA HyO 43 F I 5Bk, 76 110~180 C
Z 4T 4, 180~270 ‘CREL) 7%, 270~370 CXf
N R AR ST AEE AL bpy 2625, M 370 “CHTFHA %%
HIERIR KN 15%, RARVNEEMREL S
v, M TR EY) 2, B TGA 4k BoRCGCRHE B,
S6), Eih®E 170 CHRE KM 5%, Xf B2 d A
H,0 7 THIER. 78 170~250 CZIAILEL 10%, Xt
MR OX %[, 250~400 CZIRA I BHKE, K
MEA 50%, XF B2 bpy MI2kZ:. M 400 CEI45 K i 5
FIRL) 1%, RAVNENBARELEY. T, B
KX HHRATH BB (PXRD)SS A B S AT S 20 M it B 75 3]
FIALEY 1R 2 BAT 8 A B GO RS B, B S1~S82).
2.5 HINAIILIE R GTHHIE

S R TT I I8 S i (UV-Vis DRS) Tl & 41 )
JE AR TR s AR SRR A A 1 A 2 IR
RIEE, R, AT AT TR AT W8 R ki
MR, S5 HRFH, (a1 A2 750 s X AL /MBI
A BERAEIRIS, A BIRITE A X (B 3). R4
MRS R, Al 1#E ] Kubelka-Munk B0 — 5115
&M 1 IS SR E R 3.1 eV, a2 Ak 5 B Ny
326V, “HIAEH B
2.6 StEEEFEANE

PATE— B FC T e AR AT I HEER TR (90 F R
N AT R RS S I R B Bl S R 22, R T
FRBA vk v, e RE h, A T o iR Fr

http://sioc-journal.cn 251



W@

0.4+

Absorption
S
~N

0.0 T T
200 400 600 800
Wavelength/nm
(b) 05
0.12
0.4 Y A
s 3.1eV
X S e
2 3 4

0.34 hviev
=
2
2
o
S 0.2-
kS
<

0.1

T T
200 400 600 800

Wavelength/nm

B3 (a) tb&1 119 UV-Vis DRS; (b) L&) 2 (1 UV-Vis DRS
Figure 3 (a) UV-Vis DRS of 1; (b) UV-Vis DRS of 2
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Figure 4 Photocurrent test of compounds 1 and 2
2.7 TEIMRZRIMERE

F &3] H,FeDCA 1, JEI I HLAL 235 11 LA A,
BAVEWEF THAY) 1 2 FIAAGIER RS . 75T
BRI R, R B B TT([Fe(I)(Cp),]) e E AL A
—% Bk BB T ([Fe()(Cp)] ), BEJE & A
[Fe(I1)(Cp),). @1l 5 fiw, IRAE ITO FHBEE FE
Y1 F 2, BT RAREIN B — AN AT AR RIS AR CGR 20
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ANMERR), T H = E G SR E A AR, A E 0.527~
0.545 V, iBJEIE N 0.428~0.452 V. T L iZE LIS E
i FE 4y W 45 FeDCA™ f) Al 3 4 1k [Fe(II)(Cp),)/
[Fe(LIT)(Cp),] .

—1
1.0x10° —2
<
SN 004
-1.0x10° T T T
0.0 0.4 0.8 12

Potential/V

B5 fLa? 12 B 20 )G (R
Figure 5 Cyclic voltammograms for the compounds 1 and 2 (20th cy-
cle)

2.8 WHMEEMR

BAVEHE— PR THEY 1 M 2 5 H,FeDCA it
A 2 R 1 25 08 e e i (B 6). AL A 1 4E 290 nm (%
KR RTE 435 nm A HGRIZOCR S, HRALED1
HAE L1 bpy FLARIZ AR, SHESCRREIZE R, RATIA
NE RS FERE bpy. LAWY 2 7 290 nm KR
T KK B B 620 nm, NG K S, T
H,FcDCA FCAARLE 290 nm 9% KR N K R S 160 H
PIE 620 nm, HIALEYD 2 M99 EERIET FeDCA
P A,

15

—1
—_2
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Figure 6 Normalized emission spectra measured for the H,FcDCA
ligand and compounds 1 and 2

3 g

AT I A% ] S B2k AF, FIFT T 2435 T HoFeDCA
FOAR AR IC &4, 3K 2 M SV B B B HESR S5 4,
SR KT RT L EIR SR R N, R 4f 5 Rk T B B
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R, AR B ON ST 56 AL AT

4 KIGERS
41 UE5H
WSS BRI, TS Metaljet D2+, GaKo (1=
0.13405 nm) ¢ 58 B X ST LR R AT S, B S
MiniFlex-II, Cu Ko (1=0.154184 nm)J:IE4EES, 193
FE 3 (°)/min; {8 B AR L AR, BS54 Magna
750 (500~4000 cm "), K KBr JE IR, 28 &b
1%, 75 STA449F3, MHAMEAE AR, FHREEN
10 ‘C/min; %8 4b- 3 20 41 Fa gk 245 % 6 e i A, M5
FLS1000, AT 2 AR i 1R 58 S B Ui 48
TOKBFER(CZN T, AEE98%), 4,4'- kI mE (B Fi
T, 4i99%), PU/K & iR % (Adamas-beta, 2/ 99%),
1,1- 7%k — ¥R R (Adamas-beta, 405 98%); 7Z& 1 /K I
Jy E il
42 MREIHE
42.1 HA4[CA(FcDCA)(bpy)(H,0)]*(bpy) (1)85 4 5%
W 4,4-BEIEIE(64.0 mg, 0.4 mmol), H,O (3 mL), 7
AN 23 mL 3e85/MiEH, SR 5% H,FeDCA (108 mg,
0.4 mmol)F1 NaOH (32 mg, 0.8 mmol)E /% 1 mL /K%
i, CA(NO;),*4H,0 (246 mg, 0.8 mmol)ALE¥ 1 mL /Ki%F
W, AR IR/, EEE S min EEHTLCELE 100 C
HEARINEY 5 d. B BN, A AR =R, 53R
AR 20 mg (3T HoFeDCA, 7224 35%).
422 A4 4 [CdyFcDCA)(bpy)(OX)(H,0),]2H,0 (2)
EORESOY
¥ 4,4-BXIEIE(78.0 mg, 0.5 mmol), /K &EFR(6.3
mg, 0.05 mmol), H,O (3 mL), 43I0 23 mL 3EH5 /MK
o, SRJE¥ HyFeDCA (135 mg, 0.5 mmol)F1 NaOH (40
mg, 1 mmol)ALEK 1 mL 7K, CA(NO;),*4H,0 (150
mg, 0.5 mmol)AL/% 1 mL KEW, 7 HlinA Fdk /M,
ZENELE 100 CHAFTINH 10 d. BUHBES /MR, A A
ZERE, B3 &R EREAHSE 20 mg (T
H,FcDCA, 7224 31%).
4.3 EINAI B R ETEIE
A 1A 2 (R RRE S & 7E PerkinElmer
Lambda-950 %! UV-Vis Y HEAX E 58 i), KR /INMAS Bk
[ Ao AR S A B, I ELBAUR U % R.~1 [Y] BaSO,
HOARAEYI R, {E 200~800 nm $34#. Kubelka-Munk 2%
R FR)=(1—R)(2R)=alS. R, TR ERE S I
P o NN REL, S NHET AL
4.4 SR
PV AR 4 TAE Ak, HAAR M
T T A& B (S mg) A nafion (10 pL)¥A T 0.5 mL
LEEF, SRIGHEFE AL FE NG 40 pL R4y 8 IRIHEIHAE
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T 1TO S HLIBEHE(1.0 cm X 4.0 cm, 10 Qecm %) |, 15
PRI, G H IR LIS R 1E = AR R ¥ CHIT60E Hiik
T AESE BT, b Pt A oux B b, Ag/AgCl Hibk
NS HAR. SEIAE =R T 0.2 mol/L Na,SO, Hiff
HEAT, FEEH 300 W R RGO (B 4 ' (> 420
nm))E A A WY,
4.5 fBEIRMRZMK

T I VAR TR R £ AR FRR. R A% R b (S
mg) Al nafion (10 pL)¥A T 0.5 mL AFEH. SR )58 Ab2E
HH 40 pL VoY 8 IR STAE T 1) ITO 3 LB HS -
(1.0 cmX 4.0 cm, 10 Qecm?), PASKAFIRIE. FEIRR 2252
IR AE = MR 21 CHIT60E HaAY S T ARG FHEAT I,
Horh Pt Joxt B, Ag/AgCl LS EE M. SEIbAE
=TT 0.2 mol/L Na,SO, HE -F#HEAT. LA 50 mVes ™
IR R R CV .
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