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A Cadmium-Based Coordination Polymer Including No Solvent
as an Anode Material for Li-Ion Batteries

CHEN Xiao-Juan RONG Hong-Ren YU Li-Li CHENG Mei-Ling SUN Guang-Chi LIU Qi*
(School of Petrochemical Engineering, Jiangsu Provincial Key Laboratory of Fine
Petrochemicals, Changzhou University, Changzhou, Jiangsu 213164, China)

Abstract: For developing lithium-ion batteries (LIBs) with higher energy density, coordination polymers (CPs), as
the electrode materials for LIBs, have attracted considerable attention from researchers. Herein, [Cd(tfbdc) (Im),]
(Cd-TBI), a one-dimensional (1D) CP, was synthesized by the reaction of CdCl,, imidazole (Im), and tetrafluorotere-
phthalic acid (H,tfbde), and characterized by single-crystal X-ray diffraction, IR spectrum, and thermogravimetric
analysis. In Cd-TBI, tfbdc*™ anions bridged Cd(Il) ions to form a 1D chain structure. These 1D chains are linked to
each other by the hydrogen bonds to produce a 3D supramolecular framework. The electrochemical performances of
Cd-TBI as an anode material of LIBs were investigated for the first time. Cd-TBI electrode delivered the discharge
capacity of 150 mAh-g™ at 50 mA-g " after 50 cycles, along with the capacity retention of 95.7% and Coulombic
efficiency of 99.2%, indicating it has excellent cycling stability. Even at 1 A-g™, the Cd-TBI electrode also kept the
discharge capacity of 97 mAh-g™. CCDC: 2152124.
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[Co,s[.(H,0),],(H;L=4-hydroxypyridine-2,6-dicarboxylic
acid) ®, [M(C,05) (H,0),],(M=Cd , Co) """, [Zn(H,mpca),
(tfbdc) (H,0)](Zn-ODCP) I [Mn(ifbdc) (Im),]“, {H %]
HATA 1k, A e —4E CPs VE A LIB il b4 R Y 4 1
IWARZ ., A, 1E R LIB Gl A R CPs, K 25045
AR Ay F BRI ) A T s X SR R A TR R
Al 55 80 kA RN, IR SE HR ™ A K R A AN T
0 U DI PR 22— SRy Tl D X R AL
PLE A W0 43 1 CPs A Fa AR E Z I, 38 5 56
TR AN 7 B8 70 3 DL CPs R 25191, 4
BT, B H RN 1k AN R B ) o
T CPs 1E 2y LIB A FE AR A4 L 9 438 R A 2 41
[Co,(OH),(bde)] F[Mn(tfbde) (Im),]?"2 K 1, FF % 8
(R RN 43 F 1Y CPs JEH AR A RE , X T 4f ik 12
ARHLE LIB U85 4 1 FH 2 —J00A 2 S TA

5 J8 B KL DU SR H R (HLtfhde) TR s 2

1) CPs B 24 AT AR LIB (1) B Al 44 8, An[Cd(tfb-
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KA FACE A Im 20 T A2z 350 A Al
e A 3RGR 34 Sy a3 Bl (RS T 2P Al
H,ttbde 275 SCHR 7 il 461, B iR — HH R AR IR £
e A LR RS TA FRAF
1.2 [Cd(tfbdc)(Im),](CA-TBDEI & KX

¥ CdCL-2.5H,0(0.022 8 g, 0.1 mmol), H,tfbdc
(0.047 6 g, 0.2 mmol) I Im(0.068 1 g, 0.1 mmol)i& T
FA 3 mLHEE 3 mLEB /K3 mL N, N- 1k
H IR TR B R v S IR R 2 h S g, A5 3 e
O, BB LORER TERTHE, 29— 1MH
Je R TG € 37 B Y HRObR A WA AR
JC £ 43 M1 4% CyoH, CAF,N,O, 3T 5 1 B8 18 (%) : ©
38.69,H 2.60,N 18.05; SC I {# (%) C 38.53,H 2.54,
N 18.15. ZLANETEEIE (KBr FE A, em™): 3 145(s),
3059(s), 2 950(s), 2 858(s), 2 727(m), 2 629(m), 1 605
(s), 1 539(m), 1 457(s), 1 364(s), 1 321(m), 1 249(w),
1 170(w), 1 141(w), 1 069(s), 983(s), 938(m), 887(m),
836(m),758(m), 731(s),655(m),621(m),462(m).
1.3 BRLTHEIENKE SRR

I B B, 3 1 K/ R 0.30 mmx0.20
mmx0.10 mm FJ 554, 7 Bruker Smart Apex CCD H. 5
TS B R T 28 4 55 (8, 25 B 846 19 Mo Ko S 26
(A=0.071 073 nm),7E 2.32°<0<25.0°3E [ , T°296(2) K
T iz H ¢-0 5 77 S Cd-TBI AT 55 £ , Bk
23 Lp AL Wi 1E . R H SHELXS-97 ##
P B D SRS R AR R T AR R A
R AN W T O | el R A D Y 7 N
] P E RS EOT SHELXL-97 25, I A4S0 M e/
TR LEA ARG & . Cd-TBI 1 A SR R HE
WA, R 45 P f5e /N — 3 o) A ) [l P A 2
BB IE . Cd-TBLI A2 B o1 TR 1 h
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Table 1 Crystal data and structure refinement

parameters for Cd-TBI

Cd-TBI
CooH6F,CANg0,

Parameter

Empirical formula

Formula weight 620.81

Crystal system Monoclinic

Space group C2/c

a/nm 1.904 68(14)

b/nm 0.768 46(6)

¢/nm 1.597 24(12)

B/ 112.516 0(10)

V/nm? 2.159 6(3)

Z 4

D,/ (g-cm™) 1.909

(Mo Ka) / mm™ 1.095

F(000) 1232

Index ranges -22<h<22,
-9<k<9,
-18<[<18

Unique reflection 1885 (R,,=0.0159)
Data, restraint, parameter 1885,0, 170
Goodness-of-fit on F? 1.087

Ry, wR, [I>20°(])] 0.0170,0.042 3
R, wR, (all data) 0.017 5, 0.042 6

(A)us0se (Bp)yio / (e2nm™) 218, -250

CCDC:2152124,
14 % f{E

FIIH Nicolet 460 LT HMGIEACRIRALAR K F 7
WA B9 CA-TBI 89 FT-TR Y . FFH X 2R 47 5
1% (D/max 2500 PC, Rigaku) ¥ 5 Cd-TBIEE & i) 8 A
X 5 AT T (PXRD)ECHE , AL 25 1Y 4 4 Y [ 26=10°~
80°, 45" L It FIAE FEL R 43 1 4 300 mA 160 kV, R H
Cu Ko 8 8F(A=0.154 06 nm), K H ESCALABMK 1I
X ot f P RETE (SO RE A EA T X S TR
TE(XPS) I A2 o >R % 5 i+ 1 7 8% (TEM, JEM -
2100, 111 3 HL i 200 kV) R % 5 41 46 B B
(FESEM, H 57 S-4800, il H, F 20 kV)BHF 584 i 1)
TE SRR EE Y . ZEM AR R 77 KA 2540 L
FH 2 H LA W L (ASAP2010C)IM & Cd-TBIFE i Y
N, % B — 58 BfF 45 Y 2%, F1) FH Brunauer-Emmett-Teller
(BET)Jy 35 FE it 19 HL R T AR, SR H] Barrett-Joyner-
Halenda(BJH) 77 75 T3 HE 5 19 FLAR /D FHFLAR B
RS, LE TG 209 F3 #4048 E K Cd-
TBIFE & i #4260 38 ) T IR 8%k 10 C -

min™", VI DR 3 i 2 800 Co
1.5 BeENE

Cd-TBI TAE R A & F2 7 40 R 4% Cd-TBI(HE
PE ) | 20 2 (5 LR ) LA SR Al 9, £ 4 (Rl 4 7))
6:3: 1 By it it LU AR TR i AT IR & RS 22 1
A1, SR G IINAGE Bt () N-F R e B, 4k 227 A K
AR o B BT AS AR W 38 SR AR R 9 1, #E 80 °C
TN EZS TR 12 b, AR5 KA 96 8T B2 10 mm
=R @ YA S S W e O e W Sl W L
VI B 290 0.84 mg. 226 % CR2032 A 41 411X
FL Tt AT FL AR 2 M R G . 2 9 X b ) 2 2
PR o FE S R R A Etelux W F A R £ 4
LAB2000 7, ¥ Celgard2400 [ JIE & T 4l 47 F- (4
) F Cd-TBI TAER MR Z 8], SR 5 LA A 1 mol - L
LiPF, ik 12 £, 975 TR (EC) Ak 112 — H 1K (DMC) Fil ffk 172
T LPR(DEC)TRA T ARTLL R 12 1 1) i BT
W o AL R, 750 2 2 A 1 2 2 vt
B 10 he 7£0.01~3.0 V 1953 f A1 0.1 mV -
SRR B T, R H b A TR 3 (CHI600E , b
SRR FR R (CV)ITZR . ZEHRIE A S mV Fl
HRSE R 0.1~10° Hz 254~ , R F CHI600E Hi 4k
S TAE Sl A I 52 A BELAE 15 o ol P Pl st i T
Z55(CT-3008W-5V10mA-S4 , R @Rl 4140
3 HL Y P 7 F M R AT M e LR R 0.01~
3.0 Vo LAY LA AR CA-TBI A B 115, Fb
A mAh-g s

2 #R5iT

2.1 Cd-TBIR Rk

Cd-TBI (XS FRELITALEE — > CAID B+ B4
tthde” BB FH1 21 Im 531 MKl lam[ LI, Cd
(D& F 5K A 24> thde® i 2 4 E Tk H 44
Im () 4 N ERF AL, B T —A /N A, /A
T A F Bt g 57 B bl O IO LA JE 1 (5 408 , 2R 18 °F 1
L& 4D NI S8, k2 iR, Cd1—O0
(0.228 53 nm) 1 Cd1—N(0.226 16~0.226 69 nm) 5
P2 35 SCHR A E 19 CA(DEC G4 v i S (B, 58 £
N1A—Cd1—N1, 01—Cd1—O01A I N3—Cd1—O01
4393 h 180.00(8)° . 180.00(5)° 1 87.86(5)° . & &l 1b
7R, B~ thde™ 3l i B E A 4B Y Cd(D & ¥, B
R —YEEE LS H) . MAFR S1(Supporting information) 1 AJ
PLA th, 75 Cd-TBI fa ik h A7 7E 4 Fh &5 (N—H---0
O—H--0,C—H---0 fl C—H---F), ik i) — 4k 5
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Cdl

Symmetry codes: A: —x+1/2, —=y+1/2, —z; B: =x+1/2, =y+1/2, =z

a) Cd-TBI ) CA(E - Fi (7 FRBE ], HAMEERAE A K- 30%; (b) Cd-TBI ) —HEEL Hs

c) Cd-TBI f = 4kZ5H, Horp e AU

Fig.1 (a) Coordination geometry of Cd(Il) ion of Cd-TBI with thermal ellipsoid at 30% probability level;
(b) 1D chain in Cd-TBI; (¢) 3D framework of Cd-TBI with dashed lines representing hydrogen bonds

K1

— o~

x2 EEYWCA-TBIFHEERZEKOm)FER(C)
Table 2 Selected bond lengths (nm) and bond angles (°) for Cd-TBI

CdI—N1 0.231 56(10) Cd1—O01 0.246 43(10) Cd1—N3 0.231 10(10)
N3B—Cd1—N3 180.00(6) N3—Cd1—o01 88.70(4) N1—Cd1—O01A 88.43(3)
N3B—Cd1—N1 90.98(4) N1B—Cd1—NI1 180.0 N3B—Cd1—O01 91.30(4)
N3—Cd1—N1 89.02(4) N1B—Cd1—O01A 91.57(3) 01B—Cd1—01 180.00(4)
Symmetry codes: A: —x+1/2, =y+1/2, =z; B: =x+1/2, —=y+1/2, —z.
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I S1 A7 . Cd-TBI7E 182 °CZ R #H Y4 2 % , {H
Cd-TBI AP 43 & HE7E 182~230 CZ 0] 3 Z ) ,
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WA G FE L 25 5 43 A 121 #1161 mAh-g ™', X
N T 75.2% WECRCE . PIRIECRCREIRFZY
P, 7R SO 73 0 1 4% Fb, fe SO 5 1 (SED) ) 77 AR A G, i
JR T £ B T 7E Cd-TBI H i R 1] 38 4 A2, i F
Cd-TBI A % R 0, AR R0R & TIr 2
Hifth CPs(6S2). fE50 mA-g ' B E T, %28 T
CA-TBI HL#l PG RAMERE . anf&l 3b Bt , i ) s 1
(A3 2 FSELTE B, IS RCRAESS 3 WA 3 in
#91%, I HAES 50 IKAE I AR5 1 99.2% , iX



5578 WRIGE AR A5 : — Bl VR D B R 1 R T SR L A A S5 8501 1 B BB E 18 3R 5 ) 1371

100
(b)
80
S
T 60
3
E
5 40
&
Experimental
20
Simulated
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  §
4000 3200 2400 1600 800 400 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Wavenumber / cm™ 201/ (°)
&2 Cd-TBI(a) ZLAMEIEH(b) XRD &
Fig.2 (a) IR spectrum and (b) XRD patterns of Cd-TBI
3.0 300 120
(b)
25} oot A f\.‘hvvv-g-"-.-'ﬂ--_vw 100
= P
20 < 2001 {80 &
5 = ol
; — 1st ; , é
§15 —2nd £ 150 Wﬁw 60 5
° 3rd g g
" 10t ——20th S 100} —=— Charge H140 £
— 50t = —#— Discharge 5
05k :n)q 50 —=— Coulombic efficiency ()
0.0 1 1 0 1 1 1 1 0
0 50 100 150 200 0 10 20 30 40 50
Capacity / (mAh-g™) Cycle number
250 1500
(© m Charge @ L] = After 1 cycle
® Discharge e After 50 cycles
200 n
"T:\D 50 mA-g!
o S0mAE" 100 mA g =, o 1000 | =
T 150 | e bty 300 0 ¥ .
-8 S
. oty 500 mA-g! N =
B 1000 mA-g™! ‘? -
g 100 -
g 500 [
O u
u
50 ]
0 L L L L L 0 J L L
0 10 20 30 40 50 60 0 500 1000 1500
Cycle number Z'1Q
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Fig.3 Electrochemical performance of the Cd-TBI electrode: (a) charge-discharge curves in a range of 0.01-3.0 V at 50 mA-¢™";

(b) cycling performance at 50 mA - ¢™'; (c) rate performance at different current densities; (d) EIS spectra

F0 Cd-TBI LA b BB RS R e, 4 100,300,500 A1 1 000 mA - ¢ i, Cd-TBT HL# f F-3
NEIRRZI W) I, 2k SO MGG, CA-TBIHE I JCHL 25 53 51y 147,145,128 110 F197 mAh-g ™',
A PR FE R 154 mAh-g ', FEAFFREE Bl AR, A % K E $) 50 mA-g,
95.7%. AT T AR E TR AR HBR A 5 176 mAh-g', X 3R Cd-TBI AL A
G IR E M, AT T Cd-TBI LA A5 3R A RO R RE , it ELZE A% 3R 05 A 416 2R e v
AEo [l 3c B/ T 4] FL I %% B2 R (50~1 000 mA - LR M e i — 200 -

g )Cd-TBI HL B A9 7035 L 25 o Y FL L6 J Ol 50, g T #E— R R CA-TBI HL W 14 B Ak 27 2 ) 3
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ANV URAE I 5 10 H ey e B FRLBELAEL (20 152 ), 31X
Al REEH N T S0 R MGER 5 Cd-TBI Al HLAT HE 4 Ay
R A M . BN L e RS BB RS T
Li i dec icd A% v A PR f 1 . Ik ah 2 25 EIS il
LABN KT 45°, XRHE IR R L.

K H CV ik ik— 25 34 Cd-TBI HL AR 1 H b2 1k
RE. MRl 4a 7 CA-TBIHLAR 19 CV fh<k , 3 AiTA]
PIOWLEERILE S 1 RGN S A i AR v, 2 ik i
I 43 591 HE BRAE 0.69 F10.1 V A2 47, X AT REZ T )& T
SEIERYIE B . Cd™ 8§ 18 J5 i Cd DA K Lit 5 ik A
Cd-TBI H, 3% B[ CA)(tfhde)(Im), 2 i, T [Cd(O)Li,.,
(tthde)(Im),]o 7E55 VIRPEA B IE [ #EH,0.76
VT BT 1A AR . ORI Cd g AR
CA"E ¥, 5 LB R AR . HAES 2 IRIGHAT,
R B 0.69 V T IEIER £ 0.9 VL. 78
F3WMEIHZ 5, CV &L T H &, X & Cd-TBI
R P RS PR . FRATTHEDN Cd-TBI Al 22 T3 1)
A3 N AT RE A= 1R 2 iR

[CdM)(tfbdc)(Im),]+2Li*+2e = [Cd(0)Li,(tfhdc)(Im),] 1)
[Cd(0)Li,(tfbde)(Im),J+nLi*+ne = [CA(0)Li,,(tfbde)(Im),]  (2)

E 2 1) — 23 U 4R CPs L s il A4 L,

Mn-TBI®F1 Zn-ODCP*, 28 7 T J5 LAY S W 3 2

0.1
00
<
g
:= Scan rate: 0.1 mV-s™!
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3
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Fl4  Cd-TBIHEARAY CV Lk
Fig.4 CV curves of the Cd-TBI electrode
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IV B TTER AL, AT RE IR A —EB 43k H LA TTRK, 1 AN
[Mn(tfbdc)(4,4’-bpy)(H,0), | FL A AR KL,

3 & i

FATLI A B T —A~—4E CP((Cd(tfbdc) (Im), ],
Cd-TBI). 4 Cd-TBIE N LIB i St A1k, 75
50 mA - HL I B A 6 50 U, Cd-TBI HL A 1Y
T AR RN 95.7%, s T H R AR R
ML CADE F A1 Cd-TBI (59 A HLIEC A tthde> 7]
eSS T AR, AR FRIEL—4ECPs 5
T =Y AL CPs 250, TT AR LIB Y AR A4 R
(EAS— A, — 4N SR GG CPAE A LIB 1Y)
T AR 2 B R RAE . 5 AL CPs LA AR
L, 45 Cd-TBI FL R A 25 det AN & (HGE o i 57
Cd-TBI 1 B Ak 24P B 5 HLA5 M AN OC R
A G BET5 A BUHT Y Rk BE CPs JE S A RHE IS
KGRI TAEIEZETRAT L0 = P e

Supporting information is available at http://www.wjhxxb.cn
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