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Syntheses, Structures and Luminescence Properties of
Coordination Polymers in Mixed-Ligand System
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(College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao, Shandong 266042, China)

Abstract: Three novel coordination polymers, formulated as [Cd;(pic),(H,bmimb)], (1), [Cos(pic)s(H:bmimb)], (2),
[Cd,(1,2-mbix) (pic), (H20),), (3) (Habmimb =1.4-bis ((2-methyl-1H-imidazol-1-yl)methyl)benzene, 1,2-mbix=1,2-bis
((2-methyl-1H-imidazol-1-yl)methyl)benzene, pic=5-phenylisophthalic acid), were synthesized by self-assembly of
mixed ligands with Cd(Il) and Co(Il) under solvothermal conditions and characterized by means of single-crystal
X-ray diffraction, X-ray powder diffraction, infrared spectra, thermogravimetric analysis and fluorescence spectra.
Single-crystal X-ray diffraction analysis revealed that complexes 1 and 2 possess 3D anionic frameworks, in
which the protonated bis-imidazole ligands balance the charge of the frameworks. In complex 3, the Cd* ions are
linked by pic and 1,2-mbix ligands to generate a 1D chain structure. The adjacent chains are held together to
form a 2D layer via 77+ -7 stacking and then a 3D supramolecular framework through hydrogen-bonding interactions.
In addition, luminescence properties of complexes 1 and 3 in the solid state were characterized. CCDC: 1484791,

1; 1484792, 2; 1484793, 3.
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VR, 38 2o 36 A [ A 22 1 sl 4 1% A LG A4 ] LA
13 BIAIR] B 2548 WP TG A o R S 43 28 AR 45
AT 2 P R D R LA 1 4 26 et A vl gk % 1
B e A B HEAT IR 9 55 S A5 BN W) R T 0 B AR 2
F 35 N R B R A SRS WS I TE R
MR e MR al B AU B T AR R IR M BT CPs &
SR IEGE R Z 0, BRI Z R/ 28 H b BUR
MRS Z B AL AHRSRE T, AN
Yaghi BF 5% 413 o 1,4-%F 4 R BR (BDC) Fl Zn>* 5
F7E DEF H & Wt 35 24 1 MOF-5 AR JF & 51
FLRLB R SRR BT RE T 5, AT AE R ST EAT X 45 25
Fa (R TC S 3R A5 ik — S e A T KR %% ) JF
g 7 py g eue ARk S-BUREE(Anis Ak 2
R R R A [B) R T R A S AT i AR B Tz Y
T 54 B[] % — YRR 1 BIF 50 AR X e b is1ol - e B
AT HLEC AR iy F L8 K 255 8] A BEL A 5 T8 47
T1) geeeqr VB TR 500 R4 SFUBT RS # CPs B4 K
TS T ATREE . ARBT A RO AR T 5 AR
RS RE T U SRR 70 AR 4 T AT DL HR A
(HOBUBK s E AR) 5 )32 F R A SR A 2 R 46 Ja B 1Y)
FRE CPs AR 23 iR 24 1 02 I M S [R) 44 510
TR AR R AU R T B 5 ¥ 1) Z e, 3L 0H]
HHE T8 Z RS A R T & B RS
AFEY BRI T 1, 4- (- P SR )
7 ) 28 (Hobmimb) 5 AN [F] 3R B2 Be A4 & 1 s 2 Fh
Ag(1)CPs #4832 bp b} 3 T — 4k B 28 25 # Fil —
g 22 18] B A5 A 2 BB BIF 5E A R R R
Hobmimb B A 53 51 5 %68 28 — H i R 1] 4% — R A4
WARBCAA R, 548 CdA Za(F T H
A LR 2 HE 25 R 1 CPs M RE TR 58 O i
TR fif A HLAL R B,

AR SCHE FH 5-28 FE ) 28— H R (pic) 23 9l 5 1,4-
(2 F S K ) S HT R ) R (Hobmimb) (1, 2-—((2-H
JE WK e ) W7 R ) 2R (1, 2-mbix) 21 BR B AR IR R FE
BWRMEKGETER 3 FHERHBNRCESD
[Cds(pic)s(Hobmimb)], (1), [Cos(pic)s(H:bmimb)], (2)#l
[Cdy(1,2-mbix)(pic),(Hy0),], (3), FF X 45 44y A1 1 Jo i3k
17 RAE,

1 ERHH

1.1 RF 58
SUEL BT (AR) | DY 7K A R 55 (AR) L 7S 7K Al 2 4
(AR) 5- AR JE 0] 28 — W 2 (=98%) L4 1,4-—(2-H

HE DK e ) 7. KR ) R (=99%) LA 1,2-((2-F1 ALk
WA ) IV FHY 356 4 (= 999%) 440 38 2o 7 i 2 ) L4 I 3K |
AR BRI — P840, C H N JCER 73 B i A
Elementar Vario MICRO JCZ 70 #H1% éIﬁl‘ﬁ'ﬁ%(FT—
IR) i3 KBr H F 78 Bruker IFS-66V/S 214115
AP A5 BT (TG-DTAYVE R AT (R A
9100 mL-min™) #i F§ NETZSCH STA449C #/3 #r
Gt ¥ S Bl 30~800 °C,THE % 10 °C+min™',
Ky AR X £k AT S (PXRD) 3 1 ) D/MAX 2550,
Cu Ko @ 5F(1=0.154 056 nm), T-/EHL R 40 kV,
EHLILA 30 mA, FH H AR 6°-min™!, 5 Fl R
4°~40° i 2 Ry F R, FEAZS I ] Edinburgh
FLS920 BHEEIGHEAN , D% 450 W, iR A = iR, 78
PR AR AR R B R TR T R DR R
L BT FHRE S i 2 20 mg, DABE 3 R R
W DESCAE R 2 L7 4
1.2 KR
1.2.1  FLAYI[Cdy(pic)(Hbmimb)], (1) 5 5K

HEH PRI 7.0 mg (19 5-28 5 8] 2% — H1 2 (0.029
mmol),7.0 mg # H,bmimb(0.026 mmol) 1 15.0 mg fi§
1% 5% (0.050 mmol) I A BB FGE h 1EA 1.2 mL iR
BIERNV gl Vi =1), B Tl L 25 P25 I 0 B3 8
TCARE PP AL R R BEAR 8 h 2218 THE) 120 °C, 1
I B ER AR+ 83 h, #RJ5 13 h J5 2812 % 5 30
°C, FTIFFBEIEE b il AR Y 5 F PO R v gt | 75 2
Tk, BT Cd IR B R24HR 70%, TCHR
SHFEAE (% CHuCdNO 115, %) . C 55.21 ,H
3.35,N 3.58; 95 {H (%) . C 55.05,H 3.38,N 3.74, IR
(KBr,em™):3 372,1 615,1 585,1 383,1 334,1 164,
1 012,925,822,785,744,649,562
1.2.2  FLAPI[Coypic)(Hobmimb)], (2)1 A A&

FCG ) 2 096 TS 125 (0R: 4 Ja A6
4 14.0 mg G2 %5(0.050 mmol), £ 3 21 €4 fi 44, &
F Co WHAFEN M 7= RN 60%, TCESHITHAE
(% CH5Co3N,0y6 715, %) . C 61.51,H 3.73,N 3.98;
SEHE (%) :C 61.63,H 3.66,N 3.89, IR (KBr,cm™):
3 372,1 620,1 534,1 463,1 240,1 113,925,828,
744,562,
1.2.3  FAPI[Cdy1,2-mbix)(pic),(H,0),), (3)HI 5 L

Be&Y 3 A kS 1 2L, 00K 46 Bl ic &
#°4 7.0 mg 19 1,2-mbix(0.026 mmol), 13 £ JC {4 i
T Cd R B R AR 70%, TLR it
BAE (% CyHyuCAN Oy 5, %) . C 52.45,H 3.80,N
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5.56; 555 1H (%) :C 52.35,H 3.64,N 5.35, IR (KBr,
em™):3 480,1 640,1 332,1 100,856,749,694,
1.3 REEHENE

53 B LK /PR 0.27 mmx0.26 mmx0.24 mm
(1).0.28 mmx0.26 mmx0.24 mm (2)F1 0.27 mmx0.24
mmx0.22 mm (3) 5 &, ' T Bruker SMART 1000
CCD AT 1, 725 PR & A BB g
AL Ko 126(A0=0.071 073 nm), Lk -0 $34H
75 A A B AT R o A Rl e R RO 2

SADABSPIFE ¥ /E 2 22 56 W WSOHT IE 45 44 figk A FOKS
&L Olex2.0 B8 H SHELXPHE ¥ 47, H
SHELXS f# AT fL 4544 , FH SHELXL XJ fr A7 9F & i+
Ap bR SO ) MRS EOE T P T 2 R /D
TP IE BWSL, G 4 G A E R AR R
AR mE Ik, RARASY 2 1 HIA
HOB H10A 1 H10B &5 J& M\ 25 (B A 37 i [8] | 4%
F, WA 1-3 W FERERERIES L% 1,
CCDC:1484791,1;1484792,2,1484793,3,

F1 BEEY1-30REFHIE
Table 1 Crystal data for complexes 1~3

1 2 3
Empirical formula CH5Cd3N4O 6 C»Hs5CosN,Oy6 CuH3CdoNLO o
Formula weight 1 564.36 1 405.96 1 007.60
T/K 293(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Triclinic
Space group P2/n P2i/n Pl
a/ nm 0.971 08(3) 0.949 187(11) 1.004 65(3)
b/ nm 1.992 42(8) 1.936 409(18) 1.169 71(4)
¢/ nm 1.687 32(7) 1711 74(2) 1.751 71(6)
al(°) 90 90 77.493(3)
B1(° 99.890(4) 101.938 9(12) 82.102(3)
v 1 (°) 90 90 86.617(2)
V / nm? 3.216 1(2) 3.078 14(6) 1.989 70(12)
A 2 2 2
D./ (Mg-m™) 1.615 1.517 1.682
F(000) 1 564.0 14420 1 012.0
R, 0.036 3 0.019 6 0.028 0
GOF 1.061 1.146 1.056

Re, wRY [1520(1)]

R, wR; (all data)

0.027 5, 0.058 0
0.037 7, 0.064 3

0.0515,0.140 8
0.061 9, 0.145 7

0.036 2, 0.081 6
0.042 2, 0.086 2

R =3 (IFJ-IEI S E); "wR=] S w(F, P~ EP S (F2P)?

2 HR5R

2.1 BmEEH
2.1.1 AP Cdy(pic)y(H,bmimb)], (1)

X HRPMGH S ER DR . AW 1LET
BRHR R P2/ A RE, Q1L 1a FToR | IXBC &1
ANKEFREE A BT EE 1.5 A SRS 1Y Cd(l),2
™ pic o F EAUEE B bmimb BOAR T RS
PR G Cdl R A {CO M B X o 2
HEALR 7 AR T35k BT 4 DA R R R
BefA 5y, Cd2 TR F{CAOG M BL i A = o =
HEALW 6 N E T4 5k B T 6 AR R IR

BL A3 (Cd-0 0.204 8(19)~0.247 9(2) nm),

BLEW 1, pic B> 1R H] 2 Ml AR
pic BCR 73 1 iy — A2 R FH X5 2 A B
T3 — R R I B & - AL (B 1),
pic FLR > F 42 3 SHIAEH od JR T 15 Cdl -
Cd1 Z [ HE 25 /& 0.953 3 nm,Cd1---Cd2 Z[A] Y #E
B 0.345 7 nm;pic FLARS> 0 — R R
XA R, 55— AN BRI XUA B G - 3% i
PR pic FCARSr 7 %42 4 AR Cd(D), Cd1 -
Cd1l ZH A FEE & 0.971 0 nm,Cd1---Cd2 Z[H] [ FE
B2 0.345 7 nm, FHEBHY Cd @1 pic BLR>T 1B
BT A% 4R )2 (] 1e), 3T pic BLiR 5+
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(b)

Mode (T) /\>

Mode (1) §

Hydrogen atoms have been omitted for clarity; Symmetry codes: ' 1/2+4x, 3/2—y, 1/2+z; " 1-x, 2=y, 1-z; " 1/2-x, 1/2+y, 1/2—z
F1 EAY 1S (a) CAIDE T BLALERET; (b) KL &4 1 0 pic BLAARRY 2 Fid 742K
(c) 2D Z Z AR I (d) 3D B8+ 4

Fig.1 Structure of complex 1: (a) Coordination environment of the Cd(Il) ion; (b) Two coordination modes of pic in 1,

(c) Polyhedral representation of the 2D layer; (d) 3D anionic framework

W8T — > = 4E B2 75 28 (18 1d), BUs 1k
UK s P A7 T 1 4 e S A R SR L T
2.1.2 AP Cospic)(Hobmimb)], (2)

X ST AT s R woR B A 2 BT
BRHH R P2/ 2 RIRE, WAL 2a PR IZBCE P
AKX FR G5 K BT AL EE 1.5 A AR 2= ST 1 Co(ID) 2
™ pic o F A B bmimb BCAR T EEC A
P A0y Col JE TR H {CoOq) FU BE A AR 2 | Horr 2
HHALW 4 AEE 550k BT 4 SRR pic Il
BeAR 7 2 AR 2K | pic 1 BLECA P b0
Co2 i F K H{CoOa) LA 1 o 2 5L 3
ANERE T 3k B F 2 AASEW pic T ECAR>T,
A3 ARTE TR A 24 pic T ELAK 5 F (Co-0
0.200 4(3)~0.219 7(2) nm),

B G 2, pic 3R 2 MBI pic T
H ) — DR EER WA G, O — R HEER
XU 3 e 7 B2 (1] 2b), pic BCAK 23+ 3% 82 3 4>
Co JiiF f#i15 Col---Co2 Z IR FE B J& 0.328 3 nm,
Co2+++Co2 ZIH] Fy #H B J2 0.946 6 nm;pic() 1) —
AN FR B R ST 1 2 O — AN FR B R FH LA 2%

G MR pic BLAR S FEH 4 4> Co JR T,
AHER Y Co 8 3 pic I FCARIE K T — A% 4 7 4k i B
T — A5, BT pic T ECAIE LT —A4>
SR T A 2¢), BUTE AR B XU e e A4 37
T S b P B AR R A (1B 2d)

2.1.3  BLAHI[Cdy(1,2-mbix)(pic),(H,0),], (3)

X LM R e R . A 3)ET
=RHE R P A, AN 3a BiR IZELA YRR
Xof Bk 45 A8 BT AL 2 AN SR SE ST cd(), 2 A
pic 77 F,1 > 1,2-mbix BC & 53 F 1 2 A BLAL K 43
T, BEECA YR L Cd1 R TR FH{CANOG) 9 FL A
B, S 5EA N 5 MR T 50EA T 34
AN pic BAAKF, S — DR TRAKS T,
—MNEIRTF R AT 1,2-mbix BLAR> T 5 Cdl &
L, LA 0 0 Ry Cd2 TR TSR {CANOG) Y e A
B S 5B 5 AR T EA T 3 A4
AN pic BCAR S+, 53— AR R B ALK 43
T, —PAJETF KA T 1,2-mbix FAK 5T+ (Cd-O
0.220 4(3)~0.286 6(2) nm),

Be5 9 3 pic BLARI: R 0 2 FhOA 8] 7Y i
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(a) ()

Mode (I)

Mode (IT)

Hydrogen atoms have been omitted for clarity; Symmetry codes: ' —x, 1-y, 1-z; " —=1+x, y, z; ™ 1/2+4x, 3/2—y, 1/2+4z
K2 WA 2 MEH: (a) CollDE T HIBLAL IS, (b) FCAW 2 ™ pic B M 2 FACAI R,
(c) 3D HAFLIEHERIEL, (d) 3D S
Fig.2 Structure of complex 2: (a)Coordination environment of the Co(Il) ion; (b) Two coordination modes of pic in 2;
(c) Filled pores stack of the 3D framework; (d) View of the 3D H-bonded architecture

Hydrogen atoms have been omitted for clarity; Symmetry codes: ' 1+x, y, z; "1+, y, 23 ™ —x, —y, 1-z
K3 a3 MEH: (a) CADE FRTALIREE, (b) —4ESES M, (o) HEHERZE, (d) =40l 0T 245H1
Fig.3  Structure of complex 3: (a) Coordination environment of the Cd(Il) ion; (b) 1D chain; (c) 2D stacked layer;

(d) 3D supramolecular structure
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PR pic BEMR G F 1 R SR FC A7 FlOOLIA 28 5
B 42 3 N B - pic BCAR 4> F TR FH XU
B FUBU A A% 2 4 A Cd BT, pic FCE 7
I A 4% Cdl A Cd2 B B — 4 XUEE | pic BCAA 53
S TS Y [R) — 2 A A 4B B XUEE 8 o 1, 2-
mbix FCAR 73 FEE T — 4~ — 4k 24250 (A
3b), i 5 55 2 (8] 8 R IR A 77 HEBUR B4
JZ(# 3¢), HoH €9.C10.C11.,C12.C13 Fl C14 #4177
ST 7 P THSTO AR AR50 R 0.657 1(8).0.123 3(1),
-0.060 1(2)#1 0.342 8(2).-0.123 3(1).0.060 1(2),7
ST BTG B BE A 0.383 2 nm 2 A o P T RN
0.000(233)°, #RJ5 4k )7 i i S P i = 4 8 5 1
S5k 3d),
2.2 PXRD f#HE S
Bl 3 LA ) 1~3 (1 XRD B 5 AR 4 5 5 25 4

B XRD B, P& A& UEI TG R B &
ViR alidg A A

FER R IEE T 3 FhEC A W) b AT T A S A7
MFEMsE, R S TR EHEAY 1 g
FasE LR L 0RO 310 °C, Y I 4k 2L
ThE B A HUECR It o ff B 48 JF i I S5
AWML, AW 2 HSE K AR s B
310 CEA . AW 3 Bk 22 HE H BLAE 230
CLeA e mfad fErp I B 2 AR E B AR 0
WF . 7F 93~185 CilBEEyu I A s — k& H
HKE 3.61%, KEFALKD T AT 3.57%), 4
T B Ak 22 T R BCA Y 3 AR kR B
KHAH 28.73% , 5K EEAK 1,2-mbix M9 H IS (E
(26.80%) 4 , Ml BEFFE T I BC 54 3 454
YT

(a) Complex 1 (b) Complex 2 (c) Complex 3
T T T T T T T T T T T T T T T T T T r T v
S 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

20/ ()

20/ ()

Top: Experimental; Bottom: Simulated
K4 BLAEY 1-3 B8R XRD fi7 4
Fig.4  Powder XRD patterns of complexes 1~3
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5 BEAEY 1~3 TR T B9 IAE 73 B i 28

Fig.5 Thermogravimetric analysis curves of complexes

100 200 800

1~3 in flowing nitrogen

23 WA
B, TR A2 RO 1 R R R 6 B
(LEDs) RO AE R FI 36T d° (T 38 4 W0 1

TEGEEA R PR B CA(DELO R G &
BT ARG A — R 3R A B A AR A RO i &
BN RS 1R 38R BRSO UL E 6(M .=
350 nm), 1,4-bmimb,1,2-mbix i A ,pic Hie 44 14 2
KBS 2 0 AE 457 nm(A,.=340 nm) 338 nm (A=

1

&

1 1 1
450 500 550
Wavelength / nm

K6 WA 1M 3M7EEiER

Fig.6  Fluorescence spectra of complexes 1 and 3

1
400
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290 nm) 443 nm(A =375 nm), X L] LLH KT AR
WY ark-ar F qrn BRAT W75, 78 350 nm 34
KB, BCEW 1R 3 4 5I7E 416 A1 430 nm Ak 3
TR PO R T 5 A MY pic FCARAH 1 Al
3R SIES N ERE T 27 nm A1 13 nm, XAl 2
HY T 4 J R A B A B B0 R 4 TR) 9 AH B
YERL, 4 are- o MERR 2 5 2 Z BB R RS 045 T
BT TEREII R R  BCS Y 1 3 A LIER
TETEM B B

3 &

TER AT AT Cd() | Co(IN7E TR Fe 44 14
R A 3 ANS5 KB 8 B R A [Cds(pic),
(H;bmimb)], (1), [Cos(pic)s(H:bmimb)], (2) FI[Cd,(1,2-
mbix) (pic),(H,0)), 3). BCA W 1 F1 2 h 4 & & 1
Cd> .Co*¥1 Y pic BEARIE L T = 4E B8 T/ 42, %
JOT A (8 LR s T A A B eh S A A LA T
G 3 cdam T 5 pic.1,2-mbix B R
RN — d e | 4 S5 4 2 () R IR e HERR
i ) =T 1B R UNE K9 A 3 1 <
FHMFEA Y 1R 3 AT T 9IS T X
FC & PR R B0 R AP ek I

SE k.
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