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Syntheses, Structures and Fluorescent Properties of Cadmium Coordination Polymers
with 4-(2-(4-Imidazole)styryl)pyridine and Three Aromatic Dicarboxylic Acids

LIANG Rui®* WANG Yu-Ting GUO Yong-Kang XUAN Xiao-Peng*
(Henan Key Laboratory of Green Chemical Media and Reaction, School of Chemistry and Chemical Engineering,
Henan Normal University, Xinxiang, Henan 453007, China)

Abstract: Three new coordination polymers, namely {|Cd,(ISPE),(1,3-BDC),|- DMF}, (1), [Cd(ISPE)(4,4’-BPDC)], (2)
and [Cd(ISPE),(4,4"-STDC)(H,0),], (3) have been synthesized by the solvothermal reaction of 4-(2-(4-imidazole)
styryl)pyridine (ISPE), Cd(NOs), -4H,0 and 1,3-benzenedicarboxylic acid (1,3-H,BDC), 4,4’ -biphenyldicarboxylic
acid(4,4'-H,BPDC) and 4,4’ -stilbenedicarboxylic acid(4,4’-H,STDC), respectively. These compounds were further
characterized by single-crystal X-ray diffraction, PXRD, FT-IR spectroscopy, elemental analysis and TG. Complex
1 has a 2D layered structure. Complex 2 has six-fold interpenetrating 3D diamantane structure. Complex 3 has
3D structure formed by stacking of 1D chains through hydrogen bonds and intermolecular forces. Fluorescence

property in the solid state at room temperature was also studied. CCDC: 1528002, 1; 1528003, 2; 1528004, 3.
Keywords: coordination polymers; 4-(2-(4-imidazole)styryl)pyridine; dicarboxylic acids; crystal structure
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HOULEAN 4,47 BRI RECT (4= BE JE 2, 4 )4
CaBdEKkENR, HEXTHA Donor-m-
Acceptor 25 ¥4 1) 4-(2-(4-PK ) K 2, I k) I BE (ISPE)
WFIEIBIR D D-mr-A 5248 T 25 1K (donor) il 1
LB A R T HL T 52 1K (acceptor) 3% B 73 F 4544
PIH Donor-m-Acceptor(D-mr-A) 45 #4 1) 73§ — e ] LA
JAE SR 23 PN R A R | I R () AR R M
SR TR B DL 2 Ol IR A A BR
Tl 5% 55 22 A SRR A 2] TRk R )Yz (4 R

FERHEBC AL R AW B A PR BN
SIS Se 7/ K CI R N (IS S0 i R R 3
G W) J 5 BE S T 1l 5 4 45 4 Sk AR A 2 S
75 BRI R PR AR 25 4 -+ oy FeoE , T RAdE i 5 1A
PRI TR o ) G A L VA=l [E1 1O S N T e
3 MK AN Y & R R EC AR ] 2K R (1, 3-
H,BDC) 4,4'-Bk K —H 2 (4,4'-H,BPDC) #1 4,4'-
TR =W R 4,4 -H,STDC), 5 ISPE M {4 A
Cd(NOs),-4H,0 TEAH [F] 52 0y 355 57) | 50y 2% A7 0 4 Joe
i 2 LG BEAT H 2 S, B 3R AS 3 R 2R
FER /LN IS EUDIWE T TAR Doy B L D
ST X LG5 R A TR AT T SRAE

1 SRBE#ES

1.1 EIE BRI

JI A A 500 35 Sk o3 BT 4l 2181 63 - Nicolet
nexus FT-IR £LAM G35, 445 70 & 4 000~400
em™, F B 2 em™; AR S5 K . Bruker Smart Apex
I CCD ¥ 75 4 ; PXRD : Bruker D8 advance X ¥
LTI LA Cu Ka(A=0.154 18 nm) K 4@ 555 7 hin
HHLE R 40 KV, LN 60 mA WY 544 F AT 494
AL JE 5°~50°(20); %<t . H A Hitachi FP-6500
PEICTEAL ; TCE M . 75 [ Flash EA112 JCE 3 Hr
0, R FE[E STA 449C FUZRG AF /T,
1.2 REREUHER

BCE P 1 G B R AE CA(NO,),-4H,0 15.5
mg (0.05 mmol) ISPE 12.4 mg (0.05 mmol).1,3-
H,BDC 8.3 mg(0.05 mmol) H,O/DMF 4 mL,1:3,V/V)
R AR 2 AR B A 0.1 mol - L7 1Y

NaOH W 4 T, IREWRHIEEEEIFE T
100 CHYMER T IE IR 48 h, 2R )5 2212 b 2 == I 15 2]
B AYCR IR 1, 7% .43.5%0h &8 Cd 115,
JCER G T #% C5H,CdoN,0, THEAH (%) :C 54.60,H
3.69,N 8.75; 5L {E (%) : C 54.43,H 3.96,N 8.53, 1.
HRITE (KBr,em™):3422,1664,1603,1553,1524,
1.431,1 384,1 307,1 062,964,833 ,748,721,550,

BCEw 2 A3 man. BRorH 4,4’-H,BPDC
12.1 mg(0.05 mmol) 4,4"-STDC 13.4 mg(0.05 mmol)
B 1,3-HLBDC 4, HE LR A SREY 1 G
WARTE , BG4 2 MR A HOIR SR, 77 %.27.3%
(V& JE Cd 115, JTTE I CyHy,CAN,0, THEE
(%):C 60.07,H 3.53,N 7.01; S {H (%) C 60.37,H
3.89,N7.64, ZLAMIE(KBr,cm™):3446,1 672,1 603,
1 582,1 524.1 390,1 306,1 063,963,851,833,774,
683,549, L5 3 RS EE PR R, 77 % .16.7%
(W& )@ Cd I8, TR I CyH,CdAN,0, THEAE
(%):C 63.41 ,H 4.43 N 9.24; 5 {H (%).C 64.01 , H
4.96,N 1032, £LAMJGE (KBr,em™):3 441,1 585,
1538,1520,1489,1381,1358,1305,1178,1064,
1 014,970,962,860,830,788,709,642,543
1.3 BRIEEHHNE

BCA Y 1~3 (AR E5H SR 7E =00 P DL g-00 22
R A 0 T 200 WS AR R K e SR P Y S U
NATERBAAER Mo Ka 514 (\=0.071 073 nm), 1L
B I AR 2 B0 38 5 B0 18 1T SMART SAINT 4K
PRUISRAE IE AT 5 i B B HE 28 40 SADABS & RS
WS IE AT LP MO, AR 2549 FH SHELX-97 %X
Ao B AR5 F2 1 4 B die /N 3 O vk 6
A AR SR T AR AN A 1) S PR S B TR B &2
BLEREBRES) TR 1, B M) T 2,
B 3 MAESEI T3 3,

CCDC:1528002,1;1528003,2;1528004,3,
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Table 1 Crystallographic data and structural refinement summary for the complexes 1, 2 and 3

Complex 1 2 3

Empirical formula CsHuCdaN;0 CyoHoCAN;0, CagHaoCdNGO,

Formula weight 1120.71 599.9 909.26

Crystal size / mm 0.22x0.21x0.20 0.21x0.20x0.19 0.22x0.21x0.20

Crystal system Triclinic Orthorhombic Triclinic

Space group Pl Pben Pl

a/nm 1.214 7(4) 2.197 9(11) 0.743 5(4)

b/ nm 1.510 2(5) 1.193 2(6) 1.662 1(10)

¢ /nm 1.710 2(6) 2.921 0(15) 1.825 2(11)

al () 101.548(4) 90 113.431(6)

B/ 95.770(4) 90 96.113(7)

v/ 101.563(4) 90 95.117(7)

V / nm’ 2.979 0(17) 7.660(7) 2.036(2)

Z 2 8 2

D./ (g-cem?) 1.249 1.040 1.483

F(000) 1128 2416 932

T/K 296(2) 293(2) 293(2)

Reflection collected, unique 10 564, 10 564 (R,,=0.000 0) 6 701, 6 701 (R,,=0.000 0) 16 113, 7 138 (R,,=0.032 7)
GOF on F? 1.091 1.040 1.064

Final R indices R=0.045 5, wR,=0.134 2 R=0.070 8, wR,=0.204 6 R=0.049 2, wR,=0.142 2
R indices (all data) R=0.081 1, wR»=0.142 5 R=0.102 2, wR,=0.225 7 R=0.090 6, wR,=0.172 0
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Table 2 Selected bond lengths (nm) and bond angles (°) for the complexes 1, 2 and 3

1
Cd(1)-0(8) 0.225 3(4) Cd(1)-N@3) 0.226 1(4) Cd(1)-N@) 0.227 5(4)
Cd(1)-0(7)" 0.227 6(4) Cd(1)-02) 0.235 3(3) Cd(1)-0(1) 0.240 5(4)
Cd(2)-N(6)" 02253(12)  Cd(2)-03)" 0.228 1(4) Cd(2)-0)" 0.228 7(5)
Cd(2)-0(6) 0.238 1(3) Cd(2)-0(5) 0.238 8(4)

0(8)-Cd(1)-N(3) 94.93(15) 0(8)-Cd(1)-N(4) 85.76(15) N(3)-Cd(1)-N(4) 174.84(15)
0(8)-Cd(1)-0(7)" 124.61(13) NB3)-Cd(1)-0(7)F 89.72(16) N@)-Cd(1)-0(7)F 85.69(16)
0(8)-Cd(1)-0(2) 144.03(13) N(3)-Cd(1)-0(2) 91.41(14) N(4)-Cd(1)-0(2) 91.00(14)
0(7-Cd(1)-0(2) 90.72(14) 0(8)-Cd(1)-0(1) 89.27(12) N(3)-Cd(1)-0(1) 93.64(14)
N(@)-Cd(1)-0(1) 91.49(14) 0(7)-Cd(1)-0(1) 145.56(13) 0(2)-Cd(1)-0(1) 54.97(12)
0(2)-Cd(1)-0(1) 54.97(12) N(6)"-Cd(2)-0(3)" 86.5(4) N(6)"-Cd(2)-0(4)" 93.6(4)
0(3)*-Cd(2)-0(4)" 126.50(13) N(6)"-Cd(2)-N(1) 175.2(4) 0(3)*-Cd(2)-N(1) 89.20(16)
0(4)-Cd(2)-N(1) 90.74(17) N(6)"-Cd(2)-0(6) 94.5(6) 0(3)#4-Cd(2)-0(6) 141.84(15)
0(4)'-Cd(2)-0(6) 91.57(14) N(1)-Cd(2)-0(6) 87.57(15) 0(3)*-Cd(2)-0(5) 87.16(14)
N(6)#3-Cd(2)-0(5) 88.6(5) 0(4)-Cd(2)-0(5) 146.34(14) N(1)-Cd(2)-0(5) 88.96(17)

2

Cd(1)-N(1) 0.223 0(5) Cd(1)-02) 0.231 4(4) Cd(1)-03)" 0.235 9(5)
Cd(1)-N@3Y 0.233 7(5) Cd(1)-0)" 0.236 0(6) Cd(1)-0(1) 0.242 3(4)

N(1)-Cd(1)-0(2) 138.67(16) N(1)-Cd(1)-N(3)' 104.17(18) 0(2)-Cd(1)-N(3)' 95.20(16)
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a2
N(1)-Cd(1)-0(3)’ 100.19(18) 0(2)-Cd(1)-0(3)’ 117.36(16) N(3)i-Cd(1)-0(3)" 86.48(17)
N(1)-Cd(1)-0(4)’ 90.7(2) 0(2)-Cd(1)-0(4)’ 96.55(19) N(3)i-Cd(1)-0(4)" 141.19(18)
0(3)-Cd(1)-0(4)’ 55.36(17) N(1)-Cd(1)-0(1) 88.48(17) 0(2)-Cd(1)-0(1) 55.13(15)
N(3)-Cd(1)-0(1) 89.45(16) 0(3)-Cd(1)-0(1) 171.10(16) 0(4)-Cd(1)-0(1) 127.15(17)
Cd(1)-N(1) 0.228 7(7) Cd(1)-0(1) 0.228 9(6) Cd(1)-0(3) 0.231 4(6)
Cd(1)-N(4) 0.231 6(7) Cd(1)-0(6) 0.234 0(6) Cd(1)-0(5) 0.234 9(6)
N(1)-Cd(1)-0(1) 89.3(2) N(1)-Cd(1)-0(3) 91.1(2) 0(1)-Cd(1)-0(3) 179.6(3)
N(1)-Cd(1)-N(4) 178.8(3) 0(1)-Cd(1)-N(4) 91.8(2) 0(3)-Cd(1)-N(4) 87.7(2)
N(1)-Cd(1)-0(6) 88.1(3) 0(1)-Cd(1)-0(6) 93.5(2) 0(3)-Cd(1)-0(6) 86.6(2)
N(4)-Cd(1)-0(6) 92.0(3) N(1)-Cd(1)-0(5) 92.8(2) 0(1)-Cd(1)-0(5) 86.6(2)
0(3)-Cd(1)-0(5) 93.4(2) N(4)-Cd(1)-0(5) 87.2(3) 0(6)-Cd(1)-0(5) 179.2(2)

Symmetry codes: 'a—1, y=1, z; " —x+2, —y+2, —z; " 242, y+1, z=1; Y a+1, v, z=1 for 1; " a+1/2, —y+5/2, —z; " x+2, —y+1, z=3/2 for 2.
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Table 3 Hydrogen bond parameters for the complex 3

D-H--A d(D-H) / nm d(H-A) / nm d(D-+A) / nm £ D-H-A [ (%)
0(5)-H(5W3)---0(2) 0.095 91 0.212 80 0.271 89 118.45
0(6)-H(6W3)---0(4) 0.096 00 0.192 67 0.271 70 137.98
0(5)-H(5W2)---N(6) 0.096 02 0.201 84 0.281 86 139.53
0(6)-H(6W1)--N(3)' 0.096 08 0.202 44 0.278 89 135.13

Symmetry codes: ' x, y=1, z; " x, y+1, z.
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B AEFE |1 242~1 598 em™ M9 45 AiF 06t 156 B T ic
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22.1 BEAHI{[CA(ISPE)L(1,3-BDC),]- DMF}, (1)
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I FNEIET 454 ISPE F1 1,3-BDC Y SEPRE5 9 | 3%
MBS T H b 2R 05T, BN AITE S 1
MCd(ISPE),(1,3-BDC),) ¥ 7C A1 1 4> DMF #5173+
(F 1a), Horr cd() 1R FIAS BB, 4351 5 ok
HT 24 ISPE FARR 2 > N+, kAT 34
1,3-BDC BCA& /Y 4 4> O i RBeAL, JE /TR 25
¥, CAQ)MBLAL I EE 5 Cd(1)JLF—H | dJE R A
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A~ 0 I F1 2 /N ISPE BeAR K 2 4 N JEF R fr , {H
e A7 B B S R A 5 CA(DANTRL, 76 1 R

BeA 2 AL 5 = 0SS AL B LA

WE 1b Fi7R 2 A B A 38 58 58 4 A1 R 1 4 )8
Cd it 738 3 2 A0S A 20 Ao 1) R B 3 08 I
TOMRBUZ 2545 (0(7)-C(40)-0(8) 124.3(5)°, 0(4)-C(48)-
0(3) 122.8(5)°), HHr e A ELAL I C-0 B LI = e
PLAY C-O HE ZE0E J5 (0 (4)-C(48) 0.122 6(6) nm,0(3)-
C(48) 0.126 6(6) nm,0(7)"-C(40) 0.124 0(6) nm,O(8)"
-C(40) 0.125 7(6) nm), Cd(1)J5 41 1% i XU 550 1
Cd(2) 5 F ¥4 B i AU H ot 3l 3 1,3-BDC L A i 42
BRI G B FRAR Z5 4, FT LA Y 1,3-BDC LA
F 2 AN B BE R A 23 S0l o M 2 E o7 R XA 285 45 T
L, 33X SO 5 R T AR % H T W — AR AR S5 4 X R
1) —AERE X ISPE BoAR i 4%, o 6] — A3 1 [H]
—Jim 8 2 4> ISPE Bk Z BE R4, Fldk k-
ML RE R | 2R EARTR e R 2 B 1 FE 25 43 31 0.408 S .
0.380 6.0.402 0 nm, fE4E -0 M EAER & TE
BCAN 1 7R 19 = 4k ) A% 25 89 DMF % 57 4
SITEZ e MR ZS B, A LB R
NHFN A BE 23 B B Cd(1) 5T B0 WU 45 44 il
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Symmetry codes: ' x—1, y—=1, z; " —x+2, —y+2, —z; " x4+2, y+1, z2=1; “ x+1, y, z2=1 in (a); " x-1, y—1, z; " —x+2, —y+2, —z; " 242, y+1, z—1 in (b)
B 1 BEY 1 AXFRERIC (a), S ICIE BRI B FRAR GG (b), Z4EZ5 M & (o) MAA S5 1) (d)

Fig.1 View of the coordination environment of Cd (a), elliptical ring formed by binuclear unit (b), 2D layer extending along

the ac plane (c) in complex 1 and schematic view of the topological net of complex 1 (d)

FLRE Y IR NG R BE T AL L 1d TR 19 (4,4) =
AERIAR L5 K, CAMIER B Zn(NOs),+ 6H,0 | [A] 4 —
Z TR MR (1,3-PDA) T 1,4-(2-(4-Tk WE ) & 4 6 )-2K
(1,4-bpeb) & B 1 L A7 2 & W [Zn(1,3-PDA) (1,4-
bpeb)], P 1 45 14 5 1% 25 /) AR A AL, 1B & 7E [Zn (1, 3-
PDA)(1.4-bpeb)], H' 1,3-PDA |- 2 A4~ 5& J2 i &t
M 2T 57 R ERLAA TEA H U BT S 5 A — R 1Y
222 FAYICA(ISPE)4,4'-BPDC)], (2)

A% 2 RIS TIEAS M &R, Phen 25 1BE, 7E
e AR 2 S5 I 4 ,4"-BPDC I R IR A7 7E T
JPEL4:, 75 Diamond 1T 1) 45 #4) 1] R4+ 1]
454 4,4'-BPDC WY EBRE5H  FRATMBR T Hh 24
T, HAX RIS 1 [CA(ISPE) (4,4 -
BPDC)|¥A7T , 7£ 2 Y, Cd J5t 7R IS B2 52 =X, 43531
5% AT 24 4,4-BPDC BLAKIY 4 4~ O J& 5 Fik

FF 2 4 ISPE Bk 2 A N PR, T RS i
FH 0 ARG B (18] 2a), 2 TR EE HA B G I
— MR, 2, B 104D Cd BT A6
ISPE FCLAK J 6 4~ 4,4'-BPDC FLARIE L an &l 2b frows
(28 4 W ot B AR 254 | X Bl 25 M AE — AR R A )
HE T RS WA P ISPE B AR & 2
Cd Ji ¥ Z a1 #E B8 1.705 75(6) nm, #% 4,4’ -BPDC
BC AR FE H2 1) Cd BT Z (B A BE 258 1.547 08(7) nm,
T 4 G R 2 ) R Y B AR S5 R (1B 2¢), 1
YELER A R M 25 8] 0 HA 5 A H8 ) 9 X RE 1Y
SR AR SRS TR RS R AR R AW,
W8 —A> Cd T 4 2 40 80,2 19 28 4 4 Fh
A NIE 2d Fros %S S5 FH Zn(NOs),-6H,0,
1,4-BDC F1 1,4-bpeb & MIBLAL R GY) {[Zny(1,4-
BDC),(1,4-bpeb),] -0.5MeCN - H,0},""¥% > A5 L1, #5 2
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Symmetry codes: ' x+1/2, —=y+5/2, —z; * 142, —y+1, 2=3/2
B2 B2 R MERETE (a), K BB E G (b), HRLEH (o) FA T S INE (o
Fig.2 View of the coordination environment of Cd in complex 2 (a), an adamantane type unit (b), coordination sphere

of Cd in ab plane (c) and six-fold interpenetrating topological of 2 (d)

ADUWLBINE GRS TR SN REAIREY  ERAMFRAITIE 3a B, B AXARRITE

s T oA R A e 1 A W e 25 4 A 1 M[CA(ISPE)y4,4'-STDC)(H,0),] - 7C , Cd JiFR
223 FELAYI[CA(ISPE),4,4'-STDC)(H,0),], (3) FHAREAE, 435015k AT 2 A ISPE BCAK 2

LAY 314 BB T =R A, Pl &SR, AN EFHKEATF 24 4,4'-STDC EARA 2 40

B3 AY 3 MRXFRIIE (a), —4E5EIRGSH (b), 2R EEHEIY LI — 2k FUAR 25 (o), #iEMED (d)

Fig.3  View of the coordination environment of Cd in complex 3 (a), 1D chain (b), 2D net constructed through

hydrogen bond (c¢) and topological net of complex 3 (d)
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TERH 3 AN FECALR G AR i &5 i) i
FEA AR AL AT RS H T A AR 0 45 1) S M B

1 2
Experimental
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3
M)AA Experimental
UIU J Simulated
T T T T T T
10 20 30 40

20/ ()

K4 BCEY 1-3 BB XRD X H A
Fig.4 Experimental and simulated PXRD patterns for 1~3
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