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Four Cadmium-Organic Coordination Polymers:
Influence of Secondary Ligands to Crystal Structure and Luminescent Properties
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Abstract: Four cadmium-organic coordination polymers, namely [Cd(Hncpoi)(2,2’-bpy)(H,0)], (1), {{Cdy(Hncpoi),
(bpyp)(H,0),] - 3H,0}, (2), {{Cd(Hnepoi)y(azpy)(H,0),]- 2H,0}, (3), {{Cdx(Hnepoi),(dpe)(H,0),]-2H,0}, (4), have been
solvothermally constructed from multi-carboxylic organic ligand 5-(2-Nitro-4-carboxyphenoxy)-isophthalic acid
(Hsncpoi), Cd* ions, and different auxiliary ligands: 2,2"-bipyridyl(2,2"-bpy), 1,4-bis-(4-pyridylmethyl)piperazine
(bpyp), 44" -azopyridine (azpy) and 1,2-di(4-pyridyl)ethylene (dpe), respectively. These complexes were further
characterized by single-crystal X-ray diffraction, PXRD, elemental analysis, and TG. Single-crystal X-ray
diffraction showed that complexes 1 and 2 exhibit 1D chain-like structure, and complexes 3 and 4 are 2D (4,4)
grid layered structure. 1D chains or 2D layers of these complexes further assemble to 3D supramolecular
architectures via intermolecular interactions. The coordination modes and configurations of secondary ligands have a
crucial influence to the crystal structures of these complexes. Meanwhile, the photoluminescent properties of these
complexes were also studied. The results showed that there are close relationship between the secondary ligands and
photoluminescence properties of these coordination polymers. CCDC: 1566879, 1; 1566880, 2; 1566881, 3;
1566882, 4.
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() T 5 R0 | WP AT TR AR A R S P A B ) i AT
A AFEN T 4 DHFECA R G B[ Cd(Hnepoi)(2,2'-
bpy)(H:0)], (1), {[Cd:(Hncpoi)s(bpyp)(H:0):]-3H0}, (2),
{|Cd,(Hnepoi),(azpy) (H,0),] - 2H,0}, (3), {{Cd,(Hnepoi),
(dpe)(H,0),]-2H,0}, (4), it % BT 4544 5 PERe iy
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1 LEES

1.1 KA 5E
A% 3 Al A R 34 4 B 4, JH Rigaku
Mercury CCD H & A7 i {CFE A7 5 &t 45 44 B0 a4k
H PE 28 719 PerkinElemer Spectrum One {37 7%
2L ARG 1 2050 61 R KBr FE A, A
LN 400~4 000 em™, HH Elemental 22 7] B9 Vario
EL MJC & Hr AL ¢ HN TR & &,
Edinburgh &% 2% 7] Y F1LS920 256635 A 45 25
It . H Netzsch 23 ) [ STA499C Z5 A #4434
PRI 22 R A BT I 4 (TG-DSC) , ' RIGAKU
2N ] DMAX2500 H3 A A7 500 75 53 2K A7 56 iHh £&
(XRD), TAEZ&M . Cu 8 Ko $74k(1=0.154 06 nm), /il
HALE 30 kV, UL 15 mA , FHEF 20=5°~50°,
1.2 EEYHEN
1.2.1  [Cd(Hnepoi)(2,2"-bpy)(H,0)], (1)AIE 1L
FEFREUY 0.035 g A& Hanepoi(0.1 mmol),0.016
g LK 2,2"-bpy(0.1 mmol)F1 0.123 g Cd(NO5),-4H,0
(0.4 mmol) A 10 mL 2B F /K1 2 mL ZHE IR A
VW, BEHE 30 min, 2R 5 AN 5 8 TR R 48 P
IR I NE T, BEIEEMH N 120 ClE iR
KR 3 d, SRIEHE A IR DL 10 °C-h! R
MR, M aduRmiE, 5800 8o Mk
FE KU, HARW T (7 % 83%), JCER Ttk
CosH 70, N:Cd TH3EAH (%):C,47.52;H,2.71;N,6.65,
ML (%) . C,47.55;H,2.69;N,6.64, IR(KBr,cm™):
3458s,1673s,1 621s,1 570s,1 452s,1 371s,1 302s,
1214s,1 142w,1 073w, 976m,916w,865w,807w,779m,
729m, 630w,
1.2.2  {[Cdy(Hnepoi)y(bpyp)(H:0),]- 3H,0}, (2)H K
GROTESBCEY 1 ARRL, HOR G A B R
2,2"-bpy B4 bpyp., FCAY) 2 7% 73%, JTCE 4>
Br4% CueHis0,5NCd, 7518 (%) : C,42.18;H,3.69; N,
6.42, MiX{E(%).C,42.26;H,3.68;N,6.44,, IR(KBr,
em™):3 394s,1 710s,1 623s,1 554s,1 369s,1 250s,
1 135w,1 014w,971w,910w,813m,778m,714m,632m,
1.2.3  {[Cdy(Hncpoi)y(azpy)(H,0),] - 2H,0}, (3)H G B
HHOTE S A VAR, R B R
2,2 -bpy B ¥l azpy LA 3 77 F T1% , JC R 70T
& CyH 50, N5Cd 5 1H (%) : C.41.01;H,2.58;N,7.17,
M {H (%) . C,41.10;H,2.58;N,7.14, IR(KBr,cm™):
3449m,3080w,2918w,1695s,1618s,1564s,1373m,
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1302s,1245s,1196s,1 125m,1 028w,9725,905w,780m,
730m, 605w, 561m,,
1.2.4  {[Cdy(Hnepoi)y(dpe)(H,0),]- 2H,0}, (4)F)H B
BITESI AW 1AL, HOR R Bk
2,2"-bpy B i dpe., BLEY) 4 775 80%., TLR 43T
% CyH 0, N,Cd T 518 (%) : C,43.13;H,2.76;N,4.79
MK {H (%) C,43.21;H,2.77;N,4.75, IR(KBr,cm™):
3423m,2956w,1687s,1615s,1552s,1356m,1305s,
1235s,1201s,1118m,985s,909w,786m,725m,557m ,
1.3 R EHHNIK
BCEY 1~4 (RS REER T, LA

H b Mo Kae $14(0=0.071 073 nm)fE R A %
&, Rigaku Mercury CCD 5 S AT 5L LA -0 78 3
AR Ty AT R WOER o AR 45 A Y i AT 2R T
SHELXS-97 M4 Z J5 B T F? 2R /b —
e vk %k T A AR AU T 19 AL bR R4 1] S S BT R
RS, A SR IS I EaH, ey
1~4 F B0 R IR RS 3R 1, 385 HlK B A 5
T2,

CCDC: 1566879, 1; 1566880, 2; 1566881, 3;
1566882, 4.

Rl BEAYI4HREZENBEESH
Table 1 Crystallographic and structure refinement data for complexes 1~4

Complex 1 2 3 4
Formula CosH,040N5Cd CsHy0psN;Cd CooH5011N;Cd CoHi601N.Cd
Formula weight 631.83 654.87 585.76 584.77
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group Pl Pl P1 Pl
a/nm 1.018 24(10) 1.034 33(18) 0.939 4(3) 0.927 3(5)
b/ nm 1.261 85(16) 1.181 4(2) 0.962 2(3) 0.960 2(5)
¢/ nm 1.270 67(18) 1.249 1(3) 1.396 3(4) 1.423 1(7)
al(°) 114.503(3) 108.569(10) 96.847(1) 96.541(3)
B/ 107.073(2) 112.768(7) 104.977(1) 104.091(3)
v /(9 100.690(2) 101.577(8) 114.660(3) 113.979(7)
V / n® 1.328 6(3) 1.239 1(4) 1.070 4(6) 1.091(1)
A 2 2 2 2
D./ (g-em™) 1.579 1.755 1.817 1.782
u/ mm™ 0.882 0.956 1.090 1.069
Reflection measured 14 277 11 854 10 183 8 356
Unique reflection 6038 5541 4817 4909
Reflection with I>20(]) 5 406 4442 4431 4 690
Goodness-of-fit on F* 1.100 1.064 1.048 1.050
Rin 0.021 0.031 0.030 0.016

R, wR, [I520()

0.044 9, 0.130 1

0.036 9, 0.114 7

0.038 7, 0.104 4 0.026 0, 0.072 8

* R=SNFI-IEN S IF), wR=[ S (F,P-IE S (1F,P)]”

x2 BEY1-4 WA EKOm)FER(C)
Table 2 Selected bond lengths (nm) and bond angles (°) for complexes 1~4

1

Cd2-04' 0.228 8(3) Cd2-N3
Cd2-01 0.233 8(3) Cd2-N2
Cd2-03! 0.264 0(3)
04-Cd2-N3 138.26(11) 04-Cd2-010
04-Cd2-01 83.15(10) N3-Cd2-01

0.230 3(3) €d2-010 0.231 6(3)
0.234 1(4) Cd2-02 0.253 9(3)

95.34(12) N3-Cd2-010 90.12(11)
137.48(10) 010-Cd2-N2 159.16(12)
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010-Cd2-02 9421(10) N3-Cd2-03 89.20(10) 010-Cd2-01 95.77(11)
01-Cd2-N2 104.15(13) 01-Cd2-02 53.14(9) 010-Cd2-03' 76.75(12)
04-Cd2-N2 93.09(12) 04-Cd2-02 135.97(10) N2-Cd2-02 92.89(11)
01-Cd2-03 133.16(10) N3-Cd2-N2 71.10(12) N3-Cd2-02 84.49(10)
04-Cd2-03' 52.47(10) N2-Cd2-03 93.59(13)
2
Cd1-04' 0.221 1(3) Cd1-010 0.233 3(3) Cd1-02 0.237 0(3)
Cd1-01 0.241 8(3) cd1-011 0233 1(3) CdI-N2 0.233 4(3)
04-Cd1-011 90.90(12) O11-Cd1-N2 92.14(11) 010-Cd1-02 85.65(13)
010-Cd1-01 86.02(13) 04-Cd1-010 88.88(14) 010-Cd1-N2 88.58(14)
N2-Cd1-02 89.73(10) N2-Cd1-01 144.27(10) 011-Cd1-010 179.24(12)
04-Cd1-02 144.30(11) 04-Cd1-01 89.79(10) 02-Cd1-01 54.66(9)
04-Cd1-N2 125.42(11) 011-Cd1-02 94.11(12) 011-Cd1-01 93.26(11)
3
CdI-N1 0.225 703) Cd1-04 0.227 42) Cd1-01" 0.249 4(2)
Cd1-03' 0.250 8(2) Cd1-01 0.225 8(2) Cd1-010 0.230 6(3)
NI-Cd1-01 118.72(9) 01-Cd1-010 100.49(9) 04-Cd1-01" 82.29(9)
04-Cd1-03i 5435(8) N1-Cd1-04 144.32(9) 04-Cd1-010 92.95(10)
010-Cd1-01° 175.23(7) 010-Cd1-03 82.26(9) 01-Cd1-04 90.91(8)
NI-Cd1-01" 83.87(9) N1-Cd1-03 94.44(9) 01-Cd1-03 94.68(8)
N1-Cd1-010 99.97(10) 01-Cd1-01 79.92(8) 01-Cd1-03 145.25(8)
4
Cd1-N1 0224 902) Cd1-047 0228 2(2) Cd1-01 0.249 8(2)
Cd1-03" 0.250 4(2) Cd1-01" 0.225 5(2) Cd1-010 0.230 8(2)
N1-Cd1-01* 118.45(7) 01-Cd1-010 99.01(7) 04"-Cd1-01 82.76(7)
04'-Cd1-03" 54.39(6) N1-Cd1-04* 144.34(7) 04"-Cd1-010 91.70(8)
010-Cd1-01 174.28(6) 010-Cd1-03* 81.96(7) 01-Cd1-04* 91.33(6)
N1-Cd1-01 83.80(7) N1-Cd1-03* 94.57(7) 01-Cd1-03* 95.87(7)
N1-Cd1-010 101.61(8) 01-Cd1-01 79.78(6) 01-Cd1-03* 145.66(6)
Symmetry codes: ' 1+x, y, z for 1, 2; ' 1+x, 1+y, z; ' 1—x, 2—y, —z for 3; ' 2—x, 2—y, —z; ¥ 1-x, 1—y, —z for 4.

2 HR5WR

2.1 BRUEEHSH
2.1.1 [Cd(Hnepoi)(2,2'-bpy)(H,0)], (1) b2 44
BCEH 1 456 T =R &R PL A REE X 4T
AT AT R R, BRI A —
SR 2N o v O (U1 A S W 1 oD 10 Rl )
Hnepoi FL A& 1 4> 2,2 -bpy F AT 1 A BE 7 K 43
T W 1a FiR  BA Y 1R CAIDE 5~ R B
f I XUHE A2 A B A B ok A 2 DA TR
Hnepoi> BLAR 28 & Fo A7 192 3 11y 4 MR+ ,2 4

kA B A ALY 2,2 -bpy M RE &R T A 1 A
Bk o TR, HoAr Cd-N ## K 7E 0.230 1~0.234 9
nm {0 [l | 1M Cd-0 #EKAE 0.229 1~0.263 7 nm Z[H]
BE AR Hnpeoi® 3l it p-wi? I BC 7 82 20 3% 4% 2 AR
1) Cd* & ¥,

WA 1b F7R | BEAR Hnepoi® 38 idb [H] 28 = H iR 5
Ml EROR IR B SR, R 2 /M‘H%B 1 Cd(I
¥, B~ BR-AILEERREWEN, BLK
Hncpoi®™ [ 1Y 2- k-4 28 BT R A1 | 1% 32 K01 A
JIE 5T, HEA TE— SR BE A — M A ALY 2,2 -
YR WEk WGE HIF A 7EBE 19 55— (181 1b), B 55k =2 [H) 3l
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Blue dash lines represent the hydrogen bonds; Symmetry codes: ' 1+x, y, z in (a); ' 1+x, y, z; " a=1, y, z in (b)
B 1 () FOA M BB BTy FEA D 1 TP — S 6 5 M () T o B ) LB TR A 1 0 2 S e
B K 0 =2y T2

Fig.1 (a) Asymmetric unit of 1; (b) 1D chain-like structure of 1; (¢) 3D supramolecular framework of 1 constructed by

hydrogen bonds viewed from « axis

Tk AR AL 14 8 AU N O — AR 1) T 67 7R 6 A it
F (05:-021 0.261 1 nm,Symmetry codes:' x,1+y,z)
DL e A2 7K 5 A R Ak AU BT~ 22 (8] 19 U T (010
++04" 0.268 9 nm,Symmetry codes:" —x,y, 1-z)1% #%
EAR O — 4B T A5 (8 1e),
2.1.2  {[Cdy(Hnepoi)y(bpyp)(H;0)4]- 3H,0}, (2)1 {4
45k

BCEY 2 450 T =/ R0 PL A B X 0
LT BIE R, EMAXTRAITTTEEA |
TR N VA {1 I GG U1 = S W l<iL 5% 7 i <
Hnepoi> BLAA | A bpyp BLdd 2 AN ECAI K5 2 4> di
FK 31 H b 1A SRS K G T b TR L A
B 50%, QAL 2a s BEE W) 2 Y CAIDE TR
HCHL R TR TS A A A AL 1 A Hnepoi*
MCAZE SR R L B 2 MR F 1 AR E T
I3 Hb—> Hnepoi® AL 1 FL 14 e (o7 1) R R AU 1 A4
S bpyp BRI 2 AT (oK 40 TRl B
H1 Cd-N ## 1K 9 0.233 4 nm, 1M Cd-O #KAE 0.220 9
~0.241 8 nm Z[] | FLAK Hopeoi® i -t BITC AL
PR EHE 2 DAFE R CAIDE 1,

WA 2b, e Fis FERCS Y 2, CdD B 5 2 1)
eI i FER Hopeoi® E A RIPRE R EEW] IS o
BRI ) A — HERERGE A IR T SR A AR
F— e 2 ) S S B bpyp HE | — A 2
Y XUEE 25 A8 AH IR % — 4 BURE =22 1] 33 3 e o7 7K il
BRIz B EHAE- 1 (011---017 0.281 5 nm, 011
-+06" 0.271 7 nm,Symmetry codes:' 1-x,-y,—z," x,
y=1,2)i% M—> =4E 08 57 1 458 (B 2d).,

2.1.3  {[Cdy(Hnepoi),(azpy)(H,0),] - 2H,0}, (3)F1{[Cd,
(Hnepoi),(dpe)(H,0),]- 2H,0}, (4)F) i 4514

FEE ) 3 ANIE &) 4 #R4E A0 T =& A R 1Y Pl
23 (A JE G X PR AT o TR 2 ML A W)
A5 F o R, AR TEAS T & R BRI AL AR
T B T 5 B Al BT DA IR AT i B IR 54 3
AR W A BEA T IR AN1E] 3a TR BLE W) 3
AR PR TT A A 1 A SR sL B A=
T, 1 A4 BT 19 Hnepoi> FL A& | 1 4> azpy BLi&
1 AEALK ST, LA CAE R B i
JNHARTC LAY | 1 4 Hnepoi> BLAR T2 A L {7
R AL By 2 MR T 2 DR A S 2 AT
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Blue dash lines represent the hydrogen bonds; Symmetry codes:

(d) ¥ @ %7 1) WLER

HI9 {18 H23A

\Cl18
i, o1 C22
H21A N3
c17 H22A

i, y, z in (a); F 14, v, 23 T a1y, 25

K2 (a) FEE Y 200 R XIS, (b), (c) AN @ BT 10 A ¢ 305 17 A BC & 9 2 P 19 — 4 DUER 45

H22B
238 3 ,

—

A

#2—x, —y=1, 1=z in (c)

SHYTE A4 2 s AU 1 P R R 1 = B 2 T4

Fig.2 (a) Asymmetric unit of 2; (b), (¢) 1D double chain of 2 viewed along @ and ¢ axis, respectively; (d) 3D supramolecular

framework of 2 constructed by hydrogen bonds viewed from crystallographic a axis

Hnepoi> FL A T2 A LA 1 F2 JE I BRI 75 BC A2 1)
AT 1R A azpy BYMELEE FUS T AT 1 ASBCALK
SRR, o Cd-N #14°h 0.225 8 nm, i Cd-O
K AE 0.225 9~0.250 8 nm Z[H], B Hnpeoii# it
ekt BB AR E S 3 R A Y CA>* 1,

FEBC G 3, CA(I) &+ 8 Sl i A5 4 i
7 1) 2 5 3 42 B — > U I [ Cdy(COO) | IR G ) 5570 B
JC(SBU), @&l 3b Fros , A% CA(DiY SBUs Z 8] i@ i+
Hnepoi> FL A b 19 ] 2% — B 2 FE TR azpy Bc AR 3% 42
A (4, 4)FE SRR Z4E RS MRS Y A
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Blue dashed lines represent the hydrogen bonds;the picture inserted in the right of (c) represent the enlarged view of yellow circle in (c);

Symmetry codes: ' 1+x, 1+y, z; ' 1-x, 2—y, —z in (a); ' 1-x, 2=y, —z; " 14, y, 1+z; " 2—x, 2—y,1—2; ™ 2—x, 3=y, —z; ¥ 1+x, L4y, z; " —x, 2y,

viii

—z—1; M x-1, y, z-1;

a=1, y=1, z; ™ =, 1=y, z in (b); ' 1=x, 2y, —z; ¥ 14, y, L4z; ¥ 2, 2—y, 1=z; “ a—1, y, z—1; ¥ —x, 2—y, —z—1; " «,

y=1, 23" 1=x, 1=y, =23 ¥ 2—x, 1=y, 1=z; “ 1, y, z—1; “x, 14y, z—1 in (c)
3 (a) BoAY 3 AR FREAIG, D) Bl A9 3 B MU CAIFRE i B Hnepoi> F1 azpy 3% 45 100 1814 (4, 4)86 T 19
THEFREY, (c) W110])7 W W B BC S 9 3 09 T 2oL UHE PR Y = AR R O T A A
Fig.3 (a) Asymmetric unit of 3; (b) 2D (4.4) grid layered structure of 2; (¢) 3D supramolecular framework of 3 constructed by

hydrogen bonds view along [110] direction

KT B IR G, LA BOR TR 2 IR A7 A 45 R ik
EH J3(010---0370.275 4 nm,010---01170.276 5 nm,
011---02%0.278 6 nm,05-:-06" 0.262 7 nm , Symmetry
codes:' —x,2—y,—z;" x, 14+y,z;" —x, 1y, —z;" 2—x,1-
¥ =), TAA (6~ 4 AR 4 2 1] | I S 3
SR s A =4 o T A5 3e),
2.1.4 B BIECAXTEC A W) b AR 5 R 1 52 e
TEF A Y 1~4 B R SS Hy h RATTAT LR £
E Ll TN Hsnepoi ol I T 3 [ T i | A1)
Hnepoi® 85 5, FCARZE A4 Y 2-fiff Jk-4- 3R BE R U Bk
PR EETF R T, PR 2 SR 3% ] BB A
A R — SR W R A 52 FLR | 2- il BE-4-
RILAFIER R IE Bl T 2B AR, TS 1
ZREWE I RE S . TR ,?ﬁﬂ]ﬂuﬂ%ﬁﬂﬁi Hsnepoi
AR — A TR R 7E3X 4 DAY
P AR R 3 Y 2 [ — b A D AR KA T (1 F0 2 v B IR

2 AMAHABHY R CAD Oy, WAE 3 R 4 R 2
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