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Synthesis and characterization of the three dimensional net
structure of Cd( [[ ) coordination polymer

ZHU Hang
(Pharmacy Medical Technology College, Putian University. Putian 351100, China)

Abstract: Reaction of 1,4-bis(imidazol-1-ylmethyl) benzene (bix), 2,6-naphthalenedisulfonic acid (nds)
with CdCl, under hydrothermal condition, yielded a new three-dimensional Cd(II) coordination polymer
[Cd(bix) (nds)],, which was further structurally determined by X-ray single crystal diffraction. The re-
sult indicates that the compound exhibits centro-symmetrical in which the cadmium ion is located at the
symmetry center. Each Cd(ID) ion is six-coordinated with a distorted octahedral coordination geometry.
The adjacent Cd(ID) ions are connected by bix molecules, giving a one-dimensional chain, and the neigh-
boring chains are further linked by sulfonic ions, resulting in two-dimensional sheet structure. In addi-
tion, the sheets are further bridged by the other sulfonic ions, generating infinite 3D network framework
architecture.
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Lo A- 0L Ckme 36-1-F ) -4 2, 6-28 i iR . &
AR Ry 43 A 2 Il 245 4 P b 2 3 R0 A BR A\ DD
SMART APEX II # X-§f £& 5 5 i1 5 (78 =
Bruker 24 7)), KH-25mL % Y5 245 P 4 A 45 41
SR 48 (7Y 22 H AN % % & A BR A FD . DGG-
9240A F FAE TR B XU 1 R C I AR S 52 B AR
ARRAFD.
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A RFREUR W 1. 0 mmol CdCL, « 2. 5H, 0,
1.0 mmol bix, 2.0 mmol nds, €% T 8 mL %
Bk, IRAEHA). B TR 25% Bu,NOH
IS I BOR IR S vy pHE A 2 7, SRS ERE A 25
mL P SR D 9B &0 N B B 8 B g A, AR 170 °C
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S B IRT 0L E B 22 08 oR B0 R R T A AR R
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Tab.1 Crystal structure parameters of complex
Identification code [Cd(bix) (nds) ],
Empirical formula Cos Hyo CdN, O5 S,
Formula weight 636. 96
Temperature 296(2) K
Wavelength 0.71073 A
Crystal symmetry,space group  Triclinic , P-1

a=5.2955(14) A alpha=89. 724(3)°
b=9.241(2) A beta=83.419(3)°
¢=12.267(3) A  gamma=87. 219(3)°

Unit cell dimensions
Volume 595.6(3) A®
Z, Calculated density 1, 1.776 Mg/m?

Absorption coefficient 1.143 mm ™!

F(000)

Crystal size
Theta range for data col-

lection
Limiting indices
Reflections collected / u-

Eéipleteness to theta =
25.50

Absorption correction
Max. and min. transmis-
sion

Refinement method

Data / restraints / parame-
ters

Goodness-of-fit on F?

Final R indices [ 1> 2sigma
(D]

R indices (all data)

Largest diff. peak and hole

320
0.33X0.25X0. 21 mm
2.77 to 25.50° .

—6<<=h<=6, —11<=k<=11,
—l4<=1<<=14

4307 / 2183 [R(int)=0.0218]
98.2 %

None

0.7954 and 0. 7043
Full-matrix least-squares on F?
2183 /0 / 169

1.053

R1=0.0440, wR2=0.1172
R1=0.0467, wR2=0.1210
2.115 and —1.538 e. A3
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Tab. 2 Selected bond lengths (nm) AR EE R AT IEE S Y — A T =4
Atoms Lengths(A) Atoms Lengths(A) HZ L HRRRR MR T T S 1 AT 1 4R
NG e comor o SCDBEFL LA bix B 2 44 nds B
Cd(D-O(1) 2.330(3)  C-CAE5 14110 mE 1 Fros. 5% CACID ELAL R 6 AN JEFrf, 2
CAD-OM #1 2,339  CA-CBIE5 141565 ANEJEF (N1, N2) 350K A 2 A bix. 4 A% 7§
CAD-O2) 22  2.368(3) C(5)-C) £5 1. 415(5) (01, 02, 017, 02433 [ 4 4 nds, Bk 1
CA(D-O2) 23 2.368(3) C(5-H() 0. 9300 N P S
S(D-0(3) 1. 440(3) C(6)-H(6) 0. 9300 ARG\ AR LA # B Cd-O R B 1 L
S(H-0(1) 14533 C(H-C®) 1. 345(7) 2.339(3)~2. 368 (3) nm, Cd-N [ &k K 4 5 K
S(H-0O(2) 1. 454(3) C(7)-H(D 0. 9300 2. 256(3)1{] 2.256(3) nm, l@iﬁ?&ﬁé@ﬁ@ﬂ{j
S(H-CD 17730 C(8)-H(8) 0. 9300 . - . .
O2)-Cd(1) 24 2.368(3) C(9-C(10) 1.515(6) CACID B & AR — 20 A CACID T
N(1)-C(6) L311G) GO -HOA 0. 9700 i bix BT ¢ Fl H2 i — P — 445 5 AH 4B 1Y) B
N(D-C(7) 1. 366(6) C(9)-H(9B) 0. 9700 S Tk TR AR B T A R A B R 4 IR S5 H .
N(2)-C(6) 1.325(5) C(10)-C(1D) 1.378(7) 24 AT B — 2 T 5300 2o 0 AR R 4 A R ok —
N(2)-C(8) 1. 380(7) C10)-C(12) 1.379(6) R )
N(2)-C(9) 1. 483(5) CAD-CA #6  1.376(7) AL = A FPIRAE RS54 . ] 3.
C(-C(5) 1. 365(5) CAD-HAD 0. 9300 .
C(DH-C(2) 1. 400(6) C12)-CAD 6 1.376(7) 4 &
tgz:(%;) (1) :(35(3;(()6) C(12)-H(12) 0. 9300 RSB 1 AT 1T )3 (bix) .2, 6-
28 R (nds) 1 CACL, Ry SR 4. 38 3 K A A
Symmetry transformations used to generate equivalent atoms: # 1 - .

o et e T T A IR T R T B 6 7 5 [ Cd
yoz #5 —xtl,—y,—ztl #6 —xt2,—ytl,—z1 (bix) (nds) J,. AT RIRLGEH TS . BE T
x3 BEEHMTHLSER(C)

Tab. 3 Selected bond angles ()

Atoms Angles(*) Atoms Angles(®)

N(D £ 1-Cd(1)-N(1) 180. 0(2) C(D-C(2-H(2) 120. 1
N(D) £ 1-Cd(1-0(1) 84.25(11) C(2)-C(3)-C(4) 121, 0(4)
N(D-Cd(1)-O(1) 95.75(11) C(2)-C(3)-H(3) 119.5
N(D) # 1-Cd(1)-0(1) # 1 95.75(11D) C(H)-C(3)-H(3) 119.5
N(D-Cd(D-O(1) # 1 84.25(11) C(4) #5-C()-C(D) 119. 1(4)
O(D-Cd(D-O(1) £ 1 180. 00(14) C(4) #5-C()-C(5) #5 118.7(4)
N(D) # 1-Cd(1)-0(2) # 2 89.60(11) C(3)-C(4)-C(5) £5 122, 2(4)
N(D-Cd(1)-0(2) # 2 90. 40(11) CD-CHH-C(4) #5 120.5(3)
O -Cd(D-O0(2) #2 86.94(10) C(D-C(5)-H(5) 119.7
O(1) £1-Cd(1)-0(2) £ 2 93.06(10) C() £ 5-C(5)-H(5) 119.7
N(1) # 1-Cd(1)-0(2) # 3 90.40(11) N(1)-C(6)-N(2) 112.1(4)
N(D-Cd(1)-0(2) 3 89.60(11) N(1D-C(6)-H(6) 124.0
O(1)-Cd(D-O0(2) #3 93.06(10) N(2)-C(6)-H(6) 124.0
O £1-Cd(1)-0(2) £33 86.94(10) C(8)-C(T)-N(D) 110. 0(4)
0(2) #2-Cd(1)-0(2) # 3 180. 00(8) C(8)-C(T)-H(7) 125.0
0(3)-S(D-0(D) 113.74(18) N(D-C(7)-H(7) 125.0
0(3)-S(1)-0(2) 113.77(18) C(7)-C(8)-N(2) 105. 7(4)
O(D)-S(D-0(2) 111. 76(17) C(T)-C(8)-H(8) 127.1
0(3)-S(D-C(1) 106. 47(17) N(2)-C(8)-H(8) 127.1
O(D-S(1-C(D) 104. 85(17) N(2)-C(9)-C(10) 114, 0(4)
O(2)-S(D-C(1) 105.31(17) N(2)-C(9-H(9A) 108.8
S(DH-0(1)-Cd(1) 146.00(18) CA0-C(9-H(IA) 108.8
S(D-0(2)-Cd(1) £ 4 131.31(17) N(2)-C(9)-H(9B) 108.8
C(6)-N(D-C(T) 105.3(3) C(10)-C(9)-H(9B) 108. 8
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(&R)

C(6)-N(D)-Cd(D)
C(7TH-N(D-Cd(D)
C(6)-N(2)-C(8)
C(6)-N(2)-C(9)
C(8)-N(2)-C(9)
C(5)-C(DH-C(2)
C(5)-C(D-S(1)
C(2)-C(D-S(1)
C(3)-C(2)-C(D)
C(3)-C(2)-H(2)

.9(3)
.8(3)
L8(4)
L9
L2(4)
.8(3)
L4(03)
L7(3)
L8(4)
.1

HOOA)-C(9H-HOIB) 107.7
C(1D-C(10)-C(12) 117.6(4)
C(11H-C(10)-C(9) 122.5(4)
C(12)-C(10)-C(D) 119.9(4)
C(12) #6-C(11)-C(10) 120. 8(4)
C(12) #6-C(1D-HAD 119.6
C(10)-C(11)-H(11) 119.6
C(1D) #6-C(12)-C(10) 121.6(4)
C(1D) #6-C(12)-H(12) 119.2
C(10)-C(12)-H(12) 119.2

Symmetry transformations used to generate equivalent atoms; #1 —x+2,~y,—z #2x+1,y,z #3 —xt1l,~y,—z #4x1l,y.z #
5 —x+1,—y,—z+1 #6 —x+2,—y+1l,—z—1

Bl BsEAH[Cdbix) (nds)], ¥ CdID &
F o s 04 BodE IR

Fig. 1 Molecular structure of complex

B2 ‘A EASH[Cdbix) (nds)], & c b &
R A g )
Fig. 2 View of 2D network of complex

A3 BeHmEASH[Cdbix) (nds) In # = 4 W ik

AER M A

Fig. 3 View of 3D network of complex

A 2544, bix B AR A AR ) Cd(TD B ¥ % 5 i — Fb
— Y TR AR B T 0 — 20 0 AR AR OB & . B AR

YRR G5 A 5 R % TR AR FEORE AR 48 B 4 T AR
T Y RORME QL A5 . Sy i — 2D o i
WA R AE T RE B TC L 2R 5 W R R R R AR T
R

£ % Lk

[1] Dai P X, Zhao H, Yang E C. et al. Two zinc(ID)
complexes with 1D chain and 2D layer directed by
competitive coordination of the mixed ligands: syn-
theses, crystal structures, and fluorescent proper-
ties [J]. Synth React Tnorg M, 2016, 46, 1163,

[2]  Zhang Y, Zhou P P, Liu W, et al. Construction of
a new Co(]]) coordination polymer with excellent
photocatalytic property [J]. Synth React Inorg M,
2016, 46. 1169.

[3] SuZ,ChenSS, Fan ], etal. Highly connected three-
dimensional metal-organic frameworks based on polynu-
clear secondary building units [J]. Crystal Growth De-
sign, 2010, 10: 3675.

[4] Wang W Y, Niu X L, Gao Y C, et al. One chiral
and two achiral 3-D coordination polymers construc-
ted by 2-phenyl imidazole dicarboxylate [ J]. Crystal
Growth Design, 2010, 10: 4050.

(6] iy, W%, m/h®, % BA -mEBIEHEN
AARECTREL D T AL 3R A W AR 254 5 5¢ e
PR [J]. A2 SR, 2105, 27: 205.

(6] E#N, BER. TESBEENIKHRESHNE
JEAERAE [T, W0 700098 2 2 i A AR B 2 s
2008, 31: 308.

[7] Corma A, Garcia H, Llabres I, et al. Engineering
metal organic frameworks for heterogeneous cataly-
sis [J]. Chem Rev. 2010, 110: 4606.

[8]  Yaghi O M, O’Keeffe M, Ockwig N W, etal. Re-

ticular synthesis and the design of new materials



1038

Wl K FROERAFF )

b
wl
S
Cl

(9]

(10]

[11]

(12]

[13]

[J]. Nature, 2003, 423 705.

Wong-Foy A G, Matzger A J, Yaghi O M. Excep-
tional H, saturation uptake in microporous metal-or-
ganic frameworks [J]. J Am Chem Soc, 2006, 128
3494,

Murakami Y, Hayashida O, Nagai Y. Enantioselec-
tive discrimination by cage-type cyclophanes bearing
chiral binding sites in aqueous media [J]. J Am
Chem Soc, 1994, 116 2611.

Du M, Li CP, Zhao X ], et al. Interplay of coordi-
native and supramolecular interactions in engineer-
ing unusual crystalline architectures of low-dimen-
sional metal-pamoate complexes under co-ligand in-
tervention [J]. Cryst Eng Comm, 2007, 9; 1011.
Han Z X, Wang J J. Hu H M, et al. Effects of the
size of aromatic chelate ligands and d 10 metal ions
on the structures of dicarboxylate complexes: from
dinuclear molecule to helical chains and 2D network
[J]. J Mol Struct, 2008, 891 364.

Caulder D L., Raymond K N. Supermolecules by de-

[14]

[15]

[16]

[17]

sign [J]. Acc Chem Rev, 1999, 32. 975.

BIRE . @3, RIH. BAP[Co(SCN), (HSCN),
(dabeo), JIA B, SAREEH 5 RAE [T]. N TRk
4. 2008, 37. 183.

Li X M, Guo J, Wang Q W, er al. Hydrothermal
synthesis and crystal structure of a Co( ]l ) coordi-
nation polymer assembled by 2,4-pyridinedicarboxy-
lic acid and 1, 4-bis (imidazol-1-ylmethyl)-benzene
ligands [J]. Chin J Inorg Chem, 2012, 28 1520.
Du M, Zhang Z H, Guo W, et al. Multi-component
hydrogen-bonding assembly of a pharmaceutical a-
gent pamoic acid with piperazine or 4,4-Bipyridyl: a
channel hydrated salt with multiple-helical motifs vs
a bimolecular cocrystal [J]. Crystal Growth Design,
2009, 9. 1655.

Shi Q, Sun Y T, Sheng L. Z, et al. Anion-depend-
ent crystallization of four supramolecular cadmium
complexes: structures and property studies [ J].

Crystal Growth Design, 2008, 8: 3401.





