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Synthesis and Structural Characterization of a New Cadmium(l) Coordination

Networks Derived from Mixed Double Betaine Derivate/SCN- Ligands

JIANG Ning-Yi LI Song-Lin*
(Department of Chemisiry, School of Science, Tianjin University, Tianjin 300072)

Abstract: A new coordination polymer of Cd(Il) was prepared by the reaction of Cd(C10,),+6H,0 with mixed lig-
ands, namely, neutral double betaine derivative 1,3-bis(pyridinio-4-carboxylato)propane and SCN~ anion in aque-
ous solution. The crystal structure of 1 has been determined by single-crystal X-ray diffraction methods. Crystal
data for 1: orthorhombic, space group P2,2,2,, a=1.0509(2), b=1.1628(2), ¢=1.649 5(3) nm, V=2.0157(7) nm®, Z=
4, F(000)=1064, D.=1.756 g-cm™, the final R=0.050 8 and wR=0.1301 for 3 530 observed reflections [I>20(I)].
Crystal structure of 1 indicates that the (u-1,3-NCS) bridging NCS™ ligand connects neighboring cadmium atoms,
leading to a single strand helical chain which propagates along crystallographic @ axis. The metallic nodes of ad-
jacent helical chains are linked by monodentate-monodentate coordination mode of both carboxylate groups in L
molecules to generate 2D coordination sheet which parallels to the (001) plane. Adjacent layers are further joined

by C—H---0O hydrogen bonds; the structure thus expanded into a three-dimensional network. CCDC: 612657.
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Supramolecular metal coordination compounds 4'-bipyridine, pyrazine, betaines, etc®

formed by self-assembly are a frontier field in research ¢. thiocyanate, azide, polyaromatic acids! ete.

because of their potential applications in catalyses, the pseudohalide

Among the anionic ligands,

molecular recognition, molecular electronics and pho-
tonic materials etc!". Crystal engineering of metal coor-
dination compounds, especially coordination polymers
are usually achieved by using bi- or multidentate lig-
ands to bind the metal centers™. Many one-, two- or
three-dimensional polymers coordination solids have

been obtained by two types ligands, neutral organic 4,
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NCS™ is known to coordinate to metals in both termi-
nal and bridging modes. As bridging ligand, the thio-
cyanate can link a pair of metal centers in either an
end-on (u-1,1-NCS, u-1,1-SCN) or end-to-end (u-1,3-
NCS) configuration", Particularly cadmium-thiocyanate
coordination solids are of considerable interest owing

to their topological aspects™; potential use as optical
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materials effective in blue light emission™ and the (419 mg, 1 mmol) in distilled water (c.a. 8 cm’®), and

second harmonic generation (SHG)!".

Among the neutral ligands which display versa-
tile coordination capability, double betaines represent
a good choice because of their zwitterionic properties
of permanent bipolarity and overall charge neutrality.
Double betaine compounds can be expected to widen
structural varieties of metal dicarboxylates, such as
complexes with metal centers bearing additional an-
ionic ligands, and those with variable metal to dicar-
boxylate molar ratios!?.

To explore the combination effects of neutral
double betaine ligand 1,3-bis (pyridinio-4-carboxylato)
propane (L) and anionic thiocyanate ligand, we syn-
thesize a coordination polymer of Cd(I) containing
these ligands, namely [Cd(H,0)L(SCN),], (1). Reported
herein are the details of the synthesis, crystal struc-

ture and other relevant physicochemical studies of 1.

1 Experimental

All chemicals and solvents obtained from com-
mercial sources were of A.R. grade and used without
further purification. Elemental analyses data of C, H,
N were determined by a Vanio-EL elemental analyzer.
The IR spectra were recorded from KBr pallet in the
range of 4 000 ~400 cm ™ on a Bio-Rad Exalibur
FTS3000 spectrometer.

1.1 Synthesis of [Cd(H,O)L(SCN),], (1)

The flexible ligand 1,3-bis(pyridinio-4-carboxyla-
to)propane tetrahydrate (L-4H,0) was synthesized sim-
ilar to the method described previously!. However,
we adopted 1,2-epoxypropane to remove the bromide
and chloride ions in the product other than silver(I)
Cd(ClOy),-6H,0 was prepared by the reaction
of freshly precipitated CdCO; with HC1O, (70% aque-

ous solution) and re-crystallized in water. The prepa-

oxide.

ration of 1 was achieved via the following route. Dis-
solve L+4H,0 (360 mg, 1 mmol) and Cd(ClO,),-6H,0

the solution obtained was stirred at c.a. 60 C for
about 15 min. The solution was filtrated to a test tube
and carefully covered with NaSCN aqueous solution
(162 mg, 2 mmol in c.a. 5 em’® distilled water). The
pale yellow crystals of 1 available for X-ray structure
analysis were obtained in (440 mg) 83% yield after
standing the filtration at ambient temperature for 4
hours. Anal. Caled. (%) for C;H;N4OsS,Cd: C, 38.32;
H, 3.03; N, 10.51. Found (%): C, 37.72; H, 3.17; N,
10.78.
1.2 Crystal structure determination

The intensities for 1 (pale yellow prism, 0.25 mm
x 0.22 mm X 0.22 mm) were collected at 293(2) K in
w-scan mode on a Siemens P4 four-circle diffractome-
ter using Mo Ka radiation (A=0.071 073 nm) operat-
ing at 50 kV, 25 mA". The structure was solved by
the direct method, and the non-hydrogen atoms were
refined anisotropically by full-matrix least squares
techniques on F? using SHELXTL program package!"”.
For 1, w=1/[c*F}? + (0.079 3P)* + 0.414 4P] where P=
(K2 + 2F2)/3;
cally and refined as riding (C-H=0.093~0.097 nm).
The Uy, (H) values other than hydrogen atoms on wa-

all H atoms were positioned geometri-

ter molecules were set equal to 1.2 U, (carrier atoms).
The H atoms of water molecules were located on dif-
ference Fourier map and allowed to ride on their re-
spective parent oxygen atoms with U, (H)=1.5 U, (O).
At the end of the least-squares refinement, the
racemic twinning model was introduced, giving a bet-
ter convergence with the Flack™ absolute structure
parameter x of 0.39(4).

Crystallographic data; the selected bond lengths
and bond angles; distance and angles involving hydro-
gen bonding for 1 are given in Tables 1 to 3, respec-
tively.

CCDC: 612657.

Crystal data and structure refinement parameters for 1

Table 1
Empirical formula C7HsCdN,05S,
Formula weight 532.86
Temperature / K 293(2)
Wavelength / nm 0.071 073

Method of collecting reflections  scan
Transmission coefficient 0.732 5~0.758 8
6 range for data collection / (°) 2.30~25.53
Measured reflections 6 657
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Continued Table 1
Crystal system Orthorhombic Independent reflections 3 648
Space group P22, Observed reflections 3 530 (I>20(1))
a/ nm 1.050 9(2) R;, 0.059 8
b/ nm 1.162 8(2) Data / restraint / parameters 3648/0/264
¢/ nm 1.649 5(3) GOOF 1.043
Volume / nm’ 2.015 7(7) R, wR (I520(D)) 0.050 8, 0.130 1
A 4 (All data) 0.054 1, 0.133 7
D,/ (g-cm™) 1.756 APy Aprin | (€M) 946, -802
w/ mm” 1.328 (A ) e 0.000
F(000) 1 064 Flack parameter 0.39(4)
Crystal size / mm 0.25 x 0.22 x 0.22 Extinction coefficient 0.018(2)
“R= Y (IFJ-IENY SIE), * wRo={ Sl (F~FAV S w[(FA®, w=1/[c*F+(0.079 3P)+0.4144P), P=(F+2F/3.
Table 2 Selected bond lengths (nm) and bond angles (°) for 1
Cd1-01 0.223 8(4) Cd1-N3#2 0.237 8(5) €15-04 0.124 5(7)
Cd1-N4 0.229 9(5) Cd1-S1 0.273 5(2) €15-03 0.124 7(7)
Cd1-01W 0.230 7(4) 01-C1 0.126 3(8)
Cd1-03#1 0.231 3(4) 02-C1 0.122 8(8)
01-Cd1-N4 93.7(2) O1W-Cd1-N3#2 91.43(17) N4-C17-S2 179.1(7)
01-Cd1-01W 173.14(17) 03#1-Cd1-N3#2 86.51(18) C17-N4-Cd1 159.4(6)
N4-Cd1-01W 80.45(18) 01-Cd1-S1 94.74(14) C1-01-Cdl 120.8(4)
01-Cd1-03#1 100.46(18) N4-Cd1-S1 104.57(17) C15-03-Cd14#3 145.4(5)
N4-Cd1-03#1 165.2(2) 01W-Cd1-S1 90.17(11) 02-C1-01 127.0(6)
01W-Cd1-03#1 85.16(17) 03#1-Cd1-S1 78.87(14) 04-C15-03 128.5(6)
O1-Cd1-N3#2 85.05(18) N3#2-Cd1-S1 165.11(14)
N4-Cd1-N3#2 90.3(2) N3-C16-S1 177.6(6)
Symmetry codes: #1: —1+x, 14y, z; #2: 1/24x, 3/2—y, 1—z; #3: 1+x, =14y, z.
Table 3 Distances and angles involving hydrogen bonding of 1
D-H--A D-H / nm H--A / nm DA/ nm D-H-—A /(9)
O1W-HIWA---O1#1 0.097 0.178 0.274 9(6) 179.9
O1W-HIWB---04#2 0.097 0.166 0.263 1(6) 179.8
C5-HS5---01W#3 0.093 0.247 0.330 0(7) 148.5

Symmetry codes: #1: —=1/2+x, 3/2-y, 1-z; #2: =3/2+4x, 1/2-y, 1-z; #3: 3/2—-x, 1-y, 1/2+z.

2 Result and discussion

2.1 IR spectra

The position of the IR-bands corresponding to
the stretching frequency of the thiocyanate group and
carboxylate group can be used for characterization of
the mode of coordination to the metal. The strong »(CN)
stretching vibration of a bridging thiocyanate is usual-
ly found to be around 2 100 cm™ B! whereas the ter-

minally nitrogen-bonded NCS~ group occurs at around

2050 em™ ™2 Tn IR spectra two well resolved »(CN)
bands (at 2 073, 2095 cm™) in 1 are observed indi-
cating the existence of different force constants of the
thiocyanato groups in the crystal lattice. The band cor-
responding to the ¥ (CS) stretching frequency appears
at 751 em™; bands belonging to the deformation fre-
quency 8(NCS) are found as doublets at 469, 429 cm™.
The stretching bands of carboxylate ions are also

Both antisymmetric

(1646, 1615 cm™) and symmetric (1375, 1347 em™)

evident in the FTIR spectrum.
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stretching bands are split into two peaks, which indi-
cate the difference of two carboxylate groups. The re-
spective A[V,n(CO,)—v,,,(CO,)| values clearly indicate
the presence of monodentate coordination mode (271,

[20]

268 cm™) of carboxylate groups ™, as is shown by the

crystal structure.
2.2 Crystal structure of [Cd(H,0O)L(SCN),], (1)
Compound 1 crystallizes in space group P2,2,2,.
As it can be seen from Fig.1, each cadmium atom is
six-coordinated in distorted octahedron geometry, sur-
rounded by two nitrogen atoms from one bridging
thiocyanate ligand (u-1,3-NCS) and one terminal thio-
cyanate ligand; one sulfur atom from one bridging
thiocyanate ligand (u-1,3-NCS); three oxygen atoms
from two symmetrically related bridging L ligands and

one aqua ligand.

The thermal ellipsoids are at 30% probability level

Symmetry code: A: 1724, 3/2—y, 1—z; B: —l4x, 14y, z
Fig.1 Coordination environment of compound 1

The Cd1-N4 bond distance is 0.2299 (5) nm, in
the middle of the published ranges of analogous dis-
tances for terminal CANCS groups®™?>\. As to the end-
to-end bridging SCN~ groups, The Cd-NCS bond dis-
tance (Cd1-N3A) is 0.237 8 (5) nm, and the Cd-SCN
(Cd1-S1) bond distance is 0.273 5(2) nm, both typical
for the u-NCS-S,N bridging ligands coordinated with
cadmium (I "%, The bridging Cd-N bond length is
slight longer than that of terminal N-coordinated SCN-
groups and the difference is 0.079 nm. The probable
reason is the terminal thiocyanate ion is more strongly
bound compared to the bridging thiocyanate in coordi-
nation polymer . The M-N-C angles vary from 154.3°
[CA1-N3#1-C16#1 (#1: 1/2+«x, 3/2-y, 1-2)] to 159.4°
(Cd1-N4-C17), also resulting from the different coor-
dination modes of SCN~ ligands. Besides, both bridg-
ing and terminal pseudohalide SCN~ do not show ob-

vious deviation from linearity [S1-C16-N3 177.6(6)°;
S2-C17-N4 179.1(7)°], and distances about SCN (C-N,
C-S) differ only by 0.001 3~0.003 0 nm. The Cd-O
bond lengths are in the range of 0.223 8(4)~0.231 3(4)
nm, comparable with those found in other cadmium(Il)
octahedral complexes “##, The range of cisoid angles
[80.5 (2)° ~104.6 (2)° | and that of transoid angles
[165.1(1)°~173.1(2)°], reflect the degrees of distortion
from the ideal octahedral geometry.

The (u-1, 3-NCS) bridging NCS™ ligand connect
neighboring cadmium atoms, leading to a single strand
helical chain which propagates along crystallographic
a aixs. The Cd---Cd distance bridged by a NCS™ anion
is about 0.567 7 nm, and the pitch of the helix is
about 1.0509 nm, shown as Fig.2.

Symmetry code: A: 1/2+x, 3/2—y, 1-z; B: —=14x, 14y, z
Fig.2 View of the helical chain formed by cadmium(I)
and SCN™ anions (top) and space-filling

representation of the helix with 1 (below)

Furthermore, the metallic nodes of adjacent helical
chains are linked by monodentate-monodentate coordi-
nation mode of both carboxylate groups in L ligands to
generate two mutually perpendicular 1D  wavelike
chains extending along [110] and [110] directions. It is
noteworthy that the C-O lengths for one carboxylate
group are very similar, within the experimental errors,
[C15-04: 0.124 5 (7) nm;C15-03: 0.124 7 (7) nm],
while for the other one, C-O lengths are not equivalent
[C1-01: 0.126 3(8) nm ;C1-02: 0.122 8(8) nm] with a
difference of 0.003 8 nm. The probable reason is that
the thiocyanate group is a 7 conjugated system so that
it can exert some influence on the carboxylate group
[0(3)C(15)0(4)] located in its trans position, resulting
in the equalization of C-O lengths. The difference of

two carboxylate groups is also evidenced by the pres-
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ence of peak splitting in the infrared spectra.
Through the versatile bridging nature of thiocyanate
groups and carboxylate groups, the 1D chains are self-

assembled into 2D coordination sheet parallel to the

(001) plane (Fig.3).

Fig.3 Schematic representation of the 2D coordination

layer
Besides, the hydrogen bond between aqua ligand

and carboxylate O atoms further stabilized the struc-
ture: O1W---01#2 0.2749 (6) nm, O1W-HIWA-O1#2
179.9°; O1W --- O4#3 0.263 1 (6) nm, OIW-H1WB-
04#3 179.8° [#2: —1/2+x, 32—y, 1—z; #3: =3/2+x, 1/
2—y, 1—z]. Adjacent layers are further joined by C-H---
O hydrogen bonds [H---O 0.247 nm, C---O 0.3300(7)
nm; C—H---O 148.5°; thus expand the structure into a

three-dimensional hydrogen bonded network.
3 Conclusion

A new coordination polymer of Cd(Il) has been
constructed by adopting a double betaine derivative
and the pseudohalide SCN™ anion. The results indicate
that with the zwitterionic properties of betaine deriva-
tive, the metal centers can accommodate additional
anionic ligands, and double betaines represent a good

choice to construct networks with mixed ligands.
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