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Abstract: A new 2D Hydrogen-bonded network complex [Ni(en),(dpas),| (Nadpas=sodium diphenylamine sulphonic

acid salt, en=ethanediamine) has been synthesized in aqueous solution, and characterized by elemental analysis, IR.

The crystal structure was determined by single-crystal X-ray diffraction. The complex crystallizes in space group P2//c,
with cell parameters a=0.605 6(5) nm, b=1.448 1(5) nm, ¢=1.7119(5) nm, 8=93.257(5)°, and V=1.498 9(14) nm’, D =
1.497 g -cm™, Z=2, F(000)=708, R =0.027 7, wR =0.072 5. The crystal structure shows that the nickel atom is

coordinated with four nitrogen atoms from the two en and two oxygen atoms from two dpas to form a mononuclear

complex. Furthermore, the adjacent complex units are extended into a 2D supramolecular network through hydrogen

bonds. CCDC: 674868.
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Extended covalent organic and inorganic layered
materials have been of great interest because of their
potential use as host structures for various chemical
processes!'. However, because of the weak coordination
strength of the sulfonate compared with that of the
phosphate, the reported systems were all segregated
structures extensive

inorganicorganic formed by

hydrogen bonding interactions. And it was concluded
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that divalent first row of transition metal ions show no
tendency to coordinate to the sulfonate anions in the
presence of water molecules. The structure of some
metal complexes about single-sulfonate and double-
sulfonate were already reported®. Furthermore, the
electrochemical properties about the nickel atom
complex or polymer are constantly studied™'". So a new

2D Hydrogen-bonded network complex [Ni(en),(dpas),]
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is synthesized, the crystal structure is determined by
single-crystal X-ray diffraction, the electrochemical

property of the complex is also further investigated.
1 Experimental

1.1 Reagent and apparatus
All reagents are analysis pure. Elemental analyses
were performed on a Elementar vario EL-IIl analyzer.

The IR recorded on HYPER1700
spectrophotometer using KBr pellets. The single crystal

spectra were

structure was obtained on a Bruker Smart Apex CCD X-
ray single-crystal diffractometer system. The electron
transfer behavior of the complex was examined using
cyclic voltammogram on a CHI-660 electrochemical
analysis system.
1.2 Synthesis of the title complex

5 mL aqueous solution of Nickel chloride hexahy-
drate (0.1 mmol) and ethanediamine (0.2 mmol) was
added into a 5 mlL aqueous solution of Nadpas (0.1
mmol). The resulting solution was stirred ten minutes
and filtrated then allowed to evaporate in air at room
temperature. After a month, purple crystals of the title
complex were collected in 60% vyield (based on Ni).
Anal. Caled for CxH3NgNiOgS, (%): C 25.20, H, 4.23, N

4.20. Found(%): C 25.18, H 4.46, N 4.35. IR (KB,
em™): 3375 (s),1523 (s), 1342 (s), 1199 (s), 1 077(s),
1027(s), 621(m).
1.3 Crystal structure determination

A purple single crystal of the title compound with
dimensions of 0.36 mm x0.18 mm x0.17 mm was
selected for structure determination. The data collection
was performed on the Bruker Smart Apex 1000 CCD X-
ray single-crystal diffractmeter with Mo Ka radiation
(A =0.071 073 nm). A total of 7 407 reflections were
collected in the range of 1.84°<60<25°, of which 2 637
reflections were unique with R;,=0.020 8 and 2 317
with I>20(I) were considered as observed. The final R,
and wR, were 0.027 7 and 0.072 5. The structures were
solved by the direct method and refined by the full-
matrix least-squares on F* using SHELXL-97 software!"”.
All the non-hydrogen atoms were refined anisotro-
pically. The positions of the hydrogen atoms attached to
carbon atoms were fixed at their ideal positions and
those attached to nitrogen atoms were located in the
Fourier maps. A summary of the crystallographic data
and structural determination for the title complex is
provided in Table 1.

CCDC: 674868.

Table 1 Crystallographic data for the title complex

Empirical formula CosHyNNiOgS, Z 2

Formula weight 675.46 #(Mo Ke) / mm™ 0.839

Temperature / K 293(2) F(000) 708

Crystal system Monoclinic Crystal size / mm 0.36x0.18x0.17

Space group P2i/n Range of 6/ (°) 1.84~25

a/ nm 0.605 6(5) Limiting indices -T=sh<s7-17T<k=<10,-19=<1<20
b / nm 1.448 1(5) Reflections collected / unique (R;,) 7 407 /2 637 (0.020 8)
¢/ nm 1.711 9(5) Goodness of fit on F* 1.048

B/ 93.257(5) Final R indices [I>20(])] R=0.027 7, wR,=0.072 5
V / nm? 1.498 9(14) R indices (all date) R=0.033 3, wR,=0.075 6
D./ (g-em™) 1.497 Largest diff. peak and hole / (e*nm™) 0.222, -0.270

2 Results and discussion

2.1 Crystal structure of the title complex

The selected bond lengths and bond angles are
given in Table 2. The molecular structure of the title
complex is shown in Fig.1, the 2D network structure
located

through  hydrogen bonds are in  Fig.2,

respectively.

The complex crystallizes in the centrosymmetric
space group P2/n. The coordination geometry is
illustrated in Fig.1. The Ni(1) atom sits on crystallogra-
phic inversion center. The nickel atom is coordinated
with four nitrogen atoms from the two en and two oxygen

atoms from two dpas to furnish a distorted octahedron
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Table 2 Selected bond lengths (nm) and bond angles (°) for the title complex

Ni(1)-N(1) 0.208 2(2) Ni(1)-N©2) 0.209 53(19) Ni(1)-03) 0.210 52(15)
Ni(1)-N(1) 0.208 2(2) Ni(1)-NQ)i 0.209 53(19) Ni(1)-0(3) 0.210 52(15)
N()-Ni(1)-0(3) 92.63(7) N(1)-Ni(1)-N(2) 82.33(8) NQ)-Ni(1)-003) 89.37(8)
N()-Ni(1)-0(3) 87.37(7) N(1)-Ni(1)-N(2) 97.67(8) NQ)-Ni(1)-03) 90.63(8)
N(IA-Ni (1)-N(1) 180.00(13) 0(1)-5(2)-0(2) 111.87(11) 0(1)-5(2)-003) 112.03(12)
N(DA-Ni (1)-N(2) 82.33(8) $(2)-03)-N (1) 138.43(9) CA)-NB)-C(7) 126.05(19)
P2, —y, —z.

geometry. The nickel atom and two nitrogen atoms are
on the equatorial plane, which is similar to that of the
reported work!™. The bond lengths of Ni-N(1) and Ni-
N (2) are 0.208 2(2) nm and 0.209 53(19) nm. Two
oxygen from the SO;™ groups of dpas occupies the axial
positions, with distance of Ni-O(3)=0.210 52(15) nm,
which is shorter than that observed by Cai [0.245 73(16)
nm] .,

Moreover, the mononuclear complexes are

stabilized by intramolecular hydrogen bond interactions
between O(2) from the SO;™ and H(1A) from en ligands
[N(1)-H1B---O(2), the N---O distance is 0.305 7(3) nm,
the angle is 154(7)°].

Fig.1 Molecular structure of the title complex

it 2 —x, =y, —z; ii: 1.5—x, =0.5+y, 0.5-z; iii: 0.5+«x, 0.5-y, —=0.5+z;
iv: 1.5-x, 0.5+y, 0.5-z; v: 0.5+x, —0.5-y, =0.5+z

Fig.2 2D Hydrogen-bonded network structure of the title

complex

Interestingly, the analysis of the crystal packing of
the title compound reveals that the monometallic unit is
linked by four neighboring units to result in a 2D
supramolecular network structure through the hydrogen
bond interactions (N-H---O) between the oxygen atoms
[O(1)] from SO;~ and the hydrogen atoms[H (3A)] from
-NH- groups [(N(3)-H(3A)---O(1), the N---O distance is
0.291 9(4) nm, and the angle is 164(2)°]. The 2D sup-
ramolecular network structure is showed in Fig.2.

2.2 Cyclic voltammogram

The cyclic voltammogram of the title complex was
obtained in 50% (V/V) H,S0, (1 mol - ™") + Na,SO, (0.2
mol L") electrolyte solution containing 0.01 mol -L.~'
the title complex using a conventional three-electrode
system at 25 °C. The glass-carbon working electrode
was in the form of a disc and used in a stationary mode,
the auxiliary electrode was a platinum plate, and the
reference electrode was a saturated calomel electrode
(SEC). The cyclic voltammogram were reported with
0.05 V-s™

voltammogram curves,

scan rate, at range from 0~0.7 V. From the
it shows only one pair of
oxidation-reduction  peaks

oxidation-reduction couple of Ni(I/Ni(Il). E,.=0.446V,

corresponding  to  the

1/ pA
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-20
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Fig.3  Cyclic voltammogram of the title complex
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E,.=0.370 V. The average formal potential [E,,=(E .+
E,)/2]1s 0.408 V. The peak-to-peak separation between
the corresponding anodic and cathodic peak is 0.076 V,

exhibiting a quasi-reversible electrode process.
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