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Hydrothermal Synthesis, Crystal Structure and Properties of a
Nickel( Complex of Pyrazine-2,3,5,6-tetracarboxylic Acid

YANG Ai-Hong FANG Su-Rong ZHANG Yan-Ping GAO Hong-Ling® CUI Jian-Zhong"
(Department of Chemistry, Tianjin University, Tianjin 300072)

Abstract: A complex of nickel(Il) with pyrazine-2,3,5,6-tetracarboxylic acid and 2,2 -bipyridine, [Ni(ptcH,)(bpy)
(Hx0)], was synthesized by hydrothermal reaction of Ni(NO;); 6H,O with pyrazine-2,3,5,6-tetracarboxylic acid and
2,2" -bipyridine at 160  and characterized by elemental analysis, IR and X-ray diffraction single crystal structure
determined. The crystal belongs to Monoclinic system, with space group P2./c, a=1.327 9(7) nm, b=1.279 7(7) nm, c=
1.161 4(7) nm; B=113.435(8)°, V=1.8106(17) nm?, Z=4. The coordination environment of nickel(Il) ion is a distorted
octahedral geometry. The title complex is a mononuclear structure which is assembled into 3D supramolecular
architecture by strong hydrogen bonds. CCDC: 661507.
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0.0518 g, 53% ,
1 (%): C 44.21;H 2.42; N 11.57; CisHN4
\[[0X (%): C 44.35; H 2.46; N 11.50
11 13 [Ni(ptcH_)(bpy)(H:0)]
Perkin-Elemer 240 0.20 mm x 0.18 mm x 0.14 mm
BRUKER SMART 1000 CCD X- , BRUKER SMART 1000 CCD X-
; Magna-560 FTIR , Mo Ka (A=0.071073
(KBr ) ptcH, B nm) . 293@) K . W
; , 1.67°< B< 25.01°(- 15< h< 14, - 15< k<
12 [Ni(ptcH2)(bpy)(H:0)] 13, -11< I< 13) ,
0.2 mmol (0.052 0 g) ptcH,, 0.2 mmol (0.031 2 (SHELXS-97)1,
g) bpy, 0.2 mmol (0.058 2 g) Ni(NO;); 6H,O 10 mL SHELXL-97 ]
H.,0O 25 mL 160
24h, 3 -ht 100 1
- ht 2 1
X-ray CCDC: 661507
1 [Ni(ptcH,)(bpy)(H-0)]
Table 1 Crystallographic data for [Ni(ptcH,)(bpy)(H.0)]
Empirical formula CisH1NNiOg 4 4
Formula weight 487.03 D./ (g cm?) 1.787
Crystal size / mm 0.20 x 0.18 x 0.14 p/ mm? 1.139
Temperature / K 293(2) F(000) 992
Crystal system Monoclinic 0 range / (°) 1.67~25.01
Space group P2./c Reflections collected / unique 9197/3188
a/nm 1.327 9(7) Goodness of fit on F? 1.065
b/ nm 1.279 7(7) R 0.029 9
c/nm 1.161 4(7) wWR 0.068 6
B/ 113.435(8) Parameters 297
V / nn? 1.810 6(17) AP A / (€ NN 350, - 229
2 2.2
[Ni(ptcH,) (bpy) (H-0)] 1
2.1 1, [Ni(ptcH,)(bpy)(H-0)]
4 000 ~400 cm* , Ni (1) 1
[Ni(ptcH,)(bpy)H:0)] IR 3278 cmr ptcH,Z (ONO) 1 bpy(NN)
;1720 cm? Ni() 2 Ni(lD
: , N(1), N@),0(1) O
, ,C=0 ®) : -4.37(9)°,
;1583 cm* 1442 cmt bpy NE3)
Ni(IT) ptcH,>
, , bpy
;769 cmt bpy [Ni(ptcH,)(bpy)(H-0)] , Ni-N
[Ni (ptcH,)(bpy)(H.0)] 0.201 7(3)~0.203 6(3) nm ,Ni-O
0.206 2(2)~0.208 7(2) nm , Ni-N Ni-O
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Table 2 Selected bond lengths (nm) and angles (°) for the title complex
Ni(1)-N(4) 0.201 7(3) Ni(1)-N@3) 0.203 6(3) Ni(1)-0(9) 0.207 2(2)
Ni(1)-N(1) 0.202 2(2) Ni(1)-0(1) 0.206 2(2) Ni(1)-O(@8) 0.208 7(2)
N(4)-Ni(1)-N(L) 174.85(9) N(3)-Ni(1)-0(1) 94.17(9) N(4)-Ni(1)-0(8) 107.27(10)
N(4)-Ni(1)-N(3) 79.82(10) N(4)-Ni(1)-0(9) 91.19(9) N(L)-Ni(1)-O(8) 76.65(9)
N(L)-Ni(1)-N@3) 103.79(9) N(L)-Ni(1)-O(9) 85.47(8) N(3)-Ni(1)-O(8) 89.26(10)
N(4)-Ni(1)-O(1) 98.96(9) N(3)-Ni(1)-0(9) 170.04(9) O(1)-Ni(1)-0(8) 153.73(8)
N(1)-Ni(2)-O(1) 77.24(8) O(1)-Ni(1)-0(9) 91.45(9) 0(9)-Ni(1)-0(8) 89.33(9)
, N @] , 6,6 N 2 ,
12 a ., Ni( 2
ptcH,* 2 O-
H O 3,
[13]

Symmetry eode:' %,y 0.5, z+1.5:"1-x, 0.5y, L5 Ltx, 3,2
B BRI Ni(preHa)(bpy)(H:O) |8 4 T 45 #
Fig.1 Molecular structure of the complex for
[NifpteHo)(bpy)(H.0)]
[Ni(ptcH,)(bpy)(H0)] ptcH,
2 ,  ptcHZ , ptcH,*
3,5 NIl M2 SEEROE A b FEe R
bpy ; ptCsz' 2 Fig2 2D layer structure of the complex along ab plane
2 bpy connected by hvdrogen bonds
3
Table 3 Hydrogen bond lengths and angles for the title complex
Donor- H  acceptor D-H / nm H A/nm D A/nm D-H A/(°)
C(9CA)- H(OCA) O@4AB) 0.093 0(3) 0.251 5(6) 0.327 5(8) 139.2(2)
C(12D)- H(12D) O(LAB)' 0.093 0(4) 0.254 4(8) 0.337 0(9) 148.22(22)
C(15D)- H(15D) O(QAB)" 0.093 1(4) 0.237 92) 0.325 0(5) 155.72(22)
CA7A)- H(17A) O(GAB)i 0.093 1(4) 0.249 9(4) 0.327 1(7) 140.45(20)
0(9)- HOA) O@)" 0.076 2(30) 0.197 4(32) 0.273 4(17) 175.26(363)
0(9)- HOB) O() 0.083 4(38) 0.186 7(38) 0.270 0(3) 177.35(359)

Symmetry code: ' - X, y- 0.5, - z+1.5; " 1- X, - 0.5+y 1.5-7; " 1+x, y, ; ¥ - X,- y+1,- z+1.
, ptcH, 2 o4 160
, Brown Uniersity ([ ptcH, :
Yigit 120 , ptcH, pH=3



490

24

, ptcHZ 3,5 2
' , 2

[1] Li X H, Shi Q, Hu ML, et al. Inorg. Chem. Commun., 2004,
7:912~914

[2] Beobide G, Castillo O, Luque A, et al. Inorg. Chem. Commun.,
2003,6:1224~1227

[3] Zhang X M, Fang R Q. Inorg. Chem., 2005,44:3955~3959

[4] Wang F Q, Zheng X J, Wan Y H, et al. J. Mol. Struct., 2006,
798:155~161

[6] Ghosh S K, Bharadwaj P K. Eur. J. Inorg. Chem., 2005:4880
~4885

[6] Ghosh S K, Bharadwaj P K. Inorg. Chem., 2004,43:6887~6889

[7]1 Ghosh S K, Fallah M S E, Ribas J, et al. Inorg. Chim. Acta,
2006,359:468~474

[8] Ghosh S K, Bharadwaj P K. J. Mol. Struct., 2006,796:119~
122

[9] Wolff L, Deutsch B. Chem. Ges., 1887,20:425

[10]Sheldrick G M. SHELXS-97, Program for the Solution of
Crystal Structures, University of Gosttingen, Germany, 1997.

[11]Sheldrick G M. SHELXL-97, Program for the Refinement of
Crystal Structures, University of Gottingen, Germany, 1997.

[1219IANG Yi-Min( ), YIN Xiu-Ju( ). Chinese J.
Inorg. Chem.(Wuji Huaxue Xuebao), 2001,17(7):589~592

[13]GAO Hong-Ling( ), ZHANG Hong( ), KANG
Huai-Ping ( ), et al. Chinese J. Inorg. Chem. (Wuji
Huaxue Xuebao), 2007,23(6):1099~1102

[14]Yigit MV, Wang Y, Moulton B, et al. Cryst. Growth Des.,
2006,6:829~832



