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Synthesis and Crystal Structure of One Novel Three-dimensional Supramolecular
Compound [Ni(H,0)(fum)]-2(hmt) - 4H,O(fum=fumarate; hmt=hexamethylenetetramine)
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(*Coordination Chemistry Institute and State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093)
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Abstract: The synthesis of nickel supramolecular compound with hexamethylenetetramine and fumarate ligands is
reported. The compound [Ni(H,O)s(fum)] -2 (hmt) -4H,0 (1) (fum=fumarate; hmt=hexamethylenetetramine) were
characterized by elemental analysis, crystal structure, IR. Compound 1 crystallizes in the triclinic system, space
group P1, and with Z=1. Cell parameters: a=0. 934 6(1), =0.933 8(1), ¢=0.938 8(2) nm, a=79.46(1)°, B=77.84(1)°,
v=61.29 6(7)°. Every metal ion has a octahedral coordination geometry formed by six oxygen atoms from six wa-
ter molecules, and the relative independent components [Ni(H,0)q]**, fumarate anions, hmt and H,0 molecules are
linked together by two kinds of hydrogen bonds (O—H---O, and O—H---N) to form a three-dimensional structure.
CCDC: 256355.
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0 Introduction materials with gas storage!'™, selection separation P,
catalysis'® and optoelectronics®”. One of the synthesis

Pronounced interest has recently been focused on methods used to construct the functional compounds is

the crystal engineering of supramolecular architectures that octahedral coordination metal ions connects to
organized by coordinated bonds or hydrogen bonds, polydentate ligand such as 4,4’-bipyridine, fumarate
due to their potential applications in developing new and so on to form multi-dimensional supramolecular
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polmer 8" Recent years, hmt (hexamethylenete-

tramine), a potential tetradentate ligand or hydrogen
bond acceptor, has been used by us and other re-
search groups to react with metal ions to prepare

16-31 - As the continuing of our

supramolecular polymer!
work, we now report the synthesis and crystal struc-
ture of the compound [Ni(H,0)s(fum)] -2 (hmt) -4H,0

@).
1 Experimental section

1.1 Materials and Physical Measurements
Fumaric acid, NiCl,+-6H,0, and hexamethylenete-
tramine (hmt) were used as purchased. Element analy-
ses(C, H, N) were determined on a Perkin-Elmer
2400 microanalysis instrument. IR absorption spec-
(KBr pellet)
170X spectrophotometer.
1.2 Preparation of [Ni(H,O),(fum)]-2(hmt)-4H,0
Synthetic process of [Ni(H,0)g(fum)]-2(hmt)-4H,0
(1) is as follows:1 mmol of NiCl,-6H,0 and 4 mmol of

hmt were dissolved in 5 mL of water. To this solution,

trum was recorded on a Nicolet FTIR

an aqueous solution (5 mL) containing fumaric acid (1
mmol) and hmt (2 mmol) was added. The resulting
green solution was allowed to stand at ambient tem-
perature for one week, yielding green crystals in yield

(60%). Anal. caled. for C¢HNsNiO4(%): C, 30.34; H,

Table 1

7.32. N, 17.70. Found(%): C, 30.30; H 7.28. N,
17.65. IR spectrum (KBr, em™): 3 255 (s, br), 2438
(w), 1690(m), 1578(s), 1459(s), 1380(s), 1238(s),
1211(w), 1051(w), 1006(s), 810(s), 753(m), 692(s),
591(w), 508(s).
1.3 X-ray crystallography

Single-crystal X-ray diffraction measurement of 1
was carried out with a Siemens P4 diffractometer at
296(2) K. Intensities of reflections were measured us-
(A=
0.071073 nm) with the @ scans mode in the range of
2.23°<0<25.98°. The structure was solved by direct
methods (SHELXS-97)24
least-squares methods on F? with the SHELXT.-97 pro-

gram package.

ing graphite-monochromatized Mo Ka radiation

and refined by full-matrix

Anisotropic thermal factors were as-
signed to all the non-hydrogen atoms. The hydrogen
atoms of water molecules were found by difference
Fourier syntheses, and the other hydrogen atoms were
located in calculated position and refined with isotrop-
ic thermal parameters riding on the parent atoms.
Crystallographic data and experimental details for
structural analyses are summarized in Table 1, the se-
lected bond lengths (nm) and bond angles (°) are giv-
en in Table 2, and the hydrogen bonds parameters are
presented in Table 3, respectively.

CCDC: 256355.

Summary of crystal data, data collection and structure refinement for

the [Ni(H,O)q(fum)] - 2(hmt)-4H,O (1)

Formula CH,NgNiO,4
Formula weight 633.32

Color Green
Crystal size mm 0.56 x 0.54 x 0.20
Temperature / K 296(2)
Wavelength / nm 0.071073
Crystal system Triclinic
Space group P1

Unit cell dimensions

a/nm 0.934 6(1)
b/ nm 0.933 &(1)
¢/ nm 0.938 8(2)
al (%) 79.46(1)
B1(° 77.84(1)

v /(% 61.296(7)

Volume / nm?

A

Density (calculated) / (Mg+-m™)
Absorption coefficient / mm™
F(000)

0 range / (°)

Index ranges ( h, k, 1)
Reflections collected
Independent reflections
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R, wR indices [ I<20(]) ]
R, wR indices (all data)

Largest diff. peak and hole/(e*nm™)

0.66925(19)

1

1.504

0.771

338

2.23~25.98

-11/10, -11/0, -11/11
3033

2749 (R,,)
Full-matrix least squares on F?
2749/10/219

1.077

0.026 7, 0.066 7
0.029 8, 0.067 6

243 and 231
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Table 2 Selected bond lengths (nm) and angles (°) for compound 1
Ni-O(1) 0.20413(12) Ni-0(2)* 0.203 06(13) Ni-0(2) 0.203 06(13)
Ni-0(3) 0.20793(13) N(1)-C(1) 0.1474(2) C(7)-C(7 0.130 8(4)
C(7)-C(8) 0.1507(2) 0(4)-C(8) 0.124 1(2)
0(2)-Ni-0(1) 90.65(6) 0(2)-Ni-O(1)* 89.35(6) O(1)-Ni-O(1)* 180.00(8)
0(2)-Ni-0(3)* 93.24(6) 0(1)-Ni-0(3) 84.64(5) 0(2)-Ni-0(3)* 86.76(6)
Ni-O(1)-H(10A) 120.1(16) Ni-0(2)-H(204) 130.0(18) Ni-0(3)-H(30B) 120.1(17)
C(3)-N(1)-C(1) 108.24(14) N(1)-C(1)-N(2) 111.89(13) N(1)-C(1)-H(1A) 109.2
C(7)b-C(7)-C(8) 123.6(2) 0(4)-C(8)-0(5) 126.60(17) 0(4)-C(8)-C(7) 115.41(15)
0(5)-C(8)-C(7) 117.99(16)
Symmetry codes: * —x+1, —y, —z; * —x+1, —y, —z+1
Table 3 Hydrogen bonding geometry for compound 1
D-H---A D-H / nm H---A/ nm D---A/ nm £D-H---A/(°)
0(1)-H10A---0(4) 0.082 4(10) 0.193 8(10) 0.275 78(19) 173(2)
O(1)-H10B---N(1)* 0.081 9(10) 0.203 0(10) 0.284 65(19) 1752)
0(2)-H20A---0(6)" 0.081 6(10) 0.186 3(10) 0.267 7(2) 175(3)
0(2)-H20B---N(3)° 0.080 4(10) 0.206 6(11) 0.286 2(2) 170(2)
0(3)-H30A--0(5) 0.081 6(10) 0.196 3(11) 0.276 18(19) 166(2)
0(3)-H30B---N(2)' 0.081 8(10) 0.208 2(11) 0.289 38(19) 171(2)
0(6)-H60A ---N(4) 0.081 2(10) 0.204 4(11) 0.284 9(2) 171(3)
0(6)-H60B---O(7)° 0.082 4(10) 0.191 4(11) 0.273 3(2) 173(3)
0(7)-H70B---O(4)* 0.081 6(10) 0.194 4(11) 0.274 7(2) 168(2)
O(7)-H70A---0(5) 0.081 3(10) 0.191 2(12) 0.271 0(2) 167(3)

Symmetry codes: © 1—x, 1-y, 1-z; *x, y=1, z; * x, 1=y, 1-z;

2 Results and discussion

Fig.1 shows the structure of 1. The geometries
around each metal center are all octahedral; the
six oxygen atoms from six water molecules occupy the

Selected
bond lengths and angles are given in Table 2. The

equatorial positions and the axial ones.

metal-oxygen bonds are in the range 0.20306 (13)

0.20793(13) nm for 1, the difference of the Ni-O dis-
tances are likely due to the different environment of
water molecules. The bond angles around each metal
center range from 84.64(5)° to 180.00(8)° for 1. The
metal ions containing species are all located on the
inversion centers. Each [Ni(H,0)s]*" cation is connect-
ed with neighboring two fumarate anions via hydrogen
bonds existing between coordinated water molecules
and fumarate anions(O—H --- O (fumarate)), forming a
one-dimensional chain along ¢ axis (shown in Fig.1

and 2). As can be seen in Fig.1 and 2, hmt, as a hy-

fx, y, z—1.

drogen acceptor, is linked with coordinated water
molecule via hydrogen bond(O-H:--N(hmt)), resulting
each[Ni(H,0)¢** cation is surrounded by six hmt mol-
ecules and each hmt molecule surrounded by three

[Ni(H,0)sJ** cations. Besides, another hydrogen bond

Fig.1 Molecular structure of [Ni(H,0)q(fum)]-2(hmt)-4H,0
with some neighboring atoms and molecules linked

by hydrogen bonds
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Fig.2  Molecular packing diagram of [Ni(H,0)s(fum)]
+2(hmt)+4H,0 along ¢ axis

exists between the fourth N atom of hmt molecule and
a lattice water molecule(such as N4L---H-06D). Thus,
the relative independent components [Ni(H,0)]**, fu-
marate anions, hmt and H,O molecules are linked to-
gether by two kinds of hydrogen bonds(O-H---0, and
O-H---N)to form a three-dimensional structure. It is
worth mention that the one-dimensional chains con-
sisted of [Ni(H,0)s** and fumarate anions are actually
located in the hexagonal channels comprised of hmt
molecules, as shown in Fig.2, Similar structure have
been found in reported compound [Co(H,0)¢CL,] -2 (hmt)
-4H,0™,
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