55 4 T
CHINESE JOURNAL OF INORGANIC CHEMISTRY

2007 4 4 H

2 2 Eild Vol.23 No.4

Apr., 2007

'/\‘f\/'/\%\/‘/\?
IF 5T 1A i )

(__\%\/f-\/-f\%\;?

—FHE[Ni(CN) > FA[Cu(pn) > TT AR BIRB 53 F
B &R & A B B S FREE R

KR, BoTaw; Brai; wk

HESES. 0614.83; 0614.121 XERFRIRAD . A

x| Ik H
FMKRFRFHTERE TR, M

510006)

XEHS . 1001-4861(2007)04-0713-04

Synthesis, Crystal Structure and Magnetic Property of a Cyano-Bridged 3D

Heterometallic Supramolecular Complex Containing [Ni(CN),]* and [Cu(pn)]* Tectons
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(Department of Chemistry, School of Chemical Engineering and Technology, Guangzhou University, Guangzhou 510006)

Abstract: A cyano-bridged heterometallic supramolecular complex {[Cu(pn)];[Ni(CN),]

3}, (1) has been synthesized

and structurally characterized by single crystal X-ray diffraction. 1 displays an interesting 3D structure formed by

M, [ Ni(CN),J*

~ tectons bridging five-coordinated and six-coordinated Cu(ll) ions. The magnetic property shows

that 1 behaves as weakly ferromagnetic interactions between the adjacent Cu(ll) ions through the diamagnetic

spacer NC-Ni-CN. CCDC: 624387.
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In the pursuit of new molecule-based magnets,
the cyano-bridged supramolecular complexes are good
candidates and have been investigated extensively in
the past decades " In the design of new cyano-brid-
ged supramolecular architectures, the formation of
coordinate M-CN-M' bonds between dicyanometalates,
tetracyanometalates, hexacyanometalates, octacyano-
metalates etc and 3d or 4f metal tectons, has been
widely used in the strategy of self-assembly and lots
possessing  various

of supramolecular complexes

degrees of dimensionality have been synthesized and

characterized structurally as well as magnetically®"",

Currently, tetracyanometallates as good building

blocks, are widely used to develop a various range of
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supramolecular complexes which exhibit various struc-
tures with interesting magnetic properties '® . Here
we report the synthesis, crystal structure and magnetic
property of 1. To our knowledge, the report of 3D
heterometallic supramolecular complex bridged by

[Ni(CN),J* building block are very limit.

1 Experimental

1.1 Preparations

The blue crystals of 1 were obtained by slow
diffusion method of H,O-
CH;CHOHCH; (5:1) using an H-shaped tube. The
staring aqueous solution of of K;[Ni(CN),]-H,0 (13 mg,
(3.7 mg, 0.05

in a mixed solvent

0.05 mmol) and 1,3-propanediamine



714

T Hl

N

%23 %

mmol) was put in one arm and the solution Cu(ClO,),-
6H,0 (18.5 mg, 0.05 mmol) dissolved in a mixed
solvent of H,0-CH;CHOHCH;

other one. After a few weeks, blue crystals appeared.

(5:1) was put in the

The crystal were handed picked, washed with a small
amount of cold water and dried on filter paper.
Caution! Perchlorate salts of metal complexes
with organic ligand are potentially explosive and
should be handed in small quantities with care.
1.2 Measurements
Elemental analyses were carried out using a
Perkin-Elmer analyzer model 240. The IR spectra
were recorded as KBr discs on a Shimadzu IR408
infrared spectrophotometer in the 4 000 ~600 cm ™
region. The magnetic measurements of the sample

were carried out in an applied field of 10000 G using

a SQUID magnetometer in the temperature range of
4~300 K. Effective magnetic moments were calculated
by the equation u=2.828(ynT)"* , where yyis the molar
magnetic susceptibility.
1.3 Crystal structure determination
Determination of the unit cell and data collection
was performed on a Bruker Smart APEX I diffractom-
eter using graphite monochromatized Mo Ka radiation
(A=0.7107 nm) at 293(2) K. The structure was solved
by direct methods and successive difference Fourier
(SHELXS-97) and refined by fullmatrix

leastsquares procedure on F? with anisotropic thermal

syntheses

par-ameters for all non-hydrogen atoms (SHELXL-
97) 2. Crystal data collection and refinement para-
meters are given in Table 1. Table 2 list the selected
bond lengths and angles for the complex.

Table 1 Crystal data and structure refinement for 1
Formula CoiHy0CusNsNi; A 4
Formula weight 901.38 D./ (g-cm™) 1.762
Crystal system Monoclinic #(Mo Key) / mm™ 3.515
Space group C2/c F(000) 1812
a/ nm 2.6549(10) 6 range / (°) 1.93~25.02
b/ nm 0.960 1(4) Reflections collected / unique 6499 /2902 (R;,=0.028 7)
¢/ nm 0.960 1(4) Completeness to 6=25.020/% 96.6
al/ (%) 90 Goodness-of-fit on F? 0.954
B1(° 127.260(5) Final indices [[>20(1)] R=0.039 3, wR»=0.078 2
y/(°) 90 R indices (all data) R,=0.060 2, wR,=0.087 4
V / nm? 0.127 26(5) Largest diff. peak / hole / (e-nm™) 1.166 and —1.740
‘Ri=IF) = IFINE); "wRy=w(F~ FAX/[w(F,)1"™
Table 2 Selected bond lengths (nm) and angles (°) for 1
Cu(1)-N(1) 0.199 8(4) Cu(2)-N(©9) 0.194 8(4) Ni(1)-C(1) 0.187 6(5)
Cu(1)-N(5) 0.200 5(4) Cu(2)-N(9)#1 0.194 8(4) Ni(2)-C(5) 0.185 2(5)
Cu(1)-N(8) 0.200 7(4) Cu(2)-N(3) 0.198 2(5) Ni(2)-C(6) 0.186 1(6)
Cu(1)-N(7) 0.201 7(4) Cu(2)-N(3)#1 0.198 2(5) N(1)-C(1) 0.113 2(6)
Cu(1)-N(4) 0.220 7(5) Ni(1)-C(2) 0.183 8(6)
C(2)-Ni(1)-C(3) 8.87 (2) N(8)-Cu(1)-N(7) 89.53(17) N(9)-Cu(2)-N(3) 177.2(2)
N(1)-Cu(1)-N(5) 90.67(17) N(1)-Cu(1)-N(4) 92.52(18) N(9)#1-Cu(2)-N(3) 88.1(2)
N(1)-Cu(1)-N(8) 171.03(18) N(5)-Cu(1)-N(4) 103.53(17) N(9)-Cu(2)-N(3)#1 88.1(2)
N(5)-Cu(1)-N(8) 86.16(17) N(8)-Cu(1)-N(4) 96.38(18) N(3)-Cu(2)-N(3)#1 90.5(3)
N(1)-Cu(1)-N(7) 90.50(17) N(7)-Cu(1)-N(4) 97.11(17) N(5)-Cu(1)-N(7) 159.25(18)
N(9)-Cu(2)-N(9)#1 93.4(3)

Symmetry transformations used to generate equivalent atoms: x, v, z; —x, y, —z+1/2; x+1/2, y+1/2, z; —x+1/2, y+1/2, —z+1/2; —x, -y, —z; x,

=y, 2=1/2; —x+1/2, —y+1/2, —z; x+1/2, —y+1/2, z—1/2.
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2 Results and discussion

2.1 Crystal structure

The structure schemeof 1 is shown in Fig.1. The
structure determination of 1 discloses a novel 3D
structure. In 1 there are two coordinated models of Cu
(I ions. The Cu (1A) ion is five-coordinated, with a
square pyramidal geometry, by means of two nitrile
nitrogen atoms from two ws, ws-[Ni (CN),J>~ bridging
ligands and two nitrogen atoms from a propanediamine
in planar position and a nitrogen atom of a us-[Ni(CN),]*
bridging ligand in axial position. The Cu(2A) ion is
six-coordinated, with a prolonged octahedral geometry.
The basal plane is formed by two nitrile nitrogen
atoms from two us-[Ni(CN),J* bridging ligands and the
other two nitrogen atoms from a propanedia-mine. The
axial positions are filled by two nitrogen atoms from
two s [Ni (CN),J* - bridging ligands with the Cu-N
distances of 0.277 2 nm. In 1, Ni (CN),;~ building
block acts as two different p, and w; bridges. The

o RC2A
NIACIA ®
N2A

Fig.1 ~ Structure scheme of 1

OnNi
@®cCu

Fig.2 A 3D packing scheme of 1

uncoordinated nitrile nitrogen atom of us-[Ni (CN),J*~
bridge connects to the nitrogen atom of a propanedia-
mine through N---N hydrogen bond with the distance
of N---N of 0.294 9 nm. Each Cu(1A) ion is conne-
cted to the other three by two us-[Ni(CN),]* bridges
and a us-[Ni(CN),J* bridge and each Cu(2) ion is con-
nected to the other four by two us-[Ni(CN),J* and two
- [Ni(CN),J* bridges, leading to a 3D network(Fig.2).
2.2 IR Spectra and elemental analyses

The IR spectra of 1 shows one sharp vey band
around 2 154 e¢m™, which is at a higher wavenumber
than that of K,[Ni (CN),] -H,0, indicating that the
[Ni(CN),J* ions acts as a bridge. Anal. Calc. Caled for
CyHsCusNgNis (% ): C, 37.96; H, 3.32; N, 27.96.
Found(%): C, 37.65; H, 3.54; N, 27.68
2.3 Magnetic property

Fig.3 shows the temperature dependence of the
magnetic susceptibility of 1. The pg value is 1.76u; at
room temperature, slightly larger than the spin-only
value 1.73ug of an isolated Cu(ll) ion (S=1/2) interact-
ing with a diamagnetic Ni(Il) ion (S=0). On cooling
from room temperature, the w4 value smoothly increa-
ses, achieving the maximum value of 1.86u; at 18 K,
suggesting a weakly ferromagnetic interaction between
adjacent Cu(Il) ions through the diamagnetic spacer
NC-Ni-CN. Upon further cooling, the g decreases
below 18 K presumably due to the antiferromagnetic
interaction between chains. The . versus T plot in
the range from 300 K to 18 K obeys the Curie-Weiss
law (xy=C/(T-0)) with a Weiss constant 6 of 5.04 K
(Fig.4). The small positive Weiss constant further
indicates an weakly ferromagnetic interaction between
the adjacent Cu (I) ions through the diamagnetic
spacer NC-Ni-CN. The magnetic data of 1 can be
analyzed by means of the theoretical expression (1) for
ferromagnetically coupled uniform chain of local spin
S=1/2"2:

X=INGBNAK(T-0) (A /B

A=1.0 + 5797991 6Y + 16.902653Y* +

29.376 885Y° + 29.832959Y* + 14.036918Y"
B=1.0 + 2.7979916Y + 7.008 678 0Y* +
8.6538644Y° + 4.5743114Y*
Y=JI(2KT) 1)
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Fig.3 Thermal variation of yy and pq for complex 1
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Fig.4 Plot of xy™ vs T for 1 in the temperature range
of 18~300 K

The best fitting parameters are J=0.92 cm™, 6=
-0.89 K, g=2.03 and R=2.14 x 1072 where R is the
agreement factor: R= Y (Xomd = Xeaed)/ 2 Xobed> The small
positive J value further indicates a weak ferromagnetic
interaction between the adjacent Cu(ll) ions through

the diamagnetic spacer NC-Ni-CN.
3 Conclusion

A novel 3D heterometallic supramolecular
complex 1 has been synthesized and structurally
[Ni(CN),J*~ tecton shows -

and us-bridging models and Cu(Il) ions exhibit five-

characterized. In 1 the

coordinated and six-coordinated structure. The

magnetic properties have shown that 1 behaves as
weakly ferromagnetic interactions between  the
adjacent Cu(Il) ions through the diamagnetic spacer

NC-Ni-CN.
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