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Abstract The bimetallic complex of Ni2Co(TTHA)?
12H2O (TTHA5 triethylene tetraminehexaacetic acid)
was synthesized and characterized structurally and mag-

netically. The title complex crystallizes in the triclinic

space group P ı̄ with a5 0.7316(2), b5 0.8624(2),

c5 1.5041(4) nm; a5 73.38(2), b5 83.97(2), c5 70.50(2)u.
The crystal structure is built up of [Ni2(TTHA)(H2O)2]

22,

Co(H2O)6
2+ and water molecules. The variable magnetic

measurement shows that there is strong antiferromagnetic

interaction between two Ni(II) ions in [Ni2(TTHA)
(H2O)2]

22 with JNi2Ni52141.64 cm21, gNi5 2.21 and that

the constant of spin-orbit coupling of Co(II) ion is

2134.8 cm21.

Keywords polyaminopolycarboxylate, triethylenetetraa-

minehexaacetic acid, crystal structure, magnetic property

1 Introduction

As a multidentate chelating ligand with strong coordi-

nating ability, the polyaminopolycarboxylate ligands

play an important role in the research of coordination
chemistry. For example, the complexes with EDTA

(ethylenediaminetetraacetic acid) and its derivatives

have been used as the model complexes to form chelate

compounds in coordination chemistry and analytical

chemistry [1]. Also, the gadolinium complex with

DTPA (DTPA5diethylenetriaminepentaacetic acid) as

ligand has been used as MRI agent [2,3]. Especially,

Coronado et al recently reported that the carboxylate of

EDTA and its derivatives can be used as bridging groups

coordinated with metal ions to synthesize a series of mole-

cule-based magnets with different dimensions. These

include (1) one-dimensional chain: MAMB(EDTA)?6H2O

(MA, MB5Mn, Co, Ni, Cu, Zn), MA and MB were all

six-coordinated and arranged alternately to form one-

dimensional ferrimagnetic chain [4–6]; (2) two-dimensional

sheet: MnCd(EGTA)?8H2O (EGTA5 ethylene glycol-bis

(2-aminoethyl ether)-N,N,N9,N9-tetraacetic acid), Cd(II)

and Mn(II) were eight- and six-coordinated, respectively,

giving rise to the two-dimensional framework [7]; (3)

three-dimensional network: MtM(M9EDTA)?4H2O (Mt,

M, M95Co, Ni), M and M9 were all six-coordinated and

arranged alternately to form the two-dimensional nets,

which were connected by the four-coordinated Mt to form

three-dimensional framework [8].

As an extension of this study, we synthesized a bimet-

allic complex Ni2Co(TTHA)?12H2O using TTHA

(TTHA5 triethylenetetraaminehexaacetic acid) as

bridging ligand. The complex was characterized by X-ray

diffraction, IR, electronic spectra and magnetic properties.

2 Experimental

2.1 Materials and physical measurements

TTHA(AR) was obtained from Aldrich Chemical Co.,

and other AR reagents were purchased from commercial

sources and used as received. IR spectra weremeasured on

a Shimadzu IR-480 spectrometer, electronic spectra were

recorded by Shimadzu UV-210 PC spectrometer.

Magnetic susceptibilities were measured on SQUID

MPMS-7 magnetometer. Crystallographic data were col-

lected on Enraf-Nonius CAD-4 diffractometer.

2.2 Preparation of compounds

An aqueous solution (5 mL) of Ni(NO3)2?6H2O

(0.4 mmol) was added to a stirred aqueous solution

(10 mL) containing TTHA (0.2 mmol) and NaOH
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(1.2 mmol). The resulting solution was stirred for 1 h at
room temperature. Then an aqueous solution (5 mL) of
Co(NO3)2?6H2O (0.2 mmol) was added to the solution
above. The reaction mixture was stirred for 20 min and
then filtrated. The X-ray quality bluepurple crystals of the
title complex were obtained after several days with eth-
anol diffused into the filtrate.

2.3 Crystal structure determination

X-raydiffractiondata collectionwasperformedonanEnraf-
Nonius CAD-4 diffractometer equipped with a graphite-
monochromatic Mo-Ka radiation (l5 0.071073 nm) at
293 K by v-2h scan mode. Corrections for Lorentz-
polarization factors and empirical absorption were made.

The structure was solved by direct methods and refined
by full-matrix least-squares methods on F2, employing
SHELXTL-97 program. All non-hydrogen atoms were
located on Fourier difference-maps and were refined with
anisotropic thermal parameters. The final agreement fac-
tors are defined as R5S|DF|/S|F0|, wR5 [Sw|DF|2/Sw|
F0|

2]1/2. The crystallographic data of the title complex are
summarized in Table 1.

3 Results and discussion

3.1 IR spectra

The title complex exhibited a strong broad band in the

3000–3500 cm21 region, which may be ascribed to the

existence of coordinated and free water molecules and

the hydrogen bond interactions. The absorption band

(1740 cm21) assigned to C5O stretching vibration in

the free TTHA ligand shifts to 1580 cm21, which suggests

that the metal ions is coordinated by carboxylate [9].

In the carboxylate complexes, the Dnas-s, the difference
of the antisymmetry stretching vibration nas and sym-

metry stretching vibration ns, is the criterion for estim-

ating the coordination mode of the carboxylate. When

Dnas-s, 200 cm21, the carboxylate adopts bidentate coor-

dination mode, and when Dnas-s. 200 cm21, monodenta-

tion mode [10]. According to the absorption band at

1575 cm21 [nas(C5O)] and 1320 cm21 [ns(C5O)], the

carboxyl of TTHA is supposed to behave as a monoden-

tate ligand which is consistent with the crystal structures.

In IR spectra of the title complex, the medium absorption

band at 1100 cm21 is assigned to C-N stretching vibration

[11].

3.2 Electronic spectra

The electronic spectra of the complex were measured in

aqueous solution. There are two overlapping asymmetric

absorption peaks (lg e, 1.5) at 16778 cm21 and

26385 cm21 in the visible region, which can be assigned to

the d-d transition of theNi(II) in the octahedral crystal field:
3A2gR

3T1g(F) and 3A2gR
3T1g(P), respectively [12]. The

transition expressions are 7.5B+ 15Dq2 1/2(225B2+
100Dq22 180DqB)1/2 and 7.5B+ 15Dq+ 1/2(225B2+
100Dq22 180DqB)1/2, respectively. The parameters B

(709 cm21), Dq(1084 cm21) and b5Bcoordinated/Bfree (0.68)

were estimated, which indicates the strong covalent inter-

action in the coordinate bonds between TTHA and Ni(II).

3.3 Crystal structures

As shown in Fig. 1, two Ni(II) ions of [Ni2(TTHA)-

(H2O)2]
22 have the same coordination environment. The

six-coordinated Ni(II) is coordinated by two nitrogen

atoms, three carboxylate groups and one water molecule

to form a distorted octahedral geometry. The two distorted

Table 1 Crystal data and structure refinement for the complex
Ni2Co(TTHA)?12H2O

empirical formula C18H48N4O24Ni2Co

formula weight 880.92

temperature/K 293(2)

wavelength/nm 0.071073

crystal system triclinic

space group P ı̄

a/nm 0.7316(2)

b/nm 0.8624(2)

c/nm 1.5041(4)

a/(u) 73.38(2)

b/(u) 85.97(2)

c/(u) 70.50(2)

V/nm3 0.8569(4)

Z 1

Dc/g?cm
23 1.707

m/mm21 1.663

F/000 459

crystal size/mm3 0.406 0.406 0.15

h range for data collection/(u) 0 to 27

index ranges 0( h( 9, 211( k( 11,

219( l( 19

reflections collected 3738

independent reflections 3738(Rint5 0)

max. and min. transmission 1.000 and 0.9297

final R indices[I. 2s (I )] R5 0.047, wR5 0.0459

largest diff. peak and hole/e?nm23 960 and 2770

Fig. 1 Molecular structure of the complex Ni2Co(TTHA)?
12H2O
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octahedrons are central symmetric about the ethylene of

TTHA anion. The Co(II) ion is coordinated by six water

molecules to form [Co(H2O)6]
2+. As shown in Fig. 2, hydro-

gen bonds exist among [Ni2(TTHA)(H2O)2]
22, [Co(H2O)6]

2

+ and free water molecules. The 3D network is based upon

ionic bonds, hydrogen bonds and intermolecular forces.

3.4 Magnetic properties

Figure 3 describes the temperature variation of the mag-

netic susceptibility xM and the magnetic moment meff. The
magnetic susceptibility of the title complex was given by the
sum of [Ni2(TTHA)(H2O)2]

22 and [Co(H2O)6]
2+ (Eq. (1) ).

xM~xNi{NizxCo ð1Þ
The magnetic susceptibility of the Ni(II) dimer xNi2Ni

was carried out by using the Heisenberg Hamiltonian

Ĥ522JŜ1Ŝ2 (Eq. (2) ) [13]:

xNi�Ni~
Ng2b2

kT

10z2 exp ({4J=kT)

5z3 exp ({4J=kT)z exp ({6J=kT)

� �
ð2Þ

Themagnetic susceptibility of [Co(H2O)6]
2+ xCo is based

on the ligand field theory and expressed as Eq. (3), where

x5 l/kT.

xCo~
Nb2

kT

3 3:15xz3:92z 2:84xz2:13ð Þ exp {3:75xð Þz 4:7x{6:05ð Þ exp {6xð Þ½ �
x 3z2 exp {3:75xð Þz exp {6xð Þ½ �

� �
ð3Þ

The magnetic susceptibility data was fitted to the above

equations using least-squares method giving

JNi2Ni52141.64 cm21, gNi5 2.21, l52134.8 cm21

and F5S[(xM)obs2 (xM)calc]
2/(xM)obs5 3.506 1024. The

negative value of JNi2Ni suggests strong antiferromag-

netic coupling between two magnetic centers in

[Ni2(TTHA)(H2O)2]
22. |l| (134.8 cm21) of [Co(H2O)6]

2+,

which is less than that of free Co(II) ion (|l|
5 170 cm21), indicates some covalent character of the

Co(II) in the title complex.

4 Conclusions

A novel complex based on nickel(II), cobalt(II) and

TTHA is described in this paper. The structure was deter-

mined by X-ray diffraction. The investigation of the mag-

netic properties reveals that strong antiferromagnetic

interactions exist within the complex and the coupling

constant JNi2Ni equals to 2141.64 cm21.
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