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Syntheses, Structures and Properties of Four Transition Metal Complexes
with 2,4-Oxybis(benzoic acid) and N-Donor Ligands
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(Yan'an University Key Laboratory of New Energy & New Functional Materials, Shaanxi Key Laboratory of Chemical Reaction
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Abstract: Four transition metal coordination polymers {[Mn (2,4-Hoba), (bipy) (H,0),] -2H,0}, (1), [Mn (2,4-0ba)
(phen)], (2), [Co(2,4-0ba)(bimyb),s], (3) and [Ni(2,4-oba)(bimyb)ys], (4) (2,4-H,oba=2,4-oxybis(benzoic acid), bipy=
4.4'-bipyridine, phen=1,10-phenanthroline, bimyb=1,4-bis(imidazole-1-ylmethyl) benzene) were synthesized by
hydrothermal reactions and characterized by single-crystal X-ray diffraction, thermogravimetric analyses, IR
spectroscopy and elemental analysis. Complex 1 is a 1D chain structure, which is extended to a 2D
supramolecular architecture by O—H---O hydrogen bonding. Complex 2 shows a 1D wavy chain structure, which
is expanded to a 2D wavelike network through aromatic 7-7 stacking interactions. Complexes 3 and 4 are 2D
layer structures produced by ligands bridging binuclear paddle-wheel units. The magnetic properties of 2~4 have
also been investigated, and the exchange conpling constants were —0.79, —8.97 and —11.42 ecm™, respectively.
According to the crystal structures, the magnetic coupling behavior of complexes 2~4 were studied by using
hybrid DFT-BS method, and the result reveals that the calculated exchange coupling constants (J) are in good
agreement with the experimental data. CCDC: 1910923, 1, 1910924, 2, 1910926, 3, 1910927, 4.
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0 Introduction

The rational design and synthesis of coordination
polymers is currently of significant interest not merely
due to the diverse network topology but mainly due to
these extended systems playing a significant role in
catalysis, chirality, luminescence, magnetism, nonlinear
optics, adsorption, and separation!". In this context,
the predesigned and assembly of novel crystalline
material by structure-directing factors, such as central
metal ions, organic ligands, metal-ligand ratio, solvents,
temperature, pH value, and other factors®™, have been
validated and summarized. Among them, the critical
factor for the construction of coordination polymers is
the rational choice of organic building block. In our
strategy, multidentate O- or N-donor ligands have
been employed in the construction of coordination
polymers®'!.

With regard to the flexible
dicarboxylate ligands, such as 2,2’ -oxybis (benzoic
acid), 2,4-oxybis(benzoic acid)(2,4-H,oba) and 4.,4'-

oxybis(benzoic acid) have been investigated"". Up to

ether-oxygen

now, a number of N-containing ligands have been
widely employed as the second ligands for meeting the
requirement of coordination geometries of metal ions
or tuning the fine structure. Compared with rigid
bridging pyridyl ligands, 1,4-bis(imidazole-1-ylmethyl)
benzene (bimyb) possesses a flexible structure and an
excellent coordination ability, and has the potential to
construct coordination polymers. Inspired by those
ideas, we successfully obtained four new coordination
polymers, namely, {{Mn(2,4-Hoba),(bipy)(H,0),]-2H,0},
(1), [Mn (2,4-oba) (phen)], (2), [Co (2,4-0ba) (bimyb)qs],
(3) and [Ni(2,4-oba)(bimyb)qs], (4) (bipy=4,4’-bipyridine,
phen=1,10-phenanthroline). They are characterized by
thermogravimetric analyses and X-ray crystallography.
In addition, the magnetic properties of 2~4 are also

studied.
1 Experimental

1.1 Materials and chemical analysis
The ligands 2,4-H,oba, bimyb, bipy and phen

were purchased from Jinan Henghua Sci. & Technol.

Co. Lid.; all other reagents and solvents employed
were commercially available and used without further
purification. Elemental analyses were performed with

2400 CHN Elemental analyzer.

Infrared spectra on KBr pellets were recorded on a

a Perkin-Elmer

Nicolet 170SX FT-IR spectrophotometer in a range of
400~4 000 cm™. TG analyses were conducted with a
Nietzsch STA 449C micro analyzer under atmosphere
at a heating rate of 5 °C-min™". X-ray powder diffraction
(PXRD) patterns were recorded on a Shimadzu XRD-
7000 diffractometer analyzer, the working voltage of
PXRD is 40 kV, the current is 40 mA, the radiation
source is Cu Ka (A=0.154 18 nm), and the scanning
range is 20°~80°. The magnetic susceptibilities were
obtained on crystalline samples using a Quantum
Design MPMS SQUID magnetometer.

1.2 Computational details

All calculations have been processed in Gaussian
03 package!"®. The magnetic isotropic shielding tensors
were carried out with the hybrid DFT-BS method on
the basis of B3LYP function". The experimentally
determined geometries for the complete structures of
complexes 1~3 were used for the calculation of the
magnetic exchange coupling constants™. Neither varia-
tion of the geometrical parameters nor the geometry
optimization was attempted in this calculation because
a small variation in the geometry can have a big effect
on the calculated magnetic interaction parameters.

1.3 Synthesis of {{Mn(2,4-Hoba),(bipy)(H,0),]-

2H,0}, (1)

A mixture of 2,4-Hyoba (0.025 8 g, 0.1 mmol), bipy
(0.015 6 g, 0.1 mmol), Mn(OAc),-4H,O (0.061 3 g,
0.1 mmol), and H,O (10 mL) was stirred evenly and
heated in a 23 ml Teflon-lined autoclave at 140 C
for 4 days, followed by slow cooling (5 C+h™) to room
temperature. The resulting mixture was washed with
H,0, and yellow block crystals were collected and
dried in air. Yield: 56% (based on Mn). Elemental
analysis Caled. for CxH3MnN,0,4(%): C 57.22, H
4.30, N 3.51; Found(%): C 57.54, H 4.34, N 3.56. IR
(KBr, cm™): 3 480(s), 3 044(s), 2 368(vs), 1 625(s),
1 446(w), 1 397(vs), 1 134m, 796(s), 727 (w), 681(vs),
562(vs).
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1.4 Synthesis of [Mn(2,4-oba)(phen)], (2)

Complex 2 was prepared as for 1 by using phen
(0.1 mmol, 0.019 8 g) instead of bipy. Yellow crystals of
2 were obtained (Yield: 58% based on Mn). Elemental
analysis Caled. for CxH,MnN,O5%): C 63.55, H 3.28,
N 5.70; Found(%): C 63.67, H 3.34, N 5.86. IR (KB,
em™): 3 108 (m), 1 607(vs), 1 563(s), 1 506(s), 1 429
(s), 1 254(w), 1 087(m), 871(m), 776(m), 664(m).

1.5 Synthesis of [Co(2,4-oba)(bimyb),s], (3)

A mixture of Co(NO;),*6H,0 (0.1 mmol, 0.029 g),
2.4-H,oba (0.1 mmol, 0.025 8 g), bimyb (0.1 mmol,
0.024 g) and water (10 mL) was stirred for 30 min in air.
The mixture was transferred to a 23 mL Teflon reactor
and kept at 140 °C for 5 days under autogenous
pressure, and then cooled to room temperature at a
rate of 5 °C -h™". Red crystals of 3 were obtained
(Yield: 54% based on Co). Elemental analysis Caled.
for CyH;sCoN,05(%): C 58.08, H 3.48, N 6.45; Found
(%): C 58.24, H 3.57, N 6.53. IR data (KBr, cm™):
2 924 (w), 1 646 (vs), 1 615 (m), 1 443 (m), 1 418( s),
1 225(m), 1 137(m), 1 074(m), 876(m), 787(m), 664(w).
1.6 Synthesis of [Ni(2,4-oba)(bimyb),s], (4)

The procedure is similar to that of 3, except that
Co(NO;),+6H,0 was replaced by Ni(NO;),+6H,0 (0.1

mmol, 0.029 g). Green crystals of 4 were obtained in
56% yield based on Ni. Elemental analysis Caled. for
CyHsNiN,O5(%): C 58.11, H 3.48, N 6.45; Found(%):
C 58.26, H 3.54, N 6.56. IR data (KBr, cm™): 2 927
(w), 1 645 (vs), 1 612 (m), 1 442 (m), 1 416( s), 1 225
(m), 1 134(m), 1 078(m), 876(m), 786(m), 665(w).
1.7 X-ray crystallographic studies

Diffraction intensities for the four complexes were
collected at 293 K on a Bruker SMART 1000 CCD

diffractometer  employing  graphite-monochromated
Mo Ka radiation (A=0.071 073 nm). A semi-empirical
absorption correction was applied using the SADABS

B The structures were solved by direct

program
methods and refined by full-matrix least-squares on F*
using the SHELXS 2014 and SHELXL 2014 programs,

respectively .

Non-hydrogen atoms were refined
anisotropically and hydrogen atoms were placed in
geometrically calculated positions. The crystallographic
data for complexes 1~4 are listed in Table 1, and
selected bond lengths and angles are listed in Table
S1(Supporting information).

CCDC: 1910923, 1; 1910924, 2; 1910926, 3;
1910927, 4.

Table 1 Crystal data and structural refinement summary of the complexes 1~4

Complex 1 2 3 4
Empirical formula C3sHuMnN,Oy4 CagHigMnN,Os5 CyH;5CoN,0s CoiHisNiNyOs
Formula weight 797.61 491.35 434.28 434.06
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2/e P2\/n P2./n P2.\/n
a/ nm 1.220 93(17) 0.795 92(7) 1.176 6(3) 1.172 07(12)
b/ nm 1.156 24(16) 1.546 14(14) 1.033 1(3) 1.020 41(10)
¢/ nm 1.557 72(16) 1.871 30(17) 1.555 5(4) 1.568 53(14)
B/ 122.053(8) 99.949(2) 103.927(5) 103.921(2)
V[ nm?® 1.863 8(4) 2.268 2(4) 1.835 2(9) 1.820 8(3)
D./ (g-em™) 1.421 1.439 1.572 1.583
A 2 4 4 4
w/ mm 0.426 0.623 0.973 1.103

Reflection collected, unique
Data, restraint, parameter
Goodness-of-fit (GOF) on F?
Final R indices [I>20(])]

Largest difference in peak

and hole / (e-nm™)

9 116, 3 286 (R,,=0.020 1)
3286, 3, 258

1.050

R=0.036 3, wR:=0.104 2

474 and -209

11 259, 4 006 (R;,=0.052 2)
4 006, 0, 307

1.030

R=0.043 3, wR,=0.069 9

199 and -200

8969, 3 231 (R;,=0.033 8)
3231, 0, 262

1.015

R=0.035 4, wR»=0.086 0

354 and -264

11 153, 4 408 (R,,=0.035 5)
4 408, 0, 262

1.001

R=0.039 8, wR=0.080 8

428 and -256
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2 Results and discussion

2.1 Description of the structure
2.1.1  Crystal structure of {{Mn(2,4-Hoba),(bipy)(H,0),]
*2H,0}, (1)

Single crystal X-ray diffraction analysis suggests
that complex 1 consists of one Mn(Il) ion, two 2,4-Hoba
anions, one bipy molecule, two coordinated water and
two free water molecules. Each Mn (I) center is six-
coordinated by two pyridyl nitrogen donors from two
different bipy ligands and four oxygen atoms coming
from two different Hoba ligands and two coordinated
water molecules (Mn-N/O 0.217 99(13)~0.225 0(2) nm),
forming a distorted MnN,O, octahedral geometry (Fig.
1). The O/N-Mn-O/N bond angles are in a range of
87.36(4)°~180.0°. The adjacent Mn(Il) ions are bridged
by bipy ligands to form an infinite 1D polymeric chain
running along b-axis (Fig.2). The 2.4-Hoba ligands

adopt a p-unidentate (O coordination mode (mode

coo')
A in Scheme S1), two phenyl rings are severely bent,
with the dihedral angle being 79.96°, and all 2,4-Hoba
ligands bristle out from two sides of the 1D chain.
There are several kinds of hydrogen bonding in the
structure: (a) hydrogen bonds between the coordinated
water and free water molecule with 06---07 distance
of 0.301 1(2) nm; (b) hydrogen bonds between the
coordinated water and carboxylate O atoms of the 2,4-

Hoba anion with the 06---02 distance of 0.265 4(2)

Hydrogen atoms and the free H,0 molecules are omitted for

clarity except the coordination water; 40% ellipsoid probability

level; Symmetry codes: #1: —x+1, y, —z+3/2; #2: x, y-1, z

Fig.1 ~Coordination environment of Mn(Il) ion of complex 1

nm; (¢) hydrogen bonds between the free water molecule
and carboxylate O atoms of two 2,4-Hoba anions with
the O7---0O1 and O7---05 distance of 0.273 5(2) and
0.292 9(3) nm, respectively; (d) hydrogen bonds between
carboxyl group of the 2,4-Hoba anion and free water
molecule with the 04---07 distance of 0.266 5(3) nm
(Fig.S1 and Table S2). Due to these strong intermole-
cular O =H --- O hydrogen bonds, the adjacent 1D
chains are further extended to produce a 2D supra-

molecular framework (Fig.3).

Fig.2  One dimensional polymeric chain of 1

Fig.3 Two dimensional supramolecular structure of 1

2.1.2 Crystal structure of [Mn(2,4-oba)(phen)], (2)
Single-crystal X-ray analysis reveals that complex
2 shows an infinite 1D wavy chain structure. Each
Mn(Il) ion is coordinated to four oxygen atoms of two
2.4-oba ligands and two nitrogen atoms of one phen
ligand, forming a distorted octahedral geometry, as
shown in Fig4. The bond lengths of Mn-N are
0.221 3(2) and 0.224 5(2) nm, the Mn-O bond lengths
are in a range of 0.218 13(19)~0.223 57(19) nm, the
O/N-Mn-O/N bond angles are in a range of 58.96(7)°~
153.55(9)°.
ligand of 2 adopts a bis(chelating bidentate) coordina-
(Mode B in Scheme S1). The adjacent Mn
(I) centers are linked by 2.4-oba ligands bridges to

As compared to complex 1, the 2.4-oba

tion mode

generate a 1D wavy chain with a Mn---Mn separation
being 0.871 2 nm (Fig.5). All phen ligands bristle out
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from two sides of the chain. Further through aromatic
-1 stacking interactions between two phen ligands
(centroid-to-centroid distance: 0.347 8 and 0.352 6 nm)
(Fig.S2), the adjacent chains expand to a 2D wavelike

network, as shown in Fig.6.

All hydrogen atoms are omitted for clarity; Symmetry codes: #1:
—x+3/2, y=1/2, —z+3/2

Fig4 Coordination environment of Mn(Il) ion in complex 2

b

Fig.5 One dimensional wavy chain of 2

2.1.3  Crystal structures of [Co(2,4-oba)(bimb)gs], (3)
and [Ni(2,4-oba)(bimb)s], (4)

Single-crystal ~ X-ray analysis reveals that
complexes 3 and 4 are isomorphic, and the structure
of complex 3 is described here. The asymmetric unit
of 3 contains one Co(ll) ion, one 2,4-oba dianion and

half of the bimyb ligand with the metal-based building
unit. In this building unit, each end of the 2,4-oba

Fig.6 Two dimensional wavelike network structure of 2

ligand bridges a pair of Co(Il) ions to result in a
binuclear Co (II)-tetracarboxylate paddle-wheel of the
type [Co,(OOCR),]*!, which comprises two cobalt ions
and four di(monodentate) bridging carboxylates (Fig.7).
The bond lengths of Co-O/N are in a range of 0.201 2(2)
~0.208 8(2) nm and the distances of Col-Col#2 is
0.275 35(9) nm. Each Co(Il) center has a pseudo-
octahedral geometry. In complex 3, the coordination
mode of 2,4-oba ligand is different from those of
complexes 1 and 2, since each 2,4-oba ligand adopts
a bis(bidentate bridging) coordination mode (Mode C
in Scheme S1). The neighboring paddle-wheel units
are linked by 2,4-oba ligands bridges to generate a
1D loop shaped chain running along the b-axis (Fig.
8). Furthermore, through bimyb ligand bridging, the

Hydrogen atoms are omitted for clarity; Symmetry codes: #1: x, y—1, z; #2: —x, —y+1, —z

Fig.7 Binuclear Co(ll)-tetracarboxylate paddle-wheel of 3
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Fig.8 One dimensional loop shaped chain of 3

Fig.9 Two dimensional wavy layer structure of 3

adjacent 1D chains are connected to produce a 2D
wavy layer structure (Fig.9). The structure of complex
4 is described in detail in the supporting information
(Fig.S3~S5).

2.2 PXRD and thermogravimetric analysis
(PXRD) was used to
confirm the phase purity of the bulk material of 1~4
(Fig.S6 ~89). The experimental
diffraction feature peaks of the bulk samples are fully

X-ray powder diffraction

at room temperature

consistent with the simulated patterns, indicating the
good purity of 1~4 . To study the thermal stability of
1~4 , thermogravimetric (TG) analyses were performed
on polycrystalline samples under a nitrogen atmosphere
with a heating rate of 10 C-min™ (Fig.S10~S13). The
TG curve of 1 showed two steps of weight loss. The
first weight loss in a range of 110~180 °C (Obsd.
9.1%, Caled. 9.03%) is attributed to the loss of free
water and coordinated water. The second weight loss
of 83.9% in a range of 230~550 °C corresponds to the
release of the 24-oba and bipy ligands (Caled.
84.08%). The TG curve of 2 suggested that no weight
loss were observed until 220 °C , above which
significant weight loss (Obsd 88.6% ) occurred and
ended at about 430 °C, indicating complete decom-
position of the 2.4-oba and phen ligands (Calcd.
88.82%). TG curve of 3 showed one step of weight
loss, and the larger weight loss(Obsd. 86.6%) occurred

in a range of 320 ~720 °C, corresponding to the
decomposition of the 2,4-oba and bimyb ligands (Calcd.
86.43% ). TG curve of 4 revealed only one large
weight loss(Obsd. 86.6%) occurred in a range of 320~
700 °C, corresponding to the decomposition of the 2,4-
oba and bimyb ligands (Caled. 86.48%).
2.3 Magnetic property

The magnetic properties of 2~4 were investigated
in the 2~300 K temperature range at 1 000 Oe. The
magnetic susceptibility data measured for 2 is shown
in Fig.10. As observed, the experimental yyI' value at
300 K was 8.81 cm?®:K-mol™, which is close to that of
two isolated spin-only Mn(Il) ions (8.75 ¢m® +K+mol™,
S=5/2). The yyT value of 2 remained almost constant

0.5 i
0.4+ 5
s {6 ¢
= g
g 034 M
< s
= 024 14 8
< 3
0.1 15
0.0_ R E——
; . 0

0 50 100 150 200 250 300
T/K

Open points are the experimental data, and the solid line
represents the best fit obtained from the Hamiltonian given in the

text

Fig.10  Thermal variation of yy and yyT for 2
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from 300 to 120 K. As the temperature was lowered to
2 K, the value of yyT decreased down to a minimum
value of 1.51 em?®+K-mol™, which demonstrates intra-
molecular antiferromagnetic interactions among the
Mn (II) ions. According to the crystal structure, the
21k

6.J/(k 12J/(k

We B e 456 s l4e

" 130e

magnetic analysis of 2 was carried out using the
theoretical expression of the magnetic susceptibility
deduced from the spin Hamiltonian: A=-2]S Syt =2,
and the expression of the magnetic susceptibility for a
binuclear unit is given by:

200/(kT) 30J/(kT)
+55e

Xv=

kT 1+3ezmm+5 6J/(m+7

€ €

J is the exchange coupling constant between adjacent
Mn(Il) ions. The least-squares fit to the experimental
data was found with J=-0.79 c¢m™, g=2.01, and the
agreement factor R, defined as R=2[( Xw)or—( X)eaic]
[ Xwbe]s was 7.43x107. The small negative value of
J further that

interaction exists among the Mn(Il) centers.

indicates weak antiferromagnetic

The magnetic susceptibility data measured for 3
is shown in Fig.11. The experimental yyT value at 300
K was 3.86 cm® K -mol ™, which is larger than the
(3.75 cm® +K *mol ™) of two isolated

(S=3/2). As the temperature

expected value
spin-only Co (II) ions
decreased, the value of yyT' gradually decreased down
to a minimum value of 1.09 c¢m’®:K ‘mol™ at 2 K,
which suggests that antiferromagnetic interactions are
operative. To simulate the experimental magnetic
behavior, the magnetic susceptibility of 3 was fitted
by the following expression deduced from the spin
Hamiltonian H=-2JS¢,Sc,, and the expression of the

magnetic susceptibility for a dinuclear models is given

by:
2J/(kT) 6JI(kT)

+5e +14e
2T GIET)
1+3e +5e +7e

2Ng2B2 . 12J0(kT)
kT

Xv= )

12J/(kT)

The least-squares fit to the experimental data was
found with /=—8.97 cm™, g=2.14, and the agreement
factor R was 2.38x10™. The negative value of J further
indicates antiferromagnetic interaction exists among
the Co(ll) centers. According to the structure of 3, it
could be that  the

interactions are between the paddle-wheel unit metal

presumed main  magnetic
center, while the super-exchange interactions between
Co(I) ions through the bimyb bridge can be ignored
due to the length of the bimyb ligands. The results
indicate the there are typical antiferromagnetic and

spin-orbit coupling interactions in the complex.

12J/(kT)

200/(kT) 30J/(kT)

+9%¢  +lle

0.6 T T T T T — 4.5

0'5_ -1 40
435 =~
. 5
= 43.0 5
= 0 25 &
5 02 i
< 120 =
N i N

0.1 |

0.0 : 410

0.14— r . r r r —0.5

0 50 100 150 200 250 300
T/K

Open points are the experimental data, and the solid line represents

the best fit obtained from the Hamiltonian given in the text

Fig.11 Thermal variation of yy and yyT for 3

The magnetic susceptibility data measured for 4
is shown in Fig.12. The experimental yyT value at 300
K was 2.26 em®+K-mol™, which is slightly higher than
(2.0 em® K +mol ™, S=1) of two

isolated spin-only Ni (Il) ions. As the temperature

the expected value

decreased, the yyT value gradually decreased till 2 K
to reach a minimum value of 0.046 c¢m’®-K -mol ',
manifesting a significant antiferromagnetic exchange
between the magnetic Ni(Il) centers. The yy value first
increased slowly to a broad maximum value of 0.0196
em® K +mol™ at 49 K and then decreased rapidly to
0.008 8 ¢cm’+K-+mol™ upon cooling to 8 K and finally
rises rapidly until 2 K, indicating antiferromagnetic
interaction between Ni(Il) ions (Ni-Ni 0.264 09(6) nm).
The increase of yy below 9 K may be attributed to the
paramagnetic impurity. The magnetic analysis was
carried out using the theoretical expression for the
magnetic susceptibility deduced from the spin Hamil-
tonian H =-2JSx:Sxa, the expression for the magnetic

susceptibility is given by:

. ZNgZBZ ezmk T}+566.//(kT) 5
M= : »
BT 36 se™”
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The best-fit parameters for the experimental data gave
J=—11.42 ¢cm™, g=2.24, R=6.35x107. The large negative
J also confirms antiferromagnetic interactions between

two Ni(ll) ions.

0024 T T T T T T T ] 24

0.020- {20
o 41.6 E’
S 0.016 g
g %
g q1.2 g
< 0.0124 =
N: —40.8 oF

0.008- {04

H0.0
0004 T T T T T T T
0 50 100 150 200 250 300
T/K

Open points are the experimental data, and the solid line
represents the best fit obtained from the Hamiltonian given in the

text

Fig.12  Thermal variation of yy and yyT for 4

2.4 Magnetic properties of DFT calculations

The DFT calculations have been widely proved to
be one of the most efficient tools to investigate
magnetic structure of transition metal complexes!™,
We used a phenomenological Heisenberg Hamiltonian
H=-JSS, to describe the exchange coupling in a
dinuclear complex, where the coupling constant J can
be related to the energy difference between the lowest
and highest spin states. For the case in which S,=5,,
the coupling constant may be obtained by using the
following equation (4)°".

EHS—ELS:—ZJSL(SL'F 1/2) (4)

Where Es is the energy that corresponds to the state
with the highest total spin; Es corresponds to the state
with the lowest total spin (S=0), and S; is the total
spin on each metal atom.

When using DFT-based wave

reasonable estimate of the energy corresponding to the

functions, a

low spin state E;s can be obtained directly from the
energy of a broken-symmetry solution Ep. Then, we

arrive to the following expressions for J:

E H%—E BS—— 15, Mn-Mn (5)
Eys—Egs=—6Jcoco (6)
E HS_E Bs:_3J Ni-Ni (7)

In this case, we intercepted the binuclear fragments of
complexes 2~4 and used them for theoretical calcula-
tion. Finally, the value of J was obtained. The
calculated coupling constant J and related quantities
are listed in Table 2. The computed J values (J=—2.41
cm™ for 2, =12.73 em™ for 3 and -14.48 cm™ for 3)
predict antiferromagnetic interaction, and the results
are consistent with the experimental data. We have
used the non-spin projected, giving a better agreement
for complexes 2~4. This is due to the strong localization
of the wave function at the metal centers. So, comput-
ational techniques produce results in remarkable
agreement with the experimental value. The calculation
using hybrid B3LYP function to reproduce BS-HS
energy gap of complexes is found to not only be
successful in describing the magnetic behavior of the
complexes correctly in this study, but also yield J that

are in excellent agreement with the experimental value.

Table 2 Calculated energy and magnetic exchange constant J for complexes 2~4

Complex Ey/ au. Euws/ au. Calculated J/ ecm™ Experimental J/ em™
2 -5 198.792 206 -5 198.792 195 -2.41 -0.79
3 -6 201.707 332 -6 201.707 274 -12.73 -8.97
4 -6 830.741 504 -6 830.741 438 -14.48 -11.42

3 Conclusions

In summary, four transition metal coordination
polymers have been synthesized by the self-assembly
of M(I) (M =Mn, Co, Ni) salts with 2,4-H,oba and
auxiliary N-donor of

complexes generate two types of diverse frameworks:

ligands. Assemblies these

two 1D chains and two 2D structures. By comparing
of the structures of 1~4, the N-donor ligand and metal
salts can also slightly tune the final structural
features. Moreover, magnetic properties of 2~4 have
also been investigated. According to the crystal
structures, the DFT-BS approach was applied to study

the magnetic coupling behavior for 2~4, and the result



1736 Jd Hl fk

%535 %

#o% 4R

reveals that the calculated exchange coupling constants

J were in good agreement with the experimental data.
Supporting information is available at http://www.wjhxxb.cn
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