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Abstract: One-dimensional manganese(ll) and two-dimensional copper(Il) coordination polymers, namely [Mn(us-
2.4-Hybpta) (4,4 -bipy),], (1) and {[Cu(us-3,5-bpta)ys(2,2" -bipy) (H,0)] -H,0}, (2), have been constructed hydro-
thermally using 2,4-H,bpta (2,4-H,bpta=biphenyl-2,2" 4,4 -tetracarboxylic acid), 3,5-Hsbpta (3,5-H,bpta=biphenyl-
3,3',5,5"-tetracarboxylic acid), 4,4'-bipy (4,4'-bipy=4,4'-bipyridine) or 2,2"-bipy (2,2'-bipy=2,2’-bipyridine), and
manganese or copper chlorides. Single-crystal X-ray diffraction analyses reveal that the two complexes crystallize
in the monoclinic system, space group P2//c or C2/c. In complex 1, the carboxylate groups of 2,4-H,bpta® ligands
bridge alternately neighboring Mn(Il) ions to form a double-helix chain. Adjacent chains are assembled to a 2D
supramolecular network through O—H---N hydrogen bond. Complex 2 shows a 2D sheet. Magnetic studies for
complex 1 demonstrate a ferromagnetic coupling between the adjacent Mn (Il) centers. CCDC: 1560401, 1;
1560402, 2.
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In recent years, a high interest has been focused
on the design and construction of the coordination
polymers due to their potential applications, archite-
ctures, and topologies!. Many factors such as the
coordination requirements of the metal centers, the
structural characteristics of the ligand, the solvent
system, and pH value can play the key role in the
networks!®"?. The

selection of the special ligands is very important in

construction of the coordination

the construction of these coordination polymers.
Multi-carboxylate biphenyl ligands have been
certified to be of great significance as constructors
due to their strong coordination abilities in various
modes, which could satisfy different geometric require-
ments of metal centers®™. In order to extend our
research in this field, we chose two biphenyl tetracar-
boxylic acid ligands, biphenyl-2,2" ,4,4'-tetracarboxylic
acid (2,4-H,bpta) and biphenyl-3,3",5,5" -tetracarbo-
xylic acid (3,5-H,bpta) to construct novel coordination
polymers. Both H,bpta ligands possesses the following
features: (1) they have four carboxyl groups that may
be completely or partially deprotonated, inducing rich
coordination modes and allowing interesting structures
with higher dimensionalities; (2) they can act as
hydrogen-bond acceptor as well as donor, depending
upon the degree of deprotonation; (3) two sets of
carboxyl groups separated can form different dihedral
angles through the rotation of C-C single bonds; thus,
it may ligate metal centers in different orientation.
Taking into account these factors, we herein
report the syntheses, crystal structures, and magnetic

properties of two Mn (I) and Cu (I) coordination
polymers constructed from H,bpta.

1 Experimental

1.1 Reagents and physical measurements

All chemicals and solvents were of AR grade and
used without further purification. Carbon, hydrogen
and nitrogen were determined using an FElementar
Vario EL
recorded using KBr pellets and a Bruker EQUINOX
55 spectrometer. Thermogravimetric analysis (TGA)

data were collected on a LINSEIS STA PT1600

elemental analyzer. IR spectra were

thermal analyzer with a heating rate of 10 °C *min™".

Magnetic susceptibility data were collected in the 2~
300 K temperature range with a Quantum Design
SQUID Magnetometer MPMS XL-7 with a field of 0.1
T. A correction was made for the diamagnetic contri-
bution prior to data analysis.

1.2 Synthesis of [Mn( u:-2,4-H,bpta)(4,4’-bipy).].

1)

A mixture of MnCl,-4H,0 (0.040 g, 0.20 mmol),
2.4-H,bpta (0.066 g, 0.2 mmol), 4,4"-bipy (0.031 g,
0.2 mmol), NaOH (0.016 g, 0.40 mmol), and H,O (10
mL) was stirred at room temperature for 15 min, and
then sealed in a 25 mL Teflon-lined stainless steel
vessel, and heated at 160 °C for 3 days, followed by
cooling to room temperature at a rate of 10 “C -h7™.
Yellow block-shaped crystals of 1 were isolated
manually, and washed with distilled water. Yield: 35%
(based on 2,4-H,bpta). Anal. Caled. for C3HuMnN,Og
(%): C 62.16, H 3.48, N 8.06; Found (%): C 61.93, H
3.44,N8.11.IR (KBr,ecm™): 1 672m, 1 624w, 1 598s,
1 572s, 1 533m, 1 489w, 1 424m, 1 377w, 1 303m,
1 277w, 1 246w, 1 216w, 1 164w, 1 120w, 1 064w,
1 042w, 999w, 972w, 899w, 851w, 808m, 773w, 730w,
691w, 656w, 626w, 569w, 543w.

1.3 Synthesis of {[Cu( p4-3,5-bpta),s(2,2’-bipy)

(H,0)]-H;0}, (2)

The synthesis of 2 is similar with that of 1 except
that CuCl, - H,0 (0.030 g, 0.20 mmol), 3,5-H,bpta (0.033
g, 0.1 mmol), 2,2"-bipy (0.031 g, 0.2 mmol) were used
instead of MnCl,, 2,4-H,bpta and 4,4’ -bipy. Blue
block-shaped crystals of 2 were isolated manually,
and washed with distilled water. Yield: 65% (based on
3,5-H,bpta). Anal. Caled. for CH;sCuN,O4(%): C
51.61, H 3.61, N 6.69; Found(%): C 51.78, H 3.58, N
6.65. IR (KBr, cm™): 3 647w, 3 307w, 1 604w, 1 569s,
1 493w, 1 472w, 1 448w, 1 402m, 1 356s, 1 311w,
1 250w, 1 174w, 1 114w, 1 073w, 1 052w, 1 027w,
896w, 769m, 712w, 652w, 541w. The complexes are
insoluble in water and common organic solvents, such
as methanol, ethanol, acetone, and DMF.

1.4 Structure determinations
The data of two single crystals with dimensions

of 0.20 mmx0.16 mmx0.16 mm (1) and 0.25 mmx0.22
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mmx0.21 mm (2) was collected at 293(2) K on a Bruker
SMART APEX II CCD diffractometer with Mo Ka
radiation (A=0.071 073 nm). The structures were solved
by direct methods and refined by full matrix least-
square on F? using the SHELXTL-2014 program!™®. All
non-hydrogen atoms were refined anisotropically. All
the hydrogen atoms (except the ones bound to water
molecules) were positioned geometrically and refined

using a riding model. The hydrogen atoms of water

molecules were located by difference maps and
constrained to ride on their parent O atoms. A summary
of the crystallography data and structure refinements
for 1 and 2 is given in Table 1. The selected bond
lengths and angles for complexes 1 and 2 are listed in
Table 2. Hydrogen bond parameters of complexes 1
and 2 are given in Table 3.

CCDC: 1560401, 1; 1560402, 2.

Table 1 Crystal data for complexes 1 and 2

Complex 1 2
Chemical formula C3HuMnN,Og CisHsCuN,Oq
Molecular weight 695.53 418.86
Crystal system Monoclinic Monoclinic
Space group C2/c P2)/c
a/ nm 3.521 0(2) 0.783 49(6)
b/ nm 0.898 36(8) 1.366 89(8)
¢/ nm 0.979 53(8) 1.602 21(13)
B1(° 103.972(6) 106.526(7)
V / nm? 3.006 7(4) 1.645(2)
D./ (grem™) 1.537 1.691
A 4 4
F(000) 1428 856
0 range for data collection / (°) 3.269~25.046 3.263~25.044
Limiting indices - <sh<4l,-10<sk<6,-11<[<11 9sh<4,-15<k<l16-16<[<19
Reflections collected, unique (R;,) 9 038, 2 666 (0.058 3) 5782, 2913 (0.067 2)
w/ mm™ 0.504 1.369
Data, restraint, parameter 2 666, 0, 222 2913, 0,244
Goodness-of-fit on F 1.070 1.133
Final R indices R, wR, [I=20(1)] 0.049 1, 0.091 4 0.062 4, 0.099 7
R indices R, wR; (all data) 0.075 4, 0.102 7 0.105 0, 0.120 4
Largest diff. peak and hole / (e*nm™) 380 and -270 540 and -590
Table 2 Selected bond distances (nm) and bond angles (°) for complexes 1 and 2
1
Mn(1)-0(1) 0.215 5(2) Mn(1)-O(1)A 0.215 5(2) Mn(1)-0(2)B 0.218 2(2)
Mn(1)-0(2)C 0.218 2(2) Mn(1)-N(1) 0.231 2(2) Mn(1)-N(1)A 0.231 2(2)
O(1)-Mn(1)-N(1) 83.10(8) O(1)-Mn(1)-O(1)A 92.88(12) O(1)-Mn(1)-N(1)A 88.79(9)
0O(1)-Mn(1)-0(2)B 87.08(8) 0O(1)-Mn(1)-0(2)C 176.83(7) N(1)-Mn(1)-N(1)A 168.23(14)
0(2)B-Mn(1)-N(1) 88.06(8) 0(2)C-Mn(1)-N(1) 100.07(8) 0(2)B-Mn(1)-0(2)C 93.14(11)
2
Cu(1)-0(2) 0.195 1(4) Cu(1)-0(5) 0.198 4(3) Cu(1)-0(3)A 0.228 8(3)
Cu(1)-N(1) 0.199 2(5) Cu(1)-N(2) 0.200 1(5)
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Continued Table 2
0(2)-Cu(1)-0(5) 95.18(15) 0(2)-Cu(1)-N(1) 90.74(17) 0(2)-Cu(1)-N(2) 167.50(18)
0(2)-Cu(1)-0(3)A 97.12(15) 0(5)-Cu(1)-N(1) 169.65(18) 0(5)-Cu(1)-N(2) 92.07(18)
0(3)A-Cu(1)-0(5) 90.63(14) N(1)-Cu(1)-N(2) 80.67(19) 0O(3)A-Cu(1)-N(1) 97.07(15)
0(3)A-Cu(1)-N(2) 92.96(16)
Symmetry codes: A: —x, y, —z+1/2; B: —x, —y+1, —z+1; C: x, —=y+1/2, z2—=1/2 for 1; A: —x+2, y+1/2, —z+1/2 for 2.
Table 3 Hydrogen bond parameters of complexes 1 and 2
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm ZDHA / (°)
1
O@)-H(1)--N(2)A 0.082 0.185 02659 169.0
2
O(5)-H(1W)---0(1) 0.079 0.187 0.260 1 154.0
0(6)-H(3W)---0(3)A 0.079 0.210 0.286 8 164.0

Symmetry codes: A: —x+1/2, —y+1/2, —z+1 for 1; A: —x+2, y+/21, —z+1/2 for 2.

2 Results and discussion

2.1 Description of the structure
2.1.1  [Mn( us-2,4-H,bpta)(4,4"-bipy),), (1)
Single-crystal X-ray diffraction analysis reveals
that complex 1 crystallizes in the monoclinic space
group C2/c. Its asymmetric unit contains one crys-
tallographically unique Mn(Il) ion (half occupancy), a
half of us-2,4-H,bpta® block and one 4,4’-bipy moiety.
As depicted in Fig.1, the six-coordinated Mnl atom
displays a distorted octahedral {MnN,O,} geometry
filled by four O atoms from four different ws-2,4-
H,bpta®~ blocks and two N atoms from two 4,4’ -bipy
ligands. The lengths of the Mn-O bonds range from
0.215 5(2) to 0.218 2(2) nm, whereas the Mn-N distan-
ces are 0.231 2(2) nm; these bonding parameters are

comparable to those found in other reported Mn (II)

I I

Coordination modes of 2,4-H,bpta* / 3,5-

bpta* ligands in complexes 1 and 2

Scheme 1

complexes® . Tn 1, the 2,4-H,bpta® ligand acts as a
pa-linker (mode I, Scheme 1), in which two deproto-
nated carboxylate groups show the u,n':n' bidentate
mode. The dihedral angle between two phenyl rings in
the 2,4-H,bpta® is 66.14°. The 4,4'-bipy ligand adopts
a terminal coordination mode, and its pyridyl rings are
not coplanar showing the dihedral angle of 20.13°.
The carboxylate groups of 2,4-Hjbpta® ligands bridge
alternately neighboring Mn (II) atoms in a syn-anti
coordination fashion to form an infinite right-handed
or left-handed helical Mn-O-C-O-Mn chains with the
Mn---Mn separation of 0.499 7(2) nm (Fig.2). Two
types of these helical chains are interconnected to
each other through the Mn (Il) centers to produce

double-helix chains. These are further extended into a

H atoms were omitted for clarity except those of COOH groups;

Symmetry codes: A: —x, y, —z+3/2; B: —x, y, —z+1/2; C: —x, —y+1,
—z+1; D, —y+1, 2-1/2
Fig. Drawing of the asymmetric unit of complex 1 with

30% probability thermal ellipsoids
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2D supramolecular network via the O—H---N hydrogen-
bonding interactions (Fig.3 and Table 3).

4.4'-bipy ligands are omitted for clarity; Symmetry codes: A: —x,

—y+1, —z+1; B: —x, —y+1, —z; C: v, y, z—1

Fig.2 View of a 1D double-helix chain parallel to the

ac plane

Dash lines present the H-bonds

Fig.3  Perspective of 2D supramolecular network parallel

to the ac plane in 1

2.1.2 {[Cu( ps-3,5-bpta)os(2,2"-bipy)(H,0)]- H;0}, (2)
The asymmetric unit of 2 consists of one
crystallographically distinct Cu(Il) ion, a half of one
4-3,5-bpta*~ block, one 2,2’ -bipy ligand, one coor-
dinated and one lattice water molecule. As shown in
Fig.4, the Cul atom is five-coordinated and adopts a
distorted quadrangular pyramid {CuN,Os} geometry
completed by two carboxylate O atoms from two
distinet wy-3,5-bpta*™ blocks and one O atom from the
water ligand as well as two N atoms from one 2,2’ -bipy
ligand. The Cu-O distances range from 0.195 1(4) to
0.228 8(3) nm, whereas the Cu-N distances vary from

0.199 2(5) to 0.200 1(5) nm; these bonding parameters
are comparable to those observed in other Cu (I)
complexes % Tn 2, the 3,5-bpta* block acts as a u,-
spacer (mode Il , Scheme 1), in which all carboxylate
groups exhibit the u-n'1m° monodentate modes. In the
3,5-bpta*, two benzene rings are coplanar. The carbo-
xylate groups of the 3,5-bpta’” ligands multiply bridge
the adjacent Cu(ll) ions to form a 2D sheet (Fig.5).

H atoms were omitted for clarity; Symmetry codes: A: —x, y, —z+1/2

Fig.4 Drawing of the asymmetric unit of complex 2 with

30% probability thermal ellipsoids

2,2"-bipy ligands were omitted for clarity

Fig.5 Two-dimensional metal-organic framework along

the a axis in complex 2

2.2 TGA analysis

To determine the thermal stability of complexes 1
and 2, their thermal behaviors were investigated under
nitrogen atmosphere by thermogravimetric analysis
(TGA). As shown in Fig.6, The TGA curve of 1
indicates that the complex is stable up to 346 °C, and
then decompose upon further heating. The TGA curve

of 2 reveals that one lattice and one coordinated water



WAk 4 15 45 . PR R R D20 42 i T % A 5 194 — 48 5 (1) R — 2 1)

%12 TE A7 3R 5 00 405 I AR 8 ) i 2327
100+ following expression for a 1D Mn(Il) chain":
Xewin=|NgB1(kT)](2.916 7+208.04x%)(1+15.543x+
507 2 707.2:)
X 60+ x=IJ/(kT)
%J Using this rough model, the susceptibilities were
2 40 2 simulated, leading to J=+2.87 em ™', g=2.03. The
2ol 1 positive J parameter indicates that a weak ferroma-
gnetic exchange coupling exists between the adjacent
0 Mn(Il) centers in 1, which is agreement with positive 6

100 200 300 400 500 600 700 800
Temperature / 'C

Fig.6 TGA plots of complexes 1 and 2

molecule is released between 40 and 120 °C (Obsd.
8.1%; Calcd. 8.5%), and the dehydrated solid begins
to decompose at 250 C.
2.3 Magnetic properties
Variable-temperature ~ magnetic  susceptibility
studies were carried out on powder sample of complex
1 in the 2~300 K temperature range. As shown in Fig.
7, the room temperature value of yyT' (4.41 cm?®+mol ™
K) is close to that expected for one magnetically
isolated high-spin Mn(Il) ions (4.38 c¢m?-mol™-K, S=
5/2, g=2.0). When the temperature is lowered, the yyT’
values increase slowly until about 50 K, then increase
quickly to 7.39 ¢cm’-mol™-K at 2.0 K. Between 2 and
300 K, the magnetic susceptibilities can be fitted to
the Curie-Weiss law with €=4.50 cm*+mol™+K and 6=
3.80 K. These results indicate a ferromagnetic interac-

tion between the adjacent Mn(ll) centers in complex 1.

We tried to fit the magnetic data of 1 using the

8 T T T T T 80

B (=)
(=} (=}

1/%,, / (mol-cm™)

I3
(=1

0 1

1 1 1 1
0
0 50 100 150 200 250 300
T/K

Line represents the best fit to the equations in the text and the
Curie-Weiss fitting
Fig.7 Temperature dependence of yyT' (O) and 1/y(0])

for complex 1

value. According to the structure of 1 (Fig.2), there is
one magnetic exchange pathway within the chain
through two syn-anti carboxylate bridges, which could
be responsible for the observed ferromagnetic

exchange.
3 Conclusions

In summary, two new coordination polymers,
namely [Mn(us-2,4-Hybpta)(4,4"-bipy),|, (1) and {{Cu
(p4-3,5-bpta)es(2,2" -bipy) (H,0)] - H,0}, (2), have been
synthesized conditions. The

under hydrothermal

complexes feature the 1D double-helix chain and 2D
sheet structures, respectively. Magnetic studies show a
ferromagnetic coupling between the adjacent Mn (II)

centers.
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