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Abstract: Two complexes constructed with 2,4’ -biphenyldicarboxylic acid (2,4" -H,bpdc), 1,10-phenanthroline
derivative ligands and metallic salts, namely, {{Co(2,4'-bpdc)(L)(H,0)]-H,0}, (1), [Mn(2,4"-bpdc)(L)(H,0)], (2) (L=
imidazo [4,5-f][1,10]phenanthroline) were synthesized under hydrothermal reaction. The complexes are
characterized by elemental analysis, single crystal X-ray diffraction and thermogravimetric analysis. Complex 1
has a 1D chain structure. Complex 2 forms a one-dimensional double-chain structure. They both further linked

into a three-dimensional net structure via the intermolecular hydrogen bonds and aromatic 7r-7 interactions.

CCDC: 934719, 1; 934720, 2.
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In recent years, because of the potential applica- metal centers with multidentate nitrogen ligands and
tions in many aspects, design and synthesis of novel organic carboxylic acid ligands have received much
metal organic frameworks (MOFSs) constructed by ~ more attention than ever before!"®. To obtain desired
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MOFS, hydrogen bonds, 7-7 interactions and van der
waals interactions must be carefully considered *'%

Also the

multidentate nitrogen ligands and organic carboxylic

appropriate use of the well-designed
acid ligands plays an important role in synthesis of
MOFs!""™, As important multidentate nitrogen ligands,
1,10-phenanthroline  (phen) and its derivatives have
been widely used, we selected imidazo[4,5-f][1,10]
phenanthroline (L), which has been less utilized in the
construction of MOFs!"™"! Tdentically, 2,4'-biphenyldi-
(2,4" -H;bpdc) was used as bridging

ligand, which possesses multiple coordination modes'®

carboxylic acid

and can construct complexes with conjugate chelating
nitrogen ligands!">*. Complex combination of the same
ligands with good structure and characteristics has
been reported™. Under hydrothermal reaction, two
novel complexes: {{Co(2,4"-bpdc)(L)(H,0)]-H,0}, (1)
and [Mn(2,4'-bpdc)(L)(H,0)], (2) were synthesized and
characterized by elemental analysis, single crystal X-
ray diffraction. And their thermal stability were also

studied.
1 Experimental

1.1 Materials

The ligand L was synthesized according to litera-
ture method® and all other analytical grade chemicals
and solvent were purchased commercially and used
without further purification.
1.2 Syntheses

Synthesis of complex 1. A mixture of Co(NOs),-
6H,0 (0.146 g, 0.5 mmol), 2,4"-H;bpde (0.121 g, 0.5
mmol), L. (0.110 g, 0.5 mmol) and water (15 mL) was
sealed in a 23 mL Teflon-lined stainless autoclave
and heated at 413 K for 3 d under autogenous
pressure and followed by slow cooling to room
temperature. Yellow single crystals of complex 1
suitable for X-ray single-crystal diffraction analysis
were obtained (yield 63% based on Co). Anal. Calcd.
for 1 CyHyN,04Co(%): C, 58.39; H, 3.63; N, 10.09.
Found(%): C, 58.34; H, 3.88; N, 10.16.

Synthesis of Complex 2. An identical procedure
with 2 was followed to prepare 1 except Co(NO;),-

6H,0 was replaced by Mn(NOs),-4H,0. Yellow

crystals of complex 2 suitable for X-ray single-crystal
diffraction analysis were obtained (yield 65% based
on Mn). Anal. Caled. for 2 C»H;sN,OsMn (%): C, 60.80;
H, 3.40; N, 10.50. Found (%): C, 60.75; H, 3.53; N,
10.38.
1.3 Structure determination

Crystallographic data of two complexes were
collected at room temperature on a Bruker SMART
APEX CCD diffractometer equipped with a normal-
focus, 2.4 kW X-ray source (graphite-monochromated
Mo Ko radiation with A=0.071 073 nm) operating at
50 kV and 40 mA with increasing w (width of 0.3 and
exposure time 30 s per frame). All the structures were
solved by direct methods using the program SHELXS-
971 and refined by full-matrix least-squares techniques
against F'? using the the SHELXTL-97 crystallographic
software package™. All non-hydrogen atoms were found
from different Fourier map and refined anisotropically,
and the hydrogen atoms were placed by geometrical
considerations and were added to the structure factor
calculation. In complex 1, the hydrogen atoms attached
to water molecule O (2W) could not be positioned
reliably. The crystallographic data of the complexes
are summarized in Table 1, and selected bond lengths
and angles of complex 1, 2 are listed in Table 2.

CCDC: 934719, 1; 934720, 2.
2 Results and discussion

2.1 Description of the crystal structure

The single-crystal X-ray diffraction analysis
revealed that complex 1 is a 1D chain. The asymmetric
unit of 1 contains one Co(Il) ion, one 2.4’ -bpdc®~
anion, one chelating L ligand, one coordinated water
molecule and one free water molecule. As illustrated
in Fig.1, the Co(Il) ion is six-coordinated with two
nitrogen atoms of one L ligand (Col-N1 0.210 74(18)
nm, Col-N2 0.215 50(18) nm), three oxygen atoms
from two 2,4’ -bpdc?™ ligands (Col-O1 0.214 53(18)
nm, Col-02 0.217 51(16) nm, Col-03 0.202 19(16)
nm) and one water molecule (Col-O1W 0.209 45(19)
nm) in a distorted slightly octahedral coordination.
Adjacent Co(Il) atoms are bridged by 2,4’ -bpdc?

ligands to form a chain with the Co-Co distance of
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Table 1 Crystallographic data for 1 and 2
Complex 1 2
Formula CyHpN4O6Co CyHisN,OsMn
Formula weight 555.40 533.39
Crystal system Monoclinic Triclinic
Space group P2/n Pl
Crystal size / mm 0.421x0.305%0.184 0.361x0.290x0.254
a/nm 0.714 28(13) 1.020 9(6)
b / nm 1.861 8(3) 1.145 4(7)
¢/ nm 1.759 8(3) 1.190 8(7)
al(°) 90 116.586(8)
B/ 91.293(3) 105.833(9)
v 1 (°) 90 100.470(9)
V/ nm? 2.339 7(7) 1.120 8(12)
A 4 2
@/ mm™ 0.788 0.639
Goodness-of-fit on F* 1.089 1.025
Reflns collected/unique 12 873 / 4 561 6257 /4 268
D./ (Mg-m™) 1.577 1.580
0 range / (°) 1.59 to 25.99 2.05 to 26.05
R (I>20(1)) R=0.035 7, wR»=0.093 3 R=0.042 0, wR,=0.101 1
R (all data) R=0.044 5, wR»=0.098 6 R=0.050 0, wR»=0.107 1
Table 2 Selected bond lengths (nm) and bond angles (°)
Complex 1
N1-Col 0.210 74(18) N2-Col 0.215 50(18) 01-Col 0.214 53(18)
02-Col 0.217 51(16) 01W-Col 0.209 45(19) 03-Col 0.202 19(16)
N1-Col-N2 77.29(6) N2-Col-01 89.20(7) 01-Col-O1W 156.83(7)
N1-Col-01 108.56(7) N2-Col-02 95.03(6) 01-Col-03 90.64(7)
Complex 2
N1-Mnl 0.230 2(2) N2-Mnl 0.229 4(2) 01-Mn1 0.213 1(2)
02-Mnl 0.214 9(2) 03-Mnl 0.219 4(2) 01W-Mnl 0.225 4(2)
N1-Mnl-N2 72.13(8) N2-Mn1-01 90.22(8) 01-Mn1-03 96.32(8)
N1-Mnl1-01 83.28(8) N2-Mn1-02 88.25(9) 01-Mn1-01W 168.28(8)

1.011 8 nm along the ¢ axis

(Fig.2a). Two carboxylic

group of each 2,4' -bpdc ligand show monodentate

H---O hydrogen bonds
molecules, the carboxylic groups of 2,4’-bpdc*

(Table 3) involving the water

anions

bridging and bidentate chelating coordination mode,
respectively. Notably, the L ligands are attached on
both sides of the chain, and the adjacent chains are
linked into a two-dimensional plane structure through
aromatic -7 interactions between L and L ligand
(bond distances of 0.375 0 and 0.350 7 nm, Table 4)
(Fig.2b). In addition, the O-H---O, O—H---N and N-

and L ligands further extend the 2D supramolecular
arrays into an interesting 3D network structure.

The single-crystal X-ray diffraction analysis
revealed that complex 2 displays a one-dimensional
double-chain structure. As is shown in Fig.3, each Mn

atom is coordinated with two nitrogen atoms of one L

ligand (Mn1-N10.230 2 (2) nm, Mn1-N2 0.229 4(2)
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Table 3 Hydrogen bond lengths and bond angles
D-H---A d(D-H) / nm dH--A) / nm d(D---A) / nm £DHA /(%)
Complex 1
O1W-HIWB---02W 0.088(3) 0.199(3) 0.284 4(3) 162(3)
N3-H4---04' 0.086 0.194 0.277 3(2) 162.9
O1W-HIWA---N4¥ 0.079(3) 0.198(3) 0.275 9(3) 167(3)
Complex 2
O1W-HIB---04 0.086(4) 0.181(4) 0.263 6(3) 159(4)
N3-H3---04' 0.086 0.199 0.278 0(3) 152.3
OIW-HI1A---N4* 0.088(3) 0.195(3) 0.282 1(3) 167(3)

Symmetry codes: 1:

Hydrogen atoms were omitted for clarity), symmetry codes:

P =124, 12—y, 12425 ¥ 1124w, 1/2-y, =1/242
Fig.1 Coordination environment of Co(Il) in complex 1

with 20% probability displacement ellipsoids

Some of atoms are omitted for clarity

Fig.2 (a) One-dimensional chain structure of 1; (b) Two-
dimensional plane structure constructed by

hydrogen bonds and 7r-7 stacking interactions

nm), three oxygen atoms from three different 2,4"-bpdc*
ligands (Mn1-O1 0.213 1(2) nm, Mn1-02 0.214 9(2)
nm, Mnl1-03 0.219 4(2) nm) and one water molecule

Dot 112, y=1/2, —z4+1/2; T 1=, —y, =23 2: P x, y+ 1, 2 1w, 1=y, 12,

(Mn1-O1W 0.225 4(2) nm). Two adjacent Mn atoms
linked together by two 2,4"-bpdc®™ ligands. Neighboring
two asymmetric units are bridged by 2.4’ -bpdc* -
ligands to form a one-dimensional double chain
structure  (Fig.4). Interestingly, the chain can be
viewed as a series of alternating grids containing a 8-
(Mny0,Cy) and a 22-membered ring
(MnyO,Cy), respectively. Within the (Mn,0,C,) ring,
the distance between the two Mn(Il) atoms is 0.438 9
nm, while in the (Mn,0,Cy) ring, the Mn---Mn distance

membered ring

is 1.082 0 nm. Furthermore, adjacent chains are further
interconnected via intermolecular hydrogen-bonding
interactions (O1W-HTA---N4% N3-H3---04', Table 3)
and 777 stacking interactions between L and [/2,4'-
bpde®™  (centroid-to-centroid distances of 0.372 5 and
0.367 6 nm, respectively, Table 4). Nevertheless, intr-
amolecular hydrogen bonds (O1W---04 0.2636(3) nm,

. C23

C19  C22pmi
.“'
c20 N\ __de

P 2—x,

Hydrogen atoms were omitted for clarity, symmetry codes:

=y, =z " 1=, —y, 2

Fig.3 Coordination environment of Mn(Il) in complex 2

with 20% probability displacement ellipsoids

Fig.4 One-dimensional double-chain structure of 2
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159(4)°) are also observed in this complex, as shown
in Fig.5. Therefore, such chains are linked by each

other to form a 3D supramolecular structure (Fig.5).

Table 4 -7 bond lengths (nm)

Complex 1
Ring Dist.
Cgl—Cg3' 0.368 03(14)
Cgl—Cg3* 0.350 70(13)
Cgl—Cgd’ 0.354 89(14)
Cg3—Ced’ 0.375 02(14)
Cgd—Ced’ 0.350 63(14)
Complex 2
Ring Dist.
Cg2—Cgb' 0.367 6(3)
Cgd—Cgd" 0.372 2(3)
Cgd—Cg5" 0.372 6(3)

1: Ring: Cgl: 5-Membered Ring (1)N3—C5—C7—
N4—C6; Cg3: 6-Membered Ring(3)N2—C11—C10—C9—
C8—C12; Cgd: 6-Membered Ring (4)C4—C5—C7—C8—
C12—C13; Symmetry codes:
Ring: Cg2: 5-Membered Ring (2)N3—C5—C7—N4—C6;
Cgd: 6-Membered Ring(4)N2—C11—C10—C9—C8—C12;
Cg5: 6-Membered Ring (5)C4—C5—C7—C8—C12—C13;
Cgb: 6-Membered Ring (6)C15—C16—C17—C18—C19—
C20; Symmetry codes: ' 1-x, 1-y, —z; ¥ 1-x, 1-y, 1-z.

D
\ W/

few, -y, -z U 1=, -y, -z 2

Some of atoms are omitted for clarity

Fig.5 Three-dimensional superamolecular structure
constructed by hydrogen bonds and 7-7
stacking interactions
The effects of the metal center on structures of 1
and 2 have been clearly demonstrated according to X-
ray single crystal diffraction analyses. By a
comparison of complexes 1 and 2, when the Co(Il) ion
was replaced by Mn(Il) ion with different coordination

modes of 2,4"-bpdec ligands (Scheme 1), structurally

different complex was obtained. In addition, the
noncovalent interactions such as hydrogen bonding

and -7 stacking interactions, which guide the

formation and stabilize the extended network
structures.
1\"1 M
0 0 0 (‘)
O\ (e}
/ i’
o 0O—M
Complex 1 Complex 2
Scheme 1 Different coordination modes of 2,4"-bpde
ligands
2.2 TGA

The thermal stability of 1 and 2 was investigated
by TGA, four distinct weight losses were observed for
1 and three for 2 (Fig.6). For 1 the first weight loss of
3.87% is in the range 90~120 °C, assigned to the
decomposition of the free water molecules (Calcd.
3.24%). The second weight loss of 3.40% is in the
range 160 ~190 °C , assigned to the loss of the
coordinated water molecules (Caled. 3.24%). The third
weight loss of 38.88% is ascribable to the loss of L
ligand (Caled. 39.65%) from 270 °C to 350 °C. The
last weight loss of 42.97% is in the temperature range
of 350~540 C, which corresponding to the release of
2.4"-bpdc* ligand (Caled. 43.25%). The final product
may be CoO. The reasons of the weight losses for 2

100

80

Weight / %

T N T T T T 1
200 400 600 800
Temperature / C

Fig.6 TG curves of complexes 1 and 2
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are similar to 1 from the second step to the end,
whereas the losses are 3.60% in the temperature
range 140 ~210 °C for the first (Caled. 3.38% ),
40.90% from 300 to 365°C for the second (Caled.
41.29%), and 44.81% in the range of 380~570 °C for
the last (Caled. 45.03% ), respectively. And MnO
could be the final product.
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