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Syntheses, Crystal Structures and Properties of Two Cu(l) Complexes
Based on 4’-Carboxy-2,2":6',2"-terpyridine
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(Key Laboratory of Organosilicon Chemistry and Material Technology of Ministry of
Education, Hangzhou Normal University, Hangzhou 311121, China)

Abstract: Two new Cu(ll) coordination compounds, {[Cuy(L),(tp)]-2H,0}, (1) and [Cu(L)(C10.)], (2) (L=4'-carboxy-
2,2":6',2" -terpyridine, Hatp=terephthalic acid), were synthesized under hydrothermal conditions. The structures
were characterized by single-crystal X-ray diffraction analyses. The results show that both the complex 1 and 2
display 1D chain structure composed of ligands and metal ions. Complex 1 belongs to triclinic system, space
group P1, and it self-assembles into a 3D netlike structure by the inter-chain hydrogen bond interactions and C—
H--- 7 interactions; whereas a 2D layer structure of complex 2 is assembled by hydrogen bonds between the
chains. Thermal stability and fluorescent properties of 1 and 2 were also investigated. CCDC: 1428254, 1;
1438989, 2.
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0 Introduction Mainly due to the configuration of different inorganic
and organic building blocks, organic coordination

With the rapid development of science and polymers can be prepared into different dimensions
technology, metal-organic frameworks (MOFs)" has structures, different metal spatial configuration and
been an active research area over the past decades. topology®®. Most of these compounds have a porous
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structure, which likes a hole in the field with broad
application prospects especially in materials chemistry,
attracting more and more attentions*”. Based on this
factor, the use of organic ligand with suitable binding
groups is important®®. In order to build new 1D, 2D
or 3D structural complex, a new bridging trigonal
bifunctional ligand 4’ -carboxy-2,2":6" 2" -terpyridine
was employed in the realm of coordination chemistry®'3.
It has a large 7-conjugated nonlinear structure with
N, O donors that can offer additional hydrogen bonding
and 77-7 interactions to consolidate the whole MOFs.
The appended terephthalate groups have several
coordination modes to act as convenient bridging
units, which allow the molecules to form into different
complicated structures. To the best of our knowledge,
much attention has been paid on this ligand to the
light-emitting properties of Ru(ll) complexes!™*.

In this paper, the coordination configuration is
relatively simple, due to the linear structural mode of
the ligand. Thus, new complexes were formed with a
flexible benzoic acid acted as an auxiliary ligand "™\
Herein, we report the syntheses and crystal structures
of two new coordination compounds based on HL,
namely {[Cuy(L),(tp)]-2H,0}, (1) and [Cu(L)(C10y)], (2)
(L=4"-carboxy-2,2":6',2"-terpyridine, Htp=terephthalic
acid).

fluorescent properties of two compounds have also

Furthermore, the thermal stabilities and

been investigated.
1 Experimental

1.1 Chemicals and measurement

The ligand of 4’ -carboxy-2,2":6" 2" -terpyridine
was synthesized as described elsewhere™?', Other
reagents and solvents mentioned were commercially
available and used as received without further purifica-
tion. IR spectra were obtained with KBr pellets from
400 to 4 000 cm™ using a Bruker VERTEX 70 spect-
rometer. The UV-Vis spectra were recorded on a
evolution 300 spectrophotometer. Photoluminescent
spectra were measured using a Hitachi F-2700 Fluore-
scence Spectrometer. Thermogravimetric (TG) analyses
were performed on a NETZSCH TG STA449F3

analyzer at a heating rate of 10 “C -min =" under

nitrogen flow with a rate of 20 mlL-min™.
1.2 Preparation
1.2.1 Preparation of 1

A mixture of Cu(CH;C00),-6H,0 (0.039 0 g, 0.2
mmol), HL (0.054 0 g, 0.2 mmol), Hstp (0.033 2 g, 0.2
mmol) in solvents of CH;OH-H,0 (10 mL, 1:1, V/V)
was placed into a Teflon-lined stainless steel vessel
(25 mL). The reaction system was kept at 110 °C for 5
days, followed by cooling down to room temperature.
Dark blue block crystals (0.055 7 g) were obtained.
Yield: 63.2% (based on Cu). Anal. Calcd. for CuCyH 3
N;Os(%): C, 54.73; H, 2.99; N, 9.57. Found(%): C,
54.77; H, 3.05; N, 9.61. IR (KBr, em™): 3 517(s), 3 054
(s), 1 678(s), 1 621(s), 1 473(s), 1 399(s), 1 324(m),
1 253(m), 1 084(m), 1 022(m), 849(m), 781(s), 739(s),
655(s).
1.2.2  Preparation of 2

A mixture of Cu(ClO,),+6H,0 (0.074 0 g, 0.2
mmol), HL, (0.054 0 g, 0.2 mmol), Hatp (0.033 2 g, 0.2
mmol) in H,O (10 mL) was placed into a Teflon-lined
stainless steel vessel (25 mL). The reaction system was
kept at 150 °C for 4 days, followed by cooling down to
room temperature. Dark blue block crystals (0.046 3
g) were obtained. Yield: 52.7% (based on Cu). Anal.
Caled. for CuCieH,0N;04Cl(%): C, 43.75; H, 2.29; N,
9.57. Found (%): C, 43.79; H, 2.35; N, 9.61. IR (KBr,
em™): 3 505(s), 3 041(s), 1 723(s), 1 621(s), 1 462(s),
1 389(s), 1 251(m), 1 018(m), 852(m), 786(s), 687(s).
1.3 X-ray crystallography

X-ray single-crystal diffraction data of complexes
1 and 2 were collected on a Bruker SMART APEX 1l
CCD diffractometer
Mo Ko radiation (A=0.071 073 nm) at 293(2) K. The
structures were solved by direct methods and refined
by full-matrix least-squares on F? with SHELX-97
program™.  All

with  graphite-monochromated

non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were added theoreti-
cally and refined with a riding model. Detailed data
collection and refinements of 1 and 2 are summarized
in Table 1. Selected bond lengths and angles are
listed in Tables 2 and 3. Relevant hydrogen bonding
parameters of 1 and 2 are summarized in Table 4.

CCDC: 1428254, 1; 1438989, 2.
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Table 1 Crystal data and structure refinement for complexes 1 and 2

Complex 1 2
Empirical formula CuCyH 4,N;0O5 CuC6H oN;04Cl1
Formula weight 439.89 439.27
Crystal system Triclinic Monoclinic
Space group Pl P2/c
a/nm 0.762 92(5) 0.884 89(7)
b/ nm 1.044 80(7) 1.044 80(7)
¢/ nm 1.255 99(8) 1.836 28(15)
al () 104.072 0(10) 90.00
B/(° 105.890 0(10) 92.056(2)
v/ (°) 105.714 0(10) 90.00
V / nm? 0.870 77(10) 1.657 5(2)
A 2 4
D./ (grem™) 1.678 1.760
F(000) 448 884
Absorption coefficient / mm™ 1.295 1.521
0 range / (°) 1.79~26.20 1.79~27.53
h, k, 1 -9~8, -12~12, -15~15 -11~11, -13~12, -23~23
Reflections collected 9 798 10 496
Independent reflections 3 473 (R;,=0.023 0) 3 786 (R;,=0.026 3)
Observed reflections 3207 3 366
Data, restraints, parameters 3 473, 4, 268 3786, 0, 244
Goodness-of-fit on F* 1.132 1.114

R, wR; indices (I>20 (/)]

R, wR, indices (all data)

0.030 4, 0.099 6
0.039 2,0.125 1

0.051 2, 0.127 9
0.057 7,0.132 2

Table 2 Selected bond lengths (nm) and angles (°) for the complex 1

Cul-01 0.190 40(19) Cul-N2 0.194 2(2) Cul-N1 0.202 4(2)
Cul-N3 0.202 9(2) Cul-O3A 0.229 14(19) 01-C16 0.128 1(3)
02-C16 0.122 7(4) N1-C1 0.134 6(3) N1-C5 0.134 6(3)
N2-C6 0.134 7(3)

01-Cul-N2 169.15(8) 01-Cul-N1 96.04(9) N2-Cul-N1 79.92(8)

01-Cul-N3 103.01(9) N2-Cul-N3 79.63(8) N1-Cul-N3 158.73(9)

01-Cul-0O3A 92.51(8) N2-Cul-O3A 97.98(8) N1-Cul-O3A 97.35(8)

N3-Cul-03A 91.25(8)

Symmetry code: A: —1+x, v, z
Table 3 Selected bond lengths (nm) and angles (°) for the complex 2
Cul-01 0.194 0(2) Cul-N2 0.194 8(3) Cul-N1 0.203 8(3)
Cul-N3 0.206 8(3) Cul-02 0.237 7(3) Cul-03 0.253 9(3)
Cl1-04 0.140 7(4) C11-06 0.141 1(4) C11-03 0.143 2(3)
Cl1-05 0.148 6(5)
01-Cul-N2 173.58(12) 01-Cul-N1 95.40(11) N2-Cul-N1 79.59(11)
01-Cul-N3 105.13(11) N2-Cul-N3 79.69(11) N1-Cul-N3 159.20(11)
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Continued Table 3

01-Cul-02 97.48(10) N2-Cul-02 86.23(10) N1-Cul-02 86.03(12)
N3-Cul-02 94.39(12) 01-Cul-03 87.30(11) N2-Cul-03 88.84(11)
N1-Cul-03 91.72(13) N3-Cul-03 86.08(13) 02-Cul-03 174.88(9)
Table 4 Hydrogen bond parameters for the complexes 1 and 2
D-H--A d(D-H) /nm d(H-+-A) /nm d(D--A) /nm / DHA /(°)
Complex 1 O1W-H1WA---04A 0.085(4) 0.207(2) 0.287 4(4) 156(4)
O1W-H1WB---04B 0.070(4) 0.222(4) 0.291 5(5) 172(4)
Complex 2 C2-H2---03A 0.092 99 0.255 25 0.346 1(6) 165.73
C3-H3---06B 0.093 05 0.258 01 0.326 6(6) 13091
C4-H4---05B 0.093 01 0.244 81 0.336 1(6) 166.96
C15-H15---02C 0.093 09 0.246 44 0.294 7(5) 112.38

Symmetry codes: A: —x, 1-y, —z; B: 1-x, —y, 1=z for 1; A: —x, 1-y, —z; B: 1-x, 1-y,

2 Results and discussion

2.1 Structure description of 1

The crystal structure of complex 1 belongs to

triclinic system, space group P1. Each Cu(Il) ion is five-
coordinate by three nitrogen atoms (Cul-N1 0.202 4(2)
@CHWA

1—z; C: =l+4x, y, z for 2

nm, Cul-N2 0.194 2(2) nm, Cul-N3 0.202 9(2) nm)
from the same L ligand, one oxygen atom (Cul-O3
0.229 15(19) nm) from another L ligand and one oxygen
atom (Cul-O1 0.190 41(19) nm) from the tp ligand in
a distorted tetragonal pyramid geometry (Fig.1a).

Hydrogen atoms are omitted for clarity; Symmetry codes: A: —1+x, ¥, z; B: =1-x, 1-y, —z in (a); A: 1+«x, y, 23 B: —x, 1 —y, —z; C: =1-x, 1-y, —z in (b)

Fig.1

Two symmetry-related Cu(Il) ions are connected
by two trans-conformational tp ligands and L ligands,
(Fig.1b).
Cu distance are 1.093 8
and 0.762 9 nm, respectively. The dihedral angle
between the L and the tp ligands is 114.5°. The tert-

resulting in a tert-nuclear ring [Cuy(L)4(tp)s]

Adjacent non-bonding Cu---

nuclear units extend repeatedly to form a 1D chain
structure  (Fig.2). A 2D supramolecular layer (Fig.3a)
was formed by hydrogen bonds interactions of the O
atoms of the solvent water molecules and ligands, and
weak C—H--- O interactions between the neighboring

ligands, including interactions of C4-H4---03C with

(a) Crystal structure of complex 1 with 30% thermal ellipsoids; (b) Tetragonal pyramid geometry of Cu units

the distance of 0.241 58 nm and C7-H7---0O3C
(Symmetry code: C: 2—x, 1-y, 1—z) with the distance

of 0.254 39 nm. In addition, 2D layer structure is

b .,l.
4 —< CulA/:"/'r) .\\;'/.'”. .\

C g . \L/‘r"
s > ;’",- f"- ({("‘
L -
amt 350 L £ ’;J o
-.'/i N '::.\} .ﬂ..ti; W\
s TR e s ol B

Hydrogen atoms are omitted for clarity; Symmetry codes: A: 2—x,
1-y, 1=z; B: 34w, y, 142

Fig.2 1D chain structure of complex 1
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Dashed lines indicate hydrogen bonds; Symmetry codes: A: —1+x, y, z; B: —x, 1-y, 1—-z; C: 2—x, 1-y, 1-z in (a);

A: T+x, v, z; B: T4x, 14y, z; C: 14, =14y, z; D: 2—x, 1—y, 1—z; E: 2—x, 2—y, 1=z; F: 2—x, =y, 1—z in (b)

Fig.3 (a) 2D supramolecular network of 1; (b) A view of the packing of the organic groups

further extended to a 3D supramolecular network by
C—H---7 interactions (Fig.3b). The C—H---7 interac-
tions play important roles in the structural stabiliza-
tion. The crystal structures analysis reveal that arom-
atic C—H---7 interactions exist between benzene and
pyridine rings, including interactions of C13-H13---
Cg7 (Cg7 is the centroid of the benzene ring C17, C18,
C19B, C17B, C18B, C19 with the distance of 0.284 78
nm, Symmelry code: B: x, —1+y, z) and C19-HI9---
Cg4 (Cg4 is the centroid of the pyridine ring N1, C1,
C2, C3, C4, C5 with the distance of 0.287 65 nm).
2.2 Structure description of 2

The single-crystal X-ray diffraction analysis
reveals that 2 belongs to monoclinic system, space
group P2//c. Each Cu(ll) ion adopts a

manner by chelating to three nitrogen atoms (N1, N2

six-coordinated

and N3) from one L ligand, two oxygen atoms (O1 and
02) from other two L ligands, and with an oxygen
atom (03) from ClO; = to form a distorted
octahedral geometry (Fig.4b). The Cu-N bond lengths
range from 0.194 8 (3) to 0.206 8 (3) nm, and Cu-O
bond lengths range from 0.194 0 (2) nm to 0.237 7(3)
nm. The complex 2 displays a 1D chain structure by
the coordination of ligands and metal ions (Fig.5).

The crystal structure of complex 2 exhibits four
inter-chain hydrogen bonds. Selected bond lengths
and angles of the hydrogen bonds are listed in Table
4. Adjacent chains were connected into a 2D layers
structure by hydrogen bond interactions (Fig.6).
Intermolecular face-to-face interactions between the

neighboring pyridine rings were observed with the Cg4

04

Cl1

06
B cu 03505
C15

Hydrogen atoms are omitted for clarity; Symmetry codes: A: -1+

X, ¥, z; B: 1=x, 12—y, 1/2—z in  (a); A: l+x, y, z; B: x, —y, —2; C:

1—x, =y, =z in (b)
Fig.4 (a) Crystal structure of complex 2 with 30%
thermal ellipsoids; (b) Dimer Cu units sharing
one edge of their polyhedron

Hydrogen atoms are omitted for clarity; Symmetry codes: A: —1+
X, v, z; B: 1=x, =y, —z; C: —x, -y, -z

Fig.5 1D chain structure of complex 2
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Symmetry codes: A: —x, 1-y, —z; B: 1-x, 1-y, 1—z; C: —=1+x, v, z
Fig.6 2D layer structure formed by hydrogen bonds in

complex 2

--Cg4 distance of 0.350 4(2) nm (Cg4 is the centroid
of the benzene ring N2, C6, C7, C8, C9, C10).
2.3 TG analysis of complexes

The TG analyses were carried out from room
temperature to 800 “C in a nitrogen atmosphere with a
heating rate of 10 C *min~". As shown in Fig.7, the
first weight loss of complex 1 started at 153.4°C and
completed at 161.4°C, corresponding to the loss of one
lattice water molecule (Obsd. 5.24%, Caled. 4.09 %).
With the increase of temperature, the second weight
loss of 40.02% (Caled. 39.41%) from 292.7 to 313.9
C results from the decomposition of the tp. The
organic groups start to decompose gradually in the
range of 315 to 800 “C. Complex 2 did not show
gradual weight losses before the decomposition of the
framework at about 360 °C indicating non-existing of

solvent molecules and being in agreement with the

(Fig.7). With the
increase of temperature, the sharp weight loss from
365.1 to 373.3 °C corresponds to the decomposition of
L ligand and the ClO, with the weight loss of 84.23%
(Caled. 85.57%).

100 -
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20
10 —
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result of the crystal structure

Weight / %

~—~—___ Complex 1

~———____ Complex 2

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

Fig.7 TG curves of complex 1 and complex 2

2.4 Fluorescent property

The UV-Vis spectra of the complexes 1 and 2 in
DMSO solutions with the concentration of 107 mol - L™
at room temperature are shown in Fig.8. Complex 1
shows an intense absorption band at 278 nm and a
weak one at 340 nm, and complex 2 shows intense
absorption band at 298 nm and 334 nm. The former is
owing to the 7r-7* transition of the coordination
between the ligand and the metal ions.

The fluorescent spectra of complexes 1 and 2
were measured in DMSO solution with the concentration
of 10 mol -L.™! at room temperature, as depicted in
Fig.9. When the exciting radiation was set at 365 nm,

complex 2 exhibits only a weak emission band at 463

0.6 25
Complex 1 Complex 2
2.0
= B
< 044 S 154
8 3
g g
o )
S 10-
< <
0.24
0.54
0.0
0.0 T T T T T T T T L]
300 350 400 450 500 550 600 300 400 500 600

Wavelength / nm

Wavelength / nm

Fig.8 UV-Vis absorption spectra of complexes 1 and 2
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nm. While complex 1 exhibits a weak emission at 452

nm, and a much stronger emission at 563 nm (Fig.9).

Complex 1

Intensity / a.u.

Complex 2

500 600 700 800

Wavelength / nm

400

Fig.9 Fluorescent emission spectra of complexes 1 and

2 at room temperature

3 Conclusions

Two Cu(ll) complexes based on 4'-carboxy-2,2’:
6',2"-terpyridine have been synthesized and character-
ized in detail by X-ray crystal structure analyses. For
the title complexes, the 1D chains of complex 1 are
assembled into 3D network by inter-chains hydrogen
bond interactions and C—H---7r interactions; whereas a
2D layer structure of complex 2 is assembled by
hydrogen bonds between chains. Complex 2 shows
The

complex 1 exhibits

Fluorescence
higher

fluorescence intensity than 2. The observed strong

remarkable thermal stabilities.

properties show that
photoluminescence of complex 1 indicates that the

compound can have potential application as a

photoactive material.
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