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Syntheses, Crystal Structures and Luminescent Properties of Two Cadmium
Supramolecular Complexes Based on Water-Carboxylate Chains
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Abstract: Two cadmium supramolecular complexes, [CA(HMPCA),(2,2"-bpy)]-2H,0 (1) and [Cd(HMPCA),(phen)]
-2.5H,0 (2) (H_MPCA=5-methyl-1H-pyrazole-3-carboxylic acid, 2,2"-bpy=2,2'-bipyridine, phen=1,10-phenanthro-
line), have been synthesized and characterized by elemental analysis, IR spectra and X-ray diffraction analysis.
In 1 and 2, the mononuclear units are expanded to 3D supramolecular structures via O(C, N)-H---O hydrogen
bonds, C—H -7 interaction and 7 --- 7 interaction. More interestingly, the water-carboxylate hydrogen bonded
chains constructed by lattice water molecules and carboxylate groups play important role in the assembly of two

supramolecular complexes. Besides, the thermal and luminescent properties of two complexes were also

investigated. CCDC: 1011422, 1; 1011423, 2.
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0 Introduction

The construction of supramolecular complexes
has attracted continuous research interest in the last
decades because of their fascinating structures and
potential applications as functional materials"™. As an
important part of supramolecular system, the water
clusters or aggregates have provided a longstanding
fascination for chemists. Besides, the water molecules
can be interacted with the counter anions, deprotonated
carboxyl groups, or halogen through hydrogen bonds*.
Although diverse water clusters, aggregates, chains or
even sheets have been reported, the unique water-
carboxylate chains based supramolecular complexes
still quite rare!”. Generally speaking, the structural
diversity of such complexes is always depended on
many factors, such as metal ions, pH value, template
agents, metal-ligand ratio, counteranions®®', Without a
doubt, among these factors, the rational design and
reasonable use of the characteristic ligands occupies
the capital. The length, rigidity, coordination modes,
functional groups or substituent of organic ligands
have consequential effect on the final structures .
Moreover, the N ancillary ligands, also have great
influence on the assembly of supramolecular complexes.
2,2"-bipyridine (2,2'-bpy) and 1,10-
phenanthroline(phen), as the chelate N ligands, can

For example,

adjust the coordination structures by occupied the
terminal position"*", also provide the C-H---7 and 7
.- 77 interactions for assembling the complex into
high-dimensional supramolecular networks!".
The  5-methyl-1H-pyrazole-3-carboxylic  acid
(H,MPCA),

pyrazole ring, not only can coordinate with metal ions,

containing both carboxyl group and
but also can act as an acceptor and/or donor in
hydrogen bond interactions, which play an important
role in the formation of the supramolecular structures.
These considerations inspired us to explore new
supramolecular complexes with H,MPCA and chelating
N-donors 2,2" -bpy or phen. Herein, we report the
syntheses, crystal structures of two supramolecular
complexes [Cd(HMPCA),(2,2" -bpy)] -:2H,O (1) and
[Cd (HMPCA), (phen)| -2.5H,0 (2) based on water-

carboxylate hydrogen bonded chains. Additionally, the
thermal and luminescent properties of two complexes

were also investigated.
1 Experimental

1.1 Materials and methods

All  solvents and reagents were purchased
commercially and were used as received. H,MPCA
was prepared following the literature method ™. The
elemental analysis (C, H and N) was performed on a
Perkin-Elmer 2400 Series Il element analyzer. FTIR
spectra were recorded on a Nicolet 460 spectrophoto-
meter in the form of KBr pellets. The luminescent
spectra were recorded at room temperature on a
Sahimadzu RF-5301PC fluorescence spectrofluoro-
(PXRD) determina-
tions were performed on an X-ray diffractometer

(D/max 2500 PC, Rigaku) with Cu Ka radiation (A=
0.154 06 nm). Thermogravimetric analysis (TGA) exp-

meter. Powder X-ray diffraction

eriments were carried out on a Dupont thermal
analyzer from room temperature to 800 °C under N,
atmosphere at a heating rate of 10 °C min~". Single-
crystal X-ray diffraction measurements of the 1 and 2
were carried out with a Bruker Smart Apex II CCD
diffractometer at 293(2) K.
1.2 Synthesis
1.2.1  Synthesis of [CA(HMPCA),(2,2'-bpy)]-2H,0 (1)
To a solution containing H,MPCA (0.025 2 ¢,
0.20 mmol) and 2,2"-bpy (0.015 6 g, 0.10 mmol) in
MeOH (4 mlL) was added a solution of Cd(OAc),*
4H,0 (0.026 6 g, 0.1 mmol) in deionized water (5 mL).
The resulting solution was stirred for one hour and
filtered to stand at room temperature. Colorless
crystals of 1 (0.075 5 g, 68%) suitable for single-
crystal X-ray diffraction analysis were obtained after a
week. Anal. Caled. for CxH,NOsCd(%): C, 43.30; H,
3.97; N, 15.15. Found(%): C, 43.68; H, 3.95; N,
15.53. IR (KBr pellet, cm™): 3 400 (s), 3 173 (w), 3 077
(w), 2 981 (m), 2 924 (m), 2 848 (m), 1 610 (vs), 1 486
(s), 1 440 (m), 1 335 (m), 1 278 (s), 1 201 (w), 1 134
(w), 1 020 (m), 810 (w), 753 (w), 696 (w), 629 (w), 563
(m), 439 (w).
1.2.2  Synthesis of [CA(HMPCA),(phen)]-2.5H,0 (2)
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2 was synthesized by a method similar to that of
1, except that 2,2'-bpy (0.015 6 g, 0.10 mmol) was
replaced by phen (0.018 0 g, 0.10 mmol), and colorless
crystals of 2 suitable for X-ray diffraction analysis
were obtained with yield: 0.044 1 g (75%). Anal.
caled. for CyuHuN,,03Cdy(%): C, 44.95; H, 3.94; N,
14.30. Found(%): C, 44.80; H, 4.15; N, 13.67. IR
(KBr pellet, em™): 3 492 (s), 3 134 (w), 3 048 (w), 2 924
(m), 2 858 (m), 1 610 (vs), 1 525 (s), 1 400 (m), 1 335
(m), 1 267 (s), 1 219 (w), 1 144 (w), 1 096 (m), 1 048
(m), 848 (w), 810 (w), 714 (s), 640 (w), 563 (m), 430 (w).
1.3 X-ray crystallography

The single-crystal X-ray diffraction was performed
on a Bruker Smart Apex II CCD diffractometer at
293(2) K. Intensities of reflections were measured using
graphite-monochromatized Mo Ka A=
0.071 073 nm). The structure was solved by direct
methods using the SHELXS program of the SHELXTL
package and refined with SHELXL"Y. Anisotropic

radiation

thermal factors were assigned to all the non-hydrogen
atoms. H atoms attached to C were placed geometrically
and allowed to ride during subsequent refinement with
an isotropic displacement parameter fixed at 1.2 times
U, of the parent atoms. H atoms bonded to O or N
atoms were first located in difference Fourier maps
and then placed in the calculated sites and included
in the refinement. Crystallographic data parameters for
structural analyses are summarized in Table 1.
Selected bond lengths and angles for them are listed
in Table 2 and Table 3. And the hydrogen bonds are
given in the Table S1.
CCDC: 1011422, 1; 1011423, 2.

2 Results and discussion

2.1 Crystal structure of [CA(HMPCA)y2,2’-
bpy)]-2H,0 (1)
The single-crystal X-ray diffraction analysis

reveals that complex 1 crystallizes in monoclinic P2,/c

Table 1 Crystal structure parameters of complexes 1 and 2

Complex 1 2

Empirical formula CyH»nNO6Cd CuHuN O 3Cd,
Formula weight 554.84 1175.73
Crystal size / mm 0.24%0.22x0.20 0.24%0.24x0.22
Crystal system Monoclicnic Monoclicnic
Space group P2//c C2/c

a/nm 1.076 94(18) 2.121 4(3)

b / nm 0.856 85(14) 0.999 43(13)
¢/ nm 1.433 31(18) 2.184 5(3)
B/ 125.633(8) 90.188(2)
V/nm? 1.0750(3) 4.631 5(11)

A 2 4

D./ (g-em™) 1.714 1.686

F(000) 560 2 376

©n (Mo Ket) / mm™ 1.07 1.00

Index ranges (h, k. 1) -13~11, -10~10, -17~17 -24~25, -11~11, -25~24
0 range for data collection / (°) 2.4~26 1.9~25.0

Independent reflections (R;,) 2 108 (0.032)
Refinement method
2108 /8 /167
1.081

0.023 1, 0.055 7
0.025 4, 0.056 7

367 and -580

Data / restraints / parameters
Goodness-of-fit on F

R\, wR, (I>20(I))

R, wR, (all data)

Largest diff. Peak and hole / (e+nm™)

4 047 (0.034)

Full-matrix least-squares on F?

4047707323
1.18

0.024 1, 0.056 4
0.029 1, 0.059 1
337 and 485
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Table 2 Selected bond lengths (nm) and bond angles (°) for 1

Cd1-N1 0.231 7(4) CdI-NT'
Cd1-01' 0.233 6(4) Cd1-N3
N1-Cd1-NT' 113.8(2) N1-Cd1-01
N1-Cd1-01 88.26(16) N1-Cd1-01'
N1-Cd1-N3 138.72(15) 01-Cd1-01'
N1-Cd1-N3! 98.13(14) 01-Cd1-N3

0.231 7(4) Cd1-01 0.233 6(4)
0.233 6(4) Cd1-N3! 0.233 6(4)
70.82(15) 01-Cd1-N3' 128.18(15)
88.26(16) N1-Cd1-N3 98.13(14)
141.7(2) 01-Cd1-N3 128.18(15)
85.33(14) N3-Cd1-N3 70.4(2)

Symmetry codes: ' —x+1, y, —z+1/2.

Table 3 Selected bond lengths (nm) and bond angles (°) for 2

CdI-N3 0.225 41(19) CdI-N1
Cd1-03 0.235 59(19) CdI-N5
N3-Cd1-N1 123.87(10) N3-Cd1-N6
N3-Cd1-N5 101.87(7) N1-Cd1-N5
N3-Cd1-03 71.59(6) N1-Cd1-03
N6-Cd1-01 137.44(6) 03-Cd1-01
N5-Cd1-03 146.28(6) N3-Cd1-01

0.228 53(18) CdI-N6 0.234 37(19)
0.235 55(19) Cd1-01 0.243 04(16)
132.24(7) N1-Cd1-N6 95.85(7)
123.04(7) N6-Cd1-N5 70.89(6)
84.66(6) N6-Cd1-03 88.92(6)
127.23(6) N5-Cd1-01 83.63(6)
85.24(6) N1-Cd1-01 69.87(6)

space group. As shown in Fig.1, the asymmetric unit
of 1 of a half of -crystallographically
independent Cd(Il) anion, one HMPCA~ ligand, half of
a 2,2’ -bpy ligand, and two halves of lattice water
molecules. Fach Cd (II) ion locates in a distorted

consists

octahedral geometry, hexa-coordinated by two oxygen
atoms and two nitrogen atoms from two HMPCA —,
another two nitrogen atoms from one 2,2"-bpy ligand.
The Cd-O bond distance is 0.233 6(4) nm, and the
Cd-N bond distances are 0.233 6 (4) nm and 0.231 7(4)

nm, respectively. Besides, the bond angles around

s O cs

i

cs
ozi‘c}

o
Cor
Only hydrogen atoms involved in the lattice water molecules are

shown; Symmetry code: ' —x+1, y, —z+1/2

Fig.1 Molecular structure of complex 1

Cd(II) are in the range of 70.4(2)°~141.7(2)°, similar
with those in the reported complex [Cd(cbba),(mbix)],
(Hebba =2-(4" -chlorine-benzoyl)-benzoic acid, mbix =
1,3-bis(imidazol-1-ylmethyl)-benzene)"".

HMPCA = and 2,2" -bpy both act as chelating
ligands in the formation of complex 1, making the
higher dimensional coordination polymers impossible.
But, misfortune may be an actual blessing, such zero
dimensional structures give a way to systematic study
of the non-covalent interactions in the supramolecular
structures, especially the hydrogen bonds based on
water cluster or chain. For complex 1, each independent
unit interacts with the neighboring ones through 7---7
stacking interactions of pyrazole rings Cgl (containing
N1, N2, C2, C3, and C4 atoms), with the Cgl ---Cgl®
(Symmetry code: ¥ 1-x, 1—y, —z) distance 0.387 2(8)
nm, finally forming a 1D chain along a axis (Fig.2).
The dihedral angle between the two packing pyrazole
rings is 0.002(6)°, which indicating the two pyrazole
rings are paralleled with each other. These 1D chains
are extended into a 2D sheet (Fig.3) connected by
four O=H --- O strong hydrogen-bonding interactions
between lattice water molecules and carboxyl oxygen
atoms and two N—H--- O hydrogen bonds as well as

two weak C—H---O hydrogen bonds (Table S1). As
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emphasized in Fig.3, in the 2D layer structure, there
is an interestingly loop-stick chain constructed by two
lattice water molecules and the carboxyl groups in
HMPCA" ion though O-H---O hydrogen bonds (04—
H4X'---01 0.264 2(3) nm, 03-H3Y---027 0.268 9(11)
nm, 03-H3X:--04% 0.321 0(15) nm, O3-H4Y---O1"
0.303 9(11) nm, Symmetry codes: ' 1—«, y, 1/2—z; ¥ —x,
I-y, —z; % —1+x, y, z; ¥ 1+x, 1—y, 1/2+z). Between the
2D sheets, the C8 atom in the phen ligand is involved
in hydrogen bonds with the lattice water molecule 04,

forming a 3D supramolecular network.

7} 7
Cg / /f /- X
»‘k ; - ;
)L” ‘} gl / i ~}
¢

Symmetry code: ¥ —x, —y+1, -z

b

Fig.2 -7 stacking 1D chain in complex 1

Weak C—H---O hydrogen bonds and hydrogen atoms not involved

in hydrogen bonds are omitted for clarity; Symmetry codes: ' 1-x,
y, 12=z; ¥ T4, 1=y, 12425 ¥ 2—x, 1=y, 1=z; ¥ 1=x, 1-y, 1-z;
4w, 14y, 2
Fig.3 2D sheet of complex 1 constructed from 7---7r
interactions and strong O(N)-H---O hydrogen

bonds

2.2 Crystal structure of [CA(HMPCA),(phen)]-

2.5H,0 (2)

When the 2,2' -bpy was replaced by phen, a
stronger conjugated system makes the 7r---7 stacking
between phen ligands form more easily. Compared
with 1, complex 2 crystallizes in the same crystal
system, but with the C2/c space group. The asymmetric

unit of 2 contains one crystallographically independent

Cd(Il) ion, two HMPCA~ ligands, one phen ligand, and
two and a half of lattice water molecules (Fig.4). Each
Cd () ion shows a distorted {CdO,N,} octahedral
geometry, completed by four N atoms from one phen
ligand and two different HMPCA ™ ligands, and two O
atoms from two HMPCA™ ligands. The bond lengths of
Cd-N are in the range of 0.225 41(19)~0.235 5(19)
nm, and the Cd-O distances are 0.243 04(16) and
0.235 59(19) nm, respectively. The bond angles around
Cd() are in the range of 69.87(1)°~146.27(5)°, similar
with those in 1.

30% probability ellipsoids; Only hydrogen atoms involved in the

lattice water molecules are shown

Fig.4 Molecular structure of complex 2

Different from that in complex 1, the two
neighboring units in complex 2 are interacted with
each other through N-H---O hydrogen bond (N4-H4
-+01' 0.284 4(3) nm, Symmetry code: ' 1/2—x, 3/2—y,
—z), and formed a dimmer. And then the dimmers
connect with each other through the 7---7 stacking of
phen ligands, with the Cgl---Cg2" (Cg refers to the
ring centroid of the pyridyl of the phen ligand, Cgl
containing N5, C11, C12, C13, C14 and C22 atoms
and Cg2 holding N6*, C17', C18', C19', C20, C21"
atoms, Symmetry code: "—x, 2-y, —z) distance of
0.390 3(9) nm, forming a 1D chain along ¢ axis. The
dihedral angle between the two interacted pyridyl ring
is 29.29(7)°. These 1D chains are further expanded to
a 2D sheet through the C—H---7 interactions (C1-H1
.7 0.350 4(5) nm) (Fig.5). It is noteworthy that there
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is an unprecedented 1D loop-loop water-carboxylate
hydrogen bonded chain in complex 2, in which a 20-
mermberd ring are constructed from six lattice water
molecules and two carboxylate through
hydrogen bonds (05-H5X---03 0.291 0(2) nm, 06—
H6X---05" 0.287 4 (3) nm, 06-H6Y---07 0.269 0(3)
nm, O7-H7X---02' 0.286 6(3) nm, Symmetry code: " x,
=14y, z; " 1/2-x, —=1/2+y, 1/2-z) (Fig.6). Besides, the
weak C—H---O hydrogen bonds further stabilized the

3D structure.

groups

Symmetry code: * —x, 2-y, —z
Fig.5 2D sheet constructed by non-covalent interactions

view along ¢ axis in complex 2

Weak C-H---O hydrogen bonds and hydrogen atoms not involved

in hydrogen bonds are omitted for clarity; Symmetry code: " x,

—l+y, z
Fig.6 3D supermolecular structure of 2

2.3 Infrared spectrum
As shown in the Fig.S1, the absence of absorption

1

peaks around 1 730 em ™' show that all carboxyl

groups are deprotonated”’. Strong peaks at 1 601 cm™
(1), 1 610 em™ (2) and 1 440 cm™ (1), 1 400 cm™ (2)
to the 7,(0CO) and »,(0CO)
stretching vibration of HMPCA™ ligand. A strong peak

may be assigned

around 3 600~3 000 cm™ is assigned as characteristic

peak of OH vibration, indicating that water molecules
exist in 1 and 2.
2.4 Thermogravimetric analysis

In order to examine the thermal stability of 1 and
2, the thermogravimetric analyses were carried out
from ambient temperature up to 800 °C, and the
results reveal that both of them possess three main
loss stages (Fig.S2). For compound 1, the first weight
loss of 6.52% hetween 95 °C and 121.2 °C is attributed
to the loss of two water molecules (Caled. 6.49%). The
second degradation stage is in the range 171~255 °C
with mass loss of 27.33%, corresponding to the loss of
(Caled. 28.15% ), leaving a
[Cd(HMPCA),]. The decomposition of
[CA(HMPCA),] above 327 °C, and finally
degrades to CdO with a loss of 43.37% (Calcd.
42.22% ). For compound 2, the first weight loss of
7.18% which occurred from 105 to 179 °C, corresponds
to the release of two water molecules (Caled. 7.65%).
Between 207 °C and 303 °C there is a 26.85% weight
loss, corresponding to the loss of a phen molecule
(Caled. 27.55%). The decomposition of [Cd(HMPCA),]
starts above 353 °C, and finally degrades to CdO with
a loss of 44.05% (Caled. 43.92%).
2.5 Powder X-ray diffraction

a 2,2' -bpy molecule
framework

starts

In order to check the phase purity of this
complex, the PXRD patterns of title complexes were
checked at room temperature. As shown in Fig.7, the
peak positions of the simulated and experimental
PXRD patterns are in agreement with each other,
demonstrating the good phase purity of the complexes.
The dissimilarities in intensity may be due to the
preferred  orientation of the crystalline powder
samples.

2.6 Photoluminescent properties

Many coordination complexes have been
extensively studied due to their potential applications
as luminescent materials. The solid-state luminescent
properties of two complexes and the ligands were
(Fig.8). The free
luminescence

(Ae=331 nm)™, And

two complexes exhibit blue fluorescence with the

investigated at room temperature
H,MPCA ligand displays

emission maximum at 440 nm

with an
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Crystal of 1
Crystal of 2
d "I Il Simulated Simulated
r T T T T T b T & 1 T T T T 1
10 20 30 40 50 10 20 30 40 50
20/ (°) 20/(°)
Fig.7  PXRD patterns of 1 and 2
Crystal of 2
Crystal of 1
2,2-bpy
T T T T T T T | T q
400 450 500 550 600 350 400 450 500 550 600
Wavelength / nm Wavelength / nm

Fig.8 Solid-state emission spectra of two complexes and ancillary ligands at room temperature

emission maximal peaks at 379 nm (for 1) and 373
nm (for 2) upon excitation at 331 nm. It is noteworthy
that the emission bands of complexes 1 and 2 are
similar to that of the free ancillary N donors in terms
of position and band shape, which indicates these
emission should also originate from the 7 —*

transitions of the ancillary N ligand™,
3 Conclusions

Two 3D cadmium supramolecular complexes
were constructed from H,MPCA and cadmium acetate
in the presence of N-donor 2,2" -bpy or phen. In
complex 1, the lattice water molecules interacted with
carboxylate groups of HMPCA -~ ligand and formed a
loop-stick water-carboxylate hydrogen bonded chain,
while in 2, the lattice water molecules and carboxylate
groups constructed another loop-loop water-carboxylate
hydrogen bonded chain. Structural analysis revealed
that the non-covalent bonds, including O (C,N)-H---O

hydrogen bonds, C -H --- 7 interaction and 7 --- 7

interaction, play an important role in the formation of

the 3D supramolecular architectures of complexes.
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