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Two Cadmium(l) Complexes of an Acylhydrazone Ligand Bearing Quinoline Unit:
Syntheses, Structures and Fluorescent Properties

LI Xiao-Jing WU Wei-Na* XU Zhou-Qing* LI Shou-Jie ZHAO Liang
(Department of Physics and Chemisiry, Henan Polytechnic University, Jiaozuo, Henan 454000, China)

Abstract: Two complexes [Cd (L) (H,0) (NO;),] (1) and [Cd (L)L,] -CH;0H (2) (L =4-hydroxy-N-((quinolin-8-yl)
methylene)benzohydrazide) have been synthesized and structurally determined by single-crystal X-ray diffraction.
The results show that the Cd(I) ion in 1 with a mono-capped trigonal prismatic geometry is surrounded by one
acylhydrazone ligand with N,O donor set, one water molecule, one mono-dendate and one bidendate nitrate
anions. However, the coordination geometry of the Cd(Il) ion in 2 is a distorted tetragonal pyramid with oxygen

and two nitrogen atoms provided by the ligand L and two iodide anions. The thermal stabilities and luminescent
properties of both complexes are also investigated in detail. CCDC: 1034567, 1; 1405135, 2.

Key words: quinoline; Cd(Il) complex; fluorescence; crystal structure; thermostability

[5-7)

0 Introduction benzene, pyridine, pyrazine, as well as pyrrole

However, complexes of the acylhydrazone ligands

The interest in coordination chemistry of bearing condensed heterocycle have not been paid

acylhydrazone ligands with transition metal ions has
been stimulated by their interesting physicochemical
properties!™ and potentially biological activities. In the
past, most works on the relevant acylhydrazones involve

various simple aromatic rings, such as substituted
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much attention. In view of a variety of coordination
geometries and photoluminescent properties of Cd (II)
complexes®™, and as part of our ongoing work on metal-
acylhydrazones, we report here the structure and

fluorescence property of two Cd(Il) complexes with an
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acylhydrazone ligand derived from quinoline-8-
carbaldehyde and 4-hydroxylbenzoyl hydrazide.

1 Experimental

1.1 Materials and measurements

Solvents and starting materials for synthesis were
purchased commercially and used as received.
Elemental analysis was carried out on an Elemental
Vario EL analyzer. The IR spectra (v=4 000~400 cm™)
were determined by the KBr pressed disc method on a
Bruker V70 FT-IR spectrophotometer. 'H NMR
spectra of L. was acquired with Bruker AV400 NMR
instrument in de-DMSO solution with TMS as internal
standard. The UV spectra were recorded on a Purkinje
General TU-1800 spectrophotometer. Fluorescence
spectra were determined on a Varian CARY Eclipse
spectrophotometer.  The  thermal  behavior — was
monitored on a Perkin Elmer TG-7 thermal analyzer.
1.2 Preparations of the ligand, complexes 1 and

2

As shown in scheme 1, the ligand L was
prepared by condension of quinoline-8-carbaldehyde
(1.57 g, 10 mmol) and 4-hydroxylbenzoyl hydrazide!
(300 mL)

under refluxing for 4 h"'. The slight yellow solid was

(1.52 g, 10 mmol) in methanol solution

filtered and washed three times by methanol. Yield:
2.0lg (69%). m.p.: 134~137 °C. Elemental analysis
Caled. for C;;H;3N;0, (%): C, 70.09; H, 4.50; N, 14.42;
Found(%): C, 70.22; H, 4.34; N, 14.49. FT-IR (cm™):
v(N-H) 3 286, v(0=C-N) 1 654, »(C=N-N) 1 606,
v(quinoline C=N) 1 574. '"H NMR (400 MHz, DMSO-d,)
0 11.95 (1H, s, NH-C=0); 10.16 (1H, s, OH); 9.00~
9.01 (1H), 8.45~8.87 (2H), 8.08~8.10(1H), 7.63~7.73
(2H) for quinoline-H; 6.87~6.89 (2H), 8.08~8.10 (2H)
for phenyl-H.

The complexes 1 and 2 were generated by reaction

+
TZ
\

CHO
Scheme 1

of L (5 mmol) with equimolar of Cd(NOs),-4H,0 and
Cdl, in methanol solution (15 ml), respectively.
Crystals of 1 and 2 suitable for X-ray diffraction
analysis were obtained by evaporating the correspon-
ding reaction solutions at room temperature.

1: Yellow blocks. Anal. Caled. for Ci;H;sNsO,Cd
(%): C, 37.41; H, 2.77; N, 12.83. Found(%): C, 37.52;
H, 2.73; N, 12.95. FT-IR (cm™): » (0-H) 3 397, »(N-
C=0) 1 625, »(C=N-N) 1 601, v(quinoline C=N) 1 556.
v (NOs) 1 480, »,(NO;) 1 381, 1 301, p(O-H) 858.

2: Yellow blocks. Anal. Caled. for C;sH7;N;05L,Cd
(%): C, 31.35; H, 2.48; N, 6.09. Found (%): C, 31.41;
H, 2.39; N, 6.15. FT-IR (cm™): »(0-H) 3 307, »(N-C=
0) 1 618, »(C=N-N) 1 605, v(quinoline C=N) 1 583.
1.3 X-ray crystallography

The X-ray diffraction measurement for 1 and 2
were performed on a Bruker SMART APEX Il CCD
diffractometer equipped with a graphite monochro-
matized Mo Ka radiation (A=0.071 073 nm) by using
@-w scan mode. Semi-empirical absorption correction
was applied to the intensity data using the SADABS
program™.  The structures were solved by direct
methods and refined by full matrix least-square on F*
using the SHELXTL-97 program!. All non-hydrogen
atoms were refined anisotropically. The O3 atom in
complex 2 is disordered, the occupancy values for
03A and O3B are 75.23% and 24.77%, respectively.
H atoms for water molecules in complex 1 are located
from difference Fourier map and refined with
restraints in bond length and thermal parameters. All
the other H atoms were positioned geometrically and
refined using a riding model. Details of the crystal
parameters, data collection and refinements for 1 and

2 are summarized in Table 1.

CCDC: 1034567, 1; 1405135, 2.

N C
Reflux H H
MeOH

N
HO X

Reaction scheme for the synthesis of L
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Table 1 Crystal data and structure refinement for the complexes 1 and 2
Empirical formula C7H;sCdNsO, CsH7CdILN;O5
Formula weight 545.74 689.55
T/K 293(2) 296(2)
Crystal system Triclinic Triclinic
Space group P1 P1
a/nm 0.820 1(7) 0.779 5(6)
b/ nm 1.067 8(9) 0.981 6(7)
¢/ nm 1.293 7(12) 1.434 1(10)
al(°) 77.427(15) 101.845(10)
B/(° 72.197(15) 90.464(12)
v/ (°) 74.312(15) 102.027(12)
V/nm? 1.027 1(16) 1.049 0(13)
A 2 2
D./ (g-cm™) 1.765 2.183
Absorption coefficient / mm™ 1.125 4.007
Crystal size / mm 0.15x0.12x0.08 0.24x0.22%0.20
F(000) 544 648
0 range for data collection / (°) 1.67~25.00 1.45~25.00
Index ranges (h, k. [) Osh<7-12<k<12,-15<l< 14 Osh<4-11<k<I1,-17T<1<17
Reflections collected 5214 4998
Unique (R;,) 3588 (0.023 8) 3631 (0.037 9)

Data/restraints/parameters 3588/3/297
Goodness-of-fit (GOF) on F?* 1.031

Final R indices [I>20(])]
R indices (all data)

459 and -567

Largest peak and hole / (e+nm™)

R=0.037 0, wR,=0.072 6
R=0.051 6, wR»=0.079 5

3631/1/247

1.027

R=0.047 5, wR=0.116 6
R=0.066 0, wR,=0.125 7
1 374 and -1 201

2 Results and discussion

2.1 Crystal structures of 1 and 2

As show in Fig.la, the seven-coordinated Cd(I)
ion in complex 1 is coordinated by one acylhydrazone
ligand with N,O donor set, one water molecule, one
mono-dendate and one bidendate nitrate anions, thus
giving a distorted mono-capped trigonal prismatic
geometry (Fig.1b). Selected bond lengths and angles
are summarized in Table 2. The Cd-N and Cd-O bond
lengths are in the range of 0.228 7(4)~0.247 4(4) nm,
comparable to the Cd(I) complexes with similar donor
sets!. It should be noted that in complex 1, the
acylhydrazone ligand is in a ketone form, since the
bond lengths of carbonyl C11-0O1 (0.124 5(5) nm) and
amide C11-N3 (0.136 1(5) nm) are comparable to those

[15]

of the reported acylhydrazones!™. In the crystal of 1,

two complex molecules are linked with each other by
pairs of intermolecular N-H---O hydrogen bonds
between amide nitrogen and monodendate nitrate oxygen
atoms (Fig.1c and Table 3), forming a centrosymmetry
dimer. Similarly, a further chain-like structure along b
axis is constructed by pairs of intermolecular O—H---O
hydrogen bonds between the dimers. In addition, large
amount of O—H---O hydrogen bonds between the chains
(Fig.1d) are helpful to consolidate the three-
dimensional network.

The coordination behavior of the acylhydrazone
ligand in complex 2 is same as that in complex 1. In
complex 2, the Cd(Il) center (Fig.2a) is surrounded by
two iodide anions and one tridentate neutral ligand L.
The geometric index 7 is 0.146 7 according to the
Addison rule! indicating that the coordination

geometry of the Cd(Il) ion in 2 is a distorted tetragonal
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Symmetry code: ' —x, —y+1, —z; " —x, —y+2, —z;

il

x+1,y, 20" —x, —y+1, —z+1

Fig.1 ~ (a) Molecular structure of the complex 1 shown with 30% probability displacement ellipsoids; (b) Coordination

geometry of the center Cd(Il) ion, coordination atoms shown with 30% probability displacement ellipsoids;

(¢) Chain-like structure along b axis formed by intermolecular hydrogen bonds (dashed line); (d) Extended

structure parallelling to (101) plane formed by intermolecular hydrogen bonds between chains

Table 2 Selected bond lengths (nm) and angles (°) in 1 and 2

1

Cd1-09 0.228 7(4) Cd1-06 0.233 4(3) Cd1-N2 0.235 7(4)

€d1-01 0.236 7(3) Cd1-N1 0.236 7(4) Cd1-04 0.246 1(3)

€d1-03 0.247 4(4) 01-C11 0.124 5(5) N3-C11 0.136 1(5)
06-Cd1-N2 88.77(13) 09-Cd1-01 82.01(13) 06-Cd1-01 81.14(12)
N2-Cd1-01 69.02(12) 09-Cd1-N1 101.43(15) 06-Cd1-N1 93.47(13)
N2-Cd1-N1 79.23(12) 01-Cd1-N1 147.83(11) 09-Cd1-04 90.26(16)
06-Cd1-04 85.17(12) N2-Cd1-04 147.11(11) 01-Cd1-04 78.11(11)
N1-Cd1-04 133.34(12) 09-Cd1-03 76.52(14) 06-Cd1-03 112.63(12)
N2-Cd1-03 155.09(11) 01-Cd1-03 124.85(11) N1-Cd1-03 86.60(11)
04-Cd1-03 52.22(9) 09-Cd1-06 163.11(13) 09-Cd1-N2 86.27(16)

2

Cd1-N2 0.231 9(6) Cd1-01 0.236 7(5) Cd1-N1 0.237 4(6)

cdi-11 0.272 43(15) Cd1-12 0.274 67(15) 01-Cl1 0.122 3(8)

N3-C11 0.136 8(9)
11-Cd1-12 110.63(5) N1-Cd1-12 102.61(16) N2-Cd1-01 68.49(18)
N2-Cd1-N1 78.9(2) 01-Cd1-N1 145.6(2) N2-Cd1-11 136.80(15)
01-Cd1-11 94.31(14) N1-Cd1-11 102.63(16) N2-Cd1-12 111.04(16)
01-Cd1-12 98.93(15)
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Table 3 Hydrogen bonds in complexes 1 and 2
D-H--A d(D-H) / nm d(H-+-A) / nm d(D-+-A) / nm £/ DHA / (%)

1
N3-H3A---06' 0.086 0.229 0.294 4(5) 132.5
02-H2A---04" 0.082 0.206 0.287 9(5) 178.4
09-H9A---07" 0.084 2(10) 0.249(4) 0.316 6(6) 138(4)
09-H9A--- 08 0.084 2(10) 0.204(2) 0.285 1(5) 160(5)
09-H9B---03" 0.084 8(10) 0.196 0(11) 0.280 8(5) 179(6)

2
N3-H3---03A 0.086 0.213 0.293 0(10) 154.3
02-H2A---12" 0.082 0.288 0.348 1(6) 131.8
03A-H3AA---O1" 0.082 0.235 0.305 5(11) 144.2

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

(a) (b)

x+1,y, 20" —x, =yl =z 1wt L, -y, 241 Y a2, y, 2+

Symmetry code ¥ —x+1, —y, —z+1; " x+2, y, z+1

Fig.2 (a) Molecular structure of the complex 2 shown with 30% probability displacement ellipsoids; (b) Coordination

geometry of the center Cd(Il) ion, coordination atoms shown with 30% probability displacement ellipsoids;

(c) Chain-like structure formed along a axis by intermolecular hydrogen bonds (dashed line) (O3B was deleted

for clarity)

pyramid (Fig.2b). Moreover, in the crystal of 2, pairs
of the crystal methanol molecules link the complexes
into centrosymmetry dimmers by intermolecular O-H
-0 and N-H---O hydrogen bonds. Furthermore, the
chain-like structure along @ axis is formed via
intermolecular O—-H --- I hydrogen bonds between the
dimers.
2.2 IR spectra

The IR spectra of free ligand L show strong band
at 1 654 ¢cm™, which is attributable to stretch vibrations
of the carbonyl group (¥(C=0)). The peak at 1 606
and 1 574 cm™ should be assigned to the vibration of
imine groups for acylhydrazone and quinoline units,
respectively. Upon coordination with Cd(I) ion, the
v(C=0), »(C=N-N) and v(quinoline C=N) shift by 29,
5, 18 em™ and 36, 1, 9 em™ in the complexes 1 and

2, respectively; indicating that carbonyl oxygen atom,

imine nitrogen atom and quinoline nitrogen atom take
part in coordination”. In addition, the intense absorp-
tion bands in the spectra associated with the asymm-
etric stretching appear at 1 381 or 1 301 em™ (v,) and
1 477 em™ (v)), clearly establishing that two NO;
groups in the complex 1 are mono-dentate and
bidentate ligands, respectively". The »(0-H) bands in
complexes 1 and 2 appear at about 3 397 and 3 307
cm 7', respectively. Moreover, the medium intensity
bands at about 890 c¢m™ shows that there are some
coordinative water molecules in the complex 1.
2.3 Thermal decomposition process of complexes

1 and 2

For detecting the thermal stabilities of complexes
1 and 2, thermal gravimetric (TG) analyses were
carried out from the room temperature to 800 “C with

1

the linear heating rate of 10 “C -min~" under argon
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Fig.3 TG curves for complexes 1 and 2

atmosphere. As shown in Fig.3, the thermal decom-
position processes of complexes 1 and 2 are similar as
each other, and can be divided into three stages. The
first stage occurs with weight loss of 3.75% and
4.64% below 100 °C for complexes 1 and 2, respec-
tively, corresponding to the loss of one coordinated
water molecule in 1 (Caled. 3.29%) and one lattice
CH;0H molecule in 2 (Caled. 4.38%); the second
process of weight loss appears between 285 to 352 C,
considered as the decomposition of NNH(CO)CsH4(OH)
part of the ligand L with weight loss of 26.78% and
21.26%, consistent with the calculated value of 27.48%
and 21.70% in complexes 1 and 2, respectively; the
final step from 352 to 596 C is assigned as the
decomposition of the remaining organic components.
The remainder may be CdO because the residue
weights  (23.43% and 18.33%) are in agreement with
(23.74% and 18.55% ) for
complexes 1 and 2, respectively.
2.4 UV spectra

The UV spectra of the ligand L, 1 and 2 in

CH;0H solution (concentration: 1x107 mol -L™") were

the calculated values

measured at room temperature (Fig.4). The spectra of
L. features three main bands located around 231 (e=
32390 L-mol™-em™), 283 (¢=14 701 L-mol™-cm™)
and 324 nm (£=23 933 L-mol™-cm™), respectively.
The bands could be assigned to characteristic 7-7*
transitions centered on benzene ring, quinoline ring

and imine unit, respectively!®. Different bonds can be
observed in the spectra of 1 (261 (£=9 983 L-mol™-
cm™), 320 (£=13 049 L-mol™-cm™), 385 nm (£=9 810

Lemol™-cm™)) and 2 (221 (£=38 933 L:mol™-cm™),
324 (=16 274 L-mol™-cm™), 382 nm (&=5 877 L-
mol ™' -em ™)), respectively, clearly indicating that the
acylhydrazone ligand takes part in the coordination in

complexes 1 and 2.

0.4

Absorbance / a.u.

0.0

L) T T 1
350 400 450 500

Wavelength / nm

T L
250 300

Fig.4 UV spectra of the ligand L (a), 1 (b) and 2 (c) in

CH;OH solution at room temperature

120 4

80 4

Intensity / a.u.

40

) T 1
350 400 450

Wavelength / nm

Fig.5 Fluorescence emission spectra of the ligand L (a),
1 (b) and 2 (c) in CH;0H solution at room

temperature
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2.5 Fluorescence spectra

The fluorescence spectra of the ligand L, 1 and 2
in CH;0H solution (concentration: 1x10~ mol - L) are
quite similar. When exited at 233 nm, the three
compounds show two emission bands at 333 and 343
nm, respectively (Fig.5). It is obvious that complexes 1
and 2 are photoluminescent with the emission peaks
corresponding to m—7* transition of metal-perturbed

intraligand™.
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