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Luminescent organic and metal coordination compounds 
have attracted considerable attention for their potential appli
cations in electroluminescent displays.1 Among coordination 
compounds, chelate d10 metal complexes are of great interest 
due to their high thermal stability and low cost as well as their 
good photoluminescent and electroluminescent properties.2 
For example, Zn(II) complexes with nitrogen and oxygen donor 
atoms exhibit blue3 and white emissions.4 Meanwhile, less lumi
nescent Hg(II) complexes have been reported. Recently some 
coordination polymeric Hg(II) complexes have shown blue 
fluorescence originating from intraligand charge transfer (ILCT) 
transitions.5 Herein, two novel d10 metal (M2+ = Zn2+and Hg2+) 
complexes with 2-[4-(dimethylamino)styryl] pyridine (dmasp) 
were prepared and their structural and luminescent properties 
were investigated. The dmasp ligand was of interest as it had 
an electron push-pull system, thereby stabilizing the n* levels 
and, in them, ILCT transitions could arise readily through a 
conjugated n system, which is also important to ILCT photo- 
luminescent materials as well as the second-order nonlinear 
optical (NLO) materials.6

Experiment시

Synthesis of Zn(dmasp)2Ch (1). To a stirred solution of 
2-[4-(dimethylamino)styryl]prydine (449 mg, 2.0 mmol) in 
methanol (15 mL) was added with a solution of ZnCl2 (272 
mg, 2.0 mmol) in methanol (5 mL). The reaction mixture was 
stirred for 12 hr at room temperature. After filtering, the yellow 
precipitate was collected. Light yellow crystals of 1 were obta
ined by slow evaporation in a dichloromethane solution. Elemen
tal analyses were performed at the Korean Basic Science 
Institute. Yield 932 mg (79.7%). mp: 242 oC. Anal. Calcd. for 
C30H32N4ChZn (Zn(dmasp)2Cl2): C, 61.60; H, 5.51; N, 9.58. 
Found: C, 61.33; H, 4.98; N, 9.37. 1H NMR (8, ppm; 6-DMSO, 
298 K): 8.48 (d, 2H, J = 4.2 Hz), 7.70 (t, 2H, J = 7.8 Hz ), 7.47 
(m, 8H), 7.15(t, 2H, J = 4.2 Hz), 7.00 (d, 2H, J = 15.9 Hz), 6.71 
(d, 4H, J = 8.4 Hz), 2.92 (s, 12H).

Synthesis of Hg(dmasp)2Cl2 (2). Hg(dmasp)2Cl2 was pre
pared and its yellow crystals were obtained by a similar method 
of Zn analogue using HgCh. Yield 1256 mg (87.2%). mp: 159 
oC. Anal. Calcd. for C30H32N4Cl2Zn (Hg(dmasp)2Cl2): C, 50.04; 

H, 4.48; N, 7.78. Found: C, 49.89; H, 4.33; N, 7.69. 1H NMR 
(8, ppm; 6-DMSO, 298 K): 8.48 (d, 2H, J = 4.8 Hz), 7.71 (t, 2H, 
J = 7.8 Hz ), 7.51 (m, 8H), 7.16 (t, 2H, J = 4.8 Hz), 7.02 (d, 2H, 
J = 15.9 Hz), 6.71 (d, 4H, J = 8.7 Hz), 2.93 (s, 12H).

Instruments. The 1H-NMR spectra were recorded with a 
Varian Mercury 300 spectrometer with CDCls (1H: 8 7.27 ppm) 
as an internal reference. The absorption (UV-Vis) and photo
luminescence (PL) spectra were measured by a Jasco V-570 
UV-Vis spectrophotometer and a Hitachi F-4500 fluorescence 
spectrophotometer, respectively, from 200 to 800 nm. Cyclic 
voltammetry (CV) experiments were performed on a Bioanaly- 
tical Systems CV-50W voltammetric analyzer in a 0.1 M solu
tion of tetrabutylammonium tetrafluoroborate (Bu4NBF4). 
The Pt disk electrode, Ag/AgNOs (0.1 M) electrode and Pt 
electrode were used as the working, reference and counter elec
trodes, respectively, at a scan rate of 100 mV/s, and ferrocene 
was used as a reference. Thermal analyses were carried out on 
a Metler Toledo TGA/DTA 815 analyzer under a nitrogen atmos
phere at a heating rate of 10 oC/min.

Ciystallogiaphy. X-ray intensity data were collected at room 
temperature on a Bruker SMART APEX-II CCD diffracto
meter using graphite monochromated Mo Ka radiation (入= 
0.71073 A). Structure was solved by applying the direct method 
using a SHELXS-97 and refined by a full-matrix least-squares 
calculation on F using SHELXL-97. All non-hydrogen atoms 
were refined anisotropically. All hydrogen atoms were placed 
in ideal positions and were riding on their respective carbon 
atoms (Bis。= 1.2 Beq and 1.5 Beq). Crystal data for 1: C3qH32C12 

N4Zn, Mw = 584.87, Monoclinic, P21/n, a = 14.108(2) A, b = 
9.4890(16) A, c = 21.606(4) A, p = 99.930(3) o, V = 2849.1(8) 
A3, Z = 4, Dcaic = 1.363 Mg m-3,卩=1.075 mm-1, %宓=27.50 o, 
23572 reflections (Rmt = 0.0667), 6544 unique reflections, 333 
parameters refined. GOF = 1.061, Final R indices [I > 2风시: 

R1 = 0.0561, 3R2 = 0.1411, all data: R1 = 0.1202, 3R2 = 0.1844. 
Crystal data for 2: C30H32 Cl2N4Hg, Mw = 720.09, Triclinic, 
P-1, a = 9.5858(3) A, b = 11.7419(3) A, c = 13.2808(4) A, a = 
87.219(8) o, p = 71.376(7) o, y = 88.966(8) o, V = 1414.88(9) A3, 
Z = 2, Dcaic = 1.690 Mg m-3,卩=5.654 mm-1,疆密=26.00 o, 
24342 reflections (Rint = 0.0499), 5457 unique reflections, 334 
parameters refined. GOF = 1.004, Final R indices [I > 2^(!)]: 
R1 = 0.0396, 3R2 = 0.0862, all data: R1 = 0.0676, g = 0.0990.

mailto:yikim@pusan.ac.kr


3110 Bull. Korean Chem. Soc. 2009, Vol. 30, No. 12 Notes

Results and Discussion

Zn(dmasp)2Cl2 (1) and Hg(dmasp)2Cl2 (2) were obtained 
from the reaction of metal chloride with dmasp ligand in meth
anol at room temperature.

MCl2 + zQ^^K^0^ m%・2Q^>N

1: M = Zn 
2: M = Hg

The thermal stability, investigated using thermal gravimet
ric analysis (TGA), showed that the 5% weight decomposi
tion temperatures were 273 and 216 oC for 1 and 2, respec
tively, showing high thermal stability as would be required for 
use in a electroluminescent device.7

Sin이e crystals were obtained by slow evaporation from a 
dichloromethane solution, producing light yellow crystals. 
ORTEP views of complexes 1 and 2, including the numbering 
scheme, are shown in Figures 1 and 2, respectively. In both 
complexes, the metal atoms were coordinated with two nitrogen 
atoms of the dmasp ligands and two chlorine atoms. The bond 
angles around the metal atoms were in the range of 101.7 - 
117.2o for 1 and 97.5 - 121.1o for 2, suggesting the coordination 
geometry as a distorted tetrahedral centered on the metal 
atom. The dihedral an이e between the N1-M-N18 and Cl1-M- 
Cl2 planes were 82.01(10)° and 77.67(11)o for 1 and 2, respec-

Figure 1. ORTEP diagram of 1 (ellipsoids with 30% probability). 
Selected bond lengths (A) and bond angles (o) for 1; Zn-N1 2.079 
(3), Zn-N2 2.071(4), Zn-Cl1 2.2414(13), Zn-Cl2 2.2327(13), N1- 
Zn-N2 101.70(14), N1-Zn-Cl1 116.16(10), N1-Zn-Cl2 106.24(10), 
N2-Zn-Cl1 105.26(11), N2-Zn-Cl2 117.13(11), Cl1-Zn-Cl2 110.47(5).

Figure 2. ORTEP diagram of 2 (ellipsoids with 30% probability). 
Selected bond lengths (A) and bond angles (o) for 2; Hg-N1 2.315(5), 
Hg-N18 2.362(5), Hg-Cl1 2.4160(15), Hg-Cl2 2.4245(17), N1-Hg-N2 
97.51(16), N1-Hg-Cl1 120.85(12), N1-Hg-Cl2 101.74(13), N2-Hg-Cl1 
99.04(13), N2-Hg-Cl2 114.57(13), Cl1-Hg-Cl2 121.10(6).

(a)

(b)

Figure 3. The molecule packings for complexes 1 (a) and 2 (b).

tively, which was close to 90o for the perfect tetrahedron. The 
dmasp ligand is a conjugated system and all included heavy 
atoms are nearly coplanar. In both complex 1 and 2, the two 
coordinated ligands on the metals were almost perpendicular 
to each other, with the dihedral angle between two dmasp li
gands at 86.1(1)。and 82.6(1)。for the Zn ⑴ and Hg (2) com
plexes, respectively.

In complex 1, the average Zn-N distance [2.075(4) A] was 
shorter than reported Zn-N bond lengths ranging from 2.1 - 2.2 
A8 and the average Zn-Cl bond lengths [2.2371(13) A] were 
similar to reported values.9 The average Hg-N [2.339(5) A] 
and Hg-Cl bond distance [2.4203(16) A] in 2 were similar to 
reported values.10,11

The intermolecular distance between the two parallel dmasp 
ligands N18-C31 and C31i-N18i [symmetry code: (i) -x + 2, -y 
+ 1, and -z] in the packing structure of the Zn complex (1) was 
3.5 A, which indicated the existence of significant n-n interac
tions and, in complex 2, this intermolecular distance was 3.5 
A. The molecular packing diagrams are shown in Figure 3.

The absorption and photoluminescence spectra in chloro
form showed a strong absorption by the free dmasp ligand at 
359 nm, assigned to the intraligand (IL) n-n* transition,12 and 
complexes 1 and 2 exhibited a 9 nm red shift compared with 
the free ligand (Figure 4 and Table 1). The absorption intensity 
of complexes 1 and 2 was stronger than the free ligand, support
ing that the metal ion played a role in stabilizing the ligand in 
the complex.

Both the ligand and complexes 1 and 2 in chloroform dis
played a broad, featureless emission band with maximum in
tensities at 〜450 nm upon 370 nm excitation. The PL quantum 
yield (0) of the complexes was measured in chloroform versus 
9,10-diphenylanthracene and was determined to be 3.9 % and 
3.7% for 1 and 2, respectively, and similar to dmasp (3.5%).
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Figure 4. Absorption (A) and photoluminescence spectra of dmasp, 
complexes 1 and 2 in chloroform (B) (1.0 乂 10-5 M) and film state (C).

0.0 0.2 0.3

( 
E
으
 

O
w

g
-
L

드
느
그

M

Solvent polarity parameter

(丄-n2 - 1)
(2s-1 2n2 + 1)

Figure 5. A plot of the absorption and emission maxima of dmasp, 
complexes 1 and 2 as a function of solvent polarity parameter of the 
Lippert-Mataga model, where n and e are the refractive index and 
dielectric constant of the solvent, respectively.

The similarity of the emission peaks of complexes 1 and 2 to 
the free ligand led to the conclusion that the emissions could 
be attributed to intraligand charge transfer (ILCT) transitions, 
a conclusion supported by the fact that the fluorescence showed 
a large solvent effect.12 With increasing solvent polarity, the 
emission wavelengths were found to increase significantly. 
The Lippert-Metaga plot13 in a variety of solvents is shown in 
Figure 5. It showed a significant positive solvatochromism of 
the emission maximum as a function of the solvent polarity, 
resulting from the contribution of the solvent reorientation 
energy.12,14 It is thought that ILCT transitions in the dmasp 
ligand arise from the electron-donor dimethylamino substituent 
donating to the electron-acceptor pyridine ring via the n-linker 
styryl group. The coordination to the metal was expected to
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Figure 6. The cyclic voltammograms of dmasp, complexes 1 and 2.

Table 1. Photophysical properties of dmasp and complexes 1 and 2

Emission 人max
c 1 Absorption人(nm)a (nm) 血 川八力丁人次厂、cComplex (S, X 1o3 M1 cm-1)——睡一①(％)Td ( C)

solutiona film

dmasp 359 (20) 447 540 3.5
1 368 (45) 452 540 3.9 273
2 368 (33) 451 540 3.7 216

"Measured in chloroform at room temperature. ‘Excitation wavelength 
was 370 nm. 9,10-Diphenylanthracene (0.91) was an external reference. 
cTd is the decomposition temperature at 5% weight loss.

enhance the electron-acceptor capability of pyridine ring, as the 
n-conjugation system would be extended upon coordination 
and the emission peak moved to a lower frequency since the 
electron transition energy of ILCT decreased, and thus the n- n* 
energy gap decreased.15 A 4 - 5 nm bathochromic shift of the 
emissions was observed in complexes 1 and 2, compared with 
the free ligand.

In the solid state of complexes 1 and 2, the intermolecular 
n-n interactions between the monomeric units further extended 
the n-conjugation system and resulted in a 〜90 nm batho- 
chromic shift in the emissions from the complexes in the film 
state when compared with the solution state, as shown in 
Table 1. Face to face n-n interactions in the solid state would 
lead to a broad, featureless luminescence that is red-shifted 
compared to emissions in solution.16

The electrochemical properties, as is shown in Figure 6, 
showed that both the ligand and complexes 1 and 2 in chloro
form underwent a irreversible oxidation process in the range of 
1.22 - 1.36 V, which was attributed to the oxidation of the 
ligand. From the obtained oxidation potential and the absorp
tion edges of the UV-visible spectra, the HOMO and LUMO 
energy levels and the energy gaps (Eg) were calculated.17 The 
results are in Table 2. The Hg(II) complex showed a cathodic 
peak at -0.33 V believed to the Hg(II)/Hg(I) process.18

In conclusion, we prepared two blue, luminescent Zn(II) 
and Hg(II) chloride complexes with dmasp ligands. The com
plexes were stabilized from n-n interactions between the par-



3112 Bull. Korean Chem. Soc. 2009, Vol. 30, No. 12 Notes

Table 2. Electrochemical data, HOMO, LUMO and optical energy 
gap of dmasp and complexes 1 and 2

Complex Eox (mV)a HOMO
(eV)a Energy gap (eV) LUMO (eV)‘

dmasp 1.22 5.96 2.58 3.38
1 1.24 5.97 2.59 3.38
2 1.36 6.09 2.79 3.31

aData were collected in chloroform containing 0.001M complexes by 
cyclic volammograms. ‘Data were collected in chloroform by UV-Vis 
spectrophotometer.

allel dmasp ligands in the solid state. The luminescent pro
perties showed that the photoluminescence arose from the 
intraligand emission from the excited state, and that they are 
novel potential candidates for applications in optoelectronic 
devices.
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