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Abstract: An innovative π-expanded ligand derived from salicylaldimine ligand representing 

pyrene ring as a substitute for benzene ring was synthesized in 5 steps from commercially available 

pyrene. This unique bidentate ligand (1) was coordinated to Cu(II) metal centre for affording 

complex 2, which was characterized by IR, elemental, X-ray diffraction analyses, and magnetic 

susceptibility. Its coordination geometry is a trans-square plane with an obvious stair-step structure 

which is formed by two pyrene moieties and the coordination plane (CuN2O2). In addition, the 

dihedral angle between the coordination plane and the pyrene ring is 34.9o and the plane of seven 

carbon atoms of the long alkyl chains were arranged nearly parallel to the pyrene rings. The 

electronic properties of this novel complex 2 were examined via cyclic voltammetry and absorption 

spectroscopy to show the narrower HOMO-LUMO gap than those of the complex 4. Moreover, the 

particular behavior of both complexes 2 and 4 was investigated through DFT studies. 
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1. Introduction 

Salicylaldimine is one type of the Schiff 

based ligands containing an NO chelate binding 

for complexation with most of the transition 

metals such as Pt2+, Pd2+, Cu2+, Ni2+, Zn2+ etc. So 

far, many salicylaldiminato-type ligands and 

their complexes have been reported. These 

complexes have been employed as catalysts 

[1,2], metallomesogens [3,4], organic light-

emitting devices (OLEDs) [5,6]. These useful 

applications in the industry have encouraged us 

to continue the development of 

salicylaldiminato-type metal complexes. Among 

strategies to improve their properties, ligand 

modification is a noticeable method [7,8]. 

Pyrene is a popular π-electronic rich 

aromatic hydrocarbon and concurrently one of 

the most widely studied organic chromophores. 

Its photophysical properties, such as excimer 

emission, a long fluorescence lifetime, and high 

quantum yield have been an engaging subject in 

fundamental and applied researches [9]. 

Therefore, pyrene-based complex of the 

salicylaldiminato-type ligand would be likely to 

establish a new type of ligand with striking 

photophysical properties. In addition, we have 

been put endeavors to study crystal structures 

and properties of donor-acceptor charge-transfer 

complexes for application in organic solar cells 

in which metal complexes as π-electron donor 

moieties based on the large conjugated systems 

are expected to boost electrochemical and 

photophysical properties [10-13].  

Many studies on pyrene-based complexes 

have been documented in which the pyrene 

behaves as a pendant to a common ligand [14-

20] or organometallic pyrene complexes [19,21-

24]. The salicylaldiminato-type ligands of 

pyrene have already been utilized to prepare for 

sensors and organic light-emitting diodes [25]. 

However, as far as we know, there exist few 

reports on salicylaldiminato-type transition-

metal complexes of pyrene [26-29]. In this 

paper, we have demonstrated that the expansion 

of the π electronic system of ligand can generate 

significant changes in the electronic, 

photophysical, and structural properties of the 

salicylaldiminato-type copper(II) complex 2. 

2. Results and Discussion 

2.1. Synthesis and MS Analysis 

The syntheses of the ligand (1) and the 

corresponding copper(II) complex (2) are shown 

in Scheme 1 [30]. Cu(OAc)2 and the ligand 1 was 

heated in a solvent mixture of toluene and 

ethanol in the presence of a base, CH3COONa, 

at 60oC for 3 hours under ambient atmosphere. 

The complex 2 was purified by chromatography 

using silica gel or by filtering directly from a 

mixture of the cooled reaction solution and a 

large amount of cold methanol to remove acetate 

salts. 

The addition of base is crucial to prevent 1 

from being decomposed in an acid environment 

that is created when adding metal cation into the 

solution. 2 was obtained from the reaction 

mixture as a yellow solid with a high yield of ~86 

%. It should be noted that the new complex 2 is 

stable under ambient condition and/or toward 

usual manipulations such as silica-gel 

chromatography and recrystallization from hot 

solvents, e.g., boiling ethyl acetate, under the air 

and room light. The reference complex 4 was 

prepared according to the literature reported for 

the similar complex having another alkyl group 

[31-35]. 

After being purified by recrystallization, the 

copper(II) complex 2 went through analysis by 

mass spectroscopy (MS) as shown in Figure S1 

of the Supporting Information (SI). The parent 

peak was observed by MS at m/z 776.34 [M+], 

while m/z 776.34 was calculated for 

C50H52N2O2Cu. The theoretical value and the 

experimental value are perfectly consistent 

(Figure S1 in the SI). Additionally, all 

compounds were also characterized by elemental 

analysis (Figure S2 in the SI).
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Scheme 1. Syntheses of the pyrene-based ligand 1, its copper complexes 2 and the reference copper complex 3a 
a(a) n-octylamine, CH2Cl2, r.t., 1 h; (b) Cu(CH3COO)2.H2O, CH3COONa, 5:1 PhMe:EtOH, 60oC, 3 h; (c) 

Cu(CH3COO)2.H2O, 1:1 ethanol:H2O, r.t., 1 h; (d) n-propylamine, ethanol, 85oC, 1 h.  

2.2. Diffraction study 

The molecular structures of the complex 2 

was established by single crystal X-ray 

diffraction. Additionally, the reference complex 

4 (R=nC8H17) was presented to compare their 

structural characterizations [31]. The structures 

of the two complexes are shown in Figure 1. 

Details of the crystallization procedures can be 

found in the experimental section, while full 

CIFs are accessible in the SI and the relevant 

reference. 

The crystal structure of 2 is in the P-1 space 

group, whereas the crystal structure of 4 is in the 

P21/c. In general, a paramagnetic copper(II)  

complex  has  a  square  planar  geometry  or 

tetrahedral  geometry  around  copper [32]. In 

this research, these complexes 2 and 4 have the 

coordination of a square planar geometry around 

copper with no deflection from planarity. The 

four coordination sites are occupied by the two 

imines and the pyrenolate groups for 2 and 

phenolate groups for 4. For the complex 2, the 

Cu-N bonds were recorded at 2.0006(19) Å 

while the Cu-O distances are at 1.9161(16) Å.  

Both complexes 2 and 4 are not co-planar, 

but are stepped as commonly seen in similar 

molecules, i.e. the two benzene rings are parallel, 

but their planes are separated by 0.74 Å [38]. In 

2, the two pyrene rings are also parallel and their 

planes are separated by 1.94 Å, approximately 3 

times as much as that in 4. Therefore, the 

dihedral angle between pyrene ring and the plane 

of N1-O1-O1i-N1i was measured at 34.9o, about 

2 times as much as that in 4 (15.9o). Another 

notable point is that the plane of seven carbon 

atoms of the long alkyl chains of 2 is nearly 

parallel to pyrene ring (6.7o) whereas the plane 

of eight carbon atoms of the long alkyl chains of 

4 is co-planar (75.2o). This difference can be 

caused by the fact that pyrene is bigger in size 

and has more π-electron that created the 

interaction CH-π. The optimized structures of 

both complexes 2 and 4 were performed by 

Gaussian software in ground state. Table 2 

displays some selected geometric parameters for 
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each optimized structure together with the 

available experimental data from X-ray 

diffraction analysis [31]. As a whole, there is a 

perfect harmony between the theoretical data 

and the experimental structure for the ground 

state.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. ORTEP view of the two complexes 2 and 4 as obtained by single crystal X-ray diffraction: (a) 2 top 

view, (b) 2 side view, (c) 4 top view, and (d) 4 side view. Atomic displacement ellipsoids are drawn at the 50% 

probability level. Element (color): copper (copper), carbon (blue), nitrogen (purple), oxygen (red) and hydrogen 

(yellow green). 
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Table 1. Crystal data and structure refinement details for 2 and 4 

 2 (R = nC8H17) 4 (R = nC8H17)31 

Mol. formula C50H52CuN2O2 C30H44CuN2O2 

Mol. Weight 776.52 528.21 

Crystal habit Brown, block Brown, block 

Crystal dimens./mm 0.280 x 0.150 x 0.060 0.20 x 0.20 x 0.15 

Crystal system Triclinic Monoclinic 

Space group P-1  P21/c 

a (Å) 8.207 (5) 16.571 (4) 

b (Å) 9.704 (6) 9.742 (3) 

c (Å) 12.360 (8) 9.500 (3) 

α (deg) 97.720 (8) 90 

β (deg) 98.191 (11) 101.507 (5) 

γ (deg) 92.742(6) 90 

V (Å3) 963.2 (10) 1502.9 (7)  

Z 1 2 

Dcalcd (g/cm3) 1.339 1.167 

μ(Mo Kα) (cm–1) 6.117 7.500 

T/K 298 (1) 298 (2) 

2qmax (deg) 54.9 50 

Radiation MoKa (l = 0.71075 Å) MoKα  MoKα 

R1, wR2 (I>2σI) 0.0459/0.1285 0.048/0.126 

Measured Reflections  Total: 9691       Unique: 4355 Total: 2656     Unique: 1414 

Rint 0.035 0.056 

The molecular packing diagrams for both 
complexes 2 and 4 are displayed in Figure 2. It 
is well-known that bis(N-alkylsalicylaldiminato) 
copper(II) complexes have supramolecular 
architectures depending on the chain length [32-
44]. With the complexes (R = nC8H17), they have 
several similar characters such as monomer, with 
long Cu∙∙∙Cu separations of 8.207 Å and 6.804 Å 
for 2 and 4, respectively, long alkyl chains break 
π-π interactions of the aromatic rings. However, 
the complex 2 has a more stair-step structure 
than the complex 4 as mentioned above. Another 

striking point is the different arrangements of the 
long alkyl chain in both complexes. In the 
complex 4, the eight carbon atoms of long alkyl 
chains are organized in columns along an axis, 
while the plane of seven carbon atoms of the 
long alkyl chains arranged nearly parallel to the 
pyrene rings in the complex 2 (Figure 2). In each 
cell unit, there are 4 and 10 complexes for 2 and 
4, respectively. This can be understood as the 
expansion of π-system inducing the larger 
aromatic rings to increase the interactions of CH-
π. 

 

 

 

 

 

 

Figure 2. Crystal packings of the complexes 2 (R = nC8H17) (left) and 4 (R = nC8H17) (right).  

Hydrogen atoms are omitted for clarity. 
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2.3. DFT calculations 

Table 2. Comparison of selected geometric parameters coming from X-ray diffraction analysis and DFT 

2 (R = nC8H17) 4 (R = nC8H17) 

 

 

X-ray 

 

Optimized 

geometry 

 

 

X-ray 

 

Optimized 

geometry 

N1-Cu1 2.0006(19) 1.96579 N1-Cu1 2.009(3) 1.97358 

N1i-Cu1 2.0006(19) 1.96579 N1i-Cu1 2.009(3) 1.97358 

O1-Cu1 1.9161(16) 1.88824 O1-Cu1 1.888(3) 1.88513 

O1i-Cu1 1.9161(16) 1.88824 O1i-Cu1 1.888(3) 1.88513 

O1-C1 1.306(3) 1.30123 O1-C1 1.305(5) 1.30377 

N1-C18 1.485(3) 1.47453 N1-C18 1.471(4) 1.47419 

N1-C17 1.285(3) 1.29535 N1-C17 1.288(5) 1.29609 

O1i -Cu1-N1i 89.54(7) 94.69566 O1i -Cu1-N1i 91.09(13) 94.75246 

O1-Cu1-N1 89.54(7) 94.69566 O1-Cu1-N1 91.09(13) 94.75246 

O1i-Cu1-N1 90.46(7) 95.16176 O1i-Cu1-N1 88.91(13) 94.34646 

O1-Cu1-N1i 90.46(7) 95.16176 N1-Cu1-N1i 88.91(13) 94.34646 

2.4. IR spectroscopy 

The characteristic behavior was observed in 

IR spectra, i.e., the lower-frequency shift of the 

imine C=N stretching mode (CN) attributable to 

the complex formation [33-35]. The IR spectra 

of both complexes 2 and 4 are shown in Figure 

3. The intense CN signal of 1, 1623 cm-1, was 

shifted to lower frequency region in 2, 1616 cm-

1. π-expansion only influences the CN of 2 as the 

lower frequency shift [37]. The value of the 

salicylaldimine ligand (R = nC8H17 is 1634 cm-1. 

The complex 4 (R = nC3H7) presents the smaller 

value, 1626 cm-1, than that of complex 2. This 

datum also shows the effect of π-expansion on 

the CN. Reflecting the pyrene nucleus of 1 and 

2, several strong absorptions attributable to C-H 

out-of-plane vibrations of pyrene, CH, were 

discovered in the frequency range of 850-680 

cm-1 [37]. Because the IR spectra of symmetrical 

(C2) pyrene derivatives can be perfectly reflected 

by theoretical calculations in terms of both the 

energies and intensities of bands, calculated IR 

spectra were gained for both complexes 2 and 4 

and compared with the experimental data for 

these complexes. As seen from Figure 3, the 

calculated spectra for both complexes 2 and 4 

perfectly reproduced the experimental data. 

Especially, we focused on the 1700-1500 cm-1 

region and 1000-500 cm-1 region where 

complexes 2 show the intense characteristic 

peaks at 1616, 841, and 686 cm-1. As clearly 

shown in Figure 3, these three intense peaks 

were reproduced for 2 and only one intense peak 

of CN was also reproduced for 4. Thus, these 

results show that π-expansion has an effect on 

the vibrations in these molecules. 

2.5. Absorption Spectra 

The absorption spectra of both complexes 
are displayed in the region of 300-800 nm region 
in Figure 4. The lowest excitation observed at 
483 nm, was substantially bathochromic shifted 
into the visible region relative to that of 4, was 

appointed to be the -* transition, based on 
theoretical studies, showing the expansion of the 

aromatic  systems of 2 relative to the complex 
4. The spectrum of 2 with fine structures might 
be the similar behavior of those for aromatic 
compounds such as pyrene [24].   
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The calculated absorption spectra based on 

the complexes 2 (R = nC8H17) and 4 (R = nC3H7) 

are also shown in the bottom portion of Figure 3 

(for details, see the table 3 and 4). It can be easily 

seen that the experimental data and the 

theoretical data are in a good harmony. 

 

Figure 3. Observed IR spectra (top) of both 

complexes 2 (blue) and 4 (red) and theoretical IR 

spectra (bottom) of 2 (R = nC8H17) (blue)  

and 4 (R = nC3H7) (red). 

 

Figure 4. Absorption spectra (top) of both 

complexes 2 (blue) and 4 (red) in toluene and 

theoretical absorption spectra (bottom)  

of 2 (R = nC8H17) (middle - blue) and 4 (R = nC3H7) 

(bottom - red). 

2.6. Analysis of -electron structure 

Theoretical calculations were executed using 

the Gaussian 09 software package [38,42] in 

order to provide deeper understandings of the 

electronic structures. Geometry optimizations of 

the ground states of both complexes were 

achieved using density functional theory (DFT) 

at the UB3LYP/6-31G(d) level of theory. The 

1800 1600 1400 1200 1000 800 600

 Wavenumber / cm-1

  

 

 

 

 

 

 

300 400 500 600 700 800

f  

 

Wavelength / nm

f   

 

0.0

0.2

0.4

0.6

0.8

1.0

 

 

 
/ 
1
0

5
 M

-1
c
m

-1



L.X. Dien et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 2 (2020) 62-76 69 

optimized structures were characterized by 

vibration frequencies calculations. These 

optimized structures are very uniform to the 

crystal structures of 2 and 4 (Table 2). In 

addition, the theoretical absorption spectra 

(Figure 4) and a beta molecular orbital (MO) 

diagram (Figure 5) were calculated for both 

complexes using time-dependent density 

functional theory (TD-DFT) at the UB3LYP/6-

31G(d) level of theory to observe the effect of π-

expanded system on the electronic structures. 

The lowest energy transitions of both complexes 

are summarized in Tables 3 and 4. In Figure 3, 

the absorption of 2 and 4 was predicted at 522; 

453 nm and 417; 366 nm, respectively. 

Therefore, it can be concluded that the π-

expansion affects the red shift of the absorption 

spectrum. In Figure 5, the β-HOMO of 2 is far 

higher in energy than that of 4 (-4.73 eV instead 

of 5.21 eV) and the β-LUMO of 2 is also far 

lower in energy than that of 4 (-2.15 eV instead 

of -1.87 eV). Thus, the βHOMO-βLUMO gap of 

2 is much smaller than that of 4 (2.58 eV instead 

of 3.34 eV). The marked red shift of the 

absorption of 2 relative to that of 4 is readily 

justified on this basis [38].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. β-MO diagrams of 2 and 4. H and L indicate the β-HOMO and β-LUMO, respectively. 

Table 3. Lowest-energy transitions of the complex 2 (R = nC8H17) as calculated by the TD-DFT with UB3LYP 

functional and 6-31G(d) basis set in toluene (300-700 nm, f ≥ 0.01, transition contribution ≥ 14%) 

Excitation state Energy (nm) Oscillator strength (f) Dominant component 

3 649 0.0148 HOMO-12 (B)  LUMO (B)       (17%) 

10 522 0.0873 HOMO (B)  LUMO (B)            (38%) 

11 458 0.0415 
HOMO (A)  LUMO+1 (A)        (37%) 

HOMO (B)  LUMO+1 (B)        (50%) 

12 453 0.2324 
HOMO (A)  LUMO (A)            (37%) 

HOMO (B)  LUMO+2 (B)        (47%) 
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15 429 0.032 
HOMO-1 (A)  LUMO+1 (A)     (21%) 

HOMO-1 (B)  LUMO+1 (B)     (62%) 

16 426 0.0116 
HOMO-1 (A)  LUMO (A)       (14%) 

HOMO-1 (B)  LUMO+2 (B)     (70%) 

19 379 0.6279 
HOMO (A)  LUMO+3 (A)       (38%) 

HOMO (B)  LUMO+4 (B)       (49%) 

20 375 0.0266 
HOMO (A)  LUMO+2 (A)       (33%) 

HOMO (B)  LUMO+3 (B)       (57%) 

24 368 0.1658 HOMO-2 (B)  LUMO (B)       (44%) 

25 364 0.1076 
HOMO-1 (A)  LUMO+2 (A)     (20%) 

HOMO-1 (B)  LUMO+3 (B)     (35%) 

27 363 0.0211 HOMO (A)  LUMO+4 (A)       (14%) 

28 361 0.0398 
HOMO-1 (A)  LUMO+3 (A)     (29%) 

HOMO-1 (B)  LUMO+4 (B)     (49%) 

29 349 0.0237 
HOMO-4 (A)  LUMO+1 (A)     (21%) 

HOMO-2 (A)  LUMO+1 (A)     (53%) 

Table 4. Lowest-energy transitions of the complex 4 (R = nC3H7) as calculated by the TD-DFT with UB3LYP 

functional and 6-31G(d) basis set in toluene (300-700 nm, f ≥ 0.01, transition contribution ≥ 14%) 

Excitation state Energy (nm) Oscillator strength (f) Dominant component 

8 417 0.0657 
HOMO-4 (B)  LUMO (B)        (15%) 

HOMO (B)  LUMO (B)           (39%) 

11 366 0.0240 
HOMO-2 (A)  LUMO (A)        (18%) 

HOMO-1 (A)  LUMO (A)        (59%) 

13 363 0.0135 
HOMO (A)  LUMO (A)            (53%) 

HOMO (B)  LUMO+1 (B)        (33%) 

15 334 0.0194 HOMO-1 (B)  LUMO+1 (B)     (62%) 

17 320 0.0576 

HOMO-2 (A)  LUMO (A)         (56%) 

HOMO-1 (A)  LUMO (A)         (16%) 

HOMO-1 (B)  LUMO+1 (B)     (15%) 

18 318 0.0107 

HOMO-2 (A)  LUMO+1 (A)     (54%) 

HOMO-1 (A)  LUMO+1 (A)     (19%) 

HOMO-1 (B)  LUMO+2 (B)      (20%) 

19 309 0.0468 
HOMO-4 (B)  LUMO (B)          (56%) 

HOMO-2 (B)  LUMO (B)          (32%) 

21 306 0.0178 
HOMO (A)  LUMO+2 (A)         (20%) 

HOMO (B)  LUMO+4 (B)         (17%) 

2.7. Electrochemical properties 

Differential pulse voltammetry (DPV) and 

cylic voltammetry (CV) of two complexes were 

performed in dry 0.1 M PhCl [n-Bu4N]PF6 

supporting electrolyte with Fc/Fc+ as the 

reference redox couple (for details, see 

experimental section). The recorded 

voltammograms are shown in Figure 6 and 

summarized in Table 5 for the range within 

which redox processes were discovered. The 

complex 2 displays reversible first oxidation 

wave and three irreversible oxidation waves 

(0.09; 0.57; 0.87; and 1.07 V) within the solvent 

window, while the complex 4 displays an 

irreversible first oxidation wave and another 

irreversible oxidation (0.59 and 0.86 V). The 

HOMO-LUMO gaps for both complexes were 

established by the basis of the potential 

difference between the first oxidation and first 
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reduction. From the voltammograms, the 

HOMO-LUMO gap of 2 (1.51 V) is smaller than 

that of 4 (2.04 V), as foreseen from the 

bathochromic shift in absorption spectroscopy of 

2 relative to 4. The potential difference of 0.03 

V between the first reduction steps of 4 (-1.45 V) 

and 2 (-1.42V) was smaller than the difference 

of 0.50 V between the first oxidation steps of 

these compounds (0.59 V and 0.09 V, 

respectively) (Figure 6). This is in agreement 

with the anticipation that the stabilization of the 

HOMO of 2 relative to the complex 4 is larger 

rather than destabilization of the LUMO (Figure 

5). This is a result in line with the easier 

oxidation and reduction found experimentally 

for 2 compared with 4. Therefore, the π 

electronic-expanded system of pyrenyl moiety 

helps narrow HOMO-LUMO gap, and results in 

the longer conjugated system, the higher energy 

of the HOMO, and the lower energy of the 

LUMO. With a narrow HOMO-LUMO gap, the 

complex 2 requires less energy than the complex 

4 in order to promote and electron from the 

HOMO to the LUMO, enabling the absorption of 

UV and visible light to take place at ever longer 

wavelength [38]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Room-temperature differential pulse 

voltammograms (top) and cyclic voltammograms 

(bottom) of both complexes 2 (blue lines)  

and 4 (red lines).

Table 5.  Electrochemical data of the complexes 2 and 4a 

Complexes Oxidation Reduction 

2 +1.07(irr), +0.87(irr), +0.57(irr), +0.09             -1.42(irr) 

4 +0.86(irr), +0.59 (irr)             -1.45(irr) 

aAr-saturated PhCN/0.1 M [n-Bu4N]PF6, room temperature, υ = 0.10 V s-1, glassy carbon working, platinum wire counter, 

and Ag/AgCl reference electrodes, E1/2 for processes exhibiting peaks in the forward and back scans, peak potentials for 

processes, exhibiting no peak for the back scan (irr), presented in V vs. Fc/Fc+ 

2.8. Magnetic studies 

Figure 7 shows temperature dependence of 

magnetic susceptibility χA and effective 

magnetic moment μeff measured in magnetic 

field of 5000 Oe as a function of temperature in 

the range of 2-300 K for the complex 2 in the 

solid state. The plot of 1/χA versus T for T > 50 

K obeys the Curie-Weiss law, where the Weiss 

constant is the negative value of θ = -0.2 K. In 

the range of the mentioned temperature, the 

effective magnetic moment μeff is in the range of 

1.73-2.13 μB showing one unpaired electron, a d9 

configuration, on the copper center in the 

monomer complex 2. The slight decrease of μeff 

below 20 K, the small value of the Weiss 

constant and the obtained coupling constant J = 

0.0 cm-1 show no interaction between the copper 

monomers that is expected for the copper center 

separated by the large distance (> 8 Å) [43,44]. 



L.X. Dien et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 2 (2020) 62-76 72 

 

 

 

 

 

 

 

 

Figure 7. Temperature dependence of magnetic 

susceptibility χA (red line) and effective magnetic 

susceptibility μeff (blue line) as a function of 

temperature of the complex 2 measured in magnetic 

field of 5000 Oe. 

Besides, the field dependence of the 

magnetization (0–50 kOe) measured at 4.0 K is 

shown in Figure 8, where M, N, β and H are 

magnetization, Avogadro’s number, electron 

Bohr magneton and applied magnetic field, 

respectively. The magnetization increases with 

the increase of magnetic field, reaching ca. 0.73 

Nβ per each the complex 2 at 50 kOe. Based on 

these things, it can be confirmed that the 

complex 2 is paramagnetic material. 

 

 

 

 

 

 

 

 

 

 

Figure 8. Magnetization for complex 2 at 4 K as a 

function of the applied magnetic field (0–50 kOe). 

3. Conclusions 

A salicylaldiminato-type copper(II) complex 

of pyrene was designed and synthesized 

successfully by a six-step synthesis. The 

coordination of the ligand 1 to Cu(II) metal 

centre gave stable neutral square-planer complex 

2, which was characterized by elemental 

analysis, IR spectroscopy, X-ray diffraction 

analysis, and magnetic susceptibility. The 

complex 2 is not co-planar, but is stepped as is 

commonly observed in similar complex 4. 

However, the arrangement of carbon atoms of 

long alkyl chains is different in 2 and 4. In order 

to understand the electronic differences between 

the salicylaldiminato and the pyrene-based 

complexes, absorption spectroscopy, cyclic 

voltammetry experiments and comparative DFT 

study of 2 and 4 were performed. From these 

data, the effects of the expansion of -system of 

the ligand certainly decreases the HOMO-

LUMO energy gap of the complex 2.  The lowest 

excitation energy found in the visible region and 

the lower oxidation potential and higher 

reduction potential observed at 0.09 V and -1.42 

V of 2, respectively, are applicable to the 

advanced materials such as organic solar cell. 

The packing of 2 exhibit no π-π interaction in the 

network of the crystal structure that exists in 

mononuclear complex with the long distances of 

Cu∙∙∙Cu separations. The authors are currently 

investigating other metal complexes with 1 and 

making some charge transfer complexes for 2. 

Besides, the authors are also considering the 

effect of the packing and coordination geometry 

of 2 to its photophysical properties and magnetic 

property. 

  4. Experimental  

Synthesis. Preparation of 1. To a solution of 

3 (a yellow solid) (114.09 mg, 46 mmol) in 8 mL 

of CH2Cl2, a solution of C8H17NH2 (72.85 mg, 

0.564 mmol) in CH2Cl2 (2 mL) was added. The 

mixture was stirred at room temperature for 1 h. 

Evaporation of the solvent gave 166.35 mg of 

crude product, which was recrystallized from 
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hexane to yield 1 as a red powder (134.78 mg, 82 

%). Rf = 0.32 (hexane/chloroform = 1:3 as 

eluent); Melting point (Mp): 98.5 oC; 1H NMR 

(500 MHz, CDCl3) δ 14.93 (s, 1H), 8.71 (s, 1H), 

8.53 (s, 1H), 7.77-8.07 (m, 7H); IR(KBr) (cm-1) 

1623 (C=N). UV/vis (CH2Cl2) λmax/nm (/M-1 

cm-1): 526 (700), 430 (3,900), 408 (3,200), 387 

(3,400), 357 (21,700), 342 (15,200), 324 

(shoulder, 7,400), and 274 (59,700). MS 

(MALDI) (m/z): [M+] Calcd for C25H27NO: 

357.50, Found 358.56, Anal.: Calcd for 

C25H27NO: C, 83.99; H, 7.61; N, 3.92. Found: C, 

83.70; H, 7.60; N, 3.81.  

Preparation of 2. A mixture of 1 (30.05 mg, 

0.084mmol), anhydrous CH3COONa (26.28 mg, 

0.32mmol) in 6 mL of mixture of toluene and 

ethanol (PhMe/EtOH = 5:1) was added 

Cu(CH3COO)2.H2O (8.35 mg, 0.042 mmol) at 

60 oC. The mixture was stirred for 3 h. After a 

fast cool-down with an ice bowl, the reaction 

mixture was filtered and the residue was washed 

with methanol to obtain 2 as a yellow solid 

(26.64 mg, 82%). Mp: 192 oC; IR(KBr) (cm-1) 

1616 (C=N). UV/vis (PhCH3) λmax/nm (/M-1 cm-

1) 483 (15,793), 460 (15,599), 385 (78,576), 366 

(shoulder, 43,689), 302(81,553). HR-MS (m/z): 

[M+] Calcd for C50H52CuN2O2, 776.34; Found: 

776.34. Anal. Calcd for C50H52CuN2O2: C, 

77.34; H, 6.75; N, 3.61. Found: C, 77.17; H, 

6.95; N, 3.45. 

Preparation of 4. The reference copper(II) 

salicylaldiminato has been prepared as is 

described in ref. 31. A cold concentrated 

solution of the Cu(CH3COO)2.H2O (0.5 mmol) 

in 3 mL of water was treated with the 

salicylaldehyde (1 mmol) in ethanol (3 mL). The 

resulting suspension was heated on an oil-bath 

for 1 h, cooled to room temperature, and filtered. 

The solid bis(salicylaldehydato) copper(II) was 

then refluxed in ethanol (3 mL) with an excess 

of n-propylamine (1.35 mmol) in 1 mL of 

ethanol until solution was complete (1 h). The 

crystals 4 which separated on cooling were 

recrystallized from cyclohexane. (104.11 mg, 

54%). Mp: 122oC; IR (KBr) (cm-1) 1626 (C=N). 

UV/vis (PhCH3) λmax/nm (/M-1 cm-1) 368 

(10,461), 308 (9,475). Anal.: Calcd for 

C20H24N2O2Cu: C, 61.92; H, 6.24; N, 7.22. 

Found: C, 61.89; H, 6.20; N, 7.13.  

Appendix. Supplementary material 

CCDC 1953957 contains the supplementary 

crystallographic data for 2019/09/16. These data 

can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.htm

l, or from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ, 

UK; fax: (+44) 1223-336-033; or e-mail: 

deposit@ccdc.cam.ac.uk. 

Three electronic supplementary informations 

(ESIs) are available: i.e., ESI-#1: spectroscopic 

results, ESI-#2: x-ray structure report, ESI-#3: 

theoretical studies, and CIF-file of 2, CCDC 

1953957. For ESIs and crystallographic data in 

CIF or another electronic format see DOI: 

XXXXXXXXXXX 
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