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Abstract
The 4-((9-phenyl-9H-xanthene-9-yl) oxy) phthalonitrile compound was synthesized and characterized as starting material. 
Zinc phthalocyanine was obtained by reaction of 4-((9-phenyl-9H-xanthen-9-yl) oxy) phthalonitrile with Zn(CH3COO)2. 
Novel compounds were characterized using mass spectra, UV–Vis spectroscopy, 1H-NMR, 13C NMR, and infrared spec-
troscopy. The fluorescence, emission, excitation, and absorption spectra of the zinc phthalocyanine compound were studied 
in tetrahydrofuran (THF). The determination of these properties is very useful for photodynamic therapy applications. Also, 
zinc phthalocyanine (Zn-Pc) was optimized with the basic set of 6-311G and LanL2DZ of the Density functional theory 
(DFT). The energy band-gap HOMO–LUMO of the molecule was determined. Chemical indices were calculated using 
HOMO–LUMO energies. The electrophilic region and the nucleophilic region were defined from the molecular electrostatic 
potential (MESP) maps. Dipole moment components have been calculated and can be considered as potential candidates for 
the design of non-linear optical materials.
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Introduction

Phthalocyanines are a class of compounds that are not 
naturally found in nature, but are widely synthesized and 
investigated. Perhaps, the most important feature of them 
is their electronic structure. This interesting structure of 
phthalocyanines finds application in areas such as sensor 
(Diab et al. 2019), catalyst (Farahmand et al.2019; Nest-
erov et al.2018), dye (Agirtas and Yildiko 2008), non-linear 
optic (Savelyev et al. 2019), electrochromic (Wong et al. 
2019), solar cell (Güngördü Solğun et al. 2019), conductiv-
ity (Agırtas 2007), liquid crystals (Makhseed et al. 2004), 
photodynamic therapy of cancer (Hodgkinson et al. 2017), 

anti-microbial (Lin et al. 2018), antioxidant(Ağırtas et al. 
2013), and DNA binding (Gerasymchuk et al.2018; Arslan-
tas and Agirtas 2018). Different phthalocyanine derivatives 
are tested for these applications and are the basis for deter-
mining new properties. Zinc phthalocyanine compounds 
have been applied in a wide range of scientific research 
fields, including materials such as photochemical, photody-
namic therapy, and biomedical purposes, including near IR 
absorption and fluorescent agent properties (Lv et al. 2013; 
Li et al. 2019). Although phthalocyanines have been widely 
accepted as technological products, their properties are not 
adequately explored. In this sense, the need to investigate 
new features continues. The synthesis of novel-substituted 
phthalocyanines provides important contributions to the 
above-mentioned purposes. In particular, Zn (II) phthalo-
cyanine compounds are preferred, because they are diamag-
netic for light-sensitive sensors (Kluson et al. 2008; Weijer 
et al. 2015). Here, the synthesis and optimization of this zinc 
phthalocyanine complex provides preliminary information 
as to whether it is suitable as a sensor. In addition to the 
spectral properties of this zinc phthalocyanine compound, 
the support of the boundary orbitals with theoretical research 
on HOMO–LUMO energies makes certain objectives (such 
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as semiconductor, non-linear) (Basiuk et al. 2019; Krishnan 
et al. 2017; Nečedová et al. 2017; Thimiopoulos et al. 2019). 
However, the examination of the structure interactions that 
are bound to the ligands is useful in that they are the basis 
of the molecule’s usage areas. Therefore, the DFT study of 
the newly synthesized phthalocyanine compound is useful.

This present study reports the characterization and syn-
thesis of phthalonitrile and zinc phthalocyanine compounds 
containing (9-phenyl-9H-xanthene-9-yl) oxy substituents. 
The fluorescence emission and extinction measurements of 
this phthalocyanine compound in THF were made. Also, 
absorption measurements of the compound at different con-
centrations indicate that the compound acts as a monomer 
in THF. This feature indicates that the compound may be 
a sensor agent for photodynamic applications. Analysis of 
the highest occupied molecular orbital (HOMO) and lowest 
free molecular orbital (LUMO) energies, MEP distribution 
of the molecule, and the Mulliken population analysis of the 
atomic loads in various molecular atoms are given.

Experimental

Materials

The chemicals required in the experimental procedures were 
used as received without purification. High-resolution mass 
spectra were recorded by LC–MS TOF electrospray ioniza-
tion technique (LC/MS (Thermo Scientific, TSQ-Quantum 
Access). 1H and 13C NMR spectra were recorded on an Agi-
lent 400 MHz spectrometer. Electronic absorption measure-
ments were performed with a Hitachi U-2900 Spectropho-
tometer. Fluorescence excitation and emission spectra were 
recorded on a shımadzu RF-6000 spectrofluorophotometer 
using 1 cm pathlength cuvettes at room temperature. Infra-
red measurements were performed with a Thermo Scientific 
FT-IR spectrophotometer.

4‑((9‑Phenyl‑9H‑xanthen‑9‑yl) oxy) phthalonitrile 
(3)

A mixture of 9-phenyl-9-xanthenol 1 (0.500 g, 1.823 mmol) 
and 4-nitrophthalonitrile 2 (0.575 g, 1.823 mmol) in 20 mL 
dimethylformamide (DMF) was continued for 15 min at 
room temperature under nitrogen atmosphere. Subsequently, 
K2CO3 (0.795 g, 5.76 mmol) was added to the reaction 
medium over a 2 h period. The reaction was continued for 
7 days at room temperature. To precipitate the product, this 
mixture was poured into approximately water (200 mL) and 
stirred for some time. The precipitate formed was filtered 
off, and then washed with purified water to neutralize. Prod-
uct was washed by diethyl ether. The resulting product was 
dried in a vacuum oven. Product is soluble in acetonitrile 

(hot), acetone, and dimethyl sulfoxide (DMSO). Yield: 
0.156 g, Mp: 220 °C. C27H16O2N2:400.43 g/mol. HRMS 
(ESI); (M + H) calc. for C27H16O2N2: 400.43; found: 423.11 
[M + Na]+. IR: spectrum (cm−1):3074, 2233, 1598, 1477, 
1442, 1311, 1290, 1242, 1155, 1097, 1026, 902, 869, 808. 
1H NMR (400 MHz, DMSO-d6): (δ: ppm) 9.03, 8.68, 8.66, 
8.43, 8.42, 8.23, 8.21, 8.04, 7.70, 7.68, 7.34, 7.32, 7.31, 
7.29, 7.27, 7.23, 7.22, 7.20, 7.18, 7.12, 7.11, 7.09, 7.07, 
7.05, 6.74, 3.37, 3.32, 2.48. 13C NMR (400 MHz, DMSO-
d6): (δ: ppm) 150.15, 149.52, 137.03, 136.11, 129.23, 
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128.32, 125.97, 123.77, 116.26, 69.09, 40.58, 40.37, 40.16, 
39.95, 39.74, 39.53, 39.33.

[Tetrakis‑(9‑phenyl‑9H‑xanthen‑9‑yl)oxy 
phthalocyaninato] zinc (II) (4)

To synthesize the phthalocyanine complex, compound 
3 (0.040 g, 0.100 mmol) and Zn (CH3 COO)2 (0.015 g, 
0.082 mmol) were added to the reaction vessel. The mixture 
was heated at 250°°C for 6 min. The temperature of the mix-
ture was allowed to warm to room temperature. For purifica-
tion, it was washed with different solvents such as hot ace-
tonitrile. TLC follow-up was performed for the purification 
process. This zinc phthalocyanine complex is well soluble 
in polar organic solvents such as THF, DMF, and DMSO. 
Yield: 0.016 g (38.09%). HRMS (ESI); (M + H) calc. for 
C108H64N8O8Zn: 1664.41; found: 1687.39 [M + Na]+. 
UV–Vis) (THF) λmax, nm (log ɛ): 676 (5.23), 640 (5.04), 344 
(5.12). 1H NMR (400 MHz, DMSO-d6): (δ: ppm) 8.65, 8.42, 
8.01, 7.78, 7.73, 7.51, 6.85, 6.63, 3.33, 2.48. IR spectrum 
(cm−1): 1587(C=C), 1483, 1398, 1276, 1247 (Ar–O–Ar), 
1083, 1047, 958, 850, 746.

Results and discussion

The synthesis reaction diagram of the 4-((9-phenyl-9H-xan-
then-9-yl) oxy) phthalonitrile (3) and zinc (II) phthalocya-
nine (4) is shown in Scheme 1. The 4-((9-phenyl-9H-xan-
then-9-yl)oxy)phthalonitrile (3) was accomplished by a 
base-catalyzed nucleophilic aromatic nitro displacement 
reaction between 9-phenyl-9-xanthenol 1 and 4-nitrophtha-
lonitrile 2 in the presence of dry K2CO3 in dry DMF under 
a N2 atmosphere for 7 day at rt. The phthalocyanine (4) was 
obtained by the reaction of 4-((9-phenyl-9H-xanthen-9-yl) 
oxy) phthalonitrile (3) with Zn(CH3COO)2. Purification of 
the phthalocyanine complex was followed by washing with 
some solvents and followed up with TLC. The characteriza-
tion of these compounds was achieved by mass, FT-IR, 1H 
NMR, and UV–Vis spectroscopic methods.

The IR spectrum in the vibrations of the functional 
groups gives important information. One of the most 
characteristic groups for the newly synthesized phthaloni-
trile derivative is nitrile peak. This peak was observed at 
2233 cm −1 as expected. Another characteristic vibration 
peak is aromatic in 3074 cm−1, C=C vibrations in 1598 cm−1 
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Fig. 1   1H-NMR spectra of compound 3 
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and Ar–O–Ar vibration in 1242 cm−1. These values cor-
respond to the vibration frequencies in the structure. After 
the formation of zinc (II) phthalocyanine, the IR spectra are 

Fig. 2   13C-NMR spectra of compound 3 

Fig. 3   Aggregation properties of zinc phthalocyanine at different con-
centrations

Fig. 4   Emission, excitation, and absorption spectra of zinc phthalo-
cyanine
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specifically related to the loss of specific CN peak and some 
shifts in other vibrations. Zinc (II) phthalocyanine 4 for C=C 
1587 cm−1 and Ar–O–Ar vibration is seen to have shifted 
to 1247 cm−1.

When the 1H NMR spectrum of Compound 3 is exam-
ined, the protons belonging to the aromatic ring accord-
ing to the structure of the molecule are observed in 
the range of 9.03–7.22. There are no aliphatic protons 
in the structure of the molecule. Only the peaks of the 

DMSO-d6 solvent are seen as 3.32 and 2.48 ppm. In the 
13C NMR spectrum of the same compound in DMSO-d6, 
the aromatic protons 150.15, − 116.26, and 69.09 ppm are 
observed, while the peak of the solvent is seen as a peak in 
the peak of 39.95 ppm. Figures 1, 2 show the proton and 
carbon NMR spectra of 4-((9-phenyl-9H-xanthen-9-yl) 
oxy) phthalonitrile 3. In the 1H NMR spectrum of zinc 
phthalocyanine compound 4, some peaks are shifted, and 
intermediate protons are observed to be in the range of 
8.65–6.63. Furthermore, peaks of the DMSO-d6 solvent 
are observed in 3.33–2.48.

The electron density of the phthalocyanine compounds 
18 π gave distinctive properties to the phthalocyanines. One 
of the most commonly used devices in determining these 
discriminative behaviors is UV–visible spectroscopy. Q 
and B absorption bands, which are frequently mentioned in 
electronic literature and which come from electronic transi-
tion, give information about whether phthalocyanines bind 
metal about ring structure. The Q and B absorption bands for 
this phthalocyanine are 676 and 344 nm, respectively. The 
absence of cleavage in the Q band indicates that phthalocya-
nine binds metal (Laajimi et al. 2019). Electronic absorption 
spectroscopy has been widely used to determine whether the 
structure contains metal. In this study, electronic absorp-
tion measurements of zinc phthalocyanine compound were 

Table 1   Theoretically obtained bond lengths (Å,o) of the molecule 
(DFT)

Atom groups Bond lengths

6-311G LanL2DZ

1 C4–N7 1.33575 1.34349
2 Zn41–N5 2.00400 2.02285
3 C15–C32 1.39219 1.40081
4 Zn41–N12 2.00402 2.02297
5 Zn41–N18 2.00609 2.02501
6 Zn41–N24 2.00389 2.02271
7 O109–C27 1.40004 1.40187
8 C56–O74 1.40831 1.41046
9 C90–O108 1.40584 1.40831
10 C38–H51 1.08138 1.08593
11 C30–O144 1.39972 1.40077
12 C159–O177 1.40210 1.40469
13 O75–C34 1.40015 1.40164
14 N7–C8 1.33614 1.34374
15 C10–C11 1.46166 1.47028
16 C23–N24 1.38553 1.39266
17 N5–Zn41 2.00400 2.02285
18 N19–C20 1.33787 1.34555
19 C11–N13 1.33203 1.34350
20 C117–H120 1.08166 1.08729

Table 2   Theoretically obtained bond dihedral (Å,o) of the molecule 
(DFT)

Atom groups Bond lengths

6-311G LanL2DZ

1 C20–N19–C17–C16 179.46 179.87
2 Zn41–N18–C14–C15 179.48 179.96
3 C15–C16–C32–H45 179.82 179.88
4 Zn41–N12–N5–C11 179.91 179.92
5 C30–C31–O144–O128 -170.27 − 173.83
6 C20–N24–N19–C17 − 0.089 0.14799
7 C8–C9–C10–C28 − 179.99 − 179.98
8 C16–C17–C31–H44 0.22901 − 0.02853
9 C38–C39–H51–O178 − 0.04219 0.16325
10 C4–N7–C8–C9 179.97 179.84

Table 3   Theoretically obtained bond angles of the molecule (Å,o) 
(DFT)

Atom groups Bond angles

6-311G LanL2DZ

1 C1–N5–C4 109.12041 109.40114
2 N18–Zn41–N12 89.98389 89.97140
3 C11–Zn41–N12 125.41597 125.27074
4 C39–O178–C162 124.29973 124.28883
5 C125–O143–C129 119.32546 119.23657
6 N7–C8–N12 126.03788 126.82842
7 C21–C22–C23 106.73210 106.76152
8 C27–H43–C28 122.75649 123.05841
9 C21–C36–H47 120.68092 120.67177
10 C34–O75–C59 126.87853 127.02901
11 N19–C20–N24 126.86688 126.85115
12 N13–C11–C14 125.21805 125.57494
13 C1–N5–Zn41 125.59297 125.45243
14 C128–C145–C146 122.43573 122.42659
15 C30–O144–C31 113.66279 113.46719
16 N5–N24–Zn41 89.96360 89.95491
17 O109–C27–C93 127.35722 127.05985
18 C10–N13–C11 124.33980 124.57447
19 N5–C1–N6 126.74031 126.70981
20 C8–C9–C10 35.87603 107.07837
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Fig. 5   The optimized structure of the compound using LanL2DZ base clusters



2395Chemical Papers (2020) 74:2389–2401	

1 3

measured for different concentrations in THF. It was found 
that the compound was not aggregated (Fig. 3).

Fluorescence molecules in general; bio-labeling, 
enzyme–substrate, environmental indicator, cell organelle 
labeling, disease diagnostics, organic radiation-emitting 
diodes, sensor agents, such as finding a wide range of com-
mon uses in chemistry, biology, and physics, and has become 
an integral part of the science. Tetrahydrofuran was used 
for the fluorescence absorption, excitation, and emission 
spectra of the zinc phthalocyanine compound 4. The spec-
tra observed are shown in Fig. 4. Stokes shifts are located 
within the observed interval for phthalocyanines. The excita-
tion spectra show some similarities with the absorption spec-
tra (Fig. 4). Fluorescence Stokes shift value of zinc phth-
alocyanine is found as 8 nm. Excitation gives λex (nm) 698, 
while emission gives 706 nm fluorescence. The observed 
Stokes shift of zinc phthalocyanine compound 4 is near to 
standard zinc phthalocyanine (StdZnPc) (Saka et al. 2011).

The form of this compound is more economical than 
the conventional methods. It provides advantages such as 
short-term synthesis and no need for solvent. The absence 
of the solvent in the environment also facilitates purifica-
tion. The fact that this phthalocyanine compound exhibits 

non-aggregate and fluorescence properties is advantageous 
for applications such as photodynamic therapy.

Theoretical results

Theoretical calculations were performed using the Density 
Functional Theory (DFT) method applied in the Gaussian 
09 calculation package (Frisch et al. 2009).

Molecular geometry and Mulliken charge 
distribution analysis

B3LYP is known to work well and consistently in quantum 
chemical calculations (Abkari et al. 2016; Zhao et al. 2018). 
This method has been used in many studies on metallo-
organic compounds. Verifies the linearity of the core and 
the planarity of the environment with optimized structures; 
it is also important to understand the behavior of the more 
dense phases of complexes.

For some selected atomic groups, the optimized Zn-Pc 
parameters calculated using the 6-311G (+) and the LAN-
L2DZ base set by the B3LYP method are listed in Tables 1, 
2 and 3. The structure of the molecule consists of planar 

Fig. 6   Mulliken atom charges of 
compound 4 calculated at DFT/
B3LYP/3-21G (+) level



2396	 Chemical Papers (2020) 74:2389–2401

1 3

phthalocyanine core and bent side groups (Fig. 5). For 
Zn-Pc, the binding distance of the central atom to the nitro-
gen atoms is between 2.004 and 2.022 Å in the base sets 
6-311G and LanL2DZ for Zn41–N12, respectively. In the 
study with the LanL2DZ basic set, the phthalocyanine 
nucleus was found to be slightly larger. Other bond lengths 
are listed in the comparative and normal range. The Zn-Pc 
constructs optimized with atomic loads of B3LYP/LanL2DZ 
and Muliken are shown in Fig. 6.

The selected atomic groups Zn41–N18–C14–C15 and 
C20–N19–C17–C16 dihedral angles were calculated to be 
close to 180°. The angles indicated in Table 2 indicate that 
the phthalocyanine nucleus is planar. The two basic sets gave 
a concordant result.

Mulliken load distribution for zinc atom, Zn41 (1.239), 
and the nitrogen attached to the central atom were calculated 
as N12 (− 0.466), N24 (− 0.465), respectively. Some of the 
C atoms in the phthalocyanine nucleus were positive and 
some were negative.

This phthalocyanine molecule, which is theoretically 
studied, has 189 atoms. Mulliken load distribution calcu-
lations, bond angles and lengths for this phthalocyanine 
molecule are the parameters that confirm and optimize the 

Fig. 7   Compound 4 HOMO–LUMO energy maps and band gap

Table 4   Comparison of HOMO, LUMO, energy gaps (Δ), and 
related DATPA (au) molecular properties

Molecules energy 6-311G LanL2DZ

ELUMO − 2.9035 − 2.9010
EHOMO − 5.0720 − 5.0453
Energy gap (Δ) EHOMO–ELUMO 2.1685 2.1443
Ionization potential (I  = − EHOMO) 5.0720 5.0453
Electron affinity (A  =  −ELUMO) 2.9035 2.9010
Chemical hardness (η = (I  −  A)/2) 1.0842 1.0721
Chemical softness (s = 1/2 η) 0.5421 0.5360
Chemical potential (μ = (I  +  A)/2) 3.9877 3.9776
Electronegativity (χ = (1 +  A)/2) 1.9517 1.9505
Electrophilicity index (ω = μ2/2 η) 14.6668 14.7586

Table 5   DFT belong to the basic set B3LYP/6-311G (d, s) and Lan-
L2DZ, electricity calculated dipole moments (Debye), (au) polariz-
ability, β components, and β tot DATPA value

Parameters 6-311G LanL2DZ

μ x 0.8532 0.8669
μ y 0.3560 0.3629
μ z 0.2628 0.1622
μ (D) 0.9611 0.9537
α xx − 675.4576 − 658.2325
α yy − 686.4507 − 672.9340
α zz − 683.6208 − 670.1446
α XY − 19.9769 − 23.8451
α XZ 2.8478 1.9240
α YZ − 15.5961 − 17.8228
α (au) − 681,8430 − 667,1037
β XXX − 23.1564 − 38.7877
β XXY 39.6376 41.8981
β XYY − 4.3915 − 5.2537
β YYY​ − 83.5606 − 84.1007
β XXZ − 20.2764 9.4686
β XYZ 5.4769 0.6493
β YYZ 3.4680 − 9.4349
β XZZ 64.0810 61.8927
β YZZ 41.7291 32.7330
β ZZZ 19.6878 12.6149
β (esu) 3.6 × 10−21 3.2 × 10−21



2397Chemical Papers (2020) 74:2389–2401	

1 3

structure. Modeled data support experimental data for syn-
thesized zinc phthalocyanine compound.

Frontier molecular orbitals [HOMO–LUMO]

Some electronic features for the optimized compound 4 
have also been reported herein, and HOMO and LUMO 
density trajectory maps are given in Fig. 7. In addition, 
ELUMO + 1 and EHOMO − 1 energy values of the com-
pounds were also calculated. In the phthalocyanine mol-
ecule; EHOMO = − 5.0720 eV—ELUMO = − 2.9035 eV, 
calculated. For other orbits: for Zn-Pc, the value of 
EHOMO − 1 = − 6.1336 eV ELUMO + 1 = − 2.9007 eV was 
calculated. HOMO and LUMO orbitals determine the way 
the molecule interacts with other species. The determina-
tion of HOMO–LUMO energies also helps to understand 
the chemical stability of a molecule for a parameter known 
as chemical hardness (η) (Chen and Wang 2019; Prabhaha-
ran et al.2015). The molecules with large HOMO–LUMO 
energy gaps are considered to be soft molecules with mole-
cules of hard molecules, small HOMO–LUMO energy cavi-
ties (Table 4.). Table 3 shows the chemical reactivity indices.

Quantum chemical calculations are for a single molecule 
in gaseous state. However, there may be deviation from the 
experimental values recorded in the presence of intermo-
lecular interactions (Table 5).

Molecular electrostatic potential (MEP)

In this study, molecular electrostatic potential (MEP) maps 
were extracted with both basic sets. As shown in Fig. 8, the 
MEP maps of LanL2DZ and 6-311G were mapped. The 
MEP map shows that the central atom has positive region 
fields characterized by blue color around it (Sayin and 
Karakaş 2015; Yankova et al. 2017). Also, the hydrogen 
atom in the ligands carries the maximum strength of the 
positive charge (dark blue). The aromatic ring region shows 
an almost neutral potential, most of which is represented by 
green color.

Fig. 8   Molecular electrostatic 
potential mapped of compound 
4 
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Table 6   Selected NBO results show the formation of Lewis and non-Lewis orbitals for compound 4 (Zn-Pc) using the B3LYP/6-311 G ++ (d, p) 
theory level

NBO(i) Type ED/e NBO(j) Type ED//e E(2)a(Kcal/mol) E(j)–E(i)b(a.u.) F(i,j)c(a.u)

C1–N6 σ 1.98029 C1–C2 σ* 0.04118 1.32 0.042 1.65
C4–N5 σ* 0.04857 2.54 1.26 0.051
N6–C23 σ* 0.02502 1.07 1.34 0.034
C22–C23 σ* 0.04202 3.37 1.31 0.060

N6–C23 σ 1.98030 C1 π* 0.00633 2.36 1.47 0.053
C22 σ* 0.01126 1.82 1.56 0.048
C1–C2 σ* 0.04118 3.33 1.32 0.060
C20–N24 σ* 0.04881 2.53 1.26 0.051
C22–C23 σ* 0.04202 1.62 1.31 0.041

N6–C23 π 1.70249 C1 0.00535 2.01 0.71 0.037
C1–N5 π* 0.59327 36.85 0.27 0.097
C21–C22 π* 0.46013 10.12 0.35 0.055

C8–N12 σ C9–C25 σ* 0.02257 4.18 1.34 0.067
C11–N13 σ* 0.02515 5.43 1.29 0.075

C8–N12 π 1.77064 C4–N7 π* 0.44913 7.24 0.31 0.045
C11–N13 π* 0.44958 32.12 0.31 0.094
C4–N7 π* 0.44913 170.96 0.03 0.088
C9–C10 π* 0.45947 52.99 0.07 0.076

C11–N12 σ 1.98016 N7–C8 σ* 0.02520 5.30 1.30 0.074
C10–C28 σ* 0.02162 4.11 1.37 0.067

C15–C16 π 1.58683 C14–N18 π* 0.58850 33.72 0.21 0.078
C17–N19 π* 0.44558 26.71 0.24 0.071
C29–C32 π* 0.31522 22.78 0.27 0.072

C15–C16 π 1.58683 C30–C31 π* 0.35998 20.51 0.27 0.067
C17–N19 π 1.70448 C20–N24 π* 0.59018 36.88 0.27 0.097
C20–N24 π 1.77433 N6–C23 π* 0.44773 31.58 0.31 0.094
C21–C22 π 1.59826 C20–N24 π* 0.59018 33.53 0.21 0.079

C33–C36 π* 0.28438 21.33 0.28 0.071
C34–C35 π* 0.36126 20.11 0.26 0.066

C25–C26 π 1.69356 C9–C10 π* 0.45947 18.82 0.29 0.069
N13 σ 1.89272 C11–N12 σ* 0.04851 16.41 0.72 0.099
C25–C26 π 1.69356 C27–C28 π* 0.36162 21.84 0.27 0.070
C37–H48 σ 1.97561 C2–C3 σ* 0.02721 5.89 1.05 0.070
N6 σ 1.89283 C1–N5 σ* 0.04891 16.34 0.72 0.098
C56–O74 σ 1.98418 C54–C55 σ* 0.02277 2.63 1.40 0.054
Zn41 0.29469 C23–N24 σ* 0.04884 6.73 0.10 0.057
C77–H80 σ 1.97498 C76–C78 σ* 0.02543 5.99 1.05 0.071

C79–C83 σ* 0.01638 4.83 1.05 0.064
C115–C117 π 1.66355 C110–C112 π* 0.35522 21.78 0.28 0.070
C128–O144 σ 1.97915 C145–C147 σ* 0.02472 2.76 1.33 0.054

C30–O144 σ* 0.03672 3.79 0.92 0.053
C30 σ 1.99883 C128–O144 σ* 0.07685 1.75 10.35 0.122
C90 σ 1.99864 C94–O108 σ* 0.03577 1.42 10.42 0.109
N5 σ 1.82582 N12 σ* 0.00312 5.20 2.06 0.097

N18 σ* 0.00316 7.42 2.05 0.115
O108 π 1.82676 C89–C90 π* 0.40919 19.47 0.36 0.079
O109 π 1.85958 C27–C28 π* 0.36162 25.19 0.33 0.087
O143 π 1.81169 C124–C125 π* 0.40932 23.82 0.35 0.086

C129–C130 π* 0.40967 23.72 0.35 0.086



2399Chemical Papers (2020) 74:2389–2401	

1 3

Natural bond orbital (NBO) and non‑linear optics 
(NLO) analysis

The NBO analysis was used to calculate the E(2) stabilization 
energies showing the displacement of the electron between 
the donor–acceptor and the atomic charge distribution of the 
phthalocyanine compound. The natural bond orbital (NBO) 
analysis technique provides a suitable basis for investigating 
the interaction of bonds in the molecule and charge transfers 
(Hakiri et al. 2018; Halim and Khalil 2017; Ravaei et al. 
2019). The parameters for compound (4) μ = 0.9611 D, 
α = − 681.84 au, and β = 3.6 × 10−21 esu were found in gas 
phase. These values for the M-Pc molecules examined indi-
cate that they can be considered as NLO materials (Table 6).

The NBO calculation used the theoretical calculation to 
understand a second interaction between the filled orbitals of a 
subsystem and the empty orbitals of another subsystem. These 
results are delocalization and hyperconjugation measurements.

The total stabilization energies of N6–C23 (occ. 1.70249)—
C1–N5 (occ. 0.59327) π → π* are 36.85  kcal mol−1, 
C1–N6 (occ. 1.98029)—C22–C23 (occ. 0.04202) σ → σ* 
3.37 kcal mol−1 and C8–N12 (occ. 1.77064) C9–C10 (occ. 
0.45947) π → π* 52.99 kcal mol − 1. As an example of the 
electronic transitions in the phthalocyanine nucleus, the sta-
bilization energy was found as LP Zn41 (occ. 0.29469) N5, 
N12, N18, N24 → σ* 23.42–23.60 kcal mol−1. The high val-
ues of E(2) stabilization energies from the NBO analysis of 
the metallo phthalocyanine compounds indicate the stability 
and π-electrons delocalization of the molecules. Interactions 
between orbitals in the molecule or stabilization energy are 
important in predicting molecular charge-transfer interactions. 
The natural electron configuration of Zn-Pc was calculated as 
Zn41 = [core] 4 s(0.39) 3d(9.93) 4p(0.01).

Conclusions

The (9-phenyl-9H-xanthen-9-yl) oxy substituted zinc 
phthalocyanine and its starting material were synthesized 
for the first time in this study by a low-cost method. The 

synthesized compounds are described by the conventional 
spectroscopic methods such as IR, UV–Vis, and NMR. 
The fluorescence of the synthesized phthalocyanine com-
pound and its non-aggregation property makes it advan-
tageous for applications. Fluorescence Stokes shift value 
of zinc phthalocyanine was found to be consistent with 
the literature value. The DFT/B3LYP calculation method 
was used to analyze the 6-311G and LanL2DZ base clus-
ters. After optimizing the structure and obtaining the bond 
lengths and angles between the core metal atom and the 
polarizability, the dipole moment was determined. The 
electron transfer between the orbital levels and the energy 
gap between these levels were investigated. It was also 
observed that the experimental results coincide with the 
calculated results. Experimentally and computationally 
described new zinc phthalocyanine compound can be 
regarded a useful candidate for many technological prod-
ucts using phthalocyanines.
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