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Abstract: In this present study, a new axially bis-4-
tritylphenoxy substituted silicon phthalocyanine 
compound was synthesized and characterized using 
infrared, mass, electronic absorption and nuclear magnetic 
resonance spectroscopy. Fluorescence and absorption 
spectra studies of the disubstituted silicon phthalocyanine 
complex were conducted on the chloroform, dimethyl 
formamide, dimethyl sulfoxide and tetrahydrofuran 
solutions. The findings of the  fluorescence studies 
demonstrated that the compound has fluorescence spectra 
in the different solvents. The effects of the substitution 
with axially bis-4-tritylphenoxy functionalized groups on 
these parameters were also compared with the previously 
synthesized axially disubstituted silicon phthalocyanines. 
These results proved that the compound has different 
fluorescence properties in the different solvents.
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silicon phthalocyanine, aggregation, solubility

Introduction
Phthalocyanines have potential applications in different 
areas such as photovoltaic cells [1-2], chemical sensor 
[3], semiconductors [4], electrochromic displaying 
systems [5], non-linear optics [6], laser dyes [7], optical 
storage devices [8], catalysts [9], photosensitizers [10] 
and liquid crystals [11]. Additionally, axially functiona-
lized phthalocyanines were studied in different areas 
such as enzyme inhibition, bacterial diseases, antioxi-
dant purposes, enzyme inhibition, electrochemistry, 
organic light-emitting devices (OLED), biomarkers and 
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photodynamic therapy (PDT) [12-16]. In these com-
pounds, the central metal ions have a very decisive effect 
upon the photophysical properties of metallophthalocy-
anine compounds. Particularly, closed-shell and diama-
gnetic ions, such as zinc(II), gallium(III), and silicon(IV) 
form metallophthalocyanine compounds having both 
long lifetimes and high triplet yields, and are good can-
didates for photocatalytic applications, such as pho-
todynamic therapy [17-18]. There are two reasons for 
the research into silicon phthalocyanines. One of them 
is high resolution due to axial binding. Axially substi-
tuted phthalocyanine compounds increase the solu-
bility of phthalocyanines in solvents and facilitate the 
investigation of their physical and chemical properties. 
The other reason is that it prevents aggregation in the 
solvent medium due to the axial bond [19]. Porphyrins 
are known to be used as a PDT agent for some types of 
cancer. However, instead of this agent, phthalocyanine 
compounds with superior properties have begun to be 
used. Phthalocyanines have ideal properties such as high 
singlet oxygen, chemical stability, low dark toxicity and 
absorption in the red region [20]. In the literature, our 
group has already synthesized metallo phthalocyanines 
bearing tritylphenoxy substituents, and these substitu-
ents showed dye sensitized solar cell (DCCS) properties 
[21]. These studies demonstrated that the substituent 
group could also be used as a solar cell. It is expected 
that the functionality of the tritylphenoxy group will 
increase by axially bonding to silicon phthalocyanine. 
When it shows fluorescence properties, it may show 
the potential to be used as an effective sensor agent in 
PDT applications. The factors expected to be effective in 
axially substituted phthalocyanines are low aggregation 
tendency, higher solubility and more dominant fluores-
cence lifetimes [22-23].

The aim of this study is to synthesize of axially tri-
tylphenoxy disubstituted silicon phthalocyanine com-
pounds, and to study the fluorescence and aggregation 
properties of the compound in different solvents. 
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Results and Discussion
Synthesis and Characterization

The synthetic route and structures of the bis - (4-trityl-
phenoxy) phthalocyaninato silicon (IV) (3) is as shown in 
Scheme 1. The compound (3) was obtained by a reaction 
between silicon phthalocyanine dichloride 1 and 4-tri-
tylphenol 2 in the presence of dry K2CO3 in dry toluene 
under a nitrogen atmosphere for 30 h at refluxed tempe-
rature. The complex was purified by extraction and purity 
was checked by TLC. Whether sufficient purification has 
been achieved or not was decided with TLC controls. The 
new phthalocyanine compound was characterized using 
mass, FT-IR, 1H NMR, 13C NMR, and UV–vis spectroscopy 
methods.

The FT-IR spectrum helps to characterize functional 
groups. The most obvious indicator for compound 3 is 
the complete disappearance of the OH vibration peaks 
observed in the starting material. As expected, characte-
ristic aromatic peaks (Ar – H) were observed at 3055 cm-1. 
The C = C vibration peaks that should be present in the 
structure are observed at 1593 and 1508 cm-1 as expec-
ted. Compound 3 Si-O-C stretch peak was observed at 
1080 cm-1 as expected in accordance with the data in the 
literature [24].

The mass spectrum of the newly synthesized com-
pound 3 was obtained by analysis with ESI mass spectro-
meter. The mass spectral principle is based on matching 
the measured correct mass and the isotopic form of a 
sample. It is decided whether the structure is confirmed 
by the mass agreement of the isotope measured by the cal-
culated mass of the compound. Mass spectra studies were 
carried out for the axially disubstituted silicon phthalocy-
anine and the mass spectra peaks of the compound were 
observed at 1211.42 [M+H]+. The finding verifies the struc-
ture of the synthesized compound.

The structure of axially disubstituted silicon phthalo-
cyanine 3 was also confirmed by 1H NMR for the through 
aromatic ring protons in its respective regions except 
for small shifts. In the 1H NMR spectrum of compound 
3 in DMSO-d6, aromatic protons appeared at range 7.82- 
6.66(Ar-H) ppm. In the 13C NMR spectrum of compound 
3 in DMSO-d6, aromatic protons were observed at 147.28, 
131.99, 130.90, 128.00, 126.25, 114.81 ppm. The 1 H NMR 
and 13C NMR spectra of the compound were shown in 
Figures 1 and 2.

Investigation of phthalocyanine compounds in terms 
of aggregation provides information about the interaction 
of the structure with the solvent along with the charac-
teristic information about the structure. These properties 

 

Scheme 1 Synthesis of axially bis-4-tritylphenoxy substituted 
silicon phthalocyanine 3

are dominated due to the π–π* transitions within the 
heteroaromatic 18-π electron system [25-26]. In particu-
lar, axial phthalocyanine complexes are expected to be 
non-aggregates. Therefore, it attracts the attention of 
researchers. Monomer behavior with good solubility is 
desirable for applications. The phthalocyanine compound 
has the characteristic Q band at 672 nm and the B band 
at 354 nm. In this study, the aggregation behavior of the 
external phthalocyanine compound was investigated 
at different concentrations in tetrahydrofuran (THF) as 
shown in Figure 3. The concentration-dependent aggre-
gation showed that the Q and B bands are not affected, 
and also the Lambert-Beer law was obeyed for different 
concentrations in the THF. This result indicated that the 
compound acts as a monomer in THF solution. In addition 
to the above methods, the UV absorption titration studies 
of the compound in different solutions showed the same 
pattern (Figure 4). These electronic data verified that 
the compound could be used for many applications in the 
near future.

The fluorescence compounds are used as disease dia-
gnostics, bio-labeling, enzyme substrate, environmental 
indicator, cell organelle labeling, organic radiation-emit-
ting diodes and sensor agents; and they have a wide range 
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Figure 1 1H-NMR spectrum of axially disubstituted silicon phthalocyanine 3

 

Figure 2 13C-NMR spectrum of axially bis-4-tritylphenoxy substituted silicon phthalocyanine 3
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of common uses in chemistry, biology and physics. The 
nature of substituents on axial positions can strongly 
influence essential parameters of a phthalocyanine, such 
as its solubility in organic solvents, aggregation behavior, 
electronic absorption, photophysical and photochemi-
cal properties. Due to the solubility of axially substituted 
silicone phthalocyanine compound 3 in many different 
solvents, different solvents such as chloroform (CHCl3), 
dimethyl formamide (DMF), dimethyl sulfoxide (DMSO) 
and tetrahydrofuran were used for fluorescence absorp-
tion, excitation and emission spectra of this compound. 
The observed spectra are shown in Figure 5-8. Stokes 
shifts obtained in the studied solvent media are consistent 
with the literature data given for phthalocyanines. The 
excitation spectra are similar to the absorption spectra 
and form mirror images of the fluorescence spectra for the 
studied silicon phthalocyanine complex. This indicates 

Figure 5 Emission, excitation, and absorption spectra of axially bis-
4-tritylphenoxy substituted silicon phthalocyanine 3 in CHCl3

Figure 3 UV-Vis spectrum of axially disubstituted silicon 
phthalocyanine 3 in THF at different concentrations

Figure 4 UV-Vis spectrum of axially disubstituted silicon 
phthalocyanine 3 at different solvents

Figure 6 Emission, excitation, and absorption spectra of axially bis-
4-tritylphenoxy substituted silicon phthalocyanine 3 in DMF

Figure 7 Emission, excitation, and absorption spectra of axially bis-
4-tritylphenoxy substituted silicon phthalocyanine 3 in DMSO
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that the compound does not show any degradation during 
excitation in the different solvents used. The fluorescence 
Stokes-shift values of the axially dispersed silicon phtha-
locyanine vary depending on the solvent effect. This value 
was 7 nm for chloroform, 6 nm for DMF, 5 nm for DMSO 
and 3 nm for THF. Stokes shift values with fluorescence 
emission and excitation maxima are shown in Table 1. Flu-
orescence excitation and emission values of axial silicon 
phthalocyanine were found to be in accordance with the 
values in the literature [27-28]. The fluorescence property 
of the compound in different solvents has the potential to 
be used in different areas.

Conclusions
In this study, a new disubstitued silicon phthalocyanine 
compound was synthesized for the first time. This novel 
compound was characterized by spectroscopic data such 
as FT-IR, Mass, UV-Vis, 1H NMR and 13C NMR. The phthalo-
cyanine compound was observed to have monomer beha-
vior in the different measured ranges of concentration in 
THF. At the same time, the fluorescence of the compound 

was examined in different solvents and showed fluores-
cence in all of the studied solvents. This property allows 
different solvents to be used in applications. This beha-
vior of the compound can be interpreted that as a poten-
tially sensitizing agent it may be used for photodynamic 
therapy. Furthermore, the absence of aggregation of the 
compound in the solvent medium is advantageous for 
applications.

Experimental
General

Potassium carbonate (K2CO3), 4-tritylphenol, tetrahyd-
rofuran, chloroform, silicon phthalocyanine dichloride, 
toluene, were commercially provided from companies 
such as Sigma, Aldrich and Merck. The purification of 
solvents was performed according to procedures found 
in literature [29]. A digital electrothermal apparatus was 
used for the melting point. The structures were analyzed 
by Hitachi U-2900 Spectrophotometer, Thermo Scientific 
FT-IR spectrophotometer, Agilent 400 MHz spectrometer, 
a Shımadzu RF-6000 spectrofluorophotometer and LC-MS 
TOF electrospray ionization technique. 

Bis - (4-tritylphenoxy) phthalocyaninato silicon (IV) (3) 

SiPcCl2 (75mg, 0.12mmol), 4-tritylphenol (81mg, 0.24mmol) 
and K2CO3 (0.055 g, 0.39 mmol) were mixed with dry 
toluene (10 mL) and refluxed for 30 h. After the product 
mixture reached room temperature, the organic fraction 
was separated by extraction (chloroform: water). After 
removing the solvent. Yield: 33 mg (45%), m.p. > 300°C. 
IR (ATR), ν/cm−1: 3055 (Ar-H), 1593, 1508, 1440, 1361, 1261, 
1163, 1122, 1080, 827, 750, 700. 1H NMR (400MHz, DMSO-
d6), (δ): 7.82, 7.26, 7.19, 7.11, 6.88, 6.66, 3.31, 2.49. 13C NMR 
(400MHz, DMSO-d6), (δ):147.28, 131.99, 130.90, 128.00, 
126.25, 114.81, 40.61, 40.40, 40.19, 39.98, 39.77, 39.56, 
39.35. MS (ESI), (m/z): Calculated: 1210.41; Found: 1211.42 
[M+H]+. UV–Vis (THF, 1×10-5 M): λmax/nm (log ε): 672 
(5.29), 608 (4.66), 354 (4.94).
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Table 1 Spectral parameters of the complex 3 in different solvents

Sample Q band
λmax (nm)

log ε Excitation
λEx (nm)

Emission
λEm (nm)

Stokes shift 
∆ Stokes (nm)

3 676 5.24 674 681 7 (in CHCl3)

3 674 5.25 666 672 6 (in DMF)

3 676 5.22 670 675 5 (in DMSO)

3 672 5.31 664 667 3 (in THF)

Figure 8 Emission, excitation, and absorption spectra of axially bis-
4-tritylphenoxy substituted silicon phthalocyanine 3 in THF
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