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Property study of a new silica nanoparticle
delivery system of hydrophobic
phthalocyanine using spectroscopic method
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Abstract. Tetra-tert-butyl zinc(II) phthalocyanine has attracted great attention as an effective photosensitizer in the field of
photodynamic therapy. However, tetra-tert-butyl zinc(II) phthalocyanine is hydrophobic and trends to aggregate to form the
inactive congeries in aqueous solution, which dramatically reduce its photodynamic activity. To solve this problem, tetra-
tert-butyl zinc(II) phthalocyanine was encapsulated into silica nanoparticles using microemulsion method and its properties
were studied using spectroscopic methods. After embedded inside the silica nanoparticles, the water-solubility, stability and
monomer percent of phthalocyanine in water were greatly improved comparing with the free phthalocyanines, and therefore, its
photo-induced singlet oxygen generation efficacy of drug-doped silica nanoparticles was improved. The results indicated that
encapsulation hydrophobic phthalocyanine into silica nanoparticles was an effective way to solve their problems and promote
their clinical application.
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1. Introduction

Photodynamic therapy (PDT) is a promising treatment for several types of cancers, such as esophageal
cancer, liver cancer and so on. This treatment involves the administration of photosensitizers (PSs), and
then irradiates with light of a specific wavelength to induce cell death. Singlet oxygen (1O2) and other
cytototoxic reactive oxygen species (ROSs) are formed in the overall reaction [10–12].

One of the PSs most widely used in PDT is phthalocyanines (Pcs) because of their strong absorption in
the phototherapeutic window, high singlet oxygen generation efficiency, and high photodynamic activi-
ties for inactivation of different tumour cell lines [1,2,8,13]. However, it was found that the preparation
of injectable formula for Pcs was highly hampered by the poor water solubility of these compounds.
In addition, Pcs will aggregate in aqueous solution, which can interfere with their PDT efficacy and
decrease the fluorescence of the Pcs [16].

To solve this problem, approaches such as structural modifications with hydrophilic or amphipathic
groups have been attempted [9,15]. In vitro studies indicated that such hydrophilicity or amphipathic
derivatives show superior photo-induced anti-cancer activity to the original Pcs [3,18]. However, the
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Fig. 1. Chemical structure of tetra-tert-butyl zinc(II) phthalocyanine.

structure modification approach involves complicated synthetic and purification steps, which are not
general and always possible. As an alternative way, preparation of nano-scale drug delivery system can
also solve above problems of phthalocyanines. The hydrophobic core of the nanocarrier provides a nat-
urally compatible environment for loading hydrophobic Pcs molecules, while the hydrophilic shells sta-
bilize the nanocarriers for increased water solubility and prolong blood circulation. Another advantage
of incorporating Pcs-based PS agents into micelles includes the ability to prevent aggregation to avoid
the loss of their PDT efficacy and fluorescence [5,17,21]. Recently, silica-based nanoparticles have been
receiving quickly increased research attentions as Ps delivery system because of their superior biocom-
patibility and the controllable size, shape, porosity and mono-dispersibility properties [7].

Here, tetra-tert-butyl zinc(II) phthalocyanine (TBPc) (Fig. 1) as the representative of lipophilic ph-
thalocyanine, was encapsulated into silica nanoparticle (TBPcSN) by the microemulsion way. In addi-
tion, the morphology and size, optimal encapsulation amount, singlet oxygen production properties of
TBPcSN were studied using spectroscopic methods.

2. Materials and methods

2.1. Materials

TBPc was obtained from Sigma-Aldrich. Surfactant triethoxyvinylsilane (TEVS; 97%) and
3-aminopropyltriethoxysilane (APTES; 99%) were purchased from ACROS. Cetyltrimethylammo-
nium bromide (CTAB; 99%), cosurfactant 1-butanol (99%), chloroform (CHCl3) were purchased from
Sinopharm chemical reagent.

2.2. TBPcSN preparation

TBPcSN was prepared by microemulsion method [4,19] with some modification. Briefly, to 20 ml of
doubly distilled water, 0.36 g of CTAB and 800 µl of 1-butanol was added. Then, different volumes of
TBPc solution in CHCl3 (10−2 M) was added by magnetic stirring. Next, 200 µl of TEVS was added
and the resulting solution was stirred until it became clear (about 1 h). After that, 20 µl of APTES was
added and the system was stirred for about 20 h in dark. The entire reaction was carried out at room
temperature. After the formation of the nanoparticles, surfactant CTAB and cosurfactant 1-butanol were
removed by dialyzing the solution against water with a 12–14 kDa molecular weight cutoff cellulose
membrane for 48 h. As the control, free TBPc was dissolved in water using chloroform (CHCl3) as
latent solvent.
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2.3. Characterization

Transmission electron microscopy (TEM) image was obtained using a JEM 2010(HR) electron mi-
croscope. All absorption spectra were recorded on a VARIAN CARY 5000 UV-Vis spectrophotometer.
Fluorescence spectra were obtained by a PERKIN-ELMER LS-50B fluorospectrophotometer [20].

Photoinduced singlet oxygen generation was determined by photobleaching of the chemical probe
9,10-anthracendipropionic acid (ADPA). ADPA can be photo-bleached by singlet oxygen to its cor-
responding endoperoxide and the process was monitored by spectrophotometrically by recording the
decrease in optical density at 379 nm (λmax of ADPA). In a typical experiment, an aqueous solution of
ADPA (100 ml, 5.5 mmol) was mixed with TBPcSN (3 ml, 0.1 µmol). The control experiment used
ADPA mixed with aqueous solution of TBPc, which has been prepared by adding small amounts of
concentrated CHCl3 solutions of TBPc to doubly distilled water. These solutions were irradiated with
a 500 W high-voltage mercury lamp. The optical densities at 378 nm (characteristic absorption peak of
ADPA) were recorded every 30 s using VARIAN Cary 5000 UV-Vis spectrophotometer.

3. Results and discussion

The TEM images (Fig. 2) clearly showed that the TBPcSN were spherical, uniform and monodispersed
with sizes of about 25–30 nm. Such ultralow size (less than 50 nm) can help them evade capture by the
RES [14].

What’s more, in order to comparing the stability, we measured the absorption spectrum of two aqueous
solutions of TBPc and TBPcSN as a function of dosage time (Fig. 3). It clearly showed that the stability
of TBPcSN was increased compared to free TBPc, which indicated that TBPcSNs has excellent stability
in the aqueous solution due to their ultrasmall size.

The UV-Vis absorption spectra (Fig. 4) showed that TBPc aqueous solution had two low peaks, lo-
cated at 684 and 635 nm, ascribed to the monomer and the congeries of TBPc, separately. However,
TBPcSN had a clear Q-band at 679 nm, the characteristic peak of monomer, suggested little aggregation
of TBPc, which was quite similar as TBPc in oily solution [6]. This phenomenon indicated that the TBPc

Fig. 2. TEM images of TBPcSN. Fig. 3. The stability comparing of TBPcSN and TBPc in aque-
ous solution by detecting the absorption changes at 679 nm for
TBPcSN and 684 nm for TBPc as a function of dosage time.
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Fig. 4. UV-Vis absorption spectra TBPcSN, TBPc in
aqueous solution and void silica nanoparticles.

Fig. 5. Fluorescence emission spectra (Ex: 610 nm) of TBPcSN,
TBPc in aqueous solution and void silica nanoparticles.

Fig. 6. The fluorescence intensity of different concen-
trations of TBPcSN.

Fig. 7. Enhancement absorbance intensity of TBPc in CHCl3 layer
measured by UV-Vis absorption at 679 nm as a function of time
(insert panel: changes of TBPcSN and TBPc in aqueous solution
after adding CHCl3). (Colors are visible in the online version of
the article; http://dx.doi.org/10.3233/SPE-2011-0536.)

molecules were successfully encapsulated inside the silica nanoparticles and the silica matrix provided a
relative hydrophobic environment to prevent TBPc aggregation. In addition, the percent of the monomer
form of TBPc, which is the efficient form to generate reactive oxygen species, was greatly improved
after encapsulation inside the silica nanoparticles.

In addition, TBPcSN had a strong fluorescence peak locating at about 688 nm (Fig. 5) in aqueous so-
lution, further indicated that TBPc were successfully embedded inside the nanocarrier and such relative
hydrophobic environment avoided the congeries formation of TBPc. In contrast, the same concentration
of TBPc and the void silica nanoparticles aqueous solution exhibited practically no emission.

Furthermore, it was found that the fluorescence intensity of TBPcSN was dependent on the concen-
tration of embedded TBPc. When the embedding concentration of TBPc was 8 µM, the fluorescence
intensity reached a maximum (Fig. 6). At a higher TBPc concentration, the fluorescence of TBPcSN
dropped, which could be related to a fluorescence quenching effect due to the self-aggregation of TBPc
molecules. Therefore, the optimized concentration of TBPc in the TBPcSN was 8 µM.

In order to get more evidence to prove that TBPc was encapsulated inside the silica nanoparticles,
CHCl3 was used to extract the photosensitizer from TBPcSN or TBPc aqueous solution (Fig. 7). By
monitoring the absorption of the CHCl3 phase over time, the TBPc concentration in CHCl3 within 25 min
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in TBPc aqueous solution system was increased. In contrast, almost no TBPc absorption was detected
in CHCl3 phase of the TBPcSN system, which further verified that TBPc was successfully embedded
inside the silica nanoparticles.

Singlet oxygen is believed to play a key role in the efficacy of PDT. The formation of 1O2 was mea-
sured by the bleaching of ADPA dye, which was monitored by following the net loss of ADPA absorption
at 378 nm over time. The absorption intensity of ADPA continuously decreased as the irradiation time
increasing, the generation of singlet oxygen by TBPcSN and TBPc was confirmed (Fig. 8a and b). By

Fig. 8. Absorbance spectra of ADPA water solution containing (a) TBPcSN and (b) TBPc as a function of irradiation times
(0–150 s), (c) the photo-induced absorbance intensity decay (ΔA) curves of ADPA at 378 nm to monitor the singlet oxygen
generated by TBPcSN and TBPc.
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comparing with TBPc, the singlet oxygen delivery of TBPc was enhanced after been encapsulated inside
the silica nanocarrier (Fig. 8c) because the nanocarrier protected and retained the long-lived singlet state
of TBPc.

4. Conclusions

In summary, the results demonstrate the successful embedding of TBPc in silica nanoparticles pre-
pared through the reversed microemulsion method and its properties were studied using spectroscopic
methods. After encapsulated inside the silica nanoparticles, the water solubility, stability, monomer per-
cent and ability of singlet oxygen generation were greatly improved. Above results indicated that en-
capsulation hydrophobic phthalocyanine into silica nanoparticles was an effective way to solve their
problem and promoted their clinical application.
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