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electrospun fibers and in the presence of ZnO and Ag
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Herein, we report the photocatalytic transformation of Rhodamine 6G (Rh 6G) using tetracarbazole
zinc phthalocyanine (TCbZnPc) when alone or when conjugated with ZnO macroparticles (ZnOMPs)
and silver nanoparticles (AgNPs), represented as TCbZnPc–ZnOMPs and TCbZnPc–AgNPs, respec-
tively. The photocatalysts were supported onto electrospun polystyrene fibers. The efficiency of
TCbZnPc was improved by the presence of both ZnOMPs and AgNPs. HPLC equipped with UV–vis
was used to study phototransformation products. The mechanism of transformation was via the
N-de-ethylation of Rh 6G.

Keywords: Rhodamine 6G; Photocatalysis; Nanoparticles; Zn-phthalocyanine

1. Introduction

Advanced oxidation process is receiving popularity due to its proficiency in the degradation
of recalcitrant dye pollutants in waste water [1–3]. The method is based on the use of reac-
tive oxygen species (ROS) in mineralizing pollutants in water [3, 4]. Photocatalysis is one
method for degradation of dye pollutants via ROS generation. The efficiency of the method
is mainly dependent on the type of photocatalyst employed [5–7].
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There have been reports on the use of phthalocyanines (Pcs) as photocatalysts for the
phototransformation of organic dyes [8–12]. Photocatalytic applications of Pcs arise from
their ability to produce ROS upon irradiation with the appropriate wavelength of light
[10, 13, 14]. On the other hand, nanoparticles such as ZnO and TiO2 are important photocata-
lysts [15–18]. The mechanism of phototransformation of pollutants by these nanoparticles is
reported in the literature [19–21]. However, the downside of using TiO2 or ZnO as photocata-
lysts is that they absorb in the UV region of the spectrum. The UV radiation reaching the
earth is only 4–6% of the solar irradiation, while 45% constitutes visible light [22], hence the
use of visible light in this work and Pcs as photocatalysts since they absorb in the visible
region. Even though ZnO is a known photocatalyst, its activity is limited to the UV region
and has no activity in the visible region. ZnO (as ZnO macroparticles, ZnOMPs) is used in
this work to enhance photocatalytic activity of Pcs in the visible region in the same way as
silver nanoparticles (AgNPs) enhance activity due to the heavy atom effect. The heavy atoms
(i.e. Ag in AgNPs or Zn in ZnOMPs) encourage the spin–forbidden transition from the sin-
glet to the triplet excited state. The increase in the population of the triplet state as a result of
the presence of a high molecular weight element is known as the heavy atom effect; the pro-
cess occurs as a consequence of spin–orbit coupling [23]. The heavy atom effect increases
the triplet quantum yield, which subsequently increases the production of singlet oxygen.

In this work, we employ 2,(3)-tetra(carbazol-2-yloxy)phthalocyaninato zinc(II)
(TCbZnPc), figure 1(a), as a photocatalyst for the transformation of Rhodamine 6G (Rh
6G), a model organic dye. A carbazole substituent was chosen since it enhances singlet
oxygen production of ZnPc [24]. The use of Pcs containing non–transition metals such as
Zn, and excitation in the visible region are expected to result in efficient excitation of the
Pc to the triplet state followed by generation of large amounts of ROS.

The effect of ZnO microparticles (ZnOMPs) and Ag nanoparticles (AgNPs) on the effi-
ciency of the phototransformation process is examined. The sizes of the ZnOMPs are in the
micrometer range, hence termed microparticles. TCbZnPc and its conjugates with ZnOMPs
(TCbZnPc–ZnOMPs), as well as their incorporation into electrospun fibers have been
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Figure 1. (a) Molecular structure of tetracarbazole derivatized ZnPc (TCbZnPc) used as a photocatalyst upon
conjugation and electrospinning into fibers. (b) The illustration of the conjugation of TCbZnPc to AgNPs.
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reported [24]. We now report on the use of the TCbZnPc–ZnOMP-modified fibers for the
photocatalytic transformation of Rh 6G. We compare the effect of ZnOMPs with that of
AgNPs on the photocatalytic activity of the carbazole-derivatized phthalocyanine. AgNPs
have been found to improve the photophysicochemical behavior of Pcs [25, 26]. The
prepared photocatalysts are immobilized on electrospun fibers for ease of recovery and
recyclability.

2. Experimental

2.1. Materials

Rh 6G, polystyrene (PS, Mw = 192,000 g M−1), anthracene-9,10–bis-methylmalonate
(ADMA) and pH 9.2 buffer tablets were obtained from Sigma Aldrich. Dimethylsulfoxide
(DMSO), dimethylformamide (DMF) and tetrahydrofuran (THF) were from SAARCHEM.
Acetonitrile was from B & M Scientific. The synthesis of ZnOMPs was reported [24]. The
synthesis of 2,(3)-tetra(carbazol-2-yloxy)phthalocyaninatozinc(II), its conjugation with
ZnOMPs, and incorporation into electrospun nanofibers were reported recently [24]. AgNPs
were also synthesized as reported [27].

2.2. Equipment

Ground-state absorption spectra were recorded on a Shimadzu UV-2550 spectrophotometer.
Transmission electron microscope (TEM) images were obtained using a Carl Zeiss Libra
transmission electron microscope at 100-kV accelerating voltage. Scanning electron micro-
scope (SEM) images were obtained using a JOEL JSM 840 scanning electron microscope.

Photocatalysis (or singlet oxygen quantum yield) experiments were conducted in aqueous
media using a General Electric Quartz line lamp (300 W). A 600-nm glass cut-off filter
(Schott) and a water filter were used to filter off ultraviolet and infrared radiations, respec-
tively. An interference filter (Intor, 670 nm with a band width of 40 nm) was additionally
placed in the light path before the sample. Light intensities were measured with a POWER
MAX 5100 (Molectron detector incorporated) power meter and were found to be
9.53 × 1018 photons s−1 cm−2. Rh 6G transformation products were profiled on high-perfor-
mance liquid chromatography (HPLC), by comparison with the retention time of Rh 6G at
t = 0 s. An Agilent HPLC 1200 series (Agilent Technologies Inc., Germany), equipped with
a quaternary pump (G1311A), an auto-sampler (G1329A), a diode array detector (DAD SL
G1315C) and a degasser unit (G1322A) was employed. An Eclipse XBD-C18 (i.e.
4.6 mm × 150 mm; 5 μm) column was used for separation of intermediates. The eluting
solvent used was 60% water and 40% acetonitrile and the flow rate was kept at 1 mL min−1

for 10 min. The flow rate used was 0.8 mL min−1 and the injection volume was 25 μl.
Absorption spectra were measured at 520 nm by an Agilent DAD UV–vis detector.

2.3. Photocatalytic reaction

The modified fiber (10 mg) was suspended in aqueous solution (pH 2 and 9.2) containing
Rh 6G. The irradiation experiments were carried out using the photolysis set-up
described above. The transformation of Rh 6G was monitored by observing the absorption
band of Rh 6G after each photolysis cycle of 10 min, using a Shimadzu UV-2550
spectrophotometer.

Tetracarbazole zinc phthalocyanine 1119
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2.4. Synthesis of TCbZnPc–AgNP conjugate

AgNPs (5 mg) and TCbZnPc (2 mg) were dissolved in 3 mL of DMF, and stirred at room
temperature for 96 h. The conjugate was purified by passing through a biobeads column
with DMF as an eluent.

2.5. Preparation of electrospun fibers

Electrospun nanofibers were prepared as follows: A mixture containing 2.5 g of PS, 3 mg
of sample (TCbZnPc–AgNPs or TCbZnPc), and 10 mL DMF/THF(4 : 1) was stirred for
24 h to produce a homogeneous solution. The solution was then placed in a syringe fitted
with a capillary needle. A potential difference of 20 kV was applied between the anode and
cathode. The distance between the cathode (static fiber collection point) and anode (tip of
capillary needle) was 15 cm. The pump rate was maintained at 0.05 mL h−1. The modified
fibers are represented as TCbZnPc/PS, TCbZnPc–AgNPs/PS, and TCbZnPc–ZnOMPs/PS.
ZnOMPs and AgNPs were also electrospun into PS without TCbZnPc as control and are
represented as ZnOMPs/PS and AgNPs/PS, respectively.

2.6. Determination of singlet oxygen quantum yields

Singlet oxygen quantum yield studies have been reported for TCbZnPc–ZnOMPs/PS and
TCbZnPc/PS [24]. A chemical method was used to determine singlet oxygen quantum yield
for TCbZnPc–AgNPs/PS. The studies were carried out in an aqueous solution, using
ADMA (concentration = 3.33 × 10−5 M) as a chemical quencher for singlet oxygen. The
decrease in the absorption of ADMA at 380 nm was monitored. The modified fiber (20 mg)
was suspended in a solution containing ADMA, and irradiated using the photolysis set-up
described above. The singlet oxygen quantum yields were calculated using equation (1) as
described [8]:

1

/ADMA
¼ 1

/D
þ 1

/D

kd
ka

1

½ADMA� (1)

where kd is the decay constant of singlet oxygen, ka is the rate constant of the reaction of
ADMA with O2 (

1Δg), and /ADMA is the quantum yield for transformation of ADMA. The
intercept obtained from the plot of 1//ADMA versus 1/[ADMA] gives the /D values. The
derivation of this equation uses the absorbance of the metallophthalocyanines (MPcs) on
the fiber. The light intensity measured refers to the light reaching the spectrophotometer
cell; it is expected that some of the light may be scattered; hence, the /D values of the
MPcs in the fibers are estimates. We have previously proved the light scattering effects of
PS fibers using UV–vis spectra of Pcs, where an increase in the absorption, due to the fiber,
was observed from 600 nm [8].

3. Results and discussion

3.1. Characterization of AgNPs and TCbZnPc–AgNPs in solution and in electrospun fibers

Silver is well known for its high affinity for S and N [28, 29]. The possible interaction
between the MPcs and AgNPs may be via the secondary amine of the carbazole, which is
achieved by ligand exchange, where some of the citrate capping is replaced by the Pc,
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figure 1(b). It is possible for more than one Pc to be coordinated with one AgNP. But the
reverse, where more than one AgNP coordinates with a Pc, is unlikely due to size consider-
ation. It is also possible for Pcs to coordinate with each AgNP using more than one of the
peripheral substituents, depending on orientation. Thus, figure 1(b) is a hypothetical repre-
sentation of the conjugate showing some leftover citrate capping on the AgNP and some
Pcs conjugated with the AgNP.

3.1.1. TEM and SEM images. The TEM images, of the conjugates, and the correspond-
ing particle size distribution are depicted in figure 2. The TCbZnPc–ZnOMPs were obtained
as microflakes as reported before [24] with diameters ranging from 3 to 19 μm [figure 2(a)].
The diameter of the TCbZnPc–AgNPs varied from 5 to 88 nm, figure 2(b). The SEM
images of the functionalized electrospun PS fibers are shown in figure 3. The fibers
obtained were cylindrical and un-branched with relatively smooth surfaces. The diameter of
the fibers ranged from 1 to 8 μm, with no significant increase in the fiber diameter upon
functionalization with Pc or its conjugate with AgNPs.

Figure 2. TEM images, with the corresponding particles size distribution, of TCbZnPc-ZnOMPs (a) and
TCbZnPc-AgNPs (b).
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3.1.2. UV–vis spectra. Figure 4 shows the UV–vis of AgNPs, TCbZnPc alone and when
conjugated with AgNPs. An intense, and sharp surface plasmonic resonance (SPR), typical
of AgNPs appeared at ~430 nm. In the presence of the Pc, there was clear red shift and
broadening of the SPR band, attributed to aggregation of AgNPs upon conjugation. Aggre-
gation results in red shifting of the SPR band [30]. There is no significant shift in the
Q-band of the TCbZnPc in the presence of AgNPs, only broadening below 600 nm due to
the SPR band of the AgNPs.

3.1.3. Singlet oxygen quantum yields. The singlet oxygen quantum yields of the func-
tionalized fiber were determined by the absolute method with ADMA as the singlet oxygen
quencher. Figure 5 shows the transformation profile of ADMA using TCbZnPc/PS. The
figure shows a decrease in the ADMA absorption as it reacts with singlet oxygen generated
by the TCbZnPc. Equation (1) was employed to determine singlet oxygen quantum yields
from figure 5. As expected, the singlet oxygen quantum yields were higher on conjugating
AgNPs, table 1. Singlet oxygen quantum yield values were determined to be 0.25 [24],
0.28 and 0.20 [24] for TCbZnPc/PS, TCbZnPc–AgNPs/PS and TCbZnPc–ZnOMPs/PS,
respectively, table 1.

Figure 3. SEM images of the electrospun PS alone (a), TCbZnPc (b), TCbZnPc-AgNPs (c).
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Figure 4. UV–vis spectra of AgNPs, TCbZnPc, TCbZnPc-AgNPs in DMSO as a solvent.
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3.2. Phototransformation of Rh 6G

3.2.1. Spectroscopic studies. To assess the efficiency of the prepared photocatalysts, the
phototransformation of Rh 6G was used as a test model. Figure 6 shows the spectral
changes of Rh 6G upon illumination in the presence of TCbZnPc/PS, under pH 9.2 condi-
tions. Similar spectral changes were observed for TCbZnPc–ZnOMPs/PS or TCbZnPc–Ag-
NPs/PS. As can be seen in figure 6, the maximum absorption at 525 nm gradually
decreased with time. There was no significant decrease in the Rh 6G peak on photolysis in
the absence of TCbZnPc–ZnOMPs/PS, TCbZnPc–AgNPs/PS or TCbZnPc/PS. There was,
however, a noticeable blue shifting of the Rh 6G peak with time (figure 6). According to
Chen et al., this blue shift in absorption spectra is related to the N-de-ethylation of Rhoda-
mine B [31], with the magnitude of the shift dependent on the photocatalyst employed.
Scheme 1(b) shows the N-de-ethylation of Rh 6G, following generation of singlet oxygen
by TCbZnPc in scheme 1(a).

Experiments using ZnOMPs/PS or AgNPs/PS were also performed, but there were negligi-
ble changes on the Rh 6G peak on excitation with visible light since ZnOMPs absorb
strongly in the UV region. Irradiation in this study was done only in the visible region, so
photocatalytic behavior is not expected of ZnOMPs. It is proposed that the role of the AgNPs
and ZnOMPs is to increase the production of ROS, hence increase the phototransformation
rate of Rh 6G. For TCbZnPc–AgNPs/PS, an increase in the singlet oxygen quantum yield is
observed in table 1 compared with TCbZnPc/PS alone. For TCbZnPc–ZnOMPs/PS, there is
a decrease in singlet oxygen quantum yield compared with TCbZnPc; however, other ROS
are generated as shown in scheme 2. Photolysis with the electrospun polystyrene (without
TCbZnPc–ZnOMPs, TCbZnPc–AgNPs, or TCbZnPc as photocatalysts) using visible light
had no effect on Rh 6G transformation. The results indicate that the transformation of Rh 6G
is largely initiated by the ROS produced upon exciting the phthalocyanine.

3.2.2. Kinetics. Effluent from the textile industry is discharged to the environment at dif-
ferent pHs. Thus, the efficiency of a photocatalyst needs to be examined under different pH
conditions. In our study, two different pHs, acidic (pH 2) and basic (pH 9.2), were used to
determine the photocatalytic activity of the TCbZnPc/PS TCbZnPc–AgNPs/PS and
TCbZnPc–ZnOMPs/PS fibers. The plots of Rh 6G concentration versus time are shown in
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Figure 5. Transformation profile of ADMA (3.33 × 10−5 M) using TCbZnPc-AgNPs/PS in water.
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figure 7, and the kinetic data obtained from these plots are presented in table 1. The linear-
ity of the plots obtained, from the ln (C0/Ct) versus time, indicates that the reactions follow
pseudo-first-order kinetics. The rate (kobs) of transformation of TCbZnPc–AgNPs/PS was
larger than that of TCbZnPc/PS under both pH 2 and 9.2 conditions, when the concentra-
tion was 5.36 μM, table 1.

When the pH was 9.2, the presence of both particles (AgNPs or ZnOMPs) greatly
enhanced the photocatalytic activity of TCbZnPc/PS, attributed to increased hydroxyl
radicals under this pH [32]. While kobs remained higher for TCbZnPc–AgNPs/PS
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Figure 6. Spectral changes observed during the phototransformation of Rh 6G, with TCbZnPc/PS as a catalyst
under pH 2 conditions. Time interval = 10 min.
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Scheme 1. (a) Generation of singlet oxygen by TCbZnPc photocatalyst and (b) de-ethylation of Rh 6G.
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(compared with TCbZnPc/PS) under acidic conditions, there was a reduction in the
transformation rate of Rh 6G with TCbZnPc–ZnOMPs/PS as a photocatalyst. The low
transformation efficiency at low pHs is attributed to dissolution and photodissolution of
ZnO under acidic conditions [33].

(b)

(a)

0

0.3

0.6

0.9

1.2

0 10 20 30 40 50 60 
time (min)

ln

(i) 

(iii) 

(ii) 

Figure 7. First order kinetic plots for the phototransformation of Rh 6G under pH 9.2 (a) and pH 2 conditions
(b), with TCbZnPc-AgNPs (i), TCbZnPc-ZnOMPs (ii), TCbZnPc (iii) as photocatalysts.

Scheme 2. Formation of ROS by photosensitization of ZnO upon exciting the Pc with the UV light. VB = valence
band, CB = conduction band, HOMO = highest occupied molecular orbital, LUMO = lowest occupied molecular
orbital.
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Studying the dependence of transformation efficiency on the initial dye concentration is
important from an application point of view [34]. Table 2 shows the effect of the initial Rh
6G concentration on its photocatalytic transformation at pH 9.2.

In the presence of all prepared photocatalysts, the reaction rates (kobs) decreased with an
increase in the concentration of Rh 6G. As the concentration of Rh 6G increases, the path
length of the photons entering the solution decreases, reducing the rates of Rh 6G photo-
transformation at higher concentrations. The reverse is true at lower concentrations where
there is an increase in the number of photons absorbed by the catalyst, resulting in
increased rates [35]. The same effect was observed by Wang et al. [35] during
photocatalytic decolorization of commercial dyes using zinc oxide powder as photocatalyst.

The influence of initial dye concentration on photocatalytic transformation with a
heterogeneous system is described by the Langmuir–Hinshelwood kinetic model [36],
equation (2):

1

r0
¼ 1

kKA

1

C0
þ 1

k
(2)

where k is the apparent reaction rate constant, KA is the adsorption coefficient, and C0

corresponds to the initial concentration of Rh 6G. Plots of the inverse of initial reaction rate
versus the reciprocal of the initial concentration of Rh 6G were linear with non-zero inter-
cepts, figure 8 (using TCbZnPc–AgNPs/PS and TCbZnPc/PS as examples, a similar plot
was obtained for TCbZnPc–ZnOMPs/PS with data shown in table 3). The results presented
in figure 8 give an indication that the Langmuir–Hinshelwood kinetic model is the appropri-
ate model for describing the phototransformation of Rh 6G in the presence of functionalized
fibers. Therefore, it can be deduced that catalysis occurs at the surface of the supported
photocatalyst.

The adsorption coefficient (KA) for all the functionalized fibers was determined from the
slope in figure 8, and was found to be, 49.87, 24.15, and 31.76 (M L−1)−1 for TCbZnPc/PS,
TCbZnPc–AgNPs/PS, and TCbZnPc–ZnOMPs/PS, respectively, table 3. A high adsorption
coefficient indicates the tendency of the material to be adsorbed rather than remaining in

Table 2. Kinetic data of transformation of Rh 6G using the unmodified and hybrid photocatalyst at pH 9.2.

Complexa Concentration (μM)
kobs × 10−2

(min−1)
Initial rate × 10−8

(M−1 min−1) Half life (min)

TCbZnPc/Ps (0.25) 2.15 2.11 4.56 32.7
3.44 1.68 5.78 41.3
5.39 1.31 7.07 52.9
8.70 0.934 8.13 74.2
13.1 0.902 11.8 76.8

TCbZnPc-AgNPs/Ps (0.28) 2.15 3.57 7.70 19.4
3.44 3.55 12.2 19.5
5.39 3.12 16.8 22.2
8.70 2.58 22.4 26.9
13.1 2.15 28.2 32.1

TCbZnPc-ZnOMPs/Ps (0.20) 2.15 2.61 3.63 41.1
3.44 2.34 5.08 46.9
5.39 1.53 8.25 45.3
8.70 1.15 9.99 60.3
13.1 0.957 12.5 72.4

aSinglet oxygen quantum yields in water in brackets.
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solution. The adsorption coefficient of TCbZnPc–AgNPs/PS was lower compared with the
other functionalized fibers, suggesting that desorption is much more favored in this system.

From the intercept in figure 8, the apparent rate constants k were determined to be
1.29 × 10−7, 6.45 × 10−7, and 2.02 × 10−7 M L−1 min−1 for TCbZnPc/PS, TCbZnPc–
AgNPs/PS, and TCbZnPc–ZnOMPs/PS, respectively, table 3. The reaction rate was
enhanced by the presence of AgNPs over ZnOMPs.

3.2.3. Mechanisms. Two possible processes may be occurring during the excitation of the
phthalocyanine in the presence of ZnO [scheme 2(a) and (b)]: upon excitation with visible
light (1), the electron–hole pair is formed in the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) of the phthalocyanine. The
electron in the LUMO is then injected into the conduction band of ZnO (2). In the presence
of water, the charged species undergo several reactions forming ROS (3). A second possible
mechanism involves the intersystem crossing of the excited dye to the forbidden triplet
state, with subsequent reactions resulting in the formation of ROS (4), see also scheme
1(A). The heavy atom effect of silver or ZnO enhances the population of the triplet state
(4), as explained in the introduction. Thus, Pcs act as co-catalyst (with ZnO), by forming
ROS such as singlet oxygen (scheme 2, steps 3 and 4) and others. Therefore, in this work,
we combined phthalocyanine with ZnO and Ag for improved photocatalytic behavior, as a
result of an increase in ROS formation and the heavy atom effect induced by the presence
of Zn and Ag.

1 2 3 4 5
0,0

0,5

1,0

1,5

2,0
4-TCbZnPc/PS
4-TCbZnPc-AgNPs/PS

1/
ro

 (m
ol
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-1

m
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-1
)-1

10
7

1/Co (mol L-1)-1 105

Figure 8. Plots of the reciprocal of the initial reaction rate vs. the reciprocal of the initial concentration for
transformation of Rhodamine 6G at pH 9.2.

Table 3. Kinetic data of transformation of Rh 6G using the unmodified and
hybrid photocatalyst at pH 9.2.

Catalyst k (M L−1 min−1) × 10−7 KA (M L−1)−1

TCbZnPc/PS 1.29 49.87
TCbZnPc-AgNPs/PS 6.45 24.15
TCbZnPc-ZnOMPs/PS 2.02 31.73
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3.2.4. Chromatographic analysis. The products of phototransformation were character-
ized using HPLC, and the chromatograms are shown in figure 9(a). The chromatogram in
figure 9(a) shows the appearance of new peaks at 8 and 11 min. The appearance of these
new peaks is associated with a decrease in the main Rh 6G peak at 12 min. UV–vis spectra
of the phototransformation products at t = 11 or 8 min [figure 9(b)] are similar to those of
Rh 6G (t = 12 min). However, there exist clear hyposochromic shifts of the transformation
products from the parent Rh 6G peak. This blue shift has been associated with the
N-de-ethylation of Rhodamine [31], scheme 1(b). Rhodamine derivatives are reported to
undergo de-ethylation prior to the complete mineralization of the dye [31].

3.2.5. Catalyst stability and recyclability. The stability of the functionalized catalyst
(using TCbZnPc/PS) was examined for the phototransformation of Rh 6G during a five-
cycle experiment, as shown in figure 10. Prior to each cycle, the catalyst was washed with
water and dried at room temperature. Figure 10 shows the percentage phototransformation
of Rh 6G using TCbZnPc/PS as an example. The percentage dye phototransformation with
time was calculated using equation (3):

8 
m

in 12
 m

in
11

 m
in

time (min)

t = 40 min
t =  0

6 9 12 15 18

300 400 500 600
Wavelength (nm)

8 min
11 min
12 min

(a)

(b)

Figure 9. HPLC chromatograms (a) of phototransformation products obtained at t = 0 and after 40 min irradiation
time, and the UV–vis spectra (b) of the peaks corresponding to 8, 11 and 12 min in the HPLC spectrum obtained
at t = 40 min. The photocatalyst employed was TCbZnPc at pH 9.2.
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% Photodegradation ¼ C0 � Ct

C0
� 100 (3)

where C0 and Ct are Rh 6G concentrations before and at time t after photolysis. Figure 10
shows that photocatalytic activity remained relatively unchanged after each cycle, with no
significant changes on the percentage dye transformation. This indicates the stability and
efficiency of TCbZnPc/PS for the transformation of Rh 6G under visible light irradiation,
and the catalyst could be easily separated for reuse. Similar behavior was observed for the
other photocatalysts.

4. Conclusions

Tetracarbazole zinc phthalocyanine (TCbZnPc) is conjugated with macroparticles
(ZnOMPs) and AgNPs, represented as TCbZnPc–ZnOMPs and TCbZnPc-ZnOAgNPs and
supported onto electrospun polystyrene fibers. The efficiency of TCbZnPc was improved by
the presence of both ZnOMPs and AgNPs under basic conditions, while the efficiency of
the hybrid catalysts (TCbZnPc–ZnOMPs) was greatly reduced under acidic conditions.
HPLC equipped with UV–vis was used to study the phototransformation products. The
mechanism of transformation was via the N-de-ethylation of Rh 6G, proven by the blue
shift of the Rh 6G peak with an increase in irradiation time. The catalysts showed excellent
reusability.
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Figure 10. Percentage Rh 6G removal, at pH 2, in the presence of the unmodified photocatalyst (TCbZnPc/PS).
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