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SUMMARY 

 
Objective: It is aimed to produce new graphene-based materials with 
potential used in biomedical applications. 
Method: The new GO-ZnPc hybrid was obtained by self-assembly method. 
Sonication was performed in the formation of hybrid. UV-Vis, emission 
spectra and scanning electron microscopy (SEM) were used to characterize 
ZnPc-GO hybrid formation.  
Results: The GO solutions of different concentrations (0.0005 µg / mL; 
0.005 µg / mL; 0.05 µg / mL; 0.4 µg / mL; 0.7 µg / mL; 1 µg / mL) prepared 
by sonication were added to 10 µg / mL ZnPc solution separately and 
sonicated again. UV-Vis, emission spectra and scanning electron 
microscopy (SEM) were used to characterize ZnPc-GO hybrid formation. 
All measurements showed that intermolecular interactions occurred after 
mixing the two components together, and the resulting hybrid was stable. 
Conclusions: In this study, the new ZnPc-GO hybrid prepared and 
characterized. ZnPc and GO derivative was observed to well-coordinated. 
The obtained hybrid system was observed to have very interesting 
spectroscopic properties. It was observed that the GO-based ZnPc hybrid 
gave an absorption peak at 716 nm in the UV-Vis spectrum. The redshift 
observed with the ZnPc-GO hybrid formation in the UV spectra indicates 
that this material has the potential to be used in many biomedical 
applications, especially in tissue engineering and photodynamic therapy.  
Keywords: Graphene oxide, phthalocyanine, dendrimer, biomedical 
applications 
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ÖZET 

Amaç: Biyomedikal uygulamalarda kullanılan potansiyele sahip yeni grafen bazlı materyallerin üretilmesi 
amaçlanmaktadır. 
Yöntem: Yeni GO-ZnPc hibridi self-assembly yöntemiyle elde edildi. Sonikasyon işlemi hibrit oluşumunda kullanıldı. 
ZnPc-GO hibrid oluşumunu karakterize etmek için UV-Vis, emisyon spektrumları ve taramalı elektron mikroskopisi 
(SEM) kullanılmıştır. 
Bulgular: Sonikasyonla hazırlanan farklı konsantrasyonlardaki (0.0005 µg / mL; 0.005 µg / mL; 0.05 µg / mL; 0.4 µg / 
mL; 0.7 µg / mL; 1 µg / mL) GO çözeltileri 10 µg / mL derişimindeki ZnPc çözeltisine ayrı ayrı eklendi ve tekrar 
sonikasyon yapıldı. ZnPc-GO hibrid oluşumunu karakterize etmek için UV-Vis, emisyon spektrumları ve taramalı 
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elektron mikroskopisi (SEM) kullanılmıştır. Tüm ölçümler, moleküller arası etkileşimlerin iki bileşenin birlikte 
karıştırılmasından sonra gerçekleştiğini ve sonuçta ortaya çıkan hibridin kararlı olduğunu gösterdi.  
Sonuç: Bu çalışmada yeni ZnPc-GO hibrid hazırlandı ve karakterize edildi. ZnPc ve GO türevinin iyi koordine olduğu 
gözlendi. Elde edilen hibrit sistemin çok ilginç spektroskopik özelliklere sahip olduğu gözlendi. GO-bazlı ZnPc hibridin 
UV-Vis spektrumunda 716 nm'de absorpsiyon piki verdiği gözlendi. UV spektrumunda ZnPc-GO hibrid formasyonu ile 
gözlemlenen kırmızı kayma, bu malzemenin, özellikle doku mühendisliği ve fotodinamik terapide, birçok biyomedikal 
uygulamada kullanılma potansiyeline sahip olduğunu göstermektedir. 
Anahtar sözcükler: Grafen oksit, ftalosiyanin, dendrimer, biyomedikal uygulamalar 
 

 

INTRODUCTION 

Graphene is nanomaterial that a single layer, 2-
dimensional structure. Graphene and graphene 
derivatives have a high surface area, excellent 
electrical conductivity, strong mechanical strength, 
unparalleled thermal conductivity and remarkable 
biocompatibility 1. Graphene-based materials have 
the ability to adsorb various aromatic biomolecules 
through π-π stacking interaction and/or 
electrostatic interaction, making these compounds 
ideal materials for the fields of biosensors, drug 
delivery systems, and drug active substances. On 
the other hand, the hydrophobic nature of graphene 
prevents its use in the biomedical field. Graphene 
derivatives such as graphene oxide (GO) and 
reduced graphene oxide (RGO) have been 
extensively studied for various biomedical 
applications. GO with multiple oxygen-containing 
groups on graphene can be easily replaced with 
targeting ligands to facilitate targeted imaging and 
drug delivery 1,2. GO-based materials have the 
potential to be used in pharmaceutical carrier 
systems, biosensor applications, photodynamic 
therapy and bio-imaging 2. According to the 
literature, the use of GO-based materials is 
frequently seen in cancer treatment and 
photodynamic therapy applications 3-10. 
Phthalocyanines have the potential to be used in 
many areas of advanced technology due to their 
interesting physical, chemical properties and 
stability. Phthalocyanines have also potential to be 
used especially in photodynamic therapy. There are 
many studies in the literature regarding the 
potential of phthalocyanine species to be used in 
the fields of photodynamic therapy 11,12 and 
different biomedical areas 13-15. The superior 
properties of phthalocyanines, especially red-

shifted Q bands in the UV spectrum, provide the 
potential for use in photodynamic therapy and 
photodynamic diagnosis 13. Dendrimers are 
regularly branched structures with three-
dimensional architecture. These structures with 
functional components located on the outer surface 
have interesting physical and chemical behavior 
and have the potential to be used in biomedical 
fields13,16-19. It is expected that the new materials to 
be obtained by combining these species, which are 
highly active in medical applications, will have 
more interesting properties. 

MATERIAL AND METHODS 

The dendritic zinc(II) phthalocyanine (ZnPc) was 
prepared according to the literature (Figure 1) 20. 
DMSO, used as a solvent, is of spectroscopic 
purity. UV-vis spectra were recorded on a 
Shimadzu UV-1800 UV-vis spectrophotometer. 
An Agilent/Cary Eclipse G9800A fluorescence 
spectrophotometer was used for 
spectrofluorometric measurements. SEM images 
were taken at Tescan MIRA3 XMU. SONICS 
Vibra-Cell CVX750 sonicator was used for 
sonication. Graphene oxide and graphene oxide-
phthalocyanine hybrid solutions were prepared at 
700 Watt in sonicator. 

Synthesis of graphene oxide-dendritic zinc(II) 
phthalocyanine hybrid 

GO solutions at different concentrations (0.0005 
µg / mL; 0.005 µg / mL; 0.05 µg / mL; 0.4 µg / mL; 
0.7 µg / mL; 1 µg / mL) were prepared in DMSO 
by sonication. The solution of 10 µg / mL of 
phthalocyanine in DMSO was added to these 
solutions, respectively. The prepared solutions 
were sonicated for 10 minutes. 
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Figure 1: Molecular structure of ZnPc 20. 

 

RESULTS 

UV-Vis, emission spectra and scanning electron 
microscopy (SEM) were used to characterize 
ZnPc-GO hybrid formation.  

The GO solutions of different concentrations 
(0.0005 µg / mL; 0.005 µg / mL; 0.05 µg / mL; 0.4 

µg / mL; 0.7 µg / mL; 1 µg / mL) prepared by 
sonication were added to 10 µg / mL ZnPc solution 
separately and sonicated again. The color changes 
of GO-ZnPc hybrids at different concentrations are 
shown in Figure 2. As can be seen from Figure 1, 
the color of the solutions changes significantly with 
the change in GO concentration. 

 

 

Figure 2: The color change of ZnPc-GO hybrids at 
different concentrations (GO concentration 
increases from left to right). 

 

UV-Vis spectra were examined after the interaction 
of GO solutions of different concentrations with 
ZnPc. ZnPc-GO hybrid formation was observed in 
the UV spectra by the changes in the characteristic 
Q-band for phthalocyanines. As shown in Figure 3, 
it was observed that binding was completed by the 
interaction of ZnPc at 10 µg / mL and GO at 1 µg / 
mL. In the UV-Vis spectra, the addition of GO at 
different concentrations on ZnPc showed that the 
peaks gradually became flattened and a new peak 
formed. In addition, a redshift of 28 nm was 
observed in the spectrum. This shift is a significant 
value. It is seen that ZnPc and GO species are well-
coordinated, especially π-π interactions due to 
conjugated structures.  
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Figure 3: UV-Vis spectra depending on graphene oxide of different concentrations of ZnPc-GO hybrid (GO 
concentrations: 0.0005 µg / mL; 0.005 µg / mL; 0.05 µg / mL; 0.4 µg / mL; 0.7 µg / mL; 1 µg / mL). 

 

Emission spectra were examined after the 
interaction of GO solutions of different 
concentrations with ZnPc for ZnPc-GO hybrid 
formation. As shown in Figure 4, it was observed 
that binding was completed by the interaction of 
ZnPc at 10 µg / mL and GO at 1 µg / mL. 
Significant changes in peaks were observed with 

the addition of GO at different concentrations on 
ZnPc in the emission spectra. These changes 
support the formation of the ZnPc-GO hybrid 
structure. It is observed that the formation of the 
ZnPc-GO hybrid significantly decreases in the area 
below the ZnPc emission peak. 

 

Figure 4: Emission spectra depending on graphene oxide of different concentrations of ZnPc-GO hybrid (GO 
concentrations: 0.0005 µg / mL; 0.005 µg / mL; 0.05 µg / mL; 0.4 µg / mL; 1 µg / mL) 
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The effect of sonication time on hybrid formation 
was also investigated. 0.4 µg / mL GO solutions 
were separately added to the ZnPc solutions and 
sonicated for 1, 5 and 10 minutes. UV-Vis and 
emission spectra of these solutions were examined. 
As shown in Figure 5, the ZnPc-GO hybrid 

formation was observed to be complete in 10 
minutes. The sonication time for the new ZnPc-GO 
hybrid was optimized to 10 minutes. Sonication 
time also has a significant effect on hybrid 
formation. 

 

 

Figure 5: Emission spectra depending on sonication time of ZnPc-GO hybrid (1.min 5.min 10.min, (from top 
to bottom, respectively)) 

 

It is also seen from the SEM images that the 
binding of ZnPc increases as the concentration of 
GO increases (Figure 6). Figure 6 shows 
concentrations of GO in ZnPc as 0.005 µg/mL and 
1 µg/mL GO.  Increasing GO concentration 
increases the bridge formation and GO interlayer 
filling by ZnPc. The polymer chain branching 

contiguity is obtained by increased concentration 
of GO by layered structure. The concentration of 
GO was adjusted to 1 µg/mL in ZnPc solution in 
DMSO and the structure is seen as GO of few-layer 
structures and combined to each other by increased 
concentration.  

 

 

 
 

ZnPc + 0,0005 µg/mL GO 
 

 
 

ZnPc + 1 µg/mL GO 
 

Figure 6: SEM images of ZnPc-GO hybrids 
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DISCUSSION 

The new GO-ZnPc hybrid was obtained by self-
assembly method. Sonication was performed in the 
formation of hybrid. The effect of dilution on 
hybrid formation was investigated by absorption 
and fluorescence spectra. The effect of sonication 
on hybrid formation was also investigated by 
absorption and emission spectra. The sonication 
time also contributed to the formation of ZnPc-GO 
hybrid system. The formation of the obtained 
hybrids was also characterized by scanning 
electron microscopy (SEM).  

By the formation of the ZnPc-GO hybrid, a redshift 
of 28 nm from the characteristic Q-band of ZnPc 
was observed in the UV spectrum. This change in 
the UV spectrum indicates that the ZnPc and GO 
species are well coordinated. The absorption of 
ZnPc-GO hybrid materials increases the potential 
of being used in many biomedical applications. The 
interaction between ZnPc and GO is thought to be 
π-π interactions due to its conjugated structures. 

Significant changes were observed in the emission 
spectrum of the ZnPc-GO hybrid. The emission 
spectra also confirm the formation of the structure. 

In the SEM images of the ZnPc-GO hybrid at 
different concentrations, it is observed that binding 
increases with increasing GO concentration. The 
SEM image on the right in figure 6 represents the 
fiber-like formation of GO-ZnPc composites. This 
composite formation can be a good candidate for 
both tissue engineering and UV sensitive polymers. 
Furthermore, the ZnPc-GO hybrid has the potential 
to be used as targeted drug delivery systems in 
photodynamic therapy as described in the literature 

21,22. 

All measurements showed that intermolecular 
interactions occurred after mixing the two 
components together, and the resulting hybrid was 
stable. 

CONCLUSION 

In this study, the new ZnPc-GO hybrid prepared 
and characterized. ZnPc and GO derivative was 
observed to well-coordinated. The obtained hybrid 
system was observed to have very interesting 
spectroscopic properties. It was observed that the 
GO-based ZnPc hybrid gave an absorption peak at 
716 nm in the UV-Vis spectrum. The redshift 
observed with the ZnPc-GO hybrid formation in 
the UV spectra indicates that this material has the 
potential to be used in many biomedical 
applications, especially in tissue engineering and 
photodynamic therapy. 
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