
Ag(I) induced H-type and Pd(II) induced J-type phthalocyanines to 

enhance PDT applications: synthesis, optical behaviors, 

photochemical/photophysical properties, and DFT studies.

Tenzile Alagöza, Elif Polata, Hayriye Genç Bilgiçlia, Hasan Pişkinb, Burak Tüzünc, Armağan 

Günsela, Ali Erdoğmuşd, M. Nilüfer Yaraşıra, Ahmet T. Bilgiçlia*

aSakarya University, Department of Chemistry, Sakarya, Turkey,
bDepartment of Physics, Boğaziçi University, 34342, Beşiktaş, İstanbul, Turkey.

c Plant and Animal Production Department, Technical Sciences Vocational School of Sivas, 
Sivas Cumhuriyet University, Sivas, Turkey

*Authors to whom correspondence should be addressed [Tel: +90(264)2957116; E-mail 
address: abilgicli@sakarya.edu.tr

Content of supplementary materials

1. Photophysical and Photochemical Parameters

1.1. Fluorescence quantum yields

1.2. Singlet oxygen quantum yields 

1.3. Photodegradation quantum yields 

Fig. S1 FTIR spectra of compound (1) and its metallophthalocyanine derivatives all 

compounds [ZnPc(2), CuPc(3), and CoPc(4)].

Fig. S2 1H-NMR spectra of compound (1)

Fig. S3 13C-NMR spectra of compound (1)

Fig. S4 1H-NMR spectra of ZnPc (2).

Fig. S5 MALDI-TOF spectrum of ZnPc(2).

Fig. S6 MALDI-TOF spectrum of CuPc(3).

Fig. S7 MALDI-TOF spectrum of CoPc(4).

Fig. S8. Three different views for the molecular structure of compound (x). Intermolecular 

interactions (dnorm), Cg···Cg (π···π) interactions (shape index), and relatively flat 

surfaces (curvedness) are all represented by Hirshfeld surfaces.

Fig. S9. The 2D fingerprint plot for the asymmetric unit.

Supplementary Information (SI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2025

mailto:abilgicli@sakarya.edu.tr


 Fig. S10. Possible N···H, Br···H, and S···H interactions that show key and lock matching.

Fig. S11. Representations of optimized structure, HOMO, LUMO, and ESP of ligand (1) and 

its phthalocyanines (2-4).

Fig. S12. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) 

Fig. S13. Top and side views of the H- and J-aggregated forms of the ZnPc(2).

Fig. S14. Top and side views of the H- and J-aggregated forms of the CuPc(3).

Fig. S15. Top and side views of the H- and J-aggregated forms of the CoPc(4).

Fig. S16. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) in 

the presence of Ag+ ions induced to H-type aggregation formation.

Fig. S17. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) in 

the presence of Pd2+ ions induced J-type aggregation formation.

1. Photophysical and Photochemical Parameters

1.1. Fluorescence quantum yields

The fluorescence quantum yield (ΦF) of the synthesized zinc phthalocyanines (2 and 5) was 

determined with the comparative method using the following equation in DMSO at room 

temperature (1) [1, 2].

                                            (1)
Φ𝐹 =  Φ𝐹 (𝑆𝑡𝑑)    

𝐹. 𝐴𝑆𝑡𝑑. 𝑛2  

𝐹
𝑆𝑡𝑑 𝐴.  𝑛 2

𝑆𝑡𝑑

In this equation, ΦF is the quantum yield of the compound (1),   ΦF (Std) is the quantum yield 

of the reference compound, F and FStd are the areas under the fluorescence emission curves of 

the non-peripheral substituted zinc phthalocyanines (2 and 5) and unsubstituted zinc phthalocyanine 

as a standard, respectively. The absorbance of the reference and sample compounds is AStd and 

A.  and  are the refractive indices of solvents used for the samples and standard 𝑛2 𝑛 2
𝑆𝑡𝑑

compounds. The quantum yield of the reference compound (unsubstituted zinc phthalocyanine) 

was used as ΦF = 0.20, according to the literature [3].



1.2. Singlet oxygen quantum yields 

The singlet oxygen quantum yields of non-peripheral substituted zinc phthalocyanines (2 and 

5) were determined in the air by using the following equation in DMSO at room temperature. 

In equation (2), zinc phthalocyanines as a reference and DPBF as a chemical quencher were 

used.

                                                (2)
abs

Std

Std
absStd

ΔΔ
I . R
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In this equation,  
Std
ΔΦ  is the singlet oxygen quantum yield of the reference sample. According 

to the literature, the singlet oxygen quantum yield of the reference compound (unsubstituted 

zinc phthalocyanines) was used as / = 0.67 in DMSO. [3]. R and RStd are the photobleaching 

rates of DPBF in the presence of non-peripheral substituted zinc phthalocyanines (2 and 5) and 

unsubstituted zinc phthalocyanines as a reference.  and  are light absorption rates in the 𝐼𝑎𝑏𝑠 𝐼𝑆𝑡𝑑
𝑎𝑏𝑠

presence of the zinc phthalocyanine and unsubstituted zinc phthalocyanines are used as a 

reference. The solutions containing DPBF were prepared in a dark environment, and the 

degradation of DPBF at 417 nm was monitored after each 5s irradiation [4, 5]. The absorption 

band of DPBF at 417 nm was reduced after light irradiation [5].

1.3. Photodegradation quantum yields 

The photodegradation quantum yield of synthesized zinc phthalocyanine derivatives was 

determined by using the following equation (3);

 t. SI
N . V . )C(CΦ

 . abs

At0
d




 (3)

In this equation, C0 is the concentration of zinc phthalocyanine derivatives before the 

irradiation, and Ct is the concentration after the irradiation. V is the reaction volume, NA is 

Avogadro’s constant, S is the irradiated cell area, “t” is the irradiation time, Iabs is the overlap 

integral of the radiation source light intensity and the absorption of the samples [5].



Fig. S1 FTIR spectra of compound (1) and its metallophthalocyanine derivatives [ZnPc(2), 
CuPc(3), and CoPc(4)].
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Fig. S4 1H-NMR spectra of ZnPc (2).

Fig. S5 MALDI-TOF spectrum of ZnPc(2).



Fig. S6 MALDI-TOF spectrum of CuPc(3).

Fig. S7 MALDI-TOF spectrum of CoPc(4).

Fig. S8. Three different views for the molecular structure of compound (x). Intermolecular 
interactions (dnorm), Cg···Cg (π···π) interactions (shape index), and relatively flat surfaces 
(curvedness) are all represented by Hirshfeld surfaces.



Fig. S9. The 2D fingerprint plot for the asymmetric unit.

 Fig. S10. Possible N···H, Br···H, and S···H interactions that show key and lock matching.



 

 

 

Fig. S11. Representations of optimized structure, HOMO, LUMO, and ESP of ligand (1) and 

its phthalocyanines (2-4).
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Fig. S12. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) 



Fig. S13. Top and side views of the H- and J-aggregated forms of the ZnPc(2).



Fig. S14. Top and side views of the H- and J-aggregated forms of the CuPc(3).



Fig. S15. Top and side views of the H- and J-aggregated forms of the CoPc(4).
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Fig. S16. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) in the 

presence of Ag+ ions induced to H-type aggregation formation.

200 300 400 500 600 700 800 900
0,0

0,2

0,4

0,6

0,8

1,0

1,2

N
or

m
al

iz
ed

 a
bs

or
ba

nc
e

Wavelength, nm

 Calc. ZnPc+Pd
 Calc. CuPc+Pd
 Calc. CoPc+Pd
 Expr. ZnPc+Pd
 Expr. CuPc+Pd
 Expr. CoPc+Pd

Fig. S17. Experimental and calculated UV-Vis spectra of ZnPc(2), CuPc(3), and CoPc(4) in the 
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