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1 Apparatus

Electronic absorption spectra were obtained using a Scinco 
Lab Pro Plus UV/Vis spectrophotometer. 1H NMR spectra 
were recorded on an Agilent VNMRS 500 MHz 
spectrometer. FT-IR spectra were obtained using a Perkin-
Elmer Spectrum One spectrometer at room temperature. 
Mass spectra were obtained using a Perkin-Elmer Clarus 
500 gas chromatography-mass spectrometry in positive 
electron impact mode and a Bruker Microflex matrix-
assisted laser desorption-ionization-time of flight mass 
spectrometer, respectively. Elemental analyses were 
performed with a Thermo Finnigan Flash EA 1112 
apparatus at 950 – 1000 °C. Fluorescence spectra were 
recorded on a Varian Eclipse spectrofluorometer at room 
temperature. Photo-irradiations for singlet oxygen 
determination were performed using a General Electric 
quartz line lamp (300 W). Light intensities were 
determined by utilizing a POWER MAX 5100 (Mol electron 
detector incorporated) power meter.

2 Biological studies

2.1 Antioxidant Activity

DPPH (2,2-difenil-1-pikrilhidrazil) [1] and chelating ability 
to ferrous ions [2] methods were used to determine the 
antioxidant activities of the molecules.

The radical scavenging ability of the tested compounds 
was monitored by measuring a decrease in UV absorption 
at 517 nm. Pc molecules were dissolved in DMSO and 
stock solutions were prepared at different concentrations. 

Trolox was dissolved in methanol to obtain solutions of 
different concentrations and used as a positive control. 
The stock solutions of prepared Pc molecules and methyl 
laurate (ML) mixtures (1M ML+Pc molecules at different 
concentrations) were gained in DMSO. One mL of each 
molecule with prepared concentrations was taken into 
test tubes and 0.5 mL of 1 mM DPPH solution in methanol 
was added. These solutions were incubated for 1 h at 
room temperature and the absorbance was read at 517 
nm using UV–Vis spectrophotometer (Optimizer). The 
DPPH radical scavenging activity percentage was 
calculated by using the following formula:

𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦(%) =
𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ‒ 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥100

where Acontrol is the absorbance of the control reaction 
mixture, Asample is the absorbance of the sample.

Ferrous ion chelating abilities of the Pc compounds and 
Pc+ML mixtures, competing with ferrozine were 
determined as in the method described by Dinis et al. [3]. 
Various concentrations ranging from 10 to 50 mg/mL of 
the Pc solutions and Pc compounds-methyl laurate 
mixtures were mixed with 2 mM FeCl2 in deionized water. 
The solution was kept at room temperature for 30 min. 
and initiated by addition of 5 mM ferrozine. The mixture 
was incubated at room temperature for 10 min. and 
absorbance was monitored at 562 nm. FeCl2 and a 
ferrozine mixture were used as the control and the 
inhibition percentage of the ferrozine-Fe2+ complex was 
calculated by the following equation:

FIC effect (%) = (1 − Asample/Acontrol) × 100
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Acontrol is the control absorbance and Asample is the 
absorbance of the Pc compounds, Pc-ML mixtures or 
standards. Ethylenediaminetetraacetic acid (EDTA) was 
used as a known standard.

2.2 Antimicrobial activity

Antimicrobial activities of Pc compounds and Pc-ML 
mixtures were determined by using disc diffusion method 
[4]. Antimicrobial activities of tested compounds were 
performed against Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC25923, Bacillus subtilis ATCC 
6633 and Bacillus subtilis ATCC 6051. Bacteria cultures are 
incubated in Mueller Hinton Broth (MHB) at 37 °C 
overnight, and adjusted to 0.5 Mc Farland (1.5X 108 CFU / 
mL) standard using UV visible spectrophotometer in tubes 
containing 5 mL of distilled water. The cultures taken from 
tubes by using sterile swab were inoculated on petri dish 
containing Mueller Hinton agar. Pc compounds, on the 
other hand, were dissolved in DMSO to a final 
concentration of 0.1, 0.2 and 0.5 M and methyl laurate 
were prepared at 1 M concentration. Then, Pc compounds 
at different concentrations (0.1, 0.2 and 0.5 M) were 
mixed with 1 M methyl laurate to investigate the 
synergistic effect (50:50 v/v). The discs were impregnated 
with 20 μL of prepared solutions and placed on the 
inoculated agar. Blank discs were impregnated with DMSO 
(20 μL for each blank disc) as negative control. Finally, 
inoculated petri dishes incubated at 37 °C for 24 h at the 
incubator and antimicrobial activities were evaluated by 
measuring the zone of inhibition against the test 
organisms.

2.3 Decolorization studies

Decolorization abilities of the bacterial strains on Pc 
compounds were investigated against four different 
bacteria (Escherichia coli ATCC 25922, Staphylococcus 
aureus ATCC25923, Bacillus subtilis ATCC 6633 and Bacillus 
subtilis ATCC 6051). One night incubated bacterial cultures 
were adjusted to the 0.5 McFarland standard (5x108 
CFU/mL) in MHB by using spectrophotometer. Compound 
4 alone at 0.5 M and compound 4-ML mixture were 
prepared at 1M ML+0.5 M Pc 50:50 (v/v) concentration in 
DMSO. Dye solutions were diluted with MHB (25:75 dye 
solution to MHB) and 1 mL bacterial culture adjusted to 
the 0.5 McFarland standard was added to each mixture 
while the control mixture was prepared without bacterial 
culture. Dye solutions were incubated at 37 °C by using an 
incubator. Biodegradation experiments were performed in 
the form of static samples culturing for 2, 5 and 10 days at 
37 °C. After 2 days of biodegradation, samples were 
filtered, centrifuged for 15 min at 4400 rpm and UV/vis 
absorption spectra were measured [5].

3. Photophysical and Photochemical Studies 
3.1 Fluorescence quantum yields 

Fluorescence quantum yields (ΦF) were determined by the 
comparative method (Eq. 1) [6],

           (1)
2
Std Std

2
 Std

F(Std)F
n .A  .F
n .A . FΦΦ 

where F and FStd are the areas under the fluorescence 
emission curves of the samples and the standard, 
respectively. A and AStd are the respective absorbances of 
the samples and standard (Unsubstituted ZnPc) at the 
excitation wavelengths, respectively. n2and n2

Std  are the 
refractive indices of solvents used for the sample and 
standard, respectively. Unsubstituted ZnPc in DMSO (ΦF = 
0.20) [6] was used as the standard.  Both the samples and 
standard were excited at the same wavelength. 

3.2 Singlet oxygen quantum yields 
Quantum yields of singlet oxygen photogeneration were 
determined in air (no oxygen bubbled) using the relative 
method with ZnPc as reference and DPBF as chemical 
quencher for singlet oxygen, using formula 2 

                                   (2)
abs

Std

Std
absStd

ΔΔ
I . R

I . RΦΦ 

where 
Std
ΔΦ  is the singlet oxygen quantum yields for the 

standard  ZnPc (
Std
ΔΦ  = 0.67 in DMSO). R and RStd are the 

DPBF photobleaching rates in the presence of the 
respective samples and standard, respectively. Iabs and 

Std
absI

 are the rates of light absorption by the samples and 
standard, respectively. Solutions, that contain DPBF,  were 
prepared in the dark and irradiated in the Q band region. 
The degradation of DPBF at 417 nm was monitored after 
each 5 s irradiation [7]. The light intensity of 7.05 x 
1015photons s-1 cm-2was used for  determinations. The 
absorption band of DPBF reduced by light irradiation [6, 7].

3.3 Photodegradation quantum yields 
Photodegradation quantum yields were determined using 
formula 3,

 t. SI
N . V . )C(CΦ

 . abs

At0
d




(3)

where “C0” and “Ct” are the sample concentrations before 
and after irradiation respectively, “V” is the reaction 
volume, “NA” is the 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 . A light intensity of 7.05 x 
1015 photons s-1 cm-2 was employed for Φd determinations 
[8].

4. Characterization
4.1 Mass Spectra
Mass spectrometry is an analytical technique in which 
samples are ionized into charged molecules and the ratio 
of their mass-to-charge (m/z) can be measured. In MALDI-
TOF mass spectrometry, the ion source is matrix-assisted 
laser desorption/ionization (MALDI), and the mass 



analyzer is a time-of-flight (TOF) analyzer. Albeit mass 
spectra of all the studied compounds assigned to the 
ionized intact phthalocyanines, some differences could 
arise from the medium (matrix nature) in which the 
measurement is performed. Some of these differences 
have been reported in the literature [9-14]. 
4.2 1H NMR Spectra
1H NMR spectra of all the newly synthesized 
phthalocyanine complexes were observed broader than 
that of the phthalonitrile derivative since the isomeric 
mixture show up slightly different chemical shifts that can 
result in broadening the bands. Additionally, aggregation 
in the concentrated solutions prepared for NMR 
spectroscopy can broaden the bands [15-20].

References
1. M.S. Agırtas, B. Cabir and S. Özdemir, Dyes Pigm, 

2013, 96, 152.
2. A. Pascoal, S. Rodrigues, A. Teixeira, X. Feás and 

L.M. Estevinho, Food Chem Toxicol, 2014, 63, 
233.

3. T.C.P. Dinis, V.M.C. Madeira and L.M. Almeida, 
Archives of Biochemistry and Biophysics, 1994, 
315(1), 161. 

4.  M.S. Agırtas, C. Karatas, S. Gümüş and Veysi 
Okumus, Z Anorg Allg Chem, 2015, 641(2), 442. 

5.  I.M. Pavlíková, BIODEGRADATION OF 
INDUSTRIAL DYES USING SELECTED MICROBIAL 
CONSORTIUM. VŠB – Technical University of 
Ostrava, Czech Republic, Section Advances in 
Biotechnology.19th International 
Multidisciplinary Scientific GeoConference SGEM 
2019.

6. O. Tayfuroglu, F.A. Kilicarslan, G.Y. Atmaca and 
A. Erdoğmuş, J Porphyrins Phthalocyanines, 
2018, 22(3), 250-265.

7. O. Tayfuroglu, G.Y. Atmaca and A. Erdoğmuş, J 
Coord Chem, 2017, 70(17), 3095.

8. E. Ahmetali, G. Y. Atmaca, H.R.P. Karaoğlu, M.B. 
Koçak, and A. Erdoğmuş, J. Porphyrins 
Phthalocyanines, 2019; 23, 960.

9. Srinivasan, N., Haney, C.A., LindseY, J.S., Zhang, 
W. and Chait, B.T. (1999) Investigation of MALDI-
TOF Mass Spectrometry of Diverse Synthetic 
Metalloporphyrins, Phthalocyanines and 
Multiporphyrin Arrays. J. Porphyrins 
Phthalocyanines 3, 283–291. 

10. Zhao Shankai, Zhong Feng, He Weide, Yao 
Zhongping and Wen Hanhui, RAPID 
COMMUNICATIONS IN MASS SPECTROMETRY 
1995, 9, 230-232.

11. M. Karas, U. Bahr, K. Stmpat and F. Hillenkamp, 
Anal. Chem. 1995, 67, 675-679.

12. Ü. Salan, A. Altındal, A. R. Özkaya, B. Salih and Ö. 
Bekaroğlu, Dalton Trans., 2012, 41, 5177-5187.

13. M. N. Yaraşir, M. Kandaz, A. Koca and B. Salih, 
Polyhedron 2007, 26, 1139–1147.

14. A. Y. Tolbin, V. E. Pushkarev, G. F. Nikitin and L. 
G. Tomilova, Tetrahedron Lett. 2009, 50, 4848-
4850.

15. S. Gaspard and P. Maillard, Tetrahedron, 1987, 
43, 1083–1090. 

16. D. Wohrle and J. Gitzel, J. CHEM. SOC. PERKIN 
TRANS. II 1985, 1171-1178.

17. Ş. Merey and Ö. Bekaroğlu, J. Chem. Soc., Dalton 
Trans., 1999, 4503–4510.

18. B. Görlach, M. Dachtler, T. Glaser, K. Albert and 
M. Hanack, Chem. Eur. J. 2001, 7, 24-59-2465.

19. E. Korkmaz, E. Ahmetali, G. Y. Atmaca, H. R. P. 
Karaoğlu, A. Erdoğmuş and M. B. Koçak, 
Monatsh. Chem., 2020, 151, 181.

20. B. Ghazal, K. Azizi, E. F. Ewies, A. S. A. Youssef,V. 
M. Mwalukuku, R. Demadrille, T. Torres and S. 
Makhseed, Molecules 2020, 25, 1692.

Figures

Figure SI-1 Absorption (700), excitation (710) and emission (717) spectra of 
complex 3 in DMSO. 

Figure SI-2 Absorption (695), excitation (695) and emission (711) spectra of 
complex 7 in DMSO.



Figure SI-3 A typical spectrum for the determination of singlet oxygen 
quantum yield of complex 3 in DMSO.

Figure SI-4 A typical spectrum for the determination of singlet oxygen 
quantum yield of complex 6 in DMSO. 

Figure SI-5 A typical spectrum for the determination of photodegradation 
of complex 7 in DMSO.

Mass spectrum of compound 1

[M+DHB]+=510.568 m/z

Mass spectrum of compound 2

Mass spectrum of compound 3



Mass spectrum of compound 4

[M-4CF3-Cu+DIT+Li]+=1587.769m/z; [M-2CF3-Cu+2Li]+=1300.368m/z; [M-
4CF3+3H]+=1215.815m/z 

Mass spectrum of compound 5

[M-6H+5H2O]+=1568.677m/z; [M-4H++2H2O]+=1515.804m/z 

Mass spectrum of compound 6

[M+6H+8Na+DHB]+=1873.959m/z; [M+H+4Na+DHB]+=1777.310m/z; [M-
Cl+2H+DHB]+=1651.637m/z; [M-Cl+2H]+=1497.657m/z

Mass spectrum of compound 7

[M+19H2O-H]+=1915.907 m/z; [M+12H2O+7H]+=1798.374m/z; 
[M+6H2O+3H]+=1686.646m/z; [M-3CF3+4H+Na]+=1395.545m/z; [M-InCl-
CF3-4H]+=1352.476m/z; [M-Cl-4CF3+2H]+=1266.584m/z; [M-6CF3-
4H+Na]+=1180.765m/z; [M-7CF3-5H+Na]+=1110.223m/z; [M-8CF3-
10H+Na]+=1036.601m/z; 

1H NMR spectrum of compound 1

1H NMR spectrum of compound 2



1H NMR spectrum of compound 3

1H NMR spectrum of compound 6

1H NMR spectrum of compound 7


