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Orderliness  

of multi-

component 

assemblies  

Astonishing 

efficiency 

Source of 

inspiration 

for scientists 

Structural  

and functional 

diversity 



Tetrapyrrols around us 
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Meso-aza substitution 

 

-benzo-annelation 

Functions of porphyrins  

in Nature 

 

•Photosynthesis 

 

•Biocatalysis 

 

•Transfer of energy 

 

•Transfer of electrons 

Technological and industrial 

applications of phthalocyanines 

 

•Dyes and pigments 

 

•Catalysis 

 

•Photodynamic therapy 

 

•Solar energy applications and 

electrochemistry 

•Wöhrle D. et al. 

Practical Applications of Phthalocyanines –  

from Dyes and Pigments to Materials for Optical, Electronic and Photo-Electronic Devices 

Macroheterocycles 2012, 5 (3), 191 



Periodic table of phthalocyaninates 
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Filling in the gap between molecules  

and condensed phases 
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Enhancement of electrochemical, 

nonlinear optical and magnetic 

properties 
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Light-matter interaction: case of medium radiation intensity  

P = (1)E 
P – induced electrical polarization,  

(1) – linear susceptibility, 

E – wave field 
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Light-matter interaction: case of strong radiation intensity  

P = (1)E + (2)EE + (3)EEE + … 
P – induced electrical polarization,  

E – wave field, (1) – linear susceptibility, 

(2) – quadratic susceptibility and (3) – cubic susceptibility 

                   

 

 

 

 

 

 

 

 

Optical limiting ~ (3) 

Second harmonic 

generation ~ (2)  

 2 
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Light-matter interaction: case of strong radiation intensity  

P = (1)E + (2)EE + (3)EEE + … 
P – induced electrical polarization,  

E – wave field, (1) – linear susceptibility, 

(2) – quadratic susceptibility and (3) – cubic susceptibility 

  At molecular level 

 

 

 

 

 

Compounds with high  and  values  

are required for non-linear optical applications 

(2) ~  
 - second-order 

hyperpolarizability 

(3) ~  
 - third-order 

hyperpolarizability 

 

 

 

 

 

 

 

 

 



Requirements for nonlinear optical materials 
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•Large and fast nonlinearities 

due to high polarizability 

 

•High photostability 

 

•Tunability of structure 

and properties 

 

•Facile processing 

 

•Integration into  

optical devices 

•Chem. Rev., 2004, 104, 3723. 

•J. Porphyrins Phthalocyanines, 2009, 13, 652. 

•Handbook of Porphyrin Science, 2014, vol. 2, pp. 271. 

Extension of 
-system 

Ring 
expansion or  

contraction 



Second-harmonic generation (SHG) 
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(2) 

  0  = 0   0 

  0 

“Push-Pull” molecules Octupolar molecules 

Lowering of local symmetry 

via formation of films  

and aggregates  

(type of aggregates is important!) 

Easily to obtaine!  



Z-scan technique:  

measurement of third-order NLO properties 
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(3) 

•http://www.holmarc.com/images/z_scan2.jpg 

z z0 
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The role of self-assembly in NLO properties of  

polymeric composites based on Ru(II) complex 
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(3) 

•J. Mater. Chem. C, 2015, 3, 6692. 
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1st cycle of heating to 70°C  

and cooling to 5 °C 

 

Average size –  

1.50.4 nm 

12 h of aging  

of treated solution 

 

Average size –  

50.417.6 nm 

DLS measurements in TClE 

2 days of aging  

of treated solution 

 

Average size –  

21355.2 nm 

Prepared from  

thermally  

treated and  

aged solution  

of RuPc in TClE 

Prepared from  

fresh solution  

of RuPc in TClE 

Z-scan using 1030 nm  

femtosecond laser (pulse 217 fs) 
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The role of self-assembly in NLO properties of  

polymeric composites based on Ru(II) complex (3) 

•J. Mater. Chem. C, 2015, 3, 6692. 
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The role of self-assembly in NLO properties of  

polymeric composites based on Ru(II) complex (3) 

•J. Mater. Chem. C, 2015, 3, 6692. 
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X-Ray structure of [(15C5)4Pc]Ru(Pyz)2 
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(3) 

•J. Mater. Chem. C, 2015, 3, 6692. 

Fragment of crystal packing 

of [(15C5)4Pc]Ru(Pyz)2  

Some of contacts, found in crystal 

lattice of [(15C5)4Pc]Ru(Pyz)2 

CH… 

CH… 

CH…O 

CH…O 



           Composite materials for optical limiting 
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(3) 

Improving 

optical limiting 

characteristics 

Prof. Tebello NYOKONG 

Rhodes University 

South Africa 

QD: CdSe, CdTe, etc. 

Polymers: PMMA, PBC, etc. 



Grafting of pthalocyanines into 
nanomaterials – enhancement of NLO 

properties 
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(3) 



Synthesis of target unsymmetrical 
phthalocyanine 

18 
JPP, 2016, 20, 1296–1305 



Composite materials for optical limiting 
Collaboration with Rhodes University, South Africa, Prof. T. Nyokong 
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(3) 

ZnPc H2Pc 

H2Pc 

+QD 

H2Pc 

in 

PBC 

H2Pc 

+QD 

in 

PBC 

In chloroform solution In polycarbonate 

A            B 

JPP, 2016, 20, 

1296–1305 



Joint project between Russian Academy of Sciences and 

Rhodes University – with group of Prof. Tebello Nyokong 
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QD or 

NP 

Eu(OAc)3, OctOH 

X 

X 



Novel hybrid optical limiters based on nanocomposites, 

formed by phthalocyanines and quantum dots 

21 Oluwole D. O., Yagodin A. V., Mhkize N. C. et al. // Chem.- A Eur. J., 2017, online 



Conjugates with Quantum Dots 
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Wavelengths, см-1 

A
b
s
o

rp
ti
o
n
 

MSA - mercaptosuccinic acid 

EDC - ethyl(dimethylaminopropyl)carbodiimide 
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 (2) 

(2) + QD 

MSA-QD 

Conjugates with Quantum Dots 

Oluwole D. O., Yagodin A. V., Mhkize N. C. 

et al. // Chem.- A Eur. J., 2017, doi: 

10.1002/chem.201604401 
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Oluwole D. O., Yagodin A. V., Mhkize N. C. 

et al. // Chem.- A Eur. J., 2017, doi: 

10.1002/chem.201604401 

Conjugates with Quantum Dots 



z z0 

Z-СКАНИРОВАНИЕ 
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Соединение Ilim (Джсм-2) 

Complex 2 50% ограничение не достигается 

Complex 2 + MSA*QD 2.00 

Complex 3 0.57 

Complex 3 + MSA*QD 0.42 
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Z-СКАНИРОВАНИЕ 

Oluwole D. O., Yagodin A. V., Mhkize N. C. et al. // Chem.- A Eur. J., 

2017, doi: 10.1002/chem.201604401 
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•Martynov A. G. et al. 

Synthesis, Spectral Properties and Supramolecular Dimerisation of Heteroleptic Triple-Decker 

Phthalocyaninato Complexes with One Outer Crown-Substituted Ligand.  

Inorg. Chim. Acta 2009, 362 (1), 11 
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Спектрофотометрическое 
титрование раствора 
[(15C5)4Pc]Y(Pc)Y(Pc)  в 

хлороформе раствором 
KOAc в метаноле 

[(15C5)4Pc]Y(Pc)Y(Pc) 
 
 
 
 
[(15C5)4Pc]Y(Pc)Y(Pc) 
+KOAc 

1H-ЯМР 

ЭСП 

1H-DOSY 
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Медленная диффузия 
раствора KBPh4 в CH3CN 
 
в раствор [(15C5)4Pc]Y(Pc)Y(Pc) 
в хлороформе 

РСА выполнен кхн Синельщиковой А.А. 



Расширяем 

ассортимент  

с 1965 года! 
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