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Introduction 

Phthalocyanine is an intensely blue-green-coloured aromatic (18-́electrons) 

macrocyclic compound which is widely used in dyeing and its chemical structure 

closely related to the naturally occurring porphyrins. The cavity of phthalocyanine is 

capable of making coordination complexes with 63 different metal ions in the periodic 

table. Properties of phthalocyanine molecules are significantly influenced by three 

factors, (i) Functionalization (on molecular skeleton), (ii) Axial ligand (coordinated to 

metal ion perpendicular to the molecular plane) and (iii) Central metal ion (at cavity). 

For example functionalization with polar groups (SO3
-, -COOH, etc.) increases the 

solubility in polar solvents as well as alters the -́electron density and thereby affects 

the optical and electrical conductivity properties. Oxidation state and number of 

unpaired electrons of metal ion strongly affects the optical and magnetic property. 

Insertion of diamagnetic metals increases the photoconductivity because of long-

lived triplet state while the paramagnetic metal ions decrease the photochemical 

behaviour of phthalocyanine. Due to their high stability (chemical and thermal) and 

particularly interesting electronic properties render them to have diverse applications 

such as photodynamic therapy1, optical data storage devices, nonlinear optics and 

photochemical cell etc. In photodynamic therapy, phthalocyanines are being utilized 

as photo-sensitizers (initiators of photochemical reactions) for the destruction of 

infected cells. Metalized phthalocyanines show better photosensitising activity 

compared to the metal-free phthalocyanines. The structural similarity of these 

molecules with chlorophyll makes them to be utilized in the synthesis of artificial 

photosynthesizers. Dye-sensitized solar cell uses phathalocyanine derivatives as 

dye in place of Rh (II)-dye because of relatively lower cost. Phthalocyanine 

molecules mimic some biological molecules (Hemoglobin, Myoglobin), so these can 

be used in vitro studies.   
 

http://en.wikipedia.org/wiki/Macrocycle
http://en.wikipedia.org/wiki/Dye
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Figure 1: Pc-related compounds 

               

 

Figure 2: Typical functions of phthalocyanines/derivatives 

 

Wet-chemical synthesis of Pcs and MPcs is well-established2. So far It has been 

explored about the properties and application of isolated phthalocyanine molecules 

but not about their self-assembly. Therefore it is fundamentally interesting to study 
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about homo (same molecules) and hetero (different molecules) self-assembly of 

various kinds of phthalocyanine molecules. 

Polymorphs of Phthalocyanines 

If the same chemical species exhibit in different crystal lattice form is called 

polymorphism. Phthalocyanine molecules also exhibit polymorphism. Different 

polymorphs have different properties such as melting point, density and color. 

Different crystal lattice forms of phthalocyanine gives rise to reduction of the four fold 

symmetry which applies slight but significant distortion. These distortions lead to 

change in absorption properties of phthalocyanine. The unsubstituted 

phthalocyanines, metal free phthalocyanines and derivative of phthalocyanines occur 

in different crystal structures. To date maximum 10 polymorphs (Ŭ, ɓ, ɔ, ŭ and Ů etc.) 

of phthalocyanine have been recognized3. 

 

Figure 3: Packing diagrams of Copper Phthalocyanine polymorphs (taken from ref. 

[3]) 

Copper phthalocyanine exists in ten polymorphs but recently an eleventh polymorph 

has been grown under low gravity conditions in the space shuttle4. They can be 

distinguished by powder X-ray diffraction pattern and infrared spectroscopy. The raw 

Copper phthalocyanine comes in ɓ-modification. Some of the phthalocyanine 

polymorphs can be prepared under the appropriate condition. 
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Figure 4: Powder XRD of Copper Phthalocyanine polymorphs (taken from ref.[3b]) 

Dry grinding of ɓïphase of Copper Phthalocyanine converts it into a partial Ŭ-phase 

modification. This is because of particle size reduce from 5-100ɛm to 10-50nm 

resulting in the mixture of Ŭ and ɓ phase and the rate of alpha to beta transformation 

decrease with increasing the temperature. The enthalpy difference between Ŭ- and 

ɓ-CuPc was found to be 10.75k.l/mol. Ŭ to ɓ transformation has remarkable impact 

on size of unit cell of crystal lattice5.  
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Figure 5: Superposition of successive phthalocyanine molecule in a molecular 

column along the b axis (a) alpha-polymorphs; (b) beta-polymorphs ; (c) projection 

on (100) plane  in the  alpha polymorphs; (d) projection on (100) in the beta 

polymorphs.(taken from ref.[3b]) 

Increasing order of thermodynamic stability6  of copper Phthalocyanine (CuPc) is Ŭ = 

ɔ < ŭ < Ů< ɓ. Most thermodynamically stable ɓ-phase of CuPc would be formed 

during the synthesis in aromatic solvent or at elevated temperatures in other solvent 

. All phases can be transferred into the most thermodynamic stable ɓ modification by 

heating. Transformation takes place between temperature 200 to 300°C depending 

on the purity and crystallinity of material. At the temperatures above 540°C 

transformations into Ů- phase have been reported7. Magnetic study has been manly 

focused on MnPc single crystal which shows ferromagnetism below 10K8. The 

influences of crystal modification on magnetic properties have recently become 

apparent via pressure independent visitation9. 
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Supramolecular Chemistry of Pcs 

Non-covalent interactions (plays an important role in biology as well as in material 

science) such as hydrogen bonding, halogen-halogen interaction, halogen-nitrogen, 

halogen-oxygen, electrostatic interaction and donor-acceptor, fluorine substituted 

aromatic ï aromatic interaction is most thoroughly studied. 

First time Tomas Torres and his co-workers10  showed that the hetero-association 

between electron-rich Zn(II)hexabutoxyphthalocyanine and electron-deficient 

Ni(II)hexa(alkylesulfonyl) phthalocyanine. They proposed that driving force for this 

king of aggregation is acceptor-donor interaction. 

 

 

Figure 6: Representation of the type of form by donor-acceptor interactions: (a) one-

dimensional aggregates (b) columnar aggregates (taken from ref [10]). 
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In 2002 K.W. Hipps and his co-workers11  showed that the interaction between 

fluorinated cobalt phthalocyanine (CoF16Pc) and nickel tetraphenyl phorphine 

(NiTPP) on the surface of Au(111), however that was unclear what is the driving 

force acting between phthalocyanine and phorphine but they suggested various 

models like hydrogen bond  C-H---F and attraction between dipole moment of  

phthalocyanine and phorphine. 

 

Figure 7: STM images of NiTTP, CoF16Pc and mixture on gold surface (111) (taken 

from ref.[11]) 

The resulting 2D surface of mixture shows entirely new crystalline structure which is 

more stable than parent compounds.  
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Recently Ballav and his co-workers presented two-dimensional supramolecular 

electron spin array using manganese phthalocyanine(MnPc) and fluorinated iron 

phthalocyanine (FeF16Pc) as precursor molecules12. Driving force for 2D 

supramolecular arrangement is intermolecular hydrogen bonding between 

phthalocyanines was mentioned to be predominantly due to C-H --- F hydrogen 

bond.   

 

Figure 8: Bottom-up assembly of the supramolecular spin array. Chemical structures 

of FeF16Pc and MnPc are superimposed on the scanning tunneling microscopy 

(STM) image which directly visualizes the supramolecular chessboard-like 2D lattice 

and the intramolecular electronic structure (taken from ref. [12]). 
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Figure 9: The spins in the bi-molecular array are controlled by consecutive ammonia 

(NH3)-ligation (taken from ref.[12]). 

Charge transfer in organic materials plays very crucial role in the fundamental and 

applied science. It has shown13 that charge transfer is taking place in hybrid state 

between phthalocyanines MnPc and F16CoPc at heterojunction. This charge 

transfer affects transition metals only and it is very sensitive to the distance between 

the molecules at interface. In conclusion they showed that MnPc and F16CoPc 

organic hetro-interface is characterized by interface reaction that lead to the 

formation of hybrid state and charge transfer between phthalocyanines right at the 

interface. This is important for application of such interfaces in organic electronic 

device because charge transfer affect the energy level alignment and the transport 

behavior of the respective heterojunction. Charge transfer is also connected to the 

spin transfer because if hybrid system has high spin such compound can also term 

as spintransfer material with the future application in the area of spintronics.   
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Figure 10: Interaction of the MnPc and F16CoPc state in the MnPc-F16CoPc dimer 

close to the Fermi level. Mn 3dxz and the Co 3dz2 orbital hybridize to form a two 

level system (taken from ref. [13]) 

Objective 

During past years weak hydrogen bond has attracted more attention in scientific 

research. Hydrogen bonds are non-covalent which are very important in point of 

biological, nanoscale and engineering chemistry. Here we are trying to self 

aggregates of phthalocyanines in bulk with the help of C-HðF or C-H--  ́interaction 

because of this type of interaction has already shown on the surface. Keeping this 

results in mind we propose the interaction between two phthalocyanine molecules 

one is Ni(II)phthalocyanine other molecule Fluorinated Zinc(II)phthalocyanine 

(F16ZnPc) in bulk amount. 
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Experimental section 

Hexadecafluorinated zinc phthalocyanine (ZnF16Pc) and nickel phthalocyanine 

(NiPc) were purchased from sigma Aldrich. Millimolar solutions of ZnF16Pc and NiPc 

were prepared in chloroform solvent. This two saturated solution are mixed together 

and within 24 hr solid insoluble product was obtained. This product was purified by 

filtration and washing of the residue with chloroform. The characterization of the 

insoluble mass was performed. Fourier transform infrared (FTIR) spectrums were 

recorded in NICOLET 6700 FTIR Spectrophotometer. The morphology of these 

materials was observed in Zeiss Ultra Plus field emission scanning electron 

microscope (FESEM). TEM images were recorded by using an FEI Tecnai T30 

transmission electron microscope at an accelerating voltage of 200 kV. The powder 

X-ray diffraction data were recorded from a Bruker D8 Advance diffractometer at 

room temperature using Cu-KŬ radiation (ɚ=1.5406¡). UV-vis measurements were 

done using Perkin Elmer, Lambda 45 spectrometer.  Fluorescence measurement 

was done in Fluoromax-4 spectrometer. 
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Results and Discussion 

By mixing of two different Pcs, Nickel phthalocyanine and ZnF16Pc in chloroform 

gives precipitate in 5 minute which is further characterize by different instrument. 

 

Figure 11: image of Zinc 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecafluoro-

29H,31H-phthalocyanine(ZnF16Pc)  and Nickel phthalocyanine(NiPc) 
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Figure 12: Solutions of ZnF16Pc, NiPc and mixture ratios (1:1, 1:2 and 2:1) in 

chloroform 

To check the composition of precipitated mixture of NiPc and ZnF16Pc, three 

mixture of different molar ratio (1:1, 1:2 and 2:1) as well as individuals were allowed 

to get precipitate. Interestingly precipitate were coming in all mixture but not in case 

of individuals. 

 

 

 

 






























