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Porphyrins have been often called the ‘colours of life’. These are much more than 

mere colour, but are the “master rings” at the center of producing energy, transporting 

oxygen and generally sustaining life1. Photosynthetic properties of plants are because of 

chlorophyll molecule and oxygen transport of blood is because o f hemoglobin molecule 

(Fig. 1.1). The name porphyrin comes from the Greek word Porphura meaning purple . 

Phthalocyanines (Pcs) are synthetic analogues of porphyrins and are structurally related. 

Like porphyrins, they are strongly coloured ranging from dark blue to green. They are 

robust molecules, with stability to higher temperatures, UV light and are insoluble in most 

solvents except in strong acids or when functionalized with sulfonate groups. Despite of 

their low solubility, Pcs are one of the most important pigments produced, for the use in 

paints and dyes accounting 25% of all pigments synthesized world wide3.

1.1 Phthalocyanine and Porphyrins

Fig. 1.1 (a) Hemoglobin, (b) Chlorophyll and (c) Phthalocyanine
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Fig. 1.2 belong to a class of compounds known as tetrapyrrolic macrocycles which 

includes tetraazaporphyrins also known as Phthalocyanines (1), porphyrazins (2), 

tetrabenzoporphyrins (3) and porphyrins (4). The macrocycles are structurally similar 

except (1 ) and (2) have imino nitrogen atoms at each of the four meso positions, 

commonly known as azamethine bridges, while (3) and (4) have methane bridges. The 

type of bridges connecting the iminoisoindoline units determines the size of the cavity, 

thus macrocycles with azamethine bridges are known to have smaller inner cavities than 

macrocycles with methane bridges4,5. Macrocycles (1) and (3) additionally have four 

benzo-subunits which allow for addition of functional groups onto their respective 

framework. The annulation of the Pcs greatly affects their electronic spectra and therefore 

they tend to have much stronger absorbance at longer wavelengths than do porphyrins.

1.2 The Structure of Phthalocyanines and Porphyrins

2
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Fig. 1.2 Tetrapyrrolic macrocyles

The four iminoisoindoline units make up the structure of a phthalocyanine, a 

symmetrical macrocycle with a conjugated system of 18 n electrons that exhibits 

exceptional good stability of the compound. The extended conjugation is responsible for 

the blue green colour of these macrocycles. Pcs are considered as fused porphyrin 

analogues and by using the known International Union of Pure and Applied Chemistry 

(IUPAC) nomenclature of tetrapyrroles6 These are formally known as 

t e t r a b e n z o [5,10,15,20]tetraazaporphyrins as seen in Fig. 1.3.
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Fig. 1.3 Tetrabenzo[b,g,l,q][5,10,15,20]tetraazaporphyrins

There are 16 possible sites o f substitution onto the fused benzene rings (red), i.e. 

peripheral substitution (carbon number 2, 3, 9, 10, 16, 17, 23, 24) and non peripheral 

substitution (carbon number 1, 4, 8, 11, 15, 18, 22, 25). Change in the central metal ion or 

substitution onto the fused benzene rings results in modification in the properties o f  the 

molecule, e.g. colour, crystal structure, solubility, electronic and catalytic properties.

1.3 Phthalocyanines: General Applications

Phthalocyanines are versatile system in which the two central hydrogen atoms can 

be substituted by elements shaded with blue and those highlighted in red form
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phthalocyanine nanoporous crystals (PNCs). Those highlighted in blue have been 

investigated but have not produced a PNC till date. The others have not yet been 

investigated7, as shown in Fig. 1.4. Due to its ability to get substituted with different 

elements and substitution possible at different peripheral and non peripheral positions, Pcs 

have shown wide applications right from dyeing of clothes to that in electronics. A major 

application of phthalocyanine pigment is in the production of cyano printing inks used for 

printing paper and packaging materials. Nowadays, both metal-containing pigments and 

metal-free phthalocyanine pigments are commercially available and compete with one 

another. Copper phthalocyanine (CuPc) dye is produced by introducing solubilizing 

groups, such as one or more sulfonic acid functionalities in CuPc structure. These dyes 

find extensive use in various areas of textile dyeing (Direct dyes for cotton), for spin 

dyeing and in the paper industry. Direct blue 86 is the sodium salt of CuPc - sulfonic acid 

whereas direct blue 199 is the ammonium salt of the CuPc - sulfonic acid ’ ' . 

Phthalocyanine has high resonating structure, which is responsible for its high thermal 

stability and therefore makes its application possible as a lubricant at high temperature12'

15
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Metallophthalocyanines (MPcs) and related compounds hold considerable promise for the 

development of nonlinear optical devices because of their large third-order nonlinearity, 

fast response times, unique electronic absorption characteristics, high thermal and 

environmental stability16' 17. The large nonlinearity originates from their extensively 

delocalized ra-electron distribution. They are highly stable and versatile compounds, 

capable of including more than 70 different metallic and non-metallic ions in the ring 

cavity. These properties along with the semiconducting nature, makes them very good 

photoconductors and sensors18'20. Apart from high spectral properties and thermal stability 

their application are limited due to low solubility. The current work focuses on the attempt 

to synthesize water soluble Pcs and study their various applications.

Highlights of the Thesis

1) Preparation of metal phthalocyanine using different techniques such as refluxing in 

Nitro benzene, melt method and Microwave method was carried out. Phthalocyanines 

containing Zn, Ni, Mn, Co, Cu, Ni, A1 and Fe, as central metal atoms were 

synthesized.

2) 4-Nitrophthalimide was synthesized from phthalimide using nitrating mixture. This 

nitrophthalimide was used for the synthesis of tetra Nitro metal phthalocyanines 

(TNMPcs) using melt and microwave method, containing Zn, Ni, Mn, Co, Cu, Ni and 

Fe, as central metal atom.

3) The above synthesized TNMPcs were used for the synthesis of series of tetraamino 

phthalocyanine(TAMPc) by reducing the nitro group using either SnC^ or Na2S 

containing Zn, Ni, Mn, Co, Cu, Ni and Fe, as central metal atoms.

7



4) Water soluble Pcs were prepared by reacting TAMPcs with maleic anhydride to form 

tetra (N-Carbonylacrylic) amine metal Phthalocyanine (TCMPcs) having Zn, Mn, Co, 

Cu and Ni, as central metal atoms.

5) The above synthesized Phthalocyanine were characterized using FTIR, UV-Visible 

spectroscopy, X-ray powder diffraction (XRD) and Elemental analysis.

6) Studies such as Thermal Analysis, Magnetic Susceptibility, Diffused reflectance 

spectroscopy (DRS), Surface area measurement using BET technique, SEM and 

photoluminescence were undertaken.

7) Photocatalytic degradation of azo dyes such as Amido Black 10B, Auramine and 

Methylene Blue.

8) Catalytic oxidation of Benzoin to benzil in presence of TCMPc at different 

experimental condition, i.e. at different temperatures and in different solvents was 

carried out.

9) Catalytic oxidation of p-naphthol to 2-hydroxy 1,4-Napthaquinone in presence of 

specific catalyst such as CuPc and TACuPc, using different experimental condition 

was performed.

10) The synthesized Pcs were tested for their antimicrobial activity.

Thesis under present investigation will be divided into following six chapters.

Chapter-1 deals with the brief introduction, aim and objective of the research work is being 

spelt out in this chapter.

Chapter- II describes the literature studies pertaining to the synthesis of different types of 

Phthalocyanines and their various applications.

8



Chapter- III highlights the different methods of preparation and characterization of the 

compounds by employing different instrumental tools.

Chapter- IV describes characterization and the spectroscopic studies.

Chapter- V discusses and evaluate the catalytic activity towards the degradation of dyes, oxidation 

of alcohols and antimicrobial studies.

Chapter- VI summarizes the overall results and conclusions.

9
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Introduction

This chapter deals with the literature survey on the discovery of phthalocyanine, 

different types of phthalocyanine, various synthetic strategies, different tools of 

characterization, its various applications in the field of catalysis, PDT, Lubricant, sensors and 

antimicrobial activity.

2.1The Discovery of Phthalocyanines

The wonderful existence of phthalocyanine (Pc) is the one that was purely accidental. 

In 1907, Braun and Tschemiac accidentally discovered the first sample of a highly coloured 

phthalocyanine (Pc). The bright bluish compound, later known as metal-free phthalocyanine 

(3)as seen in Scheme 2.1, was obtained as a by-product during an attempted synthesis of o- 

cyanobenzamide(2) from phthalamide (l).However this discovery was of no special interest at 

that time.

(3)

Scheme 2.1
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In 1927 de Diesbach and von der Weidaccidently prepared CuPc in an attempt to 

synthesizephthalonitrile from o-dibromobenzene and cuprous cyanide in pyridine. In place of 

a colourless product, a blue coloured product was obtained which was exceptionally stable to 

alkalies, sulphuric acids and heat.

In 1929 the Pc was made by Scottish Dyes. During the preparation of Phthalimide 

from phthalic anhydride and ammonia in an enamel vessel, a greenish blue impurity appeared. 

Dunsworth and Drescher carried out a preliminary examination of the compound, which was 

analyzed as an iron complex. It was formed in a chipped region of the enamel with iron from 

the vessel. Further experiments yielded FePc, CuPc and NiPc. It was soon realized that these 

product could be used as pigments or textile colorants. Linstead and Co-workers at the 

University of London discovered the structure of Pc and developed improved synthetic 

method for several metal Pc from 1929 to 1934. Later on the crystal structure of these large 

organic molecules was confirmed by X-ray diffraction experiments performed by 

Robertson21’24

2.2 Synthesis of phthalocyanine

2.2.1 Synthesis of non-substituted metal free Phthalocyanine

Synthesis of metal free phthalocyanine is given in scheme 2.2

11



Scheme 2.2

Where (i) Lithium, refluxing pentanol, followed by aqueous hydrolysis, (ii) Fuse with 

hydroquinone (iii) Heated with l,8-diazobicyclo[4,3,0]non-5-ene(DBN) in a melt or in pentol 

solution. (iv)Ammonia (NH3), refluxing methanol and sodium methoxide. (v) Refluxing in a 

high boiling point alcohol25.

2.2.2Synthesis of non-substituted metal phthalocyanine

MPc can be obtained from diverse precursors such as phthalonitrile (1), 0- 

cyanobenzenamide(2), 1,3-diiminoisoindoline(4), Phthalic anhydride (6), phthalimide (7),

12



phthalic acid (8)etc, generally in high boiling non-aqueous solvents at elevated temperature or 

electrochemically from phthalonitrile . In case of phthalonitrile, sodium methoxide and other 

strong bases are used inorder to perform a nucleophilic attack at the cyano group of 

phthalonitrile as shown in scheme2 .3 .

Scheme 2.3

Metal-free phthalocyanine forms metal complexes with strong(for example Fe,Cu,Ni) 

or weak (Mg, Sb) metals which can be synthesized (a) chemically from metals or their salts or 

(b) electrochemically from the bulk metals or their salts, (a) This reaction employs elemental 

metals or their salts, the above precursors and non-aqueous solvents having high boiling 

points such as nitrobenzene, o-dichloro- and trichloro-benzene, ethylene glycol, a- 

methylnaphthalene, quinoline etc are used. Some alcohols are also used in which

13



phthalonitrile are used as precursor26, (b) Electrochemical route and use of laser, ultrasonic 

and microwave treatment is less common for the synthesis of phthalocyanine27,28.

2.3Synthesis of Substitute Phthalocyanine

Non substituted Pc has practically low solubility in most of the organic solvents. It 

shown solubility in 8M H2SO4, but the only disadvantage is that it leads to the protonation of 

the ring. To increase the solubility of these macrocyles, different substituent’s which include 

aliphatic chains having capability of self-organizing into the liquid crystal state29, aromatics, 

amines, thiols, halides and acids can be added to the Pc framework30'32.

2.3.1 Tetra-substituted Phthalocyanines

Tetra substituted phthalocyanine can be obtained either by substitution on a preformed 

Pc ring or by condensation of an appropriately substituted precursor as shown in scheme 

2.433. The former has been used for sulphonation or chlorosulphonation of non-substituted Pc 

with 20-30% oleum and chlorosulphonic acid34'36. With this method, purification and isolation 

of the desired product is almost impossible, since complex isomeric mixtures with varying 

degrees of substitution are formed. The use of substituted precursor is however generally 

preferred since controlled substitution at 3-or4-position is obtained. Though it is far better 

than the first method, the mono substituted product formed, lead to the formation of 

constitutional isomers. The 3-positionisomer of (C4h)l,8,15,22-, (D2h) 1,11,15,25-,(C2V) 

1,11,18,22- and (Cs) 1,8,18,22-tetrasubstituted complexes, are shown in Fig 2.1. while the 4- 

position, single isomers of (C4h)2,9,16,23-, (D2h) 2,10,16,24-,((C2V) 2,9,17,24- and ((Cs) 

2,9,16,24-tetrasubstituted complexes are shown in Fig 2.2. Though the separation of

14



regioisomer is tedious, it is made possible using HPLC. Symmetrically Tetra-substituted Pc 

are synthesized from tetraanhydride of 2,3,9,10,16,17,23,24-Octacarboxyphthalocyanine 

(OCPc) as a convenient precursor37.

Scheme 2.4

15



Fig 2.1Tetrasubstituted Pcs with substitution at 3 position
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Fig 2.2Tetrasubstituted Pcs with substitution at 4position
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To increase conjugation, for the selective synthesis of mono substituted, tri substituted 

or having selective substitution at desire position, palladium catalyzed cross coupling reaction 

is used38-40. This technique is also used for the preparation of peptide Pc conjugates41.

2.3.20cta-substituted Phthalocyanines

The difficulty faced in the separation of isomer is overcome by synthesizing 

octasubstituted Pc starting from precursor having substitution at either 2,5-substitution42 or

3,4 substitution43. Octa- Carboxylated Pc Cu(II) complex was prepared by the reaction of 

1,2,4,5-benzenetetracarboxylic acid dianhydride, urea with CuCl2 in nitrobenzene at 180°C44.

2.3.3 Axial substituted phthalocyanine

The cyclotetramerisation of phthalonitrile or diiminoisoindoline in the presence of 

silicon tetrachloride produce a-C^SiPc, which on hydrolysis by aqueous sodium hydroxide 

gavea-(OH)2SiPc, which is the intermediate precursor to the Pc-polysiloxane. Axial 

substitution reaction on precursor with alcohol, alkyl halide and chlorosilanes results in a 

range of materials having enhanced solubility in common organic solvents . Ruthenium 

Phthalocyanine(RuPc) having axial polymeric bridge was synthesized and its organic 

conductor properties were studied by Wolfram and Michael45.DiammeRuPc is not substituted 

on ring but still it is water soluble and isomerically pure46. Two Pc linked to a single Lutetium 

(III) as a central metal atom and forming a sandwich compound is reported in literature47. 

Priscilla and group has increased the solubility of silicon phthalocyanine by substituting 

poly(e-caprolactone) at axial position48.
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2.3.4 Synthesis of phthalocyanine having macrocycle

Pc containing Macrocycles such as 15-membered oxadithiadiazo49,50 crown ether, 51'53 

Azobenzene54, Tetraaza Macrocyles55 were synthesized to study their optical and electrical 

properties.

2.4Synthesis of Sub phthalocyanine (SubPc)

Compared to Pc, Subphthalocyanine (SubPcB(X)) Fig2.3, the lower homologues of 

Pc, are less studied. This is mainly because of problems dealing with their purification and 

non-reproducible results. Apart from all this difficulties, the first SubPc with an axial halogen 

was synthesized in 1972 by Meller and Ossko by reaction of BF3, BCI3 or PhBCl2 

respectively with phthalonitrile in boiling 1-chloronaphthalene for 10 minutes56.Michael 

Hanack and Monika Geyer could successfully synthesize and separate the structural isomers 

of Tri-Tert-butylsubphthalocyaninatophenylboron (III), the main aim of phenyl group as axial 

substituent would be to facilitate separation of the isomers and for this purpose triphenylboron 

as the boron reagent and Naphthalene instead of 1-chloronaphthalene as solvent are used. By 

this approach the unwanted chlorination of the macrocyle is avoided57. Trisulfonated 

Phthalocyanine and their derivatives have been successfully prepared using Boron (III) SubPc 

as an intermediate58.SubPhthalocyanine are extensively used for the preparation of 

unsymmetrical Phthalocyanine which has wide application in non-linear optics59,60. The first 

dimer of aromatic macrocyclic complex formed by the lateral bridging of SubPc, containing 

Boron in the center was prepared by Nagao Kobayashi61. SubPcdimer with C6o complex was 

found to show good photophysical properties due to extended conjugation .

19



2.5 Synthesis of Super phthalocyanine

Superphthalocyanines having Uranium as a central metal atom as shown in Fig 2.4 has 

been synthesized and characterized by Edward and Tobin in 198163.
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Fig 2.4 Super phthalocyanine

2.6 Related Synthetic strategies

Synthesis of metal nitro phthalocyanine starting from nitrophthalonitrile ammonium 

chloride, metal salt, NaOH and a catalytic amount of sodium methoxide in DMSO was carried 

out under reflux condition for 4 h, the product obtained was washed with alcohol and then 

with water, to obtain a pure product. This product was reduced to tetraamino phthalocyanine 

with sodium sulphide nonanhydrate in water for 5 h and purified using 0.5M H2SO4 and 1.0M 

NaOH was reported by Achar and Lokesh64. 4-Nitrophthalic acid, urea and C0CI2.6H2O and 

ammonium molybdate were finely grounded and placed in a 500 ml beaker covered with a 

glass surface vessel. The reaction mixture was heated for 5 h at 190°C followed by washing
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with l.OM HC1, l.OM NaOH finally with water and dried in vacuum. This tetranitro Pc was 

reduced to tetraamino phthalocyanine with sodium sulphide in DMF at 60°C for 1 h and the 

product obtained was washed with water. TetraaminoCoPc thus obtained was dissolved in 

DMF and to that maleic anhydride was added, the reaction was kept at 50°C for 3 h, and the 

solution was poured in 1000 ml of water. The product obtained was dissolved in 0.1 M 

NaOH, followed by reprecipitation with acid, this procedure was repeated 3 times to get pure 

Cobalt tetra(N-Carbonylacrylic)aminePhthalocyanine65,66. Similarly Zinc tetra(N- 

Carbonylacrylic)amine Phthalocyanine was prepared using zinc salt and was further used for 

the photocatalytic degradation of 1,3-diphenylisobenzofuran67. Synthesis of tetranitro Pc in 

high boiling organic solvent68 or using Microwave oven also for synthesis of tetrasulfo Pc is 

reported in literature69.

Reduction of tetranitro Pc to tetraamino Pc is well reported in literature70,71.

2.7 Synthesis of water soluble Phthalocyanines

Porphyrins are used in photodynamic theraphy (PDT)72 and as phthalocyanine is 

structurally similar to porphyrin, it also found application in PDT73. Research was more 

focused on the synthesis of water soluble phthalocyanine having sulpho, carboxy-74,75 

phosphono-76 and acyrilicgroup. The first sulphonated CuPc was reported in 1929 and further 

Weber and Busch synthesized sulphonated Pc from monosodium salt of sulphonic acid using 

metal salt heated in nitrobenzene in the presence of urea and ammonium molybdate as 

catalyst77. In 1960’s lot of research was done to study the magnetic and electronic properties 

of 4,4’,4”,4”’-tetrasulfophthalocyanine77,78. The Pc solubility is increased by linking 

deoxyribose to it, through Sonogashira coupling reaction79. Coumarin is a constituent of many
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higher plants, essential oils and they are biological active as anti-coagulant, antithrombotics, 

antimicrobial activity. Such coumarin are coupled with Pcs, and after the cleavage of lactone 

ring of the peripheral 2H-1- benzopyran-2-one(coumarin)Pc, the solubility of the resulted 

product was found to increase80. Sonmez and Ismail have synthesized water soluble ZnPc 

substituted with Naphthoxy-4-Sulfonic acid sodium salt81.

2.8 Different tools for the characterization of phthalocyanine

2.8.1 Magnetic susceptibility studies

In 1965 Weber and Busch recorded magnetic moments for metal derivatives of 4,4',4",4"'- 

Tetrasulfo phthalocyanine at room temperature by the Gouy method using mercury (II) 

tetrathiocyanatocobaltate (II) and demineralized, double distilled water as standards. The 

values are generally reproducible to ±0.05 B.M for 0.025M solution and to ±0.10 B.M for the 

solids82.

The magnetic susceptibility measurements of metal phthalocyanine tetrachlorides 

(MPTCl’s) were investigated in solid state over the applied magnetic field strength of 1.33- 

4.45 kG. Experimental values revealed that CuPTCl and CoPTCl are paramagnetic and 

NiPTCl & ZnPTCl are diamagnetic. The Xm and (leff for CuPTCl and CoPTCl at lower 

magnetic field strength are found to be higher than that expected for that of one unpaired 

electron and at higher field it approaches the spin only value 1.73 B.M. The observed higher 

magnetic moments than spin only value is due to the orbital contribution to pcff which may 

arise as a result of mixing of ground state orbitals (b2g)2, (eg)4 and (a lg)’ with higher orbitally 

degenerate states, (b2g)2, (eg)3 and (a lg)2. The orbital contribution is found to be higher at 

lower magnetic field than that of higher magnetic field as evidenced by higher peff values at
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lower field strength and it may be accounted for the contribution of magnetic anisotropy of 

the strong phthalocyanine n  electronic current83.

The magnetic susceptibility of the samples was determined by Guoy method at room 

temperature. Copper Pc and cobalt Pc were paramagnetic whereas nickel Pc is Diamagnetic 

and iron Pc is ferromagnetic. Higher or lower value of |reff indicates the contribution of the 

direct or super exchange intermolecular interaction to spin only value. Difference in magnetic 

moment values and their variations may be due to the difference in intermolecular 

interactions, spacing and inclination of the molecules in the crystal lattice84. The nickel(II) 

complexes of phthalocyanine (four-coordinate, low spin) in pyridine were investigated 

by EPR spectroscopy and by magnetic susceptibility. The ESR spectra of Ni(II) 

complexes in frozen (77 K) pyridine solution exhibited well-resolved superhyperfine 

lines which were attributed to the formation of six-coordinated high-spin Ni(II) complex, and 

the interaction of the magnetic moment of the Ni(II) ions with the in-plane and out-of­

plane (solvating molecules) nitrogen atoms. Due to the aggregation of the molecules, no 

resolved spectrum could be obtained. The ESR spectrum of the solid-state compound, which 

was obtained by evaporation of the solution, exhibited a single broad line. The magnetic 

susceptibility of this compound obeys the Curie-Weiss law85.

2.8.2 UV-Visible spectroscopy studies

Lot of studies are done to assign the bands observed in the UV-Visible region of the 

spectrum obtained by dissolving the phthalocyanine in solvents, based on that the absorption 

peaks observed at around 327-337 nm. This is characterized as B-band of the phthalocyanine 

ring which arises due to of a2U —*eg transition. The absorption peaks observed at 664-677 and 

608-631 nm are attributed to the characteristic Q-band of phthalocyanine ring which are
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arising because ofalu—>eg transitions. A weak band in the range 206-208 nm is observed for 

all the complexes and it is accounted for the C-band of the phthalocyanine molecules83,86'90 

The Q-band exists in the visible region of spectra while others (B, N and C) exist in the UV 

region of spectra. B, N and C appear with intensities that are comparatively higher than that of 

Q-band. The higher energy peak of Q-band has been assigned to the first 71- 71* transition on 

the phthalocyanine macrocycle. The lower energy peak has been explained as an excitation 

Peak91.

2.8.3 TG-DSC/DTA studies

Thermal studies have indicated the thermal stability of metal Phthalocyanines and 

decomposition behaviour at different temperatures. Phthalocyanines do not have sharp 

melting point. They decompose at elevated temperature. It is observed that CoPc is stable up 

to 410°C and starts decomposing at around 425°C and shows weight loss till 700°C. It was 

assumed that the decomposition products might be hydrocarbon, ammonia and metal oxides. 

FePc, NiPc and CuPc show similar thermal pattern with slightly lower decomposition 

temperature for FePc and NiPc .

2.8.4 Flourimetry

A spectrofluorimetric determination of sulfite is based on the co-quenching effect of 

sulfite and formaldehyde on the fluorescence of a red-region dye, tetra-substituted amino 

aluminum phthalocyanine (TAAlPc). The relationship between the fluorescence quenching of 

TAAlPc and the concentration of sulfite is linear over the concentration range of 8-240 

ngmF1 under optimum conditions. Therefore this method has been successfully applied to the
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determination of sulfite in VK3 injections and sugar92.The phthalocyanines are considerably 

more fluorescent than the porphyrins, and this is attributed mainly to their shorter radiative 

lifetimes. The effect o f peripheral substituent’s is small, both on absorption and 

fluorescence93.

2.8.5 X-ray studies

Benny and Menon have deposited CoPc in the form of thin film, they compared the 

different phase of CoPc in free form and after deposition. The a- phase is metastable and 

obtained as a thin film deposited on a cold substrate in vacuum. The p phase can be obtained 

in single crystal form or as a thin film formed by deposition of phthalocyanine on heated 

substrates. The p-form is the thermodynamically stable one. The a-form with tetragonal and 

orthorhombic structure is metastable and can be converted to P-form by temperature 

treatments. The differences in the ‘d’ values are attributed to higher X-ray absorption, sample 

purity, particle size, preferred orientation and crystal texture. Intensities of the diffracted 

beams are determined by the positions of the atoms within the unit cell. The XRD pattern of 

the deposited film shows amorphous nature, as reported by many investigators, as a single 

peak94.

2.9 Catalysis

2.9.1CataIytic Degradation

Waste water from various industries, factories, laboratories etc is now a serious 

problem to environment. The discharge waste containing dyes are toxic to microorganism, 

aquatic life and human beings. Extensive research is underway to develop advanced
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physicochemical methods for the elimination of hazardous chemical compositions from air, 

soil and water. Semiconductor photocatalysis has received a special attention in the 

decomposition of organic compounds because of their complete mineralization ability and 

possible application to water pollution control using solar energy, which is a renewable 

energy form, cost effective and completely free to degrade the organic compounds by 

photolysis95. Photocatalytic degradation of 4-chlorophenol in presence of TiC^is reported96,97 

Ti02 are used successfully for the degradation of dyes98. Ion exchanged Na Y Zeolite 

activated by silver metal is found effective for the photocatalytic degradation of organic 

contaminants and dyes in aqueous solution99. Complete oxidation of phenol to quinone and 

then to aliphatic acid in the presence of Fenton’s reagent (FhC^/Fe 2+) is reported100. 

Metalloporphyrins in presence of hydrogen peroxide catalyze oxidative degradation of 

Herbicide101. Palladium phthalocyanine sulfonate, modified organobentonite showed 

enhanced photodegradation of 2,4,6-Trichlorophenol .

With the development of modern industry, a lot of waste water was produced which 

greatly degraded the environment. Most of it is characterized by high salinity, high toxicity 

and low biodegradability. The toxic organic pollutant in the solution cannot be removed 

efficiently by conventional technologies such as bio-treatment. Recently, the application of 

glow discharge electrolysis to water treatment has attracted much attention of environmental 

researchers, mainly because of its high efficiency, high amenability to automation and 

environmental compatibility, in which high energy of plasma, especially the hydroxyl 

radicals, as directly produced by the water discharge were mostly utilized for the destruction 

of Auramine dissolved in a potassium sulfate solution by means of glow discharge electrolysis 

under water is described, with the focus on the reaction Kinetics . T i02is used for the
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Photocatalytic degradation of Auramine104, Naphthol Blue Black105, Methylene Blue106'111 

TiCVZinc Phthalocyanine nanocomposites are used as photocatalyst for waste water 

treatment using solar irradiation112.
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2.9.2 Mechanism of photocatalysis

Unlike metals, which have a continuum of electronic states, semiconductors exhibit a 

void energy region in which no energy levels are available to promote the recombination of 

electron and hole produced by the photoactivation of the solid. The void region that extends 

from the top of the filled valence band to the bottom of the vacant conduction band is called 

the band gap. Absorption o f a photon by semiconducting solids excites an electron (e ) from 

the valance band to the conduction band, if the proton energy hv equals or exceeds the band 

gap of the semiconductor/ Photocatalyst. Simultaneously an electron vacancy or a positive 

charge called a hole (h+) is also generated in the band (Fig 2.8). Ultraviolet (UV) or near­

ultraviolet photons are typically required for this kind of reaction.

hv + semiconductor--------- ► h+ + e'

The electron hole pair thus created migrates to the photocatalyst surface where it either 

recombines producing thermal energy, or participates in redox reactions with the compound 

adsorbed on the photocatalyst. The life time of an electron hole pair is a few nanoseconds, but 

this is still long enough for promoting redox reactions in the solution or gas phase in contact 

with the semiconductor. Generally, hole oxidizes water to hydroxyl radicals (which 

subsequently initiate the chain of reactions leading to the oxidation of organics) or it can be 

combined with the electron from a donor species, depending on the mechanism of the 

photoreaction. Similarly, the electron can be donated to an electron acceptor such as an 

oxygen molecule (leading to formation of superoxide radical) or a metal ion can be reduced to 

its lower valence states and deposited on the surface of the catalyst. The electron transfer 

process is more efficient if  the species are pre-adsorbed on the surface113,114.

29



f  - \

Fig 2.8 Photo excitation of semiconductor

2.9.3 Catalytic Oxidation

Nthapo and Tebello reported the oxidation of cyclohexane using tert-butyl hydrogen 

peroxide and chloroperoxybenzoic acid in presence of Fe and Co Pc115. Oxidation of Cis- 

Pinane have been reported with tert-butyl hydrogen peroxide at RT and atmospheric pressure 

in presence of FePc supported on activated carbons156. FePc’s grafted over silica is used 

effectively for selective oxidation of alkynes and propargylic alcohol to a ,(3- 

acetylenicketones, highly valuable precursors in the preparation of fine chemicals . 

Substituted Pc is used as catalyst for the epoxidation of styrene using tert-Butyl hydrogen 

peroxide as an oxidizing agent31. Phenolic compounds are commonly used as solvent or 

reagents in Industrial processes and therefore they are the common contaminants in industrial 

waste water. In the past several years, many studies have been reported ascertaining the 

photocatalytic transformation of phenolic compounds using suspension of semiconductors 

such as T i0 2 and Z n 0 2118,119. Oxidation of phenol by singlet oxygen photosensitized by the 

Tris(2,2’-bipyridine)ruthenium(II) ion120 has been reported.
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2.9.4 Catalytic reduction

The reaction of sodium nitrite with sodium dithionite was studied in the presence of 

cobalt(II)tetrasulfophthalocyanine, CoII(TSPc)4', in aqueous alkaline solution. The overall 

mechanism comprises the reduction of CoII(TSPc)4~bydithionite, followed by the formation of 

an intermediate complex between CoI(TSPc)5' and nitrite, which undergoes two parallel 

subsequent reactions with and without nitrite as a reagent. The final product of the reaction 

was found to be ammonia. Contrary to those found for the catalytic reduction of nitrite, the 

products of the catalytic reduction of nitrate were found to be dinitrogen and nitrous oxide. 

The striking differences in the reduction products of nitrite and nitrate are explained in terms 

of different structures o f the intermediate complex between CoI(TSPc)5' and substrate, in 

which nitrite and nitrate are suggested to coordinate via nitrogen and oxygen, respectively121.

2.9.5 Catalytic Oxidation of benzyl to benzoine

Oxidation of secondary alcohol to carbonyl compounds is an important synthetic 

transformation and many stoichiometric oxidants notably Chromiun(VI)122 and manganese 

reagents123,124,Bismuth nitrate125, Zirconium(IV) oxide126, Pd(OAc)2127, producing copious 

amount of heavy metal wastes, have been used to accomplish the reaction . Molecular oxygen 

is an attractive oxidant and the development of synthetic methodology using molecular 

oxygen as a sole oxidant is a rewarding goal both from economic and environmental points of 

view. Porphyrines are used extensively for the oxidation of alcohol to its carbonyl 

compound128,129. Similar results are shown by Pcs. Secondary alcohols are converted to 

ketones under aerobic condition in xylene and powder KOH under reflux in presence of

31



Co(II)Pc as catalyst130.a-Diketones are synthetically important building blocks and are 

extensively used as substrates for benzylic acid rearrangement and starting material for the 

synthesis of heterocyclic compounds, a-hydroxyketone is oxidized to a-Diketone in refluxing 

methanol, alkaline p H ,0 2 at 1 atm in presence of CuPc(S0 2NH2)4 as catalyst131. Air oxidation 

of benzoins to benzyls using alumina in different organic solvent132 has been reported. Plain 

CuCl is used as catalyst for the oxidation of secondary alcohol to ketone133.

Oxidation of benzoin to benzil in presence of cupric acetate along with ammonium 

nitrate134and Thallium(III)nitrate135is reported in literature. Benzil is an important compound 

used for the synthesis of l,2,4-trazine136and Thiophen ring137.

2.9.6 Catalytic Oxidation of 2-hydroxy Naphthol to 2-hydroxy-l,4-Naphthoquinone

The oxidation of phenols to quinones is a reaction of synthetic interest. The phenyl 

oxidation products are used for the synthesis of natural products such as vitamins and their 

intermediates. Concerning the oxidation of phenols or hydroquinones into quinones, 

numerous oxidants were described in literature such as chromic oxide138, silver oxide139 and 

ceric ammonium nitrate140. However, only in few reactions, air or oxygen is used as oxidant. 

On economic and ecological grounds there is an increased need for the development of soft 

processes, without toxic salts and which do not necessitate high temperature or high pressure. 

Pc on supported K10 was reported to show good catalytic activity in the synthesis of plain and 

substituted hydroquinone to quinones141. As shown in scheme 2.5. (a) l-naphthol(9) or 1,4- 

dihydroxynaphthalene(lO) to naphthoquinone (11), (b) l,5-dihydroxynaphthalene(12) to 

Juglone (13), 1 ,3-dihydroxynaphthalene (14) to 2-hydroxy-1,4- naphthoquinone (lawsone) 

(15) and 2-methyl-1 ,4-dihydroxynaphthalene (16) to Menadione (17).
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Scheme 2.5

Oxidation of Dihydronaphthalenes by potassium superoxide (K 02) in heterogeneous 

aprotic media yields mono (15) or dihydroxynaphthoquinones (18) depending on the relative 

position of the hydroxyl groups on the naphthalene moiety as shown in scheme 2 .6142.
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Scheme 2.6

The leaves of Lawsonia inermis L. have been used in the Indian Subcontinent for 

decorating and dying skin and Hair. Lawsone or 2-hydroxy-1,4-Naphthoquinone was first 

isolated from the leaves o f Lawsonia inermis L. in 1959. 2-hydroxy-1,4-Naphthoquinone and 

related compounds have been reported to possess interesting biological activities such as 

antitumor, antibacterial and antifungal properties143'145. It is also used as hair dye and as an 

ultraviolet (UV) filter in sunscreen formulation. 2-hydroxy-1,4-Naphthoquinone is mainly 

obtained from plants. Christopher and Giliyar synthesized14C-Labelled Lawsone starting from 

14C-Labelled benzene146 as shown in scheme 2.7.

The Catalytic conversion of 1-naphthol or 2- Naphthol to 2-Hydroxyl-1,4- 

Naphthquinone in the presence of H2O2 over Iron porphyrin catalysts147 as shown in scheme
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2.8 and using molecular oxygen148 is reported in literature. Elodie and group reported dye 

sensitized photooxygenations of 5-amido-l-naphthols in presence of light to 5-amido-1 ,4- 

Naphthoquinones149. Krystyna and Howard reported oxidation of lor 2 tetralone to 2- 

Hydroxyl-1,4-Naphthquinone in the presence of phase transfer catalyst150. 1 ,3- 

dihydroxynaphthalene to lawsone in presence of [bis(trifluoroacetoxy)indo]benzene in 

acetonitrile-water151. Oxidative coupling of 1-Naphthols to 1,1-bi-2-naphthols catalyzed by 

solid Lewis acid using atmospheric oxygen as oxidant under reflux in Xylene152 and by clay 

supported iron catalyst153 has been reported. 2-methyl-l,4-Naphthoquinone(vitamin K3) is 

obtained by catalytic oxidation of 2-methyl-1-naphthalene in the presence of Iron supported 

catalyst154’155.

2-Hydroxyl-1,4-Naphthquinone is used for the synthesis of naphthofurandiones156. Rane and 

group reported the coordination compound of Copper(II) with 2-Hydroxyl-1,4- 

Naphthquinone157.
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2.lOAppIications of Phthalocyanine

2.10.1 High temperature Lubrication

Refer to a temperature range of427 °C to 704°C. Metal free Pc, a solid organic 

compound has been used successfully in this range to lubricate rolling and sliding contact 

bearing. However the best results are obtained by forming a film of metal Pc on the bearing 

before use .Oligomeric and polymeric copper phthalocyanines are also studied as 

lubricants159.Phthalocyanine is doped with an electrically conductive dopant to bleed internal 

charge build up from the internals of turbines and large drive motors160,161.

2.10.2 Electro oxidation

Electrooxidation of hydrazine catalyzed by single-walled carbon nanotube (SWCNT) 

functionalized with cobalt phthalocyanine (CoPc) shows that the presence of the single-walled 

carbon nanotubes enhances the catalytic activity of the CoPc itself, without any change in the 

reaction mechanism. A synergistic effect, in terms of reactivity when the new nanocomposite
■I

material was adsorbed on the GC electrode, was observed .

2.10.3 Oxidation of sulphur containing compound

Alkyl mercaptans and other sulfur containing impurities present in petroleum are major 

environmental pollutants. They are also corrosive and poisoners of different catalysts during 

the processing and purification of petroleum. Catalytic oxidation of alkyl mercaptans to 

disulfide in presence of oxygen at room temperature is reported in literature163.
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2.10.4 Thin Film

TiCh thin films are o f high practical value since the immobilization of titanium dioxide 

significantly reduces some of the drawbacks of practical application of heterogeneous 

photocatalysis in suspension, including the need to separate the powder or the tendency of 

titania particle to agglomerate in water. Thin films found application in fields as diverse as 

chemical (bio) sensing, optics, photolithography, catalysis and OLEDS in electronic devices. 

Similarly thin functional coatings are attractive to industry since a small amount of hybrid 

material imparts improved properties at low cost. MPc are potent TiC>2- sensitizers enhancing 

the activity of titania in photocatalytic reactions under visible light by injecting electron in the 

conduction band of titania as shown in scheme 2 .9164.

M Pc + hv -------------------- p. *MPc

*MPc + TiC>2------------------- ► MPc + e'cb TiC>2

Scheme 2.9

Polyacrylamindepolymer(PAA) coupled to CoPc electrode can be used for the 

determination of solubility product constant of sodium fluoride in acetonitrile165. CuPc is 

effective in oxidation o f adrenaline, this property makes CuPc application in detection of 

adrenaline166. One of the challenges in electrochemical biosensor design is gaining a 

fundamental knowledge o f the process underlying immobilization of the molecules on the 

electrode surface. This is of particular importance in biocomposite sensors where concern has 

arisen as to the nature of the interaction between the biological moiety such as glucose 

oxidase and synthetic molecules such asimmobilizedMPc167. CoPc modified electrodes are 

used efficiently for the electrocatalytic oxidation of hydrazine in industrial Boiler feed 

water168. MPc thin films have been well documented as sensitive materials for detection of
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nitrogen dioxide (N 02) gas. The mechanism for detection is such that an MPc thin film acting 

as the electron donor possesses a strong chemical adsorption affinity towards N 02 molecules 

acting as electron acceptors. The resulting charge-carrier complex formed significantly 

increases MPc thin-film conductivity. Sensors based on iron (II) phthalocyanine (FePc) thin 

films were fabricated by physical vapor deposition of FePc onto gold interdigitated electrodes 

patterned on an oxidized silicon substrate. These sensors could reliably differentiate 

N 02 concentrations in the range of 0.5 to 2 ppm N 0 2 under a nitrogen atmosphere, via 

passive monitoring of relative resistance change169'171.MnPc thick film is used as y-radiation 

sensor172and in photoelectric cells173.

2.10.5 PDT

Photodynamic therapy (PDT) is a promising new modality for the control and 

treatment of tumours. This technique is based on the use of a photosensitizing dye which, 

upon localization at the tumor site and light activation in the presence of oxygen produces 

cytotoxic species, including singlet oxygen, resulting in tumor necrosis. This capability to 

photoinactivate cancer cells in vitro as well as in vivo is well documented and particularly 

mono/ disulfonated, amphiphilic Pcs, chelated with diamagnetic metal ions have been shown 

to be capable of killing tumour cells directly. Monosulfonated Pcs are prepared using 

Meerwein reaction174.

Due to Pc’s vast application in PDT, more focus was given in studying the 

Photophysical and photochemical properties of metal phthalocyanine175'177. Reactive oxygen 

species are produced by irradiation of some phthalocyanine derivatives178.The ability of 

selected Pc and metal Pc to block FIIV infection has been evaluated in an epithelial Hela-CD4
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cell line with an integrated LTR-P-galactosidase gene. Sulfonated Pc itself as well as its Cu, 

Ni and Vanadyl chelates were the most effective in blocking viral infection179.Among some of 

the promising second-generation photosensitisers are phthalocyanines (Pc), which have a 

strong absorption band in the far-red region of the visible spectrum (Amax = ca.680 nm) and 

can efficiently absorb light (Pc molar extinction coefficient (s) = ca. 105M '1cm'1).The efficacy 

of phthalocyanine derivatives as a photosensitiser can be significantly enhanced by attachment 

to the surface of gold nanoparticles. The surface-bound Zn(II) phthalocyanine derivative 

(CllPc) exhibits a remarkable enhancement of the singlet oxygen quantum yield in the 

presence of an associated phase transfer reagent such as tetraoctylammonium bromide. This 

enhancement in singlet oxygen generation is possibly due to the phase transfer agent 

stabilizing an active monomeric form of the photosensitiser. Cellular experiments using the 

Hela cervical cancer cell line demonstrated that irradiation of the conjugates within the cells 

causes high cell mortality through the photodynamic effect. An extensive photodynamic 

effect using the C llP c  nanoparticle conjugates has been demonstrated recently in vivo where 

a significant decrease in the rate of growth of a subcutaneously implanted amelanotic 

melanoma tumour was observed. Similarly, experiments on 5RP7 rat fibroblasts cancer cells 

showed promising results in vivo by suppressing the tumour growth after treatment with zinc 

phthalocyanine-loaded single wall carbon nanohoms. Incorporation of cell-targeting peptides 

or antibodies onto the nanoparticle surface is highly desirable for therapeutic applications, as 

it would enable selective cell and/or nuclear targeting. Direct physisorption of fluorescently 

tagged antibodies to the surface of gold nanoparticles has been used for some time to produce 

‘immunogold’. However, such simple methods of nanoparticle functionalisation results in 

poor orientation of the recognition component (the F (ab)2 region) of the antibody, non
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specific binding of the nanoparticle conjugates and agglomeration o f small gold nanoparticles. 

These drawbacks can be overcome by modification of the nanoparticle’s surface with 

polyethylene glycol (PEG), which has been approved for human intravenous application and 

which stabilizes the nanoparticles by steric repulsion to inhibits colloidal aggregation in 

physiological conditions. The use of a heterobifunctional PEG with two different terminal 

moieties allows covalent attachment of an antibody to the outer end o f the polyethylene glycol 

chain, thus maintaining availability of antibody binding sites to cell surface receptors. The 

complete 4-component system o f photosensitizer-nanoparticle conjugates is shown in Fig 

2.9180

Fig 2.9 Photosensitizer-nanoparticle conjugates.

2.10.6 Photoluminiscence

CuPc belongs to a group of metal Pc, consisting of a central metallic atom bonded to 

ligands with extended n  conjugated system. Among the various metal Pc, CuPc is most 

comprehensively studied. It has been used in a variety of optoelectronic and electronic
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devices, both in the form of thin film and nano/microstructures. CuPc can be used as donor 

materials in organic photovoltaic cells. While in organic light emitting diodes it can serve as 

hole injection layer or emitting layer. Infrared photoluminescence studies are done on a and (3 

CuPc nanostructures , pm near-infrared electrophosphorescence from organic light emitting 

diode based on CuPc182. In recent years, a lot of effort has gone into the search of organic 

donor acceptor systems for providing an efficient light induced charge transfer in order to 

produce organic solar cells. Fullerens as electron acceptors play a very important role in most 

of these concepts. Highly soluble pyrollidinofullerine bearing three chelating pyridyl groups 

and ZnPc are used in organic solar cell183. Photoluminescence studies on Nitro substituted 

Europium (III) Pc , Magnesium, Chloroaluminium, Bromoaluminium and metal free Pc 

solid films185, Upconversion Fluorescence from CuPc186 and Upconversion Luminescence of 

highly soluble ZnPc epoxy derivative and Fluorescence efficiency on solid Pc is reported
1 on

in literature. Because of this properties Pc is extensively used in optical recording devices .

2.10.7 Antimicrobial activity

The phototoxicity of chemical compounds towards microorganisms was first 

published at the turn of the 20thcentury. Oskar Raab observed that the toxicity of acridine 

hydrochloride against Paramecia caudatum was dependent on the amount of light, which was 

incidental on the experimental mixture . In addition, HvTappeiner, reported that the toxic 

effects in the presence of light are not due to h e a t . After further experiments to exclude direct 

influence of light, Hv Tappeiner coined the term “photodynamic reaction” in 1904 . 

Additional investigations demonstrated the involvement of oxygen in killing the bacteria 

because the anti-bacterial activity of fluorescent dyes against the facultative anaerobic species
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Proteus vulgaris could not be demonstrated in the absence of oxygen.Photodynamic 

inactivation of mircoorganisms is based on the concept that a dye, known as a photosensitizer 

(PS),should be localized preferentially in the bacteria and not in the surrounding tissues or 

cells, and subsequently activated by low doses of visible light of an appropriate wavelength to 

generate free radicals or singlet oxygen that are toxic to target mircoorganisms.Since the 

middle of the last century, anti-microbial photodynamic therapy was forgotten because of the 

discovery of antibiotics. Certainly, in the last decades thetotal worldwide rise in antibiotic 

resistance has driven research to the development of new anti-microbial strategies190. The 

abnormal aggregation o f protein monomers is commonly associated with the transmissible 

spongiform encephalopathies (TSEs) and over 20 other diseases, including type II diabetes 

and Alzheimer’s, Parkinson’s, and Huntington’s diseasesThe pathogenesis of TSEs involves 

the conversion of the normally protease-sensitive prion protein (PrP-sen or PrPc) to a 

protease-resistant amyloidogenic oligomer/multimer, called PrP-res or PrPs.The relative 

abilities of differently sulfonated and metal-bound phthalocyanines to inhibit PrP-res 

accumulation were compared by using a murine neuroblastomacell line and it was found that 

aluminum(III) phthalocyanine tetrasulfonate was both the poorest anti-TSE compound and the 

least prone to oligomerization in aqueous media191.Antimicrobial activity is shown by many 

substitutedphthalocyamne ’ .

Staphylococcus citreus is pyogenic and involved in nosocomial infections194; Serratia 

marcecans195’196, Proteus vulgaris involved in emerging UTI infections197, and Bacillus 

subtilis often encountered as laboratory contaminant or incasual handling of 

foodm m .Pseudomonas fluorescence is known to be resistant for many frontline antibiotics199.
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3.1 Synthesis of Phthalocyanine

3.1.1 Synthesis of non-substituted Phthalocyanines

Phthalocyanines were prepared using three different experimental techniques.

>  Synthesis using reflux method

> By Melt method and

> By Microwave oven

a) Synthesis using reflux method

4 moles of phthalic anhydride, 1 moles of metal salt, ammonium molybdate and 4 

moles of urea were suspended in Nitrobenzene and heated at 190 °C for 4 - 5 h. The 

product obtained was filtered, washed with nitrobenzene followed by methanol, further the 

crude product was boiled for 2 h first with 1 N HC1 and then with 1 N NaOH between HC1 

and NaOH washing. Finally the water washing were given, to the product then with 

methanol and dried at 105 °C. The reaction is shown in scheme 3.1.

b) Melt Method

4 moles of phthalic anhydride, 1 moles of metal salt, ammonium molybdate and 15 

moles of urea were mixed homogenously using motor and pestle, the resulting mixture was 

transferred in a beaker and heated at 260 °C on sand bath for lh, further the crude product 

was boiled for 2 h first with 1 N HC1 and then with 1 N NaOH between HC1 and NaOH 

washing. Finally the water washing were given, to the product then with methanol and dried 

at 105 °C.
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c) Microwave method

Same quantities o f the reactants were taken as that of melt method. Reactants were 

placed in microwave oven for 5 min and same procedure for purification was used as that of 

melt method.

3.1.2 Synthesis of substituted Phthalocyanines

a) Preparation of phthalimide

75 g of phthalic anhydride was mixed with 15 g of urea and heated on sand bath. 

Heating was carried out till the mixture melted and a clear liquid was formed. On further 

heating it slowly, a white shiny solid reformed. It was then allowed to cool and washed with 

water and filtered. The product obtained is phthalimide, which was dried at 100 °c200. The 

reaction is shown in scheme 3.2.
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b) Preparation of 4-nitrophthalimide

40 g of phthalimide was transferred slowly to 250 ml of nitrating mixture maintained 

at 0 °C containing concentrated sulphuric acid and nitric acid in a ratio of 3 : 1 at an interval 

of 15 min. The temperature was raised to about 35 °C so that all phthalimide dissolved and a 

pale yellow colored clear solution was obtained. This solution is transferred slowly with 

stirring to a 1000 ml beaker filled with ice cubes. Yellow colored product thus formed was 

then filtered using Buchner funnel. It was then washed thoroughly with distilled water till the 

filtrate was colourless. This could wash away the 3-nitro phthalimide formed in the reaction 

mixture and only 4-nitro phthalimide was retained on the filter paper and was dried at 80 

°C201. The reaction is shown below in scheme 3.3.
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c) Preparation of Tetranitro metal Phthalocyanine (TNMPc)

9.8 g of 4-nitro phthalimide, 15 g of urea, 0.15 g of ammonium molybdate and . 

metal salt were mixed together. The same procedure was adopted as that of melt and 

microwave oven for the formation and also for the purification of product. The reaction is 

shown in scheme 3.4.

Scheme 3.4

d) Preparation of Tetraamino Metal Phthalocyanine (TAMPc)

The 7 g of TNMPc was transferred to 500 ml beaker with about 100 ml water and kept 

on boiling on water bath for 20 min. Similarly 21 g of Na2S was separately dissolved in 250 

ml beaker and kept on boiling water bath for 20 min. After 20 min both the beakers were 

removed from the water bath and Na2S solution was slowly transferred to 500 ml beaker 

containing MnTNPc solution when warm, the resulting mixture was allowed to stand at room 

temperature for 15 min. Further the solid residue obtained was washed with HC1 ( I N )  and
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NaOH (1 N) respectively. After filtration the product was washed to neutralization with water 

and dried in vacuum. The reaction is shown in scheme 3.5.

Scheme 3.5

e) Preparation of Tetra (n-carbonylacrylic) amine Metal Phthalocyanine(TAMPc)

4 g (1 mol) of TAMPc was dissolved in 75 ml DMF, further to this 2.5 g (4 moles) of 

maleic anhydride was added and the reaction was kept at 50 °C for 3 h. Later the solution was 

poured into 1 L water, filtered and dissolved in 0.1 N NaOH, and precipitated with 0.1 N HC1. 

The precipitate obtained was washed with water till free from chloride ions, then further 

washed with Ethanol and diethyl ether and dried over vacuum. The scheme 3.4 shows the 

reaction.
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Scheme 3.6

3.2 Characterization

The phthalocyanines prepared were characterized by Vibration spectroscopy, UV- 

Visible spectroscopy, X-ray diffraction technique, Elemental analysis and NMR. Other 

instrumental techniques were employed such as B.E.T. liquid nitrogen adsorption method, 

SEM, Magnetic susceptibility, thermal studies, ESR and Photoluminescence studies.
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3.2.1 Infrared spectroscopy (IR spectroscopy)

Infrared spectroscopy is a vibration spectroscopy and it depends on the excitation of 

vibrations in molecules, which occurs if a dipole moment changes during vibration. A non 

linear molecule containing N atoms has 3 N-5 possible modes of vibration whereas linear 

molecule containing N atoms has 3 N-6 possible modes of vibration. However not all 

vibrations modes causes absorption of IR, the basic condition is that a particular molecule will 

absorb in IR only if it causes the change in dipole moment of the molecule.

The energy required for the stretching vibration is more and the bands are seen in the 

region 4000-1600 cm"1 whereas the energy required for bending vibration is less and bands 

appear in the region from 1600-400 cm'1. The IR was recorded on a Shimadzu FTIR 

instrument model IRPrestige-21, using KBr as a carrier. The spectra were recorded in diffuse 

reflectance mode.

3.2.2 UV-Visible spectroscopy

The UV-visible spectroscopy were recorded for all the phthalocyanines, intermediate 

and the catalytic oxidation product obtain in oxidation in the range 200-800 nm on a UV- 

visible spectrophotometer (UV-2450) by dissolving in different solvents. The solution was 

scanned using glass cuvetes, each solution showed maximum absorption with respect to that 

of molecule as well as that of solution in which molecule is dissolved. A sharp Q-band is 

observed at around 700 nm and B bands are observed at around 350 nm.
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3.2.3 X-ray powder diffraction technique

The prepared samples are characterized by recording X-Ray powder diffractogram 

using Cu-Ka radiation, filtered through Ni absorber at a scanning rate of l°/min. The samples 

were identified by comparing the observed inter planar d-spacings and relative peak 

intensities, with those reported in literature (ICDD-PDF data files).

3.2.4 Elemental analysis

The elemental analyses of water soluble phthalocyanine were recorded on Prostar 

Varian C, H, N analyzer (model Varian 500-MS).

3.2.5 UV-visible reflectance study

Diffuse reflectance spectroscopy (DRS) is a technique based on the reflection of light 

in the ultra violet, visible and near infra red region by powdered sample. In a DRS spectrum, 

the ratio of the light scattered from an infinitely thick closely packed catalyst layer and the 

scattered light from an infinitely thick layer of an ideal non -  absorbing reference sample, is 

collected in an integration sphere and detected. The samples showed absorption in visible 

region i.e. between 500-600 nm which can be attributed to the d-d transition occurring in the 

compounds due to which the prepared metallophthalocyanines showed characteristic colour. 

The UV-VIS-DRS spectra were recorded on UV-visible spectrophotometer model with 

BaSC>4 as a reference material. The samples were taken in a form of a 2 mm thick self 

supported pellets to measure the reflectance. Samples were scanned from 200 to 800 nm. 

Band gap energy was calculated at absorption edge shown by each sample in the spectra.
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3.2.6 B.E.T. method (surface area measurement)

Surface areas o f the prepared samples under study were measured using BET nitrogen 

adsorption method on SMARTSORB 91. Specific surface area of the catalyst was calculated 

with the help of well-known Brunauer, Emment and Teller (BET) expression.

P/V(Po-P)= 1 /VmC + (C-l)/Vm C X P /P o ................. (1)

Where P is the equilibrium pressure Po is the saturated vapour pressure of the gas at the 

temperature of the adsorbtion. V is the volume of the adsorbed gas at S.T.P, C is the constant 

related to the heat of adsorption and Vm is the volume of the gas at S.T.P required to form 

the monolayer. Various quantities from the above equation like P, Po and V could be 

determined experimentally. Vm and C can be obtained by plotting P/V(Po-P) versus P/Po. 

Plot should give a straight line with slop (S) = C-l/VmC and Intercept (I) = 1/VmC which 

proves the validity of equation (1).

It can be shown from equation (1) that Vm = 1/S+I and C = S/I+l. Since Vm is the volume 

of gas at 0 °C and 1 atmospheric pressure necessary to cover the surface with one layer of the 

gas, it is easy to convert it to the no of molecules involved. Assuming 16.2 °A as the value of 

the cross sectional area o f single nitrogen molecule at liquid nitrogen temperature Brunauer, 

Emmet and Teller have shown that,

Surface area = 4.38 Vm (C.C.,S.T.P.)m2/g--------- (2)

3.2.7 Magnetic Susceptibility Measurements

The magnetic susceptibility ‘xg’ in air of the samples was determined by Gouy’s 

method at room temperature. A field of the order of 8,000 Gauss was employed. A sensitive 

analytical balance of DHONA was used to measure the difference in weights. Mercury tetra
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thiocyanatocobaltate {Hg[Co(SCN)4] | was used as standard material. The sample tube was 

washed, dried and filled with the standard material up to a certain mark and Hanged between 

the electromagnets of the Gouy balance.

The weight was recorded before and after applying the appropriate magnetic field. The 

procedure was repeated for the sample whose Xg is t0 be determined. The magnetic 

susceptibility of the sample was calculated by using the following calculations.

In the first part, tube constant or P- constant is calculated, as Xg value of the standard 

material is known. Using the relation,

P- constant = Xg x W/AW(Xg = 16.44 X 10'6 cgs units for {Hg[Co(SCN)4]}

W = (W3-W1) = wt o f the standard material taken.

AW = AW’ + AW”(+ve for paramagnetic and -v e  for diamagnetic)

AW’= (W4-W3) and AW” = (Wj-W2) where

Wi = weight of empty tube

W2 = weight of empty tube with field

W3 = weight of tube with standard material and

W4 = weight of tube and standard material with field

Hence P- constant was calculated. In the second part, to calculate Xg of the sample, substitute 

P- constant in the above relation, gives the magnetic susceptibility. Further this data is utilized 

to calculate unpaired electrons present in the sample as follows.

Xm = Xg x molecular weight of the sample 

Where Xm = molar susceptibility and 

Xg= gram susceptibility
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The magnetic moment [X effective (|iCff) of the sample was calculated by using the equation 

given below.

(J-eff = 2.84V x T B.M where T = absolute temperature

|ieff is the magnetic moment

3.2.8 Thermal studies

The thermal technique of Thermogravimetric analysis (TG) and Differential 

scanning calorimetry (DSC) was carried out using NETZSCH Geratebau GmbH Thermal 

Analyzer. TG was used to study the heat effects, associated with the physical and chemical 

changes of the substances in the temperature range from room temperature to 800°C. Thermal 

effects, exothermic or endothermic preceding physical and chemical changes were studied by 

differential method, in which the sample temperature was continuously compared against the 

temperature of thermally inert reference material. TG was recorded to study the behaviour of 

weight loss of the precursor sample.

The samples, in a powder weighing between 5 to 10 mg were placed in alumina 

crucible covered with lid. Sample was continuously weighed as it is heated at a constant linear 

rate of 10 °C/min.

3.2.9 Electron spin resonance spectroscopy (ESR)

In case of paramagnetic phthalocyanine, one or more unpaired electrons may reside 

either on phthalocyanine ring or in the central metal system or in both. The basic features of 

ESR spectra are strongly dependent on the number as well as the location of the unpaired 

electrons in a system. The ESR spectra of CuPcNH2, MnPcNH2, FePcNH2 and NiPcNH2 were
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recorded at room temperature. Further, ESR signals were used to calculate g-factor or Lande’s 

splitting factor, number o f unpaired electrons and line width. The results were recorded on 

Varian E-l 12 X-band ESR spectroscopy.

3.2.10 Proton magnetic resonance spectroscopy

The starting material 4-nitrophthalimide used for the synthesis of TNMPc was first 

hydrolyzed in presence of NaOH to 2-amido, 4-nitro-benzoic acid was recorded in DMSO. 

The chemical shifts were recorded with respect to tetra methyl silane as a reference material. 

The NMR model used was Bruker 400 MHz spectrometer.

3.3 Photoluminescence studies

Luminescence spectroscopy is a powerful tool for the characterization of 

semiconductors, especially those applicable for optoelectronic devices. It is a nondestructive 

technique that can yield information on fundamental properties of semiconductors. It is also 

sensitive to impurities and defects that affect materials quality and device performance. 

Luminescence is the word for light emission after some energy was deposited in the material. 

There are several ways to excite the sample to cause luminescence. The most common 

method is Photoluminescence, which describes light emission stimulated by exposing the 

material to light - by necessity with a higher energy than the energy of the luminescence 

light. Photoluminescence is also called fluorescence if the emission is less than about 1 jus 

after the excitation and phosphorescence it takes long times- up to hours and days - for the 

emission. One possible way is to excite the sample by applying an external current, called as 

electroluminescence. Electroluminescence is particularly important in the production of
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optoelectronic devices such as Light Emitting Diodes (LED), and Light Amplification By 

Stimulated Emission o f Radiations (LASERS). Other ways are Cathodo-luminescence, 

describes excitation by energy-rich electrons, chemo-luminescence provides the necessary 

energy by chemical reactions and thermo-luminescence describes production of radiation 

from sample by heating.

3.3.1. Photoluminescence

Photoluminescence (PL) is a non-destructive optical technique used for the 

characterization, investigation, and detection of point defects or for measuring the band-gaps 

of materials. Photoluminescence involves the irradiation of the crystal to be characterized 

with photons of energy greater than the band-gap energy of that material. In the case of a 

crystal scintillator, the incident photons will create electron hole pairs. When these electrons 

and holes recombine, this recombination energy will transform partly into non-radiative 

emission and partly into radiative emission. Photoluminescence consists of impinging 

relatively high frequency (hv > Eg) light onto a material, exciting atomic electrons. 

Subsequent relaxation may result in the production of photons that are characteristic of the 

crystal or defect site that emits the light. The luminescent signals detected could result from 

the band to band recombination, intrinsic crystalline defects (growth defects), dopant 

impurities (introduced during growth or ion implantation), or other extrinsic defect levels (as 

a result of radiation or thermal effects). When bombarded with photons of energy greater than 

the band gap of the material, an impurity energy level may emit characteristic photons via 

several different types of radiative recombination events, allowing the resultant PL spectra to 

be used to determine the specific type of semiconductor defect. This interaction provides a
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highly sensitive, qualitative measurement of native and extrinsic impurity levels found within 

the material band gap. We can briefly say photoluminescence process includes three main 

phases as shown in Figure 3.1. 1 ) Excitation: Electrons can absorb energy from external 

sources, such as lasers, arc-discharge lamps, and tungsten-halogen bulbs, and be promoted to 

higher energy levels. In this process electron-hole pairs are created. 2) Thermalization: 

Excited pairs relax towards quasi-thermal equilibrium distributions. 3) Recombination: The 

energy can subsequently be released, in the form of a lower energy photon, when the electron 

falls back to the original ground state. This process can occur radiatively or non-radiatively. 

When a semiconductor absorbs a photon of energy greater than the bandgap, an electron is 

excited from the valence band into the conduction band leaving behind a hole. When the 

electron returns to its original state, it may do so through radiative (release of a photon) or 

non-radiative (no photon production) recombination.

Figure 3.1. Photoluminescence schematic, (a) An electron absorbs a photon and is 

promoted from the valence band to the conduction band, (b) The electrons cool down to 

the bottom of the conduction band, (c) The electron recombines with the hole resulting 

in the emission of light with energy hv.
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When the electron and hole recombine through radiative recombination, a photon is 

emitted and the energy of the emitted photon is dependent on the change in energy state of the 

electron-crystal system. Indirect band gap semiconductor, photon emission requires the aid of 

a phonon (energy in the form of lattice vibrations) to conserve momentum within the lattice 

structure. With the introduction of impurities in semiconductor material discrete energy levels 

are formed within the semiconductor’s forbidden energy gap. Shallow donor levels are 

defined as levels just below the conduction band, whereas, shallow acceptor levels are defined 

as levels just above the valence band. These donor or acceptor level traps can act as 

recombination centers for transitions within the band gap. By studying the nature of these trap 

levels, information about the impurity or defect can be resolved. Figure 3.2 represents the 

energy band diagram of a semiconductor, illustrating the most common radiative and non- 

radiative transitions. (The conduction band (Ec), occupied by free electrons, and the valence 

band (Ey), occupied by free holes, are represented in addition to donor (Ed) and acceptor (Ea) 

trapping centers within the forbidden gap) These transitions are band-to-band transition, free- 

to-bound transition, donor -acceptor pair transition, excitonic transition, auger transition.

Figure 3.2. Most common radiative transition observable with photoluminescence and 

non-radiative transitions.
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3.3.2 Upconversion luminescence

An Upconversion process is the one where emission is found to exceeded excitation 

energies by approx 10-100 times. This Upconversion phenomenon is violating Stokes law in 

its basic statement. This exists in Lanthanide doped compounds, where the coupling 

between lanthanide f  ions and transition-metal d ions, this embedded system later deviate the 

normal luminecsence principle, producing upconversion emissions of the anti-Stokes types 

under moderate to strong excitation density. Though some aspects of its theoretical behavior 

are rather analogous with upconversion by energy transfers, its efficiency is usually much 

weaker. This is because it involves quasi-virtual pair levels between which transitions have 

to be described in a higher order of perturbation due to their double-operator nature.

3.3.3. Set up of Photoluminescene

The basic equipment setup needed to perform conventional photoluminescence 

consists of three main parts: ( 1 ) a light source to provide above or below band gap excitation; 

(2) a dewar to maintain the samples at low temperatures while allowing optical access to the 

sample surface; and (3 ) a detection system to collect and analyze the photons which are 

emitted from the sample. A  diagram describing the experimental PL set-up is presented in 

Figure 3.3.

In the present study the photoluminescence studies were carried out on Shimadzu RF- 

5301PC spectroflurophotometer, with a Xenon flash lamp. The sample loaded on a powder 

holder provided by Shimadzu (the powder samples were densely packed on this holder) was 

mounted at about 45° to the excitation source for PL measurement. All samples were 

analyzed with the same slit to measure the excitation and emission spectra with wavelength
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resolution of 1 nm. The upconversion luminescence was obtained by irradiating samples at 

625 nm and recording the emission from 400 to 575 nm.

Highest absorption

Figure 3.3. Block diagram of a spectrofluorimeter.

3.4 Scanning Electron Microscopy

Scanning electron microscopy is a straightforward technique to study overall 

topography of a material. SEM scans over a sample surface with probe of electrons (5-50 kV) 

and detect the yield of either secondary or back-scattered electrons as a function of the 

position of the primary beam. Parts of the surface facing the detector appear brighter than 

parts of the surface with their surface normal pointing away from the detector. Magnification 

of 20000 -  30000 times is possible with a resolution of about 150 nm. A gold coating was 

deposited on the sample to avoid charging of the surface. Particle shape, size and distributions 

are easily obtained for particles larger than 150 nm. The crystallite size and morphology of
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the compounds of the present study were examined using a JEOL model 5800LV scanning 

electron microscope

3.5 Photocatalytic Studies

Photocatalytic degradation of Amido Black 10B was studied which has a kmax 617-619 

nm using MnPc, CoPc, NiPc, CuPc and ZnPc. This study was carried out at different pH i.e. 

neutral (pH=7), alkaline (pH=8) and acidic (pH=6).

Photocatalytic degradation of Auramine was studied which has a kmax 430-432 nm 

using MnPc, CoPc, NiPc, CuPc and ZnPc. This study was carried out at neutral (pH=7).

Photocatalytic degradation of methylene blue was studied which has a A.maX 664-666 

nm was studied using MnTAPc, CoTAPc, NiTAPc, CuTAPc , ZnTAPc, MnTNPc, CoTNPc, 

NiTNPc, CuTNPc and ZnTNPc. This study was carried out at neutral (pH=7).

The photocatalytic degradation reaction was carried out in a 150 ml glass reaction with 

a stopper to prevent loss of solution by evaporation. The reaction is kept in sunlight for the 

degradation process. Periodic rate of degradation was monitored using UV-visible 

spectrophotometer.

3.6 Catalytic Oxidation

Water soluble phthalocyanines were used for the oxidation of benzoin to benzyl.

Catalytic oxidation of beta naphthol to 2-hydroxy 1,4 naphthaquinone (Lawsone) a 

naturally occurring compound using different substituted and non-substituted phthalocyanine 

was studied. Out of which only Cu unsubsituted and Cu tetranitrophthalocyanine could show 

the catalytic conversion.
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In both the cases reaction mixture was taken in a 150 ml conical flask with a magnetic 

needle to carry out uniform mixing. To control the temperature water bath was used. The 

reaction vessel was covered with Aluminium foil.

3.7 Antimicrobial Activity

TCNiPc, TCCuPc and TCZnPc were individually dissolved in alkaline buffer to obtain 

a corresponding solution, having a final concentration of 100 pg/ml and 2mg/ml, respectively. 

Antibacterial activity of these phthalocyanines was tested against five emerging opportunistic 

bacterial pathogens. Twenty four hour old seed cultures of Staphylococcus citreus, Serratia 

marcescens, Bacillus subtilis, Proteus vulgaris and Pseudomonas fluorescence pregrown in 

nutrient broth, were plated on to separate nutrient agar, for matt growth. Subsequently, wells 

were bored into the agar, with a sterile 10 mm diameter cork borer, aseptically for agar well 

diffusion assay202. Different concentration of individual phthalocyanines in the range of 0.2 

gg to a maximum of 1 mg was added into separate wells. All plates were incubated at 

appropriate temperature and monitored for growth, zones of inhibition of growth and 

exhibition around the well, if any, periodically.

Further the antimicrobial activity of MPcs (M= Al, Co, Cu, Fe, Mn, Ni and Zn) was 

studied by dissolving them individually in Dimethyl sulphoxide (DMSO) to obtain a 

corresponding solution, having a final concentration of 4 pg/ml, respectively. Antibacterial 

activity of these Pcs was tested against four emerging opportunistic bacterial pathogens. 

Twenty four hour old seed cultures of Staphylococcus aureus (ATCC 6538P), Escherichia 

coli (ATCC 8739), Salmonella typhi (ATCC 14028) and Pseudomonas aeruginosa (ATTC 

9027) pregrown in nutrient broth, were plated on to separate mueller-hinton agar, for matt 

growth. Subsequently, wells were bored into the agar, with a sterile 10 mm diameter cork
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borer, aseptically for agar well diffusion assay202. 100 pi of individual phthalocyanines with a 

concentration of 4 pg was added into separate wells. All plates were incubated at appropriate 

temperature and monitored for growth, zones of inhibition of growth and exhibition around 

the well, if any, periodically.
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Introduction

Various techniques such as FT-IR, UV-Visible, XRD, Elemental analysis, TG-DSC 

were used for the characterization of substituted, non substituted phthalocyanine and the 

intermediates used for the synthesis of MPcs.

4.1 FTIR Spectroscopy

FTIR technique is most commonly used for the characterization of Organic as well as 

metal organic compounds. The FTIR spectra for non substituted Pcs are shown in Figs.4.1- 

4.5. The following peaks such as 1121-1123 cm '1, 1090-1095 cm'1, 1067-1070 cm'1, 947-949 

cm1,872-885 cm 1, and 754 cm ' 1 are assigned to the phthalocyanine skeletal vibration. The 

peak observed at 1286-1290 cm ' 1 is due to C-N stretching, 900-905 cm'1 is due to C-N 

bending and 1332-1335 cm '1, 1419-1425 cm ' 1 is due to aromatic phenyl rings. In addition to 

this, the peak observed at 1610-1616 cm' 1 is due to C=C, C=N and ring stretching, also peak 

at 770-730 cm'1 and 1165 cm ' 1 are due to C-H out of plane bending and C-H in plane bending 

vibration were observed.
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Fig 4.1 IR spectra of NiPc, CoPc and CuPc
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Fig 4.2 IR spectra of ZnPc, and MnPc
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. Fig 4.3 IR spectra of AlPc and FePc

IR spectroscopy is used effectively for the characterization of precursors employed 

for the synthesis of substituted phthalocyanine as shown in Fig. 4.4. Phthalimide prepared 

from phthalic anhydride and urea showed characteristic peak at 3200 cm '1 which is due to N- 

H stretching, which moves to higher wave number on substitution of nitro group and can be 

seen at 3333 cm'1 in case o f 4-nitrophthalimide. The most prominent peak at 1547 cm' 1 due to 

N=0 stretching is also seen which strengthens the observation.
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Fig 4.4 IR spectra of Phthalimide and Nitrophthalimide

Substituted Pcs were effectively characterized using FT-IR spectroscopy. The 

characteristic IR spectra for Nitro substituted, amino substituted and acrylic acid substituted 

Pc with respect to their individual metal are shown in each figure from 4.5 to 4.10. In case of 

nitro substituted Pc, apart from all the peaks which appear in the case of non substituted Pc, a 

characteristic peak due to nitro group is observed at around 1519 cm'1. On reduction of nitro 

group for the synthesis o f amino substituted Pcs, Characteristic peaks of primary amine is
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observed at around 3353 cm 1 and 3212 cm ' 1 with disappearance of peak due to nitro group. 

Further on acrylic acid substitution, characteristic peak of primary amine disappears with 

appearance of a new peaks due to C =0 stretching at 1720 cm'1.

4000 3500  3000 2500 2000 1500 1000 500

Wavenumber(cm'1)

Fig 4.5 IR spectra of TNCoPc, TACoPc and TCCoPc
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Fig 4.6 IR spectra of TNCuPc, TACuPc and TCCuPc
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Fig 4.7 IR spectra of TNMnPc, TAMnPc and TCMnPc
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Fig 4.8 IR spectra of TNNiPc, TANiPc and TCNiPc
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Fig 4.9 IR spectra of TNZnPc, TAZnPc and TCZnPc
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Fig 4.10 IR spectra of TNFePc and TAFePc
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The Characteristic Q and B bands are observed in case of different metal substituted 

Pcs when dissolved in dimethyl sulphoxide as shown in Fig 4.11 and in Table 4.1. The 

maxima obtained and the intensity of Q band with respect to B band depends on the central 

metal atom in the Pc ring. Compared to all other MPcs, the MnPc showed Q and B band at 

higher wavelength.

4.2 UV-Visible spectroscopy

Fig. 4.11 UV-Visible spectrum for CoPc, ZnPc, MnPc and FePc
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Table 4.1 UV-Visible data of metal Pcs

Compound B Band 
(nm)

Q band 
(nm)

ZnPc 347 672

MnPc 367 717

CoPc 328 658

FePc 291 657

CuPc 287 670

NiPc 289 675

AlPc 359 680

Substituted Pcs were effectively characterized using UV-Visible spectroscopy. The 

characteristic UV-Visible spectra for nitro substituted (1), amino substituted (2) and acrylic 

acid substituted (3) Pcs with respect to their individual metal are shown as Figs. 4 .12-4 .17  

and combined data for all Pcs are shown in Table 4.2. The common thing which is observed 

in all the cases is that when the nitro substituted Pcs gets reduced to amino substituted Pcs 

there is an increase in the value of Q band and, it shifts to the red region, where as, on the 

other hand when amino group gets substituted with acrylic acid group blue shift is observed.
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Fig 4.12 UV-Visible spectra for l)TNCUPc, 2)TACuPc and 3)TCCuPc

Fig 4.13 UV-Visible spectra for l)TNMnPc, 2)TAMnPc and 3)TCMnPc
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Fig 4.14 UV-Visible spectra for 1) TNNiPc, 2) TANiPc and 3)TCNiPc

Fig 4.15 UV-Visible spectra for l)TNCoPc, 2) TACoPc and 3) TCCoPc (3)
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Fig 4*16 UV-Visible spectra for 1) TNZnPc, 2) TAZnPc and 3) TCZnPc
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Fig 4.17 UV-Visible spectra for 1) TNFePc and 2)TAFePc
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Table 4.2 UV-Visible data for substituted metal Pcs

Name B
band(nm)

Q band(nm)

TNMnPc 279 693

TAMnPc 350 791

TCMnPc 357 750

TNCuPc 340 625

TACuPc 339 717

TCCuPc 297 613

TNNiPc 269 634

TANiPc 311 713

TCNiPc 311 692

TNCoPc 267 670

TACoPc 314 713

TCCoPc 266 687

TNZnPc 346 687

TAZnPc 354 706

TCZnPc 353 691

TNFePc 266 688

TAFePc 265 708
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4.3 X-ray diffraction

The MPcs were characterized by X-ray diffraction Technique. The 20, I/It and d 

spacing values obtained are represented in Table 4.3. The powder X-ray diffraction patterns of 

the non substituted MPcs showed the diffraction peaks and the 20 values were matched with 

the corresponding JCPDS files which indicates that these MPcs have a p planar monoclinic 

structure. Figs. 4.18 - 4.29 show the diffraction patterns of some representative Pcs.
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Fig 4.18 XRD pattern of MnPc
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Fig 4.19 XRD pattern of CuPc

Fig 4.20 XRD pattern of ZnPc
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Table 4.3 XRD value of MnPc, CuPc and ZnPc

Sr.
no.

Sam ples 2 0 d spacing 
calculated

d spacing 
from  

literature

1/1.

1 Mn Pc 15.871 5.57 5.71 14.34
19.703 4.50 4.47 16.52
27.017 3.29 3.38 100

2 CuPc 6.8227 12.94 12.60 31.80
8.8248 10.008 9.61 100

3 Zn Pc 10.563 8.365 8.29 22.38
12.635 6.998 6.99 24.28

’ 18.218 4.863 4.87 43.80
18.681 4.744 4.73 43.33
22.76 3.902 3.87 30.95
23.56 3.771 3.75 100
26.086 3.296 3.40 66.19
30.441 2.93 2.92 42.85

Table 4.4 XRD value of TACuPc

20 I/I. d

14.2370 37.62 6.2208

27.2807 100 3.2689

29.3315 28.71 3.0448

32.0235 21.78 2.7947

48.0753 20.79 1.6958

52.5592 4.9 1.7411

59.1060 5.94 1.5629

Fig 4.21 XRD pattern of TACuPc
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Table 4.5 XRD value of TNCuPc

20 I/It d

11.2917 19.64 7.8360

14.1514 35.71 6.2582

27.1389 100 3.2856

Fig 4.22 XRD pattern of TNCuPc

Table 4.6 XRD value of TNNiPc

Fig 4.23 XRD pattern o f TNNiPc

20 I/I, d

11.1676 43.75 7.9927

14.0452 53.97 6.3053

26.9410 100 3.3093
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Table 4.7 XRD value of TANiPc

20 I/It d

14.3638 58.64 6.1662

20.3207 45.86 4.3701

23.0201 53.38 3.8634

26.7661 100 3.3306

Fig 4.24 XRD pattern of TANiPc

Table 4.8 XRD value of TNCoPc

5 5  0 0 0

5 0 0 0  0 -

4 5 0 0 0  -

§■< 0 0 0 0 - V'l 
SZ(V
1  3 5 0 0  0 -  

3 0 0 0 0  -  

2 5  0 0 0 -  

2 0 0 0 0  -  

0
....| ....... i ..... '"I v — r  ■ I *........! * T 1 ! * 1 ' 1
1 0  2 0  3 0  4 0  5 0  6  0 7 0  8 0  9 0

26

20 I/It d

11.00 40.2 8.0444

14.25 50.0 6.2147

24.61 30.5 3.6173

27.47 100.0 3.2473

Fig 4.25 XRD pattern of TNCoPc
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Table 4.9 XRD value of TNZnPc

28

20 I/It d

18.90054 45.03 4.6951

27.27620 39.69 3.2694

27.50970 100 3.2422

Fig 4.26 XRD pattern of TNZnPc

Table 4.10 XRD value of TAMnPc

20 Pit d

10.29 52.7 8.5994

13.40 51.6 6.6096

15.35 52.7 5.7709

26.74 100.0 3.3344

Fig 4.27 XRD pattern o f TAMnPc
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Table 4.11 XRD value of TAZnPc

20 I/It d

27.58 100.0 3.2341

21.42 26.8 4.1482

18.94 29.6 4.6854

14.62 21.3 6.0587

10.00 23.2 8.8451

Fig 4.28 XRD pattern of TAZnPc

Table 4.12 XRD value of TNMnPc

Fig 4.29 XRD pattern of TNMnPc

20 I/It d

12.50 33.9 7.0808

14.85 84.4 5.9660

26.11 100.0 3.4132

26.96 66.1 3.3071
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4,4 Elemental Analysis

Elemental analysis was carried out on TCMPcs and the observed values were 

compared with the calculated values as shown in Table 4.13. There is a slight difference in the 

calculated and observed values, but they are within experimental errors.

Table 4.13 CHN Data for TCMPc

Calculated (%) Observed(%)

Name of Pc C H N C H N

TCMnPc 56.53 2.75 16.49 56.86 2.99 16.91

TCNiPc.2H20 54.41 3.04 15.86 53.63 2.64 16.48

TCCuPc.H20 55.10 2.89 16.06 55.95 3.11 15.64

TCZnPc.3H20 53.17 3.16 15.50 52.95 3.01 16.40

TCCoPc3H20 56.3 2.73 16.4 57.07 2.94 14.94
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4.5 TG-DSC

Pcs are well known for their high thermal stability. The TG-DSC studies were done to 

understand the thermal behavior and to know the thermal stability of these compounds. From 

the TG-DSC curves it was concluded that Pcs do not melt and there is no phase change but 

they undergo decomposition at higher temperature above 350 °C. It was also observed that the 

thermal stability changes with the change in central metal atom and also with a change in the 

substituent at peripheral positions. TG-DSC for non substituted MPcs is shown in Figs. 4.30- 

4.33 for CoPc, CuPc, FePc and NiPc.

The thermal stability of MnPc, NiPc and ZnPc was found to be 438 °C, 456 °C and 430°C

respectively.

TG CoPc DSC

Fig 4.30 TG-DSC for CoPc
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In case of CoPc, an exotherm of DSC is observed at 441 °C with gradual weight loss 

up to 600 C as shown by TG graph. In addition to this an adjacent exotherm is also observed 

at around 570 C. The remaining residue after TG/DSC was attributed for the formation of 

cobalt oxide.

CuPc DSC

Fig 4.31 TG-DSC for CuPc

The DSC exotherm pattern observed for CuPc is similar to that of CoPc, but in case 

of CuPc the decompositions begins at 301 °C, which is almost 100 °C less then that of CoPc. 

CuPc is found to have least decomposition temperature as compared to that of other Pcs. The 

residual mass is attributed for the formation of copper oxide.
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TG FePc

Fig 4.32 TG-DSC for FePc

In case o f FePc, two separate exotherms are observed for DSC, one at 400 °C and 

other at 446 °C with subsequent loss of weight from 400 -  450 °C. The formation of two 

separate exotherms in case of Fe may be due to the different decomposition pattern. The 

residual mass shown by TG is due to the formation of metal oxide.
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The TG-DSC pattern for the Tetra nitro substituted Pcs, such as TNCuPc, TNMnPc 

and TNZnPc are shown in Figs. 4.33-4.35. The decomposition temperature observed for 

TNCoPc — 405 C, TNFePc — 354 °C and TNNiPc — 430 °C respectively.

TG TNCuPc DSC

Fig 4.33 TG-DSC for TNCuPc

In case of TNCuPc the exotherms in DSC are observed at 410 °C and 544 °C, with a TG 

graph showing weight loss gradually from 400-600 °C. A residual mass of less than 10% is 

observed at 600 °C. Substitution of Nitro group at the peripheral position increases the 

thermal stability of CuPc.
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TG TNMnPc DSC

Fig 4.34 TG-DSC for TNMnPc

In case o f TNMnPc a sharp exotherm is observed at 380 °C with fast weight loss as 

shown by TG in Fig. 4.34. Subsequently at 500 °C, a broad exotherm is observed with a 

gradual weight loss as shown by TG up to 600 °C. The actual pattern of decomposition is not 

known, but the Phthalocyanine ring attach to the central metal atom decomposes depending 

upon the stability o f the complex formed.
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Fig 4.35 TG-DSC for TNZnPc

In case o f TNZnPc three exotherms are observed at 380 °C, 420 °C and 478 °C with 

mass loss as shown in TG from 380 °C to 500 °C. No activity in the TG-DSC pattern is 

observed with a further increase in temperature as indicating the formation of ZnO with a 

stable mass up to 800 °C.

The TG-DSC patterns for Tetra amino substituted Pcs TACuPc, TANiPc and 

TAZnPc are shown in Figs. 4.36-4.38 .The decomposition temperature values obtained for 

TACoPc , TAFePc, and TAMnPc are 430°C, 375 °C and 380 °C respectively.
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TG TACuPc

Fig 4.36 TG-DSC for TACuPc

TACuPc as shown in Fig. 4.36 have similar TG- DSC pattern in comparison to that of 

CuPc and TNCuPc. The only difference is that an endotherm is observed at 105 °C which is 

attributed to loss o f water molecule. The decomposition temperature observed is 403 °C. The 

10% mass remaining after 600 °C is due to the formation of CuO.

The TANiPc as shown in Fig 4.37 also shows an endotherm at 105 °C as that observed 

in the case of TACuPc . This endotherm is due to the loss of water molecule. From the TG 

curve it can be concluded that around 10% weight loss is due to the water molecules. Further 

complete decomposition is observed at 410 °C with gradual weight loss up to 500 °C. No 

further loss in weight is seen due to the formation of metal oxide.
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Fig 4.37 TG-DSC for TANiPc

TG TAZnPc DSC

Fig 4.38 TG-DSC for TAZnPc
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TAZnPc as shown in Fig. 4.38 have similar TG- DSC pattern in comparison to that of 

TNZnPc. The decomposition temperature observed is at 403 °C with subsequent two other 

exotherms observed at 462 °C and 525 °C with continuous mass loss as shown by TG. The 

remaining mass after 600 °C is due to the formation of ZnO.

The TG-DTA pattern of Tetra acrylic acid substituted Pcs TCCoPc and TCZnPc are 

shown in Figs. 4.39-4.40. Differential thermal analysis (DTA) pattern observed in both the 

case is similar irrespective of central metal atom, which is very much different to that 

observed in the case of non-substituted, tetra nitro and tetra amino Pcs. An endotherm is 

observed at 105 °C ue to loss of water molecule. A small exotherm is observed at 445 °C in 

case of TCCoPc and 513 °C in case of TCZnPc with a marginal weight loss as shown in TG. 

A prominent exotherm is observed at 535 °C for TCCoPc and at 613 °C for TCZnPc with 

huge weight loss. The final mass is due to the formation of metal oxide. The decomposition 

temperature values obtained for TCCuPc , TCMnPc and TCNiPc are 397°C, 391 °C and 

416 °C respectively.
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Fig 4.39 TG-DTA for TCCoPc

TG ZnTcPc DTA

Fig 4.40 TG-DTA for TAZnPc
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The magnetic susceptibility values for the different MPcs were determined by Guoy 

balance at room temperature, using field strength of 8500 gauss. The magnetic moments in 

Bohr magneton were calculated using an expression peff (B.M) = 2.84 V%m T. Where Vxm is 

the molar magnetic susceptibility at room temperature (as discussed in chapter 3). The 

observed gram susceptibility values at room  temperature are presented in Table 4.14. Higher 

magnetic moment is observed in case of Pc having Mn as a central metal atom followed by 

Co and least by Cu, where as Ni and Zn were found to be diamagnetic. Higher or lower value 

of geff indicates the contribution of direct or super exchange intermolecular interaction to spin 

only value. Difference in magnetic moment values and their variation may be due to the 

difference in intermolecular interactions, spacing and inclination of the molecule in the crystal 

lattices.

4.6 Magnetic Susceptibility

Table 4.14 Magnetic Susceptibility of metal Pcs

Sr.No Name of Pcs Xg(CGS unit) M-eff (B.M)

01 MnPc 13.2 x 1 0 b 4.2

02 CoPc 5.65 x W 6 2.8

03 CuPc 2.60 x 10* 1.9

04 NiPc Diamagnetic “

05 ZnPc Diamagnetic -
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The magnetic susceptibility of Tetra amino MPcs are shown in Table 4.15. The

relation observed in case of non substituted MPc (M = Mn, Co and Cu) giving different and

(teff values but there is overall decrease in the value of magnetic moment due to the decrease

in the metal content in a molecule because of the substitution indicating the presence of 

different unpaired electrons in the compounds.

Table 4.15 Magnetic Susceptibility of Tetra amino metal Pcs

Sr.No Name of Pcs Xg(CGS unit) Htfr (B.M)

01 TAFePc 15.776 x 10'6 1.548

02 TAMnPc 11.568 x 10'6 1.3247

03 TACoPc 15.946 x 10'7 0.4934

04 TACuPc 8.4320 x 10'7 0.3601

05 TANiPc Diamagnetic

06 TAZnPc Diamagnetic •
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4.7 Diffuse Reflectance UV- visible Spectroscopy (DRS)

The spectra were recorded in solid state by loading the sample in a sample holder. 

The sample was scan from 200-800 nm. The technique is non-destructive and used to 

determine the band gap energy (Eg) in semiconductors. The band-gap (Eg) for the given Pcs 

were calculated by using formula, band gap (eV) Eg= 1239/X,max, where Xn,ax is the maxima

observed in UV/ visible region. The compounds are coloured in nature and therefore show 

absorption in the visible region. Eg is the measure of energy required to transfer an electron 

from valence band to conduction band. The absorbance spectra for MPcs in shown in Fig. 

4.41 and the calculated band gaps are shown in Table 4.16

Fig 4.41 Absorbance spectra for metal Pcs
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Table 4.16 Band gap values of Metallophthalocyanines

Samples ^max(nm) Band gap (eV)

Mn Pc 324.96 3.812

Co Pc 308.3 4.021

Ni Pc 323.36 3.835

Cu Pc 303 4.091

Zn Pc 305.91 4.052

Under similar conditions the studies were extended toTetra amino Pcs and the 

absorbance spectra for Tetra amino metal Pcs is shown in Fig. 4.42. The calculated band gaps 

are shown in Table 4.17. In both the cases of tetra substituted and non substituted Pcs, Mn as 

a central metal atom was found to have lower band gap energy, whereas similar relation is not 

valid in case of other metal substituted Pcs. This could be due to the interaction of different 

central metal atom with the electron donating amino group on the periphery of 

Phthalocyanines.
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Fig 4.42 Absorbance spectra for tetra amino metal Pcs

Table 4.17 Band gap values for Metallophthalocyanines

Name ^(max)(nrr0 Band Gap (eV)

TAM nPc 357 3.47

TAFePc 354 3.50

TACoPc 357 3.47

TACuPc 305 4.06

TAZnPc 316 3.90

TANiPc 276 4.49
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Fig 4.42 Absorbance spectra for tetra amino metal Pcs

Table 4.17 Band gap values for Metallophthalocyanines

Name ^(max)(nrr0 Band Gap (eV)

TAM nPc 357 3.47

TAFePc 354 3.50

TACoPc 357 3.47

TACuPc 305 4.06

TAZnPc 316 3.90

TANiPc 276 4.49
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4.8 Electron spin resonance

The basic feature of ESR spectra is strongly dependent on the number as well as the 

location of the unpaired electrons in a system. The information available from magnetic 

studies is used for the selection of the samples for ESR spectroscopy. ESR spectra of 

TACoPc, TACuPc, TAMnPc and TNFePc were recorded at room temperature as shown in 

Figs. 4.43- 4.46 and Table 4.18 which gives the calculated gyromagnetic (g) valves and line- 

width. The g value indicated that the central metal is in +2 oxidation state. The spin- lattice 

relaxation for TACoPc at room temperature is sufficiently high to give sharp ESR peak with 

shorter line width. With change in central metal atom, the spin-orbital coupling is strongly 

coupled to the lattice vibration. This reduces the spin relaxation time, broadening the spectra 

with the increased line-width which depicts the increasing paramagnetic nature of the 

compound.

Fig 4.43 ESR spectra of TACoPc
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Fig 4.44 ESR spectra of TACuPc
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Fig 4.45 ESR  spectra of TAFePc
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Fig 4.46 ESR spectra of TAMnPc

Table 4.18 ESR measurement for TAMnPc, TACoPc, TAFePc and TACuPc

Name g calculated Line-width (G)

TAMnPc 2.07 30

TACoPc 1.99 30

TAFePc 1.99 220

TACuPc 2.059 110
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4.9 NMR spectroscopy

To study the structure o f 4-nitrophthah'mide, the compound was hydrolyzed to its 

corresponding acid and the NM R was recorded in DMSO solution as shown in Fig 4.47. The 

Value obtained were assigned as follow 7.64 (d, J=8.4 Hz, H3), 8.20 (dd, J=2.4 Hz, H5), 8.36 
(d, J=2.4 Hz, H6), 8.94 (br.s, J=2.4Hz, -N-H).

COOH

Fig 4.47 NM R spectrum of 2-carbamoyl-4-nitrobenzoic acid
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4.10PhotoIuminescent studies

The luminescence properties o f the materials were studied by analyzing the 

photoluminescence spectra o f  the material in the visible region from 400-800 nm. The 

photoluminescence spectra and the corresponding excitation spectra were recorded at the 

room temperature using Schimadzu RF-5301 PC Spectrofluorometer with Xe flash lamp.

Figs.4.48-4.50 show the photoluminescence spectra for the non substituted MPcs

Fig. 4-48 PL spectra with excitation at 220 nm

108



Samples on excitation at wavelength o f 220 nm show emission in the blue-green 

region i.e. from 430-550 nm. All the samples show same spectra with several emission 

lines in blue green region showing maximum emission at 468 nm. Presence of several 

intrinsic levels in the conduction bands gives this complex spectrum. Influence of 

transition metals resulted in different intensities. The emission intensity o f cobalt 

phthalocyanine is maximum followed by zinc phthalocyanine, copper phthalocyanine, 

nickel phthalocyanine and manganese phthalocyanine. Zinc phthalocyanine, copper 

phthalocyanine and nickel phthalocyanine show low intensity because of non radiative 

processes that occurs more than the radiative processes.

Emission 468 nm

Fig. 4.49 Exitation spectra of 468 nm PL emission for MPc
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The excitation pattern observed is in the range of 220-240 nm and the intensity is 

similar to that observed in the emission spectra.

Fig. 4.50 PL spectra with Up-conversion at 625 nm

Up-conversion is observed in all the samples by keeping the slit width same. Sample 

was excited with different wavelength in the range 580-650 nm, o f which 625 nm showed 

the up-conversion at 440-550 nm with maximum intensity. The up-conversion pattern was 

similar to for the excitation at 220 nm and 625 nm emission patterns were similar, 

indicating that in both the cases, the emission centers are same. The up-conversion process 

may be explained by anti stokes two photon theory i.e. when the samples are irradiated at 

625 nm, the first photon pumps the electron from the conduction band to the intermediate 

level and the second photon ionizes it to the conduction. When the electrons are 

recaptured or transfer energy in the valence band, intrinsic emission occurs and while the
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recombination or transfer o f  energy in the intermediate level gives the emission at lower 

wavelength. Similar observation were also recorded on TCMPc as shown in Figs. 4.51 — 

4.53 , but the order o f  intensity was not comparable with that o f non substituted MPcs. 

This could be attributed for the different level o f interaction between the central metal 

atom and that o f the substituted group on the periphery of the phthalocyanine ring.

ZJ
•i
VIc*1

NiTCPc
ZnTCPc
CoTCPc
CuTCPc
MnTCPc

BOO
wave fe i gti ( i n  )

Fig. 4.51 PL spectra with excitation at 220 nm for TCMPc
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Fig.4.52 E xitation spectra o f 468 nm  PL emission for TCMPc

---- NiTCPc
----ZnTCPc

Fig.4.53 P L  spectra with Up-conversion at 625 nm for TCMPc
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4.11 Scaning Electron Microscopy

SEM was recorded with a resolution o f 2 jim. A gold coating was deposited on the 

sample to avoid charging of the surface.The SEM images for TACoPc, TANiPc, TAFePc, 

TCNiPc and TCCoPc are shown in Figs. 4.54-4.58. From the image it was observed that the 

sample exist in an agglomerate form with a particle size < 1 0 0  nm but the particle size was 

not uniform and due to agglomeration exact measurement was difficult. In case of TAFePc 

less agglomeration was observed as compared to others. The TCCoPc also showed good 

sulface morphology with less agglomeration. If a comparison is made between TANiPc and 

TCNiPc and also with TACoPc and TCCoPc the surface morphology obtained after 

substitution of acrylic group is better than the amino group. The main reason behind this is the 

precipitation technique used for the purification of compound which leads to decrease in the 

size of the particle.
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Fig.4.54 SEM  of TACoPc
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Fig.4.55 SEM of TANiPc
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Fig.4.56 SEM of TAFePc
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Fig.4.57 SEM of TCNiPc
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Fig.4.58 SEM of TCCoPc
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CHAPTER 5



Introduction

Semiconductor photocatalysts are excellent materials for the degradation of various 

pollutants. Pcs are well known semiconductors their photocatalytic activities were studied on 

different dyes. Water soluble Pcs synthesized were used for catalytic oxidation of Benzoin to 

Benzil. Naturally occurring Lawson was synthesized by heterogeneous catalytic oxidation of 

2-hydroxy naphthalene in aqueous medium. Antimicrobial activities of Pcs were tested on 

different microbial pathogens.

5.1 BET Surface area measurement

The surface area o f the sample was measured using BET instrument SMATSORB 

90/91 at the boiling o f nitrogen temperature. The results obtained for different non substituted 

Pc in comparison to that o f tetra nitro metal Pc was higher, highest surface area was recorded 

in case of MnPc and lowest in case of TNCuPc. The recorded value of surface area are shown 

in Table 5.1

Table 5.1 Surface area measurement

Sr. No. Sample Surface area

1 CoPc 21.13

2 TNCoPc 19.12

3 CuPc 10.45

4 TNCuPc 3.43

5 MnPc 26.2

6 TNMnPc 10.15
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5.2 Photocatalytic degradation of Amido Black 10B

Photocatalytic degradation was studied on Amido Black 10B which has a ?w 617-619 

nm using MPcs such as MnPc, CoPc, NiPc, CuPc and ZnPc. This study was carried out at 

different pH i.e. neutral (pH=7), alkaline (pH=8) and acidic (pH=6). 10'5 M solution of the 

dye was prepared. The solution was oxygenated by bubbling with air for 5 minutes. 20 mg of 

the catalyst was weighed and added to 100 ml of the oxygenated dye solution. The solutions 

were then irradiated under sunlight. The absorbance of each solution was recorded at different 

time interval i.e. 1 h, 2 h, 3 h, and 4 h using UV-visible spectrometer.

Similar procedure was repeated in alkaline medium wherein the dye solution was 

made alkaline by adding drop wise 0.5 N NaOH till pH 8. Similarly the dye solution was 

made acidic by adding 0.5 N HNO3 till pH 6. Table 5.2, 5.3 and 5.4 represents the 

absorbance data in neutral, alkaline and acidic medium respectively. Fig. 5.1, 5.2 and 5.3 

shows absorbance against time plots

Table 5.2 Absorbance data at pH=7

Samples Absorbance in nm

Oh l h 2 h 3 h 4 h

Blank 0.2572 0.2568 0.2562 0.2555 0.2551

MnPc 0.2572 0.206 0.2141 0.2137 0.1879

CoPc 0.2572 0.2515 0.2396 0.2383 0.1737

NiPc 0.2572 0.2545 0.2515 0.2458 0.2301

CuPc 0.2572 0.2154 0.1334 0.040 0.034

ZnPc 0.2572 0.2556 0.2559 0.2562 0.2565
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Amido Black 10B (pH = 7)

Fig. 5.1 Absorbance against time plot at pH=7

In neutral pH copper phthalocyanine showed high catalytic activity as compared to 

other phthalocyanines. Manganese phthalocyanine and cobalt phthalocyanine showed less 

catalytic activity whereas zinc phthalocyanine and nickel phthalocyanine did not showed any 

appreciable degradation of the dye.
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Table 5.3 Absorbance data at pH=8

Samples Absorbance in nm
Oh l h 2 h 3 h 4 h

Blank 0.2783 0.2776 0.2768 0.2761 0.2755
MnPc 0.2783 0.2711 0.2007 0.1929 0.1661
CoPc 0.2783 0.2258 0.2040 0.1540 0.1190
NiPc 0.2783 0.2781 0.2779 0.2775 0.2773
CuPc 0.2783 0.1943 0.1750 0.1150 0.0910
ZnPc 0.2783 0.2784 0.2786 0.2790 0.2792

Amido Black 10B (pH = 8)

Fig. 5.2 Absorbance against time plot at pH=8
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In alkaline pH copper phthalocyanine retained its activity as that in neutral pH. The 

catalytic activity of manganese phthalocyanine and cobalt phthalocyanine increased in 

alkaline medium but no degradation o f dye was observed in presence of nickel 

phthalocyanine and zinc phthalocyanine.

Table 5.4 Absorbance data at pH=6

Samples Absorbance in nm

Oh l h 2 h 3 h 4 h

Blank 0.2193 0.2189 0.2187 0.2184 0.2182

Mn Pc 0.2193 0.1325 0.1206 0.1150 0.0750

Co Pc 0.2193 0.2100 0.1910 0.1850 0.1590

Ni Pc 0.2193 - - - 0.1981

Cu Pc 0.2193 0.1170 0.0916 0.0480 0.0400

Zn Pc 0.2193 - - 0.2182
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Fig. 5.3 Absorbance against time plot at pH=6

In acidic pH copper phthalocyanine showed the highest rate of dye degradation. 

Manganese phthalocyanine showed increase in activity than in neutral pH but cobalt 

phthalocyanine showed less activity. There was no effect of pH on nickel phthalocyanine 

and zinc phthalocyanine as it did not show any activity. Fig 5.4 and 5.5 show representative 

UV-visible spectra o f  degradation pattern on CuPc at pH 7 and pH 6. The main reason for 

CuPc showing maxim um  activity as compared to others may be because of the ability of Cu 

to go in +1 oxidation state which is not observed in case of Zn and other metal.
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Fig. 5.4 UV-visible spectra of Amido Black 10B over CuPc catalyzed reaction at 
pH=7 at different interval period.
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Fig. 5.5 UV-visible spectra of Amido Black 10B over CuPc catalyzed reaction at 
pH=6 at different interval period.
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Photocatalytic degradation was studied on Auramine O which has a J w  430-432 nm 

using MPcs such as MnPc, CoPc, NiPc, CuPc and ZnPc. This study was carried out at neutral 

(pH=7).10 M solution o f the dye was prepared. The solution was oxygenated by bubbling 

with air for 5 minutes. 100 mg of the catalyst was weighed and added to 100 ml of the 

oxygenated dye solution. The solutions were then irradiated under sunlight. The absorbance 

of each solution was recorded at different time interval i.e. 1 h, 2 h, 3 h, and 4 h using UV- 

visible spectrometer. Table 5.5 represents the absorbance data in neutral medium respectively. 

Fig. 5.6 shows absorbance against time plots o f dye degradation.

Table 5.5 Absorbance data at neutral pH

5.3 Photocatalytic degradation o f Auramine O

Samples Absorbance in nm

Oh l h 2 h 3 h 4 h

MnPc 0.3293 0.2255 0.1882 0.1412 0.0469

CoPc 0.2866 0.1740 0.1520 0.1510 0.114

NiPc 0.2866 0.1792 0.1782 0.1608 0.1571

CuPc 0.2995 0.1034 0.0826 0.0551 0.0344

ZnPc 0.2995 0.0958 0.0717 0.0620 0.0570
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0 .35-

Fig. 5.6 Absorbance against time for the degradation of Auramine

Copper and Nickel phthalocyanine showed high catalytic activity as 

compared to other phthalocyanines. Manganese phthalocyanine and cobalt phthalocyanine 

showed less catalytic activity but Manganese phthalocyanine showed good activity at the 

end of 4 h. Where as zinc phthalocyanine did not showed appreciable degradation of the 

dye. Fig. 5.7-5.8 show representative UV-Visible spectra of Auramine O degradation 

using CoPc, M nPc and ZnPc.
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Fig. 5.7 UV-visible spectra of MnPc catalyzed degradation of Auramine O
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Fig. 5.8 UV-visible spectra of ZnPc catalyzed degradation of Auramine O
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Photocatalytic degradation was studied for Methylene blue which has a >,max 663-665 

nm using TNMnPc, TNCoPc, TNNiPc, TNCuPc , TNZnPc , TAMnPc, TACoPc, TANiPc, 

TACuPc and TAZnPc. This study was carried out at neutral (pH=7).105 M solution of the dye 

was prepared. The solution was oxygenated by bubbling with air for 5 minutes. 100 mg of the 

catalyst was weighed and added to 100 ml of the oxygenated dye solution. The solutions were 

then irradiated under sunlight. The absorbance of each solution was recorded at different time 

interval i.e. 1 h, 2 h, 3 h, and 4 h using UV-visible spectrometer.

Based on the time required for degradation, the data is divided into two groups in 

group I there are Pcs where degrade methylene blue after 3 and 4 hours where as in group II 

there are Pcs where methylene blue degrade after 1 and 2 hours Fig. 5.9 shows absorbance 

with time plots for group I and Fig. 5.10 shows absorbance with time plots for group II.

Figs 5.11-5.12 are UV-Visible spectra of methylene blue degradation using CuTAPc 

and CuTNPc.

5.4 Photocatalytic degradation of Methylene blue
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Fig. 5.9 Absorbance against time for the degradation of Methylene Blue by group I Pcs
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Fig. 5.10 Absorbance against time for the degradation of Methylene Blue by group II Pcs
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Fig. 5.11 UV-visible spectra of CuTAPc catalyzed degradation of Methylene Blue

131



Ab
s.

Fig. 5.12 UV-visible spectra of CuTNPc catalyzed degradation of Methylene Blue
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5.5 Mechanism for photocatalytic reaction

Many investigators have suggested various mechanisms for the degradation o f dye 

pollutants.When photocatalyst absorbs radiation from sunlight or illuminated by light source 

(fluorescent lamps), it will produce pairs o f  electrons and holes. The electron of the valence 

band of semiconductor becomes excited when illuminated by light. The excess energy of this 

excited electron promoted the electron to the conduction band o f semiconductor therefore 

creating the negative-electron (e-) and positive-hole (h+) pair. This stage is referred as the 

semiconductor's 'photo-excitation' state. The energy difference between the valence band and 

the conduction band is known as the 'Band Gap'. Wavelength o f the light necessary for photo­

excitation is: 1240 (Planck’s constant, h) / (band gap energy) as shown in Fig 5.1. This 

electron is then trapped by molecular O2 forming O2" ions. The valence band generates 

hydroxyl radicals (O H ) From hydroxyl ions, this can easily attack the adsorbed dye, thus 

leading finally to their complete mineralization as shown in scheme 5.1.
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Scheme 5.1

5.6 Catalytic oxidation o f 2-hydroxynaphthalene

Lawsone is a naturally occurring compound first isolated from leaves of Lawsonia 

inermis L. in 1959 and w as used traditionally for dyeing and also in treatment of diseases like 

cancer. Lot of research is underway for the synthesis of this molecule having large 

commercial value. O xidation of 2-hydroxynaphthalene to 2-hydroxy-1,4-Naphthoquinone 

(Lawsone) was carried out in aqueous medium in presence of CuPc.
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5.6.1 Procedure for the oxidation of 2-hydroxynaphthalene to 2-hydroxy-l,4- 

Naphthoquinone:

2 g of NaOH was dissolved in 50 ml of water to that 20 mg of 2-hydroxynaphthalene 

was added, followed by addition of 100 mg of CuPc. The reaction mixture was stirred for 30 

min on a magnetic stirrer; stirring was stopped and to this 0.9 ml of H20 2 was added. The 

reaction mixture was allowed to stand at room temperature for 30 min. The resulting mixture 

was neutralized with dilute HC1 and further extracted with diethyl ether. The ether layer 

obtained was first washed with water twice and was dried over sodium sulphate. The ether 

layer was evaporated to dryness and residue obtained was crystallized in ethanol. The product 

obtained was compared with that of authentic sample procured from sigma Aldrich. The 

overlying IR spectra are shown in Fig. 5.14 and the overlying UV-Visible spectra was shown 

in Fig. 5.15. The authentic sample and product both were dissolved in ethanol and run on TLC 

with a mobile phase o f 10% methanol in Chloroform. Both authentic sample and product have

same Rf of 0.26.
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Fig 5.14 The overlying IR spectra of product with that of authentic sample of Lawsone
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Fig 5.15 The overlying UV-Visible spectrum of product with that of authentic sample of 

Lawsone.

Different param eters were studied to optimize reaction conditions, and the product 

obtained in each case was quantified using UV-Visible spectroscopy. The UV-Visible 

spectroscopic method was developed and partially validated to quantify the amount of product 

formed. 2-hydroxy-1 ,4 -Naphthoquinone is soluble in 0.1 N NaOH and has maxima in visible 

region at 453 nm. W here as the starting material (2-Hydroxynaphthalene) after dissolving in 

0.1 N NaOH is not having any absorbance at around 400-500 nm region as shown in figure

5.16.
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The linearity studies were done for five different levels form 4 ppm to 20 ppm. The 

concentration level and their absorbance is reported in Table 5.6 and the Linearity graph in 

Fig. 5.17 with correlation coefficient o f 0.999.

Fig 5.16 The UV-Visible spectrum of product and that of starting material
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Table 5.6 Concentration level and their absorbance

Sr.No Cone, in ppm Absorbance at 453 nm

1 4 0.068

2 8 0.133

3 12 0.200

4 16 0.264

5 20 0.334

Fig 5.17 Linearity graph for different cone, of Lawsone against Absorbance
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5.6.2 Effect o f am o u n t o f 2-H ydroxy naphthalene on the ra te  of reaction

This reaction was carried out with different concentration of 2-Hydroxy naphthalene 

rest of the reaction condition were kept constant. 50 ml of water , lOOmg of CuPe . 2g of 

NaOH and 0.9 ml of H20 2. After 30 min on addition of H20 :. 8 ml of the reaction mixture 

(on filtration) was neutralized with dilute HC1 and extracted with diethyl ether. Hie ether 

layer obtained was first washed with water twice and was dried over sodium sulphate. The 

ether layer was evaporated to dryness and residue obtained was dissolved in 0 .1 N NaOH ami 

diluted to 50 ml with 0.1 N NaOH. The percentage of product obtained is shown in Table 5,7 

and also graphically in figure 5.18.

Table 5.7 R ep resen t the  percentage product form ation for different concentration of 2* 

Hydroxy n ap h th a len e  (mg)

Sr .No. W t of 2-Hydroxy 
naphthalene (mg)

Product 
Formation (7c)

1 20 59

2 40 44

3 60 42

4 80 32

5 100 27
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W t of 2-Hydroxy naphthalene (mg)

Fig 5.18 Graphical representation of percentage product formation for different 
concentration of 2-Hydroxy naphthalene (mg)

5.6.3 Effect of amount of Catalyst on the rate of reaction

This reaction was carried out with different concentration of catalyst (CuPc) rest of the 

reaction condition were kept constant 50 ml of water, 20 mg of 2-Hydroxy naphthalene, 2g of 

NaOH and 0.9 ml of H20 2. After 30 min on addition of H20 2, 8 ml of the reaction mixture (on 

filtration) was neutralized with dilute HC1 and extracted with diethyl ether. The ether layer 

obtained was first washed with water twice and was dried over sodium sulphate. The ether 

layer was evaporated to dryness and residue obtained was dissolved in 0.1 N NaOH and 

diluted to 50 ml with 0.1 N NaOH. The percentage of product obtained is shown in Table 5.8 

and also graphically in Fig. 5.19. The product spectrums are shown in Fig 5.20.
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Table 5.8 Represent the % product formation for different concentration of CuPc (mg)

Sr.No. W t of CuPc (mg) Product 
Formation (%)

1 5 12.5

2 20 24.3

3 50 53.3

4 100 59.4

5 150 47.8

Fig 5.19 Graphical representation percentage of product formation for different 
concentration of CuPc (mg)
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Fig 5.20 UV-Visible spectrum of Lawsone formed at different concentration of CuPc
(mg)

5.6.4 Effect of amount of NaOH the rate of reaction

This reaction was carried out with different concentration of NaOH rest of the reaction 

condition was kept constant. 50 ml o f water, 20 mg o f 2-Hydroxy naphthalene, 20 mg of 

CuPc and 0.9 ml o f H20 2. After 30 min on addition of H202, 8 ml of the reaction mixture (on 

filtration) was neutralized with dilute HCl and extracted with diethyl ether. The ether layer 

obtained was first washed with water twice and was dried over sodium sulphate. The ether 

layer was evaporated to dryness and residue obtained was dissolved in 0.1 N NaOH and
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diluted to 50 ml w ith 0.1N NaOH .The % of product obtained is shown in Table 5.9 and also 

graphically in Fig. 5.21. The product spectrums are shown in Fig. 5.22.

Table 5.9 Represent the percentage product formation for different concentration of 
NaOH (g)

Sr.No. Wt of NaOH (g) Product Formation
(% )

1 0.2 5.2

2 0.5 13.9

3 1.0 21.2

4 2.0 24.7

5 3.0 21.1

Fig 5 21 Graphical representation of % product formation for different concentration of 
NaOH(g)
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As the reaction was earned out at different concentration of NaOH the ideal 

concentration o f NaOH was found to be 2 g for 50 ml of water and further increase in the 

concentration of NaOH results in decrease in the rate of product formation.

Fig 5.22 U V -Visible spectrums of Lawsone formed at different concentration of NaOH

(g)
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5.6.5 Effect of amount of H2O2 on the rate of reaction

This reaction was earned out with different concentration of NaOH rest of the reaction 

condition was kept constant. 50 ml o f water, 20 mg of 2-Hydroxy naphthalene, 20 mg of 

CuPc and 0.9 ml of H2O2. After 30 min on addition of H2O2, 8 ml of the reaction mixture (on 

filtration) was neutralized with dilute HC1 and extracted with diethylether. The ether layer 

obtained was first washed with water twice and was dried over sodium sulphate. The ether 

layer was evaporated to dryness and residue obtained was dissolved in 0.1 N NaOH and 

diluted to 50ml with 0.1 N NaOH. The percentage of product obtained is shown in Table 5.10 

and also graphically in Fig. 5.23. The product spectrums are shown in Fig. 5.24.

Table 5.10 Represent the percentage of product formation for different Volume of H2O2

Sr.No. Amount of H2O2 
(ml)

Product 
Formation (%)

1 0.2 7.0

2 0.5 17.1

3 0.9 24.3

4 1.3 10.1

5 1.5 10.0

6 2.0 9.1

146



Fig 5.23 Graphical representation percentage of product formation for different Volume 
of H2O2

As the reaction was carried out at different volume of H2O2 the ideal concentration of 

H20 2 was found to be 0.8 ml for 50 ml of water and further increase in the concentration of 

H20 2 results in decrease in the rate of product formation.
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Fig 5.24UV-Visible spectrums of Lawsone formed at different Volume of H2O2 (ml).

The reaction is economical though amount of catalyst required is little large but after 

the reaction the catalyst can be washed with water followed by methanol and after drying at 

105 °C it can be reused. No effect on the rate of reaction is observed even after using for 3 

times. This observation is also supported by overlaying IR data obtained as shown in Fig. 5.28 

for CuPc before catalytic activity and after catalytic activity as shown in Fig. 5.25.
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Fig 5.25 IR spectrum of CuPc before catalytic activity and after catalytic activity

The oxidation studies were done in other organic solvent such as methanol, IPA and 

also by varying conditions such as amount of NaOH, temperature, Exposure to sunlight etc. 

The following cases and their results are listed below.

Case I

47.5 ml of MeOH + 2.5 ml of 2 N NaOH cooled and added 200 mg of 2- 

hydroxynaphthalene + 10 mg of CuPc. Further 1 ml of H20 2 was added drop wise 

maintaining the reaction temperature of 0-5 C. The reaction was monitor after 30 min and 

subsequently after every 2 h for 8 h and finally after 24 h.
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Results -  No formation of product.

Case II

47.5 ml of MeOH + 2.5 ml of 2 N NaOH cooled and added 200 mg of 2- 
hydroxynaphthalene + 1 0  mg o f CuPc. Further 1 ml of H2O2 was added drop wise after 
attaining room temperature in the reaction mixture. The reaction was monitor after 30 min and 
subsequently after every 2 h for 8 h and finally after 24 h.

Results -  No formation of product.

Case III

Same as Case II only 2.5 ml o f 2 N NaOH was not added. And 50 ml of MeOH in place of
47.5 ml was taken.

Results -  No formation of product.

Case IV

Same as Case II only catalyst is not added 

Results -  No formation of product.

Case V

Same as Case II only M eOH replaced by IP A

Results -  Formation of product was observed with yield of 3.8% after 24 h.

Case VI

Same as Case II only the reaction vessel was kept in sunlight. 

Results -  No formation of product.

Case VII

Same as Case II only the reaction mixture was heated at 60 °C for 5 h
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Results -  No formation of product.

Case VII

50 ml of MeOH + 2 g of NaOH cooled and added 200 mg of 2-hydroxynaphthalene + 10 mg 
of uPc. Further 1 ml of H2O2 was added drop wise after attaining room temperature in the 
reaction mixture. The reaction was monitor after 30 min and subsequently after every 2 h for 
8h and finally after 24 h.

Results -  Formation of product was observed with yield of 2.3% after 24 h.

Case VIII

50 ml of MeOH + 2 g of NaOH cooled and added 200 mg of 2-hydroxynaphthalene +10 mg 
of CuPc. Further 1 ml of H2O2 was added drop wise maintaining the reaction temperature of 
0-5 °C. The reaction was m onitor after 30 min and subsequently after every 2 h for 8 h and 
finally after 24 h.

Results -  Formation of product was observed with yield of 1.4% after 24 h.

The oxidation were studied using CuPc, TNCuPc ,TACuPc, TCCuPc ,CoPc, TNCoPc 

,TACoPc, TCCoPc , FePc , TNFePc ,TAFePc , MnPc, TNMnPc ,TAMnPc, TCMnPc ,NiPc, 

TNNiPc ,TANiPc, TCNiPc , ZnPc, TNZnPc ,TAZnPc and TAZnPc. Only CuPc, TNCuPc and 

TACuPc were able to catalyzed the reaction out of which CuPc showed total product 

formation of 59% where as TACuPc 11.8% and TNCuPc only 1.72%.

From the above observation a very meaningfully conclusion can be drawn and also 

with respect to the reference156'157 where Iron porphyrin from V to III oxidation state. 

Similarly only Copper can go from II to I oxidation state and reverse without affecting the 

structure of the Pc. Also Such reactions are not possible when the catalyst is in homogeneous 

phase as in case of TCCuPc. TNCuPc showed lower result as compared to that of TACuPc 

which inturn showed lower as compared to CuPc. This is mainly because of Copper content in
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Different Pc is as follow TNCuPc < TACuPc < CuPc. The result obtained also complies with 

this observation.

Based on above observation following mechanism was proposed for the oxidation of 2- 

hydroxynaphthalene to Lawsone as shown in scheme 5.2

Scheme 5.2
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5.7 Catalytic oxidation o f benzoin to benzil

500 mg of benzoin was taken in 100 ml conical flask, to that 25 ml of MeOH, 500 mg 

of NaOH and 20 mg of TCM Pc (where M = Cu, Ni and Zn) as a was added. The resulting 

mixture was kept open with intermediate stirring until the benzoin was no longer detectable 

by TLC analysis. The reaction mechanism is suggested as per scheme 5.3. The mixture was 

filtered to separate the catalyst and to the filtrate 25 ml of water was added, it was further 

neutralized with dilute HC1 and extracted with ethyl acetate. The ethyl acetate layer was 

washed 3 times with water further dried over anhydrous sodium sulphate, filtered and solvent 

was removed under reduced pressure. The product formed was further purified by 

crystallization in ethanol and characterized using UV and IR technique as shown in Fig. 5.34 

and compared with that o f authentic commercial sample. Yield obtained was about 80-85%. 

The catalyst can be dissolved in water and precipitated with 0.1 M HC1. The precipitate 

obtained was washed with water till free from chloride ions then washed with Ethanol and 

diethyl ether, finally dried over vacuum and reused.
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The oxidation of benzoin to benzyl was carried 

carbonylacrylic) aminephthalocyanines in methanol at iroom temperature the reaction was

out using all three metal tetra (n-

completed m 20 mm irrespective of central metal atom. Further the oxidation was carried out 

at room temperature using Zn tetra (n-carbonylacrylic) aminephthalocyanine in different 

solvents and the effect of solvent on the rate of reaction and selectivity is shown in Table 

5.11. The oxidation was carried out in methanol as solvent in presence of Zn tetra (n- 

carbonylacrylic) aminephthalocyanine as catalyst at different temperature and effect of 

temperature on the rate of reaction is shown in Table 5.12 and Fig 5.26. In both above case 

the volume of solvent and amount of NaOH is kept constant. The reaction did not start in 

neutral and acidic medium.

Table 5.11 Effect of solvent on conversion of benzoin to benzyl under same reaction 

condition.

Sr. No Solvent Time required(min) Selectivity

1. Methanol 20 100%

2. 50% Methanol water 30 100%

3. Ethanol 30 100%

4. Acetone Benzyl formed gets

Converted into benzoic acid

5. Isopropyl alcohol Benzyl formed gets

Converted into benzoic acid

Water
No product formation after 24Hr
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Table 5.12 Effect of temperature on the rate of reaction.

Sr. No Temperature (°C) Time for 100% reaction (min)

1. 0 60

2. 11 50

3. 25 20

4. 35 15

5. 45 5

6. 55 15

Fig. 5.26 Effect of temperature on the rate of reaction.
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Fig 5.27 The overlying IR spectra of product with that of authentic sample of Ilcn/il

The oxidation o f benzoin to benzil is studied under extremely mild condition with high 

yield. The recovery of the catalyst, use of environmental friendly solvent, room temperature 

and use of atmospheric oxygen makes this process economical and Green. The other Pcs were 

not that active under similar reaction conditions.
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5.8 Effect of Phthalocyanines on Microbial cultures

5.8.1 Antimicrobial activity on water soluble Pcs

Antibacterial activity tests were performed on different MPcs. Fig 5.28 shows a

representative figure of TCMnPc, TCNiPc, TCCuPc and TCZnPc indicating positive test to 

antibacterial activity. Different concentration of TCCuPc, TCNiPc and TCZnPc was prepared 

in alkaline buffer solution and its antimicrobial activities were studied for Staphylococcus 

citreus, Serratia marcescens, Bacillus subtilis, Proteus vulgaris and Pseudomonas 

fluorescence plated on to separate nutrient agar, for matt growth. A representative photo of 

plate with different concentration of TCZnPc for its antimicrobial activity on Proteus vulgaris 

is shown in Fig 5.29.

Based on different zones of inhibition with respect to different micro organism for 

different concentration of TCMPc is shown in Figs. 5.30 - 5.32. As observed in Fig. 5.30-5.32 

inhibition of growth with TCCuPc and TCNiPc occurred at minimum of 10 pg and 20 pg in 

case of Staphylococcus citreus, Serratia marcecans, Proteus vulgaris, Pseudomonas 

fluorescence; Staphylococcus citreus, Serratia marcecans, Bacillus subtilis, and Proteus 

vulgaris respectively. The adverse effect of TCCuPc and TCNiPc, in terms of size of growth 

inhibition zone was in the order of: Pseudomonas fluorescence = Staphylococcus citreus > 

Serratia marcecans = Proteus vulgaris and Serratia marcecans > Bacillus subtilis > 

Staphylococcus citreus, respectively. Further as evident in TCZnPc at 200 pg, 400 pg and 600 

pg affected growth of Staphylococcus citreus > Serratia marcecans, Proteus vulgaris and 

Bacillus subtilis respectively. It is noteworthy that the growth of Pseudomonas fluorescence 

was inhibited only by TCCuPc. TCCuPc and TCNiPc are potent at a ten fold lower 

concentration than those of TCZnPc. The observation therefore an evidence of
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antimicrobiocity/ antibiocity o f  metal pthalocyanines against Staphylococcus citreus, Serratia 

marcecans, Proteus vulgaris, Bacillus subtilis and Pseudomonas fluorescence which is dose 

dependent and bacteria as well as metal specific.

Fig. 5.28 Antimicrobial activity of TCMnPc, TCNiPc, TCCuPc and TCZnPc against 

Bacillus subtilis

Fig. 5.29 Antimicrobial activity against Proteus vulgaris at different concentration of

TC ZnPc
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Fig. 5.30 Antimicrobial activity of TCCuPc

Fig. 5.31 Antimicrobial activity of TCNiPc
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Fig. 5.32 Antimicrobial activity of TCZnPc

5.8.2 Effect of solvent on the antimicrobial activity of TCCoPc and TCMnPc

To study the effect o f solvent in which the Pcs are dissolved the studies were 

extended by changing the solvent from aqueous to organic. TCCoPc and TCMnPc are water 

soluble at alkaline pH. Initial when the activity was not observed at lower concentration, a 

concentrated solution of concentration of 100 pg /100 pi was prepared in alkaline solution 

and the activity was studied on Staphylococcus aureus (ATCC 6538P), Escherichia coli 

(ATCC 8739), Salmonella typhi (ATCC 14028) and Pseudomonas aeruginosa (ATTC 9027) 

plated on to separate mueller-hinton agar, for matt growth. No zone of inhibition were 

observed in all the cases, but a diffusion of the TCCoPc and TCMnPc on the plate mounted 

with Pseudomonas aeruginosa was observed as shown in Fig 5.33, This experiment was

repeated by dissolving TCCoPc and TCMnPc in DMSO in an concentration of 4 pg /100 pi.
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The zone o f  inhibition was observed in all the stains as shown in Fig 5.34 (plate mounted with 

Pseudomonas aeruginosa ), except in the case of Staphylococcus aureus where TCMnPc did 

not show any activity but TCCoPc had shown good activity. The comparison of antimicrobial 

activity among TCCoPc and TCMnPc in DMSO with respect to different strains of micro 

organism is shown in Fig. 5.35.

Fig 5.33 Diffusion of TCMPc on mueller-hinton agar loded with Pseudomonas aeruginosa
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Fig 5.34 Antimicrobial activity of TCMPc against P seu dom on as aeru g in osa
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Fig.5.35 Antimicrobial activity of TCCoPc and TCMnPc on different strains of
microorganism.

From the above observation it can be concluded that the mode of attack of Pcs in all is 

cases is not identical, as it is reveled from above case of Staphylococcus aureus, where 

TCMnPc has not shown any activity. But in case of Escherichia coli, Salmonella typhi and 

Pseudomonas aeruginosa, TCMnPc has shown better activity than that of TCCoPc. If 

antimicrobial activity is explained in terms of production of singlet oxygen, than TCMnPc 

when dissolved in organic solvent, have absorption maxima in the red region as compared to 

that of TCCoPc. Therefore the ability of TCMnPc to produce singlet oxygen will be more 

then that of TCCoPc. Additional conclusion, which can be inferred from above observation, 

is that MnPc is active against Staphylococcus aureus, but on substitution at peripheral 

position its activity has completely subsided.
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The studies were extended by using MPcs (M= Al, Co, Cu, Fe, Mn, Ni and Zn) in 

Dimethyl sulphoxide (DM SO) to obtain a corresponding solution, having a final 

concentration of 4 pg /ml respectively. The activity was studied on Staphylococcus aureus 

(ATCC 6538P), Escherichia coli (ATCC 8739), Salmonella typhi (ATCC 14028) and 

Pseudomonas aeruginosa (ATTC 9027) plated on to separate muller-hinton agar, for matt 

growth. Based on different zones of inhibition with respect to different micro organism for 

different MPcs are shown in Figs. 5.36 - 5.39. These studies were carried out at very low 

concentration level of 4 pg and in triplicate. In case of Staphylococcus aureus ZnPc showed 

maximum activity whereas FePc showed minimum activity. In case of Escherichia coli FePc 

showed maximum activity whereas CoPc showed minimum activity. In case of Salmonella 

typhi FePc showed maximum activity whereas CoPc and ZnPc showed minimum activity. In 

case of Pseudomonas aeruginosa, AlPc showed maximum activity whereas NiPc showed 

minimum activity. Such inhibition of growth, seen with antibiotics is termed as antimicrobial 

effect and is taken as the criteria for measure of evaluating potency of antibiotics . Thus our 

preliminary results clearly indicate that the Pcs are potent ‘bacteriocides’ and that their 

potency can be affixed in terms of Minimum inhibitory Concentration (MIC) against the

bacterial cultures used in the study.

5.8.3 Antimicrobial activity on non substituted MPcs
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Fig. 5.36 Antimicrobial activity of MPcs on Staphylococcus aureus

Fig. 5.37 Antimicrobial activity of MPcs on Escherichia coli
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These compounds have excellent property to provide or make available oxygen species 

for the oxidation and there is every chance that such reactions may be more effective in 

presence of light. Since these compounds are light harvesting and have photoluminescence 

property including up-conversion, may be playing a vital role as antibacterial activity. The 

phthalocyanine compounds in solution have potency of generating singlet oxygen if dissolved 

oxygen is present in presence o f light. However, the activity may be increased by taking 

oxygen enriched solution. The photodynamic therapy may also work based on similar 

phenomenon. Singlet oxygen has high potentiality to kill all types of bacteria present around. 

It depends on the efficiency of singlet oxygen generation capability by individual compounds 

under given condition.
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6.0 Summary and Conclusion:

Green chemistry has focussed the concentration of many chemists both from 

environmental and also from  economic point of view. Any reaction which make use of 

less organic solvents, low temperature, low cost, harmless by-products, use of solar 

radiation, microwave oven, use of catalyst and nano materials have continuously attracted 

attention o f all the Scientists and Technologists.

Our first aim was to synthesize water soluble Phthalocyanines (PCs) using easily 

available starting material. Method was standardized for the synthesis of simple MPcs 

using solvent, melt and microwave oven. By carrying out these synthesis we were in a 

better position to understand the molecules in terms of their stability, solubility and 

quantity o f precursor required for the synthesis of Pcs. The 4-Nitrophthalimide was the 

precursor required for the synthesis of TNMPcs and it was prepared by nitration of 

phthalimide using nitrating mixture. By this method both 3-nitro and 4-nitro phthalimide 

were formed, out o f which 3-nitrophthalimide was water soluble and therefore can be 

separated from 4-nitrophthalimide.

The 4-nitro phthalimide was used for the synthesis of TNMPcs, which was further 

reduced to TAMPc using sodium sulfide in water. TAMPcs were further used for the 

synthesis of water soluble TCMPcs on reaction with malic anhydride in DMF. The 

products formed were well characterized using UV-Visible, FT-IR spectroscopy and 

Elemental analysis to confirm the formation of the product.

Thermal analysis using TG-DSC were carried out on all substituted as well as non

substituted Pcs to study their thermal stability and thermal behaviours. In some cases an

endothermic peak was observed at around 105 °C, this was due to the loss of water

molecule. In all the cases the molecules were found to be stable up to 350 °C, further on
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heating gradually MPcs were found to undergo decomposition and finally resulting to 

metal oxide in case of M Pcs at 800 °C. This high thermal stability makes their application 

possible as high temperature catalyst and as lubricants at higher temperature.

M agnetic susceptibility studies were done on MPcs, it was observed that MnPc, CoPc 

and CuPc are paramagnetic whereas NiPc and ZnPc are diamagnetic. Similar observations 

were also recorded in case of TAMPcs. But the value of magnetic moment was less as 

compared to that of non substituted Phthalocyanine. Based on this observation ESR 

studies were done on TAM Pcs and it was observed that Fe, Mn, Co, and Cu are in 2+ 

oxidation state in TAMPcs.

XRD studies were done on some MPcs and the 20 values obtained were in agreement 

with that reported in the literature. On comparison with the 20 value reported in literature 

it was also found that the MPcs have |3 monoclinic structure.

From  UV-Visible spectroscopy it was observed that phthalocyanines have Q bands in 

visible region greater than 600 nm and highest value of Q band was observed in the case 

o f TAMnPc which decreases on substitution. Pcs have distinct B band in the UV region.

A perfect relation was build between the different signals obtained in IR spectrum on 

change in substituent’s at peripheral position. In case of tetranitro substituted metal Pcs a 

band is observed at around 1550 cm'1, which gradually disappears on reduction of nitro to 

amino group in case o f tetra amino phthalocyanine with the appearance of new band at 

around 3300 cm '1 due to primary amino group. This band due to primary amino group 

disappears on substitution with carbolic acrylic group, with appearance of new band at 

around 1700 cm'1 due to carbonyl group. Similar type of observations were also recorded
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in the case o f nitration o f phthalimide to 4-nitrophthalimide, where band was observed at 

1550 cm’1 due to nitro group.

Elemental analyses o f TCM Pcs were done and the result obtained were in accordance 

with that on the theoretical value, further this observation also strengthens the formation of 

TNMPcs and TAMPcs.

Pholuminescence studies showed absorption maxima at 468 nm after excitation at 

220 nm  and also at lower energy wavelength of 625 nm, such phenomena of excitation 

with lower wavelength and emission at higher wavelength is called as up-conversion, 

which makes application o f these molecules in laser technology. The ability of this 

molecules to undergo solid state excitation in visible region lead to their applications in 

solar cell. Now a days due to large requirement for power generation, though the nuclear 

plant provide the satisfactory source but the risk involve in terms of leakage and the 

damage to the nuclear power plant can be caused by natural calamities, for example in 

Japan where the nuclear plant was damaged by tsunami, therefore the naturally available 

solar energy is in need to be looked as a future energy source. A systematic research is 

required to use phthalocyanine molecules having high stability, wide absorption maxima, 

semiconductor properties, provision of extending the linkage, and also advantage of 

synthesizing with different central metal atom.

M Pcs were used for the degradation of Amido black 10B in presence of sun light and

oxygen at different pH, to study the effect of pH on the rate of degradation reaction, the

pH played an important role with respect to the different central metal atom present in the

phthalocyanine ring, though the external ring was same in all the cases. In terms of activity

at neutral pH (pH=7), CuPc showed maximum activity followed by MnPc and CoPc. The

NiPc showed less activity whereas ZnPc showed almost no activity. At alkaline pH
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(pH=8) CuPc has shown maximum activity same as that shown at neutral pH, MnPc and 

CoPc have showed improved the activity with increase in pH whereas NiPc showed 

decrease in activity and therefore did not show any degradation same as that of ZnPc. In 

case o f acidic pH (pH=6) CuPc has shown better activity as compared to basic pH, while 

comparing MnPc and CoPc, MnPc showed higher activity in acidic pH and CoPc showed 

better activity at alkaline pH. And the activity of NiPc has improved in acidic pH. ZnPc 

has not shown any activity in all pH range. As Amido black 10B is an azo dye it was 

decided to study the activity of these phthalocyanines on another azo dye such as 

Auramine O at neutral pH. In this case NiPc has shown highest activity followed by 

M nPc, CuPc and CoPc . In this case even ZnPc has shown some activity. The above 

studies have indicated that the catalytic activities are very much dependent on the nature 

o f substrate and on central metal atoms. Overall CuPc is a very good photo-catalyst.

To study the effect of substitution on the peripheral ring by electron withdrawing group 

such as nitro and that of electron donating group such as amino, degradation studies were 

done on a most commonly used dye such as Methylene blue. The observation and the 

inferences drawn were that, all the substituted metal Pcs showed very good activity. It was 

found that nitro substituted Pc showed better activity with an exception in case of Co 

whereas Cu amino substituted showed better activity, this could be attributed to their 

capacity to accept the electron and go to lower oxidation state. Direct use of Pcs for dye 

degradation in case o f effluent treatment may not be that economical as it would be 

difficult to recover the catalyst. But if a systematic research is done to impregnate this Pcs 

on supports which can be dipped in the tanks for the degradation of dyes in presence of 

molecular oxygen and sunlight. So that after the completion of activity the Pcs along with 

the support can be removed, reactivated and reused.
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Oxidation o f alcohol to ketone is always an important chemical reaction. The oxidation 

of a-hydroxy aromatic ketone to a diketone is an important reaction as diketones are used 

as a starting material for the synthesis of different products136’137. In earlier work water 

soluble Pcs are used for the oxidation of benzoin to benzil under reflux condition in 

methanol for 1 h 131. In the present work, tried to use water soluble TCMPc in methanol at 

different temperature and it was observed that at 45 °C the reaction was completed in just 

5 minutes with yield greater than 80%. The effects of different solvents were also studied 

and it was observed that in methanol the time required for the completion of reaction was 

20 m in whereas in ethanol and 50% methanol in water, 30 min were required. In water 

alone the reaction was not started. In acetone and isopropyl alcohol formation of benzoic 

acid was observed. This indicates that the rate of oxidation in acetone and isopropyl 

alcohol was so fast that it lead to the formation of benzoic acid.

Lawsone is a naturally occurring compound in henna leaves, having large commercial 

value as a dye, antioxidant agent and also as a precursor for the synthesis of other 

pharmaceutical active ingredient. To synthesize this molecule by normal conventional 

route, many steps are involved. This molecule is also synthesized from P-naphthol using 

iron porphyrin to give 57% yield. As Pc is a structural homologue of porphyrine and in 

terms of cost and stability it is cheaper as well as more stable, an attempt was made for the 

oxidation of P-naphthol to lawsone. Successful results for the oxidation of P-naphthol to 

lawsone using CuPc as catalyst and hydrogen peroxide as an oxidizing reagent in water 

were obtained. The reaction was totally Green as water was used as solvent and IPO : 

which was used as an oxidizing agent and not generating any harmful waste by-products. 

Further more the reaction was carried out at room temperature and over all reaction time 

was only 1 h and the yield obtained was more than 60%. The product obtained was
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compared w ith that of authentic sample and though large amount of catalyst was required 

the catalyst was reusable. One important thing which was observed was that only CuPc 

was able to catalyze the reaction and all other substituted and non substituted Pc were not 

able to show the good activity. The reason is that only Cu can go in +1 oxidation state 

under these reaction conditions. Further the activity was reduced with decrease in Cu 

content in catalyst i.e. CuPc showed higher activity followed by TACuPc and then by 

TNCuPc .The reaction was not reported in presence of homogeneous TCCuPc.

Large amount of exposure to UV radiation, wrong eating habits, Industrialization, the 

number o f cancer cases have increased and lot of research is done in this field to find the 

new ways to cure the diseases. PDT has given an promising solution to the problem, 

sodium salt of tetrasulphonated Pcs are used in this phenomena. In this work preparation 

of water soluble TCMPcs using chemicals with low cost was undertaken. Cost plays an 

important role, when a new thing is required to be launched in market. This 

phthalocyanine is required to be studied for their photodynamic activity and commercial 

viability.

In the present studies antimicrobial activities of water soluble and plain 

phthalocyanines on different strains of micro organism were tested. In comparison with 

TCNiPc and TCZnPc, TCCuPc showed better activity and also in case of Pseudomonas 

only TCCuPc could show the activity.
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