
An Attempt to Chlorinate Copper Phthalocyanine

Blue using Ionic Liquid

By

Ajinkya Apte

13MCHE01

DEPARTMENT OF CHEMICAL ENGINEERING

INSTITUTE OF TECHNOLOGY

NIRMA UNIVERSITY

AHMEDABAD-382481

MAY 2015



An Attempt to Chlorinate Copper Phthalocyanine

Blue using Ionic Liquid

Project

Submitted in partial ful�llment of the requirements

For the degree of

Master of Technology

In

Chemical Engineering

(Environmental Process Design)

Submitted By:

Ajinkya Apte

13MCHE01

Guided By:

Dr. Jayesh Ruparelia

DEPARTMENT OF CHEMICAL ENGINEERING

INSTITUTE OF TECHNOLOGY

NIRMA UNIVERSITY

AHMEDABAD-382481

MAY 2015



iii

Declaration

This is to certify that

1. The Thesis comprises my Original work towards the Degree of Master of Tech-

nology in Chemical Engineering (Environmental Process Design) at Nirma Uni-

versity and has not been Submitted elsewhere for a Degree.

2. Due Acknowledgment has been made in the text to all other material used.

Ajinkya Apte

(13MCHE01)



iv

Undertaking for the Originality of the work

I, Ajinkya Apte, 13MCHE01, give undertaking that the Project entitled �An

Attempt to Chlorinate Copper Phthalocyanine Blue using Ionic Liquid�

submitted by me, towards the partial ful�llment of the requirements for the degree of

Master in Chemical Engineering (Environmental Process Design) of Nirma University,

Ahmedabad is the original work carried out by me and I give assurance that no

attempt of plagiarism had been made.

I understand, that in the event of any similarity found subsequently with any

published work or any dissertation work elsewhere, it will in serve disciplinary action.

Ajinkya Apte Endorsed by

(Signature of Student) (Signature of Guide)

Date:
Place: Nirma University, Ahmedabad



v

Certi�cate

This is to certify that the Project entitled �An Attempt to Chlorinate Cop-

per Phthalocyanine Blue using Ionic Liquid� submitted by Ajinkya Apte

(13MCHE01), towards the partial ful�llment of the requirements for the degree of

Master of Technology in Chemical Engineering of Institute of Technology of Nirma

University, Ahmedabad is the record of work carried out by him under my supervision

and guidance. In my opinion, the submitted work has reached a level required for

being accepted for examination. The results embodied in this project, to the best

of my knowledge, haven't been submitted to any other university or institution for

award of any degree or diploma.

Dr. C. B. Upasani Dr. J. P. Ruparelia
Co-Guide, Director, Guide, Professor, PG Co-ordinator,
Jyoti Om Chemical Research Centre, Department of Chemical Engineering,
Ankleshwar Institute of Technology,

Nirma University, Ahmedabad

Dr. S. S. Patel Dr. K. Kotecha
Head of the Department, Director,
Department of Chemical Engineering, Institute of Technology,
Institute of Technology, Nirma University, Ahmedabad.
Nirma University, Ahmedabad.

Examiner:
Date of Examination:



vi

Abstract

Copper Phthalocyanine blue is an important pigment of the colour family. Nu-

merous shades of blue can be made using this basic blue pigment. It is also called

as monastral blue, phthalo blue and helio blue. This pigment �nds its applications

in paints, plastics and dyes. Copper Phthalocyanine is the highest volume pigment

produced in the world.

The chlorination of this pigment is done to produce Copper Phthalocyanine

Green. This green pigment helps to produce a variety of green shades. Thus, the

chlorination process is very vital to obtain totally di�erent green-colour pigments

from the original blue-coloured pigments. The chlorination done traditionally involves

the use of organic petroleum-derived solvents like dichloromethane, hexane, toluene,

ethyl benzene etc. These organic solvents are potential carcinogens along with being

non-renewable at the same time. Also, the traditional chlorinating agents include

sulfonyl chloride, thionyl chloride, sulphur monochloride etc. which are costly as well

as harmful.

Ionic liquids are made up of ions and ion pairs. These have very low melting

points and are mostly liquids at room temperatures. They have good selectivity for

water and organics. Moreover, these can be synthesised in the laboratory as per the

requirement by varying the cation and anion combinations thereby enabling them to

be tailored to suit a given application. Easy recovery and recycle at the end of the

process as well as good solubilities have accelerated the use of ionic liquids as solvents

in recent past.

Following research sheds light on the use of the ionic liquids 1-butyl-3-methyl

imidazolium bromide [BMIm][Br] and 1-butyl-3-methyl imidazolium tetra�uoroborate

[BMIm][BF4] as solvents for the chlorination of Copper Phthalocyanine Blue pigment.

The process involves the synthesis of the ionic liquids as stated in the literature

and their characterisation, as well as the application of the synthesised liquid for

chlorination.

Keywords: [BMIm][Br], [BMIm][BF4], Copper Phthalocyanine Blue, Copper Ph-
thalocyanine Green, chlorination
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Chapter 1

Introduction

1.1 Ionic Liquids

Ionic liquids have a wide application range and as such have attracted great

interest in the last decade. Nowadays, ionic liquids with more targeted species are

synthesised and as such the ionic liquid family is now extended to include these as

well. A number of reviews on the physico-chemical properties and mode of application

(liquid phase, multiphase, immobilised on supports) have been reported due to this

expanding interest.

In addition to the fact that they are now commercially available, there is a now

a better understanding of the chemical and physical properties and also the e�ect of

ionic liquids. In consequence, ionic liquids are now used with better process control.

The introduction of structural functionalities on the cationic or anionic part has made

it possible to design new ILs with targeted properties. Recently, a lot of publications

have been aimed at better understanding of these solvents, their physic-chemical

properties and use in diversi�ed applications such as batteries, fuel cells, plasticizers,

lubricants, capacitors, thermal �uids, extractants, ionogels, sensors and solvents in

analysis, synthesis, catalysis and separation processes.

Newer applications like pharmaceutical ionic liquids are emerging now. ILs are

used more than just as �green� solvents. Their unique ionic character and structure

di�ers them from molecular solvents. This peculiar structure leads to speci�c e�ects.

They are generally made up asymmetric and �exible ions, the components being of

highly di�erent sizes and shapes, and involve di�erent types of interactions.

These materials are tuneable and are used for multipurpose tasks. They act as

multifunctional compounds like solvents and ligands, solvents and catalysts, stabilis-

ing agents for the catalysts or intermediates along with performing the single function

of a solvent. The implementation methodology of ionic liquid determines its func-

tion. They play speci�c roles and can be utilised in very di�erent ways: homogeneous,

1
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Figure 1.1: Types of Ionic Liquids

Table 1.1: General properties of ionic liquids
A salt Cation and or anion quite large

Freezing point Mostly < 100oC
Liquid range Often > 200oC

Thermal stability Usually high (degradation usually occurs at about
450oC )

Viscosity Normally < 100cP
Dielectric constant Implied < = 30

Polarity Moderate
Speci�c conductivity Usually < 10mS cm -1

Molar conductivity < 10 cm2 mol-1

Electrochemical window Greater than 2V (except for Bronsted acid system)
Vapour pressure Usually negligible

multiphase, heterogeneous, in bio transformations or in organo-catalysis.

1.2 Modern day ionic liquids

The properties of a modern day ionic liquid are summarized below. Particularly

signi�cant are:

� Mostly low vapour pressure in contrast to volatile organic solvents.

�Moderate speci�c conductivities, usually in the same range as those of aqueous

electrolytes. Many of these are used in electro-deposition[1].

1.2.1 General properties of ionic liquids

The general properties of ionic liquids are as shown in Table 1.1
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Table 1.2: Properties of Various liquids
Compound Temp Molarity Speci�c Molar Viscosity Reference

(o C) (mol/lit) Conductivity Conductivity cP
(S/cm) (S cm2 / mol)

NaCl 900 25.3 3.88 154 1.05 [2]
LiCl 780 35 7.59 217 [2]

NaNO3 450 21.4 0.72 34 6.9 [2]
Na2SiO3 1750 18 4.8 270 [2]

AlCl3 (63%)- NaCl 175 5.8 0.24 41 3.85 [3]
LiCl-KCl 450 29.7 1.57 53 2.44 [4]

[(CH3)3S][HBr2] 25 7.3 0.034 4.7 20.5 [4]
[EMIm][Cl] (60%)-AlCl3 25 5.3 0.0065 1.2 47 [4]

[EMIm][Al2 Cl7] 25 3.4 0.015 4.4 14 [4]
[BMIm][ CF3CO2] 20 5.1 0.0032 0.6 73 [4]

[BuPy][BF4] 25 5.5 0.0019 0.3 103 [4]
[EMIm] [(CF3SO2)2 N] 25 3.7 0.0057 1.5 31 [4]

H2O 25 55.3 4* 10 -8 7*10 -7 0.895 [2]
0.1 M KCl 25 0.1 0.013 129 0.9 [2]

Na 100 40.4 1.04*10 5 2.6*10 6 1.058 [2]
H2SO4 25 0.049 0.0104 212 24.55 [5]

CH3COOH 25 17.5 8*10 -9 4.6*10 -7 1.056 [6]
HF 0 50.1 1*10 -6 2*10 -5 0.256 [5]

(EMIm= ethyl methyl imidazolium, BMIm= butyl methyl imidazolium, BuPy=
butyl pyridinium)

Figure 1.2: Common cations used for ionic liquids

1.2.2 Relative properties of various liquids

The cations of the ionic liquids are generally bulky and asymmetric (phospho-

nium and ammonium salts or hetero-aromatics) with low charge densities, low sym-

metry and weak intermolecular interactions (�gure 1.2). The 1,3-dialkylimidazolium

salts are investigated the maximum but other a�ordable salts are also now being

studied. 1,3-dialkylimidazolium salts are used as starting materials for synthesis-

ing low melting salts. Typically, the anions are inorganic and include [PF6]
-, [BF4]

-,

[CF3SO3]
- and [(CF3SO2)2N]

-, although organic anions (e.g. [RCO2]
-) have also been

introduced more recently. The cation and anion, both, determine the physical and

chemical properties of the ionic liquid.



CHAPTER 1. INTRODUCTION 4

1.3 Varieties at room temperature

Room temperature ionic liquids consist of organic cations such as 1-alkyl-3-

methylimidazolium, 1-alkylpyridinium, N-methyl-N-alkylpyrrolidinium and ammo-

nium ions (which are bulky and asymmetric). As regards properties, phosphonium

cations are advantageous but they are relatively uncommon. Anions can be of a wide

range; they can be simple halides having high melting points or inorganic anions like

tetra�uoroborate and hexa�uorophosphate or large organic anions.

A wide range of anions are employed, ranging from simple halides such as

bromine or chlorine which have high melting points, to inorganic anions such as

tetra�uoroborate and hexa�uorophosphate to large organic anions like bistri�imide,

tri�ate or tosylate. Ionic liquids containing simple non-halogenated organic anions

such as formate, alkylsulfate, alkylphosphate or glycolate also have many interesting

uses. 1-butyl-3-methylimidazolium tetra�uoroborate is a colourless liquid with high

viscosity at room temperature. It has a very low melting point of about =80 °C.

Metal nanoparticles act as the actual catalyst or as a catalyst reservoir in many syn-

thetic processes. ILs help in the formation and stabilization of catalytically active

transition metal nanoparticles.

Ionic liquids can also be prepared to comprise of coordinating groups like the

nitrile group on either the cation or the anion.

1.4 Low temperature varieties

Low temperature is advantageous in imaging long wave infrared light. This

part of light comes from very distant faraway places in the universe. Hence, low

temperature ionic liquids are used as �uid base in the spinning liquid mirror telescope

to be sent on moon. The re�ective surface shall be made up of liquid base covered

with a thin metallic �lm. Low temperature varieties are found below 130 K. Low

temperature varieties have extremely low volatility.

1.5 Advantages of ionic liquids

Ionic liquids are attractive as potential solvents for a number of reasons:

� They exhibit very low vapour pressures under ambient conditions and thus

are e�ectively non-volatile.

� They are generally colourless liquids with relatively low viscosities.

� Ionic liquids can be found that are good solvents for a broad spectrum of
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Table 1.3: Properties of Copper Phthalocyanine
Colour strength High
Solvent-resistance Good-excellent
Heat stability Excellent (300oC)

Light fastness and weatherability Very good

inorganic, organic and polymeric materials and are immiscible with numerous organic

solvents.

� Applications in process intensi�cation and as non-aqueous polar alternatives

in biphasic systems are possible.

� Being composed of two parts, there is a synthetic �exibility that is not available

for single component molecular solvents.

Apart from these advantages, they are also readily prepared from commercially
available reagents. Hence, a variety of ionic liquids of various qualities can be syn-
thesised as per requirement. This is particularly important in catalysis, where trace
impurities can make a huge di�erence to the outcome of a reaction.

1.6 Phthalocyanines

Phthalocyanine (PC) group comprises of a large number of pigments. The most

important of these are the Phthalocyanine Blue and the Phthalocyanine Green. Cop-

per Phthalocyanine blue is the copper (II) complex of tetra aza tetra benzoporphine

and Phthalocyanine green is its chlorinated derivative. This chlorinated derivative is

familiar by the name Pigment green 7. Just as chlorination imparts a green shade, the

bromination imparts a yellowish green shade. This brominated derivative is known

by the name Pigment green 36.

1.6.1 Properties of Copper Phthalocyanine

Table 1.3 shows properties of copper phthalocyanine.

1.7 Phthalocyanine Blue

Phthalocyanine Blue is a bright, crystalline, synthetic blue pigment of the Ph-

thalocyanine family. The reaction between phthalic anhydride and urea with copper

yields Pigment Blue. It is a cyclic product. Its CAS number is 147-14-8. Monastral

blue and phthalo blue are its other names. It is blue powder and insoluble in water

and most solvents. Developed as a pigment, it is frequently used in paints and dyes.

It has superior properties such as light fastness, tinting strength, covering power and
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resistance to the e�ects of alkalies and acids and hence is of high value in the pigment

industry.

It was accidentally produced at an ICI phthalimide plant and was noticed as

a by-product formed due to the reaction between phthalimide and trace amounts of

iron from the reactor. The chemist dissolved samples of this blue into sulphuric acid

and made it into a blue pigment. This pigment was converted and centered at Copper

which was sold by the name of Monastral Blue. Today, the pigment is the highest

volume pigment produced.

1.7.1 Synonyms and trade names

The substance is also known as:

� Monastral blue

� Phthalo blue

� Helio blue

� Winsor blue

� Phthalocyanine blue

� Pigment Blue 15:2

� Copper Phthalocyanine blue

� Copper tetrabenzoporphyrazine

� Cu-Phthaloblue

� PB-15

� PB-36 and

� C.I. 74160.

� The abbreviation 'CuPC' is also used.

1.7.2 Structure and properties

Phthalocyanine blue (C32H16N8Cu) is a complex of copper with Phthalocyanine.

Its molecular mass is 576.08 g and melting point is 600 °C (with decomposition). It

is insoluble in water (< 0.1 g/100 ml at 20 °C) but soluble in concentrated sulphuric

acid. Density of the solid is approximately 1.6 g/cm3. The colour is due to a π-π*

electronic transition, with λmax ~ 610 nm[7]. Figure 1.3 shows structure of Copper

Phthalocyanine molecule.
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Figure 1.3: Structure of Copper Phthalocyanine Blue

Table 1.4: Di�erence between alpha blue and beta blue
Alpha Blue Beta Blue

Red shade blue copper phthalocyanine Green shade blue copper phthalocyanine
Phase stabilised by partial chlorination stabilised towards �occulation and phase change

Denoted by 15:1 and 15:2 Denoted by 15:3
Smaller particle size Larger particle size

Higher tinctorial strength Lower tinctorial strength
Less stable crystal formulation More stable crystal formulation

Available as crystallising type and Available as non-crystallising type and
non-crystallising non �occulating type non-crystallising non �occulating type

1.7.3 Types of Phthalocyanine Blue

Phthalocyanine blue is primarily of two types; alpha blue and beta blue. Initial

alpha forms did not form stable dispersions in solvents (the blue pigment showed

tendency to �occulate). Beta blue and newly found more stabilised alpha forms show

good dispersive ability.

1.7.4 Toxicity and hazards

The compound is non-biodegradable but not toxic to �sh or plants. However

this compound is not associated with any speci�c danger. No serious e�ects were

observed upto an oral LD50 of 5g per kg. At 0.2g/kg or greater, the chronic ingestion

levels of concern were observed. Carcinogenic e�ects are not known as such. Some

evidence shows birth defects in developing embryos on exposure to Phthalocyanines.
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1.7.5 Applications

Ink : Due to its stability, phthalo blue is also used in inks, coatings, and many

plastics. The pigment is insoluble and has no tendency to migrate in the material. It

is a standard pigment used in printing ink and the packaging industry. Phthalo blue

is a cool blue with a slight hue of green. It has a high tinting strength and easily

dominates the mix when combined with other colours. It is a transparent staining

colour and can be applied using glazing techniques.

Manufacture of Phthalocyanine Green: Phthalocyanine Blue is used as a source ma-

terial for manufacture of Phthalocyanine Green.

Photovoltaics: Copper Phthalocyanine, often referred to as CuPC, is also a leading

material used in organic solar cell research[8].

1.8 Phthalocyanine Green

Phthalocyanine Green is a synthetic green pigment belonging to the Phthalo-

cyanine dye family. It is a complex of copper (II) with chlorinated Phthalocyanine.

It is synthesised as a very soft and �ne powder which is insoluble in water. It has

the CAS numbers 1328-45-6 and 1328-53-6 on the extent of chlorination. As a result,

its chemical formula ranges from C32H3Cl13CuN8 to C32HCl15CuN8. It is a bright,

high intensity colour. It �nds its applications in oil and acrylic based artist's paints.

Pigment Green is also known by the following names:

� Phthalo green

� Pigment Green 7

� Copper Phthalocyanine Green

� C.I. Pigment Green 7

� Non-�occulating Green G

� Polychloro copper Phthalocyanine

1.8.1 Production and Chemistry

Phthalocyanine green is a Phthalocyanine blue pigment with most of the hydro-

gen atoms replaced with chlorine. Phthalocyanine Green is produced by chlorinating

Phthalocyanine Blue in a melt of sodium chloride and aluminium chloride at elevated

temperatures. The electron distribution is in�uenced due to the chlorination as a re-

sult of which the absorption spectrum of Phthalocyanine Green is shifted as compared
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Figure 1.4: Structure of Copper Phthalocyanine Green

to that of Phthalocyanine Blue. Phthalo Green molecules are highly stable. They

are resistant to alkali, acids, solvents, heat, and ultraviolet radiation. The pigment is

insoluble and has no tendency to migrate in the material.

Pigment Green 7 is crystal stable chlorinated derivative of Pigment Blue and is

of non-crystallising non-�occulating type. It provides a yellowish shade of green.

1.8.2 Di�erentiating characteristics of Pigment Green

Pigment Green are di�erentiated by the following characteristics:

� The particular intermediate shade of Pigment Green and Pigment Blue, which

currently include Pigment Blue 15.1, Pigment Blue 15.2, Pigment Blue 15.3 and

Pigment Blue 15.4;

� Crystallising type, which determines the brilliance and brightness of products;

� Non-crystallising type, which determines the ability of products to maintain

their colour under all conditions; and

� Non-crystallising non-�occulating type, which determines the ability of prod-

ucts to spread evenly over the surfaces that they are applied on.

1.8.3 Structure

Figure 1.4 shows structure of Copper Phthalocyanine Green molecule.
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1.8.4 Uses

Phthalo green is used in inks, coatings, printing inks, plastics, rubber, paints

(for exterior and interior surfaces), textiles, leather and paper on account of its high

stability. It is a standard pigment used in printing ink and packaging industry. It is

used in some tattoos.

1.8.5 Toxicity and hazards

Developing embryos are seen to have some defects on exposure to this compound

[7].

1.8.6 Aims and Objectives

The present ongoing industrial process for the manufacture of chlorinated copper

phthalocyanine uses a mixture of aluminium chloride and sodium chloride. This melt

has to be treated at the end of the reaction. Only cupric chloride which is used as a

catalyst is recovered at the end of the process. Rest of the e�uent has to be treated

which increases the overall cost of the project. This treated e�uent is discharged at

the end. Hence, fresh melt is required for every new batch. Thus the need to �nd

suitable alternatives as solvents. Present study focuses on the following objectives:

1) To eliminate the use of AlCl3 + NaCl melt, thereby using less reagents for the

reaction

2) To reduce the reaction time of the reaction

3) To eliminate the generation of any e�uent as well as its treatment.
4) To provide a cleaner and economical alternative to the existing process.
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Literature Survey

Ghani et.al. (2012) [9] tested the solubility of unsubstituted metal Phthalo-

cyanines with various metal atoms such as Co, Cu, Fe, Mg, Mn, Sn, Zn and Ni

in conventional solvents, ionic liquids and acids. They tested two ionic liquids: 1-

ethyl-3-methylimidazolium acetate (STOR) and 1-ethyl-3-methylimidazolium ethyl

sulphate (EMIM). They stated that the molar absorption coe�cients of the metal

Phthalocyanines derived from Q-band intensities were not reliable owing to low sol-

ubility (concentration < 10-4 mol/kg). The maximum concentration Cmax (mol/kg)

for STOR was 4.71*10-7 while that for EMIM were not reliable due to low solubility

(concentration <10-8 mol/kg) and low absorption .

Tshibangu et.al. (2011) [10] carried out the density viscosity and conductivity

studies of [BMIm][Br]. For this, they synthesised and characterised the ionic liquid.

Results showed that the density and viscosity reduced while conductivity increased

with an increase in temperature. Also, the conductivity of [BMIm][Br] was found to

be more than that of water. Addition of water/ ethanol increased the conductivity

while addition of methanol/ acetone /acetonitrile decreased it.

Dharaskar et. al. (2013) [11] performed the extractive desulphurisation of liquid

fuel using [BMIm][BF4]. They synthesised [BMIm][BF4] and carried out its character-

isation by FTIR and NMR. Di�erent ratios of model liquid to Ionic liquid were taken

and the e�ects of reaction time, reaction temperature and S-compound on removal of

sulphur were noted. For diesel, they attained S-removal of 55.8% for 1:1 mass ratio

at 30oC for 30 minutes and single stage extraction. For gasoline, a removal of 70%

was observed.

Holtzmann et.al. (US patent 2662085) [12] prepared chlorinated CuPC using

3 parts copper phthalocyanine, 41 parts chlorsulfonic acid,1.5 parts sulphur dichlo-

ride,0.15 parts antimony trichloride and chlorine gas. The product was found to

contain 45.6% chlorine with a yield of 95%

Pavlinac et.al. (2009) [13] mentioned that Lee et.al. carried out chlorination of

11
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ketones in [BMIm][BF4] in half an hour at room temperature; Laali et.al. chlorinated

aryl tri�uoro methyl sulphides in [BMIm][BF4] in 5 minutes at room temperature.

Barraclough et.al. [14] produced phthalocyanine green by reacting 17 parts of

copper phthalocyanine blue with 2 parts by volume chlorosulfonic acid in 60 parts

nitrobenzene as solvent. S ulfuryl chloride was used as chlorinating agent while anhy-

drous iron chloride or zinc chloride was used as halogen transfer agent. The maximum

temperature attained was 170o C and the overall reaction time was 13 hours. This

method yielded a 94% product with 15 chlorine atoms per molecule.

Geeren et.al. [15] synthesised polychloro copper phthalocyanine by reacting 600

kg copper phthalocyanine with chlorine gas entering at 100 kg/hr. 1800 kg Aluminium

chloride was used as halogen transfer agent. Sodium chloride in 25% wt ratio was also

used. The reaction time was much longer of about 18 hours with the temperature

being 180oC. 50% weight chlorine was found in the product.

Matsuura et.al. [16] demonstrated a process for producing highly chlorinated

CuPC by using a primary catalyst sulphur monochloride and an auxiliary catalyst

like iodine chloride in chlorosulfonic acid as solvent. Chlorine gas was used as a

chlorinating agent and was fed at 3 kg/cm2 pressure. The reaction was conducted

at low temperature of 100oC and at a lower reaction time of 8 hours. A brilliant

yellowish green crude product was obtained in 98% yield.

Wessling et.al. [17] produced chlorinated CuPC by reacting CuPC with chlorine

gas in sulfuryl chloride solvent. Aluminium chloride and sodium chloride were also

used. Substitution of sodium chloride with potassium chloride or sodium bromide

also yielded the same results. The reaction time was signi�cantly high of about 20

hours. The product constituted 49% of chlorine by weight.

Stewart et.al. [18] devised a way for halogenating phthalocyanines in pyrosul-

furyl acid using chlorine gas with the halogen transferring agent being aluminium

chloride and sodium chloride. The reaction temperature was 200oC and time being 7

hours. The product constituted 47% by weight chlorine and was readily dispersible

in any organic media. In another attempt, chlorination was performed using sulfuryl

chloride as a solvent with sulphur monochloride being the halogenating agent. The

reaction was performed in 6 hours at 160oC. The chlorinated product comprised 14.5

chlorine atoms per molecule but was free from any combined sulphur.

Pepoy et. al.[19] performed chlorination of 1 part CuPC in 10 parts sulfuryl

chloride using 3 parts aluminium chloride and 0.5 part cuprous chloride. The reaction

was carried at 10 bar pressure with the time varied between 1-5 hours at maximum

pressure. The yield of the product was 98% with 12.5 atoms substituted.

Caliezi et.al.[20] chlorinated CuPC in chlorosulfonic acid with aluminium chlo-
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Figure 2.1: Structure of [BMIm][Br]

ride and sodium chloride at 160oC for 6 hours with pure green pigment product of

49% by weight chlorine.

Randall et. al [21] demonstrated chlorination of CuPC in sulfuryl chloride with

chlorine gas and aluminium chloride. Hydrochloric acid was also used for this process

which was performed at 180oC for 4 hours. The �nal product had a yellow trace and

a darker tone and constituted 48.6% chlorine by weight.

Segawa et.al. [22] successfully chlorinated copper phthalocyanine blue using

the catalysts iodine and sulphur monochloride. 1,1,2,2-tetrachloroethane containing

3 weight % chlorosulfonic acid was used as solvent. Chlorine acid was used as chlori-

nating agent and 2% aqueous sulphuric acid was added to the solvent. The reaction

was carried out at 140oC temperature for 10 hours at 5 kg/cm2 gauge pressure. The

product obtained was yellowish green crude with a yield of 100% and 14.8 chlorine

atoms per molecule.

2.1 Selection of Ionic Liquids

Based on the literature review, we have chosen two ionic liquids. These par-

ticular ionic liquids have been chosen as they have been highly exploited. Looking

at the procedure of experimentation, we have chosen the ionic liquids [BMIm][Br]

[BMIm][BF4] which are hydrophilic in nature.

2.2 1-butyl-3-methylimidazolium bromide, [BMIm][Br]

2.2.1 Structure

Figure 2.1 shows structure of [BMIm][Br]

2.2.2 Identi�cation

Also known as [BMIm][Br], 1-Butyl-3-methylimidazolium bromide. Its chemical

formula is C8H15N2Br and the CAS number is 85100-77-2. It is also irritant to eyes

and skin.
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Table 2.1: Properties of [BMIm][Br]
Formula C8 H15 N2Br

Molecular weight 219.12
Glass transition temperature -65 0C (208 K)

Refractive index 1.42 (298.15K)
Speci�c density (Kg/m3) 1298 (298.15K)

Viscosity (Pa.s) 0.23 (293.15K)

2.2.3 Physical and chemical properties

�Physical state: Solid

� Density: 1.298(g/cc)

� Melting point/range: 75°C to 78oC

� Boiling point/range: Not available

� Vapour pressure: Not available

� Flash point: Not available

� Soluble in water, acetonitrile and methanol.

� Appearance: colourless to yellow viscous liquid, no characteristic odour.

Some more properties of [BMIm][Br] are shown in Table 2.1

2.2.4 Stability and reactivity

No particular stability concerns are found. Also, no data is available on materi-

als to be avoided when using this substance. Contact should be avoided with strong

oxidizers and bases. High temperatures generate corrosive gases/fumes of CO2, car-

bon monoxide (CO), NOx etc.

2.2.5 Toxicological information

Data on toxicity of this product are not available.

2.2.6 Uses

[BMIm][Br] is used as a solvent and reaction media. It is also used for the

synthesis of [BMIm][BF4]

2.3 1-butyl-3-methylimidazolium tetra�uoroborate, [BMIm][BF4]

2.3.1 Structure

Figure 2.2 shows structure of [BMIm][BF4]
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Figure 2.2: Structure of [BMIm][BF4]

Table 2.2: Properties of [BMIm][BF4]
Formula C8 H15 BF4 N2

Molecular weight 226.03
Glass transition temperature (K) 176.1

Heat capacity at constant pressure (J/(mol K)) 364.71(298.15K)
Refractive index 1.42 (298.15K)

Speci�c density (kg/m3) 1120 (298.15K)
Speed in sound (m/s) 1570.23 (100kPa, 293.15K)

Thermal conductivity (W/(m K)) 0.186 (300K)
Viscosity (Pa.s) 0.154 (293.15K)

2.3.2 Identi�cation

Also known as [BMIm] [BF4], 1-Butyl-3-methyl-1H-imidazolium tetra�uorob-

orate. Its Chemical formula is C8H15N2 BF4 and CAS number 174501-65-6. It is

harmful if swallowed and is irritant to eyes. The NFPA rating on a scale of 0-4 for

health is 2; �re is 1 and instability is 0.

2.3.3 Physical and chemical properties

� Physical state: Liquid [23]

� Density: 1.22 [23]

� Melting point/range: -71°C to -75oC [23]

� Boiling point/range: Not available [23]

� Vapour pressure: Not available [23]

� Flash point: Not available [23]

� Soluble in water but insoluble in most common organic solvents [23]

� Appearance: Colourless to yellow viscous liquid, no characteristic odour [23]

Some more properties of [BMIm][BF4] are stated in Table 2.2 [23]

2.3.4 Stability and reactivity

It is stable at normal conditions. No data is available on particular materials

that are to be avoided with its usage. Also, no data is available on the conditions

to be avoided. Its hazardous polymerization will not occur but at the same time, no
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data is available on any hazardous decomposition products.

2.3.5 Toxicological information

Acute toxicity:

� Oral LD50 for rat : 300 - 500 mg/Kg

� Dermal LD50 for rat : 2000 mg/Kg

� Dermal irritation for rabbit: Not irritant

� Eye irritation for rabbit: Mild irritant

� E�ects of overexposure: Irritant to eyes

Chronic toxicity: No data available

2.3.6 Uses

[BMIm][BF4] is used in many di�erent �elds, for example, in chromatography,

chemical synthesis, enzyme media or biological catalyst [24]. This material is in-

tended primarily for use as a solvent in the Pharmaceutical and other Fine Chemical

Industries.

2.3.7 Mixture of [BMIm][BF4] in water

The most important e�ects are summarized below:

� Signi�cant cation-cation aggregation

� C-H�F hydrogen bonds cause ion pairing

�Water acts as hydrogen bond competitor: C-H�F, so the cation-cation inter-

actions are progressively replaced.

2.4 Relative solubilities of Copper Phthalocyanine in various
solvents

Table 2.3 shows copper phthalocyanine solubilities in various solvents

2.5 Advantage

CuPC is hardly soluble in any of the solvents as shown in Figure 2.3. A normal
Q-band is observed in the spectra of CuPC dissolved in conventional solvents. CuPC
only dissolves in one of the ionic liquids, STOR, although with a very low concentra-
tion and with a somewhat distorted spectrum. It dissolves with high concentrations
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Table 2.3: Relative solubilities of Copper Phthalocyanine
Solvent Solubility Reference

Tri�uoroacetic acid 2*10-3 (mol/kg) [11]
[EMIm][Ac] 4.71*10-7(mol/kg) [11]
Anisole 4.57*10-7(mol/kg) [11]
Benzene 2.61*10-7(mol/kg) [11]
Dioxane 4.42*10-7(mol/kg) [11]

Tetrahydrofuran 9.1*10-6 (mol/kg) [11]

only in TFA where it becomes protonated and new bands appear in the absorption
spectrum [25]

Figure 2.3 shows maximum concentration of CuPC in di�erent solutions (left) and

their corresponding normalised Q-band spectra (right)
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Figure 2.3: Maximum concentration of CuPC in di�erent solutions



Chapter 3

Materials and Methods

3.1 Chemicals for synthesising ionic liquids

1-bromobutane (500 gm, LR, National Chemicals), 1-methyl imidazole (500 gm,

Spectrochem), ethyl acetate (500 ml, LR, Rankem), acetone (500 ml, LR, Rankem),

Sodium tetra�uoroborate (500 gm, Spectrochem) have been used as supplied.

3.2 Chemicals for chlorination

Freshly prepared ionic liquids [BMIm][Br] and [BMIm][BF4], cupric chloride

(CuCl2), 15.1 CuPC blue, AlCl3 and molecular chlorine gas have been used. These

were procured from plant itself.

3.3 Chlorination set-up

Figure 3.1 shows chlorination set-up. It consists of a 500 ml beaker (Schott-

Duran) equipped with a glass stirrer and Te�on agitator. The set-up has an ar-

rangement to pass the HCl vapours formed into a scrubbing solution of NaOH. The

beaker is kept in a heating mantle having a temperature range upto 250o C. An inlet

continuously supplies demoistened chlorine gas.

3.4 Experimental Procedure

Each experiment was carried out in a round bottom �ask at temperatures above

100oC. The reactants were added in stoichiometric proportions on the basis of prelimi-

nary studies and the observations were recorded at 15 minute time intervals. Chlorine

was added through a sparger. It was demoisturised �rst to ensure no moisture con-

tent, as that would lead to the formation of HCl gas during process. As chlorine

19
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Figure 3.1: Chlorination setup

gas is hazardous to health and also irritant, all due precautions are taken during its

usage. The heating was controlled with a heating mantle. The agitator speed was

kept around 200 RPM during all experiments.

3.4.1 Synthesis of 1-butyl-3-methyl-imidazolium bromide

1) 1.25 moles of 1-bromobutane are added to 1 mole of 1-methyl imidazole maintained

at 0oC over a period of 30 minutes under vigorous stirring.

2) The �ask is then covered with aluminium foil and the ice bath is maintained for 4

hours after which it is allowed to melt to room temperature.

3) The mixture is then stirred for 3 days at 40oC until there is formation of two

phases.

4) The upper phase contains the unreacted reagents which is decanted.

5) Ethyl acetate, about half the volume of the lower phase is added under compre-

hensive stirring. Washing with ethyl acetate is carried out thrice with intermediate

decantation.

6) Any remaining ethyl acetate is removed by heating the solution to 70oC and stirring

to room temperature [10].

7) On carrying out the experiment, we obtained 78 ml of [BMIm][Br] after vacuum

�ltration.

8) The ionic liquid was characterised with FT-IR spectra analysis.
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The process of replacing one anion with another anion is called `anion metathesis'.

[BMIm][BF4] is synthesised using the same.

3.4.2 Synthesis of 1-butyl-3-methyl-imidazolium tetra�uoroborate

1) Equimolar composition of [BMIm][Br] and NaBF4 are added to a de�nite amount

of acetone (used as a solvent).

2) The reaction mixture is stirred vigorously for 10 hours at 400oC.

3) The precipitate obtained is vacuum �ltered and removed.

4) The �ltrate is washed with Dichloromethane to remove any impurities.

5) It is then heated in an oven for 2 hours at 80oC to remove dichloromethane [11].
6) The ionic liquid was characterised with FT-IR spectra analysis.

3.4.3 Chlorination with ionic liquids

The process for chlorinating Copper Phthalocyanine using chlorine gas was as

follows[12]:

1) Dissolution of CuPC in ionic liquid: The ionic liquid and CuPC were stirred

together for su�cient time.

2) Increase the temperature to above 100oCelsius: The dissolution increased when

the temperature is elevated above 100oCelsius. A higher temperature favours chlori-

nation.

3) Add chlorine gas: Chlorine gas was then bubbled through the solution.

4) Carry out the reaction until required chlorination: Take intermediate samples on

a plate and observe the greenness of the sample. Chlorination should be done until

required greenness is induced.

5) Cool the reaction mass: The reaction mass is then cooled to 60oCelsius

6) Drown in water: The entire mass is then drowned in water where copper phthalo-

cyanine precipitates out.

7) Filter: The separated CuPC was then �ltered

8) Washing: It was then washed with water.

9) Dry: Drying wasdone in an oven.

10) Recycling of the ionic liquid. After �ltering out CuPC, the hydrophilic ionic

liquid and water shall be left behind as a mixture. These were separated using

normal distillation operation whereby water was recovered as a distillate. The ionic

liquid was removed from the bottoms due to its non-volatile nature.
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3.5 Analytical Procedure

Fourier Transform Infrared Spectroscopy (FT-IR): After the synthesis of ionic

liquids, the functional groups were determined by FT-IR spectrometer (Spectrum

OneTM, Perkin Elmer, USA) using KBr pellet method. Spectra was recorded over

the range of 600-4000 cm-1 wavenumber having 4 cm-1 resolution.

Nuclear Magnetic Resonance Spectroscopy (NMR): Samples were analysed using

a Varian, USA Mercury Plus 300 MHz NMR spectrometer. 1H NMR spectra was

obtained on this instrument using a CDCl3 solvent.



Chapter 4

Results and Discussions

4.1 Characterisation of synthesised ionic liquids

FTIR and NMR spectroscopy techniques were used for characterisation.

4.1.1 4.1.1 FT-IR spectra analysis of [BMIm][Br]

Figure 4.1 shows the FT-IR graph

FT-IR analysis (Transmission against Wavelength, v/cm-1) of neat liquid gave

the following result:

Br (3426.397 cm-1), aliphatic C-H stretch (2955 cm-1), imidazolium ring stretch

(1570.786 cm-1), imidazolium H-C-C and H-C-N bending (1167.836 cm-1), out of plane

imidazolium ring bending (757.2194 cm-1), imidazole C-N-C bending (621.0546 cm-1).

This spectrum conforms with the literature [25].

4.1.2 NMR spectra analysis of [BMIm][Br]

Following �gure 4.2 shows 1H-NMR spectra of [BMIm][Br]. This spectrum

conforms with the standard spectrum on ChemBioO�ce 14 software.

4.1.3 FT-IR spectra analysis of [BMIm][BF4]

Figure 4.3 shows the FT-IR graph

FT-IR analysis (Transmission against Wavelength, v/cm-1) of neat liquid gave

the following result:

Aliphatic asymmetric C-H stretching vibration (2978.095 cm-1), Aliphatic sym-

metric C-H stretching vibration (2840 cm-1), in-plane bending vibration due to methyl

group (1170 and 1158.02 cm-1), C=C stretching (1655 cm-1), C-N stretching vibration

(618.755 cm-1) .This spectrum conforms with the literature [11].
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Figure 4.1: FTIR spectrum of [BMIm][Br]
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Figure 4.2: NMR spectrum of [BMIm][Br]
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Figure 4.3: FTIR spectrum of [BMIm][BF4]
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Figure 4.4: NMR spectrum of [BMIm][BF4]

Table 4.1: Stoichiometry of trial 1 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue CuCl2

Theoretical 233.64 g (180 ml) 11.6828 g 0.5982 g
Practical 233.64 g (180 ml) 11.683 g 0.5982 g

4.1.4 NMR spectra analysis of [BMIm][BF4]

Figure 4.4 shows 1H-NMR spectra of [BMIm][BF4]. This spectra conforms with

available literature [11]

4.2 Chlorination with [BMIm][Br]

4.2.1 Trial 1

Figure 4.5, 4.6 and 4.7 shows the relevant graphs.

The batch process was performed for longer time interval (10 hrs) and at higher

temperature (170oC). This was done with a view to provide su�cient contact time

for the chlorine gas to impart green colour to CuPC blue sample. The mean RPM
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Table 4.2: Reaction details of Trial 1 with [BMIm][Br]
Time (t, min) Temperature (T, oC) RPM Chlorine rate (L/hr)

0 26 220 -
15 42 218 -
30 65 220 0.35
45 40 216 0.35
60 60 218 0.40
75 100 216 0.40
90 120 218 0.35
105 140 220 0.40
120 170 222 0.40
135 172 220 0.40
150 173 220 0.40
165 173 222 0.35
180 173 220 0.35
195 175 220 0.40
210 175 220 0.40
225 175 218 0.40
240 175 220 0.40
255 175 222 0.35
270 175 222 0.35
285 175 220 0.35
300 175 220 0.35
315 175 222 0.35
330 175 220 0.40
345 175 219 0.40
360 175 218 0.40
375 175 218 0.35
390 175 218 0.40
405 175 220 0.40
420 175 220 0.40
435 175 218 0.35
450 175 220 0.35
465 175 220 0.35
480 175 220 0.35
495 175 218 0.35
510 175 222 0.40
525 175 220 0.35
540 175 219 0.40
555 175 219 0.35
570 175 219 0.35
585 175 220 0.40
600 175 220 0.35

Mean T = 170 Mean RPM = 220 Mean �ow = 0.37



CHAPTER 4. RESULTS AND DISCUSSIONS 29

Figure 4.5: Chlorine �ow rate v/s Time for trial 1 with [BMIm][Br]

Figure 4.6: RPM v/s Time for trial 1 with [BMIm][Br]
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Figure 4.7: Temperature v/s Time for trial 1 with [BMIm][Br]

Table 4.3: Stoichiometry of trial 2 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue CuCl2

Theoretical 246.62 g (190 ml) 12.3310 g 0.6165 g
Practical 246.62 g (190 ml) 12.3310 g 0.6166 g

was maintained at 220 and mean �ow at 0.37 litres/hr. The total chlorine that was

introduced into the system was around 3.5 litres. The product obtained was not green

in colour (as initially expected) but was bluish-black in appearance. Figure 4.8 shows

sample after chlorination with [BMIm][Br].

4.2.2 Trial 2

Figure 4.9, 4.10, 4.11 shows the relevant graphs.

The batch process was performed for a time interval of 4 hrs and at a higher

temperature (170oC). The earlier experiment was performed for 10 hrs which did not

yield the expected results. Hence, the reaction time was lowered to 4 hours. The mean

RPM was maintained at 216 and mean higher chlorine �ow rate (0.95 litres/hr). The

total chlorine that entered the system was about 3.3 litres. The obtained product

was blue in colour. Figure 4.12 shows sample after chlorination with [BMIm][Br]

4.2.3 Trial 3

Figures 4.13,4.14 and 4.15 show the relevant graphs.
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Figure 4.8: Sample 1 after chlorination with [BMIm][Br]

Table 4.4: Reaction Details of trial 2 with [BMIm][Br]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 219 -
15 110 210 -
30 148 208 0.75
45 160 212 0.80
60 175 212 0.75
75 178 213 0.75
90 179 210 0.95
105 178 212 0.95
120 190 219 0.95
135 173 221 1.10
150 171 218 1.00
165 170 220 0.85
180 180 221 1.10
195 168 216 1.00
210 180 220 0.95
225 181 220 1.10
240 178 220 1.10

Mean temp = 170 Mean RPM = 216 Mean Flow = 0.95

Table 4.5: Stoichiometry of trial 3 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue CuCl2

Theoretical 343.97 g (265 ml) 17.1985 g 0.8599 g
Practical 343.97 g (265 ml) 17.1986 g 0.8600 g
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Figure 4.9: Chlorine �ow rate v/s time for trial 2 with [BMIm][Br]

Figure 4.10: RPM v/s Time for trial 2 with [BMIm][Br]
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Figure 4.11: Temperature v/s Time for trial 2 with [BMIm][Br]

Figure 4.12: Sample 2 after chlorination with [BMIm][Br]
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Table 4.6: Reaction Details of trial 3 with [BMIm][Br]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 200 -
15 100 206 -
30 138 212 0.95
45 165 210 0.80
60 170 212 1.00
75 168 220 0.95
90 173 202 1.10
105 174 216 0.85
120 166\8 212 0.75
135 168 208 1.10
150 172 207 0.65
165 171 208 0.75
180 175 211 1.00
195 168 210 0.80
210 180 212 0.95

Mean temp = 164 Mean RPM = 210 Mean �ow = 0.90

Figure 4.13: Chlorine �ow rate v/s time for trial 3 with [BMIm][Br]
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Figure 4.14: RPM v/s Time for trial 3 with [BMIm][Br]

Figure 4.15: Temperature v/s Time for trial 3 with [BMIm][Br]
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Figure 4.16: Sample 3 after chlorination with [BMIm][Br]

Table 4.7: Stoichiometry of trial 4 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue CuCl2

Theoretical 233.64 g (180 ml) 11.6820 g 0.5982 g
Practical 233.64 g (180 ml) 11.6823 g 0.5990 g

The batch process was performed with more stoichiometric quantities of the

reactants. The time duration for the process was 3.5 hrs and at moderate temperature

(164oC). The mean RPM was maintained at 210 and mean �ow rate at 0.9 litres/hr

of chlorine. The total chlorine entering the system was about 2.7 litres. The obtained

product was blue in colour with no appearance of any green shade seen. Figure 4.16

shows sample after chlorination with [BMIm][Br].

4.2.4 Trial 4

Figures 4.17, 4.18 and 4.19 represent the relevant graphs of the trial.

The time duration for the process was short 2.5 hrs and at moderate temperature
(163oC). The mean RPM was maintained at 220 and a high mean �ow of 0.9 litres/hr
of chlorine. Almost 2 litres of chlorine was fed. The obtained product was almost the
same as the initial reactant that was fed. Figure 4.20 shows sample after chlorination.

4.2.5 Trial 5

Figures 4.21, 4.22 and 4.23 represent the relevant graphs of the trial.

The time duration for the process was 4 hrs and at a lower temperature (138oC).

This variation was done to see if any change occurred due to variation in temperature.

The mean RPM was maintained at 174 and low mean �ow rate at 0.55 litres/hr of
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Table 4.8: Reaction Details of trial 4 with [BMIm][Br]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 220 -
15 100 218 -
30 120 220 0.95
45 142 220 0.95
60 168 222 0.85
75 180 221 0.85
90 183 221 0.90
105 185 221 0.85
120 185 220 0.85
135 185 220 0.85
150 185 220 0.85

Mean Temp = 163 Mean RPM = 220 Mean �ow = 0.90

Figure 4.17: Chlorine �ow rate v/s time for trial 4 with [BMIm][Br]

Table 4.9: Stoichiometry of trial 5 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue

Theoretical 233.64 g (180 ml) 11.6820 g
Practical 233.64 g (180 ml) 11.6823 g
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Figure 4.18: RPM v/s Time for trial 4 with [BMIm][Br]

Figure 4.19: Temperature v/s Time for trial 4 with [BMIm][Br]
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Figure 4.20: Sample 4 after chlorination with [BMIm][Br]

Table 4.10: Reaction Details of trial 5 with [BMIm][Br]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 170 -
15 57 172 0.60
30 105 173 0.65
45 111 173 0.60
60 123 173 0.60
75 128 171 0.50
90 133 172 0.45
105 134 172 0.45
120 140 176 0.50
135 145 175 0.50
150 148 177 0.60
165 150 175 0.60
180 150 175 0.60
195 150 175 0.65
210 150 174 0.65
225 150 174 0.60
240 150 174 0.50

Mean temp = 138 Mean RPM = 174 Mean �ow = 0.55
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Figure 4.21: Chlorine �ow rate v/s time for trial 5 with [BMIm][Br]

Figure 4.22: RPM v/s Time for trial 5 with [BMIm][Br]
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Figure 4.23: Temperature v/s Time for trial 5 with [BMIm][Br]

Table 4.11: Stoichiometry of trial 6 with [BMIm][Br]
Quantities [BMIm][Br] CuPC blue CuCl2 AlCl3

Theoretical 233.64 g (180 ml) 11.6820 g 0.5982 g 46.728 g
Practical 233.64 g (180 ml) 11.6828 g 0.5985 g 46.730 g

chlorine with about 2 litres of chlorine being fed into the system until the reaction

was stopped. This reaction was conducted without the use of catalyst. This trial also

yielded the same results as before. Even the slightest change was not seen. Figure

4.24 shows sample after reaction.

4.2.6 Trial 6

Figures 4.25, 4.26 and 4.27 shows the graphs for the trial.

The time duration for the process was 5.5 hrs and at a higher temperature
(171oC). The mean RPM was maintained at 211 and low mean �ow at 0.42 litres/hr
of chlorine. The low �ow rate of chlorine along with higher time durations accounted
for a su�cient amount of chlorine entering the system. The reaction was conducted
with the use of AlCl3 as a supporting chlorinating agent. The introduction of AlCl3
resulted in white colour fumes which �ooded the reaction mixture for a while. Even
the use of AlCl3 did not yield the expected results. Figure 4.28 shows sample after
reaction.
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Figure 4.24: Sample 5 after chlorination with [BMIm][Br]

Table 4.12: Reaction details of trial 6 with [BMIm][Br]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 200 -
15 71 206 -
30 128 209 0.50
45 136 200 0.50
60 156 199 0.55
75 165 197 0.45
90 175 202 0.45
105 176 200 0.45
120 181 213 0.45
135 179 216 0.35
150 178 217 0.35
165 179 217 0.35
180 178 214 0.40
195 179 217 0.40
210 179 216 0.40
225 176 212 0.40
240 174 216 0.40
255 170 214 0.40
270 169 212 0.40
285 170 220 0.40
300 176 218 0.40
315 173 222 0.40
330 175 220 0.40

Mean temp = 171 Mean RPM = 211 Mean �ow = 0.42
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Figure 4.25: Chlorine �ow rate v/s time for trial 6 with [BMIm][Br]

Figure 4.26: RPM v/s Time for trial 6 with [BMIm][Br]
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Figure 4.27: Temperature v/s Time for trial 6 with [BMIm][Br]

Figure 4.28: Sample 6 after chlorination with [BMIm][Br]
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Table 4.13: Stoichiometry of trial 1 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC blue CuCl2

Theoretical 183 g (150 ml) 9.1500 g 0.4575 g
Practical 183 g (150 ml) 9.1510 g 0.4576 g

Table 4.14: Reaction details of Trial 1 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 210 -
15 68 208 -
30 125 209 0.40
45 135 208 0.40
60 154 206 0.50
75 167 207 0.45
90 177 206 0.45
105 179 206 0.45
120 181 205 0.45
135 180 206 0.35
150 179 207 0.35
165 179 207 0.35
180 179 204 0.40
195 179 207 0.40
210 179 206 0.40
225 178 204 0.40
240 178 204 0.40

Mean Temp = 170 Mean RPM = 206 Mean Flow = 0.40

4.3 Chlorination with [BMIm][BF4]

4.3.1 Trial 1

Figures 4.29, 4.30 and 4.31 show the graphs of chlorine �ow rate, RPM and

temperature versus time respectively.

The time duration for the process was 4 hrs and at a higher temperature (170oC).

The mean RPM was maintained at 206 and low mean �ow at 0.40 litres/hr of chlorine.

About 1.6 litre chlorine was fed into the system. The experiment however, did not

yield any desired result.

4.3.2 Trial 2

Figure 4.33, 4.34 and 4.35 show the graphs for the trial.

Table 4.15: Stoichiometry of trial 2 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC blue CuCl2

Theoretical 244 g (200 ml) 12.2000 g 2.4400 g
Practical 244 g (200 ml) 12.2010 g 2.4408 g
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Figure 4.29: Chlorine �ow rate v/s time for trial 1 with [BMIm][BF4]

Figure 4.30: RPM v/s Time for trial 1 with [BMIm][BF4]



CHAPTER 4. RESULTS AND DISCUSSIONS 47

Figure 4.31: Temperature v/s time for trial 1 with [BMIm][BF4]

Figure 4.32: Sample 1 after chlorination with [BMIm][BF4]
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Table 4.16: Reaction details of Trial 2 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 200 -
15 57 202 -
30 105 202 0.75
45 135 204 0.75
60 154 203 0.70
75 167 202 0.70
90 177 202 0.75
105 179 203 0.70
120 180 201 0.70
135 181 203 0.65
150 180 202 0.70
165 180 202 0.70
180 179 203 0.70
195 180 204 0.75
210 180 202 0.75
225 179 202 0.75
240 179 202 0.75

Mean temp = 169 Mean RPM = 202 Mean �ow = 0.72

Table 4.17: Stoichiometry of trial 3 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC Blue CuCl2

Theoretical 183 g (150 ml) 9.1500 g 1.8300 g
Practical 183 g (150 ml) 9.1520 g 1.8350 g

The time duration for the process was 4 hrs and at a higher temperature (169oC).

The duration is selected as 4 hours as normally, the prior experiments conducted with

ionic liquids have attained completion in the range of 5 minutes to half an hour [15].

Hence, 4 hours were selected to provide su�cient time for the reaction to occur.

The mean RPM was maintained at 202 and moderate mean �ow at 0.72 litres/hr of

chlorine. The reaction was performed with higher stoichiometric amounts of reactants.

This was done to ensure su�cient quantities of reactants into the system. Expected

results were not yielded. Figure 4.36 shows the same.

4.3.3 Trial 3

Figure 4.37, 4.38 and 4.39 depict the graphs of the experiment.

The time duration for the process was short 2 hrs and at a higher temperature

(170oC). The mean RPM was maintained at 220 and moderate mean �ow at 0.87

litres/hr of chlorine. The total chlorine inlet was 1.75 litres. The obtained product

was blue in colour. Figure 4.40 shows the same.
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Figure 4.33: Chlorine �ow rate v/s time for trial 2 with [BMIm][BF4]

Figure 4.34: RPM v/s Time for trial 2 with [BMIm][BF4]
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Figure 4.35: Temperature v/s time for trial 2 with [BMIm][BF4]

Figure 4.36: Sample 2 after chlorination with [BMIm][BF4]

Table 4.18: Reaction details of Trial 3 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 220 -
15 120 218 -
30 141 220 0.90
45 162 220 0.90
60 185 222 0.85
75 185 221 0.85
90 187 221 0.90
105 188 221 0.85
120 188 220 0.85

Mean temp = 170 Mean RPM = 220 Mean �ow = 0.87
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Figure 4.37: Chlorine �ow rate v/s time for trial 3 with [BMIm][BF4]

Figure 4.38: RPM v/s Time for trial 3 with [BMIm][BF4]

Table 4.19: Stoichiometry of trial 4 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC blue CuCl2

Theoretical 183 g (150 ml) 9.1500 g 1.8300 g
Practical 183 g (150 ml) 9.1520 g 1.8310 g
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Figure 4.39: Temperature v/s time for trial 3 with [BMIm][BF4]

Figure 4.40: Sample 3 after chlorination with [BMIm][BF4]
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Table 4.20: Reaction details of Trial 4 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 220 -
15 57 218 -
30 73 220 0.40
45 91 216 0.40
60 102 218 0.40
75 115 216 0.40
90 132 218 0.35
105 154 220 0.40
120 170 222 0.40
135 171 220 0.40
150 172 220 0.40
165 172 218 0.35
180 173 220 0.35
195 175 220 0.40
210 175 222 0.40
225 175 220 0.40
240 176 220 0.35
255 176 220 0.35
270 176 218 0.35
285 176 220 0.35
300 176 222 0.35
315 176 222 0.35
330 175 220 0.40
345 175 220 0.40
360 175 222 0.40
375 175 220 0.40
390 175 219 0.40

Mean Temp = 166 Mean RPM = 204 Mean �ow = 0.42
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Figure 4.41: Chlorine �ow rate v/s time for trial 4 with [BMIm][BF4]

Table 4.21: Stoichiometry of trial 5 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC blue CuCl2

Theoretical 183 g (150 ml) 9.1500 g 1.8300 g
Practical 183 g (150 ml) 9.1525 g 1.8376 g

4.3.4 Trial 4

Figure 4.41, 4.42 and 4.43 shows the graphs for chlorine �ow rate, RPM and

Temperature versus Time respectively.

The time duration for the process was high (6.5 hrs) and at a higher temperature

(166oC). The mean RPM was maintained at 204 and low mean �ow at 0.42 litres/hr

of chlorine. An attempt was made to chlorinate CuPC blue using a low �owrate of

0.42 litres/hr (i.e. 2.5 litres in 6 hours). The results however, did not comply with

the expected. �gure 4.44 shows the resultant product.

4.3.5 Trial 5

Figures 4.45, 4.46 and 4.47 represent the graphs for the trial.

The time duration for the process was high (4.5 hrs) and at a higher temperature

(169oC). The mean RPM was maintained at a low of 113 and moderate mean �ow at

0.64 litres/hr of chlorine (about 2.5 litres chlorine during the reaction course). A low

RPM was kept to simulate the actual industrial agitator speed of an average of 100

RPM. The attempt failed to yield the desired results. Figure 4.48 shows the obtained

result.
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Figure 4.42: RPM v/s Time for trial 4 with [BMIm][BF4]

Figure 4.43: Temperature v/s time for trial 4 with [BMIm][BF4]
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Figure 4.44: Sample 4 after chlorination with [BMIm][BF4]

Table 4.22: Reaction details of Trial 5 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 110 -
15 112 110 -
30 160 112 0.60
45 168 112 0.60
60 168 114 0.60
75 170 116 0.65
90 170 116 0.65
105 172 114 0.65
120 172 114 0.65
135 174 114 0.65
150 174 114 0.70
165 175 112 0.65
180 175 112 0.65
195 175 112 0.70
210 175 112 0.65
225 175 112 0.60
240 176 114 0.60
255 176 114 0.60
270 176 114 0.60

Mean temp = 169 Mean RPM = 113 Mean �ow = 0.64
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Figure 4.45: Chlorine �ow rate v/s time for trial 5 with [BMIm][BF4]

Figure 4.46: RPM v/s Time for trial 5 with [BMIm][BF4]
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Figure 4.47: Temperature v/s time for trial 5 with [BMIm][BF4]

Figure 4.48: Sample 5 after chlorination with [BMIm][BF4]
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Table 4.23: Stoichiometry of trial 6 with [BMIm][BF4]
Quantities [BMIm][BF4] CuPC blue CuCl2

Theoretical 183 g (150 ml) 9.1500 g 3.6600 g
Practical 183 g (150 ml) 9.1527 g 3.6620 g

Table 4.24: Reaction details of Trial 6 with [BMIm][BF4]
Time (t, min) Temperature (T,oC) RPM Chlorine rate (L/hr)

0 26 220 -
15 110 218 -
30 148 220 1.00
45 160 216 1.00
60 175 218 0.95
75 178 216 0.95
90 179 218 0.95
105 178 220 0.95
120 177 222 0.95
135 175 220 0.95
150 173 220 0.95
165 173 218 0.95
180 175 220 1.00
195 174 220 1.00
210 174 222 1.00
225 173 220 1.00
240 172 220 1.00
255 172 220 0.95
270 172 218 0.95

Mean temp = 169 Mean RPM = 220 Mean �ow = 0.97

4.3.6 Trial 6

Figures 4.49, 4.50 and 4.51 show the graphical representation of chlorine �ow

rate, RPM and temperature against time respectively.

The time duration for the process was high (4.5 hrs) and at a higher temperature

(169oC). The mean RPM was maintained at 220 and high mean �ow at 0.97 litres/hr

of chlorine. The total amount of chlorine that entered the system was about 3.9 litres.

The attempt did not yield any CuPC green product as shown in �gure 4.52

4.4 Recycling of ionic liquids

The ionic liquids were recycled upto three cycles. The recycling process is later

explained.
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Figure 4.49: Chlorine �ow rate v/s time for trial 6 with [BMIm][BF4]

Figure 4.50: RPM v/s Time for trial 6 with [BMIm][BF4]
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Figure 4.51: Temperature v/s time for trial 6 with [BMIm][BF4]

Figure 4.52: Sample 6 after chlorination with [BMIm][BF4]
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Figure 4.53: Air purging set up

4.4.1 Air Purging

After the reaction was stopped, the solution was air purged. This was done

to remove the residual chlorine that was left in the solution. Air was introduced

through a pipe into the mixture and the residual chlorine was removed along-with it.

This step is essential as chlorine, if present in the solution, tends to create problems

during distillation of the solution and recovery of the ionic liquid. Moreover, as the

reaction did not yield the desired products, much of the chlorine that was passed

into the system, remained in the system. Hence, this process was performed once the

reaction was stopped. The entire chlorine that could be removed was removed and

the chlorine-free solution was further distilled.

Figure 4.53 shows the setup that was used for air purging.

4.4.2 Distillation

4.4.2.1 Distillation of [BMIm][Br]

The reaction mixture, after air purging, was diluted in water. The amount of

water taken was 10 times the weight of ionic liquid taken, say if 200 gms of ionic

liquid is reacted then 2000 gms (i.e. 2000 ml) of water is taken for dilution. Copper

Phthalocyanine being insoluble in water, �oats on the surface and can be removed

with �ltration. For this, the entire water drowned solution was introduced in a

vacuum �ltration unit and the blue pigments were collected on the �lter paper. These

pigments were washed thoroughly with water to maintain the acidity. The washed

pigments were dried in an oven for 2 hours to obtain completely dry powder. After

removing the pigments, the �ltrate was distilled.
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Figure 4.54: Distillation set up for [BMIm][Br]

The �ltrate was introduced in a round bottom �ask and heated upto 102oC.

Water starts distilling as the temperature approaches 90oC. Distillation of water con-

tinues for about 4 hours. After four hours, water seems to stop being distilled. The

solution left behind in the round bottom �ask is the mixture of ionic liquid [BMIm][Br]

and catalyst CuCl2. This mixture need not be separated as the same could be and

was used for further experiments.

4.4.2.2 Distillation of [BMIm][BF4]

The procedure adopted for the distillation of solution of [BMIm][BF4] is the

same as that adopted for [BMIm][Br]. The solution obtained after removal of CuPC

blue pigments was distilled. Water continued to be distilled for about 4 hours after

which it ceased. The resultant solution contained the ionic liquid [BMIm][BF4] and

CuCl2 catalyst.

4.5 Sodium Hypochlorite formation

Sodium hydroxide (5% solution) was prepared to absorb the HCl formed on

substitution of hydrogen (H) atoms by chlorine (Cl) atoms due to the supply of

molecular chlorine gas. As in our reaction, CPC green was not formed as expected,

which in-turn means H atoms were not substituted by Cl atoms, there seemed to be

no formation of NaCl salt. This is by the chemistry:

NaOH + HCl �NaCl + H2O

Also, some of the free chlorine gas directly entered the scrubbing solution of
NaOH and formed Sodium Hypochlorite (NaOCl) which imparted a yellowish colour
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Figure 4.55: FTIR spectrum of [BMIm][Br] after distillation

Figure 4.56: Distillation set up for [BMIm][BF4]
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Figure 4.57: FTIR spectrum of [BMIm][BF4] after distillation
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Figure 4.58: Sodium hypochlorite formation

to the solution. This hypochlorite is formed by the chemistry:

NaOH + Cl2 �NaOCl + HCl

4.6 Cost of ionic liquids

The commercial price of ionic liquids is very high. This makes ionic liquids very

expensive and their usage extremely limited.

4.6.1 Cost comparison of [BMIm][Br]

The commercial price of [BMIm][Br] as stated by Sigma-Aldrich is 92.5$ or Rs.6000

for 25 gm (i.e. Rs 240 per gm)

In our synthesis of [BMIm][Br], we utilised 1 mole of 1-methyl imidazole and 1.25

mole of 1-bromobutane.

For example, consider trial 6 of chlorination with [BMIm][Br];

We used 100 ml of 1-bromobutane and 80 ml of 1-methyl imidazole for synthesising

180 ml of the ionic liquid.

500 ml of 1-bromobutane costs Rs. 950

Therefore, cost of 100 ml = 950*100/500 = Rs. 190

500 ml 1-methyl imidazole costs Rs. 3400

Therefore, cost of 80 ml = 3400*80/500 = Rs. 544

Therefore we synthesised 180 ml (233.64 gm) of the ionic liquid at a cost of 190+544

= Rs. 734 (i.e. Rs. 3.15/gm)
This price is hardly 1.31% of the commercial price at which [BMIm][Br] is sold.
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4.6.2 Cost comparison of [BMIm][BF4]

The commercial price of [BMIm][BF4] as stated by Sigma-Aldrich is 92.68$ or Rs.6000

for 25 gm (i.e. Rs 240 per gm)

In our synthesis of [BMIm][BF4], we utilised 1 mole of [BMIm][Br] and 1 mole of

Sodium Tetra�uoroborate (NaBF4)

For example, consider trial 6 of chlorination with [BMIm][BF4];

We used 100 gm of NaBF4

500 gm of 1-bromobutane costs Rs. 515

Therefore, cost of 100 gm = 515*100/500 = Rs. 103

233.64 gm (1.066 mol, 180 ml) of [BMIm][Br] costs Rs. 734.

Therefore, 219.12 gm (1 mol, 168.8 ml) costs Rs. 689

We also used 170 ml of ethyl acetate 500 ml of Ethyl acetate costs Rs. 290

Therefore, cost of 170 ml = 170*290/500 = Rs. 99

Therefore we synthesised 175 ml (213.5 gm, 0.82 mol) of the ionic liquid at a cost of

689+103+99 = Rs. 891 (i.e. Rs. 4.18/gm)
This price is hardly 1.74% of the commercial price at which [BMIm][BF4] is sold.
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Conclusion and Future Scope

5.1 Conclusion

In the above mentioned experiment, an attempt to chlorinate Copper Phthalo-

cyanine Blue using ionic liquids was carried out. It was an attempt to provide an

alternative reaction pathway to the existing industrial process. The ongoing process

uses a melt of Sodium chloride and Aluminium chloride. This, when used as a solvent,

has to be treated in the end as it is the e�uent remaining after the process. This

treatment involves costs which increases the overall cost of the process. Hence, the

above mentioned attempt to provide an alternative using ionic liquids as a solvent.

These liquids are particularly chosen owing to their recyclable nature. Ionic liquids

have been recently used on a large scale mostly in research activities. The ionic liq-

uids [BMIm][Br] and [BMIm][BF4] were selected as these are the most exploited ionic

liquids. [BMIm][Br] is an intermediate in the formation of [BMIm][BF4].

The ionic liquids were synthesised and characterised in-situ. The procedure

that was followed was taken from available literature. The ionic liquids were synthe-

sised as stated therein. Characterisation methods adopted were Fourier Transform

Infrared spectroscopy and Nuclear Magnetic Resonance spectroscopy. These methods

con�rmed that the desired product was formed.

The reactions were carried out at di�erent temperatures and for di�erent time

intervals. Also, the stoichiometry of the reactants was changed to see any e�ects in the

output. A rotameter ensured the appropriate chlorine gas supply. The reactions were

typically between 3 hours to 10 hours, with the chlorine �ow rate varying between

0.3 litres to 1 litre per hour. The reaction mixture, after reaction, was air purged

to remove any residual chlorine. Distillation was then done to recycle and reuse

the ionic liquids. The distilled ionic liquids showed the same FTIR spectrum thus

ensuring that they did not lose their characteristic functional groups during the course

of the reaction. Each freshly prepared batch of ionic liquid was recycled upto three

68
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times.

The conduct of the chlorinated experiment con�rmed that CuPC blue is a highly

stable compound as is already stated in previous literature. It does not get chlorinated

using the ionic liquids [BMIm][Br] or [BMIm][BF4]. The reaction mechanism could

not be understood however. The samples obtained after the reaction remained almost

as they were before the reaction. CuPC blue does not dissolve in ionic liquids which

supports the previous literature that it is soluble only in strong acids like sulphuric

acid. On stirring it in a solution of ionic liquid, it does not dissolve but forms a

dispersion in the liquid. This phenomenon is observed in both the liquids.

CuPC blue undergoes chlorination only at higher temperatures of about 170oC

and gives good yields when reacted in a melt of AlCl3- NaCl along with the use of

cupric chloride as a catalyst. AlCl3 melts at 350
oC while NaCl fuses at about 850oC.

But their eutectic mixture melts at 160oC which forms an excellent reaction media

for chlorination. This is currently being used in the industry. Moreover, the cost of

AlCl3 � NaCl eutectic mixture is Rs. 40/ kg which is very cheap as compared to the

cost of ionic liquids. This has rendered its wide usage.

In the present study, the ionic liquids were synthesized in a highly cost e�ec-

tive manner as compared to the commercially available ionic liquids. We synthesised

[BMIm][Br] at 1.31% while [BMIm][BF4] at 1.74% of their commercial price respec-

tively. This proved highly useful during new synthesis of every batch. Moreover, its

recyclability added to its advantages, making it a desirable alternative. However, the

non-compliance of the results with the expected results leads us to the opportunities

of discovering new ionic liquids as alternative options to the existing process.
To conclude, the ionic liquid used in the experiment, despite being proven useful

in many other cases, does not yield our desired product in this particular case.

5.2 Future Scope

Reactions can be carried out using other ionic liquids. Ionic liquids with Tetra-

chloroaluminate, [AlCl]4 anion can be used for chlorination. This reaction might yield

the expected results as the anion contains Aluminium chlorate similar to the tradi-

tional method which uses AlCl3 in AlCl3- NaCl melt. Chlorinating agents other than

molecular chlorine gas can be tried out as handling chlorine gas is hazardous.
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