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CHAPTER III 

Experimental Section 

3.1. Name, Structure, Physical Properties, Purification and Application of 

the Solvents and Solutes Used in the Research Work: 

3.1.1. Solvents 

1,3-Dioxolane: 

Dioxolane or 1,3-dioxolane is an heterocyclic acetal. No unusua l toxic effects 

have been associated with the use of 1,3-dioxolane. The product is not 

explosive, not spontaneously flammable and has no disagreeable odour. 

Dioxolanes are a group of organic compounds sharing the dioxolane ring 

structure. 

Appearance: Liquid 
M.F. C3H60 2 
M.W. 74.08 gj mol 
M.P. 178 K 
B.P. 348 K 
D.C. 7.34 at 298.15 K 

Source: Sigma Aldrich, India. 

Purification: It is heated under reflux with PbOz for 2 hrs, then cooled and 

fil tered. After adding xylene to the filtrate, the mixture was fractionally 

disti lled. 1• 2 

Application: It is a very good solvent for pharmaceutical manufacturing, it is 

used as a replacement for many chlorinated solvents, in lithium battery 

electrolyte solvent component, as a copolymerization agent with t rioxane and 

forma ldehyde for manufacturing polyaceta l resins, paint s tripper, glue 

stabilizer, wate r solubil izing agent for pesticides, herbicides and wood 

preservatives. 
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Dichloromethane: 

It is the colour less organic compound with a moderately sweet aroma. 

Although it is not miscible with water, it is miscible with many organic solvents. 

Appearance: Liquid 
M.F. CH2Clz 
M.W. 84.93 gj mol 
M.P. 175.7 K 
B.P. 312.8 K 
D.C. 9.1 at 293.15 K 

Source: Sisco Research La boratories Pvt. Ltd., Mumbai, India. 

Purification: It is Shaken with cone. HzS0 4 or Aq. KMn04, and then washed 

with water, Satd. Aq. NaHC03, again with water, dried with KzC03 and distilled 

from CaHz or CaS04. 3 

Application: Dichloromethane chemically welds certain plastics, fo r exampl e, it 

is used to seal the casing of electric meters. It is also used in the garment 

printing industry for removal of heat-sealed garment transfers. It is widely used 

as a pa int stripper and a degreaser. In the food industry, it has been used to 

decaffeinate coffee and tea as well as to prepare extracts of hops and other 

flavorings. 4 

Methyl acetate: 

Methyl acetate, also known as acetic acid methyl ester or methy l ethanoate, is a 

clear, flammable liquid with a characteristic, not unpleasant s mell like certa in 

glues or nail polish removers. Methyl acetate is an aprotic so lvent. It has a 

solubility of 25% in water at room te mpera ture. At elevated temperature its 

solubility in water is much higher. Methyl aceta te is not s table in the presence 

of strong aqueous bases or acids. 
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Appearance: Liquid 
M.F. C3H602 
M.W . 74.08 gjmol 
M.P. 175 K 
B.P. 330 K 
D.C. 6.7 at 298.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India . 
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Purification: It is washed w ith a saturated solution of NaCl, dried with 

anhydrous MgCh and then distilled. 3 

Application: It is used as a so lvent in glues, paints, and nail polish removers, in 

chemical reactions, and for extractions. Methyl acetate is also used as a solvent 

in fast drying paints such as lacq uers. It is also a solvent for waste film in the 

production of cellulosic adhesives. Methyl acetate is a perfume solvent. It is a 

reaction so lvent in dye production. s 

Ethyl acetate: 

Ethyl acetate (systematically, ethyl ethanoate, commonly abbreviated EtOAc or 

EA) is the colourless organic compound. This colourless liquid has a 

characteristic sweet smell (similar to pear drops) like certain glues or nail 

po lish removers. 

Appearance: Liquid 
M.F. C.Jie0 2 
M.W. 88.llgjmol 
M.P. 190 K 
B.P. 350 K 
D.C. 6.0 at 298.15 K 

Source: S. D. Fine Chemical Limited, Mumbai, India. 

Purification: It is dried over KzC03, filtered a nd distilled. The first and last 

portions of the distillate were d iscarded. The entire middle fraction was then 

dis ti lled over PzOs. 3 
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Application: Ethyl acetate is primarily used as a solvent and diluent, being 

favoured because of its low cost, low toxicity, and agreeable odour. For 

example, it is commonly used to clean circuit boards and in some nail varnish 

removers. Ethyl acetate is present in confectionery, perfumes, and fruits. In 

perfumes, it evapora tes quickly, leaving but the scent of the perfume on the 

skin. 6 

Propyl acetate: 

The chemical compound propyl acetate, also known as propyl ethanoate, is a 

common solvent. This clear, colourless liquid is known by its characteristic 

odour of pears. 

Appearance: Liquid 
M.F. CsH1o02 
M.W. 102.13 gjmol 
M.P. 178 K 
B.P. 374.8 K 
D.C. 6.3 at 293.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is purified by drying over CaC0 3 overnight and then filtered 

and freshly distilled. 7 

Application: It is commonly used as in s. 9 coatings, wood lacquers, aerosol 

sprays, nail care, cosmetics products, fragrances, industrial process solvent. s. 9 

Butyl acetate: 

Butyl acetate, also known as butyl ethanoate, is an organic compound 

commonly used as a solvent in the production of lacquers and othe r products. 
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Appearance: Liquid 
M.F. C6H 120 2 
M.W. 116.16 gj mol 
M.P. 199 K 
B.P. 399 K 
D.C. 5.1 at 292.04 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 
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Purification: It is refluxed with successive small portions of KMn04 and dried 

with anhydrous CaS04, the n filtered and distilled. 3 

Application: It is used as synthetic fruit flavouring in foods such as candy, ice 

cream, cheeses, and baked goods. Butyl acetate is found in many types of fruit, 

where along with other chemicals it imparts characteristic fl avours. Apples, 

especially of the red delicious variety, are flavoured in part by this chemical. It 

is a colourless flammable liquid with a sweet s mell of banana. 

Isoamyl acetate: 

Isoamyl aceta te, a lso known as isopentyl aceta te, is an organic compound that 

is the ester formed from isoamyl alcohol and acetic acid. It is a clear colourless 

liquid that is only s lightly soluble in water, but very soluble in most organic 

solvents. 

Appearance: Liquid 
M.F. C7H140z 
M.W. 130.19 gj mol 
M.P. 195 K, 
B.P. 415 K 
D.C. 5.6 at 293.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: Purification of the crude isoamyl acetate is performed by 

dis t illation. The entire product is added to a 50-ml round bottom flask, 

containing several boiling stones to prevent supe r-heating and bumping of the 

crude isoamyl acetate dur ing dis t illation. Jo 
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Application: Isoamyl acetate has a strong odour (similar to juicy fruit or a pear 

drop) which is also described as similar to both banana and pear. Banana oil is 

a term that is applied either to pure isoamyl acetate or to flavourings that are 

mixtures of isoamyl acetate, amyl acetate, nitrocellulose and other flavours . 

Pear oil commonly refers to a solution of isoamyl acetate in ethanol that is used 

as an artificial flavour. Isoamyl acetate is also used to test the effectiveness of 

respirators or gas masks because it has a strong smell which is generally not 

experienced as unpleasant and that can be detected at low concentrations, and 

has low toxicity. 

Water: 

Water is composed of hydrogen and oxygen and is essential for all known forms 

of life. In typical usage, water refers only to its liquid form or state, but the 

substance also has a solid state, ice, and a gaseous state, water vapor or steam. 

Water is a good solvent and is often referred to as the universal solvent. 

Appearance: Liquid 
M.F. H20 
M.W.18.02gjmol 
M.P. 273.15 K 
B.P. 373.15 K 
D.C. 80.4 at 293.15 K 

Source: Distilled water. 

Purification: Water is first deion ised and then distilled in an all glass distilling 

set along with alkaline KMn04 solution to remove any organic matter therein. 

The doubly distilled water is fina lly disti lled using glass distilling set. 

Precautions are taken to prevent contamination from COz and other impurities. 

The triply distilled water has specific conductance less than 1 x lQ-6 S.cm-1. 11 

Application: Water is widely used in chemical reactions as a so lvent or 

reactant and less commonly as a solute or cata lyst. In inorganic reactions, water 

is a common solvent, disso lving many ionic compounds. It is amphoteric (acidic 

and basic) and nucleophilic. Nevertheless, these properties are sometimes 
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desirable. Also, acceleration of Diels-Aider reactions by water has been 

observed. Supercritical water has recently been a topic of research. Oxygen

saturated s upercritical water combusts organic pollutants efficiently. It has also 

use in various industries. 

1-propanol: 

It is also known as 1-propanol, 1-propyl alcohol, n-propyl alcohol, or simply 

propanol. It is an isomer of propan-2-ol. 

Appearance: Liquid 
M.F. C3HaO 
M.W. 60.1 gj mol 
M.P. 146.7 K 
B.P. 370.3 K 
D.C. 20.1 at 298.15 K 

Source: Merck (India) . 

Purification: It is refluxed over CaO for several hours followed by distillation 

and a further drying. 3 

Application: It is used as a solvent in the pharmaceutical industry, and for 

resins and cellulose esters. It is formed naturally in s mall amounts during many 

fermentation processes. 

lso propanol: 

It is a common name for a co lourless, flammable chemical compound with a 

strong odour. Isopropyl alcohol is cheaply available. Like acetone, it dissolves a 

wide range of nonpolar compounds. It is a lso rela tively non-toxic and dries 

(evaporates) quickly. 

Appearance: Liquid 
M.F. C3HsO 
M.W. 60.09gjmol 
M.P. 184 K 
B.P. 356 K 
D.C. 18.3 at 298.15 K 
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Source: Merck(India). 

Purification: It is refluxed over CaO for several hours then distilled. The 

distillate was dried further with CaS04. Peroxides were removed by refluxing 

with NaBH4 and then by fractional distillation. 12, 13 

Application: It is used widely as a solvent and as a cleaning fluid, especially for 

dissolving lipophilic contaminants such as oil. As a preservative (for biological 

specimens) isopropyl alcohol provides a cost-effective (when compared to pure 

ethanol) and comparatively non-toxic alternative to formaldehyde and other 

synthetic preservatives. Isopropanol is often used as a hydride source in the 

Meerwein-Ponndorf-Verley reduction. 

Formic acid: 

Formic acid (systematically called methanoic acid) is the simplest carboxylic 

acid. In nature, it is found in the stings and bites of many insects of the order 

Hymenoptera, mainly ants and is also present in stinging nettles. 

Appearance: Liquid 
M.F. CH20 2 
M.W. 46.03gfmol 
M.P. 282 K 
B.P. 374 K 
D.C. 58 at 288.71 K 

Source: Merck (India) . 

Purification: It is treated with boric anhydride as a suitable dehydrating agent 

to obtain 98% pure acid. After prolonged stirring with the anhydride the fo rmic 

acid is distilled under vacuum. 3 

Application: The principal use of formic acid is as a preservative and 

antibacterial agent in livestock feed. It is widely used to preserve winter feed 

for cattle. In the poultry industry, it is sometimes added to feed to kill 

salmonella bacteria. It is also used to process organic latex (sap) into raw 
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rubber, it is of minor importance in the textile industry and for the tanning of 

leather. Some formate es ters are artificial fl avour ings or perfumes. 

Ace tic acid: 

Acetic acid also known as etha noic acid is an organic acid which gives vinegar 

its sour tas te a nd pungent smell. Pure, wate r-free acetic acid (glacial acetic 

acid) is a colourless liquid that absorbs water from the environment 

(hygroscopy). 

Appearance: Liquid 
M.F. C2H402 
M.W. 60.0Sgjmol 
M.P. 282 K 
B.P. 374 K 
D.C. 58 at 288.71 K 

Source: Merck (Ind ia) . 

Purification: Acetic acid is pur ified by adding some acetic anhydride to react 

with water present and then hea ting for 1 hour to just below the boiling point 

in presence of 2 gr . Cr0 3 per 100 ml and then frac tionally d ist illed. 3 

Application: Acetic acid is a chemical reagent for the production of chemical 

compounds. The largest single use of acetic acid is in the production of vinyl 

acetate monomer, closely fo llowed by acetic anhydride and ester production. 

Acetic acid is often used as a solvent for reactions involving carbocations, such 

as Fr iedel-Crafts a lkylation. For example, one stage in the commercial 

manufacture of synthetic camphor involves a Wagner-Meerwein 

rearrangement of camphene to isoborny l acetate; here acetic acid acts both as a 

solvent and as a nucleophile to trap the rearra nged carbocation. Acetic acid is 

the so lvent of choice when reducing an aryl nitro-group to an aniline using 

palladium-on-carbon. Dilu te solut ions of acetic acids are also used for their 

mild acid ity. Examples in the household environment include the use in a stop 

bath dur ing the development of photograph ic fil ms. 
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Propionic acid: 

Propionic acid (systematically named propanoic acid) is a naturally-occurring 

carboxylic acid. It is a clear liquid with a pungent odour. The anion CHJCHzCOO

as well as the salts and esters of propionic acid are known as propionates (or 

propanoates). 

Appearance: Liquid 
M.F. C3H602 
M.W. 74.08 gj mol 
M.P. 252 K 
B.P. 414K 
D.C. 3.1at 287.59 K 

Source: Merck (India) . 

Purification: propionic acid is dried by frac tional disti llation. Then it is 

redistilled after refluxing with a few crystals of KMn04. 

Application: Propionic acid is consumed as a preservative for both animal feed 

and food for human consumption. Propionic acid is a lso usefu l as an 

intermediate in the production of other chemicals, especially polymers. 

Cellulose-acetate-propionate is a useful thermoplastic. Vinyl propionate is also 

used. In more specialized app lications, it is a lso used to make pesticides and 

pharmaceuticals. The esters of propionic acid have fruit-like odours and are 

sometimes used as so lvents or artificial flavourings. 14 

2-Methoxyethanol: 

2-Methoxyethanol, or methyl cellosolve, is an organic compound that is used 

mainly as a solvent. It is a clear, colourless liquid w ith an ether-like odour. It is 

in a class of solvents known as glycol ethers w hich are notable for their abili ty 

to dissolve a variety of different types of chemical compounds and for their 

miscibility with water and other solvents. 
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Appearance: Liquid 
M.F. C3Hs02 
M.W. 76.1 gjmoi 
M.P. 188.15 K 
B.P. 397.75 K 
D.C. 17.65 at 298.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 
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Purification: Peroxides can be removed by refl uxing with stannous chloride or 

by filtration unde r s light pressure through a column of activated alumina. It can 

be dried with KzC03, CaS04, MgS04 or silica gel, with a final distillation from 

sodium. Ali phatic ketones (and wate r) can be removed by making the solvent 

0.1% in 2,4-dinitrophenylhydrazine and a llowing to stand overnight with silica 

gel before fractionally distilling. 3 

Application: 2-Methoxyethanol is used as a solvent for many different 

purposes such as varnishes, dyes, and resins. It is also used as an additive in 

airplane deicing solutions. 

2-Ethoxy ethano l: 

2-Ethoxyethanol, a lso known by the trademark cellosolve or ethyl cellosolve, is 

a clear, colourless, nearly odourless liquid that is miscible with water, ethanol, 

diethyl ether, acetone, and ethy l acetate. 

Appearance: Liquid 
M.F. CJitoOz 
M.W. 90.121gjmol 
M.P. 203 K 
B.P. 408 K 
D.C. 13.94 at 298.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It can be dried with CaS04, fi ltered and fractionally distilled. 

Peroxides can be removed by refluxing with anhydrous SnCiz. 3 

Application: It is a so lvent used w ide ly in commercial and indus trial 

app lications. 2-Ethoxyethanol has the useful property of being able to dissolve 
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chemically diverse compounds. It will dissolve oils, resins, grease, waxes, 

nitrocellulose, and lacquers. This is an ideal property as a multi-purpose 

cleaner and therefore 2-ethoxyethanol is used in products such as varnish 

removers and degreasing solut ions. 

2-Butoxyethanol: 

It is a colourless liquid with a sweet, e the r-like odour. It is a butyl ether of 

e thyle ne glycol. 

Appearance: Liquid 
M.F. C~H02 
M.W. ll8.17 gjmol 
M.P. 196 K 
B.P.444 K 
D.C. 9.87 at 298.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It can be dried with a nhydrous K2C03 and CaS04, then filtered 

and disti lled. Peroxides can be removed by refl uxing w ith anhydrous SnCh. 3 

Application: The main use of 2-butoxyethanol is as a solvent in paints a nd 

surface coatings, fo llowed by cleaning products and inks. 2-Butoxyethanol is a 

primary ingredie nt of various whiteboard cleaners, liquid soaps, cosmetics, dry 

cleaning solutions, lacquers, varnishes, herbicides, and latex paints. It also 

seems to be excellent at killing most insects a nd arachn ids. It is the main 

ingredient of many home, commercial, and ind ustrial cleaning solutions. 

lso propyl amine: 

lsopropyla mine, also called 2-aminopropane, 2-propanamine, 

monoisopropylamine, and MIPA, is an organic compound, an amine. It is a base, 

as typical for amines. It is a hygroscopic colourless liquid w ith a mmonia odour. 
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Appear ance: Liquid 
M.F. C:;HgN 
M.W. 73.13 gjmol 
M.P. 397.75 K 
B.P. 305.55 K 
D.C. 5.5 at 293.15 K 

Source : Merck, India. 

Purifica tion: It is distilled over sod ium in a nitrogen atmosphere. 
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Application: It is used as a n intermediate in synthesis of agricultural 

chemicals, as a depilatory on ski ns and hides in leather manufacture, as a 

solubilizer for 2,4-0 a nd 2,4,5-T herbicides in hard water, it is used with 

surface-active sulfonate to form oil-soluble emulsifiers a nd detergents for use 

in dry cleaning operations, as a general solvent and as a stabilizer against 

oxidation and polymerization, used in manufacture of medicines, in purification 

of penicillin a nd streptomycin, and as a n intermediate in synthesis of some dyes 

and textile specialties. 

Cyclohexyla mine : 

Cyclohexylamine, a lso ca lled hexahydroanil ine, 1-aminocyclohexane, or 

aminohexahydrobenzene, is an organic chemical, an amine derived from 

cyclohexane. It is a clear to ye llow ish liquid w ith fis hy odour, miscible with 

water. Like other amines, it is of mildly alka line nature, compared to strong 

bases such as NaOH, but it is a st ro nger base than aniline, which differs only in 

that its ring is aromatic. It is fl ammable. 

Appearance: Liquid 
M.F. C~t3N 
M.W. 99 .17gj mol 
M.P. 255 K 
B.P. 408 K 
D.C. 4.86 at 313.15 K 
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Source: Thomas Baker (Chemicals) Limited, Mumbai, India 

Purification: It is dried with CaCb or LiAIH 4, distilled from BaO under Nz. 

Application: Cyclohexylamine is used as an intermediate in synthesis of some 

herbicides, antioxidants, accelerators for vulcanization, pharmaceuticals ( eg. 

mucolytics, analgesics, and bronchodilators, corrosion inhibitors, some 

sweeteners, etc. 

Ethyl acetoacetate: 

The organic compound ethyl acetoacetate (EAA) is the ethyl ester of acetoacetic 

acid. 

Appearance: Liquid 
M.F. CcJi100 3 
M.W. 130.14gjmol 
M.P. 228 K 
B.P.454 K 
D.C. 15.9 at 294.82 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is shaken with s mall amounts of saturated aqueous NaHC03, 

then with water, it is dried with MgS04 or CaCb and dis tilled under reduced 

pressure. 

Application: It is widely used as an in te rmediate in the synthesis of many 

varieties of organic chemical compounds. Industrially it is emp loyed in the 

manufacture of synthetic drugs and dyes. 

Nitromethane: 

Nitromethane is one of the simplest organic nitro compounds. It is a slightly 

viscous, highly polar liquid. 
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Appearance: Liquid 
M.F. CH3N02 
M.W. 61.04 gjmol 
M.P. 244.15 K 
B.P. 373-376 K 
D.C. 39.4 at 293.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is disti lled fo llowed by drying with CaS04. 

103 

Application: The principle use of nitromethane is as a s tabilizer for chlorinated 

solvents, which are used in dry cleaning, semiconductor processing, and 

degreasing. It is a lso used most effectively as a solvent or dissolving agent fo r 

acrylate monomers, such as cyanoacrylates. In more specialized organic 

synthesis, nitromethane serves as a Michael donor, adding to a,~-unsaturated 

carbonyl compounds via 1,4-addition in the Michael reaction. Its acidicity 

allows it to undergo deprotonation, enabling condensation reactions analogous 

to those of carbonyl compounds. 

Chloroform: 

Chloroform is the organic compound that does not undergo combustion in air. 

It is a member of a group of compounds known as trihalomethanes. Chloroform 

has myriad uses as a reagent and a so lvent. 

Appearance: Liquid 
M.F. CHCh 
M.W. 119.38 gjmol 
M.P. 582.80 K 
B.P. 607.5K 
D.C. 4.8 at 293.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is dried with KzC03 or CaCiz, refluxing w ith PzOs, and d istilled. 
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Application: Chloroform is a common solven t in the laboratory because it is 

relatively unreactive, miscible with most organic liquids, and conveniently 

volatile. Chloroform is used as a solve nt in the pharmaceutical industry and for 

producing dyes and pesticides. Chloroform is an effective solvent fo r alkalo ids 

in their base form and thus plant material is commonly extracted with 

chloroform for pharmaceutical processing. 

Carbon Tetrachloride: 

Carbon tetrachloride, also known by many other names, is the organic 

compound widely used as a reagent in synthetic Chemistry. 

Appearance: Liquid 
M.F. CCI4 
M.W. 153.83 gjmol 
M.P. 250 K 
B.P. 350 K 
D.C. 2.2 at 293.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is dried wi th CaCh and dis tilled over PzOs. 

Application: Because it has no C-H bonds, carbon tetrachloride does not easily 

undergo free-rad ical reactions. Hence it is a useful solvent for halogenations. In 

organic chemistry, carbon tetrachloride serves as a source of chlorine. It is used 

as a solvent in synthetic chemistry research. It is sometimes useful as a solvent 

for infrared spectroscopy. Because carbon tetrachloride does not have a ny 

hydrogen atoms, it was historically used in proton NMR spectroscopy. 

However, carbon tetrachloride is toxic, and its dissolving power is low. Its use 

has been largely superseded by de uterated solven ts, which offer superior 

solvating properties and allow for deuterium lock by the spectrometer. 
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Acetonitrile: 

Ace tonitril e is the colourless liquid and is the simplest organic nitrile. It is 

produced mainly as a byproduct of acrylonitrile ma nufacture. 

Appearance: Liquid 
M.F. CH3CN 
M.W. 41.05 gjmol 
M.P. 607.5 K 
B.P. 628.3 K 
D.C. 37.5 at 294.26 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is shaken with silica gel, ref1uxed with CaHz and distilled over 

PzOs. 

Application: It is widely used in battery applications because of its re latively 

high dielectric constant and ability to dissolve electrolytes. For similar reasons 

it is a popular solvent in cycl ic voltamme try. Its low viscosi ty and low chemical 

reactivity make it a popular choice for liquid chromatography. Acetonitrile 

plays a significant role as the dominant solvent used in the ma nufacture of DNA 

oligonuleotides from monomers. Industrially, it is used as a solvent in the 

puri fication of butadiene and in the manufacture of pharmaceuticals and 

photographic film. Acetonitrile is a common two-carbon building block in 

organic synthesis as in the production of pesticides to pe rfumes. 

Methanol: 

Me thanol, also known as methyl alcohol, wood alcohol, wood naphtha or wood 

spirits, is the simplest alcohol, a nd is a light, volatile, colourless, flammable, 

liquid with a distinctive odour that is very s imilar to but slight ly sweeter than 

ethanol (drinking alcohol) . 

Appearance: Liquid 
M.F. CH-tO 
M.W. 32.04 gjmol 
M.P. 176 K 
B.P. 337.8 K 
D.C. 32.6 at 298.15 K 

Source: Me rck, India. 
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Purification: It is dried with CaS04 and distilled. 

Application: The largest use of methanol by far is in making other chemicals. 

About 40% of methanol is converted to formaldehyde, and from there into 

products as diverse as plastics, plywood, paints, explosives, and permanent 

press textiles. Methanol is a traditional denaturant for ethanol, thus giving the 

term methylated spirit. Methanol is also used as a solvent, and as an antifreeze 

in pipelines. In some waste water treatment plants, a small amount of methanol 

is added to waste water to provide a food source of carbon for the denitrifying 

bacteria, which converts nitrates to nitrogen to reduce the denitrification of 

sensitive aquifers. 

1-Butanol: 

It is a primary alcohol with a 4-carbon s tructure it is one of th~ group of "fuse! 

alcohols" (from the German for "bad liquor"), which have more than two 

carbon atoms and have significant solubility in water. 

Appearance: Liquid 
M.F. CJitoO 
M.W. 74.12 gfmol 
M.P. 184 K 
B.P. 390 K 
D.C. 17.8 at 293.15 K 

Source: Merck, India. 

Purification: It is dried with MgS04, CaO, K2C0 3, Ca or solid NaOH followed by 

refluxing with, and distillation from, Ca or Na. 

Application: Industria l uses include the manufacture of pharmaceuticals, 

polymers, pyroxylin plastics, herbicide esters. n-Butanol is used as an 

ingredient in perfumes and as a so lvent for the extraction of essential o ils. 1-

Butanol is also used as an extractant in the manufacture of antib iotics, 

hormones, and vitamins; a solvent for paints, coatings, natural resins, gums, 

synthetic resins, dyes, alkaloids, and camphor. It is also used in butter, cream, 
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fruit, rum, w hiskey, ice cream and ices, candy, baked goods a nd cordials. It is 

a lso used in a wide range of consumer products. 

2-Butanol: 

2-Butano l, o r sec-butanol, is a colourless liquid that is completely miscible with 

polar organic solvent such as e thers and other a lcohols. It is produced on a 

large scale, primarily as a precursor to the industrial solvent methyl ethyl 

ketone. It is normally fo und as an equal mixture of the two stereoisomers - a 

racemic mixture. 

Appearance: Liquid 
M.F. C.Jf1oO 
M.W. 74.122 gj mol 
M.P. 158 K 
B.P. 372 K 
D.C. 15.8 at 313.15 K 

Source: Merck, India. 

Purification: It is dried with K2C0 3 or CaS04, fo llowed by filtration and 

fractional d istillation re fluxing with CaO, distillation, then refluxing with Mg 

a nd redistilla tion; a nd refluxing with, then d istillation with CaH2. 

Application: 2-Butanol occurs natura lly as a product of fermentation of 

carbohydrates. It is used for the extraction of fis h meal to produce fish protein 

concentrate. It is a lso used for the production of fruit essences, as a flavouring 

in food, and as a solvent. 

2-methyl-1-propanol: 

This co lourless, fl ammable liquid w ith a characteristic smell is mainly used as a 

solvent. Its isomers include n-butanol, 2-butanol, and ter t-butanol, all of which 

are more important industrially. 
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Appearance: Liquid 
M.F. C4Hto0 
M.W. 74.12gjmol 
M.P. 628.3 K 
B.P. 654.3K 
D.C. 4.86 at 313.15 K 

Source: Merck, India. 

Exoerimental Section 

Purification: It is dried by refluxing with CaO and BaO for several hours, 

followed by treatment with Ca, then fractional distillation from s ulphanilic or 

tartaric acid. 

Application: It is used as feedstock in the manufacture of isobutyl acetate, 

which is used in the production of lacquer and similar coatings, a nd in the food 

indus try as a fl avouring agent, precursor of derivative esters; isobutyl esters 

such as diisobutyl phthalate (DIBP) are used as plas ticizer age nts in plastics, 

rubbers, and other dispersions, paint additive, to reduce viscosity, improve 

brush flow, and retard fo rmation of oil residues (blush) on pa in ted surfaces. 

2-methyl-2-propanol: 

Tert-butanol, or 2-methyl-2-propanol (colourless liquid or white solid, 

depending on the ambient temperature), is the simplest tertiary alcohol. It is 

one of the four isomers of buta nol. Tert-butanol is a clear liquid w ith a 

camphor-like odour. It is very soluble in wa te r and miscible with ethanol and 

diethyl ether. 

Appearance: Liquid 
M.F. C.~HtoO 
M.W. 74.12 gjmol 
M.P. 298.3 K 
B.P. 355.5 K 
D.C. 18.7 at 293.15 K 

Source: Merck, India. 
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Purification: It is dried w ith CaO, KzC03, CaS04 or MgS04, filtered and 

fractionally dis t illed. It is dried further by refluxing w ith, and distilling from, 

small amount of calcium, sodium or potassium, under nitrogen. 

Application: Tert-butanol is used as a solvent, as a denaturant for ethanol, as 

an ingredient in paint re movers, as a n octane booster for gasoline, as an 

oxygenate gasoline additive, and as an intermediate in the synthesis of various 

chemical commodities and other fl avours and perfumes. 

Amyl alcohol: 

It is an alcohol with five carbon atoms. It is a colourless liquid with an 

unpleasant aroma. Commercial amyl alcohols are colourless liquids, slightly 

soluble in water, and having a characteristic penetrating odour. 

Appearance: Liquid 
M.F. CsH120 
M.W. 88.15gf mol 
M.P. 194.15 K 
B.P. 467.12 K 
D.C. 11.2 at 333.15 K 

Source: Merck, India. 

Purification: It is dried with anhydrous KzC03 and distilled. The middle 

fractions for both the liquids a re collected and kept free from humidity with 3 A 
molecular sieves. 1s 

Application: These are used as solvents for resins and oily materials and in the 

manufacture of other chemicals, especially amyl acetate, a solvent for 

nitrocellulose lacquers. 

lso amyl alcohol: 

Isoamyl alcohol is a colourless liquid with pungent taste and d isagreeable 

aroma. It is soluble in alcohol a nd ether but slightly soluble in water. 



110 

Appearance: Liquid 
M.F. CsH120 
M.W. 88.17gjmol 
M.P. 156 K 
B.P. 405 K 
D.C. 15.3 at 296.48 K 

Source: Merck, India. 

Exoerimental Section 

Purification: It is dried with anhydrous KzC03 and distilled. The middle 

fractions for both the liquids were collected and kept free from humidity with 3 

A molecular sieves. 15 

Application: It is used as a chemical intermediate and solvent, and in 

pharmaceutical products and medicines. Isoamyl alcohol is good solvent and 

diluent for printing inks, lacquers, gum, inhibitors and hydraulic fluids. Paraffin 

wax dissolves in the hot isoamyl alcohol. Various polar plastics and high 

molecular weight esters also employ isoamyl alcohol based solvent systems. 

Isoamyl alcohol is used as hydraulic and lube oil additives, as frothing agents in 

mineral dressing applications a nd recently, they are used in te rtiary crude oil 

recovery processes. It is used in the organic synthesis of esters, pharmaceutical 

products, and photographic chemicals, as solvents for the preparation of 

synthetic apricot, banana, cherry, greengage, malt, orange, plum, and whisky 

fl avours. 

3.1.2. Solutes 

Nicotinic acid: 

Nicotinic acid is found in milk, yeast, eggs. 
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Appearance: White crystalline powder 
M.F. C!JisNOz 
M.W. 123.11 gjmol 
M.P. 510 K 
B.P. decomposes 

Source: Sigma Chemical Company, USA. 

II I 

Purification: It was used as rece ived. Their purity as supplied by the vendor 

was 99%. 

Application: Nicotinic acid is required by our cells for the synthesis of the co

enzymes used by dehydrogenase in ti ssue respiration. These are NAD and 

NADP. If dehydrogenase does not function (it cannot do so without its co

enzymes) th ere w ill be an accumulation of various intermediates of tissue 

respira tion. For example, s uccinic dehydrogenase is requ ired to convert 

s uccinic acid into fumari c acid. 

Benzoic acid: 

Be nzoic acid is a colourless crysta lline solid and the simplest aromatic 

carboxylic acid. 

Appearance: Colourless crystalline solid 
M.F. C7H602 
M.W . 122.12 gjmol 
M.P. 395 K 
B.P. 522 K 

Source: Sigma Chemical Company, USA. 

Purification: It was used as received. Their purity as supplied by the vendor 

was 99%. 
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Application: This weak acid and its sa lts are used as a food preservative. 

Benzoic acid is a n important precursor for the synthes is of many other organic 

substances. Be nzoyl chloride, C6HsC(O)CI, is obtained by treatment of benzoic 

acid with thionyl chloride, phosgene or one of the chlorides of phosphorus. 

C6HsC(O)CI is an important starting mate rial for seve ral benzo ic acid derivates 

like be nzyl benzoate, which is used in artificial flavours and insect repe llents. 

Benzoic acid is a constituent of Whitfie ld 's Ointment which is used for the 

treatment of fungal skin diseases s uch as tinea, ringworm, and athlete's foot. 

Benzoic acid and its salts a re used as a food preservative also. 

Lithium chloride: 

It is a chemical compound with the formula LiCI. The salt is a typical ionic 

compound, although the small s ize of the Li+ ion gives rise to properties not 

seen for other a lkali metal chlorides, such as extraordinary solubility in polar 

solve nts (83g/100 ml of water at 20 °C) and its hygroscopic properties. 

Appearance: White solid 
M.F. LiCl 
M.W. 42.39 gjmol 
M.P. 1151.2 K 
B.P. 1928.3 K 

Source: Merck, India. 

Purification: It was used as such after drying over CaO for 48 hours and was 

purified in the manner given in the literature. 16-18 

Application: Lithium chloride is mainly used for the production of lithium 

me tal by electrolysis of a LiCI/KCI melt at 600 oc. LiCI is a lso used as a brazing 

flux for a luminium in automobile parts. It is used as a des iccant for d rying air 

streams. In more specialized applications, li thium chloride find s some use in 

organic synthesis, e.g. as a n additive in the Stille reaction. Also, in biochemical 
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applications, it can be used to precipitate RNA from cellular extracts. Lithium 

chloride is also used as a fl ame colorant to produce dark red flames. 

Lithium Bromide: 

Lith ium bromide, or LiBr, is a chemical compound of lithium and bromine. Its 

extreme hygroscopic character makes LiBr useful as a desiccant in certain air 

conditioning systems. 19 

Appearance: White solid 
M.F. UBr 
M.W. 86.845 gj mol 
M .P. 825.15 K 
B.P. 1538.15 K 

Source: Merck, India. 

Purificatio n: It was used as such after drying over Ca O for 48 hours and was 

purified in the manner given in the literature. 16·18 

Application: Lithium bromide is used in air-conditioning systems as desiccan t. 

Otherwise th e salt is useful as a reagent in organic synthesis. For example it 

revers ibly forms adducts with some pharmaceuticals. 

Lithium Io dide: 

Lil is a compound of lithium and iodine. When exposed to air, it becomes yellow 

in colour, due to the oxida tion of iodide to iodine. 

Appearance: Brown crystall ine solid 
M.F. Ul 
M.W. 133.85 gjmol 
M.P. 732.15 K 
B.P. 1444.15 K 

Source: Merck, India. 
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Purification: It was used as such after drying over CaO for 48 hours and was 

purified in the manner given in the literature. 16· 18 

Application: Lithium iodide is used as a n electrolyte for high temperature 

batteries. It is also used for long life batteries as required, for example, by 

artificia l pacemakers. The solid is used as a phosphor for neutron detection. 

Catechol: 

Catechol, formerly known as pyrocatechol, is 1,2-dihydroxybenzene, an organic 

compound with the feathery white crystals which are very rapidly soluble in 

water. It is the ortho isomer, one of three isomeric benzenediols. 

Appearance: White solid 
M.F. C~602 
M.W. 110.11 gjmol 
M.P. 378 K 
B.P. 519 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: Commercial sample of ca techol was purified by repeated 

crystallization from mixture of chloform-methanol. The sample was dissolved 

in chloform in hot condition, fi ltered and to the filtrate dried & distill ed 

metha nol was added drop wise. Fine crystals separated and recovered by rapid 

filtration & ready fo r use. 

Application: Catechol is consumed in the production of pesticides, the 

remainder being used as a precursor to fine chemicals such as perfumes and 

pharmaceuticals. It is a common building block in organic synthesis. Several 
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industrially signi ficant fl avours and fragrances are prepared starting from 

catechol. 

Glycine: 

Glycine (abbreviated as Gly or G) is the organic compound with only a hydrogen 

atom as its side chain; glycine is the smallest of the 20 amino acids commonly 

found in proteins. Glycine is unique among the proteinogenic amino acids in 

that it is not chiral. 

Appearance: White solid 
M.F. C2HsN02 
M.W. 78.06 gjmol 
M.P. 506.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is purified by re-crystall izing from metha nol-water mixture and 

dried at 373.15 K for 12 h in a vacuum desiccator over PzOs before use. 

Application: Pharmaceutical grade glycine is produced for use in some 

pharmaceutical app lications, s uch as intravenous injections. Technical grade 

glycine is used in industrial applications; e.g., as an agent in metal complexing 

and fini shing. Glycine se rves as a buffering agent in antacids, analgesics, 

a nt iperspirants, cosmetics, and toile tries. Glycine is an intermediate in the 

synthesis of a variety of chemical products. 

L-Alanine : 

Alanine (abbreviated as Ala or A) is an a -a mino acid. The L-isomer is one of the 

20 proteinogenic amino acids, i.e. the building blocks of proteins. 
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Appearance: White powder 
M.F. C3H7N02 
M.W. 89.09 gjmol 
M.P. 531.15 K 

Source: S. D. Fine Chemicals Ltd., Mumbai, India. 

Exoerimental Section 

Purification: It is purified by re-crys tallizing from methanol-water mixture and 

dried at 373.15 K for 12 h in a vacuum desiccator over P20 s before use. 

Application: Alanine is used as a source of energy for muscle tissue, the brain, 

and centra l nervous system, in strengthening the immune system by producing 

antibodies. It has been used as a source for the production of glucose in order 

to s tabilise blood sugar levels over lengthy periods. It guards agai ns t the build 

up of toxic substances that are released in the mus cle cell s when muscle protein 

is broke n down quickly to meet energy needs. 

L-V aline: 

Valine (abbreviated as Val or V) is a n a-amino acid . L-Valine is one of 20 

proteinogenic a mino acids. 

Appearance: White powder 
M.F. CsHuN02 
M.W.117.15 gjmol 
M.P. 571.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is purified by re-crystallising from methanol-water mixture and 

dried at 373.15 K for 12 h in a vacuum des iccator over P20 s before use. 
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Application: It is needed to keep the body in balance for greater muscle growth 

and recovery. It is one of the most important amino acids when it comes to 

muscle building a nd ene rgy. Valine is perhaps best known for its effects as a 

balancing agent of our bodies' nitrogen content. Valine has been shown to aid in 

correcting deficiencies created by drug addictions and as a supplemental 

treatment for those addictions. 

L- Leucine: 

L-Leucine (abbreviated as Leu or L) is an a -a mino acid. It is an essential amino 

acid, which means that humans cannot syn thesise it. With a hydrocarbon side 

chain, it is classified as a hydrophobic amino acid. 

Appearance: White powder 
M.F. C~13N02 
M.W. 131.17 gjmol 
M.P. 566.15 K 

Source: S.D. Fine Chemicals Ltd., Mumbai, India. 

Purification: It is purified by re-crysta llizing from methanol-water mixture and 

dried at 373.15 K for 12 h in a vacuum desiccator over PzOs before use. 

Application: It helps to preserve lean muscle tissue; it supplies the body with 

energy when under stress. It ma intains nitrogen balance, and it enhances 

thinking a bilities that can decline as physical activity becomes more inte nse. 

Medically, L-Leucine has several uses. People with liver and kidney problems 

can also benefit from L-Leucine. 

3.1.3. Mixed Solvents 

The research work has been carried out with binary or ternary solvent 

systems with water, 1,3-dioxolane, ethyl acetoacetate, methanol and 

cyclohexylamine as primary solvents with some polar, weakly polar and 

nonpolar solvents as well as wi th some solutes. For the preparation of mixed 

binary and ternary mixtures, pure components were taken separa tely in glass 
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stoppered bottles and thermostated at the desired temperature for sufficient 

time. When the thermal equilibrium was ensured, the required volumes of each 

component were transferred in a different bottle which was already cleaned 

and dried thoroughly. Conversion of required mass of the respective solvents to 

volume was accomplished by using experimental, densities of the solvents at 

experimental temperature. It was then stoppered and the mixed contents were 

shaken well before use. While preparing different binaries and ternaries care 

was taken to ensure that the same procedure was adopted throughout the 

entire work The physical properties of different pure and mixed solvents have 

been presented in the respective chapters. The following different binary and 

ternary solvent mixtures have been prepared and used for my research studies. 

Binary Mixtures Studied: 

i. cyclohexylamine (1) + 1-butanol (2) 

cyclohexylamine (1) + 2-butanol (2) 

cyclohexylamine (1) + isobutanol (2) 

cyclohexylamine (1) + t-butanol (2) 

ii. 1,3-dioxolane (1) + 2-methoxyethanol (2) 

1,3-dioxolane (1) + 2-ethoxyethanol (2) 

1,3-dioxolane (1) + 2-butoxyethanol (2) 

1,3-dioxolane (1) + 2-propylamine (2) 

1,3-dioxolane (1) + cyclohexylamine (2) . 

iii. ethyl acetoacetate (1) + dichloromethane (2) 

ethyl acetoacetate (1) + chloroform (2) 

ethyl acetoacetate (1) + carbon tetrachloride (2) 

ethyl acetoacetate (1) + nitromethane (2) 

ethyl acetoacetate (1) + methyl acetate (2) 

ethyl acetoacetate (1) + acetonitrile (2) 

ethyl acetoacetate (1) + acetic acid (2) 
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Ternary Mixtures Studied: 

i. water (1) +!-propanol (2) +formic acid (3) 

water (1) + !-propanol (2) + acetic acid (3) 

water (1) + !-propanol (2) + propionic acid (3) 

water (1) + 2-propanol (2) + formic acid (3) 

water (1) + 2-propanol (2) +acetic acid (3) 

water (1) + 2-propanol (2) +propionic acid (3) 

ii. 1,3-dioxolane (1) + dichloromethane (2) + methyl acetate (3) 

1,3-dioxolane (1) + dichloromethane (2) + ethyl acetate (3) 

1,3-dioxolane (1) + dichloromethane (2) + propyl acetate (3) 

1,3-dioxolane (1) + dichloromethane (2) +butyl acetate (3) 

1,3-dioxolane (1) + dichloromethane (2) +isoamyl acetate (3) 
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Solute-Solute I Ion-Ion and Solute-Solvent I Ion-Solvent Interactions 

Studied in the Following Mixed Solutions: 

i. methyl alcohol (1) + ethylene glycol monomethyl ether (2) + lithium

chloride (3) 

methyl alcohol (1) + ethylene glycol monomethyl ether (2) + lithium

bromide (3) 

methyl alcohol (1) + ethylene glycol monomethyl ether (2) + lithium

iodide (3) 

ii. water (1) + catechol (2) + glycine (3) 

water (1) + catechol (2) + ]-alanine (3) 

water (1) + catechol (2) + ]-valine (3) 

water (1) +catechol (2) +I-leucine (3) 

iii. Methanol (1) + n-amyl alcohol (2) + nicotinic acid (3) 

Methanol (1) + i-amyl alcohol (2) +nicotinic acid (3) 

Methanol (1) + n-amyl alcohol (2) +benzoic acid (3) 

Methanol (1) + i-amyl alcohol (2) +benzoic acid (3) 
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3.2. Equipments and Instruments: 

3.2.1. Measurement of Density: 

Densities (p) were measured 
wi th an Ostwald-Sprengel 
type pycnometer having a 
bulb volume of 25 cm3 and 
an internal diameter of the 
capillary of about 1 mm. The 
pycnometer was calibrated 
at 298.15 K with doubly 
distilled water and TH F. The 
total uncertainty in density 
was estimated to be ±0.0001 
gcm·3. 

Exoerimental Section 

The measurements were carri ed out in a thermostatic water bath (Scie nce 

India, Ko lkata) maintained with a n accuracy of ± 0.01 K of the desired 

temperature. The temperature of the hot-cum-cold thermostat was preset at 

the desired temperature us ing a contact thermometer and relay system. The 

absolute temperatu re was determined by a calibrated platinum resistance 

thermometer and Muller bridge. 2o-22 

3.2.2. Measurement of Viscosity: 

The kinematic viscosities 
were measured by means of 
a suspended-level Ubbelohde 
viscometer. The time of fl ow 
was measured with a stop 
watch. The viscometer was 
always kept in a vertical 
position in the water- bath. 
The viscometer needed no 
correction for kinetic energy 

The kinematic viscosity (y) and the absolute viscosity ('7) are given by the 

following equations. 
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r =kt-lft ......... (1) 

q= y.p ......... (2) 

where, t is the time of flow, p is the density and k and I are the characteristic 

constants of the particular viscometer. The precision of the viscosity 

measurement was ± 0.003 %. In a ll cases, the experiments were performed in 

at least three replicates and the resu lts were averaged. 

Relative viscosit ies ( lJr) were obta ined us ing the equation: 

'lr = '7/ '70 = P t / po to .... .. ... (3) 

w here !J, ryo, p, po and t, to are the absolute viscosities, densities and fl ow times 

for the solution and solvent respectively. 

The measurements were carri ed out in a thermostatic water bath 

maintained w ith an accuracy of ± 0.01 K of the desired temperature. 

3.2.3. Water Distiller (Borosil Glass Works Limited, India): 

Water distillation units 
product: highly treated and 
disinfectf.•d water for 
laboratory usage. The 
distillation process removes 
minerals and microbiological 
contaminants and can reduce 
levels of chemical 
contaminants. A water 
distiller works by boiling 
water into water vapour, 
condensing it and then 
returning it to its liquid state. 
It is collected in a storage 
container. 

Municipa l or well water is manually or automatically fed into the distiller 

un it's boiling chamber. A heating element in the boiling chamber heats the 

water until it boils. The steam ri ses from the boiling chamber. Volatile 
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contaminants (gases) are discharged through a built-in vent. Minerals and salts 

are retained in the boiling chamber as hard deposits or scale. The steam enters 

a coiled tube (condenser), which is cooled by cool water. Water droplets form 

as condensation occurs. The distilled water is collected in a storage tank. 

3.2.4. Fractional Distillation Apparatus: 

I 

t Concenrer 

W•Ucl f 

Distillation involves 2 
stages and both are 
physical state changes. (1) 
The liquid or solution 
mixture is boiled to 
vap~rise the most volatile 
component in the mixture 
(liquid ==>gas). The ant
bumping granules give a 
smoother boiling action.(2) 
The vapour is cooled by 
cold water in the 
condenser to condense 
(gas ==> liquid) it back to 
a liquid (the distillate) 
which is collected. 

~·r:~cdom:llillll column · W:o ttr 

.. Di stilliDg n a>k. 

Hc.·ucr 

h .Atlurrler 

In the distillation flask, vaporization of a liquid and subsequent 

condensation of the resultant gas back to liquid form. It is used to separate 

liquids from non-volatile solids or solutes (e.g., water from salt and other 

components of sea water) or to separate two· or more liquids with different 

boiling points (e.g., alcohol from fermented beers and wines). Many variations 

have been devised for industrial applications. An important one is fractional 

distillation, in which vapour from a heated liquid mixture is contacted by a 

series of trays and condensed liquid as it rises through a vertical column. The 

most volatile fraction of the mixture emerges from the top of the column, while 

less volatile fractions are withdrawn at lower points. 
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3.2.5. Rotary Vacuum Flash Evaporator {Superfit, An ISO 9001:~000 

Certified Company): 

A rotary evaporator (or 
rotavap) is a device used in 
chemical laboratories for the 
efficient and gentle removal 
of solvents from samples by 
evaporation. When referenced 
in the chemistry research 
literature, description of the 
use of this technique and 
equipment may include 
the phrase ""rotary evap
orator"", though use is often 
rather signaled by other 
language (e.g., "the sample 
was evaporated under reduced 

· pressure"). 

Rotary evaporation is most often and conveniently applied to separate 

"low boiling" solvents such as n-hexane or ethyl acetate from compounds which 

are solid at room temperature and pressure. 23 However, careful application 

also allows removal of a solvent from a sample containing a liquid compound if 

there is minimal co-evaporation (azeotropic behaviour), and a sufficient 

difference in boiling points at the chosen temperature and reduced pressure. 

3.2.6. Thermostat Water Bath {Science India, Kolkata): 

The measurements were carried out in thermostatic water bath 

maintained with an accuracy of± 0.01 K of the desired temperature. 
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Labora tory water bath is a system in which a vessel containing the material to 

be heated is placed into or over the one containing water and to quickly heat it. 

These la boratory equipments are available in different volumes and 

construction w ith both digital and analogue controls and greater temperature 

uniformity, durability, heat retention and recovery. The chambers of water bath 

lab products are manufactured using rugged, leak proof and high ly resistant 

s ta inless s teel and other lab supplies. 

3 .2 .7. Digital e lectronic analytical balance: 

The mass measurements 
accurate to ±0.01 mg were 
made on a digital electronic 
analytical balance (Mettler 
Toledo, AG 285, Switzerland). 
An analytical balance is used to 
measure mass to a very high 
degree of precision and 
accuracy. The weighing pan(s) 
of a high precision (.01 mg or 
better) analytical balance are 
inside a transparent enclosure 
with doors so that dust does 
not collect and so any air 
currents in the room do not 
affect the balance's operation. 

The use of a vented balance safety enclosure, which has uniquely 

designed acrylic a irfoils, allows a smooth turbulence-free airflow tha t prevents 

balance fluctuation a nd the weighing of mass without fluctuations or loss of 

product. Also, the sample must be at room temperature to prevent natural 

convection from forming air currents inside the enclosure, affecting the 

weigh ing. 
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3.2.8. Density meter (Anton Paar(DMA 4500 M) GmbH, Austria-Europe): 

In the digital density meter, the 
mechanic oscillation of the U

tube is e.g. electromagnetically 
transformed into an alternating 
voltage of the same frequency. 
The period r can be measured 

with high resolution and stands 
in simple relation to the density 
p of the sample in the oscillator 

In the digital density meter, the mechanic oscillation of the U -tube is e.g. 

electromagnetically transformed into an alternating voltage of the same 

frequency. The period r can be measured with high resolution and stands in 

simple relation to the density p of the sample in the oscillator: 24 

p =A· r 2 - B ....... .. (4) 

A and 8 are the respective instrument constants of each oscillator. Their values 

are determined by calibrating with two substances of the precisely known 

densities Pt and p2. Modern instruments calculate and store the constants A and 

8 after the two calibration measurements, which are mostly performed with air 

and water. They employ suitable measures to compensate various influences 

on the measuring result, e.g. the influence of the sample's viscosity and the non

linearity caused by the measuring instrument's finite mass. 
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3.2.9. Ultrasonic Interferometer (Mittal Enterprises, New Delhi): 

The principle used in the measurement of the ultrasonic speed ( u) is 

based on the accurate determination of the wavelength (J) in the medium. 

Ultrasonic waves of known frequency[/) are produced by a quartz crystal fixed 

at the bottom of the cell. These waves are reflected by a movable metallic plate 

kept parallel to the quartz crystal. If the separation between these two plates is 

exactly a whole multiple of the sound wavelength, standing waves are formed 

in the medium. This acoustic resonance gives rise to an electrical reaction on 

the generator driving the quartz crystal and the anode current of the generator 

becomes a maximum. 

If the distance is now increased or decreased and the variation is exactly 

one half of wave length (J /2) or integral multiples of it, anode current becomes 

maximum. From the knowledge of the wave length (J), the speed (u) can be 

obtained by the relation. 

Ultrasonic speed (u) =Wave Length (J) x Frequency (f} ........... (5) 

The ultrasonic interferometer consists of the following two parts, (i) the 

high frequency generator, and (ii) the measuring cell. The measuring cell is 

connected to the output terminal of the high frequency generator through a 
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shielded cable. The cell is filled with the experimental liquid before switching 

on the generator. The ultrasonic waves move normal from the quartz crystal till 

they are reflected back from the movable plate and the standing waves are 

formed in the liquid in between the reflector plate and the quartz crystal. The 

micrometer is slowly moved till the anode current on the meter on the high 

frequency generator shows a maximum. A number of maxima readings of 

anode current are passed and their number (n) is counted. The total distance 

(d) thus moved by the micrometer gives the value of the wavelength (A.) with 

the following relation. 

d= n x A./2 ......... (6) 

Further, the velocity is determined from which the isentropic 

compressibility (Ks) is calculated by the following formula: 

Ks= 1 I (u2.p) ......... (7) 

where pis the density of the experimental liquid. 

Figure. 1 shows the Multifrequency Ultrasonic Interferometer i.e. (a) 

Cross-section of the measuring cell, (b) Position of reflector vs. crystal current ( 

Note: The extra peaks in between minima and maxima occurs due to a number 

of reasons, but these do not effect the value of A./2) and (c) Electronic circuit 

diagram of the instrument 
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Figure 1: The Multifrequency Ultrasonic Interferometer 

- t.11crometer 

Figure l(a): Cross-Section of 
the Measuring Cell 
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Figure 1 (b): Position of Reflector 
versus Crystal Current 



Exoerimental Section 

.. 
or 

.. 
u 

.. 
a; 

Figure 1(c): Electronic Circuit Diagram of the Instrument 
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3.2.10. Conductivity Bridge (Systronic 308 Conductivity Bridge): 

Systronlcs Conductivity-TDS meter 

308 is a microprocessor based 

Instrument . used for measuring 

specific conductivity of solutions. It 

can provide both automatic and 

manual temperature compensation. 

The instrument shows the 

conductivity of the solution under 

test at the existing temperature or 

\vlth temperature compensation. 

Provision for storing the ceU 

constant and the calibrating solution 

type, is provided with the help of 

battery back-up. This data can be 

further used for measuring the 

conductivity of an unknown 

solution. without recalibrating the 

Instrument even after switching it 

off. 

The conductance measurements were carried out on this conductivity 

bridge using a dip-type immersion conductivity ce ll of ce ll constant 1.11cm·1. 

The entire conductance data were reported at 1 KHz and was found to be ±0.3 

o/o precise. The instrument was standardized using 0.1(M) KCI solution. The cell 

was ca librated by the method of Lind and co-workers. 25 The conductivity cell 

was sealed to the side of a 500 cm3 conica l flask closed by a ground glass fitted 

with a side arm through which dry and pure nitrogen gas was passed to 

prevent admission of air into the cell when solvent or solution was added. The 

measurements were made in a thermostatic water bath maintained at the 

required temperature with an accuracy of ± 0.01 K by means of mercury in 

glass thermoregulator. 26 

Solutions were prepared by weight precise to± 0.02 o/o. The weights were 

taken on a Mettler electronic analytical bala nce (AG 285, Switzerland). The 

molarities being converted to molalities as required. Several independent 

solu tions were prepared and ru ns were performed to ensure the 
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reproducibility of the results. Due correction was made for the specific 

conductance of the solvents at desired temperatures. 

The following figure shows the Block diagram of the Systronic 

Conductivity-TDS meter 308. 
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Block Diagram of the Instrument 
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3.2.11. Abbe Refractometer (Cyberlab, MA01527, USA): 

The refractive indices of pure liquids 

and their binary mixture \Wre 

measured by using a thermostated 

Abbe refractometer. The values of 
refractive index were obtained using 
sodium D light. The uncertainty of 

refractive index measurements was 
within 0.0001. The thermostat 
temperature was constant to ±0.01 K. 

Water was circulated into the prism 
of the refractometer by a circulation 
pump connected to an external 

thermostated water bath. 

ExDerimental Section 

Calibration was performed by measuring the refractive indices of double

distilled water, toluene, cyclqhexane, and carbon tetrachloride at defined 

temperature. The sample mixtures were directly injected into the prism 

assembly of the instrument using an airtight hypodermic syringe, and an 

average of four measurements was taken for each mixture. 

The ratio of the speed of light in a vacuum to the speed .of light in another 

substance is defined as the index of refraction (aka refractive index or n) for the 

substance. 

speed oflight 
refractive index (n) _ in a vacuum 
of substance - speed oflight 

in substance .............. (8) 
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Whenever light changes speed 
as it crosses a boundary from 
one medium into another its 
direction of travel also changes, 
i.e., itis refracted (Figure 1). (In 
the spedal case of the light 
traveling perpendicular to the 
boundary there is no change in 
direction upon entering the new 
medium.) The relationship 
between light's speed in the two 
mediums (vA and va1 the angles 
of inddence (qA) and refraction 
(qB) and the refractive indexes 
of the two mediums (11A and ns) 
is shown below: 

Figure 1. Light 
crossing from any 
transparent medium 
into another in which 
it has a different 
speed, is refracted, i.e., 
bent from its original 
path (except when the 
direction of travel is 
perpendicular to the 
boundary). In the case 
shown, the speed of 
light in medium A is 
greater than the speed 
oflight in medium B 
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............. (9) 

Thus, it is not necessary to measure the speed of light in a sample in order to 

determine its index of refraction. Instead, by measuring the angle of refraction, 

and knowing the index of refraction of the layer that is in contact with the 

sample, it is possible to determine the refractive index of the sample quite 

accurately. 27 Nearly all refractometers utilize this principle, but may differ in 

their optical design. 

In the Abbe' refractometer the 
liquid sample is sandwiched into a 
thin layer between an illuminating 
prism and a refracting prism 
(figure 2). The refracting prism is 
made of a glass with a high 
refractive index (e.g., 1.75) and the 
refractometer is designed to be 
used with samples having a 
refractive index smaller than that of 
the refracting prism. 

' • < . 
... ~,~ .;>l, "'"' ~ • 

Figure 2. Cross section of part 
of the optical path of an Abbe 
refractometer. The sample 
thickness has been 
exaggerated for clarit;y. 
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A light source is projected through the illuminating prism, the bottom 

surface of which is ground (i.e., roughened like a ground-glass joint), so each 

point on this surface can be thought of as generating light rays travell ing in all 

directions. Inspection of Figure. 2 shows that light t ravell ing from point A to 

point B will have the largest angle of incidence (q,) and hence the largest 

possib le angle of refraction (qr) for that sample. All other rays of light entering 

the refracting prism w ill have sma ller qr and hence li e to the left of point C. 

Thus, a detector placed on the back side of the refracting prism would show a 

light region to the le ft and a dark region to the right. 

3.2.12. IR Spectrophotometer (Shima dzu, Ja pan): 

It measures the intensity ci 
light passing through the blank 

and measures the intensity of 

light passing through the 
sample. It is useful to calculate 

the transmittance and the 

absorbance 

The intens ity of light (/o) pass ing through a blank is measured. The 

intensity is the number of photons per second. The blank is a solution that is 

identical to the sample solution except that the blank does not contain the 

solute that absorbs light. The inte nsity of light (!) passing through the sample 

solution is measured. (In practice, instruments measure the power rather than 

the intensity of the light. The power is the energy per second, which is the 

product of the intens ity (photons pe r second) a nd the energy per photon. The 

experimental data is used to calculate two quantities: the transmittance (7) and 

the absorbance (A) . 

I 
T= A= - log1o T 

Io ............. (10) 
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k is a proportionality constant, the negative sign is shown because this is a 

decrease in intensity of the light, this makes b, c and I always positive. 

Integration of the above equation leads to Beer-Lambert's Law: za 

I , 
-In-=kbc 

10 

I 
-log-= 2.303kbc 

Io 

E= 2.303k 

I 
A=-log, I 

0 

........... (11) 

.......... (12) 

.......... (13) 

.......... (14) 

.......... (15) 

A is defined as absorbance and it is found to be directly proportional to 

the path length, b, and the concentration of the sample, c. The extinction 

coefficient is characteristic of the substance under study and of course, is a 

function of the wavelength. 
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The transmittance is simply the fraction of light in the original beam that passes 

through the sample and reaches the detector. 

3.2.13. UV / Visible Spectrophotometer (V-530, Jasco, Japan) 

Compounds that absorb 
ultraviolet and/ or visible light 

have characteristic absorbance 
curves as a function ri 
wavelength. Absorbance of 
different wavelengths of light 

occurs as the molecules move to 
higher energy states 

The UV-VIS Spectrophotometer uses two light sources, a deuterium (Dz) 

lamp for ultraviolet light and a tungsten (W) lamp for visible light. After 

bouncing off a mirror, the light beam passes through a s lit and hits a d iffraction 

grating. The grating can be rotated a llowing for a speci fi c wavelength to be 

se lected. At any specific orienta tion of the grating, only monochroma tic (single 

wavelength) successfully passes through a slit. A filter is used to remove 

unwanted higher orders of diffraction. The light beam hits a second mirror 

before it gets split by a half mirror (hal f of the light is re flected , the other half 

passes through). One of the beams is a llowed to pass through a reference 

cuvette (which contains the solvent only), the other passes through the sample 

cuvette. The intensi ties of the light beams are the n measured at the end. 

Regarding this the Beer-Lambert Law has been stated be low. 

Beer-Lambert Law 

The change in intensity of light (dl) after passing through a sample should be 

proportional to the following: 

(i) path length (b), the longer the path, more photons should be absorbed 

(ii) concentration (c) of sample, more molecules absorbing means more 

photons absorbed 

(iii) intensity of the incident light (/), more photons mean more opportunity for 

a molecule to see a photon. Thus, dl is proportional to bel or dl/ 1 = -kbc (where 
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