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CHAPTER III 

EXPERIMENTAL SECTION 

3.1. NAME, STRUCTURE, PHYSICAL PROPERTIES, PURIFICATION 

AND APPLICATIONS OF THE SOLVENTS AND SOLUTES USED IN THE 

RESEARCH WORK 

3.1.1. SOLVENTS 

Nitromethane 

Nitromethane (NM) is one of the simplest organic 

nitro compounds. It is a s lightly viscous, highly 

polar liquid. 

I Appearance: I_ Liquid 

CH3N02 

61.04 gjmol 

244.15 K 

Molecular Formula: 

373-376 K 

MolecularWeight: t-
~ Boiling Point: + 

Melting Point: J 
Dielectric Constant: 35.87 at 298.15 K 

Source: Thomas Baker, India. 

Purification: It is dried with CaS04and then distilled [1). 

Application: The principl e use of nitromethane is as a s tabilize r for chlorinated 

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

It is also used most effectively as a solvent or dissolving agent for acrylate 



120 Experimental Section 

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 acidity allows it to undergo 

deprotonation, enabling condensation reactions analogous to those of carbonyl 

compounds. It is used widely in the manufacture of pharmaceuticals, pesticides, 

explosives, fibers, and coatings. It is also used as a racing fuel in Top Fuel drag 

racing, and as an important component in the fuel for miniature internal combustion 

engines that are used in radio-controlled models. 

Formamide 

Formamide (FA), also known as methanamide is an 

amide derived from formic acid. It is a clear liquid which 

is miscible with water and has an ammonia-like odor. 

I Appearance: I Molecular Formula: 

Molecular Weight: 

~ Boiling Pointo j
Melting Point: + 

Liquid 

CHJNO 

45.04 gjmol 

483K 

275-276 K 

Dielectric Constant: 109.50 at 298.15 K 

Source: Thomas Baker, India. 

Purification: It is dried by 3A molecular sieves and then distilled (1]. 

Application: Formamide is used as an ionizing agent. Formamide is chemical 

feedstock for the manufacture of sulfa drugs, other pharmaceuticals, herbicides, the 

manufacture of hydrocyanic acid. It has been used as a softener for paper and fiber. 

It is a solvent for many ionic compou nds. It has also been used as a solvent 
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forresins and plasticizers It can be used as a cryoprotectant and gel-stabilizer. It is 

known to destabi lize nucleic acid duplexes, making it useful for preparing 

hybridization buffers for RNA and DNA applications. 

N-methylformamide 

N-methylformamide (NMF) is a colorless, nearly odorless, 

organic compound which is a liquid at room temperature. 

It is highly polar solvent and infinitely soluble in water. In 

N-methylformamide the partial double bond that exists 

between the carbonyl carbon and nitrogen, which gives 

rise to a high rotational barrier. Thus, the molecule is not 

able to freely rotate around its main axis a nd the E-configuration is preferred due 

to steric repulsion of larger substituents. 

I Appearance: j ____ u_·quid 

r Molecular Formula: I C2HsNO 

~ 
Molecular Weight: 

Boiling Point: 1 

Melting Point: --f-

59.07 g/mol 

4 55.7 K 

269 K 

Dielectric Cons tant: 1 182.40 at 298.15 K 

Source: Thomas Baker, India. 

Purification: It is dried w ith molecular s ieves for two days a nd then distilled [1). 

Application: N-methylformamide (NMF) is main ly used as a reagent in various 

organic syntheses. NMF is a specialized solvent in oil refineries. It is a precursor in 

s pecialized amidation reactions where fonnamide would not be suitable. 

Formothion is an insecticide which was prepared from N-methylformamide. In the 

laboratory NMF is used as a ligand in coordination chemistry. 
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Me thanol 

Methanol, also known as methyl alcohol, wood alcohol, wood naphtha or wood 

spirits, is the simplest alcohol, and is a light, volatile, Colorless, flammable, liquid 

with a distinctive odor that is very Similar to but slightly sweeter than ethanol 

(drinking alcohol). 

Appearance: 

Molecular Formula: 

Molecular Weight: 

~ling Point: 

1- . Melting Point: 

Dielectric Constant: 

Source: Merck, India 

Liquid 

CH30H 

32.04 gjmol 

176K 

337.8 K 

32.70 at 298.15 K 

Purification: It was passed through Linde 4A molecular sieves and then disti ll ed. 

Applica tion: The la rgest use of methyl alcohol by far is in making other chemicals. 

About 40% of methanol is converted to forma ldehyde, 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 denitrifyi ng bacteria, which converts 

nitrates to nitrogen to reduce the de ni trification of sensitive aquifers. Methanol is 
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used on a limited basis to fuel internal combustion engines. Methanol is also useful 

as an energy ca rri er. It is easier to store than hydrogen, burns cleaner than fossil 

fuels, and is biodegradable. 

Acetonitrile 

Acetonitrile is the colorless organic liquid and is the 

Simplest organic nitrile. It is produced mainly as a 

byproduct of acrylonitrile manufacture. 

[_ Appearance: 

Molecular Formula: 

I Molecular Weight: I 41.05 gfmol 

~ Boiling Point: 607 K 

Melting Point: 628.3 K 

Dielectric Constant: 35.94 at 298.15 K 

Source: Merck, India. 

Purification: It is s haken with silica gel, refluxed with CaH2 and distilled over P20s 

[1]. 

Application: It is widely used in battery applications because of its relatively hi gh 

dielectric constant and abi lity to dissolve electrolytes. For si milar reasons it is a 

popu lar so lvent in cyc lic voltammetry. Its low viscosity a nd low chemi cal reactivity 

make it a popular choice for liquid chromatography. Acetonitrile plays a significant 

role as the dominant solvent used in the manufacture of DNA oligonuleotides from 

monom ers. Industria lly, it is used as a solvent in the purification of butadiene and in 

the manufacture of pharmaceuticals and photographic film. Acetoni tri le is a common 

two-carbon building block in organic synthesis as in the production of pesticides to 

perfumes . 
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1,3-dioxolane 

Dioxolane or 1,3-dioxolane is a heterocyclic acetal. 

No unusual toxic effects have been associated with the 

use of 1,3-dioxolane. The product is not explosive, not 

spontaneously flammable and has no disagreeable odor. 

Dioxolanes are a group of organic compounds sha ring the 

dioxolane ring structure. 

[ Appearance: Liquid 

Molecular Formula: CJH602 

Molecular Weight: 74.08 gfmol 

~ 
Boiling Point: -+- 178 K 

Melting Point: 348K 

Dielectric Constant: 7.34 at 298.15 K 

Source: Merck, India. 

Experimental Section 

Purification: It is dried with KOH and then distilled from sodium [1]. 

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 trioxane a nd formalde hyde for 

manufacturing polyacetal resins, painl stripper, glue stabilizer, water solub il izing 

agent for pesticides, herbicides and wood preservatives. 

N, N- dimethylformamide 

N, N-dimethylformamide is an organic compound with the formula (CHJ)2NC(O)H. 

Commonly abbreviated as OM F (though this acronym is sometimes used 
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for dim ethylfuran), thi s colorless liquid is miscible with water and the majority of 

organic liquids. DMF is a common solvent for chemi cal reactions. Pure 

dimethylformamide is odorless wh ereas technical grade or degraded 

dimethylformamide often has a fishy smell due to impurity of dimethylamine. Its 

name is derived from the fact that it is a derivative of formamide, 

the amide of formic acid. OM F is a polar (hydrophilic) aprotic solvent with a 

high boiling point. It facilitates reactions that follow polar mechanisms, such 

as SN2reactions. 

I Appearance: 
....._ 

Molecular Formula: 

~
Molecular Weight: _ 

Boiling Point; + 
Melting Point: 

Liquid 

C3H1NO 

73.09 gfmol 

212.7 K 

425-427 K 

Dielectric Constant: I 36.71 at 298.15 K 

Source: Merck, India 

Purification: It was dried by passing through Linde 4A molecular s ieves and then 

distilled [1]. 

Application: The primary use of dimethylformamide is as a solvent with low 

evaporation rate. DMF is used in the production of acrylic fibers and plastics. It is 

also used as a solvent in peptide coupling for pharmaceuticals, in the development 

and production of pesticides, and in the manufacture of adhesives, 

synthetic leathers, fibers, films, and su rface coatings [2]. It is used as a reagent in 

th e Bouveault aldehyd e synthesis and in the Vilsmeier-Haack reaction, another 

useful method of forming aldehydes. It is also a common catalyst used in the 

synthesis of acyl halides, in particular the synthesis of acyl chlorides from carboxylic 

aci ds us ing oxalyl or thionyl chloride [3). DMF penetrates most plastics and makes 

them swell. This property makes it very suitable for solid phase peptide synthesis. It 

a lso frequently occurs as a component of paint strippers for this purpose. DMF is 

very effective at separating and suspending carbon nanotubes, and is recommended 

by the NIST for use in near infrared spectroscopy of such. DMF can be utilized as a 
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standard in proton NMR allowing for a quantitative determination of an unknown 

chemical. DMF is used as a solvent to recover olefins such as 1,3-

butadiene via extractive distillation. It is also used in the manufacturing of solvent 

dyes as an important raw material. It is consumed during reaction. 

Pure acetylene gas cannot be compressed and stored without the danger of 

explosion. Ind ustri al acetylene gas is, therefore, dissolved in dimethylforma mide 

and stored in metal cylinders or bottles. The casing is also filled with agamassan, 

which renders it safe to transport and use. 

N, N- dimethylacetamide 

N,N-

dimethylacetamide is the organic compou nd wit 

h the formul a CH3C(O)N(CH3)2. This colorless, 

water-miscible, high boiling liquid is commonly 

used as a polar solvent in organic synthesis. 

DMA, as it often abbreviated, is miscible wilh 

most other solvents, although it is poorly soluble in aliphatic hydrocarbons. 

I Appearance: 

Molecular Formula: 

M I ular Weight: 

ing Point: 

Melting Point: 

Dielectric Constant: 

Source: Merck, India 

Liquid 

C.~HgNO 

87.12 gjmol 

253 K 

438.2 K 

37.78 at 298.15 K 

-+--

Purification: It was dried by passing through molecular sieves [1] . 

Application: DMA is useful solvent for reactions involving strong bases such 

as sodium hydroxide. Dimethylaceta mide is commo nly used as a solvent for fibers 

1 
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(e.g., polyacrylonitrile, spandex) or in the adhesive industry [4]. It is also employed 

in th e production of pharmaceutica ls and plasticizers as a reaction medium. 

Dimethyl sulphoxide 

Dimethyl sulfoxide (DMSO) is an organosulfur compound with th e formula (CH3)2SO. 

This colorless liquid is an important polar aprotic solvent that dissolves both polar 

and non-polar compounds and is miscible in a wide range of organic solvents as well 

as water. It penetrates the skin very readily, giving it the unusual property for many 

individuals of being secreted onto the surface of the tongue after contact with the 

skin and causing a garlic-like taste in the m outh. 

Although it has some niche medicinal uses it also has significant known side 

effects. It has been promoted as a fake cure for cancer and other conditions. 

I Appearance: 

Molecular Formula: 

Molecular Weight: 

L 
I 

Boiling Point: 

Melting Point: 

Dielectric Constant: 

Liquid 

C2H650 

78.13 gfmol 

292 K 

462 K 

46.70 at 298.15 K 
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Source: Merck, India 

Purification: It was dried by passing through Linde 4A molecular sieves. 

Application: DMSO is frequently used as a solvent for chemical reactions involving 

salts, most notably Finkelstein reactions and other nucleophilic substitutions. It is 

also extensively used as an extractant in biochemistry and cell biology. Because of its 

ability to dissolve many kinds of compounds, DMSO plays a role in sample 

management and hi gh-throughput screening operations in drug design. DMSO is 

used in PCR to inhibit secondary structures in the DNA template or the DNA primers. 

It is ad ded to the PCR mix before reacting, where it interferes with the self

complementarity of the DNA. minimizing interfering reactions. In medicine, DMSO 

is predominantly used as a topical analgesic, a vehicle for topical application of 

pharmaceuticals, as an anti-inflammatory, and an antioxidant [5]. Because DMSO 

increases the rate of absorption of some compounds through organic tissues, 

including skin, it can be used as a drug delivery system. It is frequently compounded 

with antifungal medications, enabling them to penetrate not just skin but also toe 

and fingernails. It is also used as veterinary medicines. 

Water 

Water is a ubiquitous chemical substance that is composed of 

hydrogen and oxygen and is essential for .all !mown forms of 

life. In typical usage, water refers only to its liquid for m 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 so lvent 

l Appearance: 

Molecular Formula: 

Molecular Weight: 

Liquid 

H20 

18.02 gjmol 

Boiling Point: t 100 °C 

Melting Point: ooc 
Dielectric Constant: 78.35 at 298.15 K 
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Source: Distill ed water. 

Purification: Water was first deionised and then distilled in an a ll glass distilling set 

along with alkaline KMn01 solution to remove any organic matter therein. The 

doubly distilled water was finally distilled using an all glass distilling set. 

Precautions were taken to prevent contamination from C02 and other impurities. 

The triply distilled water had specific conductance less than 1 x 10-6 S.cm- 1 1• 

Application: Water is also a good so lvent due to its polarity. The solvent properties 

of water are vital in biology, because many biochemical reactions take place only 

within aqueous solutions (e.g., reactions in the cytoplasm and blood). In addition, 

water is used to transport biological molecules. The most important use of water in 

agriculture is for irrigation. Water fit for human consumption is called drinking 

water. Water is wi dely used in chemical reactions as a solvent or reactant and less 

commonly as a solute or catalyst. In inorganic reactions, water is a common solvent, 

dissolving many ionic compounds. In organic reactions, it is not usually used as a 

reaction solvent, because it does not dissolve th e r eactants well and 

is amphoteric (acidic and basic) and nucleophilic. Nevertheless, these properties are 

sometimes desirable. Also, acceleration of Di ets-Alder reactions by water has been 

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

3.1.2. SOLUTES 

Glycine 

Glycine is an organic compound with the formula 

C2HsN02.Wi th only a hydrogen atom as the side chain, 

glycine is the smallest of the 20 amino acids 

commonly found in proteins. Glycine is a colorless, 

sweet-tasting crystalline solid. It is unique among the 

proteinogenic amino acids and it is not chiral. It can fit 

into hydrophilic and hydrophobic environments, due 
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to its single hydrogen atom side chain. 

I Appearance: --r White powder 

Molecular Formula: 

Melting Point: 

75.07 gfmol 

233oc L 
Molecular Weight: 

--L--

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

Purification: Used as purchased 

Experimental Section 

Application: The principal function of glycin e is as a precursor to proteins. IL is also 

a building block to numerous natural products. Glycine is an inh ibitory 

neurotransmitter in the central nervous system, especially in the spinal cord, 

brainstem and retina. Glycine serves as a buffering 

agent in antacids, analgesics, antiperspirants, cosmetics, and toiletries. 

L-alanine 

Alanine is a a-amino acid with the che mical formula C3H7N02. The L-isomer is one of 

the 22 proteinogenic amino acids, i.e., the building blocks of proteins. It is classified 

as a non-polar amino acid. Alanine is a non-essentia l amino acid, meaning it can be 

manufactured by the human body, and does not need to be obtained directly 

through the diet 

r Appearance: T White powder 

Molecular Formula: r C3H7NOz 

Molecular Weight: 89.09 g/mol 

L Melting Point: 
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Source: S.D. Fine Chemicals LtD., Mumbai, India 

Purification: Used as purchased 
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Application: Alanine is used for low blood sugar (hypoglycemia), diarrhea-

relateddehydration, liver disease, enlarged prostate (benign prostatic 

hypertrophy, BPH),fatigue, stress, a nd certain inherited disorders including 

glycogen storage disease and urea cycle disorders. 

L-vaine 

L-valine is a a-amino acid with the chemical 

formula CsH 11 N02. The L-valine is one of the 22 

protei nogenic amino acids, i.e., the building blocks 

of proteins. It is one of the most important amino 

acid. 

l Appearance: T White powder 

Molecular Formula: CsHuNOz 

Molecular Weight: ! _117.15 gjmol 

L Melting Point: j__ 2980C 
--~ 

Source: Loba Chemie, India 

Purification: Used as purchased 

Application: Valine is needed to keep the body in balance for greater muscle growth 

and recovery. When it comes to muscle building a nd energy, valine is perhaps best 

known for its effects as a balancing age nt of our bodies' nitrogen content. Valine has 

been shown to aid in correcting deficiencies created by drug addictions and as a 

suppl emental treatment for those addictions. 
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Ascorbic acid 

Experimental Section 

Ascorbic acid (C6Hs0 6) is a naturally occurring 

organic compound with antioxidant properties. Its 

appearance is white powder, and it is soluble in 

water. Ascorbic acid is commonly known as vitamin

C. The name is derived from a - (meaning "no") and 

scorbutus (scurvy), the disease caused by a deficiency 

of vitamin-C. 

I Appearance: I 
f Molecular Formula: 

Molecular Weight: 

Melting Point: 

White powder 

C6Hs06 

176.12 gjmol 

190°C 

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

Purification: Used as purchased 

Application: Ascorbic acid and its sodium, potassium, and calcium salts are 

commonly used as antioxidant food additives. Ascorbic acid is easily oxidized and so 

is used as a reductant in photographic developer solutions (among others) and as 

a preservative. In fluorescence microscopy and related fluorescence-based 

techniques, ascorbic acid can be used as an antioxidant to increase fluorescent signal 

and chemically retard dye photo bleaching. 

Nicotinic acid 

Nicotinic acid is an organic compound with the formula 

C6HsN02. Its appearance is w hite, translucent crystal 

powder, and it is solubl e in water. Nicotinic acid is 

commonly known as vitamin 83. 
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~ppearanc., 

I Molecula~Forrnula: 
Molecular Weight: 

elting Point: 

White, translucent 

crystal 

C6HsN02 

123.11 gjmol 

237oc 
--L--

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

Purification: Used as purchased 
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Application: Nicotinic acid (3-pyridine carboxylic acid), also known as niacin or 

pellagra-preventing factor, is an important compound which play a crucial role in 

various physiological effects, biosynthesis, metabolic reactions, and several drug 

preparations. 

D-glucose 

Glucose (C6H1206) is a simple monosaccharide found in plants. It is one of the three 

dietary monosaccharides, along wi th fru ctose and galactose that are absorbed 

directly into the bloodstream during digestion. The chemical 0-glucose is sometimes 

referred to as dextrose, a historical name that derives from 

dextrorotatory glucose because a solu tion of 0 -glucose in water rotates the plane of 

polarized light to the right (dextro). 

I Appearance: 

Molecular Formula: 

White powder 

CGH1206 

180.16 g/mol 

146-150°C 
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Source: S.D. Fine Chemicals LtD., Mumbai, India 

Purification: Used as purchased 

Application: Glucose is one of the main products of photosynthesis and fuels 

for cellular respiration. Glucose is a ubiquitous fuel in biology. It is used as an energy 

source in most organisms, from bacteria to humans. Use of glucose may be by 

either aerobic respiration, anaerobic respiration, or fermentation. 

D-mannitol 

reduction. 

I 
I 
I 

Mannitol (also referred to as mannite or manna sugar) is 

a white, crystalline solid with the chemical formula 

C6H t406. It was originally isolated from the secretions of 

the flowering ash and called manna after its resemblance 

to the Biblical food. Mannitol is classified as a sugar 

alcohol; that is, it is derived from a sugar (mannose) by 

Appearance: l White crystalline 

powder 

Molecular Formula: 

Molecular Weight: ,L 182.17 gjmol 

L MeltingPoint: _j_ 167-1700C 

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

Purification: Used as purchased 

Application: In plants, it is used to induce osmotic stress. It has several industrial 

uses, but is mainly used to produce tablets of medicine. Mannitol is used cl ini cally 

in osmotherapy to reduce acutely raised intracranial pressure until more definitive 

treatment can be applied, e.g., after head trauma. Mannitol can also be used as a 

facilitating agent for the transportation of pharmaceuticals directly into the brain. 

Mannitol is commonly used in the circuit prime of a heart lung 

machine during cardiopulmonary bypass. Mannitol increases blood glucose to a 
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lesser extent than sucrose and is therefore used as a sweetener for people 

with d iabetes, and in chewing gums. Although mannitol has a higher heat of 

soluti on than mos t sugar alcohols, its comparatively low solubility reduces the 

cooling effect usually fo und in mint candies and gums. 

D-sucrose 

D-sucrose is lhe organic compound commonly 

known as table sugar and sometimes 

called saccharose. A white, odorless, crystalline 

powder with a sweet taste, it is best known for its 

role in food. The molecule is 

a disaccharide composed of the 

monosaccharides glucose and fructose with the molecular formula C12H22011 · The 

word was formed in the mid-19th century from Latin sucrum = "sugar" a nd the 

chemical suffix -ose. 

Appearance: l 
Molecular Formula: 

White crystalline 

powder 

C12H220u 

342.3 g/mol 

1860C 

Source: S.D. Fine Chem icals LtD., Mumbai, India 

Purification: Used as purchased 

Application: Sucrose can be used to prepare density gradients for cell /organelle 

separation. It is used as a supplement in plant, insect, and bactenal culture media. It 

ca n also be used in various enzymatic assays. D-sucrose is sui table for the 

preparation of density gradients used in purification of proteins and nucleic acids by 

u I tracentri fugation. 
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Tetrabu tylphosphonium tetrafluorobora te 

Tetrabutylphosphonium tetratluoroborate is an 

ionic liquid with molecular formu la C16ih6BF4P. 

I Appearance: T White powder 

Molecular Formula: 

L 
Molecular Weight: 

Melting Point: 

346.24 gj mol 

99°C __.. __ _ 

Source: Sigma-Aldrich, Germany 

Purification: Used as purchased 

Application: The ionic liquid tetrabutylphosphonium tetrafluoroborate has vast 

application in organic synthesis and bio-catalysis, dye sensitized-cells, batteries, 

electrochemical application and phase transfer catalyst, etc. It is widely used as 

supporting electrolytes in electrochemical measurements when control of electrode 

potentials is required. 

Tetrabutylammonium tetrafluoroborate 

Tetrabutylammonium tetrafluoroborate is a 

quaternary ammonium salt with a 

tetrafluoroborate counter ion with the 

molecular formula C 1 6HJ6BF~N. 
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I Appearance: T White powder 

~olecular Formula: l- Ct6H36BF,..N 

~olecular Weight: _ 329.27 g/mol 

L MeltingPoint: 1 155-16toc 

Source: Sigma-Aldrich, Germany 

Purification: Used as purchased 

Application: It is used as reference electrolyte. 

Tetrabutylammonium perchlorate 

137 

Tetrabutylammonium perchlorate is a quaternary 

ammonium sa lt with a perchlorate counter ion with 

the molecular formula Ct6H36CIN04. 

I Appearance: T White powder 

Molecular Formula: I c16H36CINO ... 

[Molecular Weight: [ 341.91 gjmol 

L Melting Point: __[_ 211-2tsoc 

Source: Sigma-Aldrich, Germany 

Purification: Used as purchased 

Application: This electrolyte is used as a reference e lectrolyte and it is used for 

electrochemical ana lysis. 
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Tetrabutylphosphonium m ethanesulfonate 

Tetrabutylphosphonium methanesulfonate is an ionic liquid with molecular formula 

Ct6HJ6PCibSOJ. Phosphonium-based ILs is less toxic, thermally more stable, and 

readily available in bulk quantities and less expensive. 

r - Appearan ce: 

Molecular Formula: 

L 
Molecular Weight: 

Melting Point: 

Source: Sigma-Ald rich, Germany 

Purification: Used as purchased 

White powder 

Ct6H36PCH3S03 

--L--

354.53 gj mol 

59-620C 

Application: Tetrabutylphosphonium methanesulfonate Ionic liquid is now 

appearing in applications as phase transfer catalysts [6], organic synthesis and 

electrochemical media. 
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3.2. EXPERIMENTAL METHODS 

3.2.1. PREPARATION OF SOLVENT MIXTURES 

For the preparation of solvent mixture, pure components were taken 

separately in glass stoppered bottles and thermostated at the desired temperature 

for sufficient time. When the therma l 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 

solven ts to volume was accomplished by using experimental densities of the 

solvents at experimental temperature. ll was then stoppered and the mixed contents 

wer e shaken well before use. Whil e preparing different solvent mixtures care was 

taken to ensure that the same procedure was adopted throughout the entire work. 

The physical properties of di ffe rent pure and mixed solvents have been presented in 

the respective chapters. 

3.2.2. PREPARATION OF SOLUTIONS 

A sock solution for each salt was prepared by mass, and the working 

solutions were obtained by mass dilution. The uncertainty of molarity of different 

salt solutions was evaluated to be± 0.0003 mol·dm<l. 

3.2.3. MASS MEASUREMENT 

Mass measurements were made on digital electronic analytical balance 

(Mettler Toledo, AG 285, Switzerland). 
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It can measure mass to a very high precision and accuracy. The weighing pan of a 

high precision (O.OOOlg) is 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. 

3.2.4. DENSITY MEASUREMENT 

The density was measured with the help of Anton Paar density-meter (DMA 

4500M) with a accuracy of 0.0005 g.cm·3. 

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

electromagnetically transformed into a n alternating voltage of the same frequency. 

The period r can be measured w ith high resolution and s tands in simple relation to 

the density p of the sample in the oscillator [7]: 

p =A· r 2 - B (1) 

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

values are determined by calibrating with two substances of the precisely known 

densities p1 and pz. Modern instruments calculate and store the constants A and B 

after the two cali bration measurements, wh ich a re 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 fin ite mass. The instrument was calibrated by 

double-distilled water and dry air. 
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3.2.5. VISCOSITY MEASUREMENT 

Solvent viscosities were measured with the help of a suspended Ubbelohde

type viscometer, 

The kinematic viscosity (r} and the absolute viscosity (17) are given by the 

following equations. 

y=k t-1/t 

q=y.p 

(2) 

(3) 

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

constants of the particular viscometer. The time of efflux of a constant volume of the 

experimental liquid through the capillary was measured with the aid of a Racer stop 

watch capable of measuring times accurate to ± O.ls. The viscometer was always 

kept in a vertica l posit ion in the thermostatic bath with an accuracy of ± O.OlK of 

the desired temperature. The uncertainty of the viscosity measurement was± 0.003. 

In all cases, the experiments were performed in at least three replicates and the 

results were averaged. 

Relative viscosities (17r) were obtained usi ng the equation: 

'7r = IJ/ 1]0 = p t / po to (4) 

where '7· 170, p, po and t, to are the absolute viscosities, densities and flow times for 

the solution and solvent respectively. 

The viscosity was also measured with the help Brookfield DV-111 Ultra 

Programmable Rheometer fitted to a Brookfield Digital Bath TC-500. 
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3.2.6. TEMPERATURE CONTROLLER 

All the measurements were carried out in thermostatic water bath (Science 

India, Kolkata) maintained with an accuracy of± 0.01 K of the desired temperature. 

Laboratory water bath is a system in which a vessel contain ing the material to be 

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

laboratory equipments are available in different volumes and construction with both 

digital and a nalogue co ntrols a nd greater temperature uniformity, durability, heat 

retention and recovery. The chambers of water bath lab products are manufactured 

using rugged, leak proof and highly resistant stainless steel and other lab supplies. 

) 
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Water Distiller (BorosH Glass Works Limited, Ind ia): 

Water distillation units 
produc" highly treated and 
dlslnfecH•d water for 
laboratory usage. The 
distillation process rt>moves 
minerals and microbiological 
contaminants and can reduce 
levels of chemical 
contaminants. A watt>r 
distiller works by boiling 
water Into water \'apour. 
condt>nslng It and then 
returning It to Its liquid state. 
It Is collected m a storage 
container. 
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Muni cipal or well water is manually or automatically fed into the distiller unit's 

boiling chamber. A heating element in the boiling chamber heats the water until it 

boi ls. The steam rises from the boiling chamber. Volatile contaminants (gases) are 

discharged through a built-in vent. Minerals and sa lts are retained in the boiling 

chamber as hard deposits or scale. The steam enters a coiled tube (condenser). 

wh ich is cooled by cool water. Water droplets form as condensation occurs. The 

distilled water is collected in a storage tank. 

Fractional Distillation Apparatus: 

Dlstlllatlon Involves 2 
stages a nd both are 
physical state changes. (1) 
The liquid or solution 
mlxture Is boiled lo 
vaporise the mos"t volatile 
component In the mixture 
( liquid ==> gas). The ant 
bumping granules gtve a 
smoother boiling actlon.(2) 
The vapour Is cooled by 
cold \.Vater In the 
condenser to cond ense 
(gas ==> liq u id ) It back to 
a liquid (the distillate) 
which Is collected. 
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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 m ost volatile fraction of the mixture emerges 

from the top of the column, while less volatile fractions are withdrawn at lower 

points. 

Rotary Vacuum Flash Evaporator (Superfit, An ISO 9001:2000 Certified 

Company): 

A rotary evaporator (or 
rotavap) Is a device used m 
chemical laboratories for the 
efficient and gentle removal 
of solvents from samples by 
evaporation. When referenced 
tn the chemistry research 
literature. description of the 
use of this technique and 
equipment may Include 
the phrase rotary e\'ap -
orator· . thou~h use Is often 
rather signaled by other 
language (e.g.. "the sample 
was evaporated under reduced 
pressure"). 

Rotary evaporation is most often and convenienlly applied to separate "low 

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

at room temperature and pressure. llowever, careful application also allows 

removal of a solvent from a sample containing a liquid compound if there is minimal 

co-evaporation (azeotropic behavior), and a sufficient difference in boiling points at 

the chosen temperature and reduced pressure. 

) 
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3.2.7. ULTRASONIC SPEED MEASUREMENT 

The ultrasonic speed was measured with an accuracy of 0.2% using single

crystal variable-path ultrasonic interferometer (Model M-81 Mittal Enterprises, New 

Delhi) operating at 4MHz which was calibrated with water, methanol and benzene at 

required temperature. 

The principle used in the measurement of the u ltrasonic speed (u) is based on 

the accurate determination of the wavelength (A) in the medium. Ultrasonic waves 

of known frequency (f) 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 

or the sound wavelength, standing waves are formed in the medium. This acoustic 

resonance gives r ise 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 var iation is exactly one 

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

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

obtained by the relation. 

Ultrasonic speed (u) =Wave Length (-1) 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 shielded cable. The 
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cell is filled with the experimenta l liquid before switch ing on the generator. The 

ultrasonic waves move normal from the quartz crystal till they are reflected back 

from the movable plate and the standi ng waves are form ed in the liquid in between 

the reflector plate and the quartz crystal. The micrometer is s lowly 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 tota l distance (d) thus moved by the micrometer gives the value of the 

wavelength (A.) w ith 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 fo rmul a: 

Ks= 1 / (u2• p) (7) 

where pis the density of the experimental liquid. 

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

section of the measuring cell, (ii) 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 val ue of A./2) and (b) Electronic circuit diagram of the 

instrument) 
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Figure 1(a): The Multifrequency Ultrasonic Interferometer 
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Figure l(b): Electronic Circuit Diagram of the Instrument 
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3.2.8. CONDUCTIVITY MEASUREMENT 

Systronics Conductivity TDS meter-308 is used for measuring specific 

Conductivity of electrolytic solutions. It can provide both automatic and manual 

temperature compensation. 

The conductance measurements were carried out on this conductivity bridge 

using a dip-type immersion conductivity cell of cell constant l.llcm·1• The entire 

conductance data were reported at 1 KHz and was found to be ±0.3 % precise. The 

instrument was standardized using 0.1(M) KCl solution. The cell was calibrated by 

the method of Lind and co-workers [8]. The conductivity cell was sealed to the side 

of a 500 cm3 conical 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 thermo regulator [9]. 

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

were taken on a Mettler electronic analytical balance (AG 285, Switzerland). The 

molarity being converted to molality as required. Several independent solutions 

were prepared and runs were performed to ensure the 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 Systronics 

Conductivity-TDS meter 308. 
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3.2.9. REFRACTIVE INDEX MEASUREMENT 

Refractive index was be measu re with the help of Digital Refractometer (Mettler 

Toledo 30GS). 

Calibration was performed by measuring the refractive indices of double

distilled water, toluene, cyclohexane, a nd carbon tetrachloride at defined 

temperature. The accuracy of th e ins trum ent is+/- 0.0005. 2-3 drops of th e sample 

was put onto the measurement cell and the reading was taken. The refractive index 

of a sample depends on temperature. During measurement, refractometer 

determines the temperature and then corrects th e refractive index to a temperature 

as desired by the user. 
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3.2.10. FT-IR MEASUREMENT 

Infrared spectra were recorded in 8300 FT-IR s pectrometer (Shimadzu, 

japan) 

with a resolution of± 0.25 cm· 1 in the region of 400-4000 cm· 1 at room temperature 

(25 °C) with 49-54 % humidity. This KBr optics based instrument records data in 

di fferent mod es (KBr pe ll ets, Nujol mull, non-aqueo us soluti ons). 

The intensity of light (/o) passing 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 solution that absorbs 

light The intensity of light(/) passing through the sample solution is measured. ( In 

practice, instrument measures the power rather than the intensity of the light. The 

power is the energy per second, which is th e product of the intensity (photons per 

second) and the energy per photon. The experimental data is used to calculate two 

quantities : the transmittance (T) and the absorbance (A). 

I 
T = A = - l~to T 

Io (1 0) 

The transmittance is s imply t he fraction of light in the original beam that passes 

through t he sample and reaches the d etector. 
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