CHAPTER|

Introduction
The compound that will exerts a direct physiological effect on any type of living
organism is known as biologically active compound.There is a diverse world of
biologically active compound found in our daily life. Which include almost
everything that would impact on the health and other biological phenomena that
occurs in the living organism body. Some these are like vitamins, antibiotics, plant
growth regulator( auxin, ethylene, etc), drug, extra cellular soil enzyme, siderophores,
Humic substances, Natural insecticides or herbicides , Surfactant, different type of
drug, Salt, ionic liquid, carbohydrates, acid, base etc. *’
1.1. Biologically active molecule and living organism:
So a biologically active compound may be a compound that has a control on a living
system, tissue cell. In case of nutrition, biologically active compounds are different
from the essential nutrients. It is well known fact that nutrients are very much
essential to our body, but the biologically active compounds aren't essential since the
body will operate properly without them. Bioactive compounds will shows an
Associate in nursing influence on health.>* The branch Biochemistry define the
biological activity of a substance incontestable in the living organisms. The
biologically active substances area unit often from biological origin. Biological
activity characterizes the biological effectiveness of a substance and describes the
changes caused by biological material like hormones, vitamins, Enzyme and
coenzyme, different type of drug molecule, etc.””’
1.2. Technique for study the different types of interaction:
Different type of molecular interaction taking place between biologically active
molecule and the living cell is our area of interest. Biological activity or molecular
structure and physical properties will be investigated by viscometric volumetric
method in aqueous medium. Some spectroscopic properties also done like infrared
analysis, spectrofluorimetry, colorimetrical check, thermal analysis, UV-VIS
spectrophotometry, negatron magnet resonance, catalyst activity, etc., area unit
suggested for the quantitative and qualitative determination of chemical and organic
chemistry compounds, their metabolites, and degradation product.®*® Biological
activity (e.g., mutagenicity, cancerogenicity, teratogenicity, inhibitionof catalyst

activity,toxicity) Each compound possesses varied biological activities. All the
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actions and its participation within the biological, physiological and metabolically
pathways despite the distinction within the experimental conditions are included in
the the biological activity spectrum of a compound.

Provided that the changes in the gender, age, categorical species, and also the
participation within the metabolic processes and pathways etc. area tumble down.
Biologically active compounds will impart a net remarkable effect on the body
whether it is suitable or harmful to our body, so within the body that will impact on
the physiological condition in living system. Some of these type of compound are
taken into research in medicinal chemistry in order to curing of cancer, heart diseases,
gout, scurvy and many other different type of diseases. Our area of interest is focused
on some biologically active compound that we come contact in in our daily life. Like
numerous drug molecules, some food additive, food color, food preservative,
surfactant present in detergent or soap or in tooth paste etc.*® Since the study of
interaction protein molecule with the bio active molecule in the living body is very
much complicate. So the study of viscometric and volumetric, acoustic property,
spectroscopic property, refractive index, conductivity measurement, surface tension
value, rheological property etc. of these bioactive molecules with such amino acid in
Aqueous media is a simple way to understand the all type interaction taking in
between them. Water is taken as the sovent media in such cases, the logic is that water
has high dielectric constant and human body (contain roughly around 60% water) or
plants body mostly made up of water. So it is more justifiable that the interaction may
be taking place in the aqueous media in the body. These type of study is very reliable
and give us the deeper insight about the solute- solute or ion-ion, solute- solvent or
ion-solvent, or solute-cosulte interaction.'”** In addition to this, it is also helpful for
knowing the which type of interaction will predominate in the solution like
Hydrophilic-hydrophilic or hydrophilic-hydrophobic or hydrophobic-hydrophobic. So
the introductory part of my thesis mainly deals with the different type of amino acid
interactions with ionic liquid, surfactant ,drug molecule, antioxidant, food additive
,some mild stimulating alkaloid present on the drinking beverages etc. In addition to
this some application part and the solvation phenomenon including various type of
interactions occurring in solution phase like solute-solute or ion-ion interactions and
solute-solvent or ion-solvent interactions is discussed. In order to understand the
different interaction takes place between the protein molecules with this biologically

active substance we have to know about the amino acid and its function in living
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organism and there after some of the biologically active molecules function and
importance will be discussed later in this introductory chapter.?>%

1.3. Amino acid as a building block of the protein:

Amino acid is one of the most important and crucial substances for the all living
bodies which made up of protein. Protein molecules have complex structural
arrangement that contain four type of structure primary, secondary, tertiary and
quaternary structure. Primary structure made up of specific sequence of various a-
amino acid making the polypeptide chain. a- amino acid amino acid obtained from the
primary structure by the hydrolysis of protein with enzymes or mineral acid by the
following sequence.?*38

protiens — Proteoses — peptones — polypeptides — simple peptide —
a — amino acid

The secondary structure is consist of polypeptide chain form the H-bonded a-helix
structure and means of some subunits ( consist of polypeptide chain)and their spatial
arrangement with respect to each other in an aggregate protein molecule. Best known
example of a protein having quaternary structure is hemoglobin which transport
oxygen from the lungs to the cell and carbon dioxide from cell to the lungs. Following

figure 1.1 shows all types of structure of amines.

(c) Tertiary structure

(d) Quaternary structure Hemoglobin
(globular protein)

Figure 1.1. 3d view of four type of structure exist in the amino acid
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So it can understood from the above information that if we examine the interaction of
amino acid in the aqueous solution with other cosolute of biologically active molecule
it will provide us overall idea about the interaction taking place in between proteins
with the such bioactive molecules in more simpler way . Because proteins are very
much sensitive towards temperature and change in the pH which result into
denaturation of protein. However in denaturation of protein all the structure collapsed
but primary structure remain intact and protein lost it biological activity. This is
reason why we take amino acid as a representative of the living organism and
considered that the interaction taking place in between amino acid and bio active
molecules are supposed to be same as like in living body. This is the main

fundamental of the study.>***°

1.3.1. Types of amino acid and their need for living body

Our body desires as a net twenty completely different amino acids to grow and
perform the biological activity. These all are square measure vital for our living
human body, Among which only nine amino acids categories as essential amino acid.
These are listed as leucine, isoleucine, valine, methionine, tryptophan, threonine,
lysine, histidine and phenyl alanine. Non essential amino acids are produce in our
body but the essential amino acids not produce by living body. So there should be
only one option that it must consumed through our diet. Animal proteins like meat,

eggs and poultry are the best sources of essential amino acids.>*%

Histidine: This essential amino acid is employed to provide aminoalkane, a
neurochemical that's very important to response, digestion, sleep-wake cycles. It have
a crucial role for maintaining the sheath, a protecting barrier that surrounds our nerve
cells. Histidine metabolizes in Living body into histamine, which is play a vital role
in case of body immunity build up, reproductive health, and digestion.

Valine: It is one amongst 3 branched-chain amino acids that helps to stimulate muscle
growth and regeneration and is concerned in energy production.

Threonine: This essential amino acid may be a principal a part of structural proteins
like albuminoid and scleroprotein, that square measure vital parts of the skin and
animal tissue. It conjointly plays a task in metabolism and immune system . It
metabolize fat of our body and may be beneficial for people who suffering from

indigestion, anxiety, and mild depression.
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Tryptophan: This essential amino acid has several alternative functions. It’s required
to keep up correct balance and may be a precursor to monoamine neurotransmitter, a
neurochemical that regulates your appetence, sleep and mood.

Phenylalanine: This essential amino acid may be a precursor for the
neurotransmitters amino acid, dopamine, adrenaline and monoamine neurotransmitter.
It also plays vital role within the structure and performance of proteins and enzymes
and also the production of alternative amino acids. Phenylalanine facilitate the body
to use other amino acids as well as proteins and enzymes. The body converts
phenylalanine to tyrosine, which is necessary for specific neuro-function.
Phenylalanine deficiency, though rare, can lead to poor weight gain in infants. It may
also cause eczema, fatigue, and memory problems in adults. In diet sodas
Phenylalanine is often used as artificial sweetener. If excess amount of aspartame
consumed then it can increase the levels of phenylalanine in the brain which may
results into anxiety and jitteriness and insomniac disorder .

Phenylketonuria (PKU) is genetic diseases where patient unable to metabolize
phenylalanine. So they should avoid consuming diet that contain high levels of this
amino acid.

Leucine: Leucine may be a branched-chain organic compound that is crucial for
macromolecule synthesis and muscle repair. It conjointly helps regulate blood glucose
levels, stimulates wound healing and produces growth hormones.

Methionine: essential amino acid plays a vital role in metabolism and detoxification.
It’s conjointly necessary for tissue growth and also the absorption of metallic element
and chemical element, minerals that square measure very important to your health .
Methionine keeps the nails strong of our body. It will help in absorption of selenium
and zinc and the excretion of heavy metals, like lead and mercury.

Isoleucine: This branched-chain amino acids, is helps us in muscle metabolism and is
heavily focused in muscle tissue. It’s conjointly vital for immune system,
hemoprotein production and energy regulation. It will shows it activity during healing
of wound, blood sugar level maintain to optimum, and in hormone production. It is
primarily present in muscle tissue and regulates energy levels. Older adults are found
to be more isoleucine deficiency than younger people. This will results into muscle
wasting and shaking.

Lysine: Lysine plays major roles in macromolecule synthesis, internal secretion and

catalyst production and also the absorption of Calcium. It’s conjointly vital for energy
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production, immune system and also the production of albuminoid and
scleroprotein.®34

Though amino acids play versatile role in our body but moslty it recognized as a
muscle developer and repairing the muscle in the body. That’s why deficiencies of
these amino acid will negatively impact our whole body as well as our central nervous
system, procreative, immune and biological process systems. Tryptophan is required
for the assembly of monoamine neurotransmitter, a chemical that acts as a
neurochemical in living body.Serotonin is a vital regulator of mood, sleep and
behaviors. Except thsese many other non essential amino are present which are
contribute their role in order to sustain and growth of life in the living organism.

In this research work interaction of the drug molecules are also studied since without
it living body can't survive the diseases. So the Interaction as well as side effect and
how to minimize the side effect by using some techniques so called “control drug
realize” is very important. The net effect of the drug molecule on the living body can
be understood by using some spectroscopic technique and conductometric or
volumetric study can be done in aqueous media. So in order to understand that how
the drug molecule impact on the living body, it obvious to know about the importance

of the drug molecule.***®

1.4. Necessity of Drug for sustaining the life:

Chemical substances that occurred naturally or produced by the synthetic way have
the ability to curing the diseases and reducing pain are known as medicine or drug.
However, there is a distinction between the term drug and medicine. Medicine is a
chemical substance that cures diseases is safe to use and has negligible toxicity and
does not cause addiction whereas drug is a chemical substance which also cures the
diseases but it habits forming causes addiction and has the serious side effect*®*®
1.4.1. Classification of drugs:

Drugs may be classified in several different ways some of these are discussed below.
1) Based on pharmacological effect 2) based on drug action 3) based on chemical
structure.4) based on molecular targets.

1) Based on pharmacological effect: Every drug molecules have a specific effect on
the human body. Like analgesic reduce or kill pain while antiseptic either kill or arrest
the growth of microorganism. in this way different types of drugs are classified in this

category.
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2) Based on drug action: Drug molecules have a specific action on a particular
biochemical process based upon this fact the drug molecules classified in this
category. Like antacid reduces the acidity and antihistamine stop the secretion of
histamine.

3) Based on chemical structure: Drugs that have some type of structure will show the
same type of physiological effect.

4) Based on molecular targets: Drugs undergo interaction with the biomolecules for a
biologically active compound like protein, carbohydrate, lipids, and nucleic acid. That
is why are biologically active molecules are supposed to be targeted molecules for a

57-60

drug.

1.4.2. Drug interaction with biologically active molecules:
Drug molecules interact with the biologically active molecules by a different type of
techniques and mechanisms. E.g. enzymes are made up of Amino acid is plays a
crucial role to digest the food by a lock and key mechanism. Drug molecule Docking
with the active site of the enzyme so the activity of such enzyme will be hindered.
Some drugs do not bind to the active site of the enzyme but bind to a different site of
the enzyme which is called the allosteric site. The binding of the drug at the allosteric
site changes the shape of the active site of the enzyme in such a way that the natural
substrate cannot recognize it and the function of the enzyme towards substrate will
diminished. These are categorized as enzyme inhibitor drugs.®*®

Drug molecules are designed in such a way that they are combined with a
specific target. Like there are two types of adrenergic receptors called Alpha-
adrenergic receptors and beta-adrenergic receptors. These receptors differ slightly in
the structure of their active site but still can bind epinephrine. Alpha-adrenergic
receptors are present in large amounts in Tissue and beta-adrenergic present more in
the heart. So a drug if designed for beta-adrenergic then it will cause more effect on
the heart than tissue. Drugs show some side effect due to binding of it more than one
type of receptors present in the body. Different type of drugs and their importance are

discussed below.%72

1) Antihistamine: Some people show hypersensitivity towards drugs dust pollen

grains, far, fabric, it is known as an allergy that causes itching in the body and
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sneezing by the release of histamine. Brompheniramine, terfenadine, promethazine,
etc. use as an antihistamine drug to reduce allergic problems, vomiting, nausea, etc.

2) Tranquilizer: Iproniazid, phenelzine, Equanil, serotonin, etc are used for the
treatment of stress fatigue coma mild and severe mental disease are considered as a
tranquilizer. it is also known as an antidepressant drug.

3) Analgesic drug: Aspirin, Paracetamol is the most important example of a non-
narcotic pain reliever. These drugs are quite effective in relieving skeletal pain such
that due to arthritis.

Whereas morphine, Codeine, heroin are considered narcotic drug which may be
addictive.

4) Antimicrobial: These types of drugs are used to cure a disease caused by microbes
or microorganisms bacteria viruses fungi etc. Salvarsan, prontosil sulphanilamide are
these types of drugs.

5) Antipyretic: Drugs that are used to reduce the body temperature during high fever
are called antipyretics. This drug when applied to the patient, they get excess
sweating. Paracetamol, Aspirin,novalgine are the well-known example of these type
of the drug.

6) Antibiotics: This type of drugs in its low concentration either kill or inhibit the
growth of microorganism by intervening their metabolic process. Penicillin Is a very
effective drug for pneumonia, Bronchitis, sore throat. Another example is
aminoglycoside ofloxacin.

7) Sulpha Drug: Those drugs which are derivatives of sulfanilamide are called sulfur
drugs.

8) Antifertility drugs: Drugs that are used to stop the pregnancy in a woman are called
antifertility drugs or oral contraceptives. this controls the female menstrual cycle and
ovulation. Mifepristone is a synthetic steroid that blocks the effect of progesterone
and is used as an antifertility drug. Others are Norethindrone,novestrol used for the
same purpose.

9) Gastro-resistant: Rabeprazole, omeprazole, Lansoprazole, cimetidine, ranitidine
are types of drugs that can restrict the secretion of pepsin and hydrochloric acid. The
working function of these drugs is supposed to prevent the interaction of the
histamine with the receptors present in the stomach wall.

10) Allopurinol is a remarkable drug that was used to cure gout of the mid of

twentieth century to the present. It blocks the production of uric acid.”* "
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1.5. Enzymes as biologically active substances:

A biological reaction like digestion takes that place in the stomach are catalyzed by
some special catalyst these are known as enzymes. For every type of food, there is a
specific enzyme are present in our body, e.g protease for protein, urease for urea,
amylase for starch, etc. Chemically all the enzymes are found to be the globular type
of protein. Some of the enzymes are also contained some non-protein components
called cofactor for their activity. Factors are two types 1) inorganic ions such as
Zn2+, Fe2+, Cu2+,Co2+, Mo3+, K+, Na+ ,etc.

2) organic molecules, these are again are also two types (i) coenzymes and (ii)
prosthetic group. It can be easily separated from the enzyme by dialysis which is
loosely bound to the protein molecules. Whereas prosthetic groups are tightly held to
the protein by the covalent bond but can be separated by careful and controlled
hydrolysis most of these are also derived from vitamins like biotin. Protein cofactor
complex is called holoenzyme wilder inactive protein part that left after the removal
of the cofactor is called apoenzyme. A small amount of the enzyme required for the
body for perform specific functions in the body. For every biochemical reaction, there
must be a certain specific enzyme required. A large number of enzymes functioning in
the living system to sustain life.®®® A rough estimation of nearly about 3000
catalyzing different reactions present in a particular typical cell. Enzymes are also
used in industry for the production of sweet syrup from corn starch, in the
manufacture of wine from carbohydrate fermentation. The milk industry also uses
enzymes to produce cheese from the milk. So the enzyme plays important role in our
living system which cannot be ignored. The deficiency of different types of such
enzymes causes diseases formed in the body in the human body. Like PKU( phenyl
ketone urea) due to deficiency of an enzyme called phenylalanine hydroxylase which
required for converting phenylalanine to tyrosine. Due to the deficiency of this
enzyme, the other is ions present in the cell convert phenylalanine to phenylpyruvate
in terms accumulated in the bloodstream can cause severe brain damage and mental
retardation. Another type of deficiency is “albinism” due to the deficiency of the
tyrosinase enzyme that Will impact the skin color of the human and animal. Because
enough Melanine is not produced by the body in that time and the body turns into

white 896
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1.6. Vitamins and their importance for sustainable lives:
Vitamins are another type of biologically active compound that is required every day
in our diet to sustain the biological process that takes place in the living body.
Vitamins are biomolecules that cannot be produced by the body and must be intake
through our diet to execute specific biological functions for the life growth and health
of the Living Organism. Vitamins Never produced any type of energy in the cell nor
build any tissue for the cell but still, it plays a key role to keep good health for living
beings. Some of the vitamins like vitamin D vitamin A are produced in the human
body but most of the vitamins cannot be synthesized by the body so they can be intake
from the outside of the body through diet. But plants can synthesize all vitamins.**
vitamins are broadly classified into the following two categories one is called water-
soluble (B1, B2, B3, nicotinic acid, Ascorbic acid or vitamin c, etc)and another as fat-
soluble vitamins(A, D, K, E ). Since our present work deals with water. So we take
only water-soluble vitamins for investigation. some of the important vitamins are
discussed below.”"
1) Vitamin C: These water-soluble vitamins prevent different types of infections and
contribute to a healthy immune system. It also helps the body to absorb the iron that a
necessary component to carry oxygen through blood cells. Deficiency of these may
cause scurvy diseases.
2) Vitamin D: This is fat-soluble vitamin promotes the absorption of calcium in the
body and will make it important for bone health and development. It also helps to
reduce inflammation and improve our immune system. Deficiency of it causes rickets
diseases.
3) Biotin: It sustains health by increasing the absorption of carbohydrates with protein
and fat from food. It helps to keeps our hair growing and makes bones healthy and
strong.
4) Folic acid: It mainly helps us to produce fresh red blood cells, thus it stop the
diseases called anemia.
5) Vitamin E: It has functioned as an antioxidant and helpful to protect the cells from
different types of damage. Vitamin E plays a critical role in fights against critical
diseases like cancer and Alzheimer’s. It sustains the immune system by preventing
different infections and fighting off viruses, bacteria.
6) Vitamin K: It is very much important for blood clotting. It also improves bone
health. It can minimize the risk of osteoporosis and some heart diseases.
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7) Vitamin A: This fat-soluble vitamin stimulates healthy eyesight and skin
development. It also supports bone and tooth growth. In addition, vitamin A supports
the immune system and is important in the reproductive process. It also enables the
heart, lungs, kidneys, and other physiological organs to operate properly.
8) Vitamin B12: It improves the nervous system of the living body and thus helps our
body to produce fresh cells. It also minimizes the risk of heart disease.®” %
1.7. The function of nucleic acid and its importance:
It is now an established fact that the nucleus of a living cell is primarily responsible
for the transmission of genetic characteristics from one generation to the next . The
chromosome that presents in the cell is responsible for heredity which is made up of
protein and nucleic acid. Nucleic acid is two types deoxyribonucleic acid or DNA and
ribonucleic acid or RNA. A nucleic acid that made up of a repeating monomeric unit
of nucleic acid which is known as a nucleotide. nucleotides are consisting of three
parts that are sugar molecule (heterocyclic nitrogenous base) and phosphoric acid.
Complete hydrolysis of DNA or RNA gives a mixture of three different compounds
viz pentose sugar, nitrogen-containing pentose sugar heterocyclic compounds also
called the nitrogenous bases, and phosphoric acid. Two pentose sugar have been
isolated. In which DNA contains beta-2-D deoxyribose and RNA contains beta-D-
ribose.In addition to this there are two different types of heterocyclic nitrogenous base
isolated from the hydrolysis of the nucleic acid these are purine and pyrimidine. The
most common Purines are adenine and guanine which is found in nucleic acid. The 3
most common pyrimidines are uracil, thiamine, and cytosine. Nucleoside contains
only two basic components of nucleic acid that are a pentose sugar and a nitrogenous
base. Nucleosides are classified into two categories depending upon the type of sugar
present (i) ribonucleoside and (ii) deoxyribose nucleoside. There are five types of
bases present in ribonuclease sites are Adenine, guanine, cytosine thymine, uracil.
Whereas nucleotide contains all three basic components of nucleic acid, phosphoric
acid group, a pentose sugar, and nitrogenous base.***%

1.7.1. Structure of nucleic acid:
It has two levels of structure one is primary structure and the other is secondary
structure. primary structures are the sequence of four nitrogen bases that are attached
to the sugar-phosphate backbone of a nucleotides chain. secondary structure can be
understood by the chargaff's rule. It states that the base composition in DNA Varied
from one species to other but in all cases, the amount of adenine was equal to that of
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thiamine(A=T) and that of cytosine was equal to that of guanine(C=G). Watson et. al
from their studies proposed a double-helical structure for DNA. According to this
model, DNA consists of two right-handed polynucleotide strands or chains. These two
helical chains are attached to each other by H-bonding taking place between adenine
(A) with thymine(T) and guanine (G) with C(cytosine).

The biological function of nucleic acid: 1)Replication is the process by which a single
DNA molecule produces two identical copies of itself,2) protein synthesis is another
important function of DNA. Actually, proteins are synthesized by RNA molecules in
the cell but the message for the synthesis of a particular protein is encoded in DNA
there are three types of RNA molecules that take part in the protein synthesis. These
are messenger RNA(M-RNA), ribosomal RNA (r-RNA), and transfer RNA (t-
RN A).131'101'103

1.8. Carbohydrates and key role the as bioactive molecule :

I. Carbohydrates are considered as a main source of energy for functioning
biochemical processes in the living system and act as a bio-fuel. Maintaining the
blood sugar level is another important role of carbohydrate.

I1. Since carbohydrates are present and act as the main source of energy it prevents the
proteins not to burn for producing energy.

I11. In the case of fat metabolism it shows its presence to metabolize the fat.

IV. Carbohydrates are also used as an artificial sweetening agent. Sucrose and
Fructose are examples of such which used in our daily life.* Other examples are
sucrose which the trichloro derivative of the sucrose is 600 times sweeter than
sucrose. L- sugar is another type of carbohydrate that is sweet in taste. One Interesting
fact is that they did not have any calorific value because our body does not have any
such enzyme to metabolize these sugars.®® So it is very much useful for or diabetes
patient to maintain their blood sugar level. it is also used in making diet soda, diet
food, diet sweet, etc. The role of carbohydrates as a dietary fiber cant be ignored.

VI. carbohydrates drive the biological process in the living body.****%

1.9. Role and effects of Solvent on the physiochemical processes :

It was well known fact that most of the physiochemical and biological
processes occur in solution phase. So the Solvation phenomenon plays a key factor in
chemistry, biochemistry as well as in biology. The impact of the solvent in

physiochemical reactions is very important and hence numerous researchers from
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both experimental and theoretical grounds associated with chemistry or biochemistry
has shown their interest from the last decade to present. The results of any chemical
reaction is get altered by the addition of requisite amount of solvents through the
different possible interaction taking place with the local surroundings. In addition to
this this interaction also takes place with the individual reactants molecules that take
part in the reaction. The physical barrier that associated with motion of such reactive
species and the energy path that need to stabilize the energetic products yield in the
respective reactions. These can be also understood by the interaction knowledge
provided by the solvents. It was found that the solvent also distress the potential
energy curves of these type of reactions. As the solvent species surrounding a solute
molecule can form a solvated structure that can control the result of any biological or
chemical phenomena, the solvent species play an key role in the chemical or
biochemical reaction. In atmospheric phenomena and biological process the solvation
has found to be a driving factor in diverse areas that is well established fact. In living
body, solvated ions may also appear in larger amount where their absence or presence
can fundamentally distorted the life functions.’®”*®® Solvation of ions in aqueous
mixtures or any organic solvents are also very common and the changing of solvent
molecules which surrounded the ions in solutions is important to know about the
reactivity of ions in related respective solution. Since conductivity of electrolytes is
very much related to the ion-solvent interactions, so the solvated ions can govern the
electrochemical applications ,such as in cell or battery industry, extraction of metal by
electro chemical process, neuro chemical drug etc. It is obvious that maximum no. of
the chemical reactions are proceeds in solution medium and so solvents can simply
govern the reactions in a numerous way. In a reaction or any type of physiochemical
process solvents can act as a reaction medium in which reactants molecules are
solublize to proceed the reaction further. Solvent can act as one of the reactants and
convey the dissoluted solutes to bring about the chemical components together in
solution phase in the requisite amounts and make the reaction to becomes feasible.

In some thermo chemical process both in exothermic and endothermic case,
the vital parameter i.e. temperatures, are also affected by the solvents selection. In an
endothermic reactions, heat is supplied by a external heated inert solvent having high
heat capacity, while in exothermic reactions boiling the solvent or absorbing heat can
minimize the surplus heat. Most of the solid reactants do not react in the solid phase it

requires medium which will provide homogenous reaction phase (i.e., solution).
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Solvent in such case plays the role homogeneous medium to bring the solid reactants
come into contact with each other to yield the product. So, it is very much important
to select an appropriate solvent to get most fruitful outcome or expected yield of the
products. The characteristics of a ideal solvent is that it can fulfill all the required
criteria. Such as for any type of reaction conditions it is necessary to remain its
presence as an inert and must have an appropriate boiling point , thereafter at the
completion of the reaction there should not occur any kind difficulties during its
removal. It must have the ability to dissolve all the reactant species and reagents. The
reaction rate are also govern by the differential solvation taking place in the the
starting materials and transition states made by the sovent. When the reactant
molecules proceed towards to the transition state, the solvent molecules may arrange
themselves in such way to stabilize the respective transition state. The reaction rate is
high and are found to proceed faster if the transition state is seen to be stabilized to a
greater extent in respect of the starting material. On the other hand, the reaction rate
will be smaller and reaction may be slower if the transition state is stabilized to a
lesser extent than the starting materials. However, re-orientation and quick relaxation
of solvent is needed for such differential salvation to came back in the ground from
the transition state and the results of a reaction is found to be impact by the
equilibrium solvent effects. 014
1.10. Solvation consequences of solute molecules

Solvation of solute molecules is the process in which solute molecules are
surrounded by the layer of solvent and form a wrapper over the every dissolved solute
molecules. These wrapper or shell of solvent molecules are may be tightly bound or
may be it loosely bound the solute molecules depending upon the nature of the both
solute and the solvent. Intermolecular forces between the solute molecules and the
solvent molecules responsible for such formation of solvent shell or solvent wrapper.
During the solvation process only small fraction of solute get dissolved in
comparatively excessive amount of solvent. So formation of a homogeneous phase
takes place by different type of intermolecular interaction or attraction such as solute-
solute, solute-cosolute and solvent-solvent interactions in the respective solvent
medium. When the dissolution of the solute in the solution going on then with the
increase in concentration of solvent, it was found that solute-solute interactions
disappear slowly. So the solute-solvent interactions will dominate over the solute-
solute interaction. The solute molecules agitate the solvent structure when they
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dissolved into the solution and this will out-turn into the emergence of some solvation
wrapper or salvation shell (moderate order in nature) around them formed by the
solvent molecules. It was found thermodynamically that the dissolving process
becomes spontaneous if the decreasing in the free energy obtained from the salvation
process of the solute is higher than the rising in free energy due to demolition of the
different type of interactions among the solute the solvent molecules.**>**® When the
lattice energy is greater than release solvation energy then the overall process of
dissolution is supposed to be endothermic and but if the lattice energy is smaller than

the solvation energy then the overall process must evolve as exothermic.
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Fig. 1.2 Schematic representation of preferential solvation, A: binary solution mixture of
solvent 1 and 2; B: ideal solvation; C: preferential solvation by solvent 1.

1.10.1. Preferential Solvation in solvent mixture:

The solvation mechanism for binary, ternary, etc, solvent mixtures is very
much complicate in nature than that when taking place in pure solvents. The different
types of interactions takes place in the solvent mixtures plays a significant role in the
solvation phenomena, In addition to the different types of solute-solvent interactions.
As a result there is a large deviation is perceived from the ideality according to the
Raoult’s law. Solute makes an remarkable difference in the composition of solvent
mixture in sovaltion shell than that of the bulk composition.****? This may referred

as preferential solvation or selective solvation which diagrammatically represent on

15



INTRODUCTION
the in Figure 1.2. Preferential solvation mostly found due to two type of solute-
solvent interactions one is nonspecific (dielectric enrichment) and specific (hydrogen-
bonding). It may be expressed as a outcome of solvent-solvent interactions in a
solvent mixture.

1.11. lon-Solvent or Solute-Solvent Interaction takes place in salvation process

In the present day various branches of chemistry basically deal with the
solvation process of a solute by solvent molecules like formation of complex or
synthetic chemical processes, etc. Solute-solvent or ion-solvent interactions is playing
a vital role to regulate the chemical equilibrium and the rate of chemical reaction, etc.,
So that a portion of chemistry get involved with the solvation of ions or solutes and its
origin may explained in terms of solute-solvent or ion-solvent and solvent-solvent
interactions. In order to understand more clearly that if the structure of the solvent
molecule is distorted or changed by the added solute it is very much important to
know their interactions in the solution. It was found that the reactivity of a chemical
reaction is mostly increase by the preferential absorption of solute particle of reactant
molecule and the transition state through a specific or non-specific solute-solvent or
ion-solvent interactions. During the solvation process altering in energy of the
transition states are very much important. In order to know the solute-solvent or ion-
solvent interactions more appropriately, research on the nature non-electrolytes
solution and electrolytes solution in their binary mixtures of solvents and pure
solvents have drawn attention in nowdays.?3*%

During the solvation of the electrolytic molecules having neutral charge, the
lonic Solute and solvent interactions can be expressed more appropriately by knowing
the interactions between the solute (ion) and the solvent molecules. Solvent having a
ability to govern the inter-ionic forces in the ionic crystals. The inter ionic forces may
be decrease to a extent that the moving ions are formed in the mixture due to
independent transnational motion and considerable energy of these interactions that
are summarily termed as ion-solvent interactions. Figure 1.3 represents the solvation

of an ionic crystal by the exertion of a solvent.
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Fig. 1.3.lonic crystal dissoluted by a solvent.

lons can have the ability to orientate of the dipoles of respective solvent. Dipoles of
the solvent may be rip up by the spherically symmetrical electric field of the ion from
the solvent lattice and rearranged themselves with a specific charged end in direction
of the central ion. For that cause ion-dipole interaction are considered as one of the
main origin of the ion-solvent interactions takes place in the solution. In such cases
the solvent molecules considered as electric dipoles and the ions are as point charge.
Maximum no of reactions found in solutions are physiochemical or chemical or
biochemical in nature. In past century it was considered that the solvent was behave
as inert medium in any type of chemical reactions practically having no participation
in reaction. But recent research work in aqueous medium found that non-aqueous and
mixed solvents media can impart an affect on the ion-solvent interactions.*?®

Based on the association by the hydrogen bonding or acid base properties,
numerous no of organic solvents can be differentiated from each other. Other
properties like donor-acceptor properties, dielectric constants, organic group types,
hard and soft acid-base(HSAB) principles, etc may be imply to differentiate organic
solvent. Hence it is expected that thermodynamic the transport, acoustic properties,
volumetric, viscometric properties of such solvents are very much affected by the
existence of numerous electrolytes and non-electrolytes. Therefore the study of the
affect of different electrolytes or non-electrolytes on the salvation process and also in
their above said respective properties may give valuable information considering the

numerous solute-solvent and solute-solvent/ion-solvent interactions. 3%

1.12. lon-lon or Solute-Solute Interaction in solution
The interactions between solvent and ions are usually associated with the

vicinity of the ions in the mixture. It is here mentioned here that in addition to solvent
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molecules the other ions are also studied through their surrounding environment. So
mutual interaction taking place in between ion-solvent produce a key part of the "ion-
ion interaction™ between these ions. lon-ion interactions can affect the properties of
the whole solution to different degrees and are determined by the character of the
electrolyte being examined. generally, ion-ion interactions are predominant over ion-
solvent interactions.”****® In aqueous solutions of any electrolyte, ion-ion interactions
are can be easily realized theoretically, but the interaction taking place between ion-
solvent or ion-solvation very complex for study, and sometimes the small addition of
a solute can remarkably changed the structural conformation of the solvent (e.g
Water) .
1.13. Objective and application of the Research work

In present days researchers shows much more interest in the the study of
physico-chemical properties of solute-solvent systems. In order to understand the
miscellaneous intermolecular interactions taking place between components present in
the mixture, the physico-chemical properties will provide a valuable information. So
Endeavour to explore such behaviors through different type macroscopic and
microscopic properties of the solution systems is investigated. Viscometric, acoustic
,volumetric, Thermodynamic, and transport studies are very much precise technique
in this regard. Since maximum no. of the chemical and biological reactions found to
takes place in solution medium, so the chemical reactions is depending on the
behaviors of reactant present in the solutions mixture. Density, viscosity , dielectric
constant, refractive index, etc are helpful solvent parameters in order to realization of
different type of solvent properties to expressed the solvent effects in the chemical
processes. The foundation model of solution is little bit a hard task due to complex
nature of intermolecular interactions taking place in solution mixture. Therefore the
main models centered on non-directional solute-solvent interactions (like Vander
Waals interactions) are mainly applied. Various biological phenomena such as
metabolism, transporting, signaling, etc., are also affected by the solvation process.
Many theoretical considerations were also used to explore influence of the solvent
effects on the bulk solvent properties. Onsager and Kirkwood have derived a simple
model among all those treatments. There Several theories were proposed in the
previous year for calculating the number molecules of solvents associated with
respective ions and the number of those solvent molecules liberated to the bulk from
the solvation shell during ion-pair development. At the beginning cations of transition
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metal have geometrically well-defined first solvation shells. But they live through
further solvation into a next concentric solvation sphere with no apparent solvation
numbers or solvation sphere and geometries. However due to non-directional
electrostatic ion-induced dipole or ion-dipole interactions maximum no. of the ions
are get solvated in a marginally well-defined manner beyond the nearest surroundings
of the ions. The theory of explaining the affect of the solvent quantitatively and the
extent of ion-solvent interactions in solvent phase is needed to properly understand
the different type of phenomena in solution thermodynamic chemistry. Partial molar
volumes, isentropic compressibility, viscosity B-coefficient, refractive index and
limiting ionic conductivities, etc., are basically used to calculate and realize the ion-
solvent interactions takes place in solution thermodynamically.

The solute-solvent and solute-solute interactions have been found to influence
in various fields of chemistry. Such type of solute-solvent interactions may guide the
sufficient alteration in various chemical reactions accompanied with ions.™*%*%¢ These
type of change in ionic solvation are very helpful in various practical problems found
in organic and inorganic compound synthesis, waterless battery technology, studies of
reaction mechanisms and extraction of metal. Knowledge of such solute-solvent or
ion-solvent interactions accompanied with the agueous solutions have widest utility in
diverse areas, such as energy transport, heat transport, mass transport, flow of fluid
and the reaction kinetics, etc. Hence during the period from past to present a lot of
attention has been drawn on the behavior of important biologically active compounds
in various aqueous media under various experimental environment to study solute-
solvent and solute-solute interactions.

Solution thermodynamics Studies on different types of important biologically
active compounds like amino acids, alkaloids, drugs, vitamins, carbohydrates, etc., in
various aqueous solution can proposed enriched information on various type of
interactions in the solution, behavior of Solution and lifespan of numerous biological
components. Solution thermodynamic parameters of such biological compounds in
various aqueous medium help to understand the solvation process of solute.
Researchers are chosen various type of aqueous media that will increase the net effect
on these biologically active compounds and their solubility from their physico-
chemical properties.****?? So the thermodynamic parameters and transport properties
studied for such compounds would give us enriched information about different
molecular interactions takes place in their respective solutions. Actually it can be said
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that features covered a numerous topics but the main focus given towards on the
viscometric, volumetric, spectrophotometric, and refractometric studies to explore the
physico-chemical behavior of the solvent systems like aqueous media, Structures of
solute and cosolute and their specific or mutual interactions in agueous media or any

other liquid phase.

1.14. Significance and span of the Physico-Chemical Parameters

Solvation process of a solute or ion in such a solvent plays an important role in
proving solution character and thus solvation phenomena which complex nature, is
influenced by the nature of the solvent and solute, i.e., their hydrophilic-hydrophobic
behavior and molecular structure. Thermodynamic parameter and thermophysical
properties are very much useful to know about the non-ideal behavior various
complex solution systems. Because the physiochemical consequences evolve from the
interplay of numerous molecular interactions or molecular forces amongst the
different molecules.***** In order to depict the intermolecular interactions between
the different molecule through a study of some physical properties like, refractive
index, density, viscosity and conductance, etc, helps us to investigate of the
physiochemical behavior of the solution mixture. Regarding the practical point of
view, these characteristics are very much important for the petrochemical
,pharmaceutical, and food industries chemical industries. Solution viscosity, densities
and other related volumetric properties are important for physical and theoretical
strands. The density is very much important for the changing of the concentration
units and also for the study of the molecular interactions taking place in solute-solvent
systems. Density measurement is applied in various fields; it found to be helpful to
maintain quality in the production of industrial liquids, it helps in concentration
determination in the beverage, soda and food industries, etc. Limiting Apparent molar
volumes and the limiting partial molar volumes at infinite dilution can also be
obtained for the solute-solvent systems provided densities of the mixtures are known.
In addition to this the density data is very much important for the explain the

properties like viscosity, and molar refractions, etc.

20



INTRODUCTION

Chemical engineering calculations are required for gathering the knowledge of
viscosity of the solution mixture where fluid flow, heat transport, mass transport, are
the monitoring factors. Viscosity mainly provide info about the flow behavior of any
gas and any liquid and it generally alter with the alteration of temperature. In case of
solvent system it decreases as the temperature rises and vice-versa. Viscosity data
helps to know about the nature and strength and extent of forces operating among the
different type of molecules in a mixed solution system. Calculation of the viscosity
data is very robust tools for a physiochemical researchers, since viscosity or the
viscosity coefficient are dependent on the shape & size of molecule and also on the
orientation of the molecules in solution phase. So it helps us to explain the ion-solvent
or solute-solvent interactions through the measurement of free energy and the related
thermodynamic parameters of transfer (like transfer of apparent molar volume) from
one solvent to another for a ion or a solute.

Acoustic properties is another important valuable tool for gathering the
knowledge about the behavior of various solutes like vitamins, carbohydrates, amino
acids, and drugs, etc., in aqueous and non aqueous mixtures. At macroscopic level
the changes can be understood from the propagation of ultrasonic sound measurement
in solutions help to explore the changes in various physical properties. Since the
structure and interactions between molecules present in the solution are highly
affected by sound velocity, so molecular interactions can be determine quantitatively
in the solution with the help of ultrasonic speed of sound.

Refractive index is another vital parameter for determination of the various
physico-chemical phenomena of solutes in solution. Solute-solute or ion-ion, solute-
solvent or ion-solvent as well as solvent-solvent interactions can be easily derived
from the refractive index studies. Refractive index is supposed to be one of the key
parameters of a solution and it can easily be measured somewhat more accurately.
Molar refractivity helps us to know about electronic polarization of any ion present in
solution that depends on the electronic shell arrangements of ions under the influence
of the surrounding environment and neighboring ions.

In addition to this a solute-solvent system is more explained by the presence of
different electronically excited states of the solvent molecule and solute molecule
with considerable electronic interactions. When solvents of separate polarities are
imply to record the absorption spectra Solvents found that it can changes the
intensities, positions of absorption bands, shapes of the solutes. This effect arises due
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to different types of intermolecular solute-solvent interactions present in the solutions,
like ion-dipole, dipole-induced dipole, dipole-dipole and hydrogen bond, etc. These
interactions/forces may lead to alter in the energy gap between excited and ground
state of the absorbing species. Hence solute-solvent and the solvent-solvent
interactions measured from the absorption spectra of the solutes present in the
solutions. Due to this overall fact of discussion, research on the solution
thermodynamics of some biologically active compounds in various aqueous medium

have undertaken, 1491

1.15. Vital role of Solutes and Solvents used

The role of solutes and solvents in a solution mixture is included in this thesis is given
below.

1.15.1 Solutes and cosolutes
L-Leucine performs numerous functions in the body. It helps to maintain blood sugar
level, improves wound healing, and bring about the growth hormone. But leucine is
best known for its role in the muscular system. It build up the muscle in the body and
also supposed to repair it when required.
L-proline, is an amino acid. It is non-essential amino acid since body can synthesize it
by the breakdown of L-glutamate. It is well known fact that Protein is disintegrate
into amino acids the building blocks of protein. L-Proline is an important compound
that responsible for repairing the damage tissue, collagen formation, arteriosclerosis
prevention and blood maintenance pressure level of the body.
Paracetamol also known as N-acetyl-p-amino phenol or acetaminophen is an
antipyretic, mild analgesic agent and also an anti-inflammatory non-steroidal drug.**®
Allopurinol is a drug that is widely used for the treatment of the gout from mid of the
last century to till now. It has shows accurate effectiveness towards the gout problem.
Uracil is an nucleobase found in nucleic acid of RNA. It is very useful to body
in producing many necessary enzymes for proper functioning of cell in the living
body. Uracil has also wide application as an allosteric regulator in the body. It is also
found to operating in drug delivery.
Amino acids are the fundamental building blocks of proteins. Salt and some
surfactant induced electrostatic forces often modify protein structure by changing the
properties like denaturation, solubility and enzymes activity, etc. The

physicochemical properties of certain salts and surfactant in aqueous solution of
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amino acids thus provide valuable data on the solute-solvent and solute-solute
interactions. These interactions are valuable to understand the stability of proteins and
give information for several physiological and biochemical process that occur in a
living body. Hence to get a deeper insight into the hydration of protein and various
non-covalent forces that stabilizes the native structure of protein, it is important to
detect the effect of such salts and surfactant on the model of proteins compound,
simply the amino acids."®**°

Caffeine is a alkaloid which bitter in taste and state is white crystalline
(purine). It occurs as odourless, glistening needles of fleecy masses. It is found in
nature seeds, nuts, fruits and leaves of a number of plants like tea, beans, guarana,
coffee, and cola, etc. Caffeine has put its role on vasoconstriction and other
cardiovascular activities. It can have the ability to inhibit DNA reproduction and this
can lead to serious complications for pregnant woman. It may be considered as one of
the causes of cancer, ageing and heart diseases. In pharmacology this compound is
often used as diet aids, analgesics, and flu/cold remedies.

Cyclodextrins found to protect the compounds from the effects of heat, and
light, oxygen. It can be used to reduced volatility of compounds can be give rise the
shelf life and reduced liberation of compounds into the environment. Cyclodextrins
can be used to removal or isolation of specific compounds from their mixture. %162

1.16. Solvents

Since water is considered as universal solvent system , so the aqueous systems
draw the special attention. Such systems are comparatively very simple. Water is not
an inert diluents. It possess a unique cluster structure through extensive hydrogen
bonds in three-dimension, a large heat capacity and, a high boiling temperature, a high
dielectric constant and found many anomalies in its specific volume. Due to its
amazing properties it has been considered as a universal solvent in chemical,
biochemical and cellular systems. Such as water ionizes and felicitate proton
exchange between molecules to renders the affluence of ionic synergies in biological
systems. In addition to this it’s unique hydration properties towards various biological
protein molecules afford the three-dimensional structure of such macromolecules and
hence water can govern their functions in the solution.****® Regarding that the
preferential arrangement of water around the non-polar and polar parts of the
biopolymers (preferential hydration) is very engrossing and informative. Except these

interesting water properties, studies on its behavior as a solvent and its interactions
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with different biologically active compounds draw extensive attention. Therefore, in
this work different aqueous media were used as solvent systems. Cyclo dextrine,

amino acids (e.g., glycine and L-Alanine), RNA base like uracil were used as

cosolutes for different aqueous solvent systems, 1%

1.17. Activity of water as a solvent
Water is universally present in biological systems and related materials and the
surroundings. So the hydrophobic and hydrophilic interactions supposed to control the

behavior of certain products in presence of water. Its thermodynamic parameter, i.e.,
the water activity a, depict that the equilibrium amount of water is available for the
solvation of remaining solutes or for their degradation reactions which may be
chemical or biochemical. Pure water is depicted bya, =1, but a, =0 means total
skiving of ‘free’ water molecule. In order to understand comparison of stability of
certain products have the similar water activity (a,, ) in such cases knowledge of the
water structure is important. Thus hydrophobic and hydrophilic interactions takes
place between water and the bioactive molecule like drugs, foodstuff, amino acids,

etc., and the influence of such soluble molecules on the hydrogen bonds present in the

water are very valuable in order to preservation and storage of them. If water activity (
a, ) value found to be lower then it stop the growth of the microbes. So by
monitoring the water activity (@, ) in packaging food and its related industries is
giving more life time to the food. Such effect of water activity (a,, ) on the stability of
bio-systems, protein, amino acid, carbohydrates, and nucleic acids are well defined.
The gradient of the chemical potential of water (4, ) in a solution is related to
its activity (a,, ) through the expression:
1, =i, +RTIna, = u, —RTV, (c/M +Bc® +K) )
where 4, = gradient of the chemical potential and V, = the molar volume of pure

water, respectively. R, T, ¢, M and B are the universal gas constant, the absolute
temperature, the solute concentration, the solute molar mass and the so-called second
virial coefficient, respectively. The second virial coefficient (B) shows the solute-
solute and solute-solvent interactions because of non-ideal behavior of the mixture.

From the above expression it is clear that why addition of a solute always minimize

the water activity (a,, ). By rearrangement of the above expression yields:
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Ina, =-V,,(c/M +Bc*+K) <0
orB>-1/cM (2
If B<O0, water behave as weak solvent and if B =0, the solute will separated out as a
precipitate from the solution. Hence the second virial coefficient (B ) depends on pH

of the solution. Biopolymers such biologically active molecules usually have lower
value of B; so the large changes of a, values produces minor effects on the B -

values. But for existing biological systems, most of the food products and certain of
polymers c is rather large and minor changes in the moisture content leads to a large

drop in a, -values. This type of a large drop in a,, -values affects the overall structure

and arrangement of the solution taken under investigation.'®%%°

1.18. Method of Investigation

In order to investigate the solute-solute, solvent-solvent and solute-solvent
interaction there are different experimental techniques are employed. Densitometry,
Ultrasonic sound measurement, viscometry, volumetry, refractometry and UV-visible
spectroscopy were used in the used in the present study and discussed in this
thesis. Thermodynamic properties of solutions useful in determining the feasibility of
chemical reactions in solution phase and also valuable to investigate theoretical
phenomena of solution structure. Thermodynamic properties like apparent molar
volume, limiting partial molar volume and partial molar volume of transfer, etc.,
obtained from density calculation which are more convenient parameters for depicting
the solute-solvent and solute-solute interactions in the solution. The partial molar
volumes and apparent molar volumes of electrolyte solutions are familiar tool in
exploring structural interactions (i.e., ion-ion or solute-solute, ion-solvent or solute-
solvent and solvent-solvent interactions) in solution mixture.***® For electrolyte and
non-electrolyte solutions, viscosities property explains their solution behavior. The
compressibility factor, a second derivative of Gibbs energy, is reveal that it is very
sensitive towards molecular interactions taking place in solution phase. So it can also
provide valuable information regarding the partial molar volumes for such
interactions. For the electrolyte and non-electrolyte solutions viscosity measure as
function of concentration and temperature, in order to study solute-solvent or ion-
solvent (solvation) interactions. In addition to this long-range ion-ion electrostatic
interactions are also measured. Gradual addition of electrolytes may changes the
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solvent viscosity due to inter-ionic and ion-solvent interaction. The viscosity B-
coefficients will give appropriate explanation of ion-solvent or solute-solvent
interactions, i.e., the net effects of salvation process, preferential solvation and long
range structure-making or structure-breaking ability of the solutes. Refract metric
studies also draw the attention on the different molecular interactions that taking place
in solute-solvent systems of different compositions. Such studies useful in
interpretation of the character of the solutes in various solvent systems. UV-visible
spectroscopy also employed to of such solutions in order to explore the interaction
and support the results obtained previously from viscosity, Acoustic, density, and

refractive index measurements.

References:

[1] Mykhailenko, O., Kovalyov, et.al (2019). Phytochemistry, 162, 56-89.

[2] Cavazos-Gardufio, A., Serrano-Nifio, et.al H. S. (2017). Phytochemicals, 53-66

[3] Agtarap, A., Chamberlin, J. W., et.al (1967). Journal of the American
Chemical Society, 89(22), 5737-5739

[4] Mathlouthi, M. Larreta-garde, V.Xu, Z. F., & Thomas, D. (1989) Journal of
Carbohydrate Chemistry, 8(2), 233-245.

[5] Lapeyre-Mestre, M., & Montastruc, F. (2019). Interest of
pharmacoepidemiology for pharmacodynamics and analysis of the mechanism
of action of drugs.

[6] Gundersen RY, Vaagenes P, et.al 2005 Sep;49(8):1108-16.

[7] Szajdak, L. W. (2016). Bioactive Compounds in Agricultural Soils, 1-22.

[8] C. Zhao, P. Ma, J. Li, J. Chem. Thermodyn. 37 (2005) 37-42.

[9] D. B. MacDougall, Coloring of Food, Drugs, and Cosmetics.

[10] Marcel Dekker,Inc., New York, Basel, USA, 20009.

[11] M. Suman, G. Silva, D. Catelliani, U. Berisillini, V. Caffarra, M. Careri, J.

[12] S. Banipal, H. Singh, P. K. Banipal, et.al Thermochim Acta 553 (2013) 31-39.

[13] M. N. Roy, K. Sarkar, A. Sinha, J. Solution Chem. 43 (2014) 2212-2223.

[14] D. Rudan-Tasic, C. Klofutar, J. Horvat, Food Chemistry 86 (2014) 161-167.

[15] C. Klofutar, J. Horvat, D. Monatshefte. Fur. Chemie. 137 (2006) 1151-
1162.

26



INTRODUCTION

[16] G. Ayranci, M. Sahin, E. Ayranci, J. Chem. Thermodyn. 39 (2007) 1620-1631

[17] F. Hutteau, M. Mathlouthi, M.O. Protmad, Food Chemistry 63 (1)(1998) 9-16.

[18] X. Jang, C. Zhu, Y. Ma, J. Chem. Eng. Data 58 (2013) 2970-2978.

[19] T. S. Banipal, H. Singh, P. K. Banipal, Thermochimica Acta 553(2013) 31-39

[20] M N. Roy, K. Sarkar, A. Sinha, J. Solution. Chem. 43 (2014) 2212-2223.

[21] D. Rudan-Tasic, C. Klofutar, J. Horvat, Food. Chem. 86 (2014) 161-167.

[22] C. Klofutar, J. Horvat, D. Rudan-Tasic, Monatshefte. Fur. Chemie. 137
(2006)1151-1162.

[23] G. Ayranci, M. Sahin, E. Ayranci, J. Chem. Thermodyn. 39 (2007) 1620-
1631.

[24]S.S. Dhondge, D.W. Deshmukh, L.J. Paliwal, J. Chem. Thermodyn. 58
(2013)149-157.

[25] T.S. Banipal, H.Singh, P.K. Banipal, et.al Thermochim.Acta.553 (2013)31-39.

[26] S. S.Dhondge, D.W. Deshmukh,L.et.al J.Chem. Thermodyn. 58(2013) 14-157.

[27] D. Ma, X. Jiang, G. Wei, C. Zhu, J. Chem. Engg. Data 60 (2015) 1279-1290.

[28] Hou Y, Yin Y, Wu G. Exp Biol Med (Maywood). 2015 Aug;240(8):997-
1007.

[29] Hou Y, Wu G. Adv Nutr. 2018 Nov 01;9(6):849-851.

[30] Reeds PJ. J Nutr. 2000 Jul;130(7):1835S-40S.

[31] Le DT, Chu HD, Le NQ. Curr Genomics. 2016 Jun;17(3):220-9.

[32] Hoffman JR, Falvo MJ. J Sports Sci Med. 2004 Sep;3(3):118-30.

[33]Jood S, Kapoor AC, Singh R. Hum Nutr. 1995 Sep;48(2):159-67.

[34] R. R. Naik, S. V. Bawankar, P. V. Tekade, O. A. Mahodaya, Russian J.

[35] Physical Chem. A 89(1) (2015) 152-158.

[36]H. S. Franks, E. W. Evans, J. Chem. Phys., 13 (1945) 507.

[37]J. J. Kozak, W. Knight, W. Kauzmann, J. Chem. Phys., 68 (1968) 675.

[38] H. L.Freidman, C. V.Krishnan, et.al (ed.),Vol.3,Ch.1,Prenum Press,New York.

[39] C. Yanes, P. Perez-Tejeda, et.al J. Chem. Soc.,Faraday Trans, 88 (1992) 223.

[40] B.E. Conway, lonic Hydration in Chemistry and Biophysics, Elsevier

[41] Cabini, G. Conti, et.al J. Chem. Soc. Faraday Trans.77 (1981)23772384.

[42] L. M. P. Verissimo, V. C. M. Ribeiro, Food Chemistry 163 (2014) 284-288.

[43]D. R. Tasic, C. Klofutar, Food Chemistry 84 (2004) 351-357.

[44] C. Klofutar, D. R. Tasic, J. Sol. Chem. 35 (2006) 395-406.

[45] M. Igbal, R.E. Verrall, J. Phys. Chem. 91 (1987) 967-971.

27



INTRODUCTION

[46] A. K. Mishra, J. C. Ahulwalia, J. Phys. Chem. 88 (1984) 86-92.

[47]P. K. Banipal,A.K.Chahal, T.S. Banipal, Carbohydrate 345 (2010) 2262-2271.

[48] W.M. Cox, J. H. Wolfenden, Proc. Roy. Soc. London., 145A (1934) 475

[49] E.R. Nightingale, J. Phys. Chem., 63 (1959) 1381.

[50]J. Desnoyers, G. Perron, J. Solution. Chem, 1 (1972) 199.

[51] A. Einstein, Ann. Phys., 19 (1906) 289.

[52] K.G. Lawrence, A. Sacco, J. Chem. Soc. Faraday I., 79 (1983) 615.

[53] G.S. Benson, A. R. Gordon, J. Chem. Phys., 13 (1945) 473.

[54] G. L. Patrick, An introduction to medicinal chemistry,Oxford University press,
New York, 1995.

[55] V. K. Sayal, S Chavan, P Sharma, J. Indian. Chem. Soc. 82 (2005) 602-607.

[56] A. C. F. Ribeiro, M. C. F. Barros, L. M. P. Verissimo, C. I. A. V. Santos, A.
M. T. D. P. V. Cabral, G. D. Gaspar, M. A. Esteso, J. chem. Thermodyn. 54
(2012) 97-99.

[57] A. Tromans, E. Konigsberger, P. M. May, G. Hefter, J. Chem. Eng. Data 50
(2005) 2019-2025.

[58] Z. Kinart, A. Bald, Phys. and Chem. of Liquids 49 (2011) 366-378.

[59] Commonly Used Drugs: Uses, Side Effects (2015). United States: Nova
Science Publishers, Incorporated.

[60]M. Y., Y. C. (2018). Biopharmaceuticals. (n.p.): IntechOpen.

[61] Tripathi, K. (2008). India: Jaypee Brothers,Medical Publishers Pvt. Limited.

[62] Rahman SZ, Gupta V, Sukhlecha A, Indian J Pharm Sci. 2010;72(4):409-413

[63] A. Chmielewska,A. W.Stasiewicz,A.Bald, J.Mol. Liquids 122 (2005) 110-115.

[64] G. R. Hedwig, G. B. Jameson, J. Chem. Thermodyn. 59 (2013) 188-194.

[65]H. Kumar, M. Singala, R. Jindal, Thermochimica Acta 571 (2013) 28-41.

[66] M. Singla, R. Jindal, H. Kumar, Thermochimica Acta 591 (2014) 140-151.

[67] M. Singal, R. Jindal, H. Kumar, J. Chem. Thermodyn. 76 (2014) 100-115.

[68] V. K. Sayal, S Chavan, P Sharma, J. Indian. Chem. Soc. 82 (2005) 602-607.

[69] A. Tromans, E. Konigsberger, P. M. May, G. Hefter, J. Chem. Eng. Data 50
(2005) 2019-2025.

[70] Romano, J. A., Silverman, H. M., Elmer, G. (1985). The Vitamin Book:United
States: Bantam Books

[71] B Group Vitamins: Current Uses and Perspectives. (2018). (n.p.): IntechOpen.

[72] Davis, M. (2020). Eat Your Vitamins United States: Adams Media.

28



INTRODUCTION

[73] Kamangar F, Emadi A. Vitamin and mineral supplements J Prev Med.
2012;3(3):221-226.

[74] Z. Kinart, A. Bald, Phys. and Chem. of Liquids 49 (2011) 366-378.

[75] G. R. Hedwig, G. B. Jameson, J. Chem. Thermodyn. 59 (2013) 188-194.

[76] H. Kumar, M. Singala, R. Jindal, Thermochimica Acta 571 (2013) 28-41.

[77] M. Singla, R. Jindal, H. Kumar, Thermochimica Acta 591 (2014) 140-151.

[78] M. Singal, R. Jindal, H. Kumar, J. Chem. Thermodyn. 76 (2014) 100-115.

[79] R. Mehera, P. Yadav, Phys and Chem of Liquids 50 (2012) 88-101.

[80] A. E. Bell, W. M. J. Madgin, Chem. Soc. (1947) 74-76.

[81] S. Ryshetti, A. Gupta, S. J. Tangeda, R. L. Gardas, J. Chem. Thermodyn. 77
(2014) 123-130.

[82]J. Crudden, G. M. Delancy, D. Feakins, P. J. O’Relly, W. E. Waghorne, K.
G.Lawrence, J. Chem. Soc. Faraday Trans 1., 82 (1986) 2195.

[83] R. H. Stokes, R. Mills, Viscosity of Electrolytes and Related Properties,
Pergamon Press, London, 1965.

[84] A. K. Covington, T. Dickinson, Physical Chemistry of Organic Solvent
Systems,Plenum, New York, 1973, pp. 43.

[85] M. Kaminsky, Z. Phys. Chem. (Frankfurt)., 12 (1957) 206.

[86] R. L. Kay, T. Vituccio, C. Zawoyski, D. F. Evans, J. Phys. Chem., 70
(1966)2336.

[87]S. S. Dhondge, S. P. Zodape, D. V. Parwate, J. Chem. Thermodyn. 48 (2012)
207-212.

[88] K. Rajagopal, S. S. Jayabalakrishnan, J. Serb. Chem. Soc. 76(1) (2011) 129-
142.

[89]S. Chauhan, K. Singh, K. Kumar, S. C. Neelakantan, G. Kumar, J. Chem. Eng.
Data 61 (2016) 788-796.

[90] T. R. Aalto, M. C. Firman, et.al J. Am. Pharm. Assoc. XLII (1953) 449- 457.

[91] Y. J. Kim, Biol Pharm Bull. 30(6) (2007) 1052-1055.

[92] M. Strlic, T. Radovic, J. Agric. Food Chemistry 50 (2002) 6313-6317.

[93] Merriam-Webster Online Dictionary, 2007, pp.12-19.

[94] A. Schiraldi, D. Fessas, M. Signorelli, Pol. J. Food Nutr. Sci, 2012 62(1) 5-13.

[95]W. T. Keeton, J. L. Gould, Biological Science, 5™ ed., W. W. Norton & Co,
New York, 1993.

[96] A. R. Ravishankara. Science 276 (1997) 1058-1065.

29



INTRODUCTION

[97]S. T.Osinska,A. Piekarska,J Chem. Soc., Faraday Trans. 85 (1989) 3709-3715.
[98] V. K. Rattan, S.Kapoor, K. Tochigi. J. Chem. Eng. Data 47 (2002) 1388-1390.
[99] H. S. Harned, B. B. Owen, The Physical Chemistry of Electrolytic
Solutions,Reinhold, New York, 3rd ed., 1958.
[100] J. E., The Gordon Organic Chemistry of Electrolyte Solutions, Wiley-
Interscience, 1975.
[101] U. Mayer, V. Gutmann, Adv. Inorg. Chem. Radiochem. 17 (1975) 189-223.
[102] R. G. Pearson, Hard and Soft Acids and Bases, Dowdon, Hutchinson and
Ross, Strondsburgh, 1973.
[103] J.Y.Choi,E.J. Park,S. H. Chang, et.al. Korean.Chem.Soc.30 (2009) 1452-1458.
[104] D.J.Gordon,J.J. Balbach, R.Tycko,S.C.Meredith, J.Biophys.86 (2004)428-434.
[105] W. E. Waghorne, Chem. Soc. Rev. (1993) 285-292.
[106] C. Klofutar, J. Horvat, D. R. Tasic, Acta Chim. Slov. 53 (2006) 274-283.
[107] S.K.Sharma,G. Singh, H. Kumar,et.al J.Chem.Thermodyn. 98 (2016) 214-230.
[108] A. K. Nain, J. Chem. Thermodyn. 98 (2016) 338-352.
[109] A. Apelblat, E. Manzurola, J. Chem. Therodyn. 98 (2016) 173-178.
[110] F. Shakeel,N.Haq,F. K. Alanazi,l. A. Alsarra,J.Mol.Liquids219(2016)439-443.
[111] H. Xie, L. Zhao,C. Liu, Y. Cao, X. Lu, J. Chem. Thermodyn. 99 (2016) 75-81.
[112] S.Ryshetti,N.Raghuram,E.J.Rani, et.al,Int. J.Thermophys.43(2016)1-10.
[113] M. Jozwiak,L. Madej-Kietbik,H.Piekarski, ThermochimicaActa.533(2012) 22-
27.
[114] B. D. Djordjevic, I. R. Radovic, et.al, J. Serb. Chem. Soc. 74 (2009) 477-491.
[115] M. Strlic, T. Radovic, J. Agric. Food Chemistry 50 (2002) 6313-6317.
[116] Merriam-Webster Online Dictionary, 2007, pp.12-19.
[117] A. Sarkar, B. Pandit, B. Sinha, J. Chem. Thermodyn. 96 (2016) 161-168.
[118] W.T. Keeton, J.L. Gould, Biological Science, 5th ed., W. W. Norton &
Co,New York,
[119] 1993. A.R. Ravishankara. Science 276 (1997) 1058-1065.
[120] Ibuki, M. Nakahara J. Phys. Chem. 94 (1990) 8370-8373.
[121] A. Henni,. J.H. Jonathan. T. Paitoon, C. Amit, J. Chem. Eng. Data 48
[122] J. Burgess, Metal lons in Solutions; Ellis Horwood, New York, 1978.
[123] C. Reichard, Solvents and Solvent Effects in Organic Chemistry,
WILEYVCH,3rd edn, 2003.
[124] P.J. Suppan, J. Chem. Soc., Faraday Trans. 83 (1987) 495-509.

30



INTRODUCTION

[125] Abhijit Sarkar and Biswajit Sinha,Russian Journal of Physical Chemistry A,
2019, Vol. 93, No. 10, pp. 2032-2042.

[126] Banipal, T. S., Kaur (2015) The Journal of Chemical Thermodynamics,82, 12—
24,

[127] Shekaari,H., & Jebali,F (2011)Physics and Chemistry of Liquids,49(5),572—
587.

[128] P. Chatterjee, S.J. Bagchi, J. Chem. Soc. Faraday Trans. 87 (1991) 587-591.

[129] J.M. McDowali, C.A. Vincent, J. Chem. Soc. Faraday Trans. 1 (1974) 1862-
1868.

[130] K. Zuurman, K. A. Riepma, G. K. Bolhuis, International Journal of
Pharmaceutics 102 (1-3) (1994) 1-9.

[131] A. Bartolini, A. Ferrari, A. Ottani, S. Guerzoni, R. Tacchi, S.
Leone,Paracetamol, CNS Drug Rev. 12 (2006) 250-275.

[132] L. J. Roberts, J. D. Morrow, in: J.G. Hardman, L. E. Limbird, A. G. Gilman
(Eds), Goodman & Gilman*s. The Pharmalogical Basis of Therapeutics, 10th
ed.McGraw-Hill, New York, 2001.

[133] S. Budavari, M. J. O*Neil, A. Smith, P. E. Heckelman, J. R. Obenchain Jr.,J.
A. Year2001 Publisher,Merck & Co., Inc. LocationWhitehouse Station,

[134] R. Gallipeau, M. A. D*Arecea, The Marck Index, An Encyclopedia of
Chemicals, Drugs, and Bilologicals, 13th ed. Merck & Co. Inc., Whitehouse
Station, NJ, 2001.

[135] H. Kumar, I. Behal, M. Singla, J. Chem. Thermodyn. 95 (2016) 1-14.

[136] M.N. Roy, B. Sinha, V.K. Dakua, Pak. J. Sci. Ind. Res. 49 (2006) 153-159.

[137] Chang.H. Blanco, E.F. Vargas. J. Solution. Chem. 35 (2006) 21-27.

[138] P. Jain, S. Sharma, R.K. Shukla, Phys. Chem. Liq. 51 (2013) 547-566.

[139] A. C. MacMillan, T. M. Mclntire, J. A. Freites, D. J. Tobias, S. A.
Nizkorodov,J. Phys. Chem. B 116 (2012) 11255-11265.

[140] M. Aravinthraj, S. Venkatesan, M. Kamaraj, Int. J. Chem. Enviorn. & Pharma.
Res. 2(1) (2011) 5-11.

[141] R. T. Lagemann, W. S. Dunbar, J. Phys. Chem. 49 (1945) 428-436.

[142] S.D. Deosarkar, M.L. Narwade, V.V. Pandhare, Chem Sci Trans. 2 (2013) 37

[143] P. Pacak, Chem. Papers. 43 (1989) 489-500.

[144] X. Jiang, C. Zhu, Y. Ma, J. Chem. Thermodyn. 71 (2014) 50-63.

[145] A. Sarkar, D. K. Mishra, B. Sinha, J. Sol. Chem. 45 (2016) 560-573.

31



INTRODUCTION

[146] C. A. Elvehjem, L. J. Teply, Chem. Rev. 33 (1943) 185-208.

[147] A. N. Nesmeyanov, N. A. Nesmeyanov, Fundamentals of Organic Chemistry,
Vol. 3, Mir Publishers, Moscow, 1981, p. 393.

[148] A. S. Fauci, E. Braunwald, K. J. Isselbacher, J. D. Wilson, J. B. Martin, D. L.
Kasper, S. L. Hauser, D. L. Long, Harrison’s Principles of Internal Medicine,
Vol. 1, 14th ed., McGraw- Hill, New York, 1998.

[149] J. Block, in Vitamins, Kirk-othmer Encylopedia of Chemical Technology, S.
Seidel, Ed., Wiley, Hoboken, Vol. 25, 5th ed., 1996, p. 797.

[150] L. A. Carlson, J. Int. Med. 258 (2005) 94-114.

[151] A. Bartolini, A. Ferrari, A. Ottani, S. Guerzoni, R. Tacchi, S. Leone,
Paracetamol, CNS Drug Rev. 12 (2006) 250-275.

[152] L. J. Roberts, J. D. Morrow, 10th ed.McGraw-Hill, New York, 2001.

[153] S. Budavari, M. J. O’Neil, A. Smith,J. A. R. 13th ed. Merck & Co. Inc.,
Whitehouse Station, NJ, 2001.

[154] K. D. Collins, P. N. A. S. 92 (1995) 5553-5557.

[155] A. Mcpherson, Protien Science. 10 (2001) 418-422.

[156] B. B. Fredholm, K. Battig, J. Holmen, A. Nehilg, E. E. Zvartau,
Pharmacol.Rev.51 (1999) 83-133.

[157] M. L. Nurminen, L. Niittynen, R. Korpela, H. Vappatalo, Eur. J. Clin. Nutr. 53
(1999) 831-839.

[158] R. Zana, J. E. Desnoyer, G. Perron, R. L. Kay, K. Lee, J. Phys. Chem.,
86(1982) 3996.

[159] M. Mathlouthi, Food Control. 12 (2001) 409-417.

[160] A. Schiraldi, D. Fessas, M. Signorelli, Pol. J. Food Nutr. Sci, 2012 62(1) 5-13.

32



