E) CHAPTER 1

Introduction to Analytical Chemistry

Introduction

One of the most important branches of chemistry is analytical chemistry,
which deals with the identification, separation, and quantification of the
relative concentrations of various elements in a sample. It is focused on
providing answers to inquiries on both the quantitative and qualitative
features of matter and its chemical characterization. The Big Data Era has
entwined itself more and more with analytical chemistry over the course of
the last 20 years, challenging long-held theories and bringing about paradigm
changes within the field.

A key scientific field that supplies data to other fields including materials
science, nanotechnologies, biological and physiological sciences, and
engineering is analytical chemistry. But in the previous 20 years, it has seen
a "metamorphosis" that calls for a reconsideration of its foundations, place in
science, educational components, methods, regulations, and criteria.

The norms, ideals, and definitions associated with analytical science and
chemical analysis need to be rethought in light of the current state of
uncertainty in these fields and the need to move past antiquated conceptions.
It is important to examine how definitions, regulations, processes, techniques,
and procedures changed from the 1960s onward to meet modern demands
because they are products of their respective eras. Addressing misconceptions
and expectations about analytical chemistry can enhance its significance and
application in modern science and technology.

Analytical chemistry: how it evolved

With the field entering the Big Science Era, analytical chemistry has seen
tremendous growth since the 1960s. Analytical techniques cantered around
the relationship of particles and radiation have been introduced in this age,
spanning from hard X-rays to the terahertz domain. Because it makes it
possible to link the in situ chemical makeup of smaller study objects to the
delicate interaction of radiation with matter, spectrometer has grown into an
indispensable characterization tool across multiple scientific and industrial

| 1



2 | Instrumentation & Applications of Hyphenated Techniques

areas. Significant enhancements in particularity, sensitivity, spatial
discrimination, and analysis speed have been made possible by a variety of
mass spectrometry and spectroscopy techniques, using fully automated
analytical equipment.

The resulting comprehensive suite of analytical techniques is a powerful
force in scientific advancement, but it must now tackle issues of ever-
increasing complexity using techniques that call for ever-faster, repetitive
measurements of an ever-wider range of fundamental and intricate molecular
substances and structural configurations. Over the past fifty years,
advancements in electronic devices, technological innovations, laboratory
equipment firms, smaller and nanotechnologies and generalized scientific
advances in biological sciences, chemistry, and physics have all contributed
to the growth of analytical chemistry. These developments have been driven
by tools and concepts.

Analytical chemistry definition: In the field of analytical chemistry,
chemicals are isolated, identified, and quantified employing both
conventional and advanced techniques and equipment from science. It entails
the separation between chemical elements, free radicals, or functional groups.
Quantitative evaluation provides statistical data about the relative quantities
of species, whereas qualitative analysis provides information about the nature
of an atomic in nature, molecular, or biomolecular species. The science of
gathering, analyzing, and disseminating data on the make-up and arrangement
of matter allows scientists to define and quantify matter. This is known as
analytical chemistry.

Role of analytical chemistry: The critical science of analytical chemistry is
concerned with producing new information to enhance chemical evaluation
in response to growing or novel needs. It is crucial in many different fields of
study, including food production, medical diagnostics, controlling processes,
environmental monitoring, and forensic surveys. Crucial choices about
medical care, environmental contamination thresholds, and soil remediation
could not be made without analytical chemistry. Over time, the main objective
in analytical chemistry has changed from analyzing elements and speciation
towards instrument development, with the development process being driven
by instrument makers.

Due to pressing biological demands, mass spectrometry is now a helpful
instrument for chemists, pharmacologists, doctors, and biologists. Increased
efforts in analytical chemistry and general chemistry are needed for
sustainable development operations in the chemical sector. Analytical
chemistry frequently supports methodological and experimental design,
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method encouragement monitoring of quality, multivariate analysis of
information, and interpretation of outcomes in collaborative initiatives.

Engineers, researchers in biology, medical learners, sociologists, and
legislators all take analytical chemistry courses, which continue to be an
essential component of undergraduate chemistry education. Out of 16
optional chemistry courses, it comes in third, demonstrating the need for more
research and instruction in analytical chemistry.
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The science of analytical chemistry is essential to the chemical industry
for the identification, quantification, and detection of pharmaceuticals and
foreign substances in biological material. It assists in identifying
contaminants and adulterants as well as assesses if the product is within
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acceptable levels of contamination. Analytical chemistry is heavily dependent
on diagnosis within healthcare technology and research, including blood
glucose, urine ketones, and serum cholesterol levels.

Importance of analytical chemistry in various fields: Clinical tests
performed in medicine are based on analytical chemistry and are used to assist
doctors diagnose illnesses and track patients' progress toward recovery.

Analytical chemistry is used in industry to analyze raw materials and
guarantee the quality of completed goods where the chemical makeup is
crucial. An analytical chemist develops processes for the analysis of a wide
range of items, including paints, fuels, home goods, medications, and more,
before they are marketed to consumers. Analytical chemistry techniques are
frequently used to test for potential pollutants in order to evaluate the quality
of the natural world. Chemical analysis is used to assess the health benefits
of food for main components like protein and carbohydrates as well as trace
elements like minerals and vitamins. In fact, a food's calories are frequently
determined by chemical analysis.

1. Analytical chemistry is concerned with the analysis of samples, both
quantitative and qualitative

Quantitative chemistry's primary objective is to perform qualitative and
quantitative evaluations of samples. Analytical chemists detect the analyte
and calculate its concentration in a given sample using a variety of
chemical processes and methods. Simple weighing jobs to complex studies
utilizing high-tech equipment like an lon Chromatograph (IC), Gas
Chromatograph (GC), High-Performance Liquid Chromatograph (HPLC),
Mass Spectrometer (MS), and others are covered by these procedures.

2. Both organic and heterogeneous chemistry labs use analytical
chemistry

Several areas of chemistry are frequently connected to one another and
cooperate to address a variety of problems. Evidently, both organic and
inorganic chemists utilize analytical chemistry techniques extensively. For
instance, analytical chemistry techniques are used by scientists to ascertain
sample concentrations and product contents. Additionally, analytical
chemistry enables organic chemists to use infrared spectroscopy (IR) to
detect functional groups in an existing sample or a freshly generated
chemical.

3. The foundation of instrumental chemistry is basic analytical chemical
techniques
Based on fundamental analytical chemistry concepts, instrumental
biochemistry is a subfield of analytical chemistry. Despite the fact that
instrumental chemistry uses even with the mostsophisticated technologies,
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conducting studies and assessing outcomes still demands an understanding
of even the most basic analytical techniques.

. Clinical laboratory technicians can analyze individual biological
samples with the help of analytical chemistry

The biochemical examination of human biological material or bodily
fluids is the foundation of clinical chemistry. Analytical chemistry
techniques are used to examine your biospecimens when you take a blood,
urine, or saliva test. Simple chemical reactions are needed for certain
studies, whereas instrumental sample analyses are needed for others. In
any event, clinical lab scientists can accurately provide the laboratory test
findings that a doctor is looking for through analytical chemistry.

. Healthcare workers can recognize and treat illnesses according to
analytical chemistry

Analytical chemistry not only makes bodily fluid studies possible for
clinical lab scientists, but it also aids medical practitioners in diagnosing
conditions and suggesting efficient course of therapy. Physicians can make
a variety of diagnoses by determining the quantity of hazardous waste or
the quantity of nutrients present in bodily fluids. Analytical testing, both
quantitative and qualitative, are also essential for developing treatment
strategies that take into account the patient's body's various chemical
levels.

. Analytical chemistry is important in forensic sciences

In order to support investigations, forensic science studies and evaluates
evidence from crime scenes. It resolves complicated issues using both
basic and sophisticated strategies. The fields of analytical science and
molecular biology are becoming more important in forensic investigations.
Drug analysis, forensic pathology, DNA analysis, and trace evidence
investigation are examples of common forensic tests. Blood analysis,
DNA fingerprint identification, and criminology-related analysis are all
included in forensic analysis. The identification and examination of
biological components are aspects of bioanalytical chemistry and analysis.

. Pharmaceutical product development involves analytical chemistry
techniques

Researching, creating, and managing the standard of pharmaceutical
goods all depend on analytical chemistry. Through a battery of analytical
tests, scientists are able to better assess the safety and efficacy of novel
medications. Although HPLC is the main analytical technique utilized in
the pharmaceutical sector, other techniques are also commonly employed.
Chemists wasn't going have been able to investigate the chemical and
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physical characteristics of pharmaceuticals without analytical chemistry.
Because of this, the development of safe and effective pharmaceutical
products depends heavily on analytical chemistry.

8. Analytical chemistry is essential to reducing pollution in the
environment

Pollution of the air, water, and land are all considered forms of
environmental pollution, and they have a wide range of detrimental effects
on our world. Since pollution from industry is the main contributor to
climate change, it is critical to monitor and manage the level and
composition of pollutants in the environment. And this is where the
application of analytical chemistry is made. Analytical chemists assist
environmental scientists in assessing the level of pollution in the
environment by examining the contents of the air, water, and land.
Research on controlling pollution levels and reducing the number of
hazardous compounds released into the environment can benefit from this
knowledge.

9. The use of analytical chemicals in precise quality-control analysis

Numerous uses for analytical chemistry exist in quality control. We can be
confident that the food and water we consume are safe to consume thanks
to accurate assessments. Drug effectiveness and purity can also be verified
by analytical techniques. Furthermore, it is the duty of environmental
analytical chemists to keep an eye on the amount of greenhouse gases that
exist in the atmosphere. We might not have been able to utilize effective
medications or consume nutritious meals without analytical chemistry.

10. Analytical chemistry is important in agricultural industry

In the field of agriculture, analytical chemistry is essential to maintaining
soil fertility, increasing crop output, and improving crop quality.
Professionals may use it to detect fungal contaminations, assess soil
nutrients and harmful metal levels, and test pesticides. It is applied to tough
crop examination, evaluation of water, and soil testing. Assessing soil
looks at both organic and inorganic minerals to see if it is suitable for
growing crops and for the microbiological environment. Hard water can
deposit lime on rich soil, rendering it unsuitable for agriculture. Water
testing can assist discover this. Lastly, severe crop testing assesses
pollutants and pesticide residues in harvested crops. Plant material is
rejected for use by humans if it has a high concentration of insecticide or
other waste. All things considered; analytical chemistry is essential to the
agronomic industry.
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Analytical chemistry
Analytical techniques categorize into:

A. Chemical
B. Instrumental Techniques
Chemical procedures involve basic glassware manipulation and chemical

processes, while instrumental approaches use intricate instruments for energy
quantification and sample makeup.

Combining chemical and instrumental procedures is often the optimal
approach for addressing issues, with advancements in analytical measures
largely attributed to general instrumentation breakthroughs.

Benefits of the instrumental approach:

1. Its speedy determination (it may be done in as little as 1/100 of a
second).

It's possible to utilize little samples.

Difficult samples are manageable.

Eallb o

There is an increase in sensitivity.
5. Measurements are achieved with reliability.
Benefits of the chemical approach:
1. The processes are basic simplicity.
2. The methods are precise.
3. The techniques typically rely on precise measurements.
4. Often, specialized training is not necessary.
5. The necessary equipment is reasonably priced.
Limitations of chemical approaches:
1. Their lack of specificity.
2. Procedures typically take a lot of time.
3. As quantities decrease, accuracy declines.
4. The lack of adaptability is evident.
5. The chemical atmosphere is important.
Limitations of Instrumental approaches:
1. There must be an initial calibration, or ongoing calibration.

2. The calibration wet chemical technique or reference instrument
determines the accuracy and sensitivity.

3. The final accuracy is often 15% or less.
Complex equipment has high initial and ongoing costs.
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5. There is a restricted concentration range.
6. It often takes a large amount of space.
7. Specialized instruction is required.

A. Classical (Chemical):

Classical analytical techniques rely on chemical reactions for analysis, while
instrumental techniques measure an analyte's physical characteristics.

Classical qualitative analysis: In classical qualitative analysis, one or more
chemical reagents are added to the analyte, allowing identification through
chemical reactions and byproducts. These reagents react selectively with a
single class of chemical compounds, producing a unique reaction product,
typically colored or vapor or precipitate.

Classical organic qualitative analysis involves chemical interactions
between organic molecules' functional groups and reagents, often yielding
fragmentary information. To identify the whole molecule, functional group
analysis is combined with other measures like densities, melting temperatures,
and boiling points. This method can be complex due to the multitude of
potential chemical species in the combination.

Classical quantitative analysis: Classical quantitative analysis categorizes
into:

I. Gravimetric analysis

II. Volumetric analysis

Analyte and other reagents undergo extensive chemical reactions in both
procedures.

I. Gravimetric analysis: The foundation of gravimetry is the capacity to
transform the intended component into a pure, measurable form.
Precipitation, electrodeposition, and volatilization are methods that can be
used for this.

Precipitation of the desired element, filtering, drying, and weighing of the
precipitate are the steps involved in producing a pure sample via
precipitation.

In electrodeposition, a current is sent Via an electrode to isolate the desired
ingredient. The quantity of the intended ingredient may be determined by
weighing the electrode both before and after the plating operation.

The electrodeposition method and volatilization are comparable in that
they both record a weight differential. In this instance, a known
stoichiometric reaction breaks down the sample, and one of the products
is volatilized. The quantity of vaporized ingredient is shown by the weight
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II.

difference between the pre- and post-volatilization states. Generally
speaking, weight loss results from a compound's destruction.

Volumetric analysis: Titrimetric analysis, also known as volumetric
analysis, involves adding a reagent (titrant) to an analyte slowly or
stepwise using a burette. The equivalency point, indicated by a color
change, is crucial for successful titrimetric studies. A chemical indicator
is introduced before the titration to prevent spontaneous color changes.
Chemical indicators undergo color changes at or near equivalency points
in acid-base, oxidation-reduction, complexation, and precipitation
titrations. The titration ends when the amount of titrant matches the
indicator color change. When combined with the known titrant
concentration, the end point serves as an estimate of the equivalency point
and is utilized to determine the amount or concentration of the analyte.

Volumetric titrations come in four kinds, each of which based on a
particular kind of reaction.

a. Acid-base titration

b. Oxidation-reduction titration
c. Precipitation titration

d. Complexometric titration

a

. Acid-base titration: There is a neutralizing reaction during an acid-
base titration. Titration with a suitable standard base solution is used to
determine acids, while titration with a suitable standard acid solution is
used to determine bases.

An acid-base titration can be carried out in a solvent other than water,
and the choice of solvent can often dictate whether the analysis is
successful or not.

b. Oxidation-reduction titration: In an oxidation-reduction titration, the
titrant and the chemical being evaluated undergo a change in oxidation
state.

The titrant and sample must be in stoichiometric amounts and at the
proper oxidation state.

c. Precipitation titration: A precipitation titration and the gravimetric
technique are comparable. The distinction is that a stoichiometric
amount of precipitating agent (the titrant) is supplied and the volume
required for the reaction is determined, as opposed to employing an
excess of precipitating agent. The precipitating agent solution is a
standard solution; thus, it is possible to determine how much of the
desired element is present. Precipitation methods generally only work
with a limited range of species and have trouble identifying the
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titration's stoichiometric point in a practical and straightforward
manner.

d. Complexometric titration: A complex is formed as a result of the
reaction that occurs in a complexometric titration, when the titrant is a
complexing agent.

It's not possible to employ every complex-former as a titrant. In
actuality, the majority don't fulfill the conditions necessary to be an
effective titrant. The last 15 to 20 years have seen the most exploitation
of this kind of titration.

There has to be a way for figuring out the titration's stoichiometric point
for all volumetric methods. Depending on the method used—chemical
action (color indicators) or instrumental action—the detection system
selected should result in a discernible change that happens to coincide
with the reaction's stoichiometric point. The equivalence point is the
titration's true stoichiometric point, whereas the location that was
obtained by experimentation is known as the end point. The titration
error distinguishes between the two.

B. Instrumental techniques:
Depending on the characteristic of the analyte that has to be tested, many

kinds of instrumental techniques of chemical analysis exist. Numerous
techniques are applicable to qualitative as well as quantitative analysis.

The three main types of instrumental techniques are:

I.  Spectral

II. Electroanalytical

III. Separative technique

I. Spectral:

Spectral techniques measure the electromagnetic radiation analyte absorbs,
scatters, or emits, making them the largest category of instrumental methods

due to the wide range of radiation types monitored and the significant variation
in measurement techniques between methods.

a. Absorptiometry: Absorption occurs when a photon hits a molecule,
causing it to become excited and decrease in intensity as it travels
through the sample. Absorbance spectrophotometry and absorptiometry
are used to detect absorption in an assay, as they measure the amount of
energy delivered over a unit area in a unit of time.

Absorptiometry categorizes radiation based on its energy or wavelength
range.

Different types include:
i.  Thermal analysis
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ii.

ii. Infrared spectrophotometry

iii. Ultraviolet-visible spectrophotometry
iv. X-ray absorption

v. Microwave absorptiometry

vi. Radiowave absorptiometry

vii. Mass spectrometry

These methods measure radiation using different equipment depending
on the spectral area, but their working principles remain the same. The
radiation is measured using various techniques depending on the spectral
area.

Instruments consist of three main components: an electromagnetic
radiation source, a transparent cell for holding the sample, and a detector
that accurately measures the intensity of the radiation after passing
through the sample and cell.

Thermal analysis: Thermal analysis involves heating an analyte to
measure its properties. The sample's temperature is checked during
heating, comparing it to an inert material. This data helps identify
breakdown processes and is used for qualitative and quantitative
analysis.

Thermo gravimetric analysis: TGA records the sample's weight
variation in relation to temperature, used in corrosion investigations,
alloy and mixture composition analysis, and thermal stability testing.

Differential thermal analysis (DTA): When a sample material is
exposed to a controlled temperature program, the temperature difference
between it and the material used as a reference is measured as an
indication of temperature. Phase diagram development, solid sample
phase transition analysis, thermal stability, and polymer characterization.

Differential scanning calorimetry (DSC): When exposed to a certain
temperature, the difference in energy inputs between a sample substance
and a reference material is measured. used in drug purity analysis and
reaction kinetics.

Infrared spectrophotometry: Infrared radiation absorption causes
vibrational and rotational changes in molecules, reflecting the vibrational
energy levels of individual atoms or groups. This technique is commonly
used for organic qualitative analysis, as vibrational energy levels depend
on atom types and functional groups. However, it can also be used for
quantitative analysis by tracking the amount of radiation absorbed at a
specific energy peaks in the molecule's spectrum.
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iil.

iv.

vi.

UV-Visible spectrophotometry: UV-vis spectroscopy (UV-vis) is a
widely used method to identify complexes between inhibitory chemicals
and electrolyte metals. It provides information on adsorption bands and
transitions based on functional groups. Chromophores, molecules that
absorb visible or ultraviolet light wavelengths, are present in many
compounds. The Beer Lambert law allows for the determination of
sample concentration from UV and UV-VIS spectra. UV and UV-VIS
spectra are recorded for samples with high and low pH values, and
findings are compared to established standards.

X-ray absorption: X-ray absorption spectra reveal the energy required
to excite electrons from inner orbitals, which are close to the nucleus, to
vacant outer orbitals. This energy can ionize an analyte, removing every
electron from the atom or molecule. The analysis of X-ray absorption
spectra provides information about specific atoms within a molecule,
rather than the molecule as a whole.

X-ray absorption is used for qualitative and quantitative analysis,
comparing an analyte's spectrum to recognized compounds. The
methodology remains consistent across all spectrum areas, with the same
measuring procedures used for both qualitative and quantitative analysis.

Microwave absorptiometry: FElectron resonance is studied using
spectrometry, which absorbs microwave radiation and changes electron
spin states. This method is useful for studying the compositions and
behaviors of materials with unpaired electrons. The absorbed radiation
can also alter the rotational energy levels of molecules, representing the
various ways a molecule can rotate around its chemical link. The allowed
rotational levels depend on the types of linked atoms, making it a
valuable tool in molecule research.

Radiowave absorptiometry:

NMR: Atoms' spinning nuclei can change spin states when exposed to
enough energy in a radiofrequency region with a magnetic field. Nuclear
magnetic resonance spectrometry can study atomic nuclei and potential
spin states, as different atoms have distinct potential spin states with
different energy separations. Detecting spin states requires an external
magnetic field, as it is only possible when an external magnetic field is
present.

The intensity of a magnetic field influences the energy at which
absorption occurs, which can be influenced by factors such as
neighboring atoms' spinning nuclei. This can shift absorption energies
slightly, allowing for the inference of distinct nuclei groups bonded to
the atom. Nuclear magnetic resonance spectrometry is particularly useful
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for qualitative analysis of organic substances, as it helps to determine the
quantity and types of these distinct nuclei.

vii. Mass spectrometry: Mass spectrometers convert molecules into ions,
controlled by magnetic and electric fields. Three key elements are
needed: an ion source, a mass analyzer, and a detector. The ion source
ionizes the sample, the mass analyzer sorts ions based on their mass-to-
charge ratio (m/z), and the detector displays the detected ions on a mass
spectrum chart. Most results are expressed in terms of m/z, where z
represents the number of charges and m is the ion's molecular weight.

Mass spectrometry (MS) is a powerful analytical method for identifying
and measuring therapeutically significant analytes, particularly proteins
or peptides with multiple ionic charges. It allows for qualitative and
quantitative measurement of a wide range of analytes, extending its
capabilities to various clinical applications when combined with gas or
liquid chromatographs.

b. Scattered radiation: The second primary spectrum technique uses
radiation to examine an analyte's particles, scattering them in various
directions. The intensity of the incoming or dispersed radiation is
measured by a detector. This technique can be used for qualitative or
quantitative analysis, depending on the scattering mechanism. If the
intensity is determined, a working curve representing the intensity is
created for quantitative analysis.

i. Turbidometry and Nephelometry: Two methods for quantitative
analysis using scattered radiation include turbidimetric measures and
absorption measurements. The detector reacts to the lowered intensity
of incident radiation if the apparatus is built parallel to the cell and
radiative source. Turbidimetric measures measure decreasing intensity,
matching findings with absorption measurements. The decreasing
intensity is correlated with the concentration of scattering species in the
cell at a fixed wavelength, similar to absorption measurements.
Rayleigh and Tyndall scattering methods do not provide qualitative
analysis data due to the wavelength of scattered radiation being the
same as the incoming light's wavelength. Nephelometry, a technique
that measures the intensity of scattered radiation, differs from
turbidimetric measurements by positioning the detector perpendicular
to the incoming radiation's path, rather than aligned with the radiation
source and cell. This makes it impossible to measure the intensity of
incident radiation if the detector is in the radiation's path. Tyndall
scattering is used in conjunction with nephelometry and turbidimetry
to quantitatively assess turbid solutions.
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ii.

Refractometry: Refractometry is a spectral analysis method where the
direction of incident light changes. It calculates a substance's refractive
index, which is the ratio of electromagnetic radiation's velocity in a
vacuum to its velocity in the medium of interest. Measuring velocities
of electromagnetic radiation is challenging, so the refractive index is
calculated based on the direction of radiation change due to velocity
drop. The refractive index, a consistent and precise measure of a
material's refraction, is utilized for qualitative examination of pure
substances and quantitative examination of simple mixtures with
known components.

c. Emission radiation: Spectroanalytical techniques use radiation
emission measurements after an analyte is initially excited by an external
energy source.

i

Luminescence: It is the most common scenario, where excitation
occurs following electromagnetic radiation absorption. The
absorption mechanism is similar to absorptiometric measurements,
with an electron in the analyte molecule or atom dwelling in a higher
electron orbital with one or more unoccupied orbitals closer to the
nucleus. When the excited electron returns to a lower electron orbital,
emission occurs, releasing luminescence radiation.

Luminescence occurs when an excited electron returns to the lower
electron orbital without flipping its spin or altering its rotation
direction when subjected to a magnetic field.

This emission can occur in two ways: after initial absorption, where
fluorescence occurs immediately after absorption, and stops as soon
as absorption does. However, there is a rare possibility of an excited
electron inverting its spin and returning to a lower electron orbital,
which is rare.

Phosphorescence refers to the emission of a substance after
absorption, which may take time for the spinning electron to flip at
the last transition. Both phosphorescence and fluorescence can be
used for analysis, but the difference is the duration of the emission
delay in fluorescence. Fluorescence ends immediately when
stimulating radiation is switched off, while phosphorescence persists.

Phosphorescence is detected in polyatomic species due to electron
orbital configurations, while fluorescence is visible in both atoms and
polyatomic species. Atomic fluorescence is seen in separate, gaseous
atoms. Measurement equipment for  fluorescence  and
phosphorescence is similar to scattered radiation, with detectors often
positioned perpendicular to the radiation course. Fluorometers and
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ii.

iii.

iv.

phosphorimeters are used to measure fluorescence and
phosphorescence, respectively, with phosphorometers tracking
luminescence intensity even when light is not hitting the cell.

Luminescence can be caused by various processes, including
electromagnetic radiation absorption, flame exposure, atomic
emission spectrometry, chemiluminescence, and
electrochemiluminescence. Flame emission spectrometry determines
the wavelength and intensity of radiation emitted from a flame, while
atomic emission spectrometry uses electrical energy to excite an
analyte. Chemiluminescence starts luminescence through a chemical
reaction, while electrochemiluminescence generates luminescence
through an electrochemical reaction.

X-ray emission: X-ray emission spectrometry is an analytical
technique used to track X-ray radiation emissions. It involves
analyzing the emission of X radiation when an electron enters a
vacancy in an inner orbital. This vacancy can be created by particle
bombardment, nuclear capture, or X-ray absorption. The intensity of
the bombardment can remove the atom's inner orbital electron,
creating an empty ion.

X-rays are utilized in surface analysis techniques like particle-
induced X-ray emission (PIXE) and proton microprobes. PIXE
involves subjecting a sample to particle acceleration and monitoring
fluoresced X-rays. Electron microprobes bombard surfaces in
scanning electron microscopes, recording the intensity of transmitted
or backscattered electrons instead of X-rays. X-ray spectrometers and
electron microscopes are often used in tandem to study surfaces.

Electron spectroscopy: A collection of analytical techniques known
as electron spectroscopy determine the kinetic energy of electrons
that are ejected following an initial bombardment of the analyte with
X-rays, UV light, ions, or electrons. The analytical technique is
known as either X-ray photoelectron spectroscopy (XPS) or electron
spectroscopy for chemical analysis (ESCA) when X rays are utilized
for the bombardment. The technique is known as ultraviolet
photoelectron spectroscopy (UPS) or photoelectron spectroscopy
(PES) if the incident light is UV radiation. Auger electron
spectroscopy (AES) is the technique used when the impacting
particles are electrons and various released electrons are observed.
There are further types of electron spectroscopy that are not as
commonly employed.

Radiochemical methods: Radiochemical technologies detect
spontaneous particle emissions or electromagnetic radiation from
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unsteady atomic nuclei. Quantitative analysis uses the intensity of the
radiation, while qualitative studies use the energy. Alpha particles,
electrons, protons, neutrons, positrons, and gamma rays can be
beneficial in certain situations, with gamma rays originating from
nuclear transformations rather than electron orbital changes.

A radioisotope is an elemental isotope that emits radiation or
particles. Radioanalytical approaches can analyze radioisotopes, or a
nonradioactive sample can be converted into a radioactive substance
for testing. A sample can be diluted using a radioactive isotope of the
element being tested, and the strength of the emissions from the
additional radioisotope can be assayed using isotopic dilution
analysis, if the amount of dilution can be calculated.

I1. Electroanalytical :

Electroanalysis is a subset of instrumental analysis that uses electrodes to
establish an electrical connection with an analyte solution. These
electrodes measure an electrical parameter of the solution in combination
with electrical equipment. The quantity or identity of the analyte in the
solution is correlated with the measured parameter.

Electroanalytical procedures are categorized into:
Potentiometry

Amperometry

Conductometry

Electrogravimetry

Voltammetry (and polarography)

e Ao o

Coulometry

Potentiometry measures voltage by keeping the electric potential constant
between electrodes. Amperometry maintains a steady voltage while
tracking current. Conductometry analyzes a solution's conductance while
keeping electrodes at a constant AC voltage. Electrogravimetry weighs
material on electrodes, while voltammetry measures current and potential
periodically. Polarography is a type of voltammetry using a liquid metal
electrode. A technique called coulometry keeps track of how many
coulombs of electricity are used up while the analyte is involved in an
electrochemical process.

Most electroanalytical techniques involve electron passage between an
analyte and electrodes, with the analyte either donating or removing
electrons.
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III. Separative technique:

Separation techniques, such as mass spectrometry and chromatography,
are crucial for chemical analysis, with mass spectrometry and
chromatography being two of the most important.

a. Chromatography: An essential biophysical method for both
qualitative and quantitative analysis, chromatography allows the
components of a mixture to be separated, identified, and purified.

Chromatography, a quantitative analysis method, aims to achieve
acceptable separation in a suitable timeframe through the
development of various chromatographic techniques.

Several techniques are available for chromatography such as:

.
il.
iii.
1v.
V.
Vi.
Vil.
Viil.
IX.

ii.

Gel permeation chromatography
Column chromatography

Thin-layer chromatography (TLC)
Paper chromatography

Gas chromatography

Ion exchange chromatography
High-pressure liquid chromatography
Affinity chromatography
Supercritical fluid chromatography
Flash chromatography

Gel permeation chromatography: The method involves using
dextran-containing materials to separate macromolecules based
on their molecular sizes. In a gel-permeation column, stationary
phase consists of inert molecules with small pores. Solutions
containing different dimensions are passed continuously with a
constant flow rate through the column. Molecules larger than
pores cannot permeate into gel particles and are retained between
particles. Larger molecules pass through spaces between porous
particles and move rapidly inside the column. Molecules smaller
than pores diffuse into pores, leaving the column with longer
retention times.

Column chromatography: Proteins vary in size, shape, net
charge, stationary phase, and binding capability.
Chromatographic techniques, such as column chromatography,
can purify these elements. This method involves separating
samples by placing them in a stationary phase column and
applying wash buffer as the mobile phase. The inside column
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ii.

iv.

vi.

material is supported by fiberglass, and samples are collected at
the device's bottom in a volume- and time-dependent manner.
Thin-layer chromatography (TLO): Thin-layer
chromatography is a method used for solid-liquid adsorption,
where a solid adsorbent material is placed on glass plates as the
stationary phase. This technique can be used with materials like
cellulose, silica gel, and alumina. The mobile phase passes
through the stationary phase and ascends through capillary
action, pushing the mixture onto the plate. Analyte separation is
achieved, and the upward traveling rate depends on the solvent's,
solid phase's, and material's polarity.

The chromatogram can be used to determine the locations of
colorless molecules in a sample using florescence, radioactivity,
or a specific chemical. Visible color formation can be observed
in UV and room light. The positions of molecules in the mixture
can be determined by determining the ratio between the
molecules' lengths and the solvent. The relative mobility is
represented by the sign Rf.

Paper chromatography: Paper chromatography uses a
saturated layer of cellulose as the support material, forming a
stationary "liquid phase" of water droplets in the pores of a thick
filter paper. The mobile phase is a suitable fluid in a developing
tank, making it a type of "liquid-liquid" chromatography.

Gas chromatography: Gas chromatography is a method used
for the precise separation of small compounds. It involves a
stationary phase in a column, holding a liquid stationary phase
adsorbed onto an inert solid's surface. The carrier phase is He or
N2, and the mobile phase is an inert gas forced through a column
at high pressure. The sample is then moved into the gaseous
mobile phase, and its constituents are distributed between the
stationary and mobile phases. This technology is
straightforward, versatile, highly sensitive, and quickly applied.

Ion exchange chromatography: Ion-exchange
chromatography is a method that uses electrostatic interactions
between charged protein groups and a solid support material
(matrix). Ionic ties increase protein affinity, and the matrix
contains an ion load opposite to the protein to be separated.
Proteins are extracted from the column by adjusting pH, ion salt
concentration, or ionic strength. Anion-exchange matrices
adsorb positively charged proteins, while cation-exchange
matrices adsorb positively charged proteins.
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vii.

viii.

ix.

High  Performance liquid chromatography: This
chromatographic method enables quick purification and
structural and functional characterization of various compounds,
including proteins, steroids, lipids, carbohydrates, nucleic acids,
and other physiologically active substances. The mobile phase in
HPLC flows through columns at a high flow rate of 0.1-5 cm/sec
while operating at an ambient pressure of 10-400. This method
improves the separation power of HPLC and completes the
analysis quickly by using tiny particles and applying high
pressure to the rate of solvent flow.

Affinity chromatography: This chromatography is used for
purifying enzymes, hormones, antibodies, nucleic acids, and
certain proteins. The filler material is bound by a ligand that
forms a compound with proteins like extract, polyacrylamide,
and cellulose. The protein that forms a complex with the ligand
is bound to the solid matrix, and the bound protein is released
from the column by adjusting pH or adding a salt solution.

Supercritical fluid chromatography: Supercritical fluid
chromatography (SFC) is a method similar to high performance
liquid chromatography (HPLC) that uses a non-polar fluid near
or above its critical temperature and/or pressure for most of the
mobile phase. This fluid has reduced viscosity and increased
solute diffusivity, making it more gas-like than typical liquids.
SFC separation times can be as short as one-tenth of HPLC
separation times. To elute polar solutes, polar organic solvents
are combined with non-polar primary fluids, and the polarity
range can be extended by more polar additives. For semi-
preparative and preparative chromatography of chiral and other
tiny, drug-like compounds, SFC is becoming the method of
choice.

Flash chromatography: Clark Still of Columbia University
introduced flash chromatography, commonly referred to as
medium-pressure chromatography, several years ago (1978).
The concept is to quickly force a liquid eluent—typically
nitrogen or compressed air—through a small glass column while
it is under gas pressure. An adsorbent with a large inner diameter
and specified particle size is put within the glass column. While
packing with different particle sizes can be utilized, silica gel
(40—63 m) is the most widely employed stationary phase. Mostly
employed for the isolation and separation of natural components
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