UNIT 2 Instrumental Methods of Analysis

Chapter 1: Infrared (IR) Spectroscopy

Introduction

Infrared (IR) spectroscopy deals with the infrared region of the electromagnetic spectrum, covering 12800 to 10
cm™". The term infra means beyond, so infrared means beyond red. This technique is typically a form of absorption
spectroscopy used for identifying compounds and determining sample composition. The infrared
spectrophotometer is a common laboratory instrument employed for this technique.

The infrared region is divided into three parts:

Region Wavenum | Wavelengt | Energy/Use

ber h (um)

(cm—1)
Far- 400-10 1000-30 Low energy, used for rotational spectroscopy. Lies adjacent
infrared to the microwave region.
Mid- 4000—400 | 30-2.5 Used to study fundamental vibrations and associated
infrared rotational-vibrational structure.
Near- 14000—40 | 2.5-0.8 Higher energy, can excite overtone or harmonic vibrations.
infrared 00

IR spectra are commonly reported in um, but wavenumber (cm™") is another currently preferred unit. The mid-
infrared region, corresponding to 4000—400 cm—1 or 2.5-25um, covers most vibrational absorption states.
Principle

Infrared spectroscopy works on the principle that all molecules vibrate and absorb energy in the infrared region. An
organic molecule exposed to IR radiation absorbs the energy and converts it into molecular vibrations. Absorption
occurs when the radiant energy matches a specific molecular vibration energy.

As per the related formula, the larger the force constant (k) of the bond between two atoms, the higher the
vibrational frequency.

Fundamental Modes of Vibrations in Polyatomic Molecules

Organic molecules exhibit fundamental vibrations which are categorized into two main types:

1. Stretching Vibrations

In this type, the distance between the two atoms increases or decreases, while the atoms remain along the same
bond axis.

e Symmetric Stretching Vibrations: The movement of atoms with respect to a particular atom in a molecule is in
the same direction.

e Asymmetric Stretching Vibrations: One atom approaches and the other atom moves apart from the central
atom.
2. Bending or Deformation Vibrations

In this type, the positions of atoms change with respect to the original bond axis. Stretching absorptions of a bond
appear at higher frequencies (higher energy) than the bending absorptions of the same bond.



Bending vibrations are further categorized into four types:
e Scissoring: Two atoms approach each other. This is an in-plane deformation vibration.
* Rocking: The movement of atoms is in the same direction. This is an in-plane deformation vibration.

e Wagging: Two atoms move up and down the plane with respect to the central atom. This is an out-of-plane
deformation vibration.

e Twisting: One atom moves up the plane and the other moves down with respect to the central atom. This is an out-
of-plane deformation vibration.

In a polyatomic molecule, the same bond can perform stretching and bending vibrations simultaneously.

Calculating Vibrations: The number of normal modes of vibrations in a non-linear triatomic molecule, such as
water (H,0O), can be calculated. Water has 3n—6 normal modes of vibrations. These modes are determined by
applying two primary forces: the force acting against stretching or shortening of the O-H bond, and the force acting
against the bending of the H-O-H molecule.

Experimental Limitations in Observing Vibrational Modes:

1. Vibrations not falling in the IR region do not appear in the IR spectrum.

2. Weak vibrational bands are not observed.

3. Vibrational bands with the same or slightly different frequencies overlap and are observed as a single band.
4. Some vibrational bands may degenerate and appear at the same place.

5. No band appears if no change occurs in the dipole moment of the molecule during the vibration.

Factors Affecting Vibrations

Coupled Interactions

Two bond oscillators sharing a common atom never behave as individual oscillators, unless they exhibit different
oscillation frequencies. This results from mechanical coupling interaction between the oscillators. For example,
CO2 (0O=C=0) has two fundamental stretching vibrations: one asymmetrical and one symmetrical.

The important requirements for effective coupling interactions are:
1. The vibrations should be of the same symmetry species.
2. They should absorb near the same frequency.

3. Coupling between bending and stretching vibrations occurs when the stretching bond forms one side of the
changing angle.

4. Acommon bond is required for the coupling of bending vibrations.
5. Separation of groups by one or more carbon atoms, or mutually perpendicular vibrations, causes no coupling.

Coupling of two fundamental vibrational modes gives rise to two new modes having higher and lower frequencies
than those observed without interaction.

Hydrogen Bonding

Hydrogen bonding results in downward frequency shifts. The stronger the hydrogen bonding, the greater is the
absorption shift from the normal value towards the lower wave number.

The two types of hydrogen bonds can be distinguished using IR technique:



¢ Inter-molecular hydrogen bonds give rise to broad bands. Their intensities depend upon concentration,
decreasing and ultimately disappearing on dilution.

¢ Intra-molecular hydrogen bonds give rise to sharp and well-defined bands, and do not depend on concentration.
The frequency difference between free and associated molecules in intra-molecular hydrogen bonding is smaller
than in inter-molecular hydrogen bonding. Very strong hydrogen bonding (e.g., in enols and chelates) causes O-H
stretching absorption at very low values.

Fermi Resonance

Interactions that may occur between fundamental vibrations and overtones or combination tone vibrations are
known as Fermi resonance. It commonly occurs in IR and Raman spectra.

For Fermi resonance to occur:
1. The vibrational levels should be of the same symmetry species.
2. The interacting groups should be in the molecule so that mechanical coupling can take place.

For instance, the C-H stretching vibrations in CH2 groups combine to exhibit two coupled vibrations (asymmetric
and symmetric) of different frequencies. These frequencies will be different than those of CH3 groups, making the
detection of all four C-H stretching vibrations in high resolution IR spectra easier.

Electronic Effects

Electronic effects alter the force constant and thus the absorption frequency.

¢ Adding a halogen atom or an electronegative atom causes an inductive effect, which shortens or strengthens the
bond. The force constant increases, leading to an increase in the frequency or wave number of absorption.

e Attaching an alkyl group at the a-position of a C=0O group produces a +I effect, decreasing the wave number of
absorption because the force constant decreases as a result of lengthening or weakening of the bond.

Sample Handling

Since IR spectroscopy is used for characterizing solid, liquid, or gas samples, different handling techniques are
necessary. The common requirement is that the material containing the sample must be transparent to IR radiation;
alkali halides are normally used.

Sampling of Solids

There are three main techniques for recording solid spectra:

1. Solid Films: Solid films can be deposited onto NaCl or KBr plates by allowing a solution in a volatile solvent to
evaporate drop by drop on the flat surface. This technique is useful for rapid qualitative analysis, especially for
polymers and waxy or fatty materials, but not for quantitative analysis.

2. Mull Technique: The finely ground solid sample is mixed with Nujol (mineral oil) to make a thick paste, which is
then spread between IR transmitting windows. The spectrum is run after mounting this assembly in the infrared
beam path. While Nujol is transparent throughout the IR region, absorption bands of the sample that coincide with
Nujol bands will be hidden.

3. Press Pellet Technique: A small amount of finely ground solid sample is immediately mixed with about 100 times
its weight of powdered potassium bromide (KBr). The mixture is passed under very high pressure (at least 25,000 psi)
to form a small, transparent pellet (about 1-2 mm thick and 1 cm in diameter). Particle size must be fine, less than
2um, to avoid scattering.

Sampling of Liquids
This is the simplest IR sampling technique. The liquid is analyzed as a thin film squeezed between two infrared-
transparent windows.



¢ Fixed path length sealed cells are useful for volatile liquids but cannot be taken apart for cleaning.

e Semi-permanent cells are demountable so the windows can be cleaned. The spacer is usually made of
polytetrafluoroethylene (PTFE, known as Teflon').

e Liquid cells are often made of NaCl, KBr, or ThBr flats. Cells are typically filled using a syringe.

Sampling of Gases

Gas sample cells are similar to liquid cells but larger, about 10 cm long, but may be up to 1 M long. This is necessary
to compensate for the small number of molecules contained in a gas sample. Multiple reflections can be used to
make the effective path length as long as 40 M. The cell surfaces in the light path are usually KBr or NaCl. The gas
must not react with the cell windows or reflecting surfaces. Gas analyses are performed with IR, but the method has
a lack of sensitivity. Moisture must also be avoided.

Instrumentation

The usual optical materials (glass or quartz) absorb strongly in the IR region, so IR apparatus differs from that for the
visible and UV regions. The main components of an IR spectrometer are:

1. Sources of Radiation

2. Wavelength Selectors (Monochromators)
3. Sample cells

4. Detectors

Sources of Radiation

The following sources can be used for IR radiation:

* Nernst Glower: A rod or hollow tube (2 cm long, 1 mm diameter) made by sintering a mixture of cerium, zirconium,
thorium, and yttrium oxides. It is heated between 1000-1800°C and provides maximum radiation at 7100 cm—1
region.

* Globar: A silicon carbide rod electrically heated between 1300-1700°C.

¢ Nichrome Wire: A coil of this wire heated by passing current; used when the required wavelength range and
intensity are not high.

¢ Rhodium Wire: This wire is sealed in a cylinder.

e Tungsten Filament Lamp: Used for the near infrared region.

Wavelength Selectors (Monochromators)

Since the sample absorbs at certain frequencies, monochromators select the desired frequencies from the source
and reject others.

* Prism Monochromators: A prism used as a dispersive element must be made of materials that transmit in the
infrared region, such as various metal halide salts. Sodium chloride (rock salt) is the most common prism salt due
providing high dispersion in the 4—15um region, which is important for studying functional groups. Prisms of lithium
fluoride or calcium fluoride give more resolution in the region of significant stretching vibrations. Double pass
monochromators, where radiation passes four times through the prism, produce more resolution than single pass

types.

e Gratings Monochromators: Dispersion can be achieved by transmission or reflection gratings. For the IR region,
gratings having only 10—100 grooves per mm of length are used.



Detectors

IR detectors give responses for all frequencies. If the radiant power for the IR region is low, the detector signal will
also be low.

The various types of detectors are:

1. Golay Cell: A small metal cylinder filled with xenon and sealed. One end is closed by a blackened metal plate,
and the other by a flexible metalised diaphragm. IR radiation falls on the blackened plate, the gas heats up and
expands, increasing pressure and deforming the diaphragm. The diaphragm motion changes the output of a
photocell, which reads reflected light from a lamp. The signal is modulated with respect to the power of the incident
radiant beam.

2. Bolometer: Works on the principle that the electrical resistance of a metal increases by 0.4% for every degree
Celsiusincrease in temperature. It consists of a thin metal conductor whose temperature changes when IR
radiation falls on it, and the resulting change in resistance measures the amount of radiation.

3. Thermocouple: Works on the principle that when two dissimilar metal wires are connected together at both
ends, a temperature differential exists and an electric current flows. The end exposed to IR radiation is the hot
junction (generally a black body to increase energy gathering efficiency). The other end is the cold junction,
thermally insulated and shielded from stray light.

4. Thermistor: Made up of a fused mixture of metal oxides. The electrical resistance of the mixture decreases with
an increase in temperature.

5. Pyroelectric Detector: Made up of a non-centrosymmetrical crystal with an internal electrical field along its polar
axis. IR radiation causes a change in polarization due to an alteration of the crystal lattice. If two electrodes are
connected to the crystal, it acts as a capacitor. The effects depend on the rate of temperature change, not the
temperature change itself. This detector ignores background radiation and is often used in FTIR spectrometers.

Applications

IR spectroscopy has extensive use in various fields:

e Pharmaceutical Applications: Used extensively in both qualitative and quantitative pharmaceutical analysis.
Important for evaluating raw materials, active ingredients, and excipients. It aids in the identification of drug
substances and impurities, and provides valuable structural information, such as the presence of certain functional
groups.

¢ Biological Applications: Used to study the ratio of isomers in a mixture of compounds. Successfully applied to
biological systems including lipids, proteins, peptides, biomembranes, nucleic acids, animal tissues, microbial
cells, plants, and clinical samples. Itis a powerful tool for characterizing tissue and disease diagnosis, such as
detecting cervical cancer.

* Food Science: Mid-infrared and near-infrared techniques are used to obtain qualitative and quantitative
information about food samples.

e Agriculture Applications: Important in quality control. Determines major constituents of grains: water, protein,
oil, fibre, minerals, and carbohydrates.

e Pulp and Paper Industries: Plays an important role in quality control. In the mid-infrared region, additives like
polymers and calcium carbonate may be identified. The majority of bands in a paper spectrum are due to cellulose.

¢ Paint Industry: Used for quality control, product improvement, failure analysis, and forensic identification. It can
identify pigments in paints, which is vital in art conservation and forensic analysis.



e Environmental Applications: Applied to air, water, and soil analysis. Common uses include industrial gas
emissions, emissions from fires, astronomical applications, and determining atmospheric gas compositions for
understanding global climate changes.

Chapter 2: Flame Photometry

Introduction

Flame photometry is also known as flame emission spectroscopy because it involves the emission of radiation by
neutral atoms introduced into the flames. It is a branch of atomic spectroscopy used for determining the
concentration of certain metal ions such as sodium, potassium, lithium, calcium, and cesium. Due to the
availability of burners, fuel, and oxidant combinations, itis commonly used for analyzing Group IA (Li, Na, K) and
Group llA (Ca, Mg) elements.

Principle
The basis of flame photometric working is the thermal excitation of metals.
1. A solution containing metallic salt is sprayed onto a flame, producing fine droplets.

2. The thermal energy of the flame evaporates the solvent (desolvation), leaving a solid residue in the form of neutral
atoms.

3. These neutral atoms are exposed to the flame's thermal energy, which converts them into excited state atoms.

4. Since these excited atoms are unstable, they return to their ground state and emit radiation of a definite
wavelength.

5. This emitted wavelength is characteristic of the element and is used for qualitative analysis (identification).

6. The intensity of the emitted radiation depends on the concentration of the element analyzed (quantitative
analysis).

The process steps are:
1. Desolvation/Vapourisation: Solvent is vaporized, leaving minute particles of dry salt.
2. Atomization: Flame heat converts gaseous molecules or metal particles into neutral atoms.

3. Excitation: Neutral metal atoms or molecules are excited by the thermal energy of the flame, moving them to a
higher, unstable energy state.

4. Emission process: The excited atoms return to the stable low energy state, emitting energy in the form of
radiation of characteristic wavelength, which is measured by a photo detector.

Interferences

The presence of other materials in the sample may interfere with the analytical procedure.
Spectral Interferences
These can be categorized into three types:

1. Partial overlapping between the spectra of two elements or compounds emitting radiation at particular
wavelengths.

2. The production of much closer spectral lines of two or more elements, without actual overlapping.



3. The presence of higher salt concentrations in the sample, producing interference between a spectral line and a
continuous background.

lonization Interferences

In high-temperature flames, some metallic atoms (like Na) can be ionized (Na—Na++e—). Sodium ion produces its
own characteristic emission spectrum, whose frequencies are dissimilar to the atomic spectrum of sodium. This
results in the radiant power of atomic emission decreasing with ionization.

This interference can be corrected by adding a higher amount of potassium salts to the unknown and standard
solutions. The potassium ionizes but prevents the sodium from getting ionized, thereby enhancing the emission
spectrum of the sodium atom.

Cation-Anion Interferences

Anions generally do not emit radiation, but some polyvalent anions can form less volatile salts in the flame,
minimizing the emission from definite cations. This interference can be corrected by adding a higher quantity of
releasing agents.

Oxide Formation Interferences

In this type of interference, a large percentage of the free metal atoms (especially alkaline earth elements) combine
with oxygen in the flame to form stable oxides. This depresses the emission intensity of the free metals.

This interference can be corrected either by applying very high temperature flames, which break the oxides to
produce free atoms for excitation, or by utilizing an oxygen-free environment.

Instrumentation

In flame photometry, the sample is introduced into a flame, where processes lead to the formation of excited atomic
species that emit radiation, which is then measured and analyzed.

Atomizers

The atomiser generates the analyte vapours which get excited and emit characteristic radiation. Flame atomisers
utilize a pneumatic nebuliser to convert the sample solution into a fine mist or aerosol, which is then passed onto
the burner. Non-flame atom reservoirs, such as electrothermal atomisers (like carbon rods), are also used.

Burners (Nebulisers)

The burner is the device used for introducing the sample into the flame, where nebulisation occurs (thermal
vaporisation and dissociation of aerosol particles at high temperatures).

* Mecker Burner: Utilizes natural gas and oxygen to produce a flame of low temperature and excitation energies.
Commonly employed for analyzing alkali metals.

e Total Consumption Burner: Utilizes hydrogen and oxygen gases. The liquid sample is drawn directly into the flame
via a capillary tube, regardless of droplet size. Advantages include no loss in fuel and oxidant, elimination of errors,
and the ability to aspirate combustible samples (e.g., petroleum) directly without danger of explosion.

* Premix or Laminar Flow Burner: Involves thorough mixing of the aspirated sample with the fuel and oxidant
before the mixture is driven to the burner opening. The gases flow in a non-turbulent (laminar) manner.

e Lundergarph Burner: Liquid samples are aspirated into a spray chamber. Bigger droplets condense and drain off,
while minor droplets and evaporated sample flow into the flame base as a mist.

Optical System (Mirrors and Slits)

Since radiation emitted by the flame is released in all directions, a large amount of radiation is lost. A concave mirror
is placed behind the burner to reflect radiation back onto the entrance slit of the monochromator, increasing the
amount of radiation used.



e Entrance slit: Prevents the access of most stray radiations, allowing only the radiations emitted by the flame and
the mirrored reflection to enter.

e Exit slit: Allows only a selected narrow wavelength range (a few nanometres) to pass through to the detector.

Monochromators

A monochromator is required for measuring a single wavelength but can also scan a wide range.

e Czerny-Turner Monochromator: Requires two mirrors for reflecting and focusing polychromatic and diffracted
beams. Computer-driven rotation of gratings selects the required wavelength.

¢ Echelle Monochromator: A high-resolution instrument, attaining resolutions of 5ppm.

e Filter instruments provide suitable resolution for principal lines of sodium (589 nm), potassium (767 nm), and
lithium (671 nm) to facilitate interference-free analysis.

Detector

The detector measures the intensity of the radiation coming from the optical system and should be capable of
perceiving a wide range of emitted radiations.

Applications

Flame photometry is extensively employed in industries associated with chemicals, pharmaceuticals, soils,
agriculture, ceramics, glass, water, oceanography, and various biological or microbiological laboratories.

¢ Biological Fluids: Used for detecting sodium, potassium, calcium, and magnesium in biological fluids like serum,
plasma, and urine.

e Water Analysis: Used as a standard procedure for analyzing industrial and natural water to estimate elements
responsible for water hardness (e.g., calcium, magnesium, barium).

¢ Soil Samples: Commonly used for detecting sodium, potassium, calcium, and magnesium.

e Industrial Analysis: Exploited by glass industries (determining Na, K, B, Li) and cement industries (determining
Na2 0, K2 O, CaO, MgO, MnO2, and Li2 O).

¢ Metallurgical and Petroleum Products: Employed in the analysis of alkali-alkaline earth metals and other metals
existing in metallurgical products, catalysts, and alloys. Used for determining metals (like lead and manganese) in
petroleum products (gasoline) and lubricating oils.

e General Industry: Employed for determining ash and estimating the quantity of alkali and alkaline earth metal
oxides.

Chapter 3: Atomic Absorption Spectroscopy (AAS)

Introduction

Atomic Absorption Spectroscopy (AAS) is a very common analytical technique for detecting and measuring the
concentration of metals and metalloids in samples. It is reliable and simple to use. AAS is an absorption method
where radiation is absorbed by non-excited atoms in the vapour phase.

Principle

The principle of AAS is based on the absorption of energy by ground state atoms in the gaseous state. When a
solution containing a metal is introduced to a flame or graphite furnace, the metal vapour is obtained. These atoms



absorb ultraviolet or visible light and make transitions to higher electronic energy levels. The analyte concentration
is determined from the amount of light absorbed. As the number of atoms in the light path increases, the amount of
light absorbed increases.

The total amount of light absorbed is related to the total number of atoms that can absorb at the specific frequency
in the light path.

Interferences

Interferences in AAS can lead to inaccurate concentration measurements.
1. Spectral Interferences

These occur due to radiation overlapping that of the light source. The interference radiation may be an emission line
of another element or compound, or general background radiation from the flame, solvent, or sample. The more
concentrated the solution, the greater the deviation from the correct value.

2. Chemical Interferences

These arise if the ions of the element being determined incompletely dissociate into their atoms, resulting in low
results. For example, aluminium (Al) and magnesium (Mg) can form a thermally stable mixed oxide, yielding low
results for magnesium. This interference may be removed by using a higher flame temperature or by adding a
releasing agent, such as lanthanum (La), to the system.

3. lonisation Interferences

These arise if the flame temperature is too high, causing a number of vaporized atoms to become ionized. The
resulting ions absorb at a different wavelength than the vaporized atoms, and since this new wavelength will not be
selected by the monochromator, low values result. This interference can be corrected by adding an element that
possesses a lower ionization potential than the analyte (e.g., adding potassium or cesium) which will easily ionize,
thereby suppressing the ionization of the analyte.

4. Matrix or Bulk Interferences

A change in the viscosity of the solution, caused by a change in solvent or concentration, may result in a matrix or
bulk interference. An increase in concentration results in an increase in viscosity, leading to a slower flow through
the burner and a corresponding decrease in absorbance. Conversely, the addition of an organic solvent usually
results in decreased viscosity and a two to fourfold increase in absorbance.

5. Solvent Interferences

Metals in agueous solutions generally give lower absorbance readings than the same concentration of such metals
in an organic solvent.

6. Dissociation of Metal Compounds

When metals like La, Al, and Ti are aspirated into the flame, extremely stable refractory oxides are obtained instead
of metal atoms, complicating the analysis. For such elements, nitrous oxide-acetylene flames are used, which are
hot enough to dissociate these metal oxides.

Instrumentation

A typical AAS system includes the following components: Radiation Source, Flame Nebulization Unit (Atomizer),
Monochromator & Filter, Detector, and Amplifier & Read out Devices.

Radiation Source

The source must be a line source that emits the specific wavelengths that can be absorbed by the atom to measure
narrow light absorption with maximum sensitivity.



* Hollow Cathode Lamp (HCL): The most common line source. It consists of a hollow cup cathode containing the
element to be determined, a tungsten wire anode, and an inert gas (e.g., neon or argon) in a tube. The lamp window
is made of quartz, silica, or glass, depending on the wavelength to be transmitted.

¢ Electrode-less Discharge Lamp (EDL): Used in cases involving more volatile elements where the quality of
analysis is impaired by limitations (e.g., low intensity) of the HCL.

A rotating wheel, known as a chopper, is interposed between the HCL and the flame to break the steady light into
intermittent or pulsating light. This creates a pulsating (alternating) current in the photocell, which is amplified and
recorded, allowing the measurement of absorption without interference from the steady light emitted by the flame
itself.

Flame Atomisers

The flame is used for converting the liquid sample into the gaseous state and molecular entities into an atomic
vapour.

¢ Total Consumption Burner: The sample solution, fuel, and oxidising gases are passed through separate passages
to meet at the flame base. This burner is noisy, hard to use, and its efficiency is not very good.

¢ Premixed Burner (Laminar Flow): A mixture of the liquid sample and premixed gases (e.g., C2H2+02) is allowed
to enter the base. Atom production is initiated in one region and completed in another.

Monochromators & Filters

The function of a monochromator is to select a given absorbing line from the spectral lines emitted from the hollow
cathode. Prisms and gratings are the most common monochromators. When the cathode in the HCL is made up of
transition metals, the emission spectrum is complicated, requiring large dispersion and high resolving
monochromators.

Detectors

The photomultiplier tube (PMT) is the most suitable detector for AAS, offering good stability when used with a stable
power supply. A PMT contains a photocathode, a series of electrodes called dynodes, and an anode in an evacuated
envelope.

Amplifier and Read-Out Devices

The electric current from the photomultiplier detector is fed to an amplifier. "Lock-in" amplifiers are often preferred
as they provide a very narrow frequency band pass, helping to achieve an excellent signal-to-noise ratio.

Chart recorders, which use a servomotor to move a recording pen (displacement is directly proportional to the input
voltage), are commonly used as read-out devices. Digital read-out devices are also used in some measurements.

Applications

AAS is a very sensitive and accurate quantitative technique.
¢ Quantitative Analysis: AAS is highly sensitive and accurate, surpassing other techniques.

¢ Qualitative Analysis: Rarely used for qualitative analysis due to the requirement of a separate hollow cathode
lamp for each sample.

e Multicomponent Analysis: Can be carried out if a multi-element emission source is available.

¢ Specific Determinations: Used for determination of metallic elements in Biological Materials and Food Industry
(e.g., toxic levels of Co, Ni & Zn). Used for determination of Calcium and Magnesium, determination of lead in petrol,
and analysis of Iron ores and Cement. It is also used for determining Cobalt in Steel, Alloy Steel and Nickel, and
Calcium in Saliva. AAS finds application in physics research.




Chapter 4: Nepheloturbidometry

Introduction

Nephelometric and turbidometric methods rely on the scattering of light by particles suspended in a liquid. The
suspended particles must have refractive index values different from the suspending medium. The overall effect
mimics the Tyndall effect.

Principle

Nephelometry

This technique is the measurement of scattered light as a function of the concentration of suspended particles,
used when the concentration is less than 100 mg/litre. At lower concentrations, uniform scattering of particles is
noticed, and the intensity of scattered light is directly proportional to the concentration of solute. The intensity of
scattered light can be measured at various angles, such as 450, 600, 900, and 135e.

Turbidometry

This technique is the measurement of transmitted light as a function of the concentration of suspended particles,
used when the concentration is more than 100 mg/litre (high concentration samples). The intensity of transmitted
light is inversely related to the concentration. For higher concentration suspensions, scattering is non-uniform and
occurs in all possible directions, making scattered light measurement difficult (intensity of scattered light is
measured at 1800 in some instances).

Depending on the sample concentration, nephelometry is utilized for lower concentrations and turbidometry for
higher concentrations.

Instrumentation

The components of a nephelometer and turbidimeter include Sources, Detectors, and Cells.
Source of Light

White light could be used in nephelometers, but preference is given to monochromatic radiation, which is also used
in turbidimeters to minimize light scattering. Using short wavelengths may increase Rayleigh scattering efficiency. A
mercury arc or a laser, along with suitable filter combinations, is a convenient source. For determining the
concentration of a specific entity, a polychromatic source (e.g., a tungsten lamp) may be better. Employing the blue
spectral region along with filters provides better results.

Detectors

* Nephelometers: Use photomultiplier tubes (PMT) since scattered radiation intensity is very small. The detector is
typically fixed at 900 to the primary beam, but the angle can be changed and positioned closer to the primary beam
for maximum versatility and sensitivity. Certain nephelometers allow measurement at 0c and from 300 to 1350.

e Turbidimeters: Ordinary detectors, such as phototubes, may be used.

Cells

Cylindrical cells with flat faces are used to facilitate the entry and exit of beams and to reduce reflections and
multiple scatterings from the cell walls. Preference is given to a cell having a rectangular cross section. Semi
octagonal cells are employed for measurements at angles other than 90o.

A nephelometer typically contains a tungsten lamp as the source, with the sample cell placed on top. Light passes
through afilter, is scattered by the suspended particles, and the scattered light is collected and reflected to a
photovoltaic cell. This method is simple, inexpensive, easy to handle, and has good precision and accuracy.

A colorimeter can be used as a turbidimeter by selecting 530 nm or by using a blue filter.



Applications

Inorganic Analysis

Nephelometry and turbidimetry are employed when precipitates cannot be filtered due to small particle size or
gelatinous nature, preventing gravimetric operations. The techniques convert the precipitates into ideal
suspensions under controlled conditions.

They determine:

e Sulphate (as BaSO4)

e Carbonate (as BaCO3)

e Chloride (as AgCl)

e Fluoride (as CaF)

¢ Cyanide (as AgCN)

e Calcium (as oxalate or oleate)
e Zinc (as ferrocyanide)

e Carbon dioxide determination is performed by bubbling the gas through the alkaline solution of barium salt and
analyzing the resulting barium carbonate suspension.

Organic Analysis

Turbidimetry is used to determine the turbidity in sugar products (like food and beverages) and to determine the
clarity of citrus juices. It is also used for the detection of benzene in alcohol by dilution with water to produce an
immiscible suspension.

Biochemical Analysis

e Turbidimetry measures the growth of a test bacterium in a broth medium. This method aids in the estimation of the
amount of amino acids, vitamins, and antibiotics.

* Nephelometry detects protein, yeast, glycogen, and - and y-globulin in blood serum and plasma.

Determination of Molecular Weights

Nephelometry is used for determining the molecular weights of high polymers.

Titrations

e Turbidimetric Titrations: Performed similarly to photometric titrations. Absorbance is plotted against the titrant
volume; as the concentration of precipitate rises, absorbance also increases.

¢ Phase Titrations: Turbidimetry is employed for titrating a mixture of two liquids with a third liquid that is miscible
with only one of the two liquids. Separation of phase occurs upon introducing an adequate quantity of the third
liquid, causing turbidity.
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