“FirstHope Pharmacy” YouTube for Video |Instagram@__firsthope__ | Download Firsthope App

Flame Photometry

Theory of Flame Photometry

Definition:

e Flame photometry, or flame atomic emission spectrometry (FAES), is used to determine alkali
and alkaline earth metals by analyzing the light emitted when a sample is introduced into a
flame.

Principle:
+ Excitation: Metal atoms in the flame get vaporized and excited to higher energy levels.

¢ Emission: On returning to the ground state, they emit light at specific wavelengths unique to
the element.

Theoretical Basis:

1. Boltzmann's Distribution: Relates the ratio of atoms in ground vs. excited states at a given
temperature.
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2. Bohr's Theory: Describes energy transitions:

o —AE/KT
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Process Overview

. Sample Preparation: Dissolve the sample in water or a suitable solvent.

. Atomization: In the flame, the solvent evaporates, and the sample is vaporized. Metallic ions
are reduced to free atoms.

Excitation: Electrons are thermally excited to higher energy levels.
Emission: Excited electrons return to the ground state, emitting photons of light.

Detection: A monochromator isolates the specific wavelength, and a photodetector measures
its intensity.

. Calibration: Emission intensity is compared to a standard calibration curve.

Relation Between Emission and Concentration:

e The intensity of the emitted radiation [is proportional to the concentration Cof the element:
I xC

e However, this proportionality holds true only within a specific concentration range. At very high
concentrations, the relationship may become non-linear due to self-absorption or saturation.

Flame Colors and Emission Wavelengths of Common Elements
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Element Flame Color Emission Wavelength(s) (nm)
Lithium (Li) Crimson / Red 670.8
Sodium (Na) Bright Yellow 589.0, 589.6
Potassium (K) Lilac / Purple 766.5, 769.9
Calcium (Ca) Orange-Red 422.7
Strontium (Sr) Crimson / Red
Barium (Ba) Apple Green

Copper (Cu) Blue-Green

Advantages:

e Simple and inexpensive technique
e Rapid analysis
e Suitable for biological and pharmaceutical samples (e.g., serum electrolytes)

Limitations:

e Only suitable for alkali and alkaline earth metals
e Less sensitive than AAS or ICP-AES

e Susceptible to chemical and spectral interferences

Nebulisation in Flame Photometry

What is Nebulisation?

e Nebulisation is the process of converting a liquid sample into a fine mist (aerosol) so it can be
efficiently introduced into the flame for analysis.

e ltis acritical step in flame photometry because:
o Itdetermines how uniformly the sample enters the flame.

o Itsignificantly affects the accuracy, precision, and reproducibility of the measurement.
Process:

. The sample solution is aspirated into a nebulizer, often through a capillary tube.

. A high-velocity stream of gas (usually air or an oxidant like oxygen or nitrous oxide) breaks the
liquid into tiny droplets.

. This aerosolis then carried into the mixing chamber, where larger droplets settle, and the finer
mist is directed toward the flame.

Importance of Nebulisation:
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e Ensures efficient atomization of the sample.
¢ Produces a fine droplet size, leading to more complete combustion and excitation.

e Provides a consistent flow of sample to the flame, reducing signal fluctuations.

Components of the Nebulizer System:

1. Nebulizer (Aerosol Generator):

» Uses compressed air or gas (usually air or nitrous oxide) to break the liquid sample into
fine droplets.

» Works on the Venturi principle, where high-speed gas flow creates a low-pressure region
that draws up the sample and breaks it into an aerosol.

2. Spray Chamber (Mixing Chamber):
» Receives the aerosol from the nebulizer.
» Removes large droplets through impaction or gravity.
» Only the fine mist is allowed to pass into the flame.

» Helps to stabilize the aerosol flow, ensuring uniform delivery.

Types of Nebulizers:

e Concentric Nebulizer: Most commonly used. Has an inner capillary for the sample and an
outer tube for gas flow.

Cross-flow Nebulizer: Uses perpendicular gas and liquid flows.

Ultrasonic Nebulizer: Uses high-frequency vibrations to produce a fine mist; provides higher
sensitivity.

Factors Affecting Nebulization Efficiency:

1. Viscosity and surface tension of the sample:

» High viscosity reduces nebulization efficiency.
2. Gas pressure and flow rate:

» Too high: may cause splashing or unstable aerosol.

» Too low: insufficient aerosol production.

3. Orifice size and cleanliness of the nebulizer:

» Blockages can lead to inconsistent delivery.
4. Temperature and humidity:

» Can affect droplet size and evaporation.

Flame and Flame Temperature in Flame Photometry
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Role of the Flame:

¢ Inflame photometry, the flame serves two main purposes:

1. Atomization: It converts the sample into free atoms by evaporating the solvent and
decomposing compounds into atomic species.

Excitation: The heat from the flame excites the atoms to higher energy states, which
then emit light as they return to their ground states.

e The efficiency of both atomization and excitation depends on the type of flame and its
temperature.

Common Types of Flames Used:

A. Air-Acetylene Flame:
» Mostcommonly used in flame photometry.
> Temperature: approximately 2300-2800°C
» Suitable for alkali and alkaline earth metals like Na, K, and Ca.
> Provides moderate energy and relatively stable operation.

B. Nitrous Oxide-Acetylene Flame:

> Hotter flame: approximately 2900-3100°C

> Used when higher temperatures are needed, e.g., for elements with high excitation
energies.

Offers better atomization for refractory elements (e.g., Al, Ti), though rarely used in
basic flame photometry.

C. Air-Propane or Air-Butane Flame:

> Lower temperature (~1900-2000°C)
> Suitable for field work or portable instruments.

» Less commonly used due to limited atomization capacity.

Flame Zones:

Understanding the flame structure is critical for positioning the burner and optimizing analysis:

1. Primary Combustion Zone (PCZ):

» Near the base of the flame.

» Incomplete combustion.

> Not suitable for observation; contains unburned fuel and radicals.
2. Interconal Zone (Inner Core):

> Just above the PCZ.
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» Contains maximum population of neutral atoms.

> ldealregion for emission measurements because of high atom concentration and
minimalionization.

3. Secondary Combustion Zone (SCZ):

» Upper part of the flame.
» Complete combustion occurs here.

» Atoms are more likely to be ionized, leading to signal loss.

Flame Temperature Significance:

Determines the extent of atomization and degree of excitation.
Too low a temperature > incomplete atomization > poor sensitivity.

Too high a temperature - ionization of atoms or excitation to non-emitting states, leading to
inaccurate results.

o Flame temperature must be consistent and optimized for the target analyte.

Factors Affecting Flame Temperature:

1. Fuel-to-oxidant ratio:
» Lean flames (more oxidant) > hotter but more oxidizing.
» Rich flames (more fuel) > cooler, reducing environment.

2. Burner design and height of observation:

» Affects residence time of sample in flame and efficiency of excitation.
3. Gas flow rates:

» Optimized flow provides a stable flame; turbulence or backflame must be avoided.

Control of Flame Temperature:

¢ Adjusting the fuel-to-oxidant ratio affects flame temperature and characteristics.
¢ Lean flame (more oxidant) is hotter but can cause excessive ionization.

¢ Rich flame (more fuel) is cooler and may not atomize all analyte particles.

Interferences in Flame Photometry

e Several types of interferences can affect the accuracy and precision of flame photometric
measurements.

Types of Interference:

1. Spectral Interference
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