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Atomic Emission Spectroscopy

Atomic Emission Spectroscopy

Atomic Emission Spectroscopy (AES) is an analytical technique used to determine the
elemental composition of a sample by measuring the light (radiation) emitted by atoms when
they return from an excited state to a lower energy state.

How it works:

1. The sample is atomized and excited using a high-energy source (like a flame, arc, spark, or
plasma).

Excited atoms emit light at element-specific wavelengths as they relax back to their ground
state.

. The emitted light is dispersed and detected, and the intensity of the light is used to identify and
quantify elements present.

Key Features:
Used for qualitative and quantitative elemental analysis.
Suitable for metal and non-metal detection in a variety of samples (solutions, solids, gases).

Commonly applied in environmental analysis, metal alloys, biological samples, and industrial
quality control.

Spectroscopic Sources in Atomic Emission Spectroscopy

Overview

Spectroscopic sources are devices or methods used to excite atoms so they emit radiation
(light).

The emitted light is characteristic of each element, enabling both qualitative (what elements
are present) and quantitative (how much of each element) analysis.

Purpose

e To provide sufficient energy so atoms in a sample transition from ground state to an excited
state.

When atoms return to ground state, they emit light at specific wavelengths, which are
measured and analyzed.

Types of Spectroscopic Sources
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Flame (Flame AES/Photometry)

Inductively Coupled Plasma (ICP)

Types of Spectroscopic Sources

Direct Current Arc and Spark

Microwave-Induced Plasma (MIP)

1. Flame (Flame AES / Flame Photometry)
» Uses a fuel-oxidant flame (e.g., air—acetylene, N,O-acetylene) as a heat source.
> Bestfor alkali and alkaline earth metals (e.g., Na, K, Ca).
» Offers limited excitation energy - effective only for elements that are easily excited.

2. Inductively Coupled Plasma (ICP)

» Mostwidely used and powerful modern AES source.

> Employs an argon plasma generated by a radiofrequency (RF) induction coil (27-40
MHz).

Plasma temperature: ~6000-10,000 K.
Excites a wide range of elements, including refractory and transition metals.
Advantages:

o High sensitivity

o Multi-element detection

o Minimal chemical interference

3. Direct Current (DC) Arc and Spark Sources

> Mainly for solid samples, especially metals.
» High-energy electrical discharge vaporizes and excites atoms directly.

> Less commonly used in pharmaceuticals due to lower precision and reproducibility
compared to ICP.

4. Microwave-Induced Plasma (MIP)

> Plasma generated using microwave energy.

» Less common than ICP but useful in specialized applications, particularly when lower-
cost plasma sources are needed.

Considerations

¢ Temperature stability of the source directly affects sensitivity and reproducibility.

o The source should minimize chemical interferences and ensure consistent excitation
conditions.
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Atomic Emission Spectrometers

Overview:

e Atomic Emission Spectrometers are instruments that detect and measure the intensity of light
emitted by atoms excited by a spectroscopic source.

Main Components:
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1. Sample Introduction System:

» Converts the sample (liquid or solid) into a form suitable for the excitation source.

> Forexample, a nebulizer in ICP converts liquid into aerosol.

2. Excitation Source:

> Flame, ICP, arc, or spark as discussed above.

» Excites atoms to emit characteristic radiation.

3. Wavelength Selector (Monochromator or Polychromator):

» Monochromator: Isolates a single emission line (wavelength) for detection.
» Uses prisms or diffraction gratings to separate light into its component wavelengths.
» Selects the mostintense, interference-free line for each element.

> Polychromator: Allows simultaneous detection of multiple wavelengths for multi-
element analysis.

4. Detector:

> Converts light into an electrical signal proportional to intensity.
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> May be photographic (older methods) or photoelectric (modern methods).

5. Readout System:

> Displays or records the signal from the detector.

» Allows determination of concentration via calibration curves.

Performance Factors:

+ Resolution: Ability to separate closely spaced emission lines.
¢ Sensitivity: Minimum detectable concentration.

e Precision and Accuracy: Reproducibility and closeness to true value.

Types of Spectrometers:

Sequential Spectrometers

Types of

Spectrometers _
Simultaneous Spectrometers

1. Sequential Spectrometers
> Measure one element at a time by scanning through different wavelengths.
> Good for limited number of analytes.
2. Simultaneous Spectrometers
> Measure multiple elements simultaneously.
> Use fixed-position detectors or photodiode arrays.

> ldeal for multi-element analysis in a single run (common in ICP-AES).

Advantages:

¢ High sensitivity and selectivity.
e Capable of multi-element analysis.

e Wide dynamic range.

Limitations:

¢ Some methods (e.g., flame AES) have limited sensitivity for elements that require higher
excitation energies.

Photographic Detection in Atomic Emission Spectroscopy

Overview:

e One of the earliest detection techniques used in atomic emission spectroscopy.
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