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

 

1 

Atomic Absorption Spectrometry 

Atomic Absorption Spectrometry 

Introduction 

• Atomic Absorption Spectrometry (AAS) is a widely used analytical technique that measures the 
concentration of elements in a sample by analyzing the absorption of light by free atoms in the 
gaseous state. 

• Unlike Atomic Emission Spectroscopy, where emitted light is measured, AAS is based on the 
absorption of light at specific wavelengths by atoms. 

Historical Context: 

• Developed in the 1950s by Alan Walsh. 

• It revolutionized trace metal analysis due to its precision, specificity, and ease of use. 

Basic Principle: 

• When a light beam of a specific wavelength passes through a vapor of atoms, some of the light 
is absorbed by those atoms if the wavelength matches the energy needed to excite electrons to 
higher energy levels. 

• The amount of light absorbed is directly related to the concentration of that element in the 
sample. 

Principle 

• In AAS, a sample is atomized, and the ground-state atoms absorb light of specific wavelengths 
emitted by a light source.  

• The amount of light absorbed is proportional to the concentration of the element in the 
sample. 

Process Steps 

1. Atomization: The sample is introduced into a flame or 
graphite furnace where it is vaporized and converted into free 
atoms. 

2. Radiation Source: A light source emitting the characteristic 
wavelength of the element of interest passes through the 
atomized sample. 

3. Absorption: Ground-state atoms absorb specific 
wavelengths, reducing the intensity of the transmitted light. 

4. Detection: The decrease in light intensity is measured by a 
detector. 

5. Quantification: Using Beer-Lambert Law, the concentration of 
the element is determined. 
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Advantages of AAS 

• High sensitivity and selectivity for specific elements. 

• Relatively simple instrumentation and operation. 

• Cost-effective for single-element analysis. 

• Widely accepted by pharmacopeias and regulatory bodies. 

Limitations of AAS 

• Primarily single-element analysis; not suitable for simultaneous multi-element detection. 

• Requires separate light source (HCL) for each element. 

• Matrix interferences may affect accuracy in complex samples. 

• Sample preparation is often necessary. 

 

Theory of Atomic Absorption Spectrometry 

Fundamental Principle: 

• AAS operates on Beer-Lambert’s Law, which relates the absorption of light to the concentration 
of the absorbing species in a medium. 

Beer-Lambert Law: 

𝑨 = 𝐥𝐨𝐠⁡ (
𝑰𝟎
𝑰
) = 𝜺 ⋅ 𝒃 ⋅ 𝒄 

➢ Where: 

o 𝐴= Absorbance (unitless) 

o 𝐼0= Intensity of incident light 

o 𝐼= Intensity of transmitted light 

o 𝜀= Molar absorptivity (L/mol·cm) 

o 𝑏= Path length of the sample (cm) 

o 𝑐= Concentration of the analyte (mol/L) 

Working Principle of AAS 

➢ A light source emits radiation of a specific wavelength corresponding to the analyte. 

➢ The sample is atomized in a flame or graphite furnace to produce free ground-state atoms. 

➢ These atoms absorb light at characteristic wavelengths. 

➢ The amount of absorption is measured and related to the element's concentration. 

Atomic Transitions: 
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• Only ground-state atoms can absorb radiation. 

• Each element has its own unique absorption lines in the ultraviolet or visible region. 

• For example: 

o Sodium (Na): 589.0 and 589.6 nm 

o Calcium (Ca): 422.7 nm 

o Lead (Pb): 283.3 nm 

Absorption vs Emission: 

• In AAS, atoms absorb radiation (measured as a drop in light intensity). 

• In AES, atoms emit radiation upon returning to ground state (measured as emitted light 
intensity). 

Instrumentation 

• Line Sources: Each element requires a hollow cathode lamp emitting the specific absorption 
wavelength, ensuring selectivity and sensitivity. 

• Flame AAS: Atomization in a flame (e.g., air-acetylene). 

• Graphite Furnace AAS (GFAAS): Atomization in an electrically heated graphite tube for higher 
sensitivity. 

• Background Correction: Used to compensate for non-specific absorption or scattering. 

Key Assumptions in AAS 

• The sample matrix does not significantly interfere. 

• Atoms are in the ground state. 

• The light source provides monochromatic light at the correct wavelength. 

• Absorption is proportional to concentration within a defined linear range. 

 

Types of Electrodes in AAS 

• In classical Flame AAS, electrodes are not significant components because atomization is 
achieved by the flame. 

• In Electrothermal AAS (Graphite Furnace AAS or GFAAS), electrodes are essential, as they 
supply the electrical current needed to heat the graphite tube to very high temperatures for 
atomization. 

• Electrothermal atomization enables ultra-trace detection (down to parts per billion), which 
requires precise and stable electrical heating—provided by the electrodes. 

Purpose of Electrodes in Graphite Furnace AAS: 

• To deliver a controlled electrical current to the graphite tube. 
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• To heat the furnace sequentially through drying, ashing, and atomization stages. 

• To ensure uniform heating, which is essential for reproducible results. 

Main Types of Electrodes Used: 

 

1. End-Capped (End-Graphite) Electrodes 

➢ Electrodes are attached at both ends of the graphite tube. 

➢ Current flows longitudinally through the tube. 

➢ Used in platform and non-platform graphite tubes. 

➢ Advantages: 

o Uniform temperature distribution across the tube length. 

o Good stability and reproducibility. 

➢ Disadvantages: 

o Graphite tubes wear out faster due to end heating. 

2. Pin-Type Electrodes 

➢ Electrodes contact the graphite tube at specific points (pins). 

➢ Allow rapid heating and cooling. 

➢ Often used in older GFAAS designs. 

➢ Disadvantages: 

o Less uniform heating. 

o Higher risk of tube breakage due to uneven thermal expansion. 

3. Tubular Electrodes 

➢ Surround the graphite tube like a sleeve. 

➢ Provide indirect heating. 

➢ Less commonly used today. 

➢ Main use: highly specialized furnace designs requiring controlled heat flux. 

Types of Graphite Tubes (related to electrode use): 

1. Uncoated Graphite Tubes 
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