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Ammonia (NH3) is a colorless, pungent-smelling gas composed of nitrogen and hydrogen. It
is a naturally occurring compound found in the environment, including soil, water, and air.
Ammonia plays a crucial role in the nitrogen cycle, where bacteria break down organic matter
to release nitrogen-containing compounds.

Industrially, ammonia is one of the most widely produced chemicals worldwide, used in
fertilizers, cleaning agents, refrigeration systems, and industrial processes. However, due to its
toxicity and corrosive nature, ammonia exposure poses significant health and
environmental risks.

This article explores ammonia's chemical properties, production methods, applications,
hazards, safety measures, and detection techniques in detail.

Chemical and Physical Properties of Ammonia

https://sensor1stop.com/knowledge/ammonia/


Molecular Structure and Composition

Physical Properties

Property Value

State at Room Temperature Gas

Color Colorless

Odor Strong, pungent smell (like urine or household cleaners)

Boiling Point -33.34°C (-28.01°F)

Melting Point -77.73°C (-107.91°F)

Density 0.73 g/L at 25°C (lighter than air)

Solubility in Water Highly soluble (forms ammonium hydroxide, NH₄OH)

Flammability Flammable in high concentrations

Chemical Properties
Basic Nature: Ammonia is a weak Bronsted-Lowry base and reacts with acids to form
ammonium salts.

Reacts with Water: Forms ammonium hydroxide (NH₄OH), a weak base in aqueous
solutions.

Reacts with Oxygen: Can undergo combustion under certain conditions.

Chemical Formula: NH₃
Molecular Weight: 17.03 g/mol
Structure: Ammonia has a trigonal pyramidal molecular geometry, with a nitrogen
atom at the center and three hydrogen atoms attached.



Forms Metal Complexes: Ammonia acts as a ligand in coordination chemistry, forming
complex compounds with metal ions, such as [Cu(NH₃)₄]²⁺ (tetraamminecopper(II)).

Natural and Industrial Sources of Ammonia
Natural Sources
Ammonia is naturally produced through biological processes, including:

Industrial Production of Ammonia
The Haber-Bosch process is the primary method for producing ammonia on an industrial
scale.

Haber-Bosch Process

Other production methods include:

Industrial and Commercial Applications of Ammonia
Fertilizer Production

Decomposition of organic matter – Bacteria break down proteins, releasing ammonia in
soil and water.
Animal and human waste – Urine contains urea, which is broken down into ammonia.
Volcanic eruptions – Release trace amounts of ammonia into the atmosphere.
Oceans and soil bacteria – Convert nitrogenous waste into ammonia as part of the
nitrogen cycle.

Reacts nitrogen (N₂) from air with hydrogen (H₂) from natural gas under high
temperature (400-500°C) and pressure (150-250 atm).

Uses iron-based catalysts to increase reaction efficiency.

Gasification of coal – Produces hydrogen needed for ammonia synthesis.
Electrolysis of water – Produces hydrogen for ammonia formation.



Refrigeration Industry

GWP Calculator Online

Chemical Manufacturing

Water and Waste Treatment

Household Cleaning Products

Health Hazards and Environmental Impact
Toxicity and Exposure Limits

Concentration (ppm) Effects on Human Health

0.5 - 5 Detectable odor, mild irritation

20 - 50 Eye, nose, and throat irritation

100 - 300 Severe coughing, shortness of breath

80% of industrial ammonia is used in the agriculture industry for nitrogen-based
fertilizers, such as:

Ammonium nitrate (NH₄NO₃)
Urea (CO(NH₂)₂)
Ammonium sulfate ((NH₄)₂SO₄)

Essential for crop growth and improving soil nitrogen content.

Used as a refrigerant gas (R717) in industrial cooling systems due to its high efficiency
and low environmental impact.

Precursor for various chemicals, including:
Nitric acid (HNO₃)
Hydrazine (N₂H₄) (used in rocket fuel)
Explosives, dyes, and plastics

Used to neutralize acidic wastewater and remove contaminants.

Found in glass cleaners, degreasers, and disinfectants due to its ability to dissolve dirt
and grease.

https://sensor1stop.com/gwp-calculator/
https://sensor1stop.com/category/knowledge/refrigerant/


Concentration (ppm) Effects on Human Health

>500 Lung damage, respiratory distress

>2000 Fatal within minutes

Environmental Impact

Ammonia Detection and Safety Measures
Detection Methods

Gas Sensors and Monitors

Chemical Detection

Industrial Safety Protocols

Emergency Response Procedures

OSHA PEL (Permissible Exposure Limit): 50 ppm (8-hour work shift)
NIOSH IDLH (Immediately Dangerous to Life or Health): 300 ppm

Air pollution – Ammonia emissions contribute to acid rain and fine particulate matter
(PM2.5).
Water pollution – Excess ammonia in rivers and lakes causes eutrophication, leading to
oxygen depletion and fish kills.
Greenhouse gas effects – Ammonia-based fertilizers release nitrous oxide (N₂O), a
potent greenhouse gas.

Electrochemical ammonia sensors – Detect ppm-level ammonia concentrations.
Infrared absorption spectroscopy – Measures NH₃ levels in industrial environments.

Nessler’s reagent – Forms a yellow-brown complex in the presence of ammonia.
Indophenol blue method – Colorimetric analysis for NH₃ detection in water.

Personal protective equipment (PPE) – Gas masks, respirators, and gloves.
Ammonia scrubbers – Remove NH₃ gas from emissions.
Leak detection systems – Used in refrigeration and chemical plants.

https://www.osha.gov/annotated-pels
https://response.restoration.noaa.gov/oil-and-chemical-spills/chemical-spills/resources/immediately-dangerous-life-health-limits-idlhs.html


Conclusion
Ammonia is a critical industrial chemical with applications in fertilizers, refrigeration,
chemical manufacturing, and cleaning products. However, its toxicity, corrosiveness, and
environmental impact require strict safety measures and proper monitoring.

Advancements in NH₃ detection technologies, green fertilizers, and ammonia-based
energy storage solutions are shaping the future of ammonia production and utilization,
ensuring its continued importance in industry while minimizing health and environmental risks.

Evacuate the area in case of an NH₃ gas leak.
Neutralization with acids – Ammonia leaks can be treated with dilute hydrochloric acid
(HCl).
First aid – Flush eyes and skin with water if exposed.


