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Understanding the boiling point of liquid nitrogen is fundamental in various scientific, industrial, and
medical applications. Liquid nitrogen, known for its extremely low temperature, is used in cryogenics,
food preservation, medical procedures, and even in scientific research. This article explores the
significance of its boiling point, specifically -195.81°C at atmospheric pressure, and how to express
this temperature accurately in different contexts.

---

What Is the Boiling Point of Liquid Nitrogen?

The boiling point of a substance is the temperature at which it transitions from the liquid phase to the
gaseous phase at a given pressure. For liquid nitrogen, this occurs at approximately -195.81°C when
exposed to atmospheric pressure (which is about 101.3 kPa or 1 atm).

Significance of -195.81°C

This temperature is remarkably low, making liquid nitrogen one of the coldest commonly used
cryogenic liquids. Its boiling point is critical for:

- Cryogenic storage: Preserving biological samples or gases
- Industrial applications: Freezing and cryopreservation
- Scientific experiments: Achieving ultra-low temperatures for research

---

Expressing the Temperature (a)

The temperature of liquid nitrogen at its boiling point can be expressed in various ways, depending on
the context and the measurement system used. Here are the most common methods:

1. Celsius (°C)



- Standard scientific notation: -195.81°C

This is the most straightforward expression, widely used in scientific literature, laboratories, and
everyday contexts.

2. Kelvin (K)

- Conversion formula: K = °C + 273.15
- Calculation: -195.81 + 273.15 = 77.34 K

Expressed as 77.34 Kelvin, this scale is essential for scientific calculations, especially in
thermodynamics and physics, because it starts at absolute zero.

3. Fahrenheit (°F)

- Conversion formula: °F = (°C × 9/5) + 32
- Calculation:
- °F = (-195.81 × 9/5) + 32
- °F = (-351.458) + 32
- = -319.458°F

Thus, the boiling point of liquid nitrogen is approximately -319.46°F in the Fahrenheit scale.

4. Scientific and Technical Notation

For precise scientific communication, the temperature can be expressed as:

- a = -195.81°C
- Alternatively, in Kelvin: a = 77.34 K
- Or in Fahrenheit: a ≈ -319.46°F

---

Why Is Knowing the Exact Boiling Point Important?

Knowing the precise boiling point of liquid nitrogen is vital across multiple fields. Here’s why:

1. Safety Precautions

- Handling cryogenic liquids at or near their boiling points requires awareness of temperature
thresholds to prevent cold burns, frostbite, or explosions due to rapid vaporization.



2. Accurate Temperature Control

- Scientific experiments and industrial processes depend on precise temperature regulation. Knowing
the boiling point ensures proper safety measures and experimental accuracy.

3. Equipment Design and Selection

- Cryogenic storage tanks, transfer systems, and insulation materials are designed considering the
boiling point to optimize efficiency and safety.

4. Material Compatibility

- Materials used in cryogenic systems must withstand temperatures at or below -195.81°C to prevent
brittleness or failure.

---

Applications of Liquid Nitrogen at Its Boiling Point

The extremely low boiling point of liquid nitrogen serves many practical applications:

1. Cryopreservation

- Preservation of biological samples like blood, sperm, eggs, and tissues.
- Medical procedures like cryosurgery for removing skin lesions.

2. Food Industry

- Rapid freezing of food products to preserve texture and flavor.
- Creating fog effects in culinary presentations.

3. Scientific Research

- Achieving ultra-low temperatures for experiments in physics and chemistry.
- Superconductivity studies often require temperatures near absolute zero, but liquid nitrogen serves
as a preliminary coolant.



4. Industrial Uses

- Shrink-fitting metal components.
- Cooling electronic components during manufacturing.

---

Understanding the Behavior of Liquid Nitrogen at Its
Boiling Point

The physical properties of liquid nitrogen at -195.81°C are fascinating:

1. Vapor Pressure

- At this temperature, liquid nitrogen's vapor pressure equals atmospheric pressure, meaning it
readily boils when exposed to normal atmospheric conditions.

2. Heat of Vaporization

- A significant amount of energy is required to convert liquid nitrogen into gas at this temperature,
which is why it remains in the liquid state under controlled conditions.

3. Expansion Ratio

- Liquid nitrogen expands approximately 700 times in volume when it vaporizes at atmospheric
pressure, emphasizing the importance of proper venting and handling.

---

Safety and Handling Considerations

Given its extremely low temperature, liquid nitrogen demands careful handling:

- Personal Protective Equipment: Use insulated gloves, face shields, and lab coats.
- Ventilation: Ensure proper ventilation to prevent oxygen displacement.
- Storage: Store in appropriate cryogenic containers designed for low temperatures and pressure
control.
- Training: Personnel should be trained on the hazards associated with cryogenic liquids.



---

Conclusion

The boiling point of liquid nitrogen at atmospheric pressure is approximately -195.81°C, a
temperature that plays a crucial role in its various applications. Accurately expressing this
temperature in different measurement systems—Celsius, Kelvin, and Fahrenheit—is essential for
scientific precision, safety, and practical implementation. Whether used for cryopreservation,
industrial processes, or scientific research, understanding the properties associated with this
temperature ensures effective and safe utilization of liquid nitrogen's unique properties.

---

Further Reading and References

-

Cryogenic Technology and Applications, Journal of Low Temperature Science

Physics of Low Temperature Liquids, Springer

Handling and Safety of Cryogenic Liquids, OSHA Guidelines

Note: Always adhere to safety protocols when working with cryogenic substances to prevent injury or
accidents.

Frequently Asked Questions

What is the boiling point of liquid nitrogen at atmospheric
pressure?
Liquid nitrogen boils at approximately -195.81°C at atmospheric pressure.

Why is liquid nitrogen used in cryogenics and medical
applications?
Because it remains in a liquid state at extremely low temperatures like -195.81°C, making it ideal for
preserving biological samples and performing cryogenic treatments.



How does the boiling point of liquid nitrogen compare to
water?
Liquid nitrogen boils at -195.81°C, which is much lower than water's boiling point of 100°C, indicating
it is much colder.

What happens to liquid nitrogen when it reaches its boiling
point at -195.81°C?
It undergoes a phase change from liquid to gas, rapidly vaporizing into nitrogen gas at this
temperature.

How is the boiling point of liquid nitrogen affected by changes
in atmospheric pressure?
The boiling point of liquid nitrogen decreases with lower atmospheric pressure and increases with
higher pressure, but at standard atmospheric pressure, it is about -195.81°C.

What precautions should be taken when handling liquid
nitrogen at its boiling point?
Proper protective gear such as gloves and goggles should be used, and handling should be done in
well-ventilated areas to avoid cold burns and asphyxiation hazards due to nitrogen gas vaporization.

Additional Resources
Liquid Nitrogen’s Boiling Point: An In-Depth Exploration of -195.81°C at Atmospheric Pressure

Understanding the properties of substances at extreme temperatures is fundamental for industries
ranging from healthcare to aerospace. Among these substances, liquid nitrogen stands out due to its
remarkably low boiling point of -195.81°C at atmospheric pressure. This temperature not only defines
its physical state but also underpins its diverse applications, safety considerations, and scientific
significance. In this detailed review, we will explore the meaning, implications, and practical aspects
of this critical temperature, providing a comprehensive understanding for professionals, researchers,
and enthusiasts alike.

---

What Is the Boiling Point of Liquid Nitrogen?

The boiling point of a substance is the temperature at which it transitions from the liquid phase to the
gaseous phase under a given pressure. For liquid nitrogen, this transition occurs at -195.81°C when
exposed to standard atmospheric pressure (approximately 101.3 kPa or 1 atm).

Why Is This Temperature Significant?



This specific temperature marks the point where nitrogen, in its liquid form, begins to vaporize
rapidly, turning into nitrogen gas. It is a fundamental property that influences how liquid nitrogen is
stored, handled, and utilized in various applications.

Key Points:

- The boiling point is a thermodynamic property determined by intermolecular forces.
- For nitrogen, the weak van der Waals forces result in a very low boiling point.
- The temperature is expressed at standard atmospheric pressure; changes in pressure will alter the
boiling point.

---

Understanding the Significance of -195.81°C

Physical State and Behavior at -195.81°C

At temperatures above -195.81°C, nitrogen exists as a gas under normal atmospheric conditions.
When cooled below this point, nitrogen condenses into a liquid, exhibiting high density and thermal
capacity. This transition is crucial for its uses in cryogenics and scientific research.

Characteristics at this temperature:

- Density: Approximately 0.808 g/mL at boiling point, making it significantly denser than gaseous
nitrogen.
- Thermal properties: High specific heat capacity allows it to absorb and transfer large amounts of
heat.
- Incompressibility: As a liquid, it is relatively incompressible, facilitating storage and transport.

Pressure Dependence of the Boiling Point

While -195.81°C is the boiling point at atmospheric pressure, it varies with pressure:

- Increased pressure: Raises the boiling point.
- Decreased pressure: Lowers the boiling point, facilitating vaporization at lower temperatures.

This pressure-temperature relationship is described by the Clausius-Clapeyron equation and is critical
for designing storage vessels and industrial processes.

---



Measuring and Expressing the Temperature

How Is -195.81°C Expressed and Measured?

Expressing such a low temperature requires precise calibration of thermometers and measurement
techniques:

- Temperature Scales: Typically measured using Celsius (°C), Kelvin (K), or Fahrenheit (°F). For
scientific accuracy, Kelvin is preferred; thus, -195.81°C corresponds to approximately 77.34 K.
- Thermometers: Employ resistance thermometers, thermocouples, or vapor pressure thermometers
designed for cryogenic temperatures.
- Calibration: Instruments are calibrated against fixed points, such as the triple point of water or the
freezing point of other reference substances, to ensure accuracy at low temperatures.

Why Is Accurate Measurement Important?

Precise temperature measurement is vital because:

- It ensures safety during handling.
- It optimizes cryogenic processes.
- It maintains the integrity of sensitive biological or chemical materials stored in liquid nitrogen.

---

Implications of the Boiling Point in Practical
Applications

Storage and Handling of Liquid Nitrogen

Given its boiling point, liquid nitrogen must be stored in specially designed dewars—vacuum-insulated
containers that minimize heat transfer. The low boiling point means:

- Rapid vaporization: Without proper insulation, liquid nitrogen will boil off quickly.
- Pressure buildup: Vaporization increases pressure inside storage vessels, requiring pressure-relief
systems.
- Safety protocols: Handling requires protective gear to prevent cold burns and asphyxiation hazards.

Uses in Industry and Science

The -195.81°C boiling point underpins many applications:



- Cryopreservation: Preserving biological samples, tissues, and even reproductive materials.
- Cryosurgery: Destroying abnormal tissues via extreme cold.
- Food Industry: Rapid freezing of perishable items to maintain quality.
- Laboratory Research: Cooling superconductors, condensing gases, or conducting low-temperature
physics experiments.
- Aerospace: Simulating extreme cold environments for testing components.

Emerging Technologies and Innovations

Understanding the boiling point allows for innovations such
as:

- Superconducting power lines cooled with liquid nitrogen.
- Cryogenic engines for space propulsion.
- Advanced medical devices utilizing ultra-cold environments.

---

Safety Considerations and Challenges

The extremely low boiling point also presents safety
challenges:

- Asphyxiation Risk: Nitrogen gas can displace oxygen in
enclosed spaces.
- Cold Burns: Direct contact causes frostbite; protective gear
is essential.
- Pressure Hazards: Boiling increases pressure, risking vessel
rupture if not properly vented.

Proper training, safety protocols, and equipment are
mandatory when working with liquid nitrogen to prevent
accidents.



---

Summary: The Critical Role of -195.81°C in Liquid
Nitrogen Applications

The boiling point of -195.81°C at atmospheric pressure is
more than just a physical property; it is the cornerstone of
liquid nitrogen's versatility and safety profile. Whether stored
in specialized dewars, used in cutting-edge scientific
research, or applied in medical procedures, this temperature
defines how liquid nitrogen behaves and how it must be
managed.

By understanding this temperature's significance, users and
researchers can optimize their processes, innovate new
applications, and ensure safety. From the cryogenic storage
of biological materials to aerospace testing, the low boiling
point of liquid nitrogen continues to fuel advancements
across multiple fields.

---

Final Thoughts

Liquid nitrogen’s boiling point at -195.81°C is an
extraordinary thermodynamic characteristic that underpins
its widespread use. Its extreme coldness enables
groundbreaking applications, yet demands respect and
meticulous handling. As science and technology evolve, this
fundamental property will remain central to harnessing the
full potential of liquid nitrogen safely and effectively.



---

In essence, the temperature of -195.81°C at atmospheric
pressure is not just a number—it's the gateway to a world of
scientific possibility and technological innovation that
continues to shape our understanding and capabilities in the
realm of cryogenics.
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