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Understanding the relationship between gas density and pressure at specific
temperatures is fundamental in fields like thermodynamics, chemical
engineering, and physics. When analyzing nitrogen gas at a temperature of
-50°C (which is 223.15 K), a common question arises: at what pressure does
its density reach a level that is merely 1% (or 0.01 times) of water’s
density? This article provides a comprehensive exploration of this question,
including the scientific principles, calculations involved, and practical
implications.

Overview of Gas Density and Its Dependence on Pressure and Temperature
Understanding Gas Density

Gas density is defined as the mass of a gas per unit volume, typically
expressed in units such as grams per liter (g/L). It varies significantly
with changes in pressure and temperature, following the ideal gas law under
ideal conditions.

Ideal Gas Law

The ideal gas law provides a fundamental relationship:

\[ PV = nRT \]

Where:

- \( P \) = pressure (Pa)

- \( V\) = volume (m3)

- \( n\) = number of moles

- \( R\) = universal gas constant (\(8.314\, J/(mol:-K)\))
- \( T \) = temperature (K)

Rearranged in terms of density (\( \rho \)), the law becomes:

\[ \rho = \frac{m}{V} = \frac{P M}{RT} \]

Where:
- \( m\) = mass
- \( M\) = molar mass of the gas (for nitrogen, \( M {N 2} = 28.0134\, g/mol

\))



Deviations from Ideal Behavior
At high pressures or low temperatures, real gases deviate from ideal
behavior. These deviations can be accounted for using equations of state like

the Van der Waals equation, which introduces correction factors for
intermolecular forces and finite molecular sizes.

Density of Water and Its Significance

Density of Water at Room Temperature and Other Conditions

At 4°C, water has its maximum density, approximately:

- \( \rho {water} \approx 1.000 g/cm™3 \) or \( 1000 g/L \).

At -50°C, water is typically solid (ice) with a density around:

- \( \rho _{ice} \approx 0.917 g/cm”™3 \) or \( 917 g/L \).

However, for the purposes of this calculation, and since the question
specifies "density of water," we will consider the liquid water density at
25°C as the standard:

- \( \rho_{water} \approx 1 g/cm™3 = 1000 g/L \).

Given that the question involves a ratio, the exact temperature of water is
less critical, but it’'s important to specify the reference.

Calculating the Required Density of Nitrogen Gas
Target Density

The problem asks: at what pressure does the nitrogen gas have a density equal
to 1% of water’s density?

\ [
\rho {N 2} = 0.01 \times \rho {water} = 0.01 \times 1000\, g/L = 10\, g/L
\1]

Applying the Ideal Gas Law
Using the ideal gas law:
\ [

\rho = \frac{P M}{RT}
\1]



Rearranged to solve for \( P \):

\ [

P = \frac{\rho R T}{M}

\1]

Where:

- \( \rho \) =10 g/L = 0.01 g/cm3® = 10 kg/m3 (since \(1 g/L = 1 kg/m”~3\))
- \( R\) =1\(8.314\, J/(mol:-K)\)

-\N( T \) =1\(223.15\, K\) (for -50°C)

- \( M \) =\(28.0134\, g/mol = 0.0280134\, kg/mol\)

Calculation

\ [

P = \frac{(10\, kg/m~3) \times (8.314\, J/(mol:K)) \times (223.15\,
K)}{0.0280134\, kg/mol}
\1]

Calculating numerator:

\ [

10 \times 8.314 \times 223.15 \approx 10 \times 1854.94 \approx 18549.4\,
J/m"3

\1]

Now divide by molar mass:

\ [
P \approx \frac{18549.4}{0.0280134} \approx 662,000\, Pa

\1]

Converting to atmospheres:

\ [
1\, atm = 101,325\, Pa

\1
\ [
P \approx \frac{662,000}{101,325} \approx 6.54\, atm
\1

Therefore, the nitrogen gas at -50°C would need to be pressurized to
approximately 6.54 atmospheres for its density to be 1% that of water.

Factors Affecting the Accuracy of the Calculation

Real Gas Behavior at High Pressures



While the ideal gas law provides a good approximation at moderate pressures
(~1 atm), at pressures exceeding a few atmospheres, real gas behavior becomes
significant. To refine the calculation, the Van der Waals equation can be
used:

\ [

\left( P + a \left(\frac{n}{V}\right)”2 \right) (V - nb) = nRT

\1

Where:

- \( a\) and \( b \) are substance-specific constants accounting for
molecular attractions and finite size.

Van der Waals Constants for Nitrogen

- \( a \approx 1.370\, L™2\, atm\, mol~{-2} \)
- \( b \approx 0.0387\, L\, mol~{-1} \)

Using these, the pressure estimate can be adjusted for higher accuracy,
especially at pressures above 5 atm.

Temperature Dependence and Non-Idealities
Temperature fluctuations and phase changes can impact gas density. Since the

calculation assumes a constant temperature of -50°C, any deviation in actual
conditions could alter the needed pressure.

Practical Implications and Applications
Industrial Gas Handling

Understanding the pressure required to achieve specific gas densities is
vital for designing storage tanks, pipelines, and safety protocols.

Cryogenics and Low-Temperature Applications

At -50°C, nitrogen is often used in cryogenic processes. Knowing the
pressure-density relationship helps optimize processes involving nitrogen
gas.

Environmental and Safety Considerations

High-pressure gases pose safety risks. Accurate calculations ensure safe
handling and compliance with engineering standards.

Summary of Key Findings



- To reach a density of 10 g/L (which is 1% of water’s density), nitrogen gas
at -50°C must be pressurized to approximately 6.54 atm based on ideal gas law
calculations.

- Real gas effects could slightly modify this pressure, especially at higher
pressures.

- Accurate modeling using equations like Van der Waals can provide more
precise estimates.

- This understanding is essential for applications in chemical engineering,
cryogenics, and safety management.

Conclusion

Determining the pressure at which nitrogen gas at -50°C reaches a density
0.01 times that of water involves fundamental principles of thermodynamics
and gas laws. While the ideal gas law offers a straightforward approximation,
considering real gas behavior improves accuracy. Ultimately, for nitrogen at
-50°C, a pressure of around 6.5 atmospheres suffices under ideal conditions.
This knowledge aids engineers and scientists in designing systems involving
nitrogen gas under various conditions, ensuring safety, efficiency, and
performance.
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Frequently Asked Questions

How do you determine the pressure at which nitrogen
gas at -50.8°C has a density equal to 1% of water's
density?

You can determine this by using the ideal gas law to find the gas's density
at the given temperature and then solve for the pressure that results in a
density 1% of water's density. This involves calculating the molar mass,
temperature in Kelvin, and applying the formula density = (pressure molar
mass) / (R temperature).



What is the significance of comparing nitrogen gas
density to water's density at a specific
temperature?

Comparing the densities helps in understanding the behavior of gases under
different pressure and temperature conditions, which is crucial in
applications like gas storage, liquefaction, and understanding physical
properties in scientific and engineering contexts.

Which equation is primarily used to relate pressure,
temperature, and density of nitrogen gas in this
calculation?

The ideal gas law, PV = nRT, is used to relate pressure (P), volume (V),
temperature (T), and amount of substance (n), which can be rearranged to find
the density of the gas at a given temperature and pressure.

Why is the temperature expressed as -50.8°C, and how
is it converted for calculations?

-50.8°C indicates the specific temperature at which the nitrogen gas's
density is being evaluated. To use in calculations, it must be converted to
Kelvin by adding 273.15, resulting in approximately 222.35 K.

What is the approximate pressure required for
nitrogen gas at -50.8°C to have a density 1% of
water's density?

Using the ideal gas law and water's density (~1000 kg/m3), the required
pressure is approximately 0.2 atmospheres, or about 20 kPa, to achieve a
nitrogen gas density equal to 1% of water's density at -50.8°C.

Additional Resources

At What Pressure Is The Density Of -50.8°C Nitrogen Gas 1n22 Equal To 0.01
Times The Density Of Water?

Understanding the behavior of gases under varying temperature and pressure
conditions is fundamental in fields such as chemical engineering,
meteorology, and physical chemistry. One intriguing question that often
arises involves determining the specific pressure at which a given gas, in
this case nitrogen at a temperature of -50.8°C, reaches a density that is
just 1% of water’s density. This question is not only academically
interesting but also practically significant in applications like cryogenics,
gas storage, and process design. This article explores this problem in depth,
providing a comprehensive analysis of the physical principles, calculations,



and implications involved.

Introduction: The Significance of Gas Density
Calculations

Density—the mass per unit volume—is a key property that influences how gases
behave under different conditions. For nitrogen, which makes up approximately
78% of Earth's atmosphere, understanding its density at various states is
essential for multiple industrial processes. At standard conditions, nitrogen
behaves as an ideal gas; however, deviations occur at low temperatures or
high pressures, necessitating more sophisticated models.

The specific question here involves nitrogen at -50.8°C, a temperature well
below room temperature, where the gas may exhibit non-ideal behavior. The
goal is to determine the pressure at which its density becomes just 1% of
water's density, approximately 1 g/cm® at room temperature. This involves

understanding the relationship between pressure, temperature, and density,
while considering real gas effects.

Fundamental Concepts and Theoretical Background

1. Gas Density and the Ideal Gas Law

The ideal gas law provides a straightforward relationship:

\[ PV = nRT \]

Where:

- \( P \) = pressure

- \( V\) = volume

- \( n\) = number of moles

- \( R\) = universal gas constant (~8.314 J/(mol:K))
- \( T \) = temperature in Kelvin

Rearranged to find density (\( \rho \)), which is mass per unit volume:

\[ \rho = \frac{m}{V} \1]

Since \( m = nM \) (where \( M \) is molar mass), and \( n = \frac{m}{M} \):



\[ PV = \frac{m}{M}RT \Rightarrow P = \frac{\rho RT}{M} \]

Thus,

\[ \rho = \frac{PM}{RT} \]

This formula works well at low pressures and high temperatures where gases

behave ideally. For nitrogen, with a molar mass of approximately 28 g/mol,
the ideal gas law gives a first approximation.

2. Real Gas Effects and Deviations from Ideal
Behavior

At low temperatures and high pressures, gases deviate from ideality due to
intermolecular forces and finite molecular sizes. These deviations are often
captured using real gas equations like the Van der Waals equation:

\[ \left( P + a \frac{n™2}{V"2} \right)(V - nb) = nRT \]
Where:

- \( a \) accounts for attractive forces

- \( b \) accounts for finite molecular size

Expressed per mole:

\[ \left( P + a \frac{1}{V m™2} \right)(V.m - b) = RT \]
Where \( V.m \) is molar volume (volume per mole).

In the context of nitrogen, the Van der Waals constants are approximately:

( a \approx 1.370 \, \text{L}"2 \, \text{bar} / \text{mol}"2 \)

-\
- \( b \approx 0.0387 \, \text{L} / \text{mol} \)

Applying the Van der Waals equation allows more accurate estimation of
density at high pressures or low temperatures.

Step-by-Step Calculation of the Required
Pressure



1. Establish the Target Density

Water’s density at room temperature (~25°C) is approximately:

\[ \rho {water} \approx 1 \, \text{g/cm}"3 \]

Since the question specifies 0.01 times the water density:

\[ \rho {target} = 0.01 \times 1 \, \text{g/cm}"3 = 0.01 \, \text{g/cm}"3 \]
Expressed in SI units:

\[ 0.01 \, \text{g/cm}"3 = 10 \, \text{kg/m}"3 \]

This is the density at which nitrogen’s density should be measured.

2. Convert Temperature to Kelvin

Given temperature:

\[ T = -50.8™"\circ C = 273.15 - 50.8 = 222.35 \, K \]

3. Use the Ideal Gas Approximation for Initial
Estimation

Applying the ideal gas law:

\[ \rho = \frac{P M}{RT} \I

Rearranged for \( P \):

\[ P = \frac{\rho RT}{M} \]

Inputting known values:

rho = 10 \, \text{kg/m}"3 \)

8.314 \, \text{l/(mol:K)} \)

222.35 \, \text{K} \)
0.028 \, \text{kg/mol} \)

Calculating:
\[ P = \frac{10 \times 8.314 \times 222.35}{0.028} \]

\[ P \approx \frac{1l0 \times 8.314 \times 222.35}{0.028} \]



\[ P \approx \frac{1l0 \times 1848.74}{0.028} \]

\[ P \approx \frac{18487.4}{0.028} \]

\[ P \approx 660,264 \, \text{Pa} \]

\[ P \approx 660 \, \text{kPa} \]

This suggests that under ideal conditions, nitrogen at -50.8°C would need to

be pressurized to approximately 660 kPa (around 6.6 atmospheres) to reach a
density of 0.01 times water's density.

4. Adjusting for Real Gas Behavior

Given the low temperature, non-ideal effects become significant. To refine
the estimate, the Van der Waals equation can be employed:

\[ P = \frac{RT}{V.m - b} - \frac{a}{V_m"2} \]
And the molar volume:

\[ V.m = \frac{M}{\rho} \1]

Calculating:

\[ V.m = \frac{0.028\, \text{kg/mol}}{10\, \text{kg/m}~3} = 0.0028\,
\text{m}"3/\text{mol} \]

Expressed in liters:
\[ V.m= 2.8\, \text{L} \]
Applying Van der Waals constants:

( a
(b

1.370\, \text{L}"2\, \text{bar}/\text{mol}"2 \)
0.0387\, \text{L}/\text{mol} \)

-\
-\
Convert \( R \) to compatible units:

\[ R = 0.08314\, \text{L:-bar/(mol:K)} \]

Calculate pressure:

\[ P = \frac{RT}{V.m - b} - \frac{a}{V m™2} \]
\[ P = \frac{0.08314 \times 222.35}{2.8 - 0.0387} - \frac{1.370}{(2.8)"2} \]
\[ P = \frac{18.49}{2.7613} - \frac{1.370}{7.84} \]



\[ P \approx 6.7\, \text{bar} - 0.175\, \text{bar} \]

\[ P \approx 6.52\, \text{bar} \]

Converting to kPa:

\[ 6.52\, \text{bar} \times 100 = 652\, \text{kPa} \]

This refined calculation suggests that at approximately 652 kPa, nitrogen at

-50.8°C reaches a density of 0.01 times water’s density, considering non-
ideal behavior.

Additional Factors and Practical Considerations

1. Temperature Dependence and Accuracy

The calculations assume a constant temperature of -50.8°C. Any fluctuations
can significantly impact the required pressure due to the temperature
dependence of gas density. Precise thermodynamic control is essential in
experiments and applications.

2. Purity and Gas Mixtures

The calculations assume pure nitrogen. In real-world scenarios, impurities or
mixtures may alter the behavior slightly, necessitating empirical adjustments
or more sophisticated models like the Peng-Robinson equation.

3. Equipment Limitations and Safety

Pressurizing nitrogen to over 600 kPa at cryogenic temperatures involves
significant safety considerations. Equipment must withstand high pressures
and low temperatures, and safety protocols should be rigorously
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