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Understanding pressure measurements in sealed containers is fundamental in chemistry
and physics, especially when analyzing gases and liquids under various conditions. The
statement "The total pressure above the water in the sealed container was 800 mm Hg at
STP conditions" raises intriguing questions about the nature of the gases involved, the
partial pressures, and the conditions inside the container. This article delves into what this
pressure measurement signifies, how it relates to concepts such as vapor pressure, partial
pressures, and gas laws, and how to interpret such data accurately.

Understanding the Pressure Measurement in a
Sealed Container

Before exploring specific calculations or implications, it’s essential to understand what is
meant by the total pressure above the water in a sealed container at Standard
Temperature and Pressure (STP). The key concepts include:

What Is STP?

e Standard Temperature and Pressure (STP) is defined as a temperature of 0°C
(273.15 K) and a pressure of 1 atm (101.3 kPa or 760 mm Hg).

e STP serves as a reference point for comparing gas behaviors under different
conditions.

Measuring Pressure Above Water

e In a sealed container, the total pressure measured above the water surface includes
the vapor pressure of water plus any other gases present.

e When the problem states the pressure above water is 800 mm Hg, it indicates the
sum of all partial pressures exerted by gases in the headspace of the container.



Vapor Pressure of Water at Different
Temperatures

The vapor pressure of water is temperature-dependent. At STP (0°C), the vapor pressure
of water is approximately 4.58 mm Hg. This is crucial because:

Vapor Pressure at STP

e At 0°C, water tends to evaporate, exerting a vapor pressure of about 4.58 mm Hg.

e As temperature increases, the vapor pressure increases, reaching about 17.5 mm Hg
at 20°C, and approximately 23.8 mm Hg at 25°C.

This means that at STP, the contribution of water vapor to the total pressure is minimal,
but it cannot be ignored in precise calculations.

Partial Pressures and Dalton's Law

When multiple gases are present in a sealed container, Dalton’s Law provides a foundation
to understand how total pressure relates to individual partial pressures.

Dalton’s Law of Partial Pressures

e The total pressure exerted by a mixture of gases is equal to the sum of the partial
pressures of individual gases.

e Mathematically: P, = Py + Pyay + ... + Paan

In the context of water in a sealed container, the total pressure includes:

- The vapor pressure of water at the temperature
- The partial pressure of any other gases present

Implication: If the total pressure is known, and vapor pressure is known, the partial
pressure of other gases can be deduced.



Calculating the Partial Pressure of Other Gases

Given that the total pressure above water is 800 mm Hg at STP, and knowing the vapor
pressure of water at 0°C is approximately 4.58 mm Hg, we can calculate the partial
pressure of other gases in the container.

Step-by-step Calculation

1. Identify the vapor pressure of water at 0°C: P e; vapor = 4.58 mm Hg

2. Use Dalton’s Law to find the partial pressure of the other gases: P, gases = Piotal = Puater

vapor

3. Calculate: P guses = 800 mm Hg - 4.58 mm Hg = 795.42 mm Hg

Conclusion: The partial pressure of the gases other than water in the container is
approximately 795.42 mm Hg.

Implications and Applications of the
Measurement

Understanding the total pressure above water in a sealed container has various practical
applications, including:

1. Gas Collection and Analysis

e Determining the amount of a particular gas present based on its partial pressure and
volume using the ideal gas law.

¢ Designing experiments involving gas solubility and vapor pressure.

2. Predicting Gas Behavior

e Predicting whether gases will condense or remain in gaseous form at given
conditions.

e Calculating the amount of water vapor that can be held in the air at specific
temperatures.



3. Real-World Applications

¢ In meteorology, understanding vapor pressure impacts weather predictions.

e In industrial processes, controlling pressure and vapor pressure is critical for safety
and efficiency.

Additional Considerations in Pressure
Measurements

While the above calculations assume ideal behavior, real gases and liquids exhibit
deviations:

Non-Ideal Gas Behavior

e At high pressures or low temperatures, gases deviate from ideal behavior, requiring
correction factors such as Van der Waals equation.

e Measurements might need adjustments for such deviations to ensure accuracy.

Temperature Effects

e Since vapor pressure varies with temperature, precise temperature control is
essential for accurate measurements.

e Any change in temperature alters vapor pressure and, consequently, the total
pressure above water.

Summary and Key Takeaways

- The total pressure above water in a sealed container at STP of 800 mm Hg indicates a
mixture of water vapor and other gases.

- The vapor pressure of water at 0°C is approximately 4.58 mm Hg, which is minimal
compared to the total pressure.



- Using Dalton’s Law, the partial pressure of non-water gases is approximately 795.42 mm
Hg.

- Accurate understanding of vapor pressure and partial pressures is critical in various
scientific and industrial applications.

- Deviations from ideal behavior and temperature variations must be considered for
precise calculations.

Conclusion

The statement "The total pressure above the water in the sealed container was 800 mm
Hg at STP conditions" provides valuable insight into the gas composition inside the
container. Recognizing the contributions of water vapor and other gases allows scientists
and engineers to analyze, predict, and manipulate gas behaviors effectively. Whether for
laboratory experiments, industrial processes, or meteorological studies, understanding the
interplay of pressure, vapor pressure, and gas laws is essential for accurate measurement
and application.

Remember: Always consider the temperature, the nature of gases involved, and the
principles of Dalton’s Law and vapor pressure when interpreting pressure measurements
in sealed systems.

Frequently Asked Questions

What does the total pressure above water in a sealed
container at STP indicate?

It indicates the combined pressure exerted by water vapor and any other gases present
inside the container at standard temperature and pressure.

If the total pressure above water is 800 mm Hg at STP,
what is the partial pressure of water vapor?

The partial pressure of water vapor is approximately 23.8 mm Hg, assuming ideal
conditions, since atmospheric pressure at STP is 760 mm Hg and the total pressure is 800
mm Hg; however, since the total exceeds 760 mm Hg, the excess suggests additional
gases present or measurement conditions.

How can the partial pressure of water vapor be
determined from the total pressure?

By subtracting the partial pressure of other gases present from the total pressure, or by
referencing water vapor pressure tables at the given temperature.



What is the significance of measuring total pressure
above water in a sealed container?

It helps determine the amount of water vapor present, the presence of other gases, and
overall conditions inside the container, which is useful in chemical and physical
experiments.

At STP, what is the typical vapor pressure of water, and
how does it relate to the total pressure observed?

The vapor pressure of water at STP (around 0°C) is approximately 4.6 mm Hg, but at
higher temperatures, it increases, affecting the total pressure in the container.

Why might the total pressure above water in a sealed
container be higher than atmospheric pressure at STP?

Because additional gases may be present, or the temperature may be higher than standard
conditions, leading to increased vapor pressure and overall pressure.

What calculations can be performed to find the amount
of water vapor in the container from the given pressure?

Using Dalton's Law of Partial Pressures and the ideal gas law, you can calculate the moles
of water vapor based on the partial pressure and temperature conditions.

Additional Resources

The Total Pressure Above The Water In The Sealed Container Was 800 mm Hg At STP
Conditions: An Investigative Analysis

In the realm of physical chemistry and thermodynamics, understanding the behavior of
gases and liquids under various conditions is fundamental. One intriguing scenario
involves measuring the total pressure above water in a sealed container at Standard
Temperature and Pressure (STP). The statement, "The total pressure above the water in
the sealed container was 800 mm Hg at STP conditions," invites a comprehensive analysis.
This article aims to elucidate the underlying principles, interpret the significance of this
measurement, and explore the factors contributing to such a pressure reading, ultimately
providing a detailed understanding suitable for review by scientists, educators, and
students alike.

Understanding the Scenario: Basic Concepts and



Definitions

Before delving into the specifics, it is essential to clarify the key concepts involved:

- Total Pressure: The sum of all partial pressures exerted by gases and vapors present
within a system.

- Water Vapor Pressure: The pressure exerted by water vapor molecules in equilibrium
with liquid water at a given temperature.

- Standard Temperature and Pressure (STP): Conventionally defined as 0°C (273.15 K) and
1 atm (760 mm Hg or 101.3 kPa).

In this scenario, the measurement of 800 mm Hg above water indicates that the total
pressure exerted in the sealed container exceeds the standard atmospheric pressure,
which is a critical point to analyze.

Dissecting the Measurement: What Does 800 mm
Hg Imply?

The phrase "pressure above water" can be interpreted in multiple ways:

- It could denote the total pressure exerted inside the sealed container, which includes
contributions from water vapor and any other gases present.

- Alternatively, it might refer to the gauge pressure, i.e., the pressure relative to
atmospheric pressure.

Given the context, the most straightforward interpretation is that the total absolute
pressure inside the sealed container is 800 mm Hg. Since STP conditions are specified,
this measurement provides a basis for analyzing the vapor-liquid equilibrium and the
behavior of gases within the container.

Analyzing the Components of the Total Pressure

The total pressure in the container can be broken down into several components:

1. Partial pressure of water vapor (Pwater vapor): The pressure exerted by water
molecules in vapor form.

2. Partial pressure of any other gases present (if any): Such as air, inert gases, or other
introduced gases.

3. Atmospheric pressure (Patm): The external pressure, which at STP is 760 mm Hg.

In a closed system at equilibrium with water, the vapor pressure of water at a given



temperature is well-established; at 0°C, it is approximately 4.58 mm Hg, and at higher
temperatures, it increases significantly.

Estimating the Water Vapor Pressure at the Given
Conditions

Given that the total pressure is 800 mm Hg, a critical question arises: What is the
temperature of the water in the sealed container?

Since the problem states "at STP conditions," one might assume the temperature is 0°C,
but the pressure suggests otherwise. To understand this, consider the following:

- At 0°C, the vapor pressure of water is about 4.58 mm Hg.
- At higher temperatures, the vapor pressure increases.

Given that the total pressure is 800 mm Hg, and water vapor contributes only a small
fraction at 0°C, it suggests that the temperature is higher than 0°C since the vapor
pressure of water at 0°C is negligible compared to 800 mm Hg.

Using water vapor pressure tables, we can estimate the temperature corresponding to a
vapor pressure close to the total pressure:

| Temperature (°C) | Water Vapor Pressure (mm Hg) |
I I |

|20 17.5 |

| 40 | 55.3 |

| 60 | 149.4 |

| 80 | 355.1 |

| 100 | 760 |

Since 800 mm Hg exceeds the vapor pressure at 100°C, it indicates that the water is in a
state of oversaturation at or above boiling point or that the system contains other gases
contributing to the pressure.

Therefore, the temperature in the system must be approximately 100°C or higher for the
vapor pressure of water to be near 800 mm Hg, but since vapor pressure cannot exceed
the saturation pressure at a given temperature, the actual system temperature could be
slightly above 100°C, or additional gases are present.



Possible Scenarios Explaining the 800 mm Hg
Total Pressure

Based on the above reasoning, several scenarios can explain the observed pressure:

1. Pure Water at Elevated Temperature

- The water is heated above 100°C in a sealed container, leading to increased vapor
pressure.

- In a closed system, water can be superheated, and vapor pressure can surpass 760 mm
Hg, approaching or exceeding 800 mm Hg.

- This scenario indicates the water is in a superheated state or under pressure
approaching its boiling point at higher temperatures.

2. Water Vapor in Equilibrium with Other Gases

- The container contains water vapor and other gases (air, inert gases).

- The partial pressure of water vapor is less, but combined with other gases, total pressure
reaches 800 mm Hg.

- For example, if the partial pressure of water vapor is around 20 mm Hg at a certain
temperature, the partial pressure of other gases sums to approximately 780 mm Hg.

3. The System is Under External Pressure or Has
Additional Gases

- The container might have been pressurized intentionally.

- Additional gases introduced increase the total pressure above atmospheric levels.

- Water vapor pressure at the current temperature is insufficient alone to reach 800 mm
Hg, but added gases contribute to the total.

Implications for Water Vapor Pressure and
System Equilibrium

Understanding the vapor pressure of water at various temperatures is crucial to
interpreting the pressure reading:

- At 0°C (273.15 K): vapor pressure = 4.58 mm Hg

- At 25°C (298.15 K): vapor pressure = 23.8 mm Hg
- At 50°C (323.15 K): vapor pressure = 92.5 mm Hg
- At 80°C (353.15 K): vapor pressure = 355.1 mm Hg
- At 100°C (373.15 K): vapor pressure = 760 mm Hg



Since the total pressure is 800 mm Hg, and the vapor pressure of water at 100°C is about
760 mm Hg, this indicates:

- The system is at or near the boiling point of water at atmospheric pressure.
- The water may be boiling or superheated in the sealed container.

This scenario is often encountered in pressure cookers or autoclaves, where water exists
in a superheated or compressed state under increased pressure.

Significance in Scientific and Industrial Contexts

Accurate measurement and interpretation of pressure in sealed water systems have broad
implications:

- Thermodynamics: Understanding phase changes and equilibrium conditions.

- Engineering: Designing pressure vessels, boilers, and autoclaves.

- Environmental Science: Studying vapor pressure and humidity.

- Chemical Processes: Controlling reactions sensitive to pressure and temperature.

In research, such measurements help verify thermodynamic laws, validate vapor pressure
data, and model real-world systems under non-ideal conditions.

Concluding Remarks and Further Investigations

The statement "The total pressure above water in the sealed container was 800 mm Hg at
STP conditions" raises essential questions about the system's temperature, composition,
and state. Based on vapor pressure data, a pressure of 800 mm Hg suggests:

- The water is at a temperature slightly above 100°C, possibly in a superheated state, or
- The container contains other gases contributing significantly to the total pressure.

Further investigations could include:

- Direct measurement of the system temperature.

- Determination of the partial vapor pressure of water.

- Analysis of the gas composition within the container.

- Assessment of whether the water is boiling or superheated.

This exploration underscores the importance of considering multiple
factors—temperature, gas composition, system pressure—in interpreting pressure
measurements in sealed water systems.



In summary, understanding the measurement of 800 mm Hg above water at STP
conditions involves an intricate analysis of vapor pressure, temperature, and gas
composition. Such insights are not only academically enriching but also practically
significant across scientific and engineering disciplines, exemplifying the profound
interconnectedness of thermodynamic principles in real-world applications.
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