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Understanding the pressure of carbon dioxide (CO2) in an unopened soda can is a fascinating exploration of
chemistry principles, particularly Henry's Law and gas solubility. When you pop open a soda, the release of
bubbles is a direct consequence of CO2 escaping from the liquid to the atmosphere. But before that moment, the
soda contains dissolved CO2 at a specific concentration and pressure. In this article, we will delve into how
to determine the pressure of CO2 in an unopened soda can based on the given aqueous concentration,
temperature, and fundamental gas laws.

Fundamentals of CO2 Solubility in Soda

Henry's Law and Its Significance
Henry's Law is pivotal in understanding how gases dissolve in liquids. It states that at a constant
temperature, the amount of a gas that dissolves in a liquid is directly proportional to the partial pressure of
that gas above the liquid. Mathematically, it is expressed as:

C = kH P

where:
- C is the molar concentration of the dissolved gas (mol/L),
- kH is Henry's Law constant (mol/(L·atm)),
- P is the partial pressure of the gas (atm).

In the context of soda, the dissolved CO2 concentration relates directly to the pressure of CO2 in equilibrium
with the liquid.

Calculating the Partial Pressure of CO2

Given Data
Let's review the key data provided:

Aqueous concentration of CO2 (C): 0.0506 M

Temperature (T): 25°C (which is 298.15 K)

To determine the pressure of CO2 in the can, we need to use Henry's Law, which requires the Henry's Law
constant at the specified temperature.



Henry's Law Constant for CO2 at 25°C
Henry's Law constant for CO2 in water at 25°C varies depending on units, but a commonly used value is:

kH ≈ 3.3 × 10-2 mol/(L·atm)

This value indicates that at 1 atm of CO2, approximately 0.033 mol of CO2 dissolves per liter of water at
25°C.

Step-by-Step Calculation of CO2 Pressure

Applying Henry's Law Equation
Using the formula:

C = kH P

we can rearrange to solve for P:

P = C / kH

Plugging in the known values:

P = 0.0506 mol/L ÷ 3.3 × 10-2 mol/(L·atm)

Calculating:

P ≈ 0.0506 ÷ 0.033 ≈ 1.533 atm

Therefore, the partial pressure of CO2 in the soda can is approximately 1.53 atm.

Implications of the Calculated CO2 Pressure

Pressure and Carbonation Level
The pressure of CO2 in the sealed can directly correlates with the level of carbonation perceived during
drinking. A pressure around 1.5 atm indicates a well-carbonated beverage, as typical soda cans are pressurized
to roughly 2-3 atm to maintain carbonation.



Comparison with Atmospheric Conditions
Since atmospheric pressure is approximately 1 atm, the dissolved CO2 pressure in the soda exceeds atmospheric
pressure, ensuring CO2 remains dissolved until the can is opened, at which point equilibrium shifts, and CO2
escapes, creating bubbles.

Additional Considerations for Accurate Calculations

Temperature Dependence of Henry's Law Constant
Henry's Law constant varies with temperature. For more precise calculations, use the specific value at the
exact temperature or adjust for temperature differences.

Effect of Salts and Other Ingredients
The presence of salts, sugars, and other solutes in soda can alter CO2 solubility slightly, typically
decreasing it due to the "salting out" effect.

Summary of Key Points

Henry's Law provides the foundation for relating dissolved gas concentration to partial pressure.

At 25°C, a CO2 aqueous concentration of 0.0506 M corresponds to a pressure of approximately 1.53
atm.

This pressure ensures the soda remains carbonated until opened, when pressure drops and CO2 escapes.

Understanding these principles enhances our appreciation of the science behind carbonated beverages.

Conclusion
Determining the pressure of CO2 in an unopened soda can involves applying Henry's Law and understanding the
relationship between gas solubility and pressure at a given temperature. With a dissolved CO2 concentration
of 0.0506 M at 25°C, the pressure of CO2 in the can is approximately 1.53 atm. This calculation not only
sheds light on the physical chemistry of carbonated drinks but also enhances your knowledge of how everyday
beverages are maintained under pressure. Whether you're a science enthusiast or a curious consumer,
understanding these principles provides a deeper appreciation of the science behind your favorite fizzy drink.

Frequently Asked Questions

How do you determine the pressure of CO2 in an unopened soda can given its
aqueous concentration?

You can use Henry's Law, which relates the solubility of a gas to its partial pressure. By knowing the
concentration and Henry's Law constant, you can calculate the pressure of CO2 in the can.



What is Henry's Law and how is it applied in calculating CO2 pressure in
soda?

Henry's Law states that the amount of a gas dissolved in a liquid is proportional to its partial pressure
above the liquid. Mathematically, C = k_H P, where C is concentration, k_H is Henry's Law constant, and P is
pressure. Rearranged, P = C / k_H.

What is the Henry's Law constant for CO2 at 25°C, and how is it used
here?

The Henry's Law constant for CO2 at 25°C is approximately 3.3 x 10^-2 mol/(L·atm). Using this, you can
calculate the pressure by dividing the concentration by k_H.

How do temperature changes affect the solubility of CO2 in soda and its
pressure?

An increase in temperature generally decreases CO2 solubility in liquids, leading to lower dissolved CO2 at
the same pressure. Conversely, at constant concentration, pressure may need adjustment based on temperature-
dependent Henry's Law constants.

Can the pressure of CO2 in the soda be estimated directly from the aqueous
concentration alone?

Yes, using Henry's Law and the appropriate Henry's Law constant for the temperature, the pressure can be
estimated directly from the aqueous concentration.

What assumptions are made when calculating CO2 pressure from its
aqueous concentration in a soda can?

Assumptions include that the system is at equilibrium, the temperature is constant at 25°C, and Henry's Law
applies linearly without deviations due to factors like salinity or pressure effects.

What is the approximate pressure of CO2 in the soda can with a
concentration of 0.0506 M at 25°C?

Using Henry's Law constant (k_H ≈ 3.3 x 10^-2 mol/(L·atm)), the pressure P = C / k_H = 0.0506 / 0.033 ≈
1.53 atm. Therefore, the pressure of CO2 is approximately 1.53 atmospheres.

Additional Resources
An Unopened Soda Can Has An Aqueous CO₂ Concentration Of 0.0506 M At 25°C. What Is The Pressure Of
CO₂?

Introduction

The science behind carbonated beverages—most notably soda—has long fascinated both consumers and
scientists alike. A key component contributing to the sensory experience of a soda is dissolved carbon dioxide
(CO₂). While to the average consumer, opening a can releases a fizzy rush, beneath this effervescent surface lies
a complex equilibrium governed by principles of chemistry and thermodynamics.

In this investigative article, we delve into a specific scenario: an unopened soda can with an aqueous CO₂
concentration of 0.0506 M at 25°C. The central question is, what is the pressure of CO₂ within the can?



Establishing this pressure involves understanding the solubility of gases, Henry's law, and the thermodynamic
considerations that dictate the equilibrium between dissolved CO₂ and gaseous CO₂ in the headspace of the
container.

Through a detailed exploration of these concepts, we aim to elucidate the underlying science, providing
context, calculations, and implications relevant to both scientific research and the beverage industry.

---

Background: The Chemistry of Carbonation

The Role of CO₂ in Beverages

Carbon dioxide serves as the primary agent for carbonation in soft drinks. When dissolved under pressure, CO₂
forms carbonic acid (H₂CO₃) in solution, contributing to the beverage's acidity and characteristic tang.

Dissolution and Equilibrium

The process of dissolving CO₂ in water is governed by Henry’s law, which states that at a constant
temperature, the amount of a gas dissolved in a liquid is proportional to the partial pressure of that gas
above the liquid:

\[ C_{CO_2} = k_H \times P_{CO_2} \]

where:
- \( C_{CO_2} \) is the molar concentration of dissolved CO₂,
- \( k_H \) is Henry’s law constant (with units of mol/(L·atm)),
- \( P_{CO_2} \) is the partial pressure of CO₂ in atmospheres.

At equilibrium in an unopened soda can, the partial pressure of CO₂ in the headspace equals the pressure exerted
by the dissolved CO₂, assuming no other gases are present in significant amounts.

---

Determining the CO₂ Pressure: Fundamental Principles

Henry’s Law Constant at 25°C

Henry’s law constant (\(k_H\)) is temperature-dependent. For CO₂ in water at 25°C, \(k_H\) is approximately:

\[ k_H = 3.3 \times 10^{-2} \, \text{mol/(L·atm)} \]

This value indicates that at 1 atm of CO₂, the aqueous concentration would be roughly 0.033 mol/L.

Applying Henry’s Law

Given the concentration:

\[ C_{CO_2} = 0.0506 \, \text{M} \]

and \(k_H = 3.3 \times 10^{-2} \, \text{mol/(L·atm)}\), the partial pressure of CO₂ in the headspace can be
calculated as:

\[ P_{CO_2} = \frac{C_{CO_2}}{k_H} \]

which simplifies to:

\[ P_{CO_2} = \frac{0.0506}{3.3 \times 10^{-2}} \]



Calculating this yields:

\[ P_{CO_2} \approx 1.53 \, \text{atm} \]

This indicates that the pressure of CO₂ in an unopened soda can with the given aqueous concentration is
approximately 1.53 atmospheres.

---

In-Depth Analysis: Factors Influencing CO₂ Pressure

Temperature Stability

The calculation assumes the temperature is precisely 25°C. Variations, even minor, influence the solubility of
CO₂ due to the temperature dependence of Henry’s law constant.

Can Design and Volume

The actual pressure also depends on the volume of the headspace and the total amount of dissolved CO₂.
Typical soda cans have a headspace volume around 10-15 mL, and the total amount of CO₂ correlates with
the molarity and volume of the liquid.

Henry’s Law and Non-Idealities

While Henry’s law provides a good approximation, real-world factors such as:

- Non-ideal gas behavior at higher pressures,
- The presence of other dissolved gases,
- The formation of carbonic acid and its dissociation,

can cause deviations. Nonetheless, for moderate pressures (~1-2 atm), Henry’s law remains a reliable model.

---

Practical Implications and Industry Context

Manufacturing and Packaging

Understanding the pressure of CO₂ in unopened cans is critical for:

- Ensuring product stability during storage,
- Preventing over-pressurization that could lead to can rupture,
- Achieving consistent carbonation levels for consumer satisfaction.

Consumer Experience

The pressure differential between the can’s internal environment and atmospheric pressure determines the fizzy
sensation upon opening. A higher internal pressure equates to a more vigorous release of bubbles, contributing
to sensory perception.

Safety Considerations

While modern cans are designed to withstand typical internal pressures, knowledge of CO₂ pressures helps in
safety assessments, especially under varying storage conditions.

---

Conclusion



The investigation into the aqueous CO₂ concentration within an unopened soda can at 25°C reveals a pressure
of approximately 1.53 atmospheres. This figure aligns with typical carbonation levels observed in commercial
soft drinks and underscores the delicate balance between dissolved gases and gaseous pressure maintained
during packaging.

This analysis highlights the interplay of physical chemistry principles—particularly Henry’s law—in everyday
phenomena. The ability to estimate internal pressures based on aqueous concentrations not only enhances our
understanding of beverage science but also informs manufacturing practices, quality control, and consumer
safety.

By appreciating the scientific underpinnings of a seemingly simple soda can, we gain insight into the meticulous
engineering that ensures the effervescent experience remains consistent from production to consumption.
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