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When conducting scientific experiments, particularly those focused on solubility,
determining the correct independent variable to manipulate is essential for obtaining
meaningful and accurate results. In the case of testing how much sodium bicarbonate
(NaHCO:s) dissolves in water, understanding which variable to change allows researchers to
analyze the factors that influence solubility effectively. This article explores the key
variables involved, explains which one should be altered to test solubility, and provides
scientific insights into designing a reliable experiment.

Understanding Solubility and Its Influencing
Factors

Before identifying the variable to change, it's important to understand what solubility
entails. Solubility refers to the maximum amount of a substance (solute) that can dissolve
in a solvent at a specific temperature and pressure, forming a saturated solution.

Key factors affecting solubility include:

- Temperature: Usually, increasing temperature increases solubility for solids.

- Pressure: Mainly affects gases; higher pressure increases gas solubility.

- Amount of solvent: The volume of solvent can influence how much solute can dissolve.

- Stirring or agitation: Enhances dissolution rate but doesn't change the maximum amount
dissolved.

- Particle size: Smaller particles tend to dissolve faster due to increased surface area.

In experiments testing how much sodium bicarbonate dissolves, the primary consideration

is to select the variable that directly influences the maximum amount of solute that can be
dissolved under controlled conditions.

Identifying the Variable to Change in the



Experiment

In experimental design, variables are classified into three categories:

- Independent Variable: The variable you intentionally change to observe its effect.

- Dependent Variable: The outcome you measure, which depends on the independent
variable.

- Controlled Variables: Factors kept constant to ensure a fair test.

To determine how much sodium bicarbonate dissolves, the critical question is: Which
variable, when changed, affects the solubility of sodium bicarbonate?

Common variables considered are:

1. Temperature of the water

2. Volume of water (solvent amount)

3. Stirring or agitation

4. Particle size of sodium bicarbonate

5. Pressure (less relevant for solids in liquids)

Among these, the variable most directly affecting the maximum solubility of sodium
bicarbonate is temperature. However, other factors like solvent volume and stirring
influence the rate of dissolution but not the maximum solubility unless they alter the
equilibrium conditions.

Which Variable Should Be Changed?

Temperature is the primary variable to manipulate when testing how much sodium
bicarbonate dissolves.

Rationale:

- Solubility is temperature-dependent: For many solids, including sodium bicarbonate,
solubility generally increases with temperature.

- Controlling other variables: By keeping the volume of water, stirring, and particle size
constant, any changes in dissolved amount can be attributed directly to temperature
variations.

- Scientific consistency: Temperature is a standard variable in solubility experiments,
facilitating comparison with established data.

Therefore, the independent variable to change is:

> Temperature of the water



Designing an Experiment to Test Sodium
Bicarbonate Solubility by Changing Temperature

To effectively analyze how temperature influences the solubility of sodium bicarbonate, a
well-structured experimental procedure is necessary.

Materials Needed

- Sodium bicarbonate powder

- Distilled water

- Beakers or test tubes

- Thermometer

- Hot plate or water baths for controlled temperature
- Stirring rod

- Balance (for measuring sodium bicarbonate)

- Measuring cylinders

- Filtration setup (if needed)

- Safety equipment (gloves, goggles)

Experimental Procedure

1. Prepare the Water Baths:
- Set up water baths at different temperatures, such as 10°C, 20°C, 30°C, 40°C, and 50°C.
- Use a thermometer to monitor and maintain precise temperatures.

2. Measure Water Volume:
- Pour a fixed volume of distilled water into each beaker or test tube (e.g., 100 mL).
- Ensure all samples have the same volume for consistency.

3. Add Sodium Bicarbonate:

- Weigh a fixed amount of sodium bicarbonate (e.g., 10 grams).

- Add it to the water at room temperature initially, then transfer the solution to the water
baths.

4. Dissolve the Sodium Bicarbonate:

- Stir the mixture gently until no more sodium bicarbonate dissolves.

- Continue adding sodium bicarbonate in small amounts until no more dissolves, indicating
the solution is saturated.

5. Determine the Maximum Dissolution:

- Filter the solution to remove any undissolved particles.

- Weigh the remaining sodium bicarbonate (if possible) or record the amount added to
reach saturation.

- Alternatively, record the amount of sodium bicarbonate added at the point of saturation.

6. Repeat for Each Temperature:



- Perform multiple trials at each temperature to ensure accuracy and reliability.

Note: To find the solubility at each temperature, record the maximum amount of sodium
bicarbonate that dissolves in 100 mL of water.

Analyzing and Interpreting Results

- Plotting Data: Create a graph with temperature on the x-axis and the amount of sodium
bicarbonate dissolved on the y-axis.

- Trend Identification: Observe how solubility varies with temperature.

- Calculations: Calculate the average maximum solubility at each temperature.

Expected Outcome:

- An increase in the amount of sodium bicarbonate dissolved as temperature rises,
confirming the dependence of solubility on temperature.

Other Variables and Their Impact

While temperature is the primary variable for this experiment, understanding the role of
other factors is important:

- Volume of solvent: Increasing volume allows more sodium bicarbonate to dissolve, but it
doesn’t change the per unit volume solubility.

- Stirring: Enhances dissolution rate but doesn't affect the maximum solubility unless
agitation prevents saturation.

- Particle size: Smaller particles dissolve faster; however, the maximum amount that can
dissolve remains the same for a given temperature.

- Pressure: Has negligible effect on the solubility of solids in liquids; more relevant for
gases.

Controlling these variables ensures that the only significant factor influencing the
dissolution is temperature, making your experiment valid and their results reliable.

Conclusion: The Best Variable to Change for
Testing Solubility

In summary, when designing an experiment to test how much sodium bicarbonate
dissolves, temperature is the most appropriate independent variable to change.
Manipulating temperature allows for direct observation of its effect on solubility, providing



clear, quantifiable data. By keeping other factors such as solvent volume, stirring, and
particle size constant, the experiment isolates temperature as the sole influencing factor,
ensuring validity and accuracy.

Key takeaways:

- Temperature significantly influences the solubility of sodium bicarbonate.

- Changing temperature enables the creation of a solubility curve.

- Precise control and measurement are essential for reliable results.

- Understanding the role of other variables helps to design controlled experiments.

This approach not only aids in understanding solubility principles but also provides a
foundation for scientific inquiry into the behavior of other soluble substances.

Additional Tips for Conducting the Experiment

- Always calibrate thermometers before use.

- Use distilled water to avoid impurities affecting solubility.

- Perform multiple trials for each temperature to ensure consistency.
- Record all observations meticulously.

- Use safety equipment when handling hot water baths.

By following these guidelines, your experiment will yield accurate and meaningful insights
into the relationship between temperature and the solubility of sodium bicarbonate.
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Frequently Asked Questions



Which variable should be altered to determine how
much sodium bicarbonate dissolves in a solution?

The amount of sodium bicarbonate added or the temperature of the solution should be
varied to test its solubility.

Is temperature or the amount of solvent more
important when testing sodium bicarbonate's
solubility?

Temperature is typically the key variable, as it significantly affects how much sodium
bicarbonate dissolves, whereas the volume of solvent can be kept constant.

Can changing the type of solvent be a variable when
testing sodium bicarbonate solubility?

Yes, altering the solvent type can impact solubility, but for standard tests, water is usually
used and temperature or amount of substance is varied.

Should the surface area of sodium bicarbonate be
changed in an experiment testing its solubility?

Yes, increasing the surface area (e.g., crushing the solid) can increase the rate and extent
of dissolution, making it a relevant variable to test.

What is the most common variable changed in a
solubility experiment with sodium bicarbonate?

The most common variable is temperature, as it directly influences the amount of sodium
bicarbonate that can dissolve in a given solvent.

Additional Resources

Which Variable Should Be Changed In An Experiment To Test How Much Sodium
Bicarbonate Will Dissolve

Introduction

In scientific inquiry, understanding the factors that influence the solubility of substances is
fundamental. Sodium bicarbonate, commonly known as baking soda, is a substance with
numerous practical applications—from baking to medicine—and its solubility characteristics
are of interest in both educational and industrial contexts. When designing an experiment
to determine how much sodium bicarbonate will dissolve, a critical question arises: Which
variable should be changed?



Identifying the appropriate variable to manipulate is essential for obtaining valid, reliable,
and meaningful results. This article explores the scientific principles underlying solubility,
examines potential variables, and provides a comprehensive guide for selecting the most
appropriate variable to alter in experiments focused on sodium bicarbonate dissolution.

Understanding Solubility and Its Influencing
Factors

Before delving into experimental design, it’s important to understand the concept of
solubility and the factors that influence it.

What is Solubility?

Solubility refers to the maximum amount of a substance (solute) that can dissolve in a
solvent at a specific temperature, forming a saturated solution. It is typically expressed in
grams of solute per 100 mL of solvent or in molar concentration.

Factors Affecting Solubility

Several variables influence how much sodium bicarbonate will dissolve:

- Temperature: Usually, increased temperature enhances solubility for solids.

- Nature of the Solute and Solvent: Chemical compatibility and interactions determine
solubility.

- Pressure: Significant for gases but generally negligible for solids in liquids.

- Particle Size: Finer particles dissolve faster but do not affect maximum solubility.

- Stirring or Agitation: Accelerates dissolution but does not change the equilibrium
solubility.

- Amount of Solvent: The volume of solvent available determines the maximum possible
dissolution.

Potential Variables for Manipulation in Sodium
Bicarbonate Dissolution Experiments

When designing an experiment to assess sodium bicarbonate's solubility, several variables
can be considered for manipulation:



1. Temperature

2. Volume of solvent

3. Particle size of sodium bicarbonate

4. Stirring rate (agitation)

5. pH of the solution

6. Pressure (less relevant for solids in liquids)

Each of these variables can influence the rate or extent of dissolution, but their
appropriateness depends on the specific goals of the experiment.

Analyzing Which Variable Should Be Changed

To determine the maximum amount of sodium bicarbonate that dissolves under certain
conditions, the fundamental variable to change is typically one that directly influences the
equilibrium solubility, rather than factors affecting only the dissolution rate.

Temperature: The Most Relevant Variable

Why temperature?

Temperature is a key factor because it directly affects the solubility of most solids,

including sodium bicarbonate. Generally, increasing temperature increases solubility for
many salts. Empirical data suggest that sodium bicarbonate's solubility in water increases
with temperature, making it an ideal candidate for variation if the goal is to understand how
solubility changes with temperature.

Supporting evidence:

- At 20°C, sodium bicarbonate's solubility is approximately 9.6 g per 100 mL.

- At 60°C, solubility increases to around 35 g per 100 mL.

- This trend indicates a clear, predictable relationship between temperature and solubility,
making temperature variation a logical choice for the primary variable.

Advantages:

- Well-understood relationship with solubility.

- Easy to control and measure.

- Provides insight into thermodynamic properties.

Potential limitations:

- Requires precise temperature control.
- May necessitate specialized equipment like water baths or thermostats.



Volume of Solvent: An Alternative Variable

Why consider?

Since the maximum amount of sodium bicarbonate that can dissolve depends on the
amount of solvent available, changing the volume of solvent can alter the amount that
dissolves, assuming the solution is not saturated initially.

However, to determine the maximum solubility, the solvent volume is usually kept
constant, and the amount of solute added is varied until saturation is reached.
Alternatively, fixing the amount of solute and varying the volume of solvent can help
identify the solubility limit.

Limitations:

- Changing solvent volume affects the total dissolved amount but does not inherently
change the solubility value unless the system is saturated.
- Less effective if the goal is to understand intrinsic solubility.

Particle Size and Stirring: Factors Influencing
Dissolution Rate

While particle size and stirring rate influence how quickly sodium bicarbonate dissolves,
they do not typically affect the maximum amount that can dissolve at equilibrium unless
the system is not stirred long enough for saturation.

- Particle size: Smaller particles have a larger surface area, increasing dissolution rate but
not the solubility.
- Stirring: Enhances dissolution rate but not the equilibrium solubility.

Hence, these are secondary variables affecting dissolution rate but not the primary variable
for maximum solubility testing.

Recommended Variable: Temperature

Based on the analysis, temperature emerges as the most appropriate variable to change
when aiming to determine how much sodium bicarbonate will dissolve in a given solvent. It
directly influences the equilibrium state, allowing for the assessment of solubility across a
temperature range.

Why is temperature the optimal choice?



- It directly affects the thermodynamic equilibrium.

- Data on the relationship between temperature and solubility is well-established.

- Temperature control is feasible with standard laboratory equipment.

- Changing temperature provides insights into the thermodynamic nature of sodium
bicarbonate dissolution.

Designing the Experiment: Best Practices

To effectively investigate how temperature influences sodium bicarbonate solubility, the
experiment should be designed with careful control and measurement:

1. Preparation of Saturated Solutions:

- Use a fixed volume of distilled water at a specific temperature.

- Gradually add sodium bicarbonate until no more dissolves, indicating saturation.
- Stir continuously to facilitate dissolution.

2. Temperature Variation:

- Repeat the process at different controlled temperatures, e.g., 20°C, 40°C, 60°C, 80°C.
- Use water baths or thermostatic equipment for precise temperature regulation.

3. Measurement:

- After reaching saturation, filter the solution to remove undissolved particles.

- Weigh the dissolved sodium bicarbonate or measure the concentration via titration or
spectrophotometry.

- Record the maximum dissolved amount at each temperature.

4. Data Analysis:

- Plot solubility versus temperature.
- Analyze the trend to understand the thermodynamic relationship.

Conclusion

In the context of testing how much sodium bicarbonate will dissolve, the variable that
should be changed in a well-designed experiment is temperature. As the primary factor
influencing the equilibrium solubility of sodium bicarbonate, temperature manipulation
offers clear, quantifiable insights into the solubility behavior of this compound.

While other variables such as solvent volume, particle size, and stirring rate influence the



dissolution rate or practical aspects of the experiment, they do not significantly alter the
maximum amount that can dissolve under equilibrium conditions. Therefore, for a
scientifically rigorous investigation into solubility, focusing on temperature variation
provides the most meaningful and reliable results.

In summary:

- Change temperature to observe its effect on the maximum solubility.
- Maintain constant solvent volume, particle size, and stirring conditions during each trial.
- Use precise temperature control to ensure data accuracy.

Understanding the relationship between temperature and sodium bicarbonate solubility not
only enhances scientific knowledge but also informs practical applications ranging from
culinary arts to chemical manufacturing, making this experimental approach both
fundamental and valuable.
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