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If You Add 200.0 ML Of A 0.200 M HCl(a) Solution To 100.0 ML Of A 0.300 M
HCl(aq) Solution, What Will be the resulting concentration of hydrochloric
acid (HCl) in the mixture? This question involves understanding concepts
related to molarity, volume, and solution dilution, which are fundamental in
chemistry, especially in solution preparation and titration processes. In
this comprehensive article, we will explore the step-by-step process to
determine the final concentration of HCl after mixing two solutions, discuss
the relevant principles, and highlight practical applications.

Understanding the Basics of Molarity and
Solution Mixing

What is Molarity?

Molarity (M) is a measure of concentration defined as the number of moles of
solute (here, HCl) dissolved in one liter of solution. It is expressed
mathematically as:

\[ \text{Molarity} (M) = \frac{\text{moles of solute}}{\text{liters of
solution}} \]

For example, a 0.200 M HCl solution contains 0.200 moles of HCLl per liter.

Relevance of Molarity in Solution Mixing

When solutions are mixed, the total amount of solute (in moles) remains
conserved (assuming no chemical reactions occur), but the total volume
changes. To find the new concentration after mixing, we need to:

1. Calculate the total moles of solute in each solution before mixing.
2. Add these moles together.
3. Divide the total moles by the total volume of the mixture.

This process relies on the principle of conservation of moles and the
additive nature of volume in ideal solutions.



Step-by-Step Calculation of the Final HCl
Concentration

Step 1: Determine the moles of HClL in each solution

Given data:

- Solution 1: 200.0 mL of 0.200 M HCl
- Solution 2: 100.0 mL of 0.300 M HCLl

Convert volume from milliliters to liters:

- Solution 1: 200.0 mL
- Solution 2: 100.0 mL
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Calculate moles:

\ [

\text{Moles in Solution 1}
0.040\, \text{mol}

\1

0.200\, \text{L} \times 0.200\, \text{mol/L}

\ [

\text{Moles in Solution 2}
0.030\, \text{mol}

\1

0.100\, \text{L} \times 0.300\, \text{mol/L}

Step 2: Calculate total moles of HCl after mixing

\ [

\text{Total moles} = 0.040\, \text{mol} + 0.030\, \text{mol} = 0.070\,
\text{mol}

\1

Step 3: Calculate the total volume of the mixture

\ [

\text{Total volume} = 200.0\, \text{mL} + 100.0\, \text{mL} = 300.0\,
\text{mL}

\1]

Convert to liters:

\ [
300.0\, \text{mL} = 0.300\, \text{L}



\]

Step 4: Calculate the final concentration (molarity)
of HCL in the mixture

\ [

\text{Final concentration} = \frac{\text{Total moles}}{\text{Total volume in
liters}} = \frac{0.070\, \text{mol}}{0.300\, \text{L}} \approx 0.233\,
\text{M}

\1]

Therefore, the resulting concentration of HCl after mixing is approximately
0.233 M.

Implications and Practical Applications of the
Calculations

Understanding Solution Dilution and Concentration
Changes

The calculation demonstrates how mixing solutions of different concentrations
results in a new, intermediate concentration. This principle is crucial in
laboratory settings, where precise dilutions are necessary for experiments,
titrations, and preparing reagents.

Applications in Chemical Laboratories

- Titration Preparation: Accurate concentration calculations ensure proper
titrant and analyte ratios.

- Solution Standardization: Adjusting solution concentrations to desired
levels.

- Pharmaceuticals: Preparing medication solutions with precise molarity.

- Industrial Chemistry: Mixing reactants in manufacturing processes to
achieve optimal reactions.

Factors Affecting the Final Concentration

While the above calculations assume ideal conditions, real-world factors can
influence the actual concentration:



e Volume Contraction or Expansion: Slight deviations can occur due to
solution interactions.

e Temperature Effects: Variations in temperature can affect solution
volume and molarity.

* Measurement Precision: Accurate measurements of volume and concentration
are essential for precise calculations.

Additional Considerations in Acid-Base
Chemistry

HCl as a Strong Acid

Hydrochloric acid is a strong acid, meaning it dissociates completely in
aqueous solutions:

\ [
\text{HCl} \rightarrow \text{H}"+ + \text{Cl}"-

\1]

This dissociation simplifies calculations because the molarity of HCl
directly corresponds to the molarity of hydrogen ions (\(\text{H}"+\)) in the
solution.

Impact on pH of the Mixture
The pH of the solution can be derived from the final concentration:
\ [

\text{pH} = -\log[\text{H}"+]
\1

Since HCl dissociates completely:

\ [
[\text{H}"+] = \text{Final concentration of HCl} \approx 0.233\, \text{M}
\1

Therefore,

\ [
\text{pH} = -\log(0.233) \approx 0.632
\1]



This indicates a highly acidic solution.

Conclusion and Summary

In summary, when 200.0 mL of a 0.200 M HCl solution is mixed with 100.0 mL of
a 0.300 M HCl solution, the resulting solution contains approximately 0.070
moles of HCl in 0.300 liters, leading to a final concentration of about 0.233
M. This type of calculation is fundamental in chemistry for preparing
solutions, conducting titrations, and understanding acid-base interactions.
Accurate knowledge of solution concentrations enables chemists to control
reaction conditions, ensure safety, and achieve desired experimental
outcomes.

By mastering these principles, students and professionals can confidently
handle solution preparation and analysis in various scientific and industrial
contexts.

Frequently Asked Questions

What is the final concentration of HCl after mixing
200.0 mL of 0.200 M HCL with 100.0 mL of 0.300 M
HC1?

The total moles of HCl are (200.0 mL x 0.200 M) + (100.0 mL x 0.300 M) =
0.040 mol + 0.030 mol = 0.070 mol. The total volume is 200.0 mL + 100.0 mL =
300.0 mL or 0.300 L. Therefore, the final concentration is 0.070 mol / 0.300
L = 0.233 M.

Does mixing these HCl solutions result in a
neutralization reaction?

No, since both solutions are acids (HCl), mixing them does not lead to
neutralization but rather results in a combined solution with a higher total
concentration of HCL.

How does the total volume affect the final
concentration of HCl in this mixture?

The total volume, which is the sum of the individual volumes, directly
influences the final concentration. Increasing the volume decreases
concentration, while decreasing volume increases concentration, assuming
constant moles.



What assumptions are made when calculating the final
HC1l concentration in this scenario?

It is assumed that volumes are additive without volume contraction, the
solution is ideal, and there are no other reactions or interactions affecting
the concentration during mixing.

If you wanted to double the final concentration of
HCl in the mixture, what adjustments would you need
to make?

You would need to increase the total moles of HCl in the mixture or decrease
the total volume. For example, adding more concentrated HCl or reducing the
total volume of the mixture would raise the final concentration.

Additional Resources

Understanding the Scenario: Mixing Two
Hydrochloric Acid Solutions

In the realm of chemistry, particularly in solution chemistry, understanding
how different concentrations and volumes of acids interact when combined is
fundamental. The question at hand involves adding 200.0 mL of a 0.200 M
hydrochloric acid (HCl) solution to 100.0 mL of a 0.300 M HCl solution. This
seemingly straightforward scenario opens a window into core concepts such as
molarity, molar quantities, dilution, and the resulting pH of the mixture.
The key term here is concentration, which in chemistry is often expressed as
molarity (M), representing moles of solute per liter of solution.

This article aims to comprehensively analyze what happens when these two
solutions are combined, focusing on calculating the resulting concentration,
understanding the implications on pH, and exploring the underlying principles
that govern such mixing processes. Such an analysis not only illuminates the
specific problem but also reinforces fundamental concepts that are widely
applicable in laboratory and industrial settings.

Fundamentals of Molarity and Solution Chemistry



What is Molarity?

Molarity (denoted as M) is a standard way to express the concentration of a
solute in a solution. It is defined as:

\[ \text{Molarity} (M) = \frac{\text{moles of solute}}{\text{liters of
solution}} \]

For example, a 0.200 M HCl solution contains 0.200 moles of HClL in 1 liter of
solution. This unit allows chemists to quantify and compare solution

concentrations precisely, which is essential for reactions, titrations, and
pH calculations.

Calculating Moles of HCL in the Given Solutions

To analyze the mixture, we need to determine the total moles of HCl in each
solution prior to mixing:

- Solution A: 200.0 mL (which is 0.200 L) of 0.200 M HCl

\[ \text{Moles of HCl} = M \times V = 0.200\, \text{mol/L} \times 0.200\,
\text{L} = 0.040\, \text{mol} \]

- Solution B: 100.0 mL (which is 0.100 L) of 0.300 M HC1

\[ \text{Moles of HCl} = 0.300\, \text{mol/L} \times 0.100\, \text{L} =
0.030\, \text{mol} \]

These calculations are critical because the amount of dissolved acid (in
moles) determines the acidity of the mixture after combining solutions.

Calculating the Total Moles of HCl After Mixing

Adding the Solutions

When solutions are mixed, the total number of moles of solute (HClL in this
case) simply adds up, assuming ideal behavior with no chemical reactions
consuming acid (which is the case here as HCl is a strong acid that
dissociates completely). The total moles of HCl after mixing:

\[ \text{Total moles} = 0.040\, \text{mol} + 0.030\, \text{mol} = 0.070\,
\text{mol} \]



Calculating the Total Volume of the Mixture

The total volume after mixing is the sum of the individual volumes:

\[ V_{\text{total}}
\text{mL} \]

200.0\, \text{mL} + 100.0\, \text{mL} = 300.0\,

Expressed in liters:

\[ V {\text{total}}

0.300\, \text{L} \]

This total volume is essential for calculating the resulting molarity.

Determining the Final Concentration of HCl

Using the total moles of HCl and the total volume, the molarity of the
resulting solution can be calculated:

\[ M {\text{final}} = \frac{\text{Total moles of HCl}}{\text{Total volume in
liters}} = \frac{0.070\, \text{mol}}{0.300\, \text{L}} \approx 0.233\,
\text{M} \]

This is a crucial outcome because it tells us that the mixture will have a
concentration of approximately 0.233 M HCl, which lies between the original

concentrations of the two solutions—closer to the more concentrated solution
but reduced due to dilution.

Implications for pH and Acid Strength

Understanding pH in Acid Solutions

The pH of an acid solution is a measure of its acidity, calculated as:
\[ \text{pH} = -\log[\text{H}"+] \]

For strong acids like HC1l, which dissociate completely in solution, the
molarity of HCl directly equals the molarity of hydrogen ions

\ ([\text{H}"+]\):

\[ [\text{H}"+] = M {\text{final}} \]



Thus, the pH after mixing is:
\[ \text{pH} = -\log(0.233) \approx 0.632 \]

This indicates a highly acidic solution, as expected with such a high
concentration of HCl. For context, pure water has a pH of 7, and typical
vinegar (~0.1 M acetic acid) has a pH around 2.4.

Analyzing the Resulting Acid Strength

The resulting pH of approximately 0.63 confirms the solution remains strongly
acidic post-mixing. Notably, adding a solution with a lower concentration of
HCl (0.200 M) to a more concentrated one (0.300 M) results in an intermediate
concentration. This illustrates the principle that mixing solutions of
different concentrations results in a new, predictable concentration based on
total moles and total volume, assuming ideal behavior.

Broader Context and Practical Applications

Relevance in Laboratory Settings

Understanding how to calculate the final concentration and pH after mixing
solutions is essential for laboratory titrations, preparing buffers, and
adjusting solution strengths for experiments. For example:

- Titrations: Knowing the initial concentration helps determine the volume of
titrant needed.

- Buffer Preparation: Mixing acids and bases to achieve desired pH levels
relies on similar calculations.

- Industrial Processes: In manufacturing, precise control over solution
concentrations ensures product consistency.

Real-world Considerations and Deviations

While calculations assume ideal behavior, real solutions may exhibit slight
deviations due to factors like:

- Ionic interactions
- Temperature variations
- Purity of chemicals



Nevertheless, the principles outlined remain foundational and highly
applicable.

Conclusion: Insights and Educational Takeaways

This detailed analysis demonstrates that adding 200.0 mL of 0.200 M HCl to
100.0 mL of 0.300 M HCl results in a solution with a molarity of
approximately 0.233 M and a pH of about 0.63. The process exemplifies key
concepts in solution chemistry, such as the additive nature of moles, the
importance of volume in dilution calculations, and the relationship between
concentration and pH.

Understanding these principles is vital not only for academic pursuits but
also for practical applications across chemistry, biology, medicine, and
industrial manufacturing. The scenario underscores the importance of precise
measurements and calculations in achieving desired chemical properties,
highlighting the predictive power of fundamental chemical equations and
concepts.

In essence, this exercise encapsulates core lessons on solution mixing,
concentration calculations, and pH determination, serving as a cornerstone
for further exploration into chemical equilibria, titrations, and solution
chemistry.
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