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Creating a specific concentration mixture from two different solutions is a
classic problem in chemistry and mathematics, often referred to as a mixture
or algebra problem. In this scenario, a chemist aims to produce exactly 6
liters of a 50% acid solution by combining a 40% acid solution and a 70% acid
solution. Achieving this requires understanding the principles of
concentration, volume, and the precise calculation of the quantities of each
solution needed. This process involves setting up algebraic equations,
solving for the unknowns, and understanding the implications of the mixture's
concentration levels. In this article, we will explore the problem in detail,
step-by-step, and discuss various methods to find the optimal mixture.

Understanding the Basics of Mixture Problems

What Is a Concentration?

Concentration refers to the amount of solute (in this case, acid) present in
a given volume of solution, usually expressed as a percentage or molarity.
For example:

- A 40% acid solution contains 40 grams of acid per 100 milliliters of
solution.

- A 70% acid solution contains 70 grams of acid per 100 milliliters of
solution.

— The desired 50% solution contains 50 grams of acid per 100 milliliters of
solution.

Key Concepts in Mixing Solutions

When mixing solutions of different concentrations:

— The total volume is the sum of the individual volumes.

— The total amount of acid in the mixture is the sum of the acids from each
solution.

— The resulting concentration depends on the ratio of acids and the total
volume.

Setting Up the Problem

Define Variables

Let:
- \( x \) = volume (in liters) of the 40% acid solution used.
- \(y \) = volume (in liters) of the 70% acid solution used.



Since the total mixture is 6 liters:
- \(x +vy =6 1\) (Equation 1)

Express the Acid Content
- Acid from the 40% solution: \( 0.40x \) liters of pure acid.
— Acid from the 70% solution: \( 0.70y \) liters of pure acid.

Total acid in the mixture should be 50% of 6 liters:
- \( 0.50 \times 6 = 3 \) liters of pure acid.

Therefore, the acid balance equation:
- \( 0.40x + 0.70y = 3 \) (Equation 2)

Solving the System of Equations

Equation 1: Total Volume
\ [

X +y =6

\]

Express \( y \) in terms of \( x \):
\ [

Substitute into Equation 2

\ [

0.40x + 0.70(6 - x) = 3

\]

Simplify:

\ [

0.40x + 4.2 - 0.70x = 3

\]

Combine like terms:

\ [

(0.40x — 0.70x) + 4.2 = 3
\]

\ [

-0.30x + 4.2 =3

\]

Subtract 4.2 from both sides:
\ [

-0.30x = -1.2

\]

Divide both sides by -0.30:
\ [

x = \frac{-1.2}{-0.30} = 4
\]

Now, find \( y \):
\ [
y =6 -x=6—-4=2



\]

Result: To produce 6 liters of a 50% acid solution, the chemist should mix:
— 4 liters of the 40% acid solution, and
— 2 liters of the 70% acid solution.

Verification of the Solution

Check the Acid Content

— Acid from 40% solution: \(
— Acid from 70% solution: \(
— Total acid: \( 1.6 + 1.4 =

0.40 \times 4 = 1.6 \) liters
0.70 \times 2 = 1.4 \) liters
3.0 \) liters, which matches the target.

Check the Total Volume

- \( 4+ 2 =06 )\) liters, the required volume.

Alternative Methods to Solve the Problem

Method 1: Using a Mixture Table

Create a table listing the concentrations and volumes:

| Solution Type | Concentration | Volume (L) | Acid Content (L) |

|-—— |-—— |- |-—— |
| 40% Solution | 0.40 | \N( x \) | \( 0.40x \) |

| 70% Solution | 0.70 | N( vy \) | \( 0.70y \) |

| Total | 50% (0.50) | 6 | 3 |

This visual can help in understanding the problem and verifying calculations.

Method 2: Using the Alligation Method

Alligation is a quick mental method for mixing two solutions:

1. Write the two concentrations: 40% and 70%

2. Find the difference between each concentration and the desired
concentration:

— Difference between 70% and 50%: \( 70 - 50 = 20 \)

— Difference between 50% and 40%: \( 50 - 40 = 10 \)

3. The ratio of solutions to mix is inverse to these differences:
- 40% solution: 20 parts

- 70% solution: 10 parts

Total parts = 20 + 10 = 30 parts.

Calculate the volume of each:

— 40% solution: \( \frac{20}{30} \times 6 = 4 \) liters
— 70% solution: \( \frac{10}{30} \times 6 = 2 \) liters

This matches the previous calculation, confirming the solution.



Implications and Practical Considerations

Accuracy and Precision

In real-world scenarios, measurement accuracy 1is critical. Small deviations
can significantly alter the concentration, especially in chemical processes
requiring precise formulations.

Safety and Handling

Handling acids of high concentrations like 70% requires proper safety
equipment and procedures. Dilution should be performed carefully, adding acid
to water, not vice versa, to prevent splashing.

Cost and Availability

Depending on the cost and availability of the solutions, the chemist might
consider alternative approaches or solutions, especially if one of the
solutions is more expensive or difficult to obtain.

Extensions and Related Problems

Mixing Different Concentrations for Other Volumes

The same principles can be extended to produce different volumes or
concentrations, involving larger or smaller quantities.

Varying the Target Concentration

Adjusting the desired concentration will lead to different ratios, which can
be calculated similarly using algebraic methods or alligation.

Multiple Solutions

When more than two solutions are involved, the problem becomes more complex
and may require matrix algebra or systematic methods for solution.

Conclusion

Mixing solutions of different concentrations is a fundamental problem in
chemistry that combines principles of algebra, ratios, and practical
chemistry considerations. In this scenario, the chemist successfully
determined that mixing 4 liters of a 40% acid solution with 2 liters of a 70%
acid solution yields exactly 6 liters of a 50% acid solution. This problem
illustrates the importance of setting up equations correctly, understanding
the relationship between concentration and volume, and verifying solutions
through multiple approaches. Whether for educational purposes or practical



applications, mastering such mixture problems is essential for chemists,
pharmacists, and anyone involved in formulation or chemical processing.

Key Takeaways:

— Establish clear variables and equations.

— Use algebraic methods or alligation for efficient solutions.

- Always verify calculations through substitution.

— Consider practical aspects like safety, cost, and measurement accuracy.
- Extend knowledge to more complex mixtures involving multiple solutions.

By understanding and applying these principles, chemists can accurately
prepare solutions with desired concentrations for various scientific,
industrial, and medical applications.

Frequently Asked Questions

How much of the 40% acid solution and 70% acid
solution does the chemist need to mix to produce 6
liters of a 50% acid solution?

Let x be the amount of 40% solution and y be the amount of 70% solution.
Using the system of equations: x + y = 6 liters and 0.4x + 0.7y = 0.5 6 = 3
liters. Solving these gives x = 3 liters and y = 3 liters. The chemist should
mix 3 liters of each solution.

What is the key principle behind mixing solutions
with different concentrations to achieve a desired
concentration?

The principle involves setting up a weighted average equation based on the
concentrations and volumes of the solutions, ensuring the total amount of
acid matches the target concentration in the final mixture.

Can the chemist mix different proportions of the 40%
and 70% solutions to get the same 50% solution, and
if so, what are those proportions?

Yes, multiple combinations can produce a 50% solution. For example, mixing 4
liters of 40% solution with 2 liters of 70% solution, or vice versa, can
achieve the same concentration, provided the total volume remains 6 liters
and the acid content sums to 3 liters.

What calculations are necessary to determine the
amount of each solution needed for this mixture?
You need to set up and solve a system of equations based on total volume (x +

y = 6 liters) and total acid content (0.4x + 0.7y = 3 liters). Solving these
equations gives the required volumes of each solution.



Why is it important to verify the final mixture's
concentration after mixing the solutions?

Verifying ensures that the mixture has achieved the desired 50% acid
concentration, confirming the accuracy of measurements and calculations, and
avoiding errors in the process.

What are practical considerations when mixing acid
solutions to ensure safety and accuracy?

Practically, use proper protective equipment, measure solutions precisely
with calibrated tools, add acids carefully to avoid splashes, and mix
thoroughly while following safety protocols to ensure accurate concentration
and safe handling.

Additional Resources
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Introduction

In the realm of chemical solutions and industrial processes, precise mixing
of acid solutions is a fundamental task that demands meticulous calculations
and understanding of concentration principles. A common problem faced by
chemists involves determining the correct proportions of different acid
solutions to achieve a desired concentration in a target volume.
Specifically, the task of mixing a 40% acid solution with a 70% acid solution
to produce a specific volume of a 50% acid solution exemplifies such a
challenge. This article offers an in-depth analysis of this problem,
exploring the mathematical foundations, practical considerations, and
potential methods to arrive at an accurate solution.

Context and Significance

Acid solutions are widely used in various industrial, laboratory, and
manufacturing processes. The concentration of acid solutions directly affects
the efficacy, safety, and cost of these processes. Therefore, accurately
preparing solutions with precise concentrations is essential for quality
control and operational efficiency.

Mixing solutions of different concentrations involves understanding the
interplay between volume and concentration, often modeled through algebraic
equations. This particular problem—mixing 40% and 70% acid solutions to
produce 6 liters of 50% acid—serves as an illustrative example of how
chemical principles translate into practical calculations.

Mathematical Foundations of Solution Mixing

Fundamental Concepts



The process of mixing two solutions with known concentrations and volumes to
achieve a desired concentration involves the principle of conservation of
amount of solute. The key variables are:

— C1: Concentration of solution 1 (40%)

- V1: Volume of solution 1 (unknown)

— C2: Concentration of solution 2 (70%)

- V2: Volume of solution 2 (unknown)

— Cfinal: Desired concentration of the final mixture (50%)
— Vfinal: Total volume of the mixture (6 liters)

The fundamental equation representing the mixture is:

\ [
Cl \times V1 4+ C2 \times V2 = Cfinal \times Vfinal

\1
Since the total volume is the sum of the individual volumes:

\ [
V1l + V2 = Vfinal = 6 \text{ liters}
\1

This gives us two equations with two unknowns, which can be solved
algebraically.

Step-by-Step Solution Approach
1. Define Known Values

Cl = 40\% = 0.40 \)

C2 70\% = 0.70 \)

Cfinal = 50\% = 0.50 \)
Vfinal = 6 \text{ liters} \)
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2. Set Up Equations

- Total volume: \( V1 + V2 = 6 \)

— Solute balance: \( 0.40 \times V1 + 0.70 \times V2 = 0.50 \times 6 \)
Simplifying the solute balance:

\
0.40V1 + 0.70V2 = 3

\1]
Using the volume equation to express \( V2 \):

\ [
V2 = 6 - V1
\]

Substituting into the solute equation:

\ [
0.40v1 + 0.70(6 - V1) = 3



\]

\ [
0.40v1 + 4.2 - 0.70V1 = 3

(0.40Vv1

0.70v1) + 4.2 = 3

-0.30V1 + 4.2 = 3

-0.30V1

Il
w
|
i
N

-0.30V1

Il

|
H
\S)

V1l = \frac{-1.2}{-0.30} = 4 \text{ liters}

Now, find \( V2 \):

V2 = 6 -Vl =6 — 4 = 2 \text{ liters}

3. Interpretation of Results

The calculations reveal that to produce 6 liters of a 50% acid solution, the
chemist should mix:

- 4 liters of the 40% acid solution
— 2 liters of the 70% acid solution

Practical Considerations and Limitations

While the algebraic solution provides a clear answer, real-world applications
necessitate attention to several practical factors:

a) Accuracy of Measurements

Precise measurement tools are essential to ensure the volumes are accurate,
especially when working with small gquantities or high-precision requirements.

b) Homogeneity of Solutions
Proper mixing techniques are necessary to ensure uniform concentration
throughout the solution, avoiding stratification or localized concentration

variance.

c) Safety Precautions



Handling concentrated acids requires appropriate safety measures, including
protective gear and proper ventilation.

d) Purity and Source of Solutions

Impurities or variations in commercial acid solutions can affect the actual
concentrations, necessitating titration or analytical verification before
mixing.

Alternative Methods and Troubleshooting

While the algebraic approach is straightforward, chemists sometimes employ
alternative methods or verification techniques:

1. Titration Verification

Performing a titration on the mixed solution can confirm the actual
concentration, ensuring the calculations align with the physical outcome.

2. Use of Dilution Tables or Software

Using pre-calculated tables or chemical process software can facilitate
complex mixing calculations, especially when multiple solutions or
constraints are involved.

3. Adjustments for Deviations

If the actual concentrations differ from labeled values, iterative
calculations or adjustments might be necessary.

Broader Implications and Applications

This problem extends beyond academic exercises, holding relevance in various
industrial contexts:

— Chemical Manufacturing: Precise formulation of products with specific acid
concentrations.

— Laboratory Research: Preparing reagents and solutions with exact
specifications.

— Environmental Management: Diluting concentrated acids to safe handling
levels.

— Educational Settings: Teaching concentration concepts and problem-solving
skills.

Understanding and mastering such mixing calculations underpin quality control
and operational safety in chemical industries.

Conclusion

The task of mixing a 40% acid solution with a 70% acid solution to produce 6
liters of a 50% acid solution exemplifies core principles of solution

chemistry and algebra. Through careful application of conservation laws and
algebraic manipulation, chemists can determine the precise volumes needed to



achieve desired concentrations. The solution—4 liters of 40% solution
combined with 2 liters of 70% solution—demonstrates the elegance of
mathematical reasoning in practical chemistry.

However, real-world implementation demands attention to measurement accuracy,
safety protocols, and solution homogeneity. As such, this problem underscores
the importance of integrating theoretical knowledge with practical skills to
achieve optimal results in chemical preparation processes.

In essence, mastering these calculations empowers chemists and industrial
practitioners to ensure accuracy, safety, and efficiency in their operations,
affirming the critical role of mathematical principles in applied chemistry.
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