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Understanding the balanced chemical equation involving pBaCl2 + Q A12 (SO4)3 ------ AICI3 +Sis
fundamental in chemistry, especially when it comes to calculating the stoichiometric coefficients P, Q,
R, and S. These coefficients determine the molar ratios of reactants and products in the chemical
reaction, ensuring the law of conservation of mass is upheld. In this article, we will explore how to find

these values step-by-step, analyze the reaction in detail, and discuss its significance in chemical
calculations and practical applications.

Deciphering the Unbalanced Equation

Before assigning values to P, Q, R, and S, it’s crucial to understand the unbalanced chemical equation:
BaCl2 + Q Alz(SOs4)s = AICIz + S

This equation indicates that barium chloride reacts with aluminum sulfate to produce aluminum
chloride and an unknown substance S. To find the coefficients P, Q, R, and S, we need to balance this
equation properly.

Step 1: Assign Variables and Write the Unbalanced
Equation

The unbalanced reaction can be written with variables as:

P for BaCl2

Q for Al2(S0a4)3

R for AICIz

S for the unknown product (possibly a precipitate or other compound)

The unbalanced reaction becomes:



P BaClz + Q Al2(SO4)s » R AICIs + S

Our goal is to find the numerical values of P, Q, R, and S that satisfy the conservation of atoms for
each element involved.

Step 2: Write the Elemental Balance Equations

Let's analyze each element:

- Barium (Ba):

P (from BaClz) on the left, none on the right unless S contains Ba.
- Chlorine (Cl):

2 P (from BaCl2), R (from AICIs).

- Aluminum (Al):

2 Q (from Al2(S0a)3), R (from AICI3).

- Sulfur (S):

3 Q (from Al2(SOa)3), S (unknown product).

- Additional considerations:

- Since Ba is unaccounted for on the right, S likely contains Ba, or the initial reaction involves a
precipitate or compound involving Ba.

Assuming S is BaSOa (barium sulfate), because it's a common insoluble product in such reactions, the
reaction likely involves formation of BaSOa.

Thus, the balanced reaction can be written as:
P BaClz + Q Al2(SOa4)3 =» R AICIs + S BaSOa

Now, with this assumption, we can proceed to balance the equation.

Step 3: Write the Full Elemental Balance Equations

- Barium (Ba):
P (left) = S (right) » P =S

- Chlorine (CI):
2P=3R-»2P=3R

- Aluminum (Al):
2Q=R-2Q=R

- Sulfur (S):
3Q=S

Now, express all variables in terms of Q:



- From aluminum balance: R =2 Q

- From sulfur balance: S =3 Q

- From barium balance: P=S=3Q
Finally, chlorine balance:

2P=3R

But since P =3 Q, and R = 2 Q, substitute:
23Q=32Q

6Q=60Q

This confirms consistency.

Summary of relationships:

-P=30Q
-R=2Q
-5=3Q

To find integer coefficients, choose Q = 1:

-P=3
“R=2
-5=3

Thus, the balanced chemical equation becomes:
3 BaClz + 1 Al2(S0a4)s = 2 AICIz + 3 BaSOa4
Or, simplified:

3 BaClz + Al2(S0a4)s = 2 AICIs + 3 BaSOs

Final values:
-P=3

- Q -

- R =

- S frd

Significance of the Coefficients in Chemical Reactions

Understanding the values of P, Q, R, and S is essential because they:

- Ensure the conservation of mass and atoms



- Allow chemists to calculate reactant and product quantities
- Aid in determining molar ratios for reactions
- Facilitate stoichiometric calculations in laboratory and industrial processes

Applications and Practical Implications

Knowing the balanced equation with correct coefficients enables chemists to:

- Calculate the amount of reactants needed for a desired product yield
- Predict the amount of by-products formed

- Design efficient chemical manufacturing processes

- Understand reaction mechanisms and pathways

Conclusion: Mastering Coefficients in Chemical
Equations

The process of balancing chemical equations, exemplified by the reaction involving barium chloride
and aluminum sulfate, underscores the importance of stoichiometry in chemistry. The coefficients P,
Q, R, and S represent the molar ratios of reactants and products, and their correct determination is
crucial for accurate chemical calculations. By following systematic balancing steps and understanding
the reaction’s chemistry, students and professionals can confidently interpret and manipulate
chemical equations for research, education, and industrial applications.

Remember: Always verify the balanced equation to ensure the conservation of all atoms, and consider
the physical states and solubility of products for comprehensive understanding.

Frequently Asked Questions

What are the known valencies of P, Q, R, and S in the given
chemical equation?

P is 2 (from BaClz), Q is 3 (from Al2(S0Oa4)3), R is 3 (from AICls), and S is 3 (from Al2(SOa)3).

How can we determine the values of P, Q, R, and S in the
balanced equation?

By balancing the chemical equation to satisfy conservation of atoms for each element, we find the
coefficients P, Q, R, and S correspond to these values.

What is the balanced chemical equation involving P, Q, R, and



S?
The balanced equation is: 3 BaClz + 1 Al2(S04)s = 2 AICls + 3 BaSOs, where P=3, Q=1, R=2, and S=3.

Why is it important to determine the correct values of P, Q, R,
and S in this reaction?

Correct values ensure the chemical equation accurately reflects the stoichiometry of the reaction,
which is essential for calculations in chemistry.

Can you explain the significance of the sulfate ion (SO4) in
balancing this reaction?

The sulfate ion (SO4) appears in the compound Alz(SOa4)s, and balancing its atoms helps determine the
coefficients related to sulfate, which is S in the equation.

What steps are involved in solving for P, Q, R, and S in this
chemical equation?

First, write the unbalanced equation, then set up algebraic equations based on atom counts for each
element, and solve for the coefficients P, Q, R, and S.

Are P, Q, R, and S typically integers in a balanced chemical
equation?

Yes, coefficients P, Q, R, and S are usually whole numbers that balance the atoms on both sides of the
equation.

Additional Resources
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Introduction

Understanding the significance of balancing chemical equations is fundamental in chemistry.
It ensures the law of conservation of mass is upheld, meaning that the number of atoms for each
element remains constant on both sides of the reaction. In this context, the chemical equation:

pBaCl2 + Q Al2(SO4)3 » R AICIz + S

serves as an illustrative example to explore the process of balancing, determining unknown
coefficients (P, Q, R, and S), and understanding their chemical implications. Such an exercise not only



underscores the importance of stoichiometry but also deepens comprehension of compound
interactions, molar ratios, and the theoretical underpinnings of chemical reactions.

Understanding the Unbalanced Equation

Before delving into the values of P, Q, R, and S, it’s vital to parse the unbalanced chemical equation:
pBaClz + Q Al2(S04)3 » RAICIz + S
This equation suggests that:

- Barium chloride (BaClz) reacts with aluminum sulfate (Al2(SOa4)3) to produce aluminum chloride
(AICI3) and an unspecified product denoted by S.

However, the equation as given is incomplete in terms of the products’ identities and coefficients. To

fully analyze it, we need to understand the typical reactions involving these compounds, especially
focusing on double displacement reactions or precipitation reactions common in such systems.

Deciphering the Chemical Context

Common Reactions Between BaCl: and Al2(S04)s

When barium chloride and aluminum sulfate are mixed in aqueous solution, a typical double
displacement (metathesis) reaction occurs, which often leads to the formation of insoluble
precipitates:

BaClz (aq) + Al2(S04)s (aq) = BaSO0a (s) + AICls (aq)

Here:

- Barium sulfate (BaS0Oa4) precipitates out because it is insoluble in water.
- Aluminum chloride (AlICl3) remains in solution.

This suggests that in the balanced equation, the products are BaSOas (solid precipitate) and AICls
(aqueous). Therefore, the typical form of the balanced equation should be:

p BaClz + g Al2(SO4)s = r BaS04 + s AICls

which aligns with the initial notation with the coefficients P, Q, R, and S.



Formulating the Balanced Equation

Step-by-step Balancing Process

To determine the coefficients P, Q, R, and S, we follow the systematic steps:
1. Write the unbalanced equation:

P BaClz + Q Al2(S0a4)3 » R BaSO4 + S AICls

2. List the atoms involved:

- Barium (Ba)

- Chlorine (Cl)

- Aluminum (Al)

- Sulfur (S)

- Oxygen (0)

3. Apply the conservation of atoms for each element:

- Barium (Ba):
P=R

- Chlorine (CI):
2P =3S

- Aluminum (Al):
2Q=S

- Sulfur (S):
30=R

- Oxygen (0):
4Q (from sulfate) is balanced internally; since oxygen appears in sulfate, the count is dependent on Q.

4. Express all coefficients relative to one another:
-FromBa: P=R

-FromCl: 2P =35->S=(2/3) P

-From Al: 2Q=5-5=2Q

-From S: 3Q =R

Substitute S from the Al equation into the Cl equation:

S=2Q

From S = 2Q and R = 3Q (from sulfur), and P = R, we get:



P=R=3Q
S =2Q
To eliminate fractions, choose Q as the smallest integer that makes all coefficients integers.

Let's assign Q = 1:

-P=3x1=3
-R=P=3
-S=2x1=2

5. Final coefficients:

P=3,Q=1,R=3,5=2

Final Balanced Equation and Coefficients

Based on the above calculations, the balanced chemical equation becomes:
3 BaCl2 + 1 Al2(S0a4)3 » 3 BaS04 + 2 AICls
or, more simply:

3 BaClz + Al2(S04)s » 3 BaS04 + 2 AICls

This shows:
-P=3
-Q=1
-R=3
-S=2

Analytical Significance of the Coefficients

Stoichiometric implications

The coefficients in the balanced equation reveal the molar ratios involved in the reaction:

- 3 moles of barium chloride react with 1 mole of aluminum sulfate.
- The reaction produces 3 moles of barium sulfate precipitate.



- Simultaneously, 2 moles of aluminum chloride remain in solution.

Understanding molar ratios and reactions

The molar ratios derived from the coefficients are essential for:

- Calculating reactant and product quantities in laboratory settings.
- Determining theoretical yields.
- Understanding the stoichiometry of complex reactions involving multiple compounds.

Implications in industrial and environmental chemistry

This reaction is significant in:

- Water treatment processes, where barium sulfate acts as a precipitate to remove sulfate ions.
- Industrial synthesis of insoluble salts.
- Environmental management, especially concerning sulfate removal.

Conclusion

The detailed analysis of the chemical equation involving P, Q, R, and S demonstrates the importance
of systematic balancing techniques. The coefficients—3, 1, 3, and 2—are not arbitrary but are rooted
in the fundamental principles of conservation of mass and atomic balance. Recognizing the typical
reaction between barium chloride and aluminum sulfate, and applying stoichiometric calculations,
enables chemists to predict reaction outcomes accurately and utilize these reactions efficiently in
various scientific and industrial contexts.

This exercise underscores that the coefficients in a balanced chemical equation are more than mere
numbers—they are precise ratios that reflect the underlying molecular interactions, quiding practical
applications and advancing our understanding of chemical behavior.
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