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Introduction to Acid-Base Reactions

Understanding Acid-Base Chemistry
Acid-base reactions are fundamental chemical processes involving the transfer of protons (H⁺ ions)
from acids to bases. They are central to numerous chemical, biological, and industrial processes. In
aqueous solutions, acids typically donate protons, while bases accept them, leading to the formation
of new substances known as salts and water.

Significance of Phosphoric Acid and Sodium Hydroxide
Phosphoric acid (H₃PO₄) is a triprotic acid, meaning it can donate three protons per molecule, making
it a versatile reagent in various applications, from fertilizers to food additives. Sodium hydroxide
(NaOH), a strong base, readily dissociates in water, providing hydroxide ions (OH⁻) essential for
neutralization reactions.

Understanding the Reactants

Properties of Phosphoric Acid (H₃PO₄)
- Chemical Structure: Contains three acidic hydrogen atoms attached to the phosphate group.
- Acid Strength: Moderately strong acid; it does not completely ionize in water.
- Uses: Fertilizers, food preservatives, dental products, and industrial applications.

Properties of Sodium Hydroxide (NaOH)
- Chemical Structure: Composed of sodium ions (Na⁺) and hydroxide ions (OH⁻).
- Strength: Strong base; dissociates fully in aqueous solution.
- Uses: Soap making, pH regulation, chemical manufacturing, and neutralization processes.

Step-by-Step Formation of the Balanced Equation



Step 1: Initial Acid-Base Reaction
The first proton from phosphoric acid reacts with hydroxide ions:

H₃PO₄ + OH⁻ → H₂PO₄⁻ + H₂O

This produces dihydrogen phosphate ions and water.

Step 2: Sequential Proton Transfer
Given that phosphoric acid has three protons, the reaction can proceed stepwise:

1. First proton transfer:
H₃PO₄ + OH⁻ → H₂PO₄⁻ + H₂O

2. Second proton transfer:
H₂PO₄⁻ + OH⁻ → HPO₄²⁻ + H₂O

3. Third proton transfer:
HPO₄²⁻ + OH⁻ → PO₄³⁻ + H₂O

Each step involves the removal of a proton, with the base capturing the proton and water being
produced.

Step 3: Formation of the Salt
Depending on the amount of NaOH added, different salts can form:
- Monosodium phosphate (NaH₂PO₄)
- Disodium phosphate (Na₂HPO₄)
- Trisodium phosphate (Na₃PO₄)

In the initial neutralization, the formation of monosodium phosphate is typical.

Deriving the Balanced Equation

Reaction of Phosphoric Acid with Sodium Hydroxide
The overall neutralization involves the acid reacting with sodium hydroxide to produce sodium
phosphate salts and water.

The general equation for the formation of monosodium phosphate (NaH₂PO₄) is:

H₃PO₄ (aq) + NaOH (aq) → NaH₂PO₄ (aq) + H₂O (l)

This indicates that one mole of phosphoric acid reacts with one mole of sodium hydroxide to produce
monosodium phosphate and water.



Complete Neutralization to Disodium and Trisodium
Phosphates
- For disodium phosphate:

H₃PO₄ + 2NaOH → Na₂HPO₄ + 2H₂O

- For trisodium phosphate:

H₃PO₄ + 3NaOH → Na₃PO₄ + 3H₂O

Note: The number of NaOH molecules used directly correlates with the number of protons neutralized.

Final Balanced Equations

Monosodium Phosphate Formation

Equation: H₃PO₄ (aq) + NaOH (aq) → NaH₂PO₄ (aq) + H₂O (l)

Details: One mole of phosphoric acid reacts with one mole of sodium hydroxide to form
monosodium phosphate and water.

Disodium Phosphate Formation

Equation: H₃PO₄ (aq) + 2NaOH (aq) → Na₂HPO₄ (aq) + 2H₂O (l)

Details: Two moles of NaOH react with one mole of phosphoric acid.

Trisodium Phosphate Formation

Equation: H₃PO₄ (aq) + 3NaOH (aq) → Na₃PO₄ (aq) + 3H₂O (l)

Details: Complete neutralization forms trisodium phosphate with three equivalents of NaOH.

Understanding the pH and Buffering Capacity



Phosphoric Acid’s Buffering Range
Due to its three dissociable protons, phosphoric acid acts as a buffer in multiple pH ranges:
- First dissociation: pKa ≈ 2.15
- Second dissociation: pKa ≈ 7.20
- Third dissociation: pKa ≈ 12.35

This allows phosphoric acid to buffer solutions over a broad pH spectrum, making its neutralization
with NaOH an important process in biological and industrial contexts.

Implications of the Neutralization Reaction
- The reaction releases water and forms phosphate salts, which are vital in biological systems.
- The degree of neutralization influences the specific salt formed, affecting the solution's properties.

Practical Applications of the Reaction

Industrial and Laboratory Uses
- Fertilizer Production: Phosphates are essential nutrients for plants.
- Water Treatment: Phosphate salts help prevent corrosion.
- Food Industry: Phosphates serve as acidity regulators and preservatives.
- Chemical Synthesis: Production of other phosphate compounds.

Environmental Considerations
- Excess phosphates from industrial waste can cause eutrophication in water bodies.
- Proper neutralization using sodium hydroxide helps manage phosphate levels responsibly.

Conclusion
The reaction between phosphoric acid and sodium hydroxide exemplifies a typical acid-base
neutralization, producing various phosphate salts and water depending on the number of equivalents
of base added. The fundamental balanced equations are derived based on the stepwise dissociation
of phosphoric acid, with the simplest form for initial neutralization being:

H₃PO₄ (aq) + NaOH (aq) → NaH₂PO₄ (aq) + H₂O (l)

Understanding these reactions at a detailed level provides insight into their significance across
scientific disciplines, from biological systems to industrial manufacturing. Recognizing the
stoichiometry and the formation of different phosphate salts enables chemists to manipulate
conditions for desired outcomes, ensuring efficiency and safety in various applications.



Frequently Asked Questions

What is the complete balanced chemical equation for the
reaction between phosphoric acid and sodium hydroxide?
The balanced equation is H₃PO₄ (aq) + 3 NaOH (aq) → Na₃PO₄ (aq) + 3 H₂O (l).

How many moles of sodium hydroxide are needed to
completely neutralize one mole of phosphoric acid?
Three moles of NaOH are required to neutralize one mole of H₃PO₄.

What type of reaction occurs between phosphoric acid and
sodium hydroxide?
It is a neutralization reaction, specifically an acid-base reaction.

What is the significance of the coefficients in the balanced
equation for this reaction?
The coefficients indicate the molar ratios of reactants and products, ensuring the conservation of
atoms and charge.

How does the pH change during the neutralization of
phosphoric acid with sodium hydroxide?
The pH increases from acidic (below 7) towards neutral (around 7) as the acid is neutralized.

What are common applications of this neutralization reaction
in industry?
This reaction is used in fertilizer production, water treatment, and in preparing phosphate buffers in
laboratories.

Can this reaction produce different salts depending on the
amount of NaOH used?
Yes, partial neutralization can produce dihydrogen or hydrogen phosphate salts, while complete
neutralization produces sodium phosphate.

What safety precautions should be taken when performing
this reaction in the lab?
Wear protective gear, handle chemicals carefully, and work in a well-ventilated area to avoid chemical



burns or inhalation of fumes.

How does the reaction between phosphoric acid and sodium
hydroxide demonstrate principles of stoichiometry?
It illustrates the quantitative relationships between reactants and products, allowing calculation of
reactant amounts needed for complete neutralization.

Additional Resources
The Balanced Equation For The Reaction Between Phosphoric Acid And Sodium Hydroxide Is: H3PO4
(aq) + NaOH → NaH2PO4 (aq) + H2O

---

Understanding the Reaction Between Phosphoric Acid and Sodium Hydroxide

In the realm of chemistry, acid-base reactions are fundamental, illustrating how substances interact to
produce new compounds and release or absorb energy. Among these, the reaction between
phosphoric acid and sodium hydroxide serves as a classic example of a neutralization process, where
an acid reacts with a base to form a salt and water. The balanced chemical equation for this reaction
is a gateway to understanding the underlying principles of acid-base chemistry, stoichiometry, and
molecular interactions.

This article delves into the detailed chemistry behind the reaction, exploring the molecular structures,
the step-by-step balancing process, and the practical implications of this reaction in industrial and
laboratory settings. Whether you're a student, educator, or professional chemist, grasping the
nuances of this reaction enhances your understanding of fundamental chemical principles and their
applications.

---

Section 1: Fundamentals of Phosphoric Acid and Sodium Hydroxide

Before exploring the reaction mechanics, it’s essential to understand the reactants involved:
phosphoric acid and sodium hydroxide.

1.1 Phosphoric Acid (H3PO4)

- Chemical Nature: Phosphoric acid is a triprotic acid, meaning it can donate three protons (H⁺) during
acid-base reactions.
- Structure: Its molecular structure features a phosphorus atom centrally bonded to four oxygen
atoms, with three of these oxygens bearing hydrogen atoms.
- Properties: It is a weak acid, commonly used in fertilizers, food additives, and cleaning agents, owing
to its moderate acidity and safety profile.

1.2 Sodium Hydroxide (NaOH)

- Chemical Nature: Sodium hydroxide, also called caustic soda, is a strong base.



- Structure: It comprises sodium ions (Na⁺) and hydroxide ions (OH⁻). In aqueous solution, it
dissociates fully into these ions.
- Properties: Known for its high reactivity, NaOH is widely used in chemical manufacturing, pH
regulation, and cleaning.

---

Section 2: The Acid-Base Reaction Mechanism

2.1 Acid-Base Neutralization Concept

At its core, the reaction involves the transfer of protons (H⁺) from the acid to hydroxide ions (OH⁻).
This process results in the formation of water and anionic species called salts.

2.2 Step-by-Step Reaction Pathway

- Step 1: Proton Donation
Phosphoric acid, being triprotic, can donate up to three protons sequentially:

H3PO4 → H⁺ + H2PO4⁻
H2PO4⁻ → H⁺ + HPO4²⁻
HPO4²⁻ → H⁺ + PO4³⁻

- Step 2: Nucleophilic Attack by Hydroxide
The hydroxide ions in solution attack the protonated forms, neutralizing the protons and forming
water:

H⁺ + OH⁻ → H2O

- Step 3: Formation of Salts
The remaining phosphate species combine with sodium ions to form various sodium phosphate salts
depending on the extent of neutralization.

---

Section 3: Balancing the Chemical Equation

3.1 Understanding the Protonation Steps

Given that phosphoric acid is triprotic, it can produce multiple salts depending on the amount of base
used:

- Partial Neutralization:
When only one mole of NaOH reacts with one mole of H3PO4, the resulting salt is sodium dihydrogen
phosphate (NaH2PO4).

- Full Neutralization:
When three moles of NaOH react with one mole of H3PO4, the resulting salt is sodium phosphate
(Na3PO4).

3.2 Step-by-Step Balancing Process



Let’s focus on the reaction that produces sodium dihydrogen phosphate, which is often the first
neutralization step:

Unbalanced Equation:

H3PO4 (aq) + NaOH (aq) → NaH2PO4 (aq) + H2O

Balancing the Equation:

- Step 1: Balance sodium atoms
One Na atom on the product side; so, add one NaOH:

H3PO4 + NaOH → NaH2PO4 + H2O

- Step 2: Balance hydrogen atoms
Left side: 3 (from H3PO4) + 1 (from NaOH) = 4 hydrogen atoms
Right side: 2 (in NaH2PO4) + 2 (in H2O) = 4 hydrogen atoms

- Step 3: Balance phosphorus and oxygen
Phosphorus is already balanced (1 on each side).
Oxygen atoms: 4 on the left (from H3PO4) and 4 on the right (3 in NaH2PO4 + 1 in H2O).

Final Balanced Equation:

H3PO4 (aq) + NaOH (aq) → NaH2PO4 (aq) + H2O

This balancing indicates that one mole of phosphoric acid reacts with one mole of sodium hydroxide
to produce sodium dihydrogen phosphate and water.

---

Section 4: Variations and Complete Neutralization

4.1 Full Neutralization to Sodium Phosphate

When excess NaOH is added to fully neutralize phosphoric acid:

Unbalanced Equation:

H3PO4 + NaOH → Na3PO4 + H2O

Balancing Steps:

- Step 1: Balance sodium atoms
3 Na on the product side, so:

H3PO4 + 3 NaOH → Na3PO4 + H2O

- Step 2: Balance hydrogen
Left: 3 (from H3PO4) + 3 (from 3 NaOH) = 6
Right: 0 in Na3PO4 + 1 in H2O → 2 in H2O (since 3 H are in the acid, and 3 more from the base, total



6)

- Step 3: Final check
The balanced equation:

H3PO4 + 3 NaOH → Na3PO4 + 3 H2O

4.2 Summary of Reactions

| Neutralization Level | Products | Mole Ratios |
|------------------------|----------|--------------|
| Partial (monovalent base) | NaH2PO4 + H2O | 1:1:1 |
| Full (triprotic neutralization) | Na3PO4 + 3 H2O | 1:3:1 |

---

Section 5: Practical Applications and Significance

Understanding the balanced equations isn't just an academic exercise; it has real-world implications.

5.1 Industrial Uses

- Fertilizer Production:
Sodium phosphate salts are vital in manufacturing fertilizers, providing essential phosphorus
nutrients.

- Water Treatment:
Sodium phosphates serve as corrosion inhibitors and pH buffers in water systems.

- Food Industry:
Sodium dihydrogen phosphate and other salts are used as food additives to regulate acidity and as
leavening agents.

5.2 Laboratory and Educational Importance

- Stoichiometry Calculations:
Precise knowledge of reaction ratios aids in titrations and quantitative analysis.

- Understanding Acid-Base Equilibria:
Demonstrates how polyprotic acids behave and how multiple neutralization steps can occur.

---

Section 6: Safety and Handling

While phosphoric acid and sodium hydroxide are common and widely used, they must be handled
with care:

- Protective Equipment:
Gloves, goggles, and lab coats are essential when working with these chemicals.



- Proper Disposal:
Neutralized solutions should be disposed of according to local regulations to prevent environmental
damage.

---

Conclusion

The reaction between phosphoric acid and sodium hydroxide exemplifies fundamental principles of
acid-base chemistry, illustrating how molecular structures, proton transfer, and stoichiometry
intertwine to produce predictable and useful outcomes. The primary balanced equation—H3PO4 (aq)
+ NaOH → NaH2PO4 (aq) + H2O—serves as a cornerstone for understanding more complex
neutralization processes involving polyprotic acids.

Through systematic balancing, chemists can tailor reactions to yield desired products, whether for
industrial manufacturing or educational demonstrations. Recognizing the significance of such
reactions enhances our appreciation of chemical interactions that underpin countless applications in
everyday life, from agriculture and food to environmental management.

As chemistry continues to evolve, mastering these fundamental reactions remains crucial, fostering
innovations and ensuring safety in their application.
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