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The reaction of adipic acid with calcium hydroxide is a classic example of an acid-base chemical
reaction that results in the formation of a salt and water. When adipic acid (C6H1004), a dicarboxylic
acid commonly used in the production of nylon, encounters calcium hydroxide (Ca(OH)2), a strong
base, they engage in a neutralization process. This reaction produces calcium adipate, an insoluble
salt, along with water as a byproduct. Understanding this chemical interaction is essential not only in
industrial applications but also in academic contexts related to organic and inorganic chemistry. In
this article, we delve into the details of this reaction, exploring the chemical mechanisms, the
properties of the products formed, and the practical uses of calcium adipate.

Understanding the Reactants: Adipic Acid and Calcium
Hydroxide

What Is Adipic Acid?

Adipic acid (C6H1004) is a colorless, crystalline, and odorless organic compound classified as a
dicarboxylic acid. It consists of a six-carbon chain with carboxyl groups (-COOH) at both ends. Adipic
acid is primarily used in the manufacture of nylon 6,6 fibers and plastics, but it also finds applications
in food flavoring, polyurethanes, and as a monomer in polymer production.

Key properties of adipic acid include:

- Molecular weight: 146.14 g/mol

- Melting point: approximately 152°C

- Solubility: soluble in water, ethanol, and other organic solvents

- Acidic nature: due to the presence of two carboxyl groups, it can donate protons in reactions

What Is Calcium Hydroxide?

Calcium hydroxide (Ca(OH)2), also known as slaked lime, is an inorganic compound that appears as a
white, powdery solid. It is a strong base commonly used in construction, water treatment, agriculture,
and chemical manufacturing.

Key properties of calcium hydroxide include:

- Molecular weight: 74.09 g/mol

- Solubility: slightly soluble in water (~1.73 g/L at 20°C)

- pH: strongly alkaline in aqueous solutions

- Reactivity: readily reacts with acids to produce salts and water



The Chemical Reaction: Formation of Calcium Adipate

Reaction Overview

When adipic acid reacts with calcium hydroxide, a double displacement reaction occurs, resulting in
the formation of calcium adipate and water. The general reaction can be summarized as:

\[ 2\, \text{C} 6\text{H} {10}\text{O} 4 + \text{Ca(OH)} 2 \rightarrow
\text{Ca(C} 6\text{H} 8\text{O} 4) 2 + 2\, \text{H} 2\text{O} \]

This reaction involves the neutralization of the carboxylic acid groups by the hydroxide ions, leading
to the formation of calcium salts (adipates).

Step-by-Step Reaction Mechanism

1. Proton Transfer: The hydroxide ions from calcium hydroxide deprotonate the carboxylic acid groups
in adipic acid.

2. Salt Formation: The deprotonated carboxylate groups (-COO”™-) coordinate with calcium ions to
form calcium adipate.

3. Water Formation: The protons from the acid combine with hydroxide ions to produce water
molecules.

Simplified reaction process:

- Each adipic acid molecule has two carboxylic acid groups, both of which can react with hydroxide
ions.

- Calcium, being divalent, can coordinate with two carboxylate groups, forming a stable salt.

Properties of Calcium Adipate

Chemical Structure and Characteristics

Calcium adipate (Ca(C6H804)2) is an insoluble salt that appears as a white, crystalline solid. Its
structure involves calcium ions coordinated with adipate ions, which are the deprotonated forms of
adipic acid.

Properties include:

- Low solubility in water

- Thermal stability

- Usefulness as a plasticizer or stabilizer in polymer applications



Physical and Chemical Properties

- Appearance: White crystalline powder

- Molecular weight: Approximately 390.28 g/mol

- Density: About 1.78 g/cm3

- Solubility: Very low in water but soluble in certain organic solvents

- Stability: Stable under normal conditions but decomposes upon heating

Industrial and Practical Applications of Calcium Adipate

Use in Polymer Industry

Calcium adipate serves as a plasticizer and stabilizer in the manufacturing of nylon and other
polyamides. Its incorporation improves flexibility, processability, and thermal stability of polymer
products.

Role in Water Treatment and Environmental Applications

Due to its insolubility and chemical properties, calcium adipate can be used in certain environmental
remediation processes where stable, insoluble salts are beneficial.

Other Uses

- As a precursor for other chemical syntheses
- In the production of biodegradable plastics
- In research as a model compound for studying salt formation from dicarboxylic acids

Summary and Conclusion

The reaction of adipic acid with calcium hydroxide results in the formation of calcium adipate, an
insoluble calcium salt characterized by its stability and utility in various industrial applications. This
reaction exemplifies fundamental principles of acid-base chemistry, where the proton donation from
adipic acid is neutralized by hydroxide ions, leading to salt formation. Understanding this process is
crucial for fields ranging from polymer manufacturing to environmental chemistry.

Key takeaways:

- The reaction produces calcium adipate and water.

- Calcium adipate’s low solubility makes it useful in stabilizing polymers.

- The process highlights the importance of acid-base neutralization reactions in industrial chemistry.



By mastering the chemistry behind adipic acid and calcium hydroxide reactions, chemists and
engineers can optimize production processes, develop new materials, and improve environmental
sustainability.
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Frequently Asked Questions

What compound is formed when adipic acid reacts with
calcium hydroxide?

Calcium adipate is formed from the reaction of adipic acid with calcium hydroxide.

What is the chemical formula of calcium adipate produced in
this reaction?

The chemical formula of calcium adipate is Ca(C6H804)2.

What type of reaction occurs between adipic acid and calcium
hydroxide?

It is a double displacement (acid-base neutralization) reaction resulting in the formation of a salt and
water.

Is calcium adipate soluble in water?

Calcium adipate is generally insoluble or only sparingly soluble in water.

What are the industrial applications of calcium adipate
formed from this reaction?

Calcium adipate is used as a plasticizer, a food additive, and in the production of biodegradable
polymers.

How can you identify the formation of calcium adipate in a
laboratory setting?

You can detect its formation by observing a precipitate formation when adipic acid reacts with
calcium hydroxide in solution.



What is the significance of reacting adipic acid with calcium
hydroxide in chemistry?

This reaction helps in the synthesis of calcium salts of dicarboxylic acids, which have various
industrial and commercial uses.

Can this reaction be used to produce adipic acid salts on an
industrial scale?

Yes, this reaction is a common method for producing calcium adipate and other calcium salts of adipic
acid at an industrial level.

Additional Resources
What Is Formed From The Reaction Of Adipic Acid With Calcium Hydroxide?

The interplay between organic acids and alkaline earth metal hydroxides is a fundamental area of
study within inorganic and organic chemistry, offering insight into salt formation, reaction
mechanisms, and potential industrial applications. A particularly interesting case is the reaction
between adipic acid, a dicarboxylic acid, and calcium hydroxide, a strong base. This reaction not only
exemplifies acid-base chemistry but also provides a pathway to produce specific calcium salts that
have relevance in materials science, environmental chemistry, and industrial manufacturing.

This comprehensive review aims to explore in detail what is formed from the reaction of adipic acid
with calcium hydroxide, elucidating the chemical processes involved, the nature of the products, their
properties, and potential uses. We will also examine the reaction mechanism, factors influencing the
formation, and possible practical applications.

Understanding the Reactants: Adipic Acid and Calcium
Hydroxide

Adipic Acid: Structure and Characteristics

Adipic acid (C6H1004) is a six-carbon dicarboxylic acid with the molecular formula HO2C-(CH2)4-
CO2H. Its structure comprises two carboxylic acid groups separated by a four-methylene chain,
making it a classic example of a dicarboxylic acid used extensively in the manufacturing of nylon
(nylon-6,6). It exists as a white crystalline solid, highly soluble in water, and exhibits typical acid
behavior through its carboxyl groups.

Key points about adipic acid:
- Dicarboxylic nature allows for the formation of various salts and esters.
- Widely utilized in polymer synthesis, especially in the production of polyamides.



- Its acidic properties enable it to react with bases to form salts.

Calcium Hydroxide: Structure and Characteristics

Calcium hydroxide (Ca(OH)2), commonly known as slaked lime, is an inorganic compound
characterized by its ionic lattice structure. It is a white, odorless, alkaline solid with a high pH (around
12.4 in aqueous solution). Calcium hydroxide is poorly soluble in water but readily dissociates into
calcium and hydroxide ions, facilitating neutralization reactions with acids.

Key points about calcium hydroxide:

- Used in construction (lime mortar), water treatment, and food industry.

- Serves as a base in chemical reactions, especially in neutralization processes.
- Its low solubility influences the nature of the reaction products.

Reaction Mechanism Between Adipic Acid and Calcium
Hydroxide

The reaction between adipic acid and calcium hydroxide is primarily a neutralization process, where
the acidic carboxyl groups react with hydroxide ions to produce calcium salts and water. Because
adipic acid contains two carboxyl groups, the reaction can theoretically proceed to form a di-calcium
salt, depending on the molar ratios and reaction conditions.

Basic Acid-Base Neutralization

The overall reaction can be summarized as:

\[ \text{2 HO} 2\text{C}-(\text{CH} 2) 4-\text{CO} 2\text{H} + 2 \text{Ca(OH)} 2 \rightarrow
\text{Ca} 2\left(\text{adipate}\right) 2 + 2 \text{H} 2\text{O} \]

Where adipate refers to the deprotonated form of adipic acid (the adipate ion).
This reaction proceeds through stepwise deprotonation of the acid's carboxyl groups:
1. Each carboxyl group (-COOH) reacts with hydroxide (OH-) to form a carboxylate (-COO-) group,

releasing water.
2. Calcium ions (Ca?*) coordinate with two carboxylate groups, forming a calcium salt.



Formation of Calcium Adipate: The Main Product

Calcium Adipate: Structure and Properties

The primary compound formed from this reaction is calcium adipate (Ca(C6H804)2). It is a
dicarboxylate salt where calcium bridges two adipate ions via ionic bonds with the carboxylate
groups. Calcium adipate typically exists as a crystalline solid, often as a white powder or granules.

Structural features:

- lonic lattice stabilized by electrostatic interactions.

- The calcium ion is coordinated to the oxygen atoms of the carboxylate groups.

- Exhibits low solubility in water due to its ionic lattice, but soluble in organic solvents like ethanol.

Physical and chemical properties:

- Used as a plasticizer and stabilizer in polymer formulations.

- Exhibits good thermal stability.

- Serves as a precursor in the synthesis of calcium-based materials.

Implications of Calcium Adipate Formation

The formation of calcium adipate during the reaction has several implications:

- It exemplifies salt formation from dicarboxylic acids and alkaline earth hydroxides.

- It can serve as a precursor for biodegradable polymers or as an additive in various industrial
processes.

- Its low solubility influences how it can be handled and processed in applications.

Reaction Conditions and Factors Affecting Product
Formation

The specific products and their yields depend on several reaction parameters:

Stoichiometry

- 1:1 molar ratio: Tends to produce mono-calcium adipate if excess acid remains.
- 2:1 molar ratio: Favors formation of calcium adipate.
- Excess calcium hydroxide: Ensures complete neutralization and complete salt formation.



Temperature

- Elevated temperatures can increase reaction rates but may also cause decomposition or side
reactions.

- Typical reactions are conducted at room temperature or slightly elevated temperatures (around
50-80°C).

Solvent and Medium

- Agqueous solutions are common; however, organic solvents may be used for specific applications.
- pH control is essential; the reaction usually proceeds in a basic medium with pH above 7.

Reaction Time

- Sufficient duration ensures completion of the neutralization.
- Often monitored by pH or conductivity measurements.

Other Possible Products and Reaction Pathways

While calcium adipate is the primary expected product, other products or intermediates can form
under different conditions:

- Partially neutralized salts: Mono-calcium adipate if the molar ratio favors partial neutralization.

- Calcium salts of lower solubility: Depending on impurities, other calcium salts such as calcium
carbonate or calcium oxalate could precipitate if impurities are present.

- Gelation or polymerization: Under certain conditions, the calcium salt may undergo cross-linking,
leading to gel-like materials.

Applications and Significance of Calcium Adipate and
Related Compounds

The formation of calcium adipate and related salts holds importance across various sectors:

Industrial Use in Polymer Industry



- As a plasticizer, calcium adipate can modify the flexibility and stability of polymers.
- Used as a stabilizer in plastics to improve thermal resistance.

Environmental and Biodegradable Materials

- Calcium adipate is biodegradable and can be used in eco-friendly packaging materials.
- Plays a role in the development of biodegradable composites.

Inorganic Chemistry and Material Synthesis

- Serves as a precursor for calcium-based materials like calcium carbonate or calcium oxide.
- Useful in precipitation reactions to synthesize other calcium salts.

Potential in Medical and Pharmaceutical Applications

- Calcium salts of organic acids are sometimes explored for drug delivery or as dietary supplements.

Conclusion: Summary of the Reaction and Its Products

The reaction of adipic acid with calcium hydroxide predominantly yields calcium adipate, a calcium
dicarboxylate salt characterized by ionic bonding between calcium ions and deprotonated adipic acid
molecules. This process exemplifies classic acid-base neutralization, with the formation of a
crystalline salt and water as byproduct.

The specific characteristics of the products are influenced by reaction conditions such as
stoichiometry, temperature, and solvent. Calcium adipate’s properties—low solubility, thermal
stability, and biocompatibility—make it valuable in industrial applications, especially in polymer
manufacturing, biodegradable materials, and as a precursor to other calcium compounds.

Understanding the chemistry surrounding this reaction not only enriches fundamental knowledge but
also opens pathways for innovative material development, environmental sustainability, and industrial
process optimization. Continued research into the properties, synthesis methods, and applications of
calcium adipate and related salts will likely expand their utility across multiple fields.

In summary:

- The primary product of adipic acid reacting with calcium hydroxide is calcium adipate.
- The reaction involves neutralization of the acid’s carboxyl groups by calcium hydroxide.
- Calcium adipate is a crystalline, low-solubility salt with multiple industrial uses.



- Reaction conditions critically influence the nature and purity of the product.
- Such reactions exemplify fundamental principles of inorganic and organic chemistry with broad
applications.
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