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Understanding why certain substances dissolve in water while others do not is
fundamental to grasping the principles of chemistry and solution behavior. The phrase
"like dissolves like" succinctly captures the essence of solubility, indicating that
substances with similar molecular or intermolecular characteristics tend to mix and form
solutions easily. This rule explains why water, a highly polar molecule, readily dissolves
substances with similar polarity but struggles with those that are nonpolar or possess
different intermolecular forces. In this article, we will delve into the reasons behind the
limited solubility of certain compounds in water, focusing specifically on why water cannot
dissolve substances like salt, sugar, and vinegar, and how the "like dissolves like" rule
governs these interactions.

Understanding the "Like Dissolves Like" Rule

What Does "Like Dissolves Like" Mean?

The principle "like dissolves like" refers to the compatibility of intermolecular forces
between solute and solvent molecules. When a solute (the substance being dissolved) and
a solvent (the medium) share similar polarity and intermolecular forces, they tend to form
a homogeneous solution. Conversely, if their intermolecular forces differ significantly, the
solute is less likely to dissolve.
Common types of intermolecular forces include:

e London dispersion forces (weak, present in all molecules)

e Dipole-dipole interactions (moderate polarity)

e Hydrogen bonding (strong, occurs in molecules with O-H, N-H, or F-H bonds)

Water is a highly polar molecule capable of hydrogen bonding, which makes it an excellent
solvent for other polar substances but poor at dissolving nonpolar compounds.



The Role of Polarity in Solubility

Polarity determines whether a molecule is hydrophilic (water-loving) or hydrophobic
(water-fearing). Polar molecules tend to dissolve in water, while nonpolar molecules tend
to be insoluble. This principle directly influences the solubility of various compounds:

e Polar compounds: dissolve well in water (e.g., sugar, vinegar)

e Nonpolar compounds: do not dissolve in water (e.g., oils, fats)

Given this, we can analyze the specific substances in question—salt, sugar, and
vinegar—to understand their solubility behavior in water.

Why Water Cannot Dissolve Salt

Nature of Salt (Sodium Chloride)

Salt, or sodium chloride (NaCl), is an ionic compound composed of positive sodium ions
(Na*) and negative chloride ions (Cl7). Ionic compounds are characterized by strong
electrostatic attractions between their ions, forming a crystalline lattice.

Interactions Between Salt and Water

Water molecules are polar, with a partial positive charge on hydrogen atoms and partial
negative charge on oxygen. When salt is added to water:

1. Water molecules surround individual Na+ and Cl- ions, a process called hydration.

2. The polar water molecules stabilize these ions, breaking apart the ionic lattice.

This process is energetically favorable because the hydration energy compensates for the
lattice energy of salt. Therefore, salt dissolves readily in water.

Why Salt Dissolves in Water

Because salt is ionic and water is polar, the "like dissolves like" rule applies in the sense
that the ionic bonds in salt are broken by the polar water molecules. The strong
electrostatic attractions in salt are overcome by the hydration energies, allowing Na* and
Cl- ions to disperse uniformly in water.



Why Water Cannot Dissolve Sugar

Structure of Sugar (Sucrose)

Sugar, or sucrose, is a covalently bonded molecule composed primarily of carbon,
hydrogen, and oxygen atoms. Its molecular structure contains numerous hydroxyl (-OH)
groups, which are capable of hydrogen bonding.

Hydrogen Bonding and Sugar

Sugar dissolves well in water due to its multiple hydroxyl groups:
e Hydrogen bonds form between the hydroxyl groups in sucrose and water molecules.

e These interactions stabilize the dissolved sugar molecules in solution.

Why Sugar Is Soluble in Water

Since both sugar and water are polar and capable of hydrogen bonding, the "like dissolves
like" rule explains sugar's high solubility in water. The numerous -OH groups in sugar
facilitate extensive hydrogen bonding, allowing sucrose molecules to disperse evenly
throughout the water.

Why Water Cannot Dissolve Vinegar (Primarily
Acetic Acid)

Composition of Vinegar

Vinegar is an aqueous solution primarily containing acetic acid (CHsCOOH). Acetic acid is
a polar molecule with a carboxyl group (-COOH) capable of hydrogen bonding.

Hydrophilic Nature of Acetic Acid

Acetic acid is highly soluble in water because:
e It can form hydrogen bonds with water molecules via its -OH and carbonyl groups.

e The polarity of acetic acid allows it to mix well with water, creating a homogenous
solution.



Why Vinegar Is Soluble in Water

The "like dissolves like" rule applies here as well—both acetic acid and water are polar
and capable of hydrogen bonding. This compatibility results in vinegar's high miscibility
with water.

Substances Water Cannot Dissolve: Analyzing the
Choices

Option A: Salt

As explained, salt is ionic, and water dissolves it through ion-dipole interactions facilitated
by hydrogen bonding with the ions. However, if the question implies substances that do
not dissolve in water despite their polarity, salt actually does dissolve well in water, so it
would not be the correct choice for something water cannot dissolve.

Option B: Sugar

Sugar dissolves readily in water due to hydrogen bonding. Although it is a covalently
bonded molecule, its multiple hydroxyl groups allow extensive interactions with water
molecules, making it highly soluble.

Option C: Vinegar

Vinegar, primarily acetic acid, is highly soluble in water for the reasons discussed—both
are polar and capable of hydrogen bonding.

Option D: [Assuming the question refers to a substance
that water cannot dissolve]

Given the context, the intended answer is probably a nonpolar substance, such as oil or
fats, which do not dissolve in water because they lack polarity and cannot form hydrogen
bonds or ion-dipole interactions.

Conclusion: The Significance of "Like Dissolves
Like"

The "like dissolves like" rule is a fundamental principle in understanding solubility. Water,
being a polar molecule capable of hydrogen bonding, dissolves substances with similar
polarity—like salt (ionic and polar), sugar (polar covalent with hydroxyl groups), and
vinegar (polar acetic acid). Conversely, nonpolar substances like oils and fats do not



dissolve in water because their molecular interactions differ significantly from those of
water.

In the context of the question—"The 'like Dissolves Like' Rule Is The Reason Why Water
Cannot Dissolvea. Salt B. Sugar C. Vinegar D."—the correct interpretation hinges on
understanding that water readily dissolves salt, sugar, and vinegar due to their polar
nature. If the question seeks the substance water cannot dissolve, it would be nonpolar
compounds, not salt, sugar, or vinegar.

Summary:

- The "like dissolves like" principle explains solubility based on polarity and intermolecular
forces.

- Water dissolves ionic compounds like salt through ion-dipole interactions.

- Water dissolves covalent polar molecules like sugar and vinegar via hydrogen bonding.

- Nonpolar substances, such as oils and fats, do not dissolve in water because of
incompatible intermolecular forces.

Recognizing these interactions helps in understanding many biological, chemical, and
environmental processes, emphasizing the importance of molecular polarity in solution
chemistry.
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Frequently Asked Questions

What does the 'like dissolves like' rule mean in
chemistry?

It means that polar substances tend to dissolve in polar solvents, and nonpolar substances
tend to dissolve in nonpolar solvents.

Why does water dissolve salt but not oil?

Because water is a polar solvent and salt is an ionic compound, they are 'like' in polarity,
so the salt dissolves. Oil is nonpolar, so water does not dissolve it.

According to the 'like dissolves like' rule, why does
water not dissolve sugar well?

Actually, water dissolves sugar because both are polar; sugar is polar, so it dissolves in
water. The rule explains why nonpolar substances like oil do not dissolve.



Is vinegar soluble in water, and why?

Yes, vinegar dissolves in water because vinegar contains acetic acid, which is polar, and
water is a polar solvent; 'like dissolves like.'

Which of the options—salt, sugar, or vinegar—is most
likely to not dissolve in water?

None of these; all are polar or ionic substances that dissolve in water, but nonpolar
substances like oil would not.

Why can't oil dissolve in water according to the 'like
dissolves like' rule?

Oil is nonpolar, and water is polar, so they are not 'like,' making oil insoluble in water.

In the multiple-choice question, which substance from
options A to D does not dissolve in water?

The correct answer is D, which is likely a nonpolar substance like oil, because water
cannot dissolve nonpolar substances.

How does the 'like dissolves like' rule help predict
solubility in liquids?

It helps by indicating that polar substances will dissolve in polar solvents, and nonpolar
substances will dissolve in nonpolar solvents, aiding in predicting solubility.

Why is water unable to dissolve certain substances like
oil, despite being a universal solvent?

Because o0il is nonpolar, and water is polar; the 'like dissolves like' rule explains why
nonpolar substances like oil do not dissolve in water.

What is the main reason water cannot dissolve certain
substances, as per the 'like dissolves like' rule?

Because those substances are nonpolar or have different polarity than water, preventing
their dissolution based on the principle that 'like dissolves like.'

Additional Resources

The "like Dissolves Like" Rule Is The Reason Why Water Cannot Dissolvea. Salt B. Sugar
C. Vinegar D.



Understanding why certain substances dissolve in water while others do not is
fundamental in chemistry. Among the common questions posed by students and curious
minds alike is why water, a universal solvent, fails to dissolve some compounds such as
certain salts, sugars, or other substances. At the heart of this explanation lies a simple yet
powerful principle known as the "like Dissolves Like" rule. This rule states that substances
tend to dissolve best in solvents that have similar polarity or molecular characteristics. In
this article, we delve into the intricacies of this rule, explore its implications in real-world
scenarios, and clarify why, despite water's reputation as a versatile solvent, it cannot
dissolve every type of compound—specifically focusing on why water cannot dissolve
certain salts, sugars, or vinegar.

The Fundamentals of Solubility: Understanding the "Like Dissolves Like" Rule
What Is the "Like Dissolves Like" Rule?

The "like Dissolves Like" rule is a guiding principle in chemistry that predicts the solubility
of substances based on their polarity and intermolecular forces. It suggests that:

- Polar solvents tend to dissolve polar or ionic compounds.
- Nonpolar solvents tend to dissolve nonpolar compounds.

This principle helps chemists anticipate whether a substance will dissolve in a particular
solvent without performing extensive experiments.

Polarity and Intermolecular Forces: The Core Concepts

To understand this rule, one must grasp the concepts of polarity and intermolecular
forces:

- Polarity refers to the distribution of electrical charge over a molecule. Polar molecules
have regions of partial positive and negative charge, while nonpolar molecules have an
even distribution of charge.

- Intermolecular forces include hydrogen bonds, dipole-dipole interactions, and London
dispersion forces. The strength and type of these forces influence solubility.

For example:
- Water molecules are polar and exhibit hydrogen bonding.
- Salt (sodium chloride) is an ionic compound with strong electrostatic attractions.

- Sugar (sucrose) is a polar molecule, capable of hydrogen bonding.
- Vinegar (acetic acid solution) contains polar acetic acid molecules.

Why Water Cannot Dissolve Certain Substances: Analyzing the Candidates

Now, let's analyze why water, despite its remarkable solvent capabilities, cannot dissolve
specific substances such as certain salts, sugars, or vinegar.



A. Why Water Cannot Dissolve Certain Salts

The Nature of Ionic Bonds and Solubility

Salts like sodium chloride (NaCl) are composed of ionic bonds, where positively charged
sodium ions (Na™*) are attracted to negatively charged chloride ions (Cl-). These ionic
bonds are strong electrostatic attractions that form a crystalline lattice structure.

The Role of Water’s Polarity

Water’s polarity allows it to surround and stabilize individual ions through ion-dipole
interactions, effectively pulling the ions away from the lattice and dissolving the salt. This
process is called dissociation.

When Water Fails to Dissolve Salt

However, some salts are insoluble or sparingly soluble in water due to:

- Lattice energy: The energy holding the ionic lattice together. If this energy is too high
relative to the energy released upon hydration, the salt won't dissolve effectively.

- Hydration energy: The energy released when ions are surrounded by water molecules. If
this is insufficient to overcome lattice energy, dissolution is limited.

Example:

- Silver chloride (AgCl) has high lattice energy and low hydration energy, making it largely
insoluble in water.

Summary
Water cannot dissolve certain salts because their lattice energy is too high, or their ions

are not sufficiently stabilized by hydration, defying the "like Dissolves Like" rule because
the ionic lattice isn't compatible with water’s polar nature in these cases.

B. Why Water Cannot Dissolve Certain Sugars
The Nature of Sugars and Their Structure

Sugars like sucrose are polar molecules capable of hydrogen bonding due to their
numerous hydroxyl (-OH) groups. Because of this, they are generally soluble in water.

When Water Fails to Dissolve Sugar
In practice, certain sugars or sugar derivatives may be less soluble due to:

- Molecular size and structure: Larger molecules with extensive hydrogen bonding
networks may experience limited solubility.



- Crystallinity: Highly crystalline forms of sugars can exhibit reduced solubility.
- Impurities or modifications: Some chemically altered sugars or derivatives may be less
compatible with water.

Example:

- Lactose is less soluble than sucrose due to its crystalline structure and specific molecular
interactions.

Why Some Sugars Do Not Dissolve

The key reason is that the polar nature of sugars aligns with water’s polarity, making them
generally soluble, but molecular size and structure can hinder dissolution. Additionally, if
a sugar molecule contains nonpolar regions or is modified chemically to reduce polarity,
water's ability to dissolve it diminishes.

Summary

While most sugars are soluble in water, certain derivatives or crystalline forms may resist

dissolution due to structural factors, exemplifying the importance of molecular
compatibility in the "like Dissolves Like" rule.

C. Why Water Cannot Dissolve Vinegar (or Why Not All Vinegar Components)
What Is Vinegar Composed Of?

Vinegar is primarily a solution of acetic acid (CHzCOOH) in water, along with trace
compounds. Acetic acid is polar and forms hydrogen bonds, making it soluble in water.

When Water Cannot Dissolve Components of Vinegar

In most cases, vinegar is highly soluble in water. However, certain additives or
contaminants in vinegar, such as:

- Oils or fats: Nonpolar substances that do not interact favorably with water.
- Certain preservatives or flavorings: Which may be hydrophobic or poorly soluble.

In such cases, nonpolar components do not dissolve well, illustrating the "like Dissolves
Like" principle.

Why Water Cannot Dissolve Nonpolar Components in Vinegar

Because these components are nonpolar, they do not form hydrogen bonds or dipole
interactions with water molecules. Instead, they tend to separate or form emulsions if
shaken vigorously, but do not truly dissolve.

Example:

- Adding oil to vinegar results in a temporary mixture that separates over time, because oil



and water are immiscible due to their differing polarities.
Summary

Water cannot dissolve nonpolar components present in vinegar or similar solutions
because their molecular structure does not favor interactions with water’s polar
molecules, illustrating the limits set by the "like Dissolves Like" rule.

Practical Implications and Broader Significance

Understanding why water cannot dissolve certain substances has practical applications
across multiple fields:

- Cooking and Food Science: Knowing which ingredients dissolve helps in recipe
formulation and food preservation.

- Pharmaceuticals: Designing drugs that are water-soluble requires considering molecular
polarity.

- Environmental Science: Understanding pollutant solubility influences water treatment
strategies.

- Chemical Engineering: Separation processes depend on solubility principles.

Conclusion: The Power and Limitations of the "like Dissolves Like" Rule

The "like Dissolves Like" rule remains a foundational concept in understanding solubility.
It elegantly explains why water can dissolve many substances—such as salts and
sugars—but also clarifies its limitations. Ionic compounds with high lattice energies may
resist dissolution despite their polarity, while nonpolar substances like oils remain
insoluble in water. Recognizing these principles not only enhances our grasp of
fundamental chemistry but also informs practical decisions in everyday life, industry, and
environmental management.

In essence, the rule underscores the importance of molecular compatibility: water’s ability
to act as a solvent is inherently linked to the molecular characteristics of the substances it
encounters. As such, whether a compound dissolves or not hinges on the subtle interplay
of polarity, intermolecular forces, and molecular structure—a testament to the nuanced
beauty of chemistry.
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