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Understanding intermolecular forces is fundamental in chemistry, as these forces
influence the physical properties of substances such as boiling point, melting point,
viscosity, and solubility. In this comprehensive guide, we will explore how to predict which
substance in various pairs exhibits stronger intermolecular interactions. This skill is
essential for students and professionals alike, aiding in the prediction of substance
behaviors and properties.

What Are Intermolecular Forces?

Before diving into comparisons, it’s crucial to define what intermolecular forces are. They
are the forces of attraction or repulsion that act between neighboring particles—atoms,
molecules, or ions. These forces are generally weaker than intramolecular bonds (like
covalent or ionic bonds), but they significantly influence a substance's physical
characteristics.

Types of Intermolecular Forces

Intermolecular forces can be categorized into several types, ordered from weakest to
strongest:

London Dispersion Forces (Van der Waals Forces)

Dipole-Dipole Interactions

Hydrogen Bonding

Ion-Dipole Forces

Understanding these types helps in predicting which substances will exhibit stronger



intermolecular forces based on their molecular structure and polarity.

Factors Influencing Intermolecular Forces

Several factors determine the strength of intermolecular forces in a substance:

Molecular Polarity: Polar molecules have dipole-dipole interactions and hydrogen1.
bonding, leading to stronger forces.

Molecular Size and Molecular Weight: Larger molecules with more electrons2.
tend to have stronger London dispersion forces.

Hydrogen Bonding: Presence of N-H, O-H, or F-H groups enhances intermolecular3.
attraction.

Ion Presence: Ionic compounds exhibit strong ion-dipole forces with polar solvents.4.

By examining these factors, we can predict which substances in pairs are likely to have
greater intermolecular forces.

How to Predict the Greater Intermolecular Force
in Pairs

The process involves analyzing the molecular structure, polarity, and types of bonds
present. Here are steps to guide your predictions:

1. Identify the Type of Molecules: Are they polar or nonpolar?
2. Check for Hydrogen Bonding: Does the molecule contain N-H, O-H, or F-H groups?
3. Compare Molecular Sizes: Larger molecules with more electrons tend to have stronger
London dispersion forces.
4. Assess Polarity and Dipole Moments: Greater polarity generally indicates stronger
dipole-dipole interactions.
5. Consider Ionic Content: Ionic compounds often have stronger forces overall.

Applying these steps systematically allows for accurate predictions.

Examples and Predictions for Specific Pairs

Let's explore some practical examples to illustrate how to predict which substance in each
pair has greater intermolecular forces.



Pair 1: Water (H₂O) vs. Ammonia (NH₃)

Analysis:

- Both molecules are polar.
- Water has two O-H bonds capable of hydrogen bonding.
- Ammonia has N-H bonds capable of hydrogen bonding, but fewer in number.
- Water molecules are small but can form extensive hydrogen bonds due to two lone pairs
on oxygen.
- Overall, water exhibits stronger hydrogen bonding network.

Prediction: Water has greater intermolecular forces than ammonia.

Pair 2: Methane (CH₄) vs. Ethane (C₂H₆)

Analysis:

- Both are nonpolar hydrocarbons.
- Ethane is larger with more electrons, leading to stronger London dispersion forces.
- Methane is smaller with fewer electrons.

Prediction: Ethane has greater intermolecular forces than methane.

Pair 3: Hydrogen Fluoride (HF) vs. Hydrogen Chloride
(HCl)

Analysis:

- Both are hydrogen halides.
- HF is highly polar and capable of hydrogen bonding.
- HCl is polar but does not form hydrogen bonds as effectively.
- Hydrogen bonding significantly increases intermolecular forces in HF.

Prediction: Hydrogen fluoride has greater intermolecular forces than hydrogen chloride.

Pair 4: Sodium Chloride (NaCl) vs. Potassium Bromide
(KBr)

Analysis:

- Both are ionic compounds.
- KBr has larger ions compared to NaCl, leading to weaker electrostatic forces.
- However, ionic bonding strength depends on lattice energy, which is higher for smaller
ions.



Prediction: NaCl exhibits slightly stronger ionic bonds than KBr, so NaCl has greater
intermolecular forces.

Pair 5: Benzene (C₆H₆) vs. Toluene (C₆H₅CH₃)

Analysis:

- Both are nonpolar aromatic hydrocarbons.
- Toluene has a methyl group that increases molecular size and polarizability.
- Larger, more polarizable molecules have stronger London dispersion forces.

Prediction: Toluene has greater intermolecular forces than benzene.

Special Cases and Exceptions

While the general rules hold in most cases, some exceptions exist:

- Molecules with strongly polar functional groups may exhibit hydrogen bonding even if
they are small.
- Ionic compounds' lattice energies depend on ion charge and size, influencing force
strength.
- Molecules with multiple types of intermolecular forces can exhibit complex behaviors.

Always consider the complete molecular structure and context.

Summary Table for Quick Reference

| Pair | Molecule 1 | Molecule 2 | Predicted Greater Intermolecular Forces |
|---------|--------------|--------------|------------------------------------------|
| Water vs. Ammonia | H₂O | NH₃ | Water |
| Methane vs. Ethane | CH₄ | C₂H₆ | Ethane |
| HF vs. HCl | HF | HCl | HF |
| NaCl vs. KBr | NaCl | KBr | NaCl |
| Benzene vs. Toluene | C₆H₆ | C₆H₅CH₃ | Toluene |

This table summarizes quick predictions based on molecular properties.

Conclusion

Predicting which substance in a pair has greater intermolecular forces involves analyzing
molecular polarity, size, functional groups, and ionic characteristics. Recognizing the type
of intermolecular forces present—London dispersion, dipole-dipole, hydrogen bonding, or



ion-dipole—is essential. By systematically evaluating these factors, chemists and students
can accurately determine the relative strength of intermolecular interactions, leading to
better understanding and prediction of physical properties of substances.

Mastering this skill enhances your ability to predict boiling points, melting points,
solubility, and other critical properties, which are fundamental in research, industry, and
academia. Keep practicing with various molecular pairs to strengthen your intuition and
understanding of intermolecular forces.

Frequently Asked Questions

In a pair of water (H₂O) and ethanol (C₂H₅OH), which
substance exhibits stronger intermolecular forces?
Water (H₂O) exhibits stronger intermolecular forces due to its extensive hydrogen bonding
compared to ethanol.

Between nitrogen gas (N₂) and ammonia (NH₃), which
has the greater intermolecular forces?
Ammonia (NH₃) has greater intermolecular forces because of hydrogen bonding, unlike
nitrogen gas (N₂), which only has London dispersion forces.

In a comparison between methane (CH₄) and water
(H₂O), which substance has stronger intermolecular
forces?
Water (H₂O) has stronger intermolecular forces due to hydrogen bonding, while methane
(CH₄) primarily experiences London dispersion forces.

Which substance in a pair of acetone (C₃H₆O) and
benzene (C₆H₆) has stronger intermolecular forces?
Acetone (C₃H₆O) has stronger intermolecular forces because of its dipole-dipole
interactions and possible hydrogen bonding, compared to benzene's mainly London
dispersion forces.

Between hydrogen fluoride (HF) and hydrogen chloride
(HCl), which has greater intermolecular forces?
Hydrogen fluoride (HF) has stronger intermolecular forces because of hydrogen bonding,
whereas HCl exhibits weaker dipole-dipole interactions.



In a pair of sulfur dioxide (SO₂) and carbon dioxide
(CO₂), which substance has stronger intermolecular
forces?
Sulfur dioxide (SO₂) has stronger intermolecular forces due to its polar nature and dipole-
dipole interactions, while CO₂ is nonpolar with weaker London dispersion forces.

When comparing methanol (CH₃OH) and ethanol
(C₂H₅OH), which has the greater intermolecular forces?
Both methanol and ethanol exhibit hydrogen bonding, but ethanol generally has slightly
stronger intermolecular forces due to its larger size and more extensive surface area for
interactions.

Additional Resources
Intermolecular Forces: A Comparative Analysis of Substance Pairs

Understanding the nature and strength of intermolecular forces (IMFs) is essential for
predicting the physical properties of substances, including boiling points, melting points,
viscosity, vapor pressure, and solubility. When examining pairs of substances, experts
often ask: which one exhibits greater intermolecular forces? This article delves into this
question with an in-depth, comparative approach, providing a thorough understanding of
the factors influencing IMF strength and applying them to real-world pairs of substances.

---

Fundamentals of Intermolecular Forces

To predict which substance has stronger intermolecular forces, one must first grasp the
types of IMFs, their relative strengths, and the factors influencing them.

Types of Intermolecular Forces

Intermolecular forces are the attractive forces acting between molecules, ions, or atoms.
They are generally weaker than covalent or ionic bonds but critically influence the
physical properties of substances. The primary types include:

1. London Dispersion Forces (Van der Waals Forces):
- Present in all molecules, whether polar or nonpolar.
- Result from temporary dipoles induced by momentary fluctuations in electron density.
- Strength increases with molecular size and surface area.

2. Dipole-Dipole Interactions:



- Occur between polar molecules with permanent dipoles.
- The positive end of one molecule attracts the negative end of another.

3. Hydrogen Bonding:
- A special, stronger type of dipole-dipole interaction.
- Occurs when hydrogen is covalently bonded to highly electronegative atoms like N, O, or
F, leading to a significant dipole.
- The hydrogen atom interacts with lone pairs on neighboring N, O, or F atoms.

4. Ion-Dipole Forces:
- Present when ionic compounds are dissolved in polar solvents.
- Stronger than dipole-dipole and London forces, but usually not relevant in comparing
neutral molecules.

Relative Strengths:
- Hydrogen bonds > Dipole-Dipole interactions > London Dispersion Forces

---

Factors Influencing Intermolecular Forces

Several molecular characteristics determine the strength of IMFs:

- Molecular Polarity:
Polar molecules with permanent dipoles exhibit stronger dipole-dipole interactions and
hydrogen bonding.

- Molecular Size and Surface Area:
Larger molecules with greater surface area have stronger London dispersion forces
because of increased polarizability.

- Presence of Hydrogen Bond Donors and Acceptors:
Molecules capable of hydrogen bonding generally have higher IMF strength.

- Molecular Shape:
Compact, spherical molecules tend to have weaker London forces than elongated or planar
molecules due to surface contact.

---

Analyzing Substance Pairs for Greater
Intermolecular Forces

When comparing two substances, the goal is to evaluate the factors above to predict which
exhibits stronger IMFs. Let’s explore several common pairs, applying these principles
systematically.



---

Pair 1: Methane (CH₄) vs. Ethane (C₂H₆)

Analysis:

- Molecular Structure:
Both are nonpolar, saturated hydrocarbons with tetrahedral geometry.

- Molecular Size and Surface Area:
Ethane has more carbons and hydrogens, resulting in larger molecular size and surface
area.

- Intermolecular Forces:
Both primarily experience London dispersion forces, which are weak but increase with
molecular size.

Prediction:
Ethane, being larger with greater surface area, will have stronger London dispersion
forces than methane. Therefore, ethane exhibits greater intermolecular forces.

---

Pair 2: Water (H₂O) vs. Hydrogen Sulfide (H₂S)

Analysis:

- Polarity and Hydrogen Bonding:
Water is highly polar, with O-H bonds capable of forming strong hydrogen bonds.
Hydrogen sulfide is less polar, with S-H bonds that are weaker hydrogen bond donors, and
S is less electronegative than O.

- Molecular Polarity:
Water's bent shape and electronegative oxygen lead to significant dipole moments; H₂S is
more linear, less polar.

- Hydrogen Bonding:
Water exhibits extensive hydrogen bonding networks, resulting in higher IMF strength.

Prediction:
Given the presence of strong hydrogen bonds, water has greater intermolecular forces
than hydrogen sulfide.

---



Pair 3: Nitrogen (N₂) vs. Ammonia (NH₃)

Analysis:

- Molecular Structure:
N₂ is a nonpolar diatomic molecule, while NH₃ is polar with a trigonal pyramidal shape.

- Intermolecular Forces:
N₂ experiences only London dispersion forces.
NH₃ can form hydrogen bonds due to N-H bonds and a lone pair on nitrogen.

- Hydrogen Bonding:
NH₃ exhibits hydrogen bonding, which significantly enhances IMF strength.

Prediction:
Because of hydrogen bonding, ammonia has greater intermolecular forces than nitrogen.

---

Pair 4: Benzene (C₆H₆) vs. Cyclohexane (C₆H₁₂)

Analysis:

- Polarity:
Benzene is a nonpolar aromatic molecule with delocalized π-electrons; cyclohexane is a
nonpolar saturated hydrocarbon.

- Surface Area and Size:
Both molecules are similar in size, but benzene's planar structure allows for π-π stacking
interactions, which can enhance attractive forces.

- Intermolecular Forces:
Both primarily experience London dispersion forces, but benzene's pi-electron cloud
facilitates slightly stronger dispersion interactions.

Prediction:
Benzene's aromaticity and potential for π-π stacking suggest benzene has slightly greater
intermolecular forces than cyclohexane.

---

Pair 5: Ethanol (C₂H₅OH) vs. Acetone (CH₃COCH₃)

Analysis:

- Polarity and Hydrogen Bonding:



Ethanol has an -OH group, enabling hydrogen bonding.
Acetone is a polar molecule with a carbonyl group, capable of dipole-dipole interactions
but not hydrogen bonding as a donor.

- Intermolecular Forces:
Ethanol experiences hydrogen bonding, leading to higher IMF strength.
Acetone’s IMF strength relies on dipole-dipole interactions and London dispersion forces.

Prediction:
Because of hydrogen bonding, ethanol exhibits greater intermolecular forces than
acetone.

---

Summary Table: Comparative Predictions of IMF
Strengths

| Pair | Substance with Greater IMF | Reasoning Summary |
|---------|----------------------------|-------------------|
| CH₄ vs. C₂H₆ | Ethane | Larger size and surface area for London dispersion forces |
| H₂O vs. H₂S | Water | Hydrogen bonding and high polarity |
| N₂ vs. NH₃ | Ammonia | Hydrogen bonding presence in NH₃ |
| Benzene vs. Cyclohexane | Benzene | Aromatic π-π interactions and delocalization |
| Ethanol vs. Acetone | Ethanol | Hydrogen bonding capability |

---

Conclusion: Integrating Knowledge for Accurate
Predictions

Predicting which substance in a pair has greater intermolecular forces hinges on a
nuanced understanding of molecular structure, polarity, and the types of IMFs involved.
While London dispersion forces are present in all molecules, their strength is heavily
influenced by size and shape. Dipole-dipole interactions and hydrogen bonding
significantly elevate IMF strength in polar molecules and those with specific functional
groups.

For practical applications — such as predicting boiling points, solubility, or viscosity —
this knowledge enables chemists, material scientists, and educators to make accurate
assessments. The key takeaway is that molecules capable of hydrogen bonding generally
exhibit the strongest IMFs, followed by polar molecules with dipole-dipole interactions,
and finally nonpolar molecules dominated by London dispersion forces.

By applying these principles systematically, one can confidently predict the relative
intermolecular forces between a wide array of substances, leading to better understanding



and manipulation of their physical properties in real-world contexts.
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