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Understanding the factors that influence the boiling points of different compounds is essential in
chemistry. When comparing various substances, especially organic and inorganic compounds, it
becomes crucial to analyze the nature and strength of the intermolecular forces (IMFs) that govern
their physical properties. The ability to predict whether a substance will boil at a higher or lower
temperature based on its predominant intermolecular interactions is vital for applications ranging
from material synthesis to pharmaceuticals. This article aims to explore how to correctly order
compounds by increasing boiling points, emphasizing the role of predominant intermolecular forces.

Fundamentals of Intermolecular Forces

What Are Intermolecular Forces?
Intermolecular forces are the attractive or repulsive forces that act between neighboring molecules.
They are weaker than covalent or ionic bonds but significantly influence physical properties such as
boiling point, melting point, vapor pressure, and solubility. The strength and type of these forces
determine how much energy is required to convert a substance from liquid to gas (boiling).

Types of Intermolecular Forces
There are several types of intermolecular forces, ranked generally from weakest to strongest:

London Dispersion Forces (Van der Waals): Present in all molecules, especially significant
in nonpolar compounds.

Dipole-Dipole Interactions: Occur between polar molecules with permanent dipoles.

Hydrogen Bonding: A special, strong type of dipole-dipole interaction involving hydrogen
attached to highly electronegative atoms like nitrogen, oxygen, or fluorine.

Ionic Attractions: Strong electrostatic forces between oppositely charged ions, predominant
in ionic compounds.



Factors Affecting Boiling Point Based on
Intermolecular Forces

Role of Molecular Size and Shape
Larger molecules with more electrons tend to have stronger London dispersion forces due to
increased polarizability. Additionally, elongated or irregularly shaped molecules may have higher
surface areas, enhancing intermolecular interactions and raising boiling points.

Polarity of Molecules
Polar molecules with permanent dipoles exhibit dipole-dipole interactions, which increase the energy
required for phase transition. The greater the polarity, the higher the boiling point, assuming similar
molecular weights.

Presence of Hydrogen Bonding
Hydrogen bonding is a particularly strong form of dipole-dipole interaction. Molecules capable of
hydrogen bonding generally have significantly higher boiling points than similar molecules lacking
this feature.

Nature of the Compound: Covalent vs. Ionic
Ionic compounds tend to have much higher boiling points than covalent molecules due to strong
electrostatic attractions between ions. When ordering compounds, ionic substances usually appear
at the higher end of the boiling point spectrum.

Comparing Compounds Based on Predominant
Intermolecular Forces

Step-by-Step Approach to Ordering

Identify the type of compound: Is it ionic, covalent, or molecular?1.

Determine the primary intermolecular force: Look for hydrogen bonds, dipole-dipole2.
interactions, or London dispersion forces.



Assess molecular size and polarity: Larger, more polar molecules generally have higher3.
boiling points.

Compare known boiling points: Use data or estimations based on the dominant4.
intermolecular forces and molecular characteristics.

Example: Ordering Organic Compounds
Suppose we are comparing the following compounds:

Methane (CH₄)

Ethane (C₂H₆)

Water (H₂O)

Ammonia (NH₃)

Hydrogen fluoride (HF)

Analyzing their intermolecular forces:

Methane and ethane are nonpolar molecules with London dispersion forces as the
predominant force.

Water exhibits hydrogen bonding, which is stronger than dipole-dipole and dispersion forces.

Ammonia has hydrogen bonding but slightly weaker than water due to its molecular structure.

Hydrogen fluoride also exhibits hydrogen bonding, with a high boiling point relative to its
molecular weight.

Expected order by increasing boiling point:

Methane (lowest, weak dispersion forces)1.

Ethane2.

Ammonia3.

Hydrogen fluoride4.

Water (highest, strong hydrogen bonding)5.



Sample Multiple-Choice Arrangement
Given the compounds below, select the correct order of increasing boiling points based on the
predominant intermolecular forces:

A) CH₄, C₂H₆, H₂O, NH₃, HF

B) CH₄, H₂O, C₂H₆, HF, NH₃

C) CH₄, C₂H₆, NH₃, HF, H₂O

D) H₂O, HF, NH₃, C₂H₆, CH₄

Correct answer: A) CH₄, C₂H₆, H₂O, NH₃, HF

Real-World Applications of Ordering Compounds by
Intermolecular Forces

Designing Materials and Substances
Understanding how intermolecular forces influence boiling points helps chemists design materials
with desired melting and boiling points, crucial for manufacturing, pharmaceuticals, and food
processing.

Predicting Volatility and Vapor Pressure
Compounds with weaker intermolecular forces tend to be more volatile, evaporate quickly, and have
higher vapor pressures. This knowledge assists in processes like distillation, solvent selection, and
formulation of products.

Environmental and Safety Considerations
Knowledge of boiling points and intermolecular forces aids in assessing the environmental impact
and safety of chemicals, especially volatile organic compounds (VOCs) and refrigerants.

Conclusion
Ordering compounds by increasing boiling point based on their predominant intermolecular forces is
a fundamental skill in chemistry. It requires understanding the nature of forces such as London
dispersion, dipole-dipole, hydrogen bonding, and ionic attractions, and how they relate to molecular
size, shape, and polarity. Accurate assessment of these factors enables chemists to predict physical



properties effectively, facilitating the design of new materials, optimizing industrial processes, and
ensuring safety and compliance in chemical handling. Remember, the key is to identify the dominant
intermolecular force in each compound and compare their relative strengths to determine the
correct order in boiling points.

Frequently Asked Questions

What factors primarily influence the boiling points of
compounds based on intermolecular forces?
The primary factors include the type and strength of intermolecular forces (such as hydrogen
bonding, dipole-dipole, and London dispersion forces), molecular weight, and molecular structure.
Stronger intermolecular forces generally result in higher boiling points.

How does hydrogen bonding affect the boiling points of
compounds in a series?
Hydrogen bonding significantly increases the boiling point because it introduces strong
intermolecular attractions, requiring more energy to break these bonds during boiling.

Given a set of compounds, how can you determine which has
the highest boiling point based on intermolecular forces?
Identify the predominant intermolecular force in each compound. The compound with the strongest
intermolecular force (e.g., hydrogen bonding over dipole-dipole or London dispersion forces) will
have the highest boiling point.

What is the correct increasing order of boiling points based on
predominant intermolecular forces: London dispersion, dipole-
dipole, or hydrogen bonding?
The increasing order is typically London dispersion forces < dipole-dipole interactions < hydrogen
bonding, with hydrogen bonding resulting in the highest boiling points.

Can molecular weight influence the boiling point even if the
intermolecular forces are the same?
Yes, higher molecular weight generally leads to higher boiling points because larger molecules have
greater surface area and more polarizable electrons, enhancing London dispersion forces.

How would you order the following compounds by increasing
boiling point: CH4, H2O, and NH3?
Order: CH4 (lowest, weak London dispersion forces), NH3 (higher, hydrogen bonding), H2O



(highest, strong hydrogen bonding).

Additional Resources
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Understanding the boiling points of compounds is fundamental in chemistry, especially when
analyzing how molecules behave under different conditions. The order of compounds based on their
boiling points provides insights into their intermolecular forces—the forces that hold molecules
together in the condensed phases. Selecting the correct arrangement according to increasing boiling
points involves a comprehensive analysis of the predominant intermolecular interactions present in
each compound. This article explores how to determine this order, the types of intermolecular forces
involved, and offers a detailed comparison of compounds based on their boiling points.

Understanding Intermolecular Forces and Boiling
Points

The boiling point of a substance is the temperature at which its vapor pressure equals the external
pressure, allowing molecules to escape from the liquid phase into the gas phase. The strength of
intermolecular forces significantly influences this property. Stronger intermolecular forces require
more energy (higher temperature) to overcome, resulting in higher boiling points.

Types of Intermolecular Forces:

- London Dispersion Forces (Van der Waals forces): Present in all molecules; the weakest type.
- Dipole-Dipole Interactions: Occur in polar molecules with permanent dipoles.
- Hydrogen Bonding: A special, strong dipole-dipole interaction occurring when hydrogen is bonded
to highly electronegative atoms like N, O, or F.
- Ion-Dipole and Ion-Ion Forces: Present in ionic compounds or solutions containing ions.

The predominant intermolecular force in a compound primarily determines its boiling point. For
example, ionic compounds tend to have high boiling points due to strong electrostatic forces,
whereas molecules held together mainly by London dispersion forces generally have lower boiling
points.

Criteria for Ordering Compounds by Increasing Boiling
Point

To accurately order compounds, one must analyze:

- The type and strength of intermolecular forces.
- Molecular size and molar mass, which influence dispersion forces.
- Molecular shape and surface area, affecting how molecules pack and interact.



- Presence of hydrogen bonding or dipole moments.

In general, the order from lowest to highest boiling point often follows this pattern:

London Dispersion < Dipole-Dipole < Hydrogen Bonding < Ionic/Electrostatic Forces

However, specific cases may vary depending on molecular structure and other factors.

Examples and Analysis of Compound Arrangements

Let’s analyze some typical groups of compounds to establish an order based on their predominant
intermolecular forces.

1. Nonpolar Molecules: Alkanes

Compounds: Methane (CH₄), Ethane (C₂H₆), Propane (C₃H₈)

- Predominant Intermolecular Force: London dispersion forces.
- Boiling Points: Increase with molecular size/molar mass due to larger surface area.

Order (Increasing Boiling Point):
Methane < Ethane < Propane

Features:
- As the number of carbons increases, the surface area and molar mass increase, strengthening
dispersion forces.
- No dipole or hydrogen bonding present.

Pros: Easy to predict based on molecular weight.
Cons: Does not account for subtle structural effects.

2. Polar Molecules Without Hydrogen Bonding: Alcohols and
Halogenated Compounds

Compounds: Chloromethane (CH₃Cl), Ethanol (C₂H₅OH), Acetone (CH₃COCH₃)

- Predominant Intermolecular Forces:
- Chloromethane: Dipole-dipole, London dispersion.
- Ethanol: Hydrogen bonding, dipole-dipole, dispersion.
- Acetone: Dipole-dipole, dispersion.

Order (Increasing Boiling Point):
Chloromethane < Acetone < Ethanol



Features:
- Ethanol exhibits hydrogen bonding, significantly raising its boiling point.
- Acetone has a strong dipole but no hydrogen bonding.
- Chloromethane is less polar, with weaker forces.

Pros: Highlights the impact of hydrogen bonding.
Cons: Slight variations may occur due to molecular size differences.

3. Molecules Capable of Hydrogen Bonding: Alcohols and
Carboxylic Acids

Compounds: Methanol (CH₃OH), Ethanol (C₂H₅OH), Acetic acid (CH₃COOH)

- Predominant Intermolecular Forces: Hydrogen bonding.

Order (Increasing Boiling Point):
Methanol < Ethanol < Acetic acid

Features:
- Acetic acid forms stronger hydrogen bonds due to dimerization tendencies.
- Larger molecules with more extensive hydrogen bonding networks have higher boiling points.

Pros: Clear correlation between hydrogen bonding and boiling point.
Cons: Dimerization can complicate precise predictions.

4. Ionic Compounds and Salts

Compounds: Sodium chloride (NaCl), Magnesium oxide (MgO), Potassium bromide (KBr)

- Predominant Intermolecular Forces: Ion-ion electrostatic interactions.

Order (Increasing Boiling Point):
KBr < NaCl < MgO

Features:
- Ionic bonds are much stronger than molecular forces.
- Higher charge density and smaller ionic radii result in higher boiling points.

Pros: Very predictable based on ionic bond strength.
Cons: Requires knowledge of ionic lattice energies.

Comparative Summary: Arranging Based on



Intermolecular Forces

| Compound Group | Dominant Force | Expected Boiling Point Trend | Key Factors |
|----------------------------------------|----------------------------------|-----------------------------------------------------|---------------------
---------------------------------|
| Alkane Series | London dispersion | Increases with molar mass | Molecular size, surface area |
| Polar Molecular Compounds | Dipole-dipole | Higher than nonpolar if no H-bonding | Polarity,
molecular structure |
| Hydrogen-Bonding Molecules | Hydrogen bonding | Significantly higher | Ability to form H-bonds |
| Ionic Compounds | Ion-ion interactions | Usually very high | Charge, lattice energy |

Note: When ordering, always consider the combined effects of intermolecular force strength,
molecular mass, and molecular geometry.

Common Pitfalls and Tips for Accurate Ordering

- Overlooking Molecular Size: Larger molecules with weaker forces can sometimes have higher
boiling points than smaller molecules with stronger forces.
- Ignoring Hydrogen Bonding: Even a small molecule capable of hydrogen bonding can have a higher
boiling point than a larger nonpolar molecule.
- Considering Structural Isomers: Branched molecules tend to have lower boiling points than their
straight-chain isomers because they have less surface area for intermolecular interactions.
- Remembering Ionic Compounds: These generally have the highest boiling points among typical
compounds due to electrostatic forces.

Conclusion

In summary, the arrangement of compounds based on increasing boiling point hinges critically on
understanding their predominant intermolecular forces. Nonpolar molecules with London dispersion
forces typically have the lowest boiling points, with values increasing through polar dipole-dipole
interactions, hydrogen bonding, and finally ionic bonds exhibiting the highest boiling points.
Recognizing these trends allows chemists to predict physical properties, design separation
processes, and understand molecular behavior more deeply.

When selecting the correct order, consider the molecular structure, size, polarity, and the type of
intermolecular forces involved. By applying these principles systematically, chemists can accurately
predict and explain the boiling point trends across diverse compounds, enhancing their
understanding of molecular interactions and phase behavior.
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