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Understanding the boiling points of various compounds is fundamental in chemistry, particularly in
fields like organic synthesis, physical chemistry, and industrial applications. The boiling point of a
compound is influenced by multiple factors including molecular weight, intermolecular forces,
molecular structure, and polarity. This article provides a comprehensive guide to organizing a set of
compounds in order of increasing boiling point temperature, emphasizing key principles and examples
to facilitate a clear understanding.

Factors Affecting Boiling Point

Before diving into the specific compounds, it’s crucial to understand the primary factors that
determine boiling points:

1. Intermolecular Forces
Intermolecular forces are attractions between molecules that influence how much energy is required
to convert a substance from liquid to gas.

- London Dispersion Forces (Van der Waals Forces): Present in all molecules, especially significant in
nonpolar compounds. Generally increase with molecular size and mass.
- Dipole-Dipole Interactions: Occur in polar molecules where partial charges attract each other.
- Hydrogen Bonding: A strong dipole-dipole interaction involving hydrogen attached to highly
electronegative atoms like oxygen, nitrogen, or fluorine.

2. Molecular Weight
Larger molecules with higher molecular weights tend to have higher boiling points due to increased
London dispersion forces.

3. Molecular Structure and Shape
Linear molecules pack more efficiently and have higher boiling points than branched molecules of
similar mass because of greater surface area for intermolecular interactions.



4. Polarity
Polar molecules have higher boiling points compared to nonpolar molecules of similar molecular
weight due to dipole interactions.

Typical Trends in Boiling Points of Organic Compounds

Based on the factors above, certain patterns emerge:

- Molecules with hydrogen bonding (like alcohols, amines) generally have higher boiling points.
- As molecular weight increases within a homologous series, boiling points tend to increase.
- Branched isomers usually boil at lower temperatures than their straight-chain counterparts.
- Nonpolar hydrocarbons exhibit boiling points that correlate closely with molecular weight and
surface area.

Example Set of Compounds

Suppose we are given the following compounds:

1. Methane (CH₄)
2. Ethanol (C₂H₅OH)
3. Benzene (C₆H₆)
4. Propane (C₃H₈)
5. Acetic acid (CH₃COOH)
6. Hexane (C₆H₁₄)
7. 2-Methylpropane (Isobutane)
8. Water (H₂O)

Our goal is to arrange these in order of increasing boiling point.

Analyzing the Compounds

Let's analyze each compound regarding their molecular properties and intermolecular forces:

Methane (CH₄)
- Molecular weight: 16 g/mol
- Nature: Nonpolar
- Intermolecular forces: London dispersion only
- Boiling point: -161.5°C



Propane (C₃H₈)
- Molecular weight: 44 g/mol
- Nonpolar
- London dispersion forces dominate
- Boiling point: -42.1°C

Hexane (C₆H₁₄)
- Molecular weight: 86 g/mol
- Nonpolar
- London dispersion forces dominate
- Boiling point: 68.7°C

2-Methylpropane (Isobutane)
- Molecular weight: 58 g/mol
- Nonpolar
- Branched, lower surface area
- Boiling point: -11.7°C

Benzene (C₆H₆)
- Molecular weight: 78 g/mol
- Nonpolar aromatic
- London dispersion forces, slightly more polarizable
- Boiling point: 80.1°C

Water (H₂O)
- Molecular weight: 18 g/mol
- Polar molecule
- Hydrogen bonding
- Boiling point: 100°C

Ethanol (C₂H₅OH)
- Molecular weight: 46 g/mol
- Polar molecule with hydrogen bonding
- Boiling point: 78.37°C

Acetic acid (CH₃COOH)
- Molecular weight: 60 g/mol
- Exhibits hydrogen bonding
- Boiling point: 118.1°C



Order of Increasing Boiling Point

Based on the above data and principles, the compounds can be arranged as follows:

Methane (-161.5°C)1.

Propane (-42.1°C)2.

2-Methylpropane (-11.7°C)3.

Benzene (80.1°C)4.

Ethanol (78.37°C)5.

Water (100°C)6.

Acetic acid (118.1°C)7.

Hexane (68.7°C)8.

Note: There appears to be a slight discrepancy with hexane's boiling point, which is 68.7°C, lower
than benzene's 80.1°C. Therefore, the correct order should be:

1. Methane (-161.5°C)
2. Propane (-42.1°C)
3. 2-Methylpropane (-11.7°C)
4. Hexane (68.7°C)
5. Benzene (80.1°C)
6. Ethanol (78.37°C)
7. Water (100°C)
8. Acetic acid (118.1°C)

Actually, ethanol's boiling point (78.37°C) is slightly below benzene's (80.1°C), so the order adjusts
accordingly:

Final Correct Order:

1. Methane (-161.5°C)
2. Propane (-42.1°C)
3. 2-Methylpropane (-11.7°C)
4. Ethanol (78.37°C)
5. Benzene (80.1°C)
6. Hexane (68.7°C) — Wait, this indicates hexane's boiling point is lower than ethanol's?
7. Water (100°C)
8. Acetic acid (118.1°C)

Since hexane's boiling point is 68.7°C, it should come before ethanol (78.37°C). Adjusting the order:



1. Methane
2. Propane
3. 2-Methylpropane
4. Hexane
5. Ethanol
6. Benzene
7. Water
8. Acetic acid

Final Organized List

Arranged in order of increasing boiling point:

1. Methane (-161.5°C) – Nonpolar, London dispersion forces only, smallest molecular weight.
2. Propane (-42.1°C) – Slightly larger, still nonpolar, London dispersion forces dominate.
3. 2-Methylpropane (-11.7°C) – Branched structure, similar molecular weight but slightly lower boiling
point than straight chains of similar size.
4. Hexane (68.7°C) – Larger size, more surface area, higher London dispersion forces.
5. Ethanol (78.37°C) – Polar molecule with hydrogen bonding, raising boiling point relative to nonpolar
hydrocarbons of similar size.
6. Benzene (80.1°C) – Aromatic, nonpolar but with π-electron system, slightly higher boiling point than
ethanol.
7. Water (100°C) – Hydrogen bonding significantly elevates boiling point despite small molecular
weight.
8. Acetic acid (118.1°C) – Strong hydrogen bonding and polar nature lead to the highest boiling point
among these compounds.

Conclusion

Arranging compounds based on boiling points requires understanding the interplay of molecular
weight, intermolecular forces, molecular shape, and polarity. Nonpolar hydrocarbons follow a trend
primarily driven by London dispersion forces, increasing with molecular size. Polar molecules capable
of hydrogen bonding, such as water and acetic acid, exhibit significantly higher boiling points.
Recognizing these principles allows chemists to predict boiling points effectively, aiding in synthesis,
separation processes, and industrial applications.

Remember: Always consider the specific molecular interactions and structural features of compounds
when predicting or analyzing boiling points.

Frequently Asked Questions

How does molecular size influence the boiling point of



compounds in a given set?
Larger molecules generally have higher boiling points due to increased van der Waals forces, making
it harder to break these intermolecular interactions during vaporization.

Why do compounds with hydrogen bonding tend to have
higher boiling points compared to those without?
Hydrogen bonding significantly increases intermolecular forces, requiring more energy (higher
temperature) to convert the substance from liquid to gas, thus resulting in higher boiling points.

In a set of organic compounds, how does the presence of
electronegative atoms like oxygen or nitrogen affect boiling
points?
Electronegative atoms like oxygen or nitrogen can participate in hydrogen bonding or dipole-dipole
interactions, which elevate boiling points compared to molecules lacking these features.

When arranging compounds in order of increasing boiling
point, what role does molecular structure (linear vs.
branched) play?
Linear molecules tend to have higher boiling points than their branched isomers because they exhibit
greater surface area, leading to stronger van der Waals forces and higher intermolecular attractions.

How can polarity of a compound influence its boiling point
when comparing similar molecular weights?
More polar compounds have stronger dipole-dipole interactions, which can increase boiling points
compared to less polar or nonpolar compounds with similar molecular weights.

Additional Resources
Understanding the Order of Increasing Boiling Points of Compounds: A Comprehensive Analysis

When examining a set of chemical compounds, one of the fundamental physical properties to
consider is their boiling point temperature. The boiling point reflects the energy required to convert a
substance from the liquid to the gaseous phase, which is directly influenced by intermolecular forces,
molecular structure, and molecular weight. Determining the order of increasing boiling points among
various compounds involves understanding these factors in depth.

In this detailed review, we will explore the principles governing boiling points, analyze how molecular
characteristics influence these values, and apply this knowledge to arrange a given set of compounds
in order of increasing boiling point temperature.

---



Fundamental Factors Influencing Boiling Points

Understanding the factors that impact boiling points is crucial before ordering compounds. These
factors include:

1. Intermolecular Forces
The strength of forces between molecules significantly affects boiling points. The primary types of
intermolecular forces are:

- London Dispersion Forces (Van der Waals forces): Present in all molecules; their strength increases
with molecular size and surface area.
- Dipole-Dipole Interactions: Occur in polar molecules with permanent dipoles.
- Hydrogen Bonding: A strong dipole-dipole interaction that occurs when hydrogen is bonded to highly
electronegative atoms like fluorine, oxygen, or nitrogen.

2. Molecular Mass and Size
Generally, larger and heavier molecules have higher boiling points due to increased London
dispersion forces.

3. Molecular Structure and Shape
- Branched molecules tend to have lower boiling points than unbranched isomers because branching
reduces surface area, decreasing London dispersion forces.
- Linear molecules have higher surface contact, leading to stronger intermolecular attractions.

4. Presence of Functional Groups
Functional groups capable of hydrogen bonding (e.g., –OH, –NH₂, –F) elevate boiling points
significantly.

---

Applying Principles to Specific Types of Compounds

Let's categorize compounds based on their general characteristics:

1. Non-Polar Covalent Molecules
- Typically exhibit London dispersion forces.
- Boiling points increase with molecular weight and surface area.



2. Polar Covalent Molecules
- Exhibit dipole-dipole interactions.
- Usually have higher boiling points than non-polar counterparts of similar molecular weight.

3. Hydrogen Bonded Molecules
- Exhibit strong intermolecular hydrogen bonds.
- Show substantially higher boiling points compared to similar molecules lacking hydrogen bonding.

---

Analyzing the Set of Compounds

Suppose we are presented with the following compounds:

1. Methane (CH₄)
2. Ethane (C₂H₆)
3. Propane (C₃H₈)
4. 2-Butene (C₄H₈)
5. Butanol (C₄H₁₀O)
6. Ethanol (C₂H₅OH)
7. Acetic Acid (CH₃COOH)
8. Water (H₂O)
9. Ammonia (NH₃)
10. Hydrogen Fluoride (HF)

Step 1: Grouping by Polarity and Hydrogen Bonding

- Non-polar hydrocarbons: Methane, Ethane, Propane, 2-Butene
- Alcohols: Ethanol, Butanol
- Carboxylic Acid: Acetic Acid
- Water: Exhibits hydrogen bonding
- Ammonia: Hydrogen bonding possible
- Hydrogen Fluoride: Strong hydrogen bonding

Step 2: Considering Molecular Size and Mass

| Compound | Molecular Formula | Approximate Molecular Weight (amu) |
|--------------|---------------------|-------------------------------------|
| Methane | CH₄ | 16 |
| Ethane | C₂H₆ | 30 |
| Propane | C₃H₈ | 44 |
| 2-Butene | C₄H₈ | 56 |
| Ethanol | C₂H₅OH | 46 |
| Butanol | C₄H₁₀O | 74 |
| Acetic Acid | CH₃COOH | 60 |
| Water | H₂O | 18 |



| Ammonia | NH₃ | 17 |
| Hydrogen Fluoride | HF | 20 |

From the molecular weights, generally, larger molecules tend to have higher London dispersion
forces, leading to higher boiling points, all else being equal.

---

Predicting the Boiling Point Order

Using the above factors, we can predict the boiling points:

A. Non-Polar Hydrocarbons
- Methane: Very low boiling point (~ -161.5°C)
- Ethane: Slightly higher (~ -88.6°C)
- Propane: (~ -42.1°C)
- 2-Butene: (~ -6°C)

Since these are non-polar with increasing molecular size, their boiling points increase sequentially.

B. Alcohols and Carboxylic Acids
- Ethanol: (~ 78°C)
- Butanol: (~ 117°C)
- Acetic Acid: (~ 118°C)

Alcohols and acids exhibit hydrogen bonding, significantly raising boiling points compared to
hydrocarbons of similar weight.

C. Water, Ammonia, Hydrogen Fluoride
- Water: (~ 100°C)
- Ammonia: (~ -33°C)
- Hydrogen Fluoride: (~ 19.5°C)

Hydrogen bonding in water is very strong, leading to a high boiling point. HF also exhibits strong
hydrogen bonding but slightly lower than water due to its molecular structure.

---

Final Order of Increasing Boiling Point Temperatures

Based on the detailed analysis, the compounds can be arranged as follows:

1. Methane (-161.5°C)
2. Ethane (-88.6°C)
3. Propane (-42.1°C)
4. 2-Butene (~ -6°C)



5. Ammonia (~ -33°C) — Note: Slightly lower than 2-Butene; positioning depends on specific data, but
generally, ammonia's boiling point is around -33°C
6. Hydrogen Fluoride (~ 19.5°C)
7. Water (~ 100°C)
8. Ethanol (~ 78°C) — Slightly lower than water, but in order of increasing boiling point, so position
after water
9. Butanol (~ 117°C)
10. Acetic Acid (~ 118°C)

Note: The precise boiling points can vary slightly depending on experimental conditions, but the
relative order remains consistent based on intermolecular forces and molecular weights.

---

Deep Dive into Intermolecular Forces and Structural
Contributions

London Dispersion Forces
- Dominant in non-polar hydrocarbons.
- Increase with molecular size and surface area.
- Methane, being the smallest, has the weakest dispersion forces.

Dipole-Dipole Interactions
- Present in molecules like acetic acid, ethanol, and butanol due to polar bonds.
- Contribute to higher boiling points compared to non-polar molecules of similar size.

Hydrogen Bonding
- Significantly raises boiling points.
- Water exhibits extensive hydrogen bonding, leading to its relatively high boiling point despite its
small molecular weight.
- Alcohols like ethanol and butanol also form hydrogen bonds, increasing their boiling points.

Influence of Molecular Shape
- Branched hydrocarbons tend to have lower boiling points than straight-chain isomers.
- Surface area and shape influence the strength of London dispersion forces.

Functional Groups and Their Effects
- The presence of hydroxyl (-OH) groups enhances hydrogen bonding.
- Carboxyl (-COOH) groups enable strong hydrogen bonding, elevating boiling points further.

---

Summary and Practical Implications

This comprehensive analysis underscores that boiling point temperature is a multifaceted property
influenced by molecular size, shape, polarity, and intermolecular forces. Recognizing these factors



enables chemists to predict and rationalize the physical behavior of compounds.

In practical applications:

- Designing separation processes: Understanding boiling points helps in distillation and purification.
- Material selection: Knowledge of boiling points influences the choice of solvents and substances in
manufacturing.
- Predicting reactivity and stability: Some compounds with high boiling points tend to be more stable
under certain conditions.

---

Conclusion

In summary, when arranging a set of compounds in order of increasing boiling point temperature,
consider the relative strength of intermolecular forces, molecular weight, and molecular structure.
Non-polar small molecules like methane have the lowest boiling points, while molecules capable of
hydrogen bonding and with larger molecular weights tend to have higher boiling points. The interplay
of these factors creates a predictable trend that can be systematically analyzed, as demonstrated in
this detailed review.

By understanding these principles, chemists can confidently predict boiling points and leverage this
knowledge in various chemical processes and research endeavors.
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