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In understanding why Group 16 hydrides, other than those in Period 2, have a
higher boiling point, it is essential to analyze the structural, molecular,
and intermolecular factors influencing their physical properties. The boiling
point of a compound is primarily determined by the strength of intermolecular
forces present within it. As we delve into the nature of Group 16 hydrides
(also known as chalcogen hydrides), we observe a pattern where their boiling
points tend to increase as we move down the group, especially beyond Period
2. This phenomenon can be attributed to several factors, including molecular
size, molecular weight, types of intermolecular forces, and the extent of
molecular polarization.

Overview of Group 16 Hydrides

What Are Group 16 Hydrides?

Group 16 of the periodic table, also known as the chalcogen group, includes
elements such as oxygen (0), sulfur (S), selenium (Se), tellurium (Te), and
polonium (Po). Hydrides of these elements are compounds formed by the
combination of these elements with hydrogen. Examples include water (H20),
hydrogen sulfide (H:S), hydrogen selenide (H2Se), and hydrogen telluride
(H2Te).

Trend in Hydrides Across Periods

The hydrides of lighter elements like oxygen and sulfur are well-studied and
have distinct physical and chemical properties. However, as we progress to
heavier elements like selenium and tellurium, their hydrides exhibit
different characteristics, especially in terms of boiling points and
intermolecular interactions.



Factors Affecting the Boiling Points of Group
16 Hydrides

Molecular Size and Molecular Weight

One of the primary factors influencing boiling points is the molecular size
and molecular weight. As the atomic number of the element increases within
Group 16, the size of the atom and, consequently, the molecule increases.
Larger molecules with higher molecular weights generally have higher boiling
points because more energy is required to overcome the intermolecular forces
holding them together.

e Hydrogen sulfide (H2S): Molecular weight = 34 g/mol
e Hydrogen selenide (H:Se): Molecular weight = 81 g/mol

e Hydrogen telluride (H2Te): Molecular weight = 129.6 g/mol

This trend demonstrates that as the molecular weight increases, so does the
boiling point, primarily due to increased van der Waals forces.

Type and Strength of Intermolecular Forces

The boiling points are significantly affected by the types of intermolecular
forces present:

1. London Dispersion Forces (Van der Waals Forces): These are weak forces
present in all molecules, more prominent in larger, more polarizable
molecules.

2. Dipole-Dipole Interactions: Present in polar molecules where there is an
uneven distribution of charge.

3. Hydrogen Bonding: A particularly strong type of dipole-dipole
interaction, present in water (H20) due to the high electronegativity of
oxygen.

In heavier Group 16 hydrides (H2Se and H2Te), London dispersion forces are
the dominant intermolecular force, and these increase with molecular size and
polarizability, leading to higher boiling points.



Polarizability of the Molecules

Polarizability refers to how easily the electron cloud around a molecule can
be distorted. Larger atoms have more electrons and are more polarizable,
resulting in stronger London dispersion forces. Therefore, as we move down
Group 16, the increased polarizability causes an increase in the boiling
point.

Comparison of Hydrides in Period 2 and Beyond

Hydrides in Period 2: Water and Hydrogen Sulfide

In Period 2, the hydrides include water (H20) and hydrogen sulfide (H2S).
Water has a notably high boiling point of 100°C due to hydrogen bonding,
which is a very strong intermolecular force. Hydrogen sulfide, on the other
hand, has a boiling point of -60°C, primarily influenced by weaker van der
Waals forces and dipole-dipole interactions.

Hydrides Beyond Period 2: H:>Se and H:Te

As we examine hydrides of selenium and tellurium, their boiling points are
significantly higher:

e Hydrogen selenide (H:Se): Boiling point = -41.3°C

e Hydrogen telluride (H2Te): Boiling point = -2.2°C

While these boiling points are still below water's, they are considerably
higher than those of Period 2 hydrides, illustrating the trend of increasing
boiling points with heavier elements.

Why Do Hydrides Beyond Period 2 Have Higher
Boiling Points?

1. Increased Molecular Mass and Size

The larger atomic radii of selenium and tellurium lead to larger, more
diffuse molecules. This increase in size results in stronger London
dispersion forces, which require more energy to overcome during boiling.



2. Greater Polarizability

Heavier atoms have more electrons, making their electron clouds more easily
distorted. This increased polarizability enhances London dispersion forces,
thereby raising boiling points.

3. Reduced Effectiveness of Hydrogen Bonding

Unlike water, where hydrogen bonding is significant, H2Se and H2Te do not
exhibit extensive hydrogen bonding. Their boiling points are mainly
influenced by van der Waals forces, which grow stronger with molecular size.

4. Structural Factors and Molecular Symmetry

The geometry of these molecules affects how molecules pack and interact.
Slight variations in molecular symmetry can influence intermolecular force
strength, indirectly impacting boiling points.

Summary of Key Factors Contributing to Higher
Boiling Points

1. Increasing molecular weight and size: Larger molecules have stronger
London dispersion forces.

2. Enhanced polarizability: Heavier elements have more electrons, leading
to more polarizable electron clouds.

3. Type of intermolecular forces: Dominance of van der Waals forces in
heavier hydrides.

4. Absence of hydrogen bonding: Unlike water, heavier hydrides do not form
hydrogen bonds, but their increased size compensates for this.

Conclusion

The trend of higher boiling points in Group 16 hydrides beyond Period 2 can
be comprehensively explained by considering molecular size, mass, and
polarizability. As the atomic number increases down the group, molecules
become larger and more polarizable, leading to stronger van der Waals forces.
These forces require more energy to break, thus elevating the boiling points
of these hydrides. While hydrogen bonding significantly influences water's



high boiling point in Period 2, in heavier hydrides such as H:2Se and H:Te,
London dispersion forces predominate, accounting for their comparatively
higher boiling points than their lighter counterparts. Understanding these
factors provides valuable insights into the physical properties of chalcogen
hydrides and their behavior under different conditions.

Frequently Asked Questions

Why do Group 16 hydrides in periods beyond 2 have
higher boiling points than those in period 2?

Because their larger molecular sizes and increased molecular mass lead to
stronger London dispersion forces, resulting in higher boiling points.

How does molecular size influence the boiling points
of Group 16 hydrides?

Larger molecules have greater surface areas, which enhance van der Waals
(dispersion) forces, thus raising their boiling points.

What role do intermolecular forces play in
determining the boiling points of Group 16 hydrides?

Stronger intermolecular forces, such as dispersion forces in larger
molecules, require more energy to break, leading to higher boiling points.

Why are hydrogen bonds absent in Group 16 hydrides,
yet some still have high boiling points?

While hydrogen bonding is absent, increased molecular size and polarizability
in larger hydrides enhance dispersion forces, raising boiling points.

Why does water (H20) in Group 16 have a lower
boiling point compared to other hydrides in higher
periods?

Because water forms hydrogen bonds, which are strong but also involve
specific interactions that influence its boiling point differently; in larger
hydrides, dispersion forces dominate.

How does increasing atomic number in Group 16
elements affect the physical properties of their



hydrides?

Increasing atomic number results in larger, more polarizable molecules with
stronger dispersion forces, thus increasing boiling points.

Are covalent bond strengths in Group 16 hydrides
responsible for their boiling points?

No, boiling points are predominantly influenced by intermolecular forces;
covalent bond strength within molecules has less impact on boiling points.

In what way does molecular symmetry impact the
boiling points of Group 16 hydrides?

Less symmetrical molecules tend to have higher boiling points due to
increased asymmetry leading to stronger dispersion forces.

How does the state of matter at room temperature
relate to the boiling point trends in Group 16
hydrides?

Hydrides with higher boiling points tend to be liquids or solids at room
temperature, reflecting stronger intermolecular forces compared to lighter,
gaseous hydrides.

Can the trend in boiling points of Group 16 hydrides
be applied to other groups in the periodic table?

Yes, similar trends are observed where larger, more polarizable molecules in
other groups exhibit higher boiling points due to stronger dispersion forces.

Additional Resources
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The periodic table is a fundamental tool for chemists, providing insights
into element properties and their interactions. Among the diverse compounds
in the table, Group 16 hydrides—also known as the chalcogen hydrides—offer
intriguing variations in physical properties, notably boiling points. A
particularly interesting trend emerges when comparing the hydrides across
different periods: those in groups beyond Period 2 exhibit higher boiling
points than their Period 2 counterparts. This phenomenon raises questions
about the underlying molecular and atomic factors influencing these physical
properties. This article aims to dissect the reasons behind this trend,
exploring the structural, electronic, and intermolecular factors at play,



ultimately providing a comprehensive understanding of the boiling point
behaviors of Group 16 hydrides beyond Period 2.

Overview of Group 16 Hydrides

Group 16 of the periodic table, also known as the chalcogens, encompasses
elements such as oxygen (0), sulfur (S), selenium (Se), tellurium (Te), and
polonium (Po). Their hydrides are compounds formed when these elements bond
with hydrogen, resulting in a series of molecules with varying physical and
chemical properties.

Common Group 16 Hydrides:

- Water (H:20): Derived from oxygen

- Hydrogen sulfide (H2S): Derived from sulfur

- Hydrogen selenide (H:Se): Derived from selenium

- Hydrogen telluride (H2Te): Derived from tellurium

- Hydrogen polonium (Hz2Po): Derived from polonium (less common and less
studied)

While the lighter hydrides like water and hydrogen sulfide are well-studied,
the heavier hydrides—selenide, telluride, and polonide—exhibit distinct
physical behaviors, notably in boiling points.

Trend in Boiling Points Across Periods

Observed Patterns:

- Hydrides in Period 2 (e.g., water, H:S) tend to have relatively lower
boiling points.

- Hydrides from Period 4 onward (e.g., H2Se, H2Te) generally display higher
boiling points, despite increasing atomic mass.

This trend appears counterintuitive at first glance because, in many cases,
heavier molecules tend to have higher boiling points due to increased
molecular weight. However, the case of Group 16 hydrides presents a more
nuanced picture, with factors beyond molar mass influencing boiling points.

Key Observations:

- Hydrogen sulfide (H2S) boils at approximately -60°C.

- Hydrogen selenide (H:Se) boils at around -41°C.

- Hydrogen telluride (Hz2Te) boils at approximately -2°C.

- Water (H20), despite being lighter than H2S, has a boiling point of 100°C,
due to its hydrogen bonding.



This indicates that factors such as molecular structure, intermolecular
forces, and electronic configuration significantly impact boiling points.

Factors Affecting Boiling Points of Group 16
Hydrides

Understanding why the boiling points differ requires analyzing the key
intermolecular forces and molecular structures involved.

1. Molecular Size and Van der Waals Forces

As the molecular size increases (moving from S to Se to Te), the surface area
of the molecules enlarges. This increase enhances the London dispersion
forces (a type of Van der Waals force), which are temporary dipole-induced
dipole attractions that grow stronger with larger, more polarizable electron
clouds.

- Impact: Larger molecules with more electrons are more easily polarized,
resulting in stronger London dispersion forces, which in turn raise boiling
points.

- Example: Hydrogen telluride (Hz2Te) exhibits a higher boiling point than
hydrogen selenide (Hz2Se) because of its larger atomic size and mass.

Summary:

| Hydride | Atomic Mass | Boiling Point (°C) | Explanation |

| H2S | 34.1 g/mol | -60 | Smaller size, weaker dispersion forces |
| H2Se | 79.0 g/mol | -41 | Larger, more polarizable |
| H2Te | 127.6 g/mol | -2 | Largest, strongest dispersion forces |

While increased molecular weight correlates with higher boiling points, it is
important to note that this trend is modulated by the nature of
intermolecular forces and molecular geometry.

2. Nature of Covalent Bonding and Molecular Geometry

The molecular geometry influences how molecules pack in the liquid phase,
affecting vaporization energy:

- H20: Exhibits a bent shape (~104.5° bond angle) with strong hydrogen
bonding, leading to a high boiling point.
- H2S, H2Se, H2Te: Predominantly exhibit weak intermolecular



forces—dispersion forces—with little to no hydrogen bonding capabilities due
to the larger chalcogen atoms' lower electronegativity.

Key Point: The absence of hydrogen bonding in heavier hydrides results in
lower boiling points compared to water, despite their larger size.

3. Hydrogen Bonding and Its Absence in Heavier
Hydrides

Hydrogen bonding occurs when hydrogen is covalently bonded to highly
electronegative atoms like oxygen, nitrogen, or fluorine, and interacts with
lone pairs on neighboring molecules. Water’s high boiling point is primarily
due to hydrogen bonding.

- H2S, H2Se, H:Te: These molecules lack the ability to form hydrogen bonds
because sulfur, selenium, and tellurium are less electronegative than oxygen.
- Implication: Without hydrogen bonding, the primary intermolecular force is
dispersion, which is weaker than hydrogen bonds, resulting in lower boiling
points relative to water.

Conclusion: The presence or absence of hydrogen bonding significantly
influences boiling points, often overshadowing effects due to molecular
weight alone.

Why Do Heavier Group 16 Hydrides Have Higher
Boiling Points Than Those In Period 27?

The primary reason for the higher boiling points in heavier Group 16 hydrides
beyond Period 2 can be summarized as follows:

- Increased atomic size and polarizability: Heavier elements like tellurium
have more electrons and larger atomic radii, making their molecules more
polarizable. This leads to stronger London dispersion forces, which require
more energy to overcome during vaporization.

- Lack of hydrogen bonding: Unlike water, the heavier hydrides do not form
hydrogen bonds, so their boiling points depend mainly on dispersion forces.
- Molecular mass and surface area: Larger molecules have greater surface
contact and electron clouds, enhancing Van der Waals attractions.

In contrast, hydrides in Period 2 like water have high boiling points
primarily because of hydrogen bonding, which is a much stronger
intermolecular force than dispersion forces.

Summary of the trend:

- Period 2 hydrides (e.g., H20, H2S): Boiling points dominated by hydrogen



bonding and small molecular size.

- Beyond Period 2 (e.g., H2Se, H2Te): Boiling points increase primarily due
to larger atomic size and increased polarizability, despite the absence of
hydrogen bonding.

Implications and Applications

Understanding these trends isn’t merely academic; it has practical
implications across chemistry and materials science:

- Design of materials: Knowledge of boiling points influences the selection
of materials in high-temperature environments.

- Chemical synthesis and storage: Recognizing the volatility of heavier
hydrides guides safer handling and storage protocols.

- Environmental chemistry: The volatility of heavier chalcogen hydrides
impacts their environmental distribution and potential toxicity.

Conclusion

In understanding why Group 16 hydrides, other than those in Period 2, have
higher boiling points, the core factors revolve around molecular size,
polarizability, and the nature of intermolecular forces. While lighter
hydrides like water owe their high boiling points to hydrogen bonding,
heavier hydrides' increased boiling points primarily result from enhanced
London dispersion forces due to larger atomic size and greater electron
count. This interplay of structural and electronic factors illustrates the
nuanced behavior of molecular compounds and underscores the importance of
multiple forces in determining physical properties.

By comprehending these trends, chemists can better predict compound
behaviors, tailor materials for specific applications, and deepen their
understanding of molecular interactions. The periodic table’s patterns
continue to reveal the elegant complexity underlying chemical properties,
with Group 16 hydrides serving as a compelling example of this intricate
balance.
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