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Abstract

Understanding the chemical properties of Group V elements through their electron configurations
deepens our comprehension of periodic trends. Transitioning from nitrogen to bismuth, we observe a
shift from non-metals to metalloids and then to metals, a change driven by the progression of electron
shell and orbital filling. This insight is crucial for forecasting and elucidating the varied chemical
behaviors and uses of Group V elements, thereby aiding developments in chemistry and materials
science. As one moves down the group, the complexity of electron structures increases, influencing their
chemical behavior. Arsenic and antimony exhibit both metallic and non-metallic characteristics,
serving as a bridge between metalloids and non-metals. Their electron arrangements allow for a variety
of oxidation states and a tendency to form multiple types of compounds. Group V elements show a shift
from non-metals to metals due to electron shell changes. Arsenic and antimony bridge the gap with both
metallic and non-metallic traits. Their electron structures enable multiple oxidation states and diverse
compound formation, influencing their chemical behavior and applications in materials science.
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INTRODUCTION

The periodic table serves as a foundational structure in chemistry, visually categorizing elements
based on their atomic numbers and chemical characteristics [1]. Each element in this table is assigned
to a particular group or family, which reflects shared
traits arising from their electron configurations.
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Specifically, Group V elements, also referred to as
Group 15 or the nitrogen group, display notable
chemical behaviors that are often shaped by their
distinct electron arrangements [2-4].

Group V encompasses nitrogen (N), phosphorus
(P), arsenic (As), antimony (Sb), and bismuth (Bi).
These elements manifest in various natural forms,
including diatomic molecules like N,, metalloids
such as As and Sb, as well as metallic Bi. Although
their physical properties vary, they all possess a
similar outer electron configuration characterized
by five valence electrons within their atomic
orbitals. This commonality in electron structure lays
the groundwork for an engaging study of their
chemical behaviors [5-7].

The chemical behaviors of Group V elements
attract considerable attention from chemists and
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researchers. These elements engage in numerous chemical reactions, which can include the creation of
covalent compounds, ionic compounds, and alloys. Their roles range from nitrogen's essential presence
in organic compounds to arsenic's toxic characteristics. To comprehend and forecast these varied
chemical behaviors, it is imperative to investigate the electron structures of these elements [8-10].

This paper seeks to examine the complex relationship between the electron configurations of Group
V elements and their corresponding chemical behaviors. By analyzing their electron arrangements,
orbital structures, and bonding tendencies, we aim to reveal the fundamental principles that direct their
reactions and properties. Furthermore, we will explore how differences in electron structures among
these elements contribute to their unique chemical behaviors [11, 12].

As we proceed with this investigation, we will highlight not only the scientific complexities but also
the practical consequences of understanding Group V elements. From phosphorus's function in
fertilizers to arsenic's applications in semiconductor materials, the insights derived from this study have
significant implications across diverse fields, including agriculture and technology [13].

In summary, the exploration of the connection between the chemical behaviors of Group V elements
and their electron structures is poised to illuminate the profound relationship between atomic
configuration and reactivity [14]. This inquiry delves into the essence of chemistry, where the
arrangement of electrons in the outermost shells governs the intriguing properties and behaviors of these
elements, with impacts that extend well beyond the boundaries of the periodic table [15].

MATERIALS AND METHODS
Data Sources

In our exploration of the relationship between chemical behavior and electron structure of Group 4

elements, we will rely on a variety of reputable data sources and references. These include:

1. Textbooks: We will refer to established chemistry textbooks to gather foundational information
on the periodic table, electron structure, and the properties of Group 8 elements. Key textbooks
include “Chemistry: The Central Science” by Brown, LeMay, Bursten, and Murphy, and
“Principles of Modern Chemistry” by Oxtoby, Gillis, and Campion.

2. Scientific journals: To ensure accuracy and up-to-date information, we will consult peer-
reviewed scientific journals such as the “Journal of Chemical Education” and the “Journal of
Physical Chemistry.” These sources will provide insights into recent research and discoveries
related to Group 8 elements.

3. Online databases: We access online chemistry databases, including the Chemical Abstracts Service
(CAS) and the Royal Society of Chemistry's (RSC) database, to retrieve scientific articles, research
papers, and data relevant to the chemical behavior and electron structure of Group 8 elements.

Research Methodology
Our approach to examining the relationship between chemical behavior and electron structure of
Group 8 elements will involve the following methodologies:

1. Literature review: We will conduct an extensive literature review of scholarly articles, textbooks,
and online resources to gather information on the electron structure of Group 8 elements, their
properties, and their chemical behavior. This review will serve as the foundation for our discussion.

2. Conceptual analysis: We will engage in a thorough conceptual analysis to explain how the
electron structure of Group 8 elements, characterized by a full valence electron shell, contributes
to their chemical inertness and unique behavior. We will elucidate key concepts such as the octet
rule and electron stability.

3. Practical applications: To illustrate the real-world significance of the noble gases' chemical
behavior, we will explore practical applications across various fields, including industry,
technology, and medicine. Case studies and examples will be drawn from reputable sources to
highlight the utility of noble gases.
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Citations and References

Throughout our exploration of this topic, we will ensure proper citations and references for all data
sources and scholarly materials consulted. These citations will follow a recognized citation style, such
as the American Chemical Society (ACS) style, to maintain academic integrity and facilitate further
reading for interested individuals.

This adapted “Materials and Methods” section outlines how we will approach the topic of the
relationship between chemical behavior and electron structure of Group 8 elements, emphasizing the
use of reputable data sources, research methodologies, and visual aids to facilitate understanding and
engagement with the subject matter.

NITROGEN (N)

The electron configuration of nitrogen is integral to its chemical properties. With an atomic number
of 7, nitrogen possesses seven electrons organized across different energy levels or orbitals. The
following points elucidate how this electron arrangement affects its chemical behavior:

1. Electron configuration: Nitrogen's electron configuration is 1s? 2s? 2p® indicating two

electrons in the first energy level (1s2) and five in the second (2s? 2p°).

2. Valence electrons: The outermost energy level, or valence shell, is the second level, containing
five valence electrons.

3. Octet rule: Like many elements, nitrogen seeks stability by achieving a full valence shell of
eight electrons, known as the octet rule. With only five valence electrons, it is three electrons
short of this ideal state.

4. Chemical reactivity: The drive to complete its octet shapes nitrogen's reactivity. It can either
gain three electrons to fill its valence shell or share electrons with other atoms to achieve an octet.

5. Formation of covalent bonds: Nitrogen readily engages in covalent bonding with elements such
as hydrogen, carbon, and oxygen. It is known for forming strong triple covalent bonds (N=N)
with other nitrogen atoms, resulting in stable diatomic nitrogen molecules (N).

6. Role in amino acids and proteins: Nitrogen's capacity to form multiple covalent bonds is vital
to amino acids, the fundamental units of proteins. Amino acids feature nitrogen-containing amine
groups (-NHz), which are crucial for protein structure and function.

7. Role in the atmosphere: Nitrogen gas (N2) constitutes approximately 78% of Earth's
atmosphere. Its strong triple covalent bond contributes to its relative inertness, which is essential
for atmospheric stability. Certain nitrogen-fixing bacteria can convert atmospheric nitrogen into
more reactive forms, such as ammonia (NHs), which are essential for plant growth.

8. Role in organic chemistry: Nitrogen is present in numerous organic compounds, often within
amine groups (-NH2) or other functional groups, contributing to the diversity and reactivity of
organic molecules.

In conclusion, nitrogen's electron structure, characterized by five valence electrons and a tendency to
attain an octet, influences its chemical behavior through the promotion of covalent bond formation,
involvement in biomolecule structures like proteins, and significance in Earth's nitrogen cycle. These
characteristics establish nitrogen as a fundamental element in both chemistry and biology.

PHOSPHORUS (P)

Phosphorus, with an atomic number of 15, has an electron structure that significantly impacts its
chemical behavior. The following points highlight how phosphorus's electron configuration influences
its chemistry:

1. Electron configuration: Phosphorus's electron configuration is 1s? 2s? 2p® 3s? 3p?, indicating
two electrons in the first level, eight in the second, and five in the third. The outermost energy
level, the third, serves as the valence shell.

2. Valence electrons: The five valence electrons of phosphorus are located in the third energy
level (3s2 3p3).

© STM Journals 2025. All Rights Reserved 41



Investigative Study of Relationship of Chemical Characteristics of Group V Elements Peter et al.

Octet rule: Similar to other elements, phosphorus aims for stability by filling its valence shell
with eight electrons, adhering to the octet rule. With only five valence electrons, phosphorus is
three electrons shy of reaching this goal.

Chemical reactivity: The pursuit of a complete valence shell shapes phosphorus's reactivity. It
can gain three electrons to fill its shell or share electrons with other atoms to achieve an octet.
Bonding: Phosphorus readily forms covalent bonds, often engaging in single or double bonds
with elements such as hydrogen and oxygen. A notable example is the formation of phosphine
(PHs) through single covalent bonds with three hydrogen atoms.

Role in biomolecules: Phosphorus is a crucial element in biological molecules like DNA and
RNA, forming strong covalent bonds with oxygen in phosphate groups, which are integral to the
backbone structure of these genetic materials.

Phosphorus allotropes: Phosphorus exists in various allotropes, including white, red, and black
phosphorus, each exhibiting distinct structures and properties due to their differing bonding
patterns. For instance, white phosphorus is highly reactive and flammable, while red and black
phosphorus are more stable.

Role in fertilizers: Phosphorus compounds, such as phosphate salts, are essential in fertilizers,
as plants require phosphorus for growth and development.

In summary, phosphorus's electron structure, featuring five valence electrons and a drive to fulfill the
octet rule, influences its chemical behavior through covalent bond formation, its role in vital
biomolecules like DNA and RNA, and its importance in agriculture via fertilizers. The various
allotropes of phosphorus exhibit differing reactivity and properties, further emphasizing the influence
of its electron structure on its chemistry.

ARSENIC (As)
With an atomic number of 33, arsenic's electron structure plays a significant role in shaping its chemical
behavior. The following points examine how arsenic's electron configuration impacts its chemistry:

1.

Electron configuration: Arsenic has the electron configuration 1s? 2s? 2p® 3s? 3p°® 4s? 3d° 4p3,
indicating two electrons in the first energy level, eight in the second, ten in the third, and three in
the fourth. The fourth energy level serves as the valence shell.

Valence electrons: Arsenic contains five valence electrons located in its fourth energy level (4s? 4p®).
Octet rule: Following the octet rule, arsenic, like many elements, seeks stability by achieving a full
valence shell of eight electrons. However, it is three electrons short, with only five valence electrons.
Chemical reactivity: Arsenic’s drive to complete its valence shell influences its reactivity. It can
gain three electrons to satisfy its valence shell or share electrons with other atoms to reach an octet.
Bonding: Arsenic is capable of forming a range of chemical bonds, particularly covalent bonds
with elements like hydrogen, oxygen, and sulfur. For example, it can bond with three hydrogen
atoms to create arsine (AsHs) through covalent bonds.

Arsenic allotropes: Arsenic exists in several allotropes, with gray arsenic being the most
prevalent. These allotropes vary in structure and properties, impacting their reactivity; for
instance, gray arsenic displays metallic characteristics and has a layered structure.

Toxicity: Arsenic compounds are recognized for their toxicity towards living organisms. This
toxicity arises partly from arsenic's chemical reactivity and its capacity to disrupt essential
biological processes, including its ability to substitute for phosphorus in biochemical reactions.
Role in industry: Arsenic has various industrial applications, notably in semiconductor
production and specific alloys. Its chemical properties and ability to form diverse compounds
make it valuable in these contexts.

In conclusion, arsenic's electron structure, characterized by five valence electrons and the pursuit of
an octet, influences its chemical behavior through covalent bond formation, its toxic nature due to
interference with biological processes, and its utility in various industrial applications. The differing
allotropes of arsenic also demonstrate varying properties and reactivity, further illustrating the
significance of its electron configuration in its chemistry.
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ANTIMONY (Sb)
Antimony, with an atomic number of 51, possesses an electron structure that critically affects its chemical
behavior. The following points outline how antimony's electron configuration shapes its chemistry:

1.

n

Electron configuration: Antimony's electron configuration is 1s? 2s? 2p° 3s2 3p® 4s2 3d'° 4p°® 552
4d* 5p3, showing two electrons in the first level, eight in the second, eighteen in the third, ten in
the fourth, and three in the fifth. The fifth level serves as the valence shell.

Valence electrons: Antimony has five valence electrons located in its fifth energy level (5s2 5p°).
Octet rule: Antimony, like many elements, strives for stability by achieving a full valence shell
of eight electrons, adhering to the octet rule. However, it is three electrons short with only five
valence electrons.

Chemical reactivity: The quest to complete its valence shell shapes antimony's reactivity. It can
gain three electrons to fill its shell or share electrons with other atoms.

Bonding: Antimony can form various chemical bonds, including covalent bonds with oxygen,
sulfur, and halogens. As a metalloid, it can also form metallic bonds, exhibiting both metallic
and non-metallic characteristics.

Antimony compounds: Antimony is recognized for forming compounds with different oxidation
states, such as +3 and +5. These compounds are utilized in numerous applications, including
flame retardants, pigments, and catalysts in plastic production.

Alloying agent: Antimony is commonly used as an alloying agent in specific alloy types, such
as antimonial lead for batteries and Babbitt metal for bearings.

Toxicity: Certain antimony compounds can be toxic to humans and other organisms. For instance,
antimony trioxide (Sb20s), while used as a flame retardant, poses health risks when inhaled.

In summary, antimony's electron structure, with its five valence electrons and the aspiration to fulfill
the octet rule, influences its chemical behavior by facilitating covalent and metallic bond formation, its
capacity to create compounds with varying oxidation states, and its application in various industries.
Additionally, the toxicity of specific antimony compounds underscores the necessity of understanding
its chemical behavior.

BISMUTH (Bi)

Bismuth, an element with an atomic number of 83, has an electron structure that significantly impacts
its chemical properties. The following points elaborate on how bismuth's electron configuration
influences its chemistry:

1.

N

Electron configuration: Bismuth's electron configuration is 1s? 2s? 2p® 3s? 3p® 4s? 3d'? 4p® 552
4d™° 5p® 6s2 414 5d1° 6p3, indicating two electrons in the first energy level, eight in the second,
eighteen in the third, thirty-two in the fourth, eighteen in the fifth, and three in the sixth. The
sixth level serves as the valence shell.

Valence electrons: Bismuth contains five valence electrons located in its sixth energy level (6s? 6p°).
Octet rule: Bismuth, like many elements, seeks stability by completing its valence shell with
eight electrons, following the octet rule. However, it falls three electrons short with only five
valence electrons.

Chemical reactivity: The inclination to fill its valence shell influences bismuth's chemical
behavior. It can either gain three electrons or share electrons with other atoms to achieve an octet.
Bonding: Bismuth is capable of forming various chemical bonds. It readily forms covalent
bonds with elements such as oxygen, sulfur, and halogens and is also known for its metallic
bonding properties.

Bismuth compounds: Bismuth is utilized in various compounds and applications. For example,
bismuth subsalicylate serves as an antacid and to treat gastrointestinal issues, while bismuth
oxychloride is used in cosmetics due to its pearlescent quality.

Bismuth as a heavy element: Bismuth is notable for being one of the heaviest stable elements.
Its extensive number of electrons leads to relativistic effects, such as the contraction of the 6s
orbital and the expansion of the 6p orbital, which can influence its properties and chemistry.
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8. Low toxicity: Unlike several other heavy elements, bismuth and its compounds are generally
regarded as having low toxicity to humans, making them suitable for medical and cosmetic uses.

In conclusion, bismuth's electron structure, characterized by five valence electrons and the ambition
to attain an octet, influences its chemical behavior through covalent and metallic bond formation,
various applications of its compounds, and its unique status as a heavy but relatively non-toxic element.
The relativistic effects on its electron orbitals can also play a role in shaping its chemistry and properties.

CONCLUSION
The following conclusions were drawn from the research as demonstrated below:

1. Valence electrons: The quantity of valence electrons present in an element's outermost energy
level is essential in shaping its chemical properties. Elements typically seek stability by either
gaining or sharing electrons to complete their valence shell, commonly adhering to the octet rule,
which stipulates a full set of eight electrons.

2. Covalent and metallic bonds: Elements such as nitrogen, phosphorus, arsenic, antimony, and
bismuth are capable of forming covalent bonds through the sharing of electrons. Furthermore,
antimony and bismuth, classified as metalloids or metals, can establish metallic bonds, which
contribute to their distinct characteristics.

3. Biological and industrial roles: These elements play significant roles in both biological and
industrial settings. For example, nitrogen is vital for life as it forms part of amino acids and DNA.
Phosphorus is essential for ATP (adenosine triphosphate), DNA, and RNA synthesis. Arsenic is
known for its toxic properties due to its reactivity, while antimony and bismuth find applications
in a range of compounds.

4. Allotropes: Elements such as phosphorus and arsenic can exist in multiple allotropes, each
exhibiting unique properties and reactivity. This variation arises from differing bonding
arrangements.

5. Toxicity: The toxicity of specific compounds of these elements is contingent upon their chemical
properties. For instance, arsenic compounds are widely recognized for their harmful effects,
whereas bismuth is generally regarded as having low toxicity.

6. Relativistic effects: In heavy elements like bismuth, relativistic effects, resulting from a high
electron count, can affect electron orbitals and subsequently influence their chemical behavior
and characteristics.

In conclusion, the electron configuration of each discussed element significantly affects its chemical
behavior, influencing its reactivity, bonding tendencies, and applications across various domains,
including biological, industrial, and toxicological contexts. Grasping these interconnections is crucial
in the field of chemistry and has tangible implications in numerous areas.
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