
CONCEPT In the context of “Big Numbers 
in Small Wires,” valence electrons are 
important because they play a crucial role 
in the behavior of electrons in materials at 
the nanoscale. In small wires, where the 
diameter is comparable to the size of the 
atoms themselves, the number of valence 
electrons in the wire becomes a significant 
factor in determining its electronic 
properties. This is because the behavior of 
valence electrons in small wires is strongly 
influenced by quantum effects, such as 
confinement and tunneling.
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APPLICATION 
One example of valence electrons in small wires is the 
development of nanoscale electronic devices, such 
as nanosensors and nanotransistors. These devices 
operate at the nanoscale, where the behavior of valence 
electrons is strongly influenced by quantum effects.

Another example is that nanosensors based on small 
wires can detect tiny amounts of substances, such 
as gasses or biomolecules, with high sensitivity and 
selectivity. The detection mechanism is based on 
changes in the electrical conductivity of the small wire 
due to the interaction with the target substance. The 
behavior of valence electrons in the small wire is crucial 
for the sensitivity and selectivity of the sensor.
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HISTORY
VALENCE ELECTRONS: These are 
the outermost electrons of an atom 
that are involved in chemical bonding 
and determine the chemical reactivity 
of the atom. The concept of valence 
electrons was first introduced by Gilbert 
N. Lewis in 1916 as part of his theory 
of chemical bonding. 

SMALL WIRES: These are wires that 
have a diameter on the order of a few 
nanometers, which is comparable 
to the size of atoms. The study of 
small wires has become increasingly 
important in recent years due to the 
development of nanotechnology. 
Small wires have unique electronic 
and optical properties that make 
them promising for a wide range of 
applications, from electronics to energy.

QUANTUM EFFECTS: These are the 
effects that arise from the behavior 
of particles at the nanoscale, where 
classical physics no longer applies. 
Quantum effects, such as confinement 
and tunneling, strongly influence the 
behavior of valence electrons in small 
wires. The study of quantum effects 
has revolutionized our understanding 
of materials and has led to the 
development of new technologies,
such as quantum computing.

TERMINOLOGY
BAND GAP: This is the energy difference between the 
highest occupied energy level (valence band) and the 
lowest unoccupied energy level (conduction band) in a 
material. The band gap determines whether a material is 
an insulator, semiconductor, or conductor.

RESISTIVITY: This is a measure of a material’s ability 
to resist the flow of electrical current. The resistivity of 
a material is related to its electronic properties and the 
behavior of its valence electrons.

QUANTUM CONFINEMENT: This is the confinement 
of electrons and other particles in a small volume due 
to the nanoscale dimensions of a material. Quantum 
confinement strongly influences the electronic properties 
of small wires.

TUNNELING: This is the quantum mechanical 
phenomenon in which a particle can pass through a 
potential barrier even if it does not have sufficient energy 
to overcome the barrier. Tunneling is important for 
understanding the behavior of valence electrons in
small wires.

DENSITY OF STATES: This is a measure of the number of 
available energy states per unit volume or per unit energy 
in a material. The density of states is related to the 
electronic properties and behavior of valence electrons
in a material.

FERMI ENERGY: This is the energy level at which there 
is a 50% probability of finding an electron at a given 
temperature. The Fermi energy is related to the electronic 
properties and behavior of valence electrons
in a material.


