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We know that an atom consists of a nucleus
surrounded by a cloud of negatively charged
electrons, as depicted in the electron cloud model
of an atom (Figure 1).

Atoms in crystal
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Except for the hydrogen atom, where there are no
neutrons, the nucleus contains a mix of positively
charged protons and electrically neutral neutrons.

The electrons of an atom exist in different clouds
at the various energy levels. An atom becomes a
negative ion when it gains electron(s) or a positive
ion when it loses electron(s).

Interatomic bonds

The electronic structure of an atom is relatively
stable if it has eight electrons in its outer valence
shell, as noble gases do, except for helium, which
has only two electrons.

Other atoms must lose, acquire, or share electrons
with yet other atoms to achieve a stable
configuration—that is, eight electrons in the outer
shell.

These processes produce strong or primary
bonds between atoms. The bonding of atoms
within a molecule also creates new but much
weaker forces holding the molecules together.
These are often called secondary bonds.
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PRIMARY BONDS
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The formation of primary bonds depends on the
atomic structures and their tendency to assume a
stable configuration.

The strength of these bonds and their ability to
reform after breakage determine the physical
properties of a material.

Primary atomic bonds (Figure 2), also called
chemical bonds, may be of three different types:

(1) ionic,
(2) covalent,
(3) metallic.

Tonic Bonds
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The classic example of ionic bonding is the bond
between the Na+ and Cl- of sodium chloride
(Figure 2-2, A).

Because the sodium atom contains one valence
electron in its outer shell and the chlorine atom has
seven electrons in its outer shell, the transfer of the
sodium valence electron to the chlorine atom
results in the stable compound Na+Cl-—.

In dentistry, ionic bonding exists in some dental
materials, such as in gypsum structures and
phosphate-based cements.
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Covalent Bonds
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In many chemical compounds, two valence
electrons are shared by adjacent atoms (Figure 2-
2, B).

By virtue of sharing electrons, the two atoms are
held together by covalent bonds to form a
molecule that is sufficiently stable, and
electrically neutral in a definite arrangement.

The hydrogen molecule, H2, exemplifies covalent
bonding. The single valence electron in each
hydrogen atom 1is shared with that of the other
combining atom, and the valence shells become
stable.

Covalent bonding occurs in many organic
compounds, such as in dental resins, where they
link to form the backbone structure of
hydrocarbon chains.

Metallic Bonds
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The outer shell valence electrons can be removed
easily from metallic atoms and form positive ions.

The free valence electrons can move about in the
metal space lattice to form what is sometimes
described as an electron “cloud” or “gas.”

The electrostatic attraction between the electron
cloud and the positive ions in the lattice provides
the force that bonds the metal atoms together as a
solid.

The free electrons give the metal its
characteristically high thermal and electrical
conductivity. These electrons absorb light energy,
so that all metals are opaque to transmitted light.
The metallic bonds are also responsible for the
ability of metals to deform plastically. The free
electrons can move through the lattice, whereas
their plastic deformability is associated with slip
along crystal planes. During slip deformation,
electrons easily regroup to retain the cohesive
nature of the metal.
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Combination of Primary Bonds
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Although we can describe the three primary bonds
separately, it is also possible to find more than one
type of primary bond existing in one material.

SECONDARY BONDS

In contrast with primary bonds, secondary bonds
do not share electrons. Instead, charge variations
among atomic groups of the molecule induce
dipole forces that attract adjacent molecules or
parts of a large molecule.

1. van der Waals Forces
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They differ from covalent and ionic bonding in
that they are caused by correlations in the
fluctuating polarizations (dipole) of nearby
particles.

They are defined as weak, short-range
electrostatic attractive forces between uncharged
molecules, arising from the interaction of

permanent or transient electric dipole moments.

Dipole van der Waals Forces are due to the
formation of dipole. A dipole is formed when
electrons shift to one side of the atoms or
molecules resulting in the formation of a negative
polarity on the side and on the other half a positive
polarity. This attracts other similar dipoles.

There are three kinds of van der Waals forces:

1. Keesom force (between two permanent
dipoles),

2. Debye force (between a permanent dipole and
an induced dipole)

3. London dispersion force (between two
instantaneously induced dipoles).

Van der Waals forces are relatively weak
compared to covalent bonds, but play a
fundamental role in fields as diverse as
supramolecular chemistry, structural biology,
polymer nanotechnology, surface
science, and condensed matter physics.

Van der Waals forces define many properties of
organic compounds.
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2. Hydrogen Bond
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The hydrogen bond is a special case of dipole
attraction of polar compounds. It can be
understood by studying a water molecule (Figure
3). Attached to the oxygen atom are two hydrogen
atoms. These bonds are covalent.

As a consequence, the protons of the hydrogen
atoms pointing away from the oxygen atom are
not shielded efficiently by the electrons. They
become positively charged.

On the opposite side of the water molecule, the
electrons that fill the outer shell of the oxygen
provide a negative charge. The positive hydrogen
nucleus is attracted to the unshared electrons of
neighboring water molecules. This type of bond is
called a hydrogen bridge.

Polarity of this nature is important in accounting
for the intermolecular reactions in many organic
compounds— for example, the sorption of water
by synthetic dental resins.
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CRYSTAL STRUCTURE

Space lattice or crystal can be defined as any
arrangement of atoms in space such that every
atom is situated similar to every atom.

Space lattice may be the result of primary or
secondary bonds.

There are 14 possible lattice type forms, but many
of the metals used in dentistry belong to the cubic
system.

The simplest cubic space lattice is shown in Fig.
4. The solid circles represent the position of the
atoms. Their positions are located at the points of
intersection of three sets of parallel planes, each
set being perpendicular to other planes. These
planes are often referred to as crystal planes.

Simple cubic

Body centered cubic
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Figures 4: A to C Crystal structure

Noncrystalline structure

In a crystalline structure, the arrangement of
atoms in the lattice is orderly and follows a
particular pattern.

In noncrystalline structures or amorphous
structures, e.g. waxes, the arrangement of atoms
in the lattice is disorderly and distributed at

random.

There is, however, a tendency for the arrangement
of atoms or molecules to be regular, for example,
glass is considered to be a noncrystalline solid, yet
its atoms bind to form a short-range order rather
than long range order lattice.
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In other words, the ordered arrangement of glass
is localized with large number of disordered units
between the ordered units. Since such an
arrangement is also typical of liquids, such solids
are, sometimes, called supercooled liquids.

STRESS AND STRAIN

The distance between two atoms is known as
interatomic distance. This interatomic distance
depends upon the electrostatic fields of the
electrons.

If the atoms come too close to each other, they are
repelled from each other by their electron’s
charges.

On the other hand, forces of attraction keep them
from separating. Thus, the atoms are kept together
at a position where these forces of repulsion and
attraction become equal in magnitude (but
opposite in direction). This is the normal
equilibrium position of the atoms.

The normal position of the atoms can be changed
by application of mechanical force. For example,
the interatomic distance can be increased by a
force pulling them apart. If the displacing force is
measured across a given area it is known as a
stress and the change in dimension is called a
strain.

In simple words, stress is the force applied and
strain is the resulting change in shape.

Theoretically, a stress and a strain exist whenever
the interatomic distance is changed from the
equilibrium position.

If the stress pulling the atoms apart exceeds the
resultant force of attraction, the atoms may
separate completely, and the bonds holding them
together are broken.

Strain can also occur under compression.
However, in this case, the strain produced is
limited because when the atoms come closer than
their normal interatomic distance, a sudden
increase in energy is seen.
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The diffusion of molecules in gases and liquids is
well known. However, molecules or atoms diffuse
in the solid state as well.

Diffusion rates depend mainly on the temperature.
The higher the temperature, the greater will be the
rate of diffusion.

The diffusion rate will, however, vary with the
atom size, interatomic or intermolecular bonding
lattice imperfections.

Thus, every material has its own diffusion rate.

The diffusion rate in noncrystalline materials may
occur at a rapid rate and often may be seen.

SURFACE TENSION

Energy at the surface of a solid is greater than in
its interior. For example, inside a lattice, all the
atoms are equally attracted to each other.

The interatomic distances are equal, and energy is
minimal. However, at the surface of the lattice, the
energy is greater because there are no atoms on
the outside.

Hence there is only a force from the inside of the
lattice pulling the outermost atoms inwards. This
creates a tension on the outer surface and energy
is needed to pull the outermost atoms away.

The increase in energy per unit area of surface is
referred to as the surface energy or surface tension

(Figs. 3).

B
Figures 5 (A) Schematic representation of molecular

view of surface tension. (B) Surface tension causes a
paper clip to float on water despite the fact that metal in
the paper clip has a higher density than water.

The surface atoms of a solid tend to form bonds to
any atom that comes close to the surface in order
to reduce the surface energy of the solid.
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This attraction across the interface for unlike
molecules is called adhesion.

In summary, the greater the surface energy, the
greater will be the capacity for adhesion.

ADHESION AND BONDING

Although we do not expect to observe an
attraction between two nonmagnetized solid
objects, we do notice that two solids can adhere to
each other with or without the help of a third
substance or device.

As examples, an artificial denture stays attached
to the soft tissue when saliva is present, plaque or
calculus adheres to tooth structure.

When the molecules of one substrate adhere or are
attracted to molecules of the other substrate, the
force of attraction is called adhesion when unlike
molecules are attracted and cohesion when the
molecules involved are of the same kind.

The material that is used to cause bonding is
known as the adhesive and the material to which
it is applied is called the adherend.

adhesive bonding is simply a surface attachment
process, which is usually qualified by specifying
the type of intermolecular attraction that may exist
between the adhesive and the adherend.

WETTING

When an impurity-free polished glass plate is
placed on top of another similar plate and pressed
together, they exhibit no tendency to adhere.
Regardless of how smooth these glass surfaces
may appear to be, they are likely to be rough on
an atomic or molecular scale.

If a drop of water is introduced between the same
two glass plates before they are pressed together,
considerable difficulty is encountered in
separating the two plates.

To produce adhesion on any targeted surface, the
liquid must flow easily over the entire surface and
adhere to the solid. This characteristic is known as
wetting.
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The ability of an adhesive to wet the surface of
the adherend is influenced by a number of
factors.

1. The cleanliness of the surface is of particular
importance.

2. . Impurities on the solid surface often yield a
surface of lower energy than the clean surface
and prevents any wetting by the adhesive,
such as epoxy glue.

3. A surface’s surface energy can be so low,
such as that of dental wax or Teflon, that it
cannot be wet satisfactorily by most dental
adhesives

CONTACT ANGLE OF WETTING

When we place one drop of water on a clean glass
slide and others on an acrylic plate and a sheet of
Teflon, we will observe that the water drop on the
acrylic plate does not spread out as much as the
one on the glass slide and the water drop on the
Teflon surface appears to bead up.

If we observe this at the level of solid substrate,
we will see the symmetrical profile of the former
water drop resting on a flat surface (Figure 6).
Both ends of the profile depict where three
phases—vapor (air), liquid (water), and solid
(glass, acrylic, or Teflon)—converge. We can
draw a tangent relative to the curvature of the
liquid profile from the vapor/liquid interface. The
tangent line and the solid surface constitute an
angle that defines the shape of the liquid; this is
called the contact angle.
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If the force of attraction between molecules of the
adhesive and molecules of the substrate is stronger
than the attraction between molecules of the
adhesive, the liquid adhesive will spread much
more broadly over the solid surface and result in a
smaller contact angle.

Thus, a small contact angle indicates that the
adhesive forces at the interface are stronger than
the cohesive forces holding the molecules of the
adhesive together.

If the adhesive beads up, it means that the force of
adhesion is weaker than the cohesive force of the
adhesive.

Because the tendency for the liquid to spread
increases as the contact angle decreases, the
contact angle is a useful indicator of spreadability
or wettability.

Complete wetting occurs at a contact angle of 0°
and no wetting occurs at an angle of 180°.

Based on the contact angle there are four classes
of wetting (Figs. 7):

A. Contact Angle = 0 Perfect wetting

B. Contact Angle =0 <<90° High wettability
C. Contact Angle = 90° << 180° low

wettability
D. Contact Angle = 180° Perfect non-wetting
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KEY TERMS

Adherend—A material substrate that is bonded to
another material by means of an adhesive.

Adhesion—A molecular or atomic attraction
between two contacting surfaces promoted by the
interfacial force of attraction between the
molecules or atoms of two different species;
adhesion may occur as chemical adhesion,
mechanical adhesion (structural interlocking), or
a combination of both.

Adhesive—Substance that promotes adhesion of
one substance or material to another.

Adhesive bonding—Process of joining two
materials by means of an adhesive agent that
solidifies.

Cohesion—Force of molecular attraction
between molecules or atoms of the same species.

Contact angle—Angle of intersection between a
liquid and a surface of a solid that is measured
from the solid surface through the liquid to the
liquid/vapor tangent line originating at the
terminus of the liquid/solid interface;

used as a measure of wettability, whereby no
wetting occurs at a contact angle of 180° and
complete wetting occurs at an angle of 0°.

Diffusion coefficient—Proportionality constant
representing the rate at which a substance is
transported through a unit area and a unit
thickness under the influence of a unit
concentration gradient at a given temperature.

Glass  transition  temperature (Tg)—
Temperature above which a sharp increase in the
thermal expansion coefficient occurs, indicating
increased molecular mobility.

Heat of vaporization—Thermal energy required
to convert a solid to a vapor.

Latent heat of fusion—Thermal energy required
to convert a solid to a liquid.

Melting temperature (melting point)—
Equilibrium temperature at which heating of a
pure metal, compound, or eutectic alloy produces
a change from a solid to a liquid.
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Metallic bond—Primary bond between metal atoms.
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Micromechanical bonding—Mechanical
adhesion associated with bonding of an adhesive
to a roughened adherend surface.

Self-diffusion—Thermally driven transfer of an
atom to an adjacent lattice site in a crystal
composed of the same atomic species.
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Stress concentration—State of elevated stress in
a solid caused by surface or internal defects or by
marked changes in contour.
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Supercooled liquid—A liquid that has been
cooled at a sufficiently rapid rate to a point below
the temperature at which an equilibrium phase
change can occur.
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Surface energy—Same as surface tension but
expressed in mJ/m2.
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Surface tension—A measurement of the
cohesive energy present at an interface; in the case
of a liquid, it is the liquid/air interface. This
energy is the result of molecules on the surface of
a liquid experiencing an imbalance of attraction
between molecules. It has units of mN/m.
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Thermal expansion coefficient—Relative linear
change in length per unit of initial length during
heating of a solid per K within a specified
temperature range.
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Wetting—The ability of a liquid to maintain
contact with a solid surface; it reflects the
intermolecular interactions when the two are
brought in intimate contact.

Wetting agent—A surface-active substance that
can be applied to a solid substrate to reduce the
surface tension of the liquid to be placed on the
solid; the purpose is to promote wetting or
adhesion.
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Vacancy—Unoccupied atom lattice site in a
crystalline solid.
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van der Waals forces—Short-range force of
physical attraction that promotes adhesion
between molecules of liquids or molecular
crystals.
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