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Lecture - Structure-Function

• Structure and Properties

• Bonding Energy in Solids
– Definitions

• Interatomic Bonds (Primary vs. Secondary)
– Primary: Ionic, Covalent and Metallic bonding
– Secondary bonding (van der Waals and hydrogen

bonding)

• Crystal structure
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Structure

• Arrangement of a material’s internal 
components

• Relevant at several levels
– Macrosopic (>1mm): Shape

• visible to the eye 

– Microscopic (1µm-1mm): Grains
• observable under microscope 

– Atomic (0.1-1nm): Unit Cells
• organization of atoms or ions relative to one another

– Subatomic (<0.1nm): Electron Structure
• interaction of electrons with the nuclei

Physical Properties of Solids

• Depends on type of atomic bond present 

• Depends on bonding strength between atoms

• Depends on the resultant atomic structure

• Interaction between constituent ions
• Bond length, angle, energy

• Subatomic level

• Geometric arrangement of atoms or ion based 
on the bond parameters 

• Atomic level
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Primary Interatomic Bonds

• Which bond is which?

• Biomaterial: which bonds?
– Polymer, Ceramic, Metal

Ionic Covalent Metallic
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Interatomic Bonds

• Primary Bonds
– Ionic (600-1500 kJ/mole)
– Covalent (50-200 kJ/mole)
– Metalic (68-850 kJ/mole)

• Secondary Bonds
– Hydrogen (51 kJ/mole)
– Van der Waal’s forces (~20 kJ/mole)

• Type of primary bonds determines the 
manifested material properties

• Driving force for bond formation: lower energy 
state

Interatomic Bonding: Materials

• Metal – metallic bonding, non-
directional

• Ceramic – ionic bonding, directional

• Polymer – covalent bonding, secondary 
bonding, directional
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Structure-Property

Crystal Structure

• 3-D Organization of Atoms
– Unit cell: atoms arranged in repeating units 

– Unit cells are repeated over a large distance to 
achieve long range order

– Each atom is bond to its neighbor

– Found commonly in metals, most ceramics and 
some polymers

• Crystalline vs. non-crystalline 
– Amorphous

– some ceramics and most polymers

– e.g. Glass
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Unit Cells and Crystal Systems

• Components of Unit Cell
– Axial length (a, b, c)

• Represents distance between atoms

– Interstitial angles (a, b, g)
• a is b/t b and c, b is b/t a and c, g is b/t a and b

– Direction of bonding
– Atomic packing factor (APF)

• Atomic models
– Assume that all atoms are spherical
– Reduced sphere unit cell model
– Atomic hard sphere unit cell model
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Crystal Structure - Lattices

• Seven (7) Crystal systems
– Cubic, tetragonal, orthorhombic, triclinic, 

rhombohedral, hexagonal, monoclinic

• Fourteen (14) crystal lattices
– Face centered cubic (FCC)
– Body centered cubic (BCC)
– Hexagonal close packed (HCP)

• For Biomaterials
– Hexagonal – Titanium

• a=b ≠ c, a=b =90º, g=120º

– Cubic – Stainless steel, ceramics
• a=b=c, a = b =g=90º

– Orthorhombic: ceramics and polymers (polyethylene)
• a ≠ b ≠ c, a = b =g=90º
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Crystal Structure: Metals

Material Properties

• Bulk Properties
– Mechanical
– Electrical
– Thermal
– Chemical
– Optical

• Surface Properties (< 1um)
– Morphology (texture, roughness)
– Charge and Chemical Composition
– Surface tension/surface energy
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Property Response Stimuli

Mehanical
(skin graft)

Force or Pressure

Electrical 
(pacemaker)

Electrical Field/Current 
flow

Chemical 
(hip implant)

Electrolyte containing 
environment/Saline

Optical 
(intraocular lens)

Light/electromagnetic 
stimuli/UV

Thermal 
(biosensors)

Temperature change 
(Fever)

Magnetic 
(Nanoparticles)

Magnetic field 

Material Properties: Density

• Theoretical Density
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Electrical Conductivity

Mechanical Properties
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Mechanical Properties

Mechanical Properties
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Relevance to Biomaterials

• Bulk Properties
– Mechanical properties

– Electrical properties

– Optical properties

• Surface Properties Controls
– Protein adhesion and conformation

• Race for the surface

• Non-fouling surfaces

– Cell-material interactions
• Cell adhesion: surface textures

– Electrolyte-material interactions
• Corrosion

Property Considerations in 
Biomaterial Selection

• Mechanical Properties
– Need to match that of native tissue
– Porosity (%void volume)

• Relevant for tissue ingrowth
• Nutrient transport
• vascularization

– Compromise: porosity vs. mechanical properties

• Time-dependent changes in material 
properties
– Modification by host environment
– Reduction in intended function during service
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