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Unit 4

• Chemical Properties of Biomaterials – Chemisorption, 

Corrosion, Hydrolysis, Biodegradation



• Surfaces are high-energy regions of materials and 

thereby facilitate chemical reactions that influence 

performance of biomaterials. 

• This unit will focus on 3 classes of surface chemistry 

relevant to biomaterials: 

• Chemisorption on metals and oxides 

• Aqueous corrosion of metals 

• Hydrolysis and biodegradation



Oxidation/Reduction

• Oxidation – Loss of electrons

• Reduction – Gain of electrons

• Anode – Where oxidation takes 

place

• Cathode – Where reduction takes 

place



Metal Oxide Formation

Chemisorption

• Strong modifications to electronic structure/ electron 

density of adsorbate molecule

Metal Oxide Formation on Metals 

• “metals just wanna be oxides” xM + ½yO2 → MxOy

• ΔG0 of oxide formation is negative for all but a few 

metals (e.g., Au) 

D.R. Gaskell, Intro. To Metallurgical Thermodynamics, McGraw-Hill, 1981 



Metal Oxide Formation
D.R. Gaskell, Intro. To Metallurgical Thermodynamics, McGraw-Hill, 1981 



Metal Oxide Formation

How does metal oxidation happen? 

• One scenario is -

• step 1: physisorption of O2; ~20-25 kJ/mol

• step 2: molecular oxygen dissociates and reduces by 
chemisorption; ~600 kJ/mol

• step 3: bond rearrangement; crystallization of oxide layer 

• Resultant reduction in surface energy 

• At 1400°C: 

• γδ-Fe = 1900 dyn/cm 

• γFeO = 580 dyn/cm 



Metal Oxide Formation

• Consider metal 

oxidation as 2 half 

reactions

• Electrons and ions 

must traverse the 

oxide layer for 

reaction to proceed. 



Corrosion Mechanism

Anode

Cathode



Corrosion

Most metals are oxidized by the 

oxygen in air. This process is called 

corrosion. Electrons leap from the 

metal to the oxygen molecules. The 

negative oxygen ions which are thus 

formed penetrate into the metal, 

causing the growth of an oxide 

surface. As the oxide layer grows the 

rate of electron transfer decreases. The 

corrosion stops and the metal is made 

passive. The oxidation process may 

continue, however, if the electrons 

succeed in entering the metal through 

cracks or impurities in the metal or if 

the oxide layer is dissolved.



Aqueous Corrosion of Metals 

In water or in vivo, even a “passive” oxide layer becomes 

susceptible to corrosion. 

Why? 

• Mz+ diffusion will always occur 

• oxide may dissolve 

• damage to oxide layer 



• Corrosion: the destructive result of 
chemical reaction between a metal or 
metal alloy and its environment. 

• Aqueous corrosion: involves 
electronic charge transfer i.e., an 
electrochemical reaction 

• Typically, metal surface acts as both 
anode (oxidation=loss of e-) & 
cathode (reduction=consumption of e-

) in different regions 

• Locally, a biological environment can 
be neutral, acidic or basic. 

Aqueous Corrosion of Metals 



• Metal ions leave surface; 
surface becomes negatively 
charged. 

• Mz+ are attracted back toward 
surface, establishing a 
dynamic equilibrium. 

• A Simple Corrosion Rule: 
anything that upsets the 
dynamic equilibrium of the 
charged double layer can 
accelerate corrosion. 

Aqueous Corrosion of Metals 



• Galvanic Corrosion: This can occur when two different 
metals are placed in contact with each other and is caused by 
the greater willingness of one to give up electrons than the 
other. 

• Example, A is more anodic, B becomes an e-“sink” ⇒
accelerating corrosion of A 

Galvanic Corrosion



Examples of Galvanic Corrosion: 

• Plate & screw of different alloys 

• Cr-depleted region at grain boundary (due to carbide 

formation) 

• Formation of surface oxides or sulfides that conduct e

• Alloys exhibiting 2 phases 

• Metal grains of different orientation 

Galvanic Corrosion



Fretting Corrosion: accelerated corrosion from two 

surfaces rubbing together 

• metal/metal, metal/bone, metal/oxide contacts 

• wear of passive oxide film 

• localized stress ⇒ ↑ Mz+ dissolution 

• defects (terraces, steps): less bonds ⇒ ↑ Mz+ dissolution 

• repetitive movement ⇒ continual loss of corrosion 

products 

Fretting Corrosion



• Pitting and Crevice Corrosion: localized attacks resulting in 
rapid Mz+ release at discrete sites. It occurs in materials that 
have a protective film such as a corrosion product or when a 
coating breaks down. The exposed metal gives up electrons 
easily and the reaction initiates tiny pits with localized 
chemistry supporting rapid attack.

• initiated at local failure of passive film 
pitting: surface defect; crevice: region of restricted transport 

• remaining surface acts as cathode 
→ rapid penetration at defect (oxidation = reduction) 

• catalyzed by presence of Cl-

• autocatalyzed by ↑ acidity from reaction in confined volume 

Pitting and Crevice 

Corrosion



Pitting and Crevice 

Corrosion





Aqueous Corrosion of Metals 
[Ref: Blackwood DJ. Biomaterials: past successes and 

future problems. Corrosion Rev 2003; 21(2-3): pp. 97-124.] 



In vivo Environment

• pH 7.4 

• T = 37°C 

• anions: Cl-, PO3 , HCO3 

(bicarbonate) 

• cations: Na+, K+, Ca2+, 

Mg2+ 

• proteins & other 

biomolecules 

In the corrosion of metallic implants, further considerations arise with the complexity of 

biological fluids. 



Biological Factors 

Influencing Corrosivity

• O2 levels (↑ O2⇒ ↑ corrosion; anodic≡cathodic) 

• pH variations (inflammation/infection ⇒ ↓ pH) 

• Cellular activity (e.g., phagocytic cells ⇒ local ↑ in oxidant 

conc.) 

• Protein-Mz+ binding (Mz+ carried away ⇒ ↑ Mz+ dissolution) 

e.g., cytochrome oxidase, peroxidase, catalase bind Fe2+

• Protein adsorption (↓ O2 access to surface) 

• Bacterial oxidation of Fe2+ to Fe3+ (↑ anodic reaction/Fe2+ 

dissolution) 



Corrosion’s Influence on in 

vivo Performance

• Immunological sensitization; e.g., Ni & Cr allergic 
response 

• Wear debris – initiates biological cascade (foreign body 
response, bone loss) 

• Loss of implant structural integrity (mechanical failure) 

• Metal ion toxicity: Al, Ni, Cr, V, Co, Ti; ↑ levels in 
blood/organs 

• Carcinogenicity (tumors at implant sites, 
leukemia/lymphoma correlation with CoCr implants) 



Corrosion’s Influence on in 

vivo Performance


