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Polyhedral Oligomeric Sil-Sesquioxanes (POSS) 
 
These materials 1-6 were developed by the research laboratories of 
the US Air Force in their quest for superior materials that possess 
high degree of inertness towards the aggressive environment. 
These are a kind of molecular building blocks (MBB) for synthesis 
of nanomaterials employing bottom-up approach. The POSS 
chemistry provides a route for synthesis of diverse organic-
inorganic hybrid materials that bridge the performance gap 
between the ceramic and polymeric materials as shown in the 
Figure 1: Hybrid materials vis-à-vis ceramics and organics. This 
basic building block at the molecular level contains a nanosize 3-
dimensional structure that imparts a variety of special properties to 
the bulk materials made from these molecules. 
POSS can be described as a cuboid shaped and cage structured 
molecular unit of silicon and oxygen wherein the silicon atoms 
(typically 8) are situated at the corners and linked to one another 
through oxygen atoms. The silicon atoms at the corner can bear 
variety of organic groups. The generalized empirical formula for 
POSS is R-SiO1.5.  This chemical composition lies between those 
of silica SiO2 and silicone R2SiO. Due to the presence of 8 silicon 
atoms at the corners, (and three oxygen atoms in the molecular 
formula), these are sometimes also referred to as T8-resins. 
Figure 2: POSS Structure, illustrates the basic structure of a POSS 
unit. The figure also helps to understand the word POSS as 
follows: 

• Polyhedral: spatial arrangement with 8 silicon corner atoms 
• Oligomeric: 12 Si-O-Si groups in cuboid formation 
• Sil:  Silicon based 
• Sesquioxane: Fractional stoichiometric ratio of Si : O is  1:1.5 
 

The POSS structure possesses the following characteristics: 
1. Three dimensional cuboidal structure in the molecular unit: 

This structure imparts rigidity to the bulk material due to the 
spatial restriction of molecular flexibility. The glass transition 
temperature of the polymer is significantly increased. 

2. Inorganic cage of silicon and oxygen: This is possesses a 
silica-like character with respect to inertness, UV resistance, 
heat resistance and non-flammability. 

3. Cube size of approximately 1~3 nm: This serves as 
molecular nanoscale reinforcement to the resin or polymer 
matrix. 
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4. Organic substituent groups at the corners: These groups can 
be either reactive or non-reactive. E.g. alkyl, aryl, alkyl-aryl, 
alkenyl, halo-alkyl, hydroxyl, silanol, epoxy, amino, ester, 
acrylic, methacrylic, vinyl etc. 

 
The non reactive long chain hydrocarbon groups enable the 
compatibility of the POSS structures into the polymeric matrix. 
The unsaturated side chains bring about functionalization of 
POSS and its chemical incorporation into a polymer chain via 
copolymerization. 
POSS intermediates being expensive are used to the level of 
1~10 % depending upon the value addition required for the 
particular end application.  
 

 
 

             Figure 1: Hybrid materials vis-à-vis ceramics and 
organics5 
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Figure 2: POSS Structure 

 
 

 
Production and Commercial Availability 

 
The POSS compounds 1-6 commercially available fall into three 
broad categories: 

• Additives: These materials are in polymeric or oligomeric 
form and do not possess any reactive functionality. These 
have been made compatible with polymeric matrices by 
right choice of the R group and the degree of 
polymerization.  

• Macromonomers: These are designed with a 
polymerizable  R group which enables their  incorporation 
via copolymerization with common acrylic and vinyl 
monomers. 

• Crosslinkers: These contain substituent groups like 
hydroxyl or amino which are capable of cross linking with 
thermosetting polymers. 

• Silanols: These are the compounds where -OH groups 
are attached to the Si atoms. The Si-OH groups can react 
with active hydrogen atoms of the other molecules to build 
up the material further.  
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POSS are synthesized by using one of the tri-functional organo-
silicon compounds as a starting material: e.g. R- Si- (OMe)3  or 
R- Si-Cl3. This is subjected to hydrolysis followed by 
condensation reaction to yield POSS compounds. The 
conditions of the reactions such as concentration, pH, solvent, 
temperature, amount of free water and type of catalyst (acid or 
base) play an important role in obtaining the POSS of the 
desired quality. Fully condensed prismatic structures can be 
synthesized in accordance with the following reaction scheme.  
 
    nRSi(OH)3        à    [RSiO1.5]n(H2O)3n/2-x        +        x H2O 
Orgnotrisilanol           Incompletely condensed silsesquioxane 
 
     [RSiO1.5] n (H2O)3n/2-x   à        [ RSiO1.5]    +      3n/2-x H2O 
Incompletely condensed silsesquioxanes    Fully condensed 
silsesquioxanes 
 
While T8 structures are the most common, T10 and T12 
structures can also be prepared. The choice of R group 
provides very wide latitude for tailor-making POSS compounds 
for the intended applications. 
 

 
Properties 1-6: 

 
1. Thermal properties: Incorporation of POSS significantly 

increases the temperatures of glass transition (Tg), heat 
distortion and thermal decomposition. The thermal 
conductivity and amount of heat evolved on combustion is 
also reduced. All these effects contribute towards 
improving the heat and flame resistance of the resins and 
make them suitable for high temperature applications.  

2. Mechanical properties: POSS incorporation in 
thermoplastic and thermosetting resins alters it 
mechanical properties due to nanostructuration. Thus 
coatings with high hardness and scratch resistance can 
be obtained. 

3. Filling properties: POSS serves as nano silica filler 
reducing the density of the resin and still offering lower 
viscosities unlike physically blended fillers. 
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4. Solvent resistance: As the nano cage is not swellable by 
the solvents unlike the other common polymers, the 
solvent resistance of POSS-based materials is superior. 

5. Surface reactivity:   POSS tri-silanols can react with the 
surfaces containing active hydrogen atoms; thereby bring 
about chemical modification of the surface. 

6. Chemical properties: POSS offers high resistance to 
oxidative attacks and hence is quite inert. POSS based 
copolymers and cross-linkers show remarkable 
improvement in chemical resistance. 

 
Applications 1-6 

 
Based on the above properties, POSS offers following application 
opportunities: 

• Heat resistant coatings 
• Scratch resistant coatings 
• Chemically bound dispersants for inorganic pigments and 

fillers 
• Low temperature cure powder coating for wood and plastic 
• Anticorrosive coatings 
• Coatings for conservation of stone heritage 
• Surface modification of metals, plastics and masonry 

surfaces to alter hydrophilic and hydrophobic characteristics. 
• Mesoporous materials like aerogels 
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