
Dendrimers and Their Applications 
 

Importance As Nanopolymers For Coatings 
 
Conventional polymers are long chain linear or branched molecules 
made by addition or condensation polymerization. These molecules 
show a distribution of molecular size and molecular weight. Hence 
the properties of such polymers are a statistical average of the 
contribution made by individual molecules. Further these molecules 
do not possess spatial symmetry. This leads to a considerable 
amount of disorder at the molecular and nanoscale. The deformation 
behavior of polymers chains is governed by a phenomenon called 
‘reptation’ which denotes wriggling out of a polymer chain from an 
entangled mass of polymer molecules. Therefore it is not possible to 
look upon the conventional polymeric molecule as an orderly 
nanoparticle with symmetrical morphology. The entanglement of 
polymer chains gives rise to very high solution viscosities, placing a 
limit on practical handling of such solutions at high solids. 
 
The ‘dendrimers’ are a new class of polymers where individual 
molecules are like spheres or balls where chains of almost equal 
length emanate from the core in all directions. This configuration 
resembles branches of a tree, grown equally in all the directions. 
Hence, they are also known as ‘arborols’, meaning tree + alcohol! 
They are   somewhat similar to hyper-branched polymers, but 
possess higher degree of order and symmetry. They are also known 
as ‘starburst’ polymers. (See Figure: Dendrimer) 
 The following characteristics describe the features of the dendrimers 
or dendritic polymers: 

• The shape of dendrimers is spherical, hence radially 
symmetrical in all the directions. 

• The size of dendrimers is of the order of 2~7 nm. Hence the 
dendrimers are polymeric nanoparticles. 

• Their size distribution is nearly monodisperse. 
• Their molecular weight distribution is almost monodisperse. 
• There is an increasingly higher density of branch segments 

from the core to the outer surface in the case of dendritic 
molecules with symmetrical branch cells.  



•  The radius of gyration of a dendrimer is larger than that of the 
linear chain of the same molecular weight.  

• There is no entanglement of polymer chains in dendrimers. 
• Different types of functional groups can be placed on the 

surface of the dendrimers. Functionality of the dendritic 
molecules is very high. 

 
   Figure: Dendrimer 
 
• The viscosity of dendritic polymers at equal solids is much 

lower than the conventional polymers. Hence their intrinsic 
viscosity is lower than the conventional polymers. The Mark-
Howink type relationship between the molecular weight and 
viscosity is not applicable.  

• The solutions of dendrimers show near-Newtonian rheological 
behavior. 

• Tg  of dendritic polymers is significantly different than the linear 
polymer of the same type and molecular weight. It depends 
upon the terminal groups as well as the nature of the repeat 
units and the blocks. It is reported that the Tg of the dendrimers 
increases with the polarity of the chain ends. 

 The following equation by Wooley et al provides the relationship 
between Tg of  the dendrimers and the other variables: 
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Tg = Tg ∞ - K’ (nc /M) 
 

                    Tg :  Tg of the dendritic polymer 
                    Tg ∞ : Tg corresponding to infinite molecular weight 
                    nc  : Number of chain ends per molecule 
                    M: Molecular weight of the dendrimers 
                    K’ :  Constant including several parameters such as free   
 volume per chain end 
 

• Dendrimers undergo self-assembly to produce ordered 
supramolecular structures in which surface structure plays an 
important role. The affinity between surface groups and the 
solvents influences the self assembly. The following physico-
chemical factors influence the process of self assembly:  

a. Chemical: Surface functional groups and surface 
charge density 

b. Physical: Bulk-packing density, morphology, surface 
area and curvature of the particle 

• Dendrimers can be used for nanoencapsulation by placing the 
particles under their outer shells, which is the region of low 
density.    

                  
Synthesis of Dendrimers 

 
Principally, the dendrimers are synthesized by the condensation 
polymerization process. This involves monomeric units with reactive 
end groups that are reacted in ‘steps’. The synthesis is an iterative 
growth process from the core to the shell. Each iteration is called a 
‘generation’. Theoretically, there can be a maximum of about 10 
generations since the rate of reaction slows down considerably 
thereafter. With any further addition of generations, the orderly 
structure of the dendrimers can get disturbed. The structural ‘defects’ 
may get introduced in the outer layers.  
 
The dendrimers are synthesized by two approaches: 

• Divergent method: In this method, the molecular architecture is 
built from the core outwards to the surface. The core molecule 
is a multifunctional molecule like ammonia or ethylene diamine.  

• Convergent method:  Here, the molecular chains are grown first 
and then reacted inwards to a multifunctional core molecule to 



achieve dendritic structure. The starting point are the molecular 
fragments that would ultimately form the periphery of the 
dendritic molecule. Inner segments are added iteratively to 
make dendritic ‘wedges’. These wedges are then coupled to a 
multifunctional core. 

The synthesis of dendrimers is a multi-step process. The cost of 
synthesis is high which has hampered their widespread production 
and use. 
 
Q70:  What are the various chemical types of dendrimers? 
 
The most studied chemical type of dendrimers is polyamidoamines 
(PAMAM). Besides this, the following different types of dendrimers 
are available: 
1. Polycarbonate polyols  
2. Polyethylene glycols  
3. Phosphoniums 
4. Phenylenes 
5. Quaternary ammoniums  
6. Polyamides 
7. Polyesters 
8. Polyethers 
9. Polyphenols 
10. Polysiloxanes 
11. Ionic ( Cationic or anionic) 
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Applications In Coatings 
 

• High solids coatings: Low VOC coatings are possible due to 
their low intrinsic viscosity. 

• Crosslinking systems: Due their high functionality, the 
dendrimers provide very high cross linking density.  

• Radcure coatings: Solvent or monomer based coatings can 
be emulsified in water using dendrimers to enable hybrid 
cure without adversely affecting the film properties. 

• Powder coatings: Due their lower melt viscosities and high 
functionality; powder coatings with lower processing and 
cure temperature are possible. 

• Macro-initiators: Preparation of linear-globular block 
copolymers 

• Amphiphilic surfactants: Pigment dispersions with good 
stability and colour strength; and universal compatibility with 
aqueous and solvent based systems. 

• Inkjet inks: PAMAM dendrimers when used as additives at 
low levels show major improvement in water resistance and 
adhesion of inks to variety of porous and non porous 
substrates like paper, glass, plastics or metals.  
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