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Outline 

 
QSAR type strategy for materials chemistry 
 Crystal chemistry and nanoscience 
 Descriptor development  and data challenges 
 Materials design and nanotoxicity  
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Functionality =  F  ( x1 , x2 , x3  , x4 , x5 , x6 , x7 , x8  ……)    

Issues:  
 
• how many variables?  
• which variables are important?  
• classify behavior among variables 
• making quantitative predictions …relate functionality to variables …  

• traditionally we describe them by empirical equations:  
•Quantitative Structure Activity Relationships (QSARs) are derived from  
    data mining techniques not assuming a priori which physics is the most important 
 

Need to build database with these variables 
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High Dimensional Data: materials functionality 
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Butcher,  Berg & Kunkel  Systems biology in drug discovery  
Nature Biotechnology (2004) 

“Omics in Materials Science 

Ideker and Lauffenburger:    Trends in Biotechnology  (2003) 
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Nanomaterials- a crystal chemistry perspective- beyond size effects 
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Stoichiometric space: xBi(Me1pMe2qMe3r)O3-(1-x)PbTiO3 

Number of Me cations = 38; Chemical search space ~ 0.8x106 

Number of Me cations = 38 

Number of Me cations = 31; Chemical search space ~ 0.45x106 

Number of Me cations = 26 
Chemical search space ~ 0.26x106 

Number of Me cations = 4 
Chemical search space ~ 400 

Serious threat in next 100 
years Abundant Limited availability future 

risk to supply 
Rising threat from 
increasing use 

The schematic 
shows how the 
chemical search 
space shrinks, 
when we account 
for the scarcity 
information. 

4 22 5 7 

Chemical search space for informatics 
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Materials parameters and nanotoxicty 
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Designing  Molecular Architecture 
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Rajagopalan & Rajan (2005) 
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Dimensionality and Complexity 
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Kong & Rajan- 2009/ 2012 

N point correlation 
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Total possibilities: 
 

 ~ 10,000 chemical compositions 

Crystal Structure of 
La9.5Ge5.5Al0.5O26 Apatite – 
P63/m symmetry 

Searching an informatics based combinatorial space 

Krishna Rajan 

Stoichiometric Space: AIAIIBO 

# of (A) La-site substitutions=22 
# of (B) Ge-site substitutions=18 

Blachandran & Rajan (2012) 
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Classification:  Structure-Chemistry relationships  
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Chemical design 

Krishna Rajan 



Predictive Nanotoxicology 
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Nanochemistry Predicted log(1/EC50) Classification  
CeO2 
FeO 

(Zn0.95Al0.05)O§ (Cu0.95Al0.05)O§ 

-(Zn0.9Fe3+
0.1)O* 

Sc2O3 
MnO 
MnO2 

2.197 
3.45 

3.355 
3.241 
3.016 
2.741 
3.477 
1.807 

Harmful 
Extremely Toxic 
Extremely Toxic 

Very Toxic 
Very Toxic 

Toxic 
Extremely Toxic 

Harmful 

Balachandran and Rajan(2012) 



log(IPS) MB 
EF 

log(IPS) describes the difference between enthalpy of formation of gaseous cation and 
enthalpy of sublimation [1]. 

MB electronegativity describes bonding associated with the relative ability of an atom in 
a nanoparticle to attract valence electrons [2]. 

EF describes the force exerted by the effective nucleus of metal cation on the valence 
electrons [3] 

Linking length scales 
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Rational Design of Drug Delivery Materials  

Ideal vaccine will mimic 
the way in which a 
naturally occurring 
infection induces a 
robust immune 
response yet avoid the 
undesirable effects of 
disease 

Ulery et.al (2012) 
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  Data driven design of materials chemistry 
 Nano-QSAR---linking chemistry to structure 
  Nanotoxicity: chemical sequestration and  
       chemical transport 

 
 

  
 Structure Matters !!  

 

Summary 
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