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Research Objectives 

• Develop predictive QNAR models that correlate the 

compositional/physical/chemical/geometrical and biological 

descriptors of MNPs with known toxicological endpoints. 

 

• Employ QNAR models for virtual screening of libraries of 

compound considered attachable to CNT surfaces to 

prioritize compounds for the experimental validation of 

predicted cellular toxicity and protein binding. 

 

• In joint studies with experimental collaborators, evaluate 

the accuracy of QNAR models by testing the selected MNPs 

in biological experiments. 
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ESH Metrics and Impact 

1. Obtain reliable descriptors of the physical and chemical           

properties of manufactured nanoparticles. 

 

2. Develop predictive computational models that correlate  

physical-chemical descriptors of MNPs with their toxic 

effects. 

 

Impact: Utilize the knowledge gained through above metrics  

for improved MNP experimental design and prioritized 

toxicity testing toward the manufacturing of safe 

nanomaterials. 
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Research Hypothesis 
 

• The biological/toxicological properties of MNPs 

(exemplified by carbon nanotubes, CNTs) depend on the 

compositional/physical/chemical/ geometrical properties of 

the CNTs. 

 

• Using physical/chemical characterization and toxicological 

screens for an ensemble of MNPs, it will be possible to 

develop and experimentally validate predictive 

Quantitative Nanostructure – Activity (QNAR) models. 
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Challenges in Modeling of Nanomaterials 

NP structures are very diverse  a real challenge to develop 

quantitative parameters (descriptors) of MNPs.  

 

Systematic physico-chemical, geometrical, structural and 

biological studies of NPs are nearly absent. 

 

Computational modeling of nanoparticles is only beginning to 

emerge; best if done in collaboration with experimental scientists. 

S. Stern and S. McNeil, Toxicological Sciences, 101(1), 4-21, 2008. 
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Structure Representation in Cheminformatics 
naphtalen-1-amine 

Viewed by 

another molecule 
Viewed by chemists 

Viewed by 

computers 



SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing 

Molecular Fingerprints 
bit string encodings of  

structural features and/or calculated molecular properties. 
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ALL PARTICLES HAVE THE SAME CORE 

BUT DIFFERENT SURFACE MODIFIERS 

Classical molecular descriptors 

(e.g., Dragon, MOE, SiRMS) can be 

computed for a single molecule 

that represents the surface of a 

particular nanoparticle. 
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Computer-aided design of novel carbon nanotubes with desired 

biological properties 
(in collaboration with Dr. Bing Yan, St. Jude Children's Research Hospital) 

 

Excellent agreement between 

experimental and predicted activities  
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ALL PARTICLES HAVE DIFFERENT 

CORES/ARCHITECTURES 

Shaw et al., PNAS, 2008, 105, 7387-7392 

If no available three-dimensional 

structures, only constitutional descriptors 

(e.g., number of metal atoms, presence/ 

absence of coated dextran) are 

computationally accessible. 

Need of developing new 

descriptors 

Development of Quantum-

Mechanics based fingerprints in 

collaboration with Dr. Stefano 

Curtarolo (Duke University) 
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New theoretical MNP descriptors: Computed 

characteristics of materials*  

*data from aflowlib.org (collaboration with Prof. Stefano Curtarolo, Duke University)  
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New theoretical MNP descriptors: Materials 

fingerprints 

46 materials (e.g., CaO3Zr, BaSe, etc.) 

Descriptors derived from 

quantum mechanics 

calculations (DFT)  

In collaboration with Dr. 

Curtarolo (Duke University) 
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Materials similarity based on their fingerprints 

Tanimoto similarity coefficient S between materials A and B is calculated as 

follows: 

 

with xj is the value of the jth descriptor and n the total number of descriptors in 

the fingerprints. Tanimoto similarities are ranging from 0 (no similarity between 

materials A and B) to 1 (A and B are identical).  
Hierarchical 

clustering of 46 

materials according 

to their fingerprints.  

Cluster Analysis: 

within a given 

cluster, analysis of 

physical/chemical/ 

biological 

properties of 

materials 
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Material Fingerprints 

Materials fingerprints generated from electronic band structures computed with DFT. 

Band structures are transformed into band distribution plots (1) and then converted 

into materials fingerprints (2). 

Our fingerprints can also be computed from material’s Density of State. 

Ba1Ce1O3 
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Similarity Search 
Similarity searching using fingerprint representations of chemicals is one 

of the most widely used approaches for chemical database mining: it 

assumes that similar compounds possess similar biological activities. 

Tanimoto Coefficient 

material(s) 

Ranked list of materials 

Adapted from J. Bajorath, SSS Cheminformatics, Obernai 2008 

with known activity/toxicity 

screening database of 

materials with unknown 

activity/toxicity 
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Reprofiling materials with desired properties  
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Future Plans 

Next Year Plans  
• DONE  - Calculate Fingerprints for all metal alloys (~17,000 

different materials) stored in AFLOWLIB data base; 

• Rank materials based on their similarity to the most toxic ones 

based on in vitro and in vivo experimental tests; 

• New iteration of design/screening/test of carbon nanotubes with 

selective protein binding and low acute toxicity. 

 
 

Long-Term Plans 
• Assemble a standard set of MNPs fingerprints to build predictive 

QNAR models; 

• Collect all QNAR models and make them freely accessible on our 

Chembench webportal. 
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Industrial Interactions and  

Technology Transfer 

• Duke University – Dr. Curtarolo 

    DFT calculations for metal alloys 

 

• Office of Naval Research – Development of Predictive Materials 

Fingerprints for designing materials with desired properties 

 

• In Progress – NSF grant proposal for nanomaterials design (our 

group is looking for industrial partners) 
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Publications, Presentations, and 

Recognitions/Awards 

• Grant awarded by Office of Naval Research ($125k /year for 3 

years) 

 

• Fourches et al. Computer-Aided Design of Carbon Nanotubes 

    with the Desired Bioactivity and Safety Profiles. Nature 

Nanotechnology. Under Review. 

 

• SOT 2013 – Presentation entitled “Quantitative Nanostructure-

Activity Relationships”  

 

• MRS 2012 – Presentation entitled “Rational Design of 

(Nano)materials with the Desired Biological Properties Using 

Quantitative Structure-property Relationships (QSPR) Modeling” 

 


