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Results
• Total cluster energy decreases with monomer units
• CaS monomer and dimer are more stable in water than 

in their standard state
• Protonation of the sulfur atoms increases the Ca-S bond 

length
• Protonation of the sulfur atom with 2 hydrogen atoms 

results in the formation of free calcium ions and 
hydrogen sulfide

Conclusions
• Protonation in acidic media increases the 

drive of dissociation into hydrogen sulfide 
and calcium ions

• CaS nanoclusters for selective inhibition of 
tumor growth with minimal impact to 
benign tissue

Future work
• Bond potential energy 

diagrams (bond dissociation 
energy)

• Calcium influx assays
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Approach
• DFT/B3LYP/DGVZVP level 

of theory of bare and 
protonated nanoclusters 
using Gaussian 16W and 
GaussView 6.0.16 

Innovation and Approach

Significance

•Previous work in the Castro lab showed CaS nanoclusters selectively caused cell death 
on malignant tumor cells.


