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In this study, the prediction of the composition and geometry of a polymer composite film containing 
Ag@SiO2 core-shell nanoparticles (NPs) was investigated in order to achieve the property unavailable 

in nature of negative epsilon for optical applications. A machine learning approach was used for 
prediction, and this work was carried out in two sections: prediction of Stöber synthesis conditions of 
Ag@SiO2 NPs to achieve the desired geometry  of core-shell NPs; and prediction of optimal geometrical 
conditions for a polymer matrix composite film containing Ag@SiO2 core-shell NPs, to achieve negative 
epsilon in  the visible spectrum. In this regard, a dataset collected from various experimental studies 
containing some 450 samples was used, which covered synthesizing and composite fabrication 
parameters. An optimization procedure was implemented to find the best neural networks architecture 
to induce two models with high predictive performance. The built neural network could correctly 
predict the SiO2 shell thickness with 0.997 accuracy, whereas 87% of the data were predicted with an 
absolute error lower than 1 nm. Also, the second resulting neural network could predict the epsilon-
effective of composite film with 0.997 accuracy, whereas 98% of the predicted data have an absolute 
error lower than 0.5. The most important achievement of this study was the model’s ability to predict 
the target values, which were not included in the experimental dataset used for training, which showed 
an excellent generalization ability. This study could be a general solution and the basis of future studies 
in predicting negative epsilon composites containing different core-shell NPs and will open the way for 
designing new materials.
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