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Identifying Unknown Organic Molecules in Atomic Force 
 Microscopy Images through Deep Generative Models

Tip-functionalization allows AFM to reach atomic-scale resolution. A CNN-based approach has been 
recently proposed [1] to extract physical features (descriptors) from high-resolution AFM images.

Figure 1: High-resolution AFM imaging [2] (left) and CNN-based descriptor extraction (right)

Figure 3: The latent space optimization procedure, as reported in [4] for a VAE model (left), and
2D visualization of a molecular structural pattern in the VAE’s latent space (right). 
Blue dots are molecules most similar to the pattern, red points are most different from it.

Figure 4: Architecture derived by a recent spatial-aware generative model 
[5] (left), and an example of the autoregressive training procedure (right)

However, if the identity of the molecule in question is unknown, it  is very difficult to  draw meaningful 
conclusions. To approach this problem, we can take inspiration from methods used in drug discovery and 
molecular docking.

Figure 2: Comparison of molecular docking [3] (left) and of molecule-descriptor fitting (right)

In these scenarios, new candidate molecules are generated by sampling the “mind” (latent 
space) of a graph-based generative model. Unfortunately, this doesn’t work well for AFM 
descriptors, as molecular graph representations make it difficult to optimize for many 
structural patterns.

It is then necessary to give up on molecular graph representations, and move on to 
more recent architectures capable of directly generating atoms in 3D 
space. The most promising of these makes use of the transformer [5]

Given a starting set of 
identified atoms, one can 
then generate a large 
amount of molecules to 
complete them, and then 
keep the ones giving the 
best fit.

However, an open problem is 
the condition to only generate 
in negative z direction (as 
the AFM would have seen the 
missing atoms otherwise).

With the goal of recognizing experimental 
configurations of xylo-oligosaccharides, it is 
now needed to scale the model to much larger 
numbers of atoms. 

Several architectural modifications to make 
transformers more efficient could be tested for 
this purpose [6]
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