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❏ Effect of shape on conformations of soft materials like bottlebrush 
polymers (BBPs), is not well understood due to their softness and 
flexibility. Here, molecular dynamics helps.

❏ BBP conformations can also be influenced
by using thermosensitive polymers as BBP
side chains and the temperature.

❏ Varying the arrangement and lengths of 
side chains, different shapes of BBPs 
were simulated.

Cake

Dumbbell

Plus

30
0K

32
0K

PNIPAM

Input grid generation (50 x 50 x 50)

Statistically significant cosine similarity values

CNN Loop for feature 
vector generation

One-hot encoding was used 
to create voxelized grid that 

captured the overall shape 
and the internal 

structure of 
TS-BBPs.

100 CNN models were run in a 
loop and feature vectors were 
extracted and averaged 
over all the models to 
overcome differences 
occurring due to 
random initialization 

Cosine similarity was 
calculated between the 
averaged representative feature 
vectors for each structure to quantify 
similarities and differences between 
TS-BBPs at different temperatures

CNN model 
consisted of 4 

convolutional layers 
to capture the shape as 

well as the microstructure 
of BBPs into features

❏ It was observed that the arrangement of side chains along the 
TS-BBP backbone and their immediate environments dictate the 
compactness and bending in these architectures.

Similarity quantification using Convolutional Neural Network
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Dextran-conjugated thermosensitive BBPs
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❏ Simulations run at 300 K and 320 K (below & above LCST of PNIPAM)

❏ In most cases, R
g
 increased with dextran conjugation

❏ Correlation with non-conjugated BBP was different for different 
shapes and temperatures

Structure of solvent

❏ Little change in hydration shell structures in case of Worm-like BBP
❏ Considerable change was observed in the RDF for Dumbbell at 300K 

but not at 320K
❏ Significant changes at both 300K and 320K for the Plus-like structure

Insights from CNN
❏ Higher similarity between 

conjugated dumbbell-like 
structures and hourglass-like 
BBPs

❏ Conjugated plus-like BBPs 
also show higher similarity 
with gradually changing 
diamond-like structures

Dextran conjugation results 
in BBP conformations such 
that interfaces between 
different layers get hidden 

❏ CNNs can analyze flexible objects very well due to their ability to 
identify shapes irrespective of their orientation, something essential 
for soft-matter architectures.

❏ PNIPAM-Dextran copolymers and architectures have shown potential 
for several biomedical application.
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❏ In-depth investigation of conjugated non-cylindrical BBPs could help 
understand relationships between conjugate groups and BBP shapes.
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