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Raman spectra of sunset yellow (SSY), a lyotropic chromonic liquid crystal, were recorded on
four substrate configurations, bare and graphene-coated PDMS and SiO,/Si, to test whether
substrate chemistry and a graphene interlayer leave a detectable imprint on the vibrational
fingerprint of self-assembled aggregates[1,2]. SSY was chosen because of its well-
characterized phase behavior, rigid aromatic core, and chemically interpretable Raman
spectrum [2]. Since the four spectral classes are visually almost indistinguishable, two
complementary supervised machine learning models were applied. Partial Least Squares
Discriminant Analysis (PLS-DA), a latent-variable classifier that decomposes spectral and
class-label matrices to find directions of maximum covariance, was chosen for its
interpretability in high-dimensional, collinear spectral data. Support Vector Machine with a
radial basis function kernel (SVM-RBF), which finds a maximum-margin boundary in a non-
linearly transformed feature space, was chosen for its robustness in small-sample settings and
its ability to capture non-linear spectral relationships [3,4]. Both were combined with Variable
Importance in Projection (VIP)-based feature selection (top 1000-2200 variables), 5-
foldstratified cross-validation, and independent external testing. [4].Direct four-class
classification gave only 47.5% accuracy for both models, reflecting strong spectral overlap
between substrates. Reformulating the task as a binary problem (PDMS vs. SiO,/Si)
substantially improved performance: SVM-RBF reached 75% external-test accuracy on a
heterogeneous (mixed graphene/non-graphene) test set, while PLS-DA achieved a stable 90%
accuracy, unaffected by VIP threshold, when the external test set contained only graphene-
coated samples. These results indicate that classifier choice should be matched to the
expected sample composition —SVM-RBF for heterogeneous populations, PLS-DA for
graphene-enriched ones — and demonstrate that ML-assisted Raman analysis can resolve
interface-dependent self-organization differences in chromonic liquid crystals that are not
apparent from conventional spectral inspection alone.



