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ABSTRACT: Raman spectroscopy is widely used for quantitative pharmaceutical analysis, but a common obstacle to its use is
sample �uorescence masking the Raman signal. Time-gating provides an instrument-based method for rejecting �uorescence
through temporal resolution of the spectral signal and allows Raman spectra of �uorescent materials to be obtained. An addi-
tional practical advantage is that analysis is possible in ambient lighting. This study assesses the e�cacy of time-gated Raman
spectroscopy for the quantitative measurement of �uorescent pharmaceuticals. Time-gated Raman spectroscopy with a 128 × (2) × 4
CMOS SPAD detector was applied for quantitative analysis of ternary mixtures of solid-state forms of the model drug, piroxicam
(PRX). Partial least-squares (PLS) regression allowed quanti�cation, with Raman-active time domain selection (based on visual
inspection) improving performance. Model performance was further improved by using kernel-based regularized least-squares
(RLS) regression with greedy feature selection in which the data use in both the Raman shift and time dimensions was
statistically optimized. Overall, time-gated Raman spectroscopy, especially with optimized data analysis in both the spectral and
time dimensions, shows potential for sensitive and relatively routine quantitative analysis of photoluminescent pharmaceuticals
during drug development and manufacturing.

Most (90%) active pharmaceutical ingredients (APIs) crys-
tallize as solid particles.1 Di�erent inter- and intra-

molecular bonding and conformations in solid-state forms of a
substance, such as polymorphs, amorphous solids, salts, and
solvates, result in di�erent physicochemical properties.2,3 Disso-
lution rate, solubility, stability, and bioavailability, among other
properties, depend on the solid-state structure of the substance.
This poses challenges to the pharmaceutical industry in terms
of material characterization, formulation, processing, and end
product quality control and has therapeutic, legal, and commer-
cial implications.4

E�ective methods for evaluating the possible changes in solid-
state structure during research and development, manufacturing,

and storing are needed.5,6 Raman spectroscopy is an established
method for qualitative and quantitative analysis of APIs exhib-
iting di�erent solid-state forms and often enables rapid, nonde-
structive measurements with no sample preparation needed.7�9

The spectra can be measured through container walls, blisters,
plastic bags, and in an aqueous environment because Raman
spectroscopy has low sensitivity for water.10 The form of the
sample is also �exible; powders, slurries, pellets, emulsions, and
�lms are all suitable for Raman spectroscopy. These properties
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