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Abstract: A method for the rapid, real-time, and direct characterization of the distribution of com-
ponents in sunscreen cosmetics has been established based on micro-Raman spectroscopy. Using the
DXR3xi micro-Raman spectrometer, the microscopic morphology of the samples is directly observed
to evaluate their uniformity. For larger aggregates or obvious crystalline structures present in the sam-
ples, Raman spectral spot scanning is performed. The components are then analyzed by matching the
spectra with the instrument’s built-in Raman spectral library and a self-built standard spectral library
of 16 common sunscreen agents. Additionally, regional Raman scanning of the samples can be con-
ducted, and the distribution of specific components (such as sunscreen agents and surfactants) can
be accurately characterized by analyzing the regional correlation of their characteristic spectra. This
allows for a comprehensive evaluation of the stability of the sample’s microstructure. This method has
been successfully applied to the stability assessment of several sunscreen cosmetics, revealing the
crystallization of components such as phenylbenzimidazole sulfonic acid and potassium cetyl phos-
phate. It can serve as a methodological reference for the stability research of sunscreen cosmetics.
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Fig. 1 Standard Raman spectra of sunscreen

1: 4-methylbenzylidene camphor; 2: ethylhexyl dimethyl PABA; 3: octocrylene; 4: 2-phenylbenzimidazole-5-sulfonic acid; 5: butyl me-
thoxydibenzoylmethane; 6: PEG-25 PABA; 7: isoamyl p-methoxycinnamate; 8: benzophenone-3; 9: titanium dioxide; 10: diethylamino
hydroxybenzoylhexyl benzoate; 11: homosalate; 12: ethylhexyl methoxycinnamate; 13: bis-ethylhexyloxyphenol methoxyphenyl triazine; 14:
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Fig. 2 Microscope view of sunscreen cosmetics

A. emulsion base; B. sunscreen cosmetics A; C. sunscreen cosmetics B
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Fig. 3 Comparison of Raman spectra combination analysis Fig. 4 Comparison of Raman spectra combination analy-
of sunscreen cosmetics A sis of sunscreen cosmetics B
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Fig. 5 Isolated crystal micrographs of sunscreen cosmetics

A: sunscreen cosmetics A; B: sunscreen cosmetics B
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Fig. 6 Comparison of Raman spectra between isolated crystal Fig. 7 Comparison of Raman spectra between isolated crys-
and standard substance tal and standard substance
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Fig. 8 Correlation between sunscreen cosmetics A and phenylbenzimidazolsulfonic acid
A: microscopic image, B: color block diagram (A: ARG B: @A)
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A color block diagram; B: microscopic image (A: faHE; B. ‘i)
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