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An investigation on the detection of pigments using shell-isolated nanoparticle—

enhanced Raman spectroscopy based on atomic layer deposition
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Abstract: This study investigated the detection of pigment based on Ag @ Al, O, core-shell
nanoparticles with shell-4solated nanoparticle-enhanced Raman spectroscopy ( SHINERS) . The Ag@
Al,O; core-shell nanoparticles which shell thickness was 1 nm was made by using atomic layer
deposition ( ALD) technique. The study explored the best particle size of Ag@ Al, O, with best
SHINERS effect and the SHINERS LOD of pigment. The method was also applied to detect pigments in
drink and food samples. The results showed that the best size of Ag@ Al, O, nano particle with best
SHINERS effect of sunset yellow and lemon yellow was 300 nm the SHINERS LOD of standard
solutions of sunset yellow and lemon yellow were 10 pug/L and 100 wg/L respectively the SHINERS
LODs of sunset yellow and lemon yellow in drink were 10 mg/L and 50 mg/L respectively and sunset
yellow and lemon yellow in some of the selected real samples do not meet the national standards.
Keywords: Atomic layer deposition; Ag@ Al,O, coreshell nanoparticles; Shell-solated nanoparticle—

enhanced Raman spectroscopy; Pigment
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1 Ag@ Al, 0O, SHINs

HR-TEM

Fig. 1 The HR-TEM photograph of Ag@ Al,O, SHINs with different sizes
(A) 100 nm; ( B) 200 nm; ( C) 300 nm

2 Ag@ Al, O, SHINs
Fig. 2 The UV-Vis spectra of Ag@ Al, O, SHINs with

different sizes
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Fig. 3 The SHINERS effects of different sizes of Ag@ Al,O, SHINs on R6G (a) CV (b) sunset yellow (c¢) and lemon
yellow ( d)
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Fig. 4 The SERS spectra of different pigments solutions
(‘a) Standard solutions of sunset yellow 1-10 mg/L; 2 -1 mg/L; 3 -100 wg/L; 4 —10 wg/L; 5 -1 pg/L; (b) Standard solutions
of lemon yellow 1 -1 mg/L; 2 —100 wg/L; 3 =10 pg/L; (c) Sunset yellow added into drink liquid 1 - Standard solution
2.5 mg/L; 2 —Standard addition 50 mg/L; 3 — Standard addition 10 mg/L; 4 - Standard addition 1 mg/L; (d) Lemon yellow
added into drink liquid 1 — Standard solution 5 mg/L; 2 - Standard addition 0.5 g/L; 3 —Standard addition 50 mg/L
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Fig. 5 The SERS spectra of practical samples
(a) Sunset yellow in candies 1 — Standard solution 1 mg/L; 2 — Candy sample 1; 3 — Candy sample 2; (b) Lemon yellow in
candies 1 - Standard solution 1 mg/L; 2 — Candy sample 3; 3 — Candy sample 4; ( ¢) Pigments in colored drinks 1 — Colored
drink 1; 2 — Colored drink 2; 3 — Colored drink 3; 4 — Colored drink 4; ( d) Pigments in colored cakes 1 — Colored cake 1; 2 —
Colored cake 2; 3 — Colored cake 3
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