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Photoluminescent Colorimetric Probe of Bovine Serum Albumin-Stabilized Gold Nanoclusters for New Psychoactive Substances: Cathinones in Seized Street Samples
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I. Abstract 
Screening of seized street samples of illicit drugs for new psychoactive substances [1,2]—namely cathinones—at crime scenes is in high demand. A dual-emission bovine serum albumin-stabilized gold nanoclusters (BSA-Au NCs) probe solution was synthesized and used for quantitation and screening of 4-chloromethcathinone and its analogues including butylone, 4′-chloro-α-pyrrolidinopropiophenone, dibutylone, ethylone, N-ethyl pentylone, 3-methoxymethcathinone, 4-methyl-α-ethylaminopentiophenone, mexedrone, and pentylone in an aqueous solution. The photoluminescent (PL) color of the BSA-Au NCs probe solution changed from red to dark blue during identification of cathinones when the solution was excited using a portable ultraviolet light-emitting diodes (UV-LED) lamp [3]. This probe solution allows the PL color-changing point and limit of detection down to 10.0 and 0.14 mM, respectively, for 4-chloromethcathinone. The phenomenon of PL color-changing of BSA-Au NCs was attributed to its PL band at 650 nm, quenching through an electron transfer mechanism when excited at 365 nm. The probe solution was highly specific to cathinones, over other popular illicit drugs, including heroin, cocaine, ketamine, and methamphetamine. The practicality of this BSA-Au NCs probe solution was validated by using it to screen illicit drugs seized by law enforcement oﬃcers in Taiwan. All 20 actual cases were tested using this BSA-Au NCs probe solution and then confirmed using gas chromatography–mass spectrometry. The results indicate that this BSA-Au NCs probe solution is practical for screening cathinones at crime scenes.
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Scheme 1. Mechanism of the dual-emission BSA-Au NCs probe for detecting 4-chloromecathinone.
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Figure 1. (A) TEM image, (B) XPS results of BSA-Au NCs, (C) MALDI-TOF spectra, and (D) UV-Vis absorption and PL spectra of the BSA and BSA-Au NCs. Inset in (A) illustrates the size distribution of the particles. Inset in (A) are diameters arrange of BSA-Au NCs from 2.0 to 4.8 nm.
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Figure 2. Detection of 4-chloromethcathinone using BSA-Au NCs. (A) PL spectra of BSA-Au NCs in sodium phosphate buffers (pH 7.0), without and with 4-chloromethcathinone, using an excitation wavelength of 365 nm. (B) Selectivity of BSA-Au NCs toward cathinones over other common illicit drugs and additives when excited at 365 nm (all analytes were 25 mM). Inset in (A) is the linear relationship (F0 − F)/F0 of the BSA-Au NCs against 4-chloromethcathinone concentration in the range 0.48–7.5 mM, where F and F0 are the PL intensities of BSA-Au NCs at 650 nm with and without 4-chloromethcathinone, respectively. Data were obtained through three measurements. Inset in (B) are PL images of the BSA-Au NCs probe solution containing (a) glucose, (b) fructose, (c) ketamine, (d) methamphetamine, (e) heroin, (f) cocaine, and (g) 4-chloromethcathinone.
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Figure 3. PL color of the BSA-Au NCs probe solution with increasing concentrations of 4-chloromethcathione. A smartphone and portable UV-LED lamp were used to capture the PL images.
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Figure 4. PL images of the BSA-Au NCs probe solution in the presence of 4-chloroethcathinone at various concentration levels of glucose from 0%–20%. A smartphone and portable UV-LED lamp were used to capture the PL images.
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