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Abstract: In recent years, new psychoactive substances (NPS) have spread rapidly worldwide and evolved into severely hazardous
“third-generation drugs”, following traditional first- and second-generation illicit drugs that have long threatened public security.
Cathinone derivatives are among the most prevalent classes of new psychoactive substances. In terms of abuse frequency, affected
population, and social harm, they rank second only to synthetic cannabinoids, which are currently the most rampant NPS. Long-term
or excessive abuse of cathinone-type substances induces intense excitation of the central nervous system, causing mental agitation,
behavioral disorders, and physical dysfunction. Such substance misuse leads to family breakdowns, social conflicts, and even criminal
acts, posing enormous hidden risks and immeasurable adverse effects on social governance and public safety. Raman spectroscopy
outperforms conventional analytical methods owing to its simple operation, ultrafast detection, and superior stability. It enables the
simultaneous qualitative analysis of multiple targets via a one-step procedure, making it highly applicable to rapid on-site drug
identification. In this study, a rapid, highly sensitive, and reliable Raman spectroscopy method was established for the qualitative
identification and screening of new cathinone-type psychoactive substances. A portable Raman spectrometer was adopted for detection,
and the instrumental parameters were optimized to a laser wavelength of 785 nm, laser power of 300 mW, and spectral scanning range
of 150 ~ 3000 cm™. Systematic detection and spectral analysis were conducted on 20 common cathinones under optimized conditions.
Accurate classification and effective differentiation between cathinone derivatives and other psychoactive substances were achieved
by summarizing and comparing the unique characteristic spectral peaks of cathinone compounds. Targeting the technical challenge of
structural-similarity recognition, we investigated the ability of this method to distinguish cathinone isomers with highly analogous
molecular structures. A standardized Raman spectral database for the 20 tested cathinones was established, and multiple parallel

experiments were performed to validate the stability of the proposed method. The experimental results demonstrate that the established
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Raman spectroscopic method possesses high specificity and excellent stability. It enables efficient, rapid, and accurate identification
of new cathinone-type psychoactive substances; provides a robust technical tool for grassroots law enforcement, on-site drug screening,
and judicial identification; and offers solid technical support for maintaining social order and safeguarding public security and stability.
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Tab.1 Information on 20 types of cathinone NPS reference substances

e T AR TR CAS & 1 P gl
1 2-FHBE FE R VA 6 2 2-MMC 1246815-51-9 C11H;sNO-HCl 213.71 >99%
2 3-FHBE FE R i 6 R 3-MMC 1246816-62-5 C11H;sNO-HCI 213.71 >99%
3 4-FBE FE R VA 6 2 4-MMC 1189726-22-4 C11H;sNO-HCI 213.71 >99%
4 3-5S H R P B Fh R R 3-CMC 1607439-32-6 CioH,CINO-HCl 23412 >99%
5 4-S W PR SE R R 4-CMC 2319878-22-1 CioH,CINO-HCl 23412 >99%
6 455 H R PG R EE R 4-FMC 7589-35-7 CiH,FNO-HCI  217.67 >99%
7 LR U ST EEN N 4-BMC 135333-27-6 CioH,BINO-HCl ~ 278.57 >99%
8 LRV ER Eh R #h Ethcathinone 51553-17-4 C11H;sNO-HCl 213.71 >99%
9 4- WKL 2R VU #h R 4-MEC 1266688-86-1 C12H;7NO-HCI 227.73 >99%
10 4-G 2 U ER 4-CEC 22198-75-0 CiHu4CINO-HCI  248.15 >99%
11 3- FP 4 H - P T R R h 3-MeOMC 1435933-70-2 CyHisNOy'HCL  229.70 >99%
12 4- VA F R T A SE R 4-MeOMC 879665-92-6 CiHisNOyHCl  229.70 >99%
13 3,4- 2 F B P PO IR AR R 3,4-DMMC 1081772-06-6 Ci,H,NO-HCl  227.73 >99%
14 3,4-30 A B R A A R R £ Methylone 186028-80-8 CiH;3NO3-HCl  243.69 >99%
15 3A4-F AU R TETR B R B Ethylone 1454266-19-3 CiHisNOs-HCL  257.71 >99%
16 1- R HE-2- U JE-1- T A B R Buphedrone 166593-10-8 CiH;sNO-HCI 213.71 >99%
17 |- HE2- 2 HE-1- T H B NEB 2731709-73-0 C12H;7NO-HCl 227.73 >99%
18 1- R HE-2- R k- 1- T Eh R Pentedrone 879669-95-1 C12H;7NO-HCl 227.73 >99%
19 1-(4- PP LR R )-2- FP k- 1 - T T Eh R #h 4-MeBP 1336911-98-8 C,H;,NO-HCl 227.73 >99%
20 1-(2- M Wy )-2 - (N-HEE 6 b % )- 1 - TR 6 1R a-PVT 2748622-52-6 Ci3HoNOS-HCI  273.82 >99%
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vibration modes of 20 types of cathinone NPS
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Fig.3 Raman spectra of 4 types of cathinone NPS
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Fig.4 Raman spectra of 5 types of cathinone NPS
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Tab.4 Precision results of 20 types of cathinone NPS

B4 S FFAEVE/cm! A 35 AR A /a . RSD/%
2-MMC 1696 0.786~0.916 4.54
3-MMC 1688 0.670~0.725 3.01
4-MMC 802 0.712~0.863 5.49
3-CMC 1690 0.716~0.778 2.79
4-CMC 1678 0.742~0.926 6.91
4-FMC 1596 0.818~0.916 3.44
4-BMC 1676 0.548~0.670 6.46

Ethcathinone 1596 0.600~0.683 3.77
4-MEC 1686 0.805~0.846 1.56




4-CEC 1586 0.693~0.765 3.99
3-MeOMC 1682 0.881~0.953 2.18
4-MeOMC 806 0.661~0.802 6.65
3,4-DMMC 730 0.640~0.689 2.44
Methylone 1604 0.520~0.565 2.78

Ethylone 1250 0.571~0.603 1.67
Buphedrone 1596 0.544~0.579 1.90
NEB 1596 0.775~0.852 2.96
Pentedrone 1598 0.531~0.637 6.15
4-MeBP 1678 0.674~0.730 2.89
a-PVT 1648 0.644~0.807 6.28
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