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Fig. 2 Infrared spectra for different salt

forms of fentanyl-class substances

(a): Base; (b): Hydrochloride; (c¢): Citrate
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3-Methylfentanyl HCI
Fentanyl HCI
Raman 92
Butyrylfentanyl HCI
Phenylfentanyl HCI
THF-F HCI

93

92

IREEREW], LLAGIE N TR RJE Y B A w i X
G BE S AKX R A3 G AL 1A 2% — > BRI S5 A DA X4y E R
5,
2.4 HEBRENFIXEBEREMEUYHNECGRSER

A 28 T JF R JE W BT 9 47 2 0l 1 A — Al 37 ' % AR
P, SRJE R 28 B oF K Je 28 Wy I i 8 O 3% 8 — AT % R
K&, 15 PR R B B3k A o Pk R 802 (correlation) , id 4
LG 5 HA TSI AL A Y rAH D R B . TR TS
A2 R BOEE (O Bl 52~93, DU AL B &R 80 KW E =
AL G W o3 03 A BTk Y SR O O e $h R L/ 3- W Ak 2R K Je #h R

ey FFRREHR R/ THIS R e IR AL, RILIT K #hm#h/
PU LRI 2SR e BRI AR (R D X =4 A Wi 2 i
UL A, BTk B LSRR e SRR £/ 3- H k2R K2 b e 4h 10 25 44
25 R RSB A BASTE (B 1), W25 19 B8 k3 & 1 A
IR LBl 4Ca, by 1, H Rk R S5 OK Je #h R #h 75 1 653,
1293, 831, 521, 453 Fl 407 cm™ ' {7 7E 5 fiF $3 2 0, 3-FH 3
YRR ERBRERTE 950 F1 906 em ' ALAETEFHE T 2 0 5 IF e
BRI/ TEUF KRB WM EF I E— AP, W
R OGIE EA A S LA 4 (e, DT, HAof ke shig
EAE 1074, 741 A1 305 em ' FAAEARAESL S0, T BESF KJE
FRERAE 763, 419 F1 279 cm ' fEAERFAE B 0, RAEZF KB
LR AL /DU A R 2F K JE EE R R (0 S5 4 2 5 O BRI 4 ik
IR T IR, I PR g SR B E
L& 4Ce, DI, HARREIF KB IRLTE 1626, 732, 538 Fl
279 em fETERFAESL 2 0%, DA R ST R R Eh R R TE 1 308,
922, 833 Fl 459 cm ' TEAEHFAEHLE G,

FREE SR, B R RE X TR e A R X
53 BE s AHXS T8 43 4544 AR 25 — A TR 10 45 48 25 0L 4y 5 1P AR
AR R AN (7] 19 ] 40 S A AR 1 IX 43 BEAE 55

LY NIE SISy e <L 7 U5 S AR o ob . S | E = ok W]
AN G RRAT . PR OGS B TR . 7RI S BRSO A
i B R B 5 S 4 i B AR A 0 o L 2 O AR AE O
T, o B L A 5 I L2 W OGE S ik, R
T 1000 em™ ' AL AL EAYIE, {H 1000 em ' 72 A IR TTON 2
KRR Y TN L BP0, WL e . R . 3-3
RO 3FAN e, - AR W E A AE 1 000
em ' ZE AT WAETE SR R A 0 L TR UL TR T R A R AR
TE B 2R BEAR

345

i3 BT 28 Bl 25 O JE W) BB L0 AP AN B & i 1AL B
T IR Y B LD AN R AL S OE I AR AE . LR LD AR 2
eI X IF KRR R IR X S RE T . K B F . LM IE
AL S i HA BAME . 2065 A F X0 BT A 1 258 R e
KW xR ZBEE RN BRI 0E XF oy
B A AT 22 — A~ Y S R S5 R AL 1O X 0 JE o+ {FLI o 4
SR FRAE R i e, AT SEBLIX Gp o YR AR 9L TR A5 AF
T PGt AT L B X TR A 2F KRB KW A IX 4. H
o X TR 2R SR R e R M B B B X
X HB 3  R AN 22 — A P 2 Y S S [ A7 G 25 4 26 1)
Wy oy BER - HGE A 8 SCIX R AR g . AT S X A 4L
SN FAL & S i 4 AT TO A5 R AL B L0 R L A
AR SE RGN o T 58 SRR BOR AL i ol BE 7
TEVOET I, WILR Suil AR RA —2E M RRE. 56
SOGTEA L, LDAMEIE TS T L 3 — otk . Rl g
JE TN 5E # > R SF K JE 2 W) I B TR E R 40 AT RO 1
%



2834 S 5 6 M Al %

References

[ 1] United Nations Office on Drugs and Crime (UNODC). Fentanyl and Its Analogues-50 Years on. UNODC. New York, 2017.

[ 2] Mounteney J, Giraudon I, Denissov G, et al. International Journal of Drug Policy, 2015, 26(7): 626.

[ 3] National Center for Health Statistics, Vital Statistics Rapid Release. Provisional Drug Overdose Death Counts, Atlanta, GA: Centers for
Disease Control and Prevention, 2018. https://www. cdc. gov/nchs/nvss/vsrr/drug-overdose-data. htm.

[ 4] Stanley T H. The Journal of Pain, 2014, 15(12); 1215.

[ 5] Vardanyan R S, Hruby V J. Future Medicinal Chemmistry, 2014, 6(4) . 385.

[ 6] LiuCM, Li Tao, Han Yu, et al. Drug Testing and Analysis, 2018, 10; 774.

[ 7] Breindahl T, Kimergard A, Andreasen M F, et al. Drug Testing and Analysis, 2017, 9 415.

[ 8] LIU Cui-mei, HAN Yu, MIN Shun-geng (Xl 22 #§, & 45, XE). Spectroscopy and Spectral Analysis (JG1E2% 561443 H1) - 2019, 39
(7): 2136.

[9] Jones L E, Stewart A, Peters K L, et al. Analyst, 2016, 141; 902.

[10] Guirguis A, Girotto S, Berti B, et al. Forensic Science International, 2017, 273; 113.

[11] LIU Cui-mei(X|Z ). Handbook for the Analysis of New Psychoactive Substances ( The second edition) Infrared Spectroscopy Parts(Hf
A H0 UG PR o B T 5B 2 O 2046 1% 43 ). Beijing: People’s Public Security University Press of China (Jb 5t o E A RA % K
WAt . 2019, 9.

Study on Vibrational Spectral Characteristics of Fentanyl-Class Substances
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100193, China

Abstract In this study, the infrared (IR) and Raman spectra of 28 kinds of fentanyl-class substances were analyzed. The
spectrum characteristics and the distinguishing ability of IR and Raman for fentanyl-class substances were investigated. On the
whole, IR and Raman spectra of fentanyl compounds showed different spectral characteristics and were complementary. For
IRspectroscopy, different salt forms of fentanyl-class substances showed significant differences in the range of 3200~ 2 000

em '. The base-form compounds showed strong absorption peaks at 2 972~2 952 ecm ', the hydrochloride compounds showed

', and the citric acid compounds showed broad absorption

multiple absorption peaks with medium intensity at 2 600~2 320 cm~
peaks with moderate intensity at 3 100~2 800 cm™'. In addition, the IR spectra all showed a strong absorption peak caused by
the stretching vibration of C=—O bond at 1 750~1 630 cm ', and a strong single or double peaks caused by the bending

vibration of the benzene ring at 710~680 cm ™ '.

For Raman, all types of fentanyl-class substances showed a strong Raman peak
at 1 001~1 002 cm™ ', which was caused by the in-plane bending vibration of C—H bond on the benzene ring. In the Raman
spectra of substituted compounds containing alkyl, phenyl and tetrahydrofuran groups, the peak at about 1 000 cm ' was the
base peak, and the intensity of other peaks was all lower than 30% of the base peak. For Raman spectra of substituted
compounds containing fluorine, furan and sulphur groups, there were other high-intensity peaks besides the base peak at about
1 000 ecm ', IR spectrum can distinguish all fentanyl-class substances, even for certain structural analogues with high spectrum
similarity. When there is no fluorescence interference, Raman spectra are distinguishable for all fentanyl-class substances. The
Raman spectra for homologues with differences in only a methyl group and regioisomers with methyl substituted at different
positions were found to be highly similar; however, their spectra demonstrated small but detectable differences. Both the
Infrared and Raman methods were simpler, more rapid, less expensive. non-destructive, and fit for in-field testing. Raman may
be used non-invasively, minimizing exposure to potentially dangerous substances; however, its fluorescence based problem
sometimes affects its usefulness. Compared with Raman, IR shows no fluorescence interference, higher spectrum consistency,
and a more complete commercial spectrum library, which is the preferred method for rapid qualitative analysis of fentanyl-class

substances in-field.

Keywords Infrared spectroscopy; Raman spectroscopy; New psychoactive substances; Fentanyl-class substances; Spectroscopy

characteristic; Qualitative analysis
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