. 549 b
1 A

T B

Spectroscopy and Spectral Analysis

%5 K R 2 R IR BN S E 5 TR 5T

M

& Ak, THRIRY, X EAE, LR KT

1. P EANRARRE A EBE, Jugt 100038

2. NUEFEEFEMBA DG, FHENEESEECHBEARAAZHESALRE, Lyt 100193

W OE EA A 28 AR R R LLA AR . BEE T 2R KB KR IR SR AR . 5 T 4T
S FIEL 8 5 X 25 K JE KR 11X A RE ) . S K E . 28 K JE 2K R 0 20 b RIRL 8 6 2 B R ) 1 ot 3%
BT . A AN . FELANEI R . R AR IF R B KR AE 3200~2 000 em K i 2 5 B . WU L4
162 972~2 952 em  {FERR IR . SR ERER L A HITE 2 600~2 320 om 7 7E Fi A B E 10 % TR O A
AR AL AL A I 3 100~2 800 em ™ 7 76 ¥4 (5 55 1 SE WO IAE . 76 2080638 b+ 25 K S8 4R AE 1 750~1 630
em A C—O BB GIR S5 R A0SR . 75 710~ 680 cm ' 4745 ph 2 BF I 435 f 9 55 10 98 1
W O, 7E L E T L 28 R KJE KR AE 1 001 ~1 002 em b B B B g L VX S ol R I
C— H BT P94 MR S0 SR AG . S bt JEIE . DU 00k 3 R A 09 B 2 6 . 1 000 em ! 22 47 43
AU A S A R A T ARSI B 30005 Ao, KL BRACSE U SE A A T B 2Ok L B
1000 em ! 2247 {1 10 g S5 4 M 9 380 5 10 06 . 20 8NS5 T FHLF I 53 9 41 25 KR M+ % 4 K M AL 4
01X A3+ A 55 4 A 22— TS 0 25 KB 80 2K (0L 1 X 43 FE 3 (L e 5 X T R e
B 4 . MR ARSI TR o B0 e T T X 40 B4 B 25 KB IR A 2 K 2 1L A 0 X 4
5+ X4 2 A PR R [ O BB 90 2 JE 6 MK L 0 X 43 e L e X 1
W LT S5 BLIK 4 . 205N 86RO 38 447 FUAT T B BN 0 L OO0k B L R A I L 25 G B 4 2%
P+ 5% 8 T T B MR . R O 3 DI 5 5 2 B g 2 B0 T AT — 7 M0 PR
SRS SR T T« I — b L L N 5E A R B P AT 0 R e

Vol 41.No. 9. pp2829-2834
September, 2021

%

K@i LML

B4 ES: 0657.3 XEkFRIRAS: A

5

PEJLAESR 6 SE R — £ [6 5 [ i 4 M BT A 26 25 4
B Z ] ZOR) b T S X BT R 26 24 T ) A %
HF 2017 4 10 A BEA#A AL TA B ZORE"S . JFRE
K35 R JE &) IO A U T AR 3 e v O T 7 6 25 ). OF KRB 2
1960 4F fy LU A 25 27 RARZ « 4 BR A JRCA — b BB A
F2GY). B — TR AURR PR SRR R R, 2R L R
RECREA ARS8 . BRI SRR FE BT B 2 T
FARBUR . DRSS R PO Y 2R KR 2
JB o 5 ok 25 K JE Al 2 5 0 b Y A JRUT B PR AT 1 A

W BHE: 2020-08-31, {&1THHE: 2021-01-09

EETE: BEEE AL E (2016 YFC0800903) ¥ 1)

EEEN: &
* W IHAEH

W, 1996 4EAE A E R 2 R 2 A 24 e L B ST AR
e-mail: 13311296819(@189. com; liucuimei8258@163. com

P& G s WORE S YRR s SF R JE W JCIRARAE s E MRS AT
DOI; 10. 3964/j. issn. 1000-0593(2021)09-2829-06

REN S5 KR I 2EM (B DY . 2 pk A 3K O 2 4t
925 K JERW 3 v Fh . BR 25 KJE L Hi 28 KJE . &F 28 KB A
BIZFRIESN , Y KRBT G W 7 li&k . J&oh 7 MLk A
TN T BT &R BT HEAE Y R . 5E8 KR
B B Jr 28 B AR L 2R KR R AL &R T 2
[N S 5 5 N

T E X ISR LRI BN > = B B — B B
ETECHRBEZ S i A B ) P A T 13 RliSFRERYR . &
RO R #F4FRE . BisF KRE. FIZF KRB, BB
J& 2015 AE LUK, Bl 12 Fh 25 KB 2L 51 A (I 25 26
JRRTE 24 ity FIURS o 245 48 ol b A 2 B SR 4G S ESF KU .
TBIYRIE RIS RJE . 4-F T Y RJE . 5 T BESY

e-mail: 1720093998(@qq. com



2830

S 4 BT

CEENE o

KJE . WIFKIE ., WRBESF R . RIFRJE . kw25 KE . I
BE2F RJE « 45 THESY KJE . PUFRIKm 28 KJg . & 2018 4F
. B E B AT 25 MOFRJERYR. B =K BiE A 2019
5 A 1 HEMKESF R B 26 Wy B 2 51 A CAR 2 T 28 R e 25 b
RS P2 A5 R R A I b H ) . 2R RIE W 72 4R
S5 SR, FFE T — A& EA K. (D

A7 PP G Al P A AP IBE 6 L (2) 408 A i TBCAX B AR TBCAR A
WIS R T B A E M AR, (3 URBE R A7
TEREHE  RTE L B G . RIE L MESE . RO, R Uk,
GAHE FRH R A UL () fff Y LA AT 8 AT CRURL T BR A1)
BRI,

—\_</o \_./(o \_40 @_/(o
N~CN N~CN NACN N—CN
o OO0 g

Butyrylfentanyl Alpha-methylfentanyl

O~ @W@\ \

Tetrahydrofuranfentanyl
(o] /
SO
it
Thiofentanyl /
(o] —\_40
oY

o

4-Fluorofentanyl 4-Fluoroiobutyrfentanyl

B 1
Fig. 1

WL 25 R JE S W o Ak o M D L A M 8 - TR O
WGBS BRI R S L A0S s L h 2Ol
WO SO T L RO - T A R iR 7 o
B L R AL ER BB R RS AR L R EEA
THG PR . L0 RS FHL SO0 1% 27 H A J0 5 4 i B Ab
B0 L R R AR L SR IR RS A U
FOT T B PR 8 L B O AT R A BB . %
P SF AR AT . O B AR . EW A 785 nm
BOE AR L2 S Z 29O T . wesh . AW R
PLEOETEA t T FERAR L Jeds st SRR . i B — Bk
B2, SROZGIEMLIL. A6 IO T 1% - — 2ok
B Tl B R I 5 A, R I R R 3T R T R

SFRJERY MR L HAT G IER T 25 R e RY FOL
TERRAE LG 1 X 25 K Je 28 45 4 2 8l 9 X 43 BE 7 B9 BT 5T 4R
i o ASHEFEAGE T o B 28 i S5 R Je 26 W o 41 b R 2
W BRI OF RJE M B LI R AL . LA B LT A AR 2 D T A
SFRIEY R B AR IX 3 REF7 - WA D T R Uk e B 22 52 0 28 %
—ERA AR R OGS SR T R I5 e 2 e P o A AR
AR 218 AR

1 Smay

L1 UFERBH

<_§_<:>_\_<:>

Fentanyl

3-Methylfentanyl A Phenylfentanyl

/ o o
|
W{“@“\_@
Furanylfentanyl
\ O OH
WO s
o
Sufentanil

< g -

/

Q C 1@ C}hcl);é:Nﬂo

4-Fluoroisobutyrfentanyl Remifentanil

FREREMREMR

Chemical structures of the fentanyl-class substances
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(a)

g L N e
g% ¥ ysRBPegT| g% | 2% 8

AV oW I A A AL

_ AM A AAMANMN

1800 1600 1400 1200 1000 800 600 400

(b) g
|
|
g g pEgE 8 g% g5 g
B U G- b S A G OV U U SO
1800 1600 1400 1200 1000 800 600 400
(c) g

1800 1600 1400 1200 1000 800 600 400

(d g
ﬂ
| <
B8 ¢ dne g—‘g Bg ¥ g R
AN A~ AANAA~S U\ A A AR A

1800 1600 1400 1200 1000 800 600 400

(e) 8
|
|
# 33 giEE @ seg? Bg@ g
AM A AAAMA AN P, SV, G, Y SO P
1800 1600 1400 1200 1000 800 600 400
® g
|
1l
g2 @ © g8
M N I\ A A

1800 1600 1400 1200 1000 800 600 400
Wave number/cm™
B4 AMIRBEURONSAEE
(a): Pk M EIF KGR EE; (b) . 3-HIEIFREHMEL: (o K
JethmEh; (. TEF REEHEME; (o) REFREHRE;
(D« PSR 25 K e SR h
Fig. 4 Raman spectra of six fentanyl-class substances

(a): Alpha-methylfentanyl HCl; (b). 3-Methylfentanyl HCI;
(¢): Fentanyl HCl; (d): Butyrylfentanyl HCl; (e): Phenylfentanyl
HCl; (f): THF-F HCI

JEhmRER . THESY KRB R AR . AR e Hh M #h . MU A vk
W 25 K Je £ R 3 256 & 91 i 63 23 B IL AT 4 Ca— D), 1 000
em ' ZE A B VA Dy ki, HL Al U (Y SR B 8 M T WA B U Y
30% . 4TSS KIEEIREL . AT BESF R JE | 4-9 5 T Bt 25 K
JEHhMEh . BOF KRB SRR AL . MRACIY KRG SRR #h . kg 2F K
JERRERER | & 25 K Je Mk i Eh 45 Ak & W i L 2 0 3 2 ) UL
5Ca—g), B 1000 em™ ' Al A oA Ay 5 B8 W 0, X 26L&
V) SRR AT 0 5 O vk L BRACSE IR () D

¢ Bye
400
(b)
g2 3gp¥gt B g3 83
1800 1600 1400 1200 1000 800 600 400
(c) 2
f |
g gy alsys Sggs 2%  %gase

1800 1600 1400 1200 1000 800 600 400
(d &
, 8
& ‘ | R
) gﬁggﬁgggﬁ g3 ¥ R

1386

e g? 2

M
AL, A

1800 1600 1400 1200 1000 800 600 400

1077
—1
745

HEE AR

i

1000 800 600 400

1800 1600 1400 1200 1

600 800 600 400
(2 5 g
T S
5 B oy 3gsd & =y 8.2 988, 28 &
g gg3asdc 3 3% Be¥ 989598 5 gog

1 8I00 1 600 1 4b0 1 2IOO 1 000 860
Wave number/cm™
5 tHFARREYRHASHIEE
(a): &-FOFKEFRMER: () 4T HIFKJE; (o 4-F 5 THEF
KEHBE; (D HiZF KRB EH R (o A K]
(D : RS R MIIREL s (@)« & 2F KB M5k £k
Fig. 5 Raman spectra of seven fentanyl-class substances
(a): 4-Fluorofentanyl HCl; (b):. 4-Fluorobutyrylfentanyl; (c). 4-
FIBF HCl; (d): Remifentanil HCl; (e): Thiofentanyl HCI;

() : Furanylfentanly Citrate; (g): Sufentanil Citrate

2.3 ANMRENFTRBELEHEMUMPNEER TFR
1 28 R 25 K JE W 0T 1 41 51 ' 3% B I — A A S ot i



5093

e 5 4 AT 2833

AR PE . SRIE ¥ 28 FhOY R JE 2 W T I £ AN 6 % B — AT %
PERE B, 335 PR R 2% 1 B30 10 S A e M R B0 (correlation) e 3%
AL AW 5 I T VCEAL G W 0 AR DG M R BOBUE . TS
FRAE S R BBUE (OB oy 64~95, H3UEKT 90 YA
SHUL, 43N RIY KR Hh IR AL/ T B KR Eh MR Eh . 2F K g #h e
/AT K E ERER AL L IR KR MR TR £k / ok IR 2% K J Ak R
HED ., XIS YRL AR WK 3. 35K e ikEh
5T B R e Eh R 4 1) &5 09 25 5 O N F B 43 51 o DY B A
TEEBCH, HZE—AFEE D, SSREHRRE/ TSR
JEERFRER I LA B3 A 26000 H LA 7E B 2 01 Ol 1 22
[ 3Ca, b1, 3FKGFH M 1 460, 1 404, 1 329,
1274, 1 097 F1 962 cm ' fEFEFRAE W0 . T Wk 2% K6 #h 2
Eh7E 1400, 1320, 1 283 Fl 1 107 cm™ ' {7 7 HRAE MR Wi i . 2%
KR /B oF RJe B FRh LA 3Ca, o JFZF K JE Hi#k ik
/I 2N R M R R LI 3Cd, o J3X Wi ZH Ak & W 1 33 5] 2%
SAEFHE, WIFREHBEA 1 274, 1 141, 740 F 708
em ' ETERFAE U, BRAR SRR JEAE 1272, 1 237, 1 168,
744, 703 F1 688 cm ' A7 FERRAE WL IR 0 5 S K JE M 4% R 4 E
1579, 1420, 1278, 1231, 1120, 1102, 1065, 837 1 757
em ! AEAEFEAE IR SO0 . R ZF R JE MR R AE 1 615, 1467,
1320, 944, 710 HI 664 cm ' £ 7E ¥ AF 0% e 06

*1 FRERUAUHEXERH
Table 1 The correlation coefficients of

fentanyl-class substances

. . Correlation
Spectroscopy Compound

coefficients

Fentanyl HCI
Butyrylfentanyl HCI
Fentanyl HCI
Infrared . 91
Thiofentanyl HCI

Fentanyl Citrate

95

91
Furanylfentanyl Citrate

Alpha-methylfentanyl HCI
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

XU Lin', HE Hong-yuan'* , LIU Cui-mei** , HUA Zhen-dong”

1. College of Investigation, People’s Public Security University of China, Beijing 100038, China

2. Key Laboratory of Drug Monitoring and Control, Drug Intelligence and Forensic Center, Ministry of Public Security, Beijing
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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