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Analysis of Five Fentanyl Analogues Using Liquid—phase Microex-
traction Coupled with Portable lon Trap Mass Spectrometry
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Abstract: An analytical method based on liquid—phase microextraction coupled with portable ion
trap mass spectrometry was developed for the determination of fentanyl, alfentanil, sufentanil, o
—methylfentanyl, and acetylfentanyl in urine. Samples were extracted using a menthol-thymol natu-
ral deep eutectic solvent (NADES) supported on polypropylene fibers and subsequently analyzed
by portable mass spectrometry for rapid detection. The five fentanyl analogues exhibited good lineari-
ty within the concentration range of 50-400 ng/mL, with correlation coefficients (7*) all greater
than 0. 99. The limits of detection (LODs) and limits of quantification (LOQs) were 5-20 ng/mL
and 10-50 ng/mL, respectively. Using blank urine as the matrix, at low, medium, and high
spiked concentration levels, the intra—day spiked recoveries of the five fentanyl analogues ranged
from 84.1% to 119%, with relative standard deviations (RSDs) of 2. 6%-9.9%. The inter—day
spiked recoveries ranged from 87. 7% to 116%, with RSDs of 5. 5%-9. 7%. The method was applied
to the analysis of five random urine samples, fentanyl and sufentanil were detected in two of them.
The results demonstrate that the proposed method is suitable for the Rapid monitoring and analysis of
fentanyl analogues in urine matrices, and can effectively facilitate on—site investigation and support
anti—drug enforcement efforts.
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Fig. 1 Schematic diagram of the analytical procedure integrating liquid—phase microextraction

with portable ion trap mass spectrometry
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Table 1~ Mass spectrometry parameters of the five fentanyl analogues and three internal standards

Scan  Precursorion AC amplitude Product ion

Analyte Molecular formula CAS Internal standard

mode (m/z) (V) (m/z)
Fentanyl C,,H,(N,O 437-38-7 + 337.2 1 188. 1 Fentanyl-Dj
Alfentanil C,,H,NO, 71195-58-9 + 417.2 1.4 268.2 Sufentanil-D,
Sufentanil C,,H,N,0,S 56030-54-7 + 387.2 1.4 238. 1 Sufentanil-D,
Alpha—methylfentanyl C,,H,)N,O 79704-88-4 + 351.0 1 202.0 Fentanyl-Dj
Acetylfentanyl G, H,N,0 3258-84-2 + 323.1 1 188.2 Acetylfentanyl-"C,
Fentanyl-D, C,,H,;D,N,0 - + 342. 4 0.8 188. 1 -
Sufentanil-D, C,H,D.N,0,8 - + 392.3 0.8 238.1 -
Acetylfentanyl-"C_ C,"C H,N,0 - + 329.2 0.8 188.2 -
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Fig. 2 Product ion spectra, chemical structures, and pKa values of five fentanyl analogues
a: fentanyl; b: alfentanil; c: sufentanil; d: alpha—methylfentanyl; e: acetylfentanyl (a: 25 KJE; b: BIZEKJE; ¢ &F4FK)E;
d: a-HEIFRE; o0 SWZFRIE)

2.2 HmEIAEFEAMEL

2.2.1 ZEBURFIAREGIFERAOMA  HATEA RS E T RRAEZMEY, »ramaa
BARMBKRE S, AN (FEMEETT) P IBOFE s R ER SR e 2R, | BEHE
BN, HPmNIELE a0 B A ) m-m HEAE M, P, Hak, Sl S2935C, &
BRI 5 2549°C, B HEAME s R, 7260°CT ol ARSI, VEHABGH, NADES () ) %t
W BRIt I R AR E EEAEH , 2 17 AEBGARE S 2 8] 73 BTl 3 A o DL far 5o SUB
Z . HEE SR, BRI 1L 1 2,0 10 3, 1 4ESHIRFEIL B NADES, FEX)H:
BEAT T AR . 8 ChemDraw FAF TN, 5 Fh25 K e 289 i pKa{lh 7. 039~9. 062 (ULIE(2), pH



55 XX ZEAERRSE WA - R TR TGEL /T 5 Fh 2R Je 288 dh 5

=100, ST e 2 it B LA PR 3 FIRASA e, e 1 & i 5 A G0 B KA AR 2R T
R, [ 3A 680, MEATRE S BRI LG A 1. 20F, 2R RY 3 BUIC R e, X 54
BB 8 ORI (pKaflihg 9. 86~10. 10) HUBFFT4E M ', HAEWESMET, Mams
HHEFETA LG 1 200 (RERES, A INPIEA, BT VR A i 2 R AR S P A T AR B AR
B, $RAEENEE, RO B T 5 S 5T

RBUERIEBG TSR R KB T PR BCE R E 2, X NADES AR (5~20 pL) BEf7TH%%,
E 3B, FES~10 pLIiBHIR, SFHEFRIEZEE M ERE NADES R ER 3 N A&, £ 15~20 pl
TEEN N TR R G, [, FEE NADESTREUAIENN, TEAT a7 2. 2N fa
EPEREAERT T, #0210 L A EREBUAR .

2100 2100

[__]Fentanyl ]

— A]fe‘mgnﬂ a 1 T b
1800 4 [ pymmand 18004 s

] ] Acef

Alpha-methylfentanyl fentas

Acetylfentanyl + n

1500 1500 f %
21200 % {» £ 1200 4 % ]

900

600 {_ 600 —

oMLl -

T = T = T r T

T K T X T d T
1:4 1:2 1:3 1:4 SuL 10uL 15uL 20pL

1vity

Respons:
—
—]—
=
Hi
]
,_|_|
,_|_|
Responsivity
iy
—]
EN
-
-
;_|_4
—
,_|_4
]
}_|_
—]

o

(=3

(=)
1

NADES compositions Extraction solvent volumes
K3 AR NADES LB (a) FUERER (b)) T SHFPESRJE ST S B (g

Fig. 3 Response values of the five fentanyl analogues under different NADES compositions (a) and volumes (b)
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Fig. 4 Response values of the five fentanyl analogues under different desorption solvent volumes
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Table 2 Linear equations, correlation coefficients, linear ranges, limits of detection (LOD), and limits of quantification
(LOQ)

for the five fentanyl analogues

Correlation coefficient  Linear range/

Analyte Regression equation 2 I LOD/ (ng-mL™") LOQ/ (ng-mL™)
() (ng-mL™")

Fentanyl y=0.0313x - 0. 2593 0. 9928 10~500 5 10
Alfentanil y=0.017x + 1. 3355 0.9919 50~400 20 50
Sufentanil y=0.0411x + 4. 2485 0. 9921 50~500 20 50

Alpha-methylfentanyl y=0.0311x - 0. 3859 0.9912 10~400 5 10
Acetylfentanyl y=0.0032x +0. 1314 0.9910 50~400 20 50

2.3.2 HAMESHEEE EICRKEH BRYRIREFES, 20 A EEFRIR S AR A 50 ng/mL
IRA WA TAERR, SERACH RS TR A B B 3ANREARCE FPATIE 3k, @il H A
H 1) 20 B PR 1% 7 15 0 RS 28 BE RN 3 . R 345 SR /R, SRR R B 28 ity H oy ks il g 2
84. 1%~119%, FHATFRIEMZE (RSD) k2. 6%~9. 9%; H 8] IR ECE H 87. 7%~116%, RSD A1 5. 5%~
9. 7%, HREW], ZI7TERA RIFNETPE . BRI, W] T IR S T 25K e 2R
PRSI

3 STERERJEZ T IIbREICE . H ARG SE B H DR %

Table 3 Spiked recoveries, intra—day precision, and inter—day precision for the five fentanyl analogues

Analyte Added/ (ng-mL™) Intra—day (n=3) Inter—day (n=3)
Recovery/% RSD/% Recovery/% RSD/%
Fentanyl 10, 200, 400 119, 101, 101 7.7, 6.0, 7.3 116, 109, 99.9 6.6, 7.7, 6.7
Alfentanil 50, 200, 400 85.7, 102, 103 7.7, 6.5, 2.6 87.7, 109, 106 8.6, 8.7, 6.4
Sufentanil 50, 200, 400 93.6, 89.6, 99.5 4.1, 7.2, 9.8 96.2, 95.7, 99.9 5.5, 81, 89
Alpha—methylfentanyl 50, 200, 400 104, 105, 107 3.0, 2.9, 7.9 108, 112, 112 7.2, 6.0, 8.2
Acetylfentanyl 50, 200, 400 114, 84.1, 106 6.1, 8.5, 9.9 106, 92.5, 110 9.1, 9.7, 9.2
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FAEG: 71w 8 0 30min B AL BRI E),  HLFTH B0 NADES B4 INME; 45 &/ NML I, KBRIRE
5~20 ng/mL. UbAh, AIALPREFRMRIE IR M 4 . RPIMEA4E . NADES % iiAME H 5 15 0048 B 53
Mo BN UER LUK . LG KA CEIRRRE M LR A R € NADES,  JH7E R A A 5 1E
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BT iE ST, BRI R RIS N1, IR IR 825K e 28 0 S AT s N 4 4k
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Table 4  Comparison of the proposed method with other methods

Sample Sample preparation method Detection technique Time LOD Reference

Urine In-syringe NADES Miniature mass spectrometry ~3 min 5~20 ng/mL This work
Water and urine LLE SERS >30 min 90~1550 ng/mL [2]
Drugs QuEChERS+SPE LC-MS/MS >70 min 0.5 ng/mL [3]
Urine LLE LC-MS/MS >70 min ~0. 1 ng/mLL [33]
Hair Solvent—assisted ultrasonic extraction GC-MS/MS and LC-MS/MS ~ >100 min 0. 02~0. 05 ng/mg [34]
Blood and urine LLE GC-MS/MS and LC-MS/MS =30 min 0. 1~1 ng/g [35]
Beverages and urine Slug—flow microextraction Miniature mass spectrometry ~3 min 10~100 ng/mL [36]
Powders Matrix—assisted ionization Miniature mass spectrometer ~3 min 20~50 pg/kg [37]
Powders Developing dual—purpose paper substrates Paper spray MS ~5 min 320 ng/mL [38]

2.5 EBRFE@RO

N TFERN T 5 A RS PR ot VAR P A R X o0 A o Z55R R, TERdt 1 A 2%
KJE (56.68 ng/mL), Fikf 3K HFTZSKIE (71.48 ng/mL), 553 AH £0 3% — 5 i 556 FH ASC A% A0z ) 4%
(43514760. 10, 63.00 ng/mL) FHEA—F,

3 & it

RGN T — PP T NADES B AR AR B 38 B TS ik, T SR BRI PR
FEARTR R ZF R IE R %0710 SR P ET 4 S 0 NADES VA REEG], Wb i RIlHAE, 12
BT REBGSE BRI RE, AR TEMMENGISPIR, HEEM ORI EN S5, S3E, SIS RER
VBT RS I BR 4 5~20 ng/mL, &8 TR A 10~50 ng/mL, J7iEREE . RHrE L BB RIF, &
TR S5 R e e e . i R . AR5 2% M A B A B (B 46 B 2 3 min, A FIT B
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