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BEUEHEBIE-FUEH AR 5K K R
R 53 B A A il

R EARD #at BErm R
(PEANRAGRFENA B, JLa 100038)
AesrE g r B SR R 2, st 102202)
NSRS IR L, BRI SRR O AR A I T SR, b 100193)
CREZERCEZE2E, fI5 210000) (P AZ RIS L0, il 528403)

B ' IPRERYBE ISR S B, BRSO R | SRR AR R, X
LI S A A HEA T YA 2 A 0 AT i 244 T i 0 AR T P A s 285 A ik e S B 20 S M A v
BOYEIIA TB, T, AW 1B S RS M - B R P 20 B ARSI 25K 8 2 i (4 7 A
ik, AR @R e AR AT T TERAMRAET, R Waters ACQUITY UPC?
BEH (4L, LUE IR S A CO,  EBR AN . 7 20 mmol/L HRR B i F B e, fEAER 50 °C R ifkAT
BEEEVEE, (4 F Xevo TQD = PUMFF G HEF RN, 6.5 min Py I T SEEL13FM SRR JE MR A R0 B,
A A RE r EE R T LS, JF HERREXIFRME RAF . Tk 1 Ry 0.01~0.05 ng/mL, {4 BRI
AERIARAEDR 222/ VT 0.6%, 9 Tl ULEESAT 13 Fh IR ROINE B T, 50 ML 5 RO (- BB e 7
TR, ADTIETES R B 07 T B WA UCH, I R B AR RE AR IR T 25 A JE JW i s 1
Pt 2.

KR AN QI B SRR SR FrRE Y

IERIEIEIT ORI BT IFRIC ) ) & — S BA U BRSO 0 & b 2259 i
ok, BRATREITHEHBZFRIE . FlS KIEMEF IS KIES, Nkt & il ZMos KIe 2y, 1k
FFEsnAREEE, YA A A EARMIZEY RO A AR, A E ISR T S 5 AT
HBEGE. EREKEE, FenlRdeHx, REHZF e R Bt NEGZAFEEE T, M EfaHF AR
BRI A 2z 4 S R T4 E S e, #FE 20204F 12 A, BCAE (1961 4EFREE &2 —
W) EFRCIIATTRIE M 26 FhoF KUY . FREC F 201945 H 1 HXIZFRJE S i Sl 42k
GV IFRJCRHREER 5 A AR ER I — A IRBERS, 73R EASFEN B S I ARRIBURES, alfik
WK E SR, IRE ST AEH BEARRIZGEPER . ERIEIEA, XTSRRI A%
LA B A RTHE, RS ANLCE SRR A . BRT, ZFRJE 2 iy 2600 7 kA S
PE-LTAMNEEED | BN LIRS A LS | A - B | O - i kU R R T R
SOEEEI AR DL o TR L | R R R LAY [ 40 SR A A e R B R e AT —
R JR R

HECA AT (UPC?) JEAE# I FLmAAR (03 (SFC) AYFERN | % Bt S iy — B 1943 85 40 M
A, M FIGE AR CO, VB B AH, Y BUER BRI T, nT Sl S s
B R TR, DO EA B E N RERE ), PTEE R IRAA T o B AT O RS HARX
BREIYIE . IAEK, UPC’ HiARM: 2 Tt =ik 2™ g RUYIU 254k & 911455 1)
SYEINE . O SGIREUPCH AR FH T35 10 B0, 41 2015 4F Pauk SR UPC? H RSB
T 11 AR PG ERZEAN 4 R 2 IR A P RO 2 B (S0 MR < 1.6 min) ; 2016 4 Breitenbach %"
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R R AR G- (UPCP-MS) BRI T PSR R R ISR, 45 5%, UPC? X}
FAL B SR AR T B ST R A R U 20 B3R 5 2017 4F Carnes %5431l fifi i UPC?, RP-UHPLCHIGC
TFEAYES T A MR VGBS, JFUEAT T Hegk; 2020 4F Segawa 26hl it UPC* BiAR B T 6 414
VUERZS A7 B SRR, R O B B R] . S8 AR A S R DX 43 B SRR 7

AHIFGE XS 2 BRI OCEIR TR A AR LAY 13 Fho5 e 289 B A T P s el Horb A di 5 2
12 Fpla] oy SEpaia, WREE 1 OREESTASIR A0 B SR R A ARSE ZMpe il it S ifl, &7
13 Flt HER#I UPC*-MS 4 ik, JF5 % B UPLC-MS S8 ik ilb AT LR . AW R G %45 T
ISRIE W T RRIRE UPCP AT H, N ZEAS TR TR s PRGN 5 K SR W At T AR S

1 SLIEHES

1.1 LB 5iIH

ACQUITY UPC* M8 A AT (35 [E Waters A F] ) , Bt £ Xevo TQD = 5 PUBAT T (&1
Waters /4 7] ) ; UPLC-MS: ACQUITY UPLC I Class i# =80k A (0% 1Y (26 [E Waters /47 ) , Bt £ Triple
TOF 5600 PUBKAT H 3 CATHS[A] B3 (35 [E AB Sciex 23 H] ) ; Milli-Q advantage A10 #RZ17K 3 (72
Merck A ] ) 3 XS105DU HLFKF (i Mettler Toledo /A1) ) ; KQ-600DE Ui v pE s (L 1L s
IESABR AT .

CO, (4l =99.995%, bt Tt R TALABRAF) ; HEE, L8, L. S RBEFIE C G
(fajlati, flEfE Merck A F]) 5 HER (Jfig4l, S5 Fisher Aw]) 5 &K ( LIELEN] ) HIRREER (36
[ Honeywell 22 ) 5 13 FiIF R MY bRt i (AZHHE =fF5500) « (1) N-HIEIFRIE . (2) ZWE¥
KJe. B)N-FHIFKIE., (4) 35K, (5)2-HELBIFRIE. (6) R TEISKIE., (7) k-3 FHELIF
KJe. (8) Mix-3 HETFRIE . (9) a-HEETFRIE ., (10) 2-FoF KJE . (11) 4-FoFRKJe, (12) 4-557
FEoF AR JEAT (13) 4-50 T oY R e, HIEAME B AL 2= 25 =X B i SCRe(R B3k STHITA ST, 52
55 7K M4k (182 MQeem) .

1.2 tREBRRRES

A3 FRBGE Y 13 FOF R JE 28 BabnifEdh, FIH BEA AT EC A 1.0 me/mL IFRIERS AW (8
SN EE-TE Ot (1:4, V/V ) IRE TR RN R I AR ER T, it UPC*-MS 4345 F 0.1% (V/V)
PRI AR BB AR DR B2 AR UEIR WL, it UPLC-MS 734,

1.3 @it

ACQUITY UPC’ (%43 (35[E Waters 23 7] ) : BEH {434} (100 mm x 3.0 mm, 1.7 um, BEH ),
CSH Fluoro-Phynyl ff,if4+ (100 mm x 3.0 mm, 1.7 um, FPH#}:) | Torus 2-PIC {44+ (100 mm x 3.0 mm,
1.7 pm, 2-PICH:) | HSS C,SB @4 (100 mm x 3.0 mm, 1.8 pm, CI84%) ., ACQUITY UPLC &4
(£ E Waters A F] ) : BEH C g 3545 (100 mm x 2.1 mm, 1.7 pm) ,

14 @BiE-FRgEY
1.41 UPC-MSiL &

A A RiIG SRR CO,, WA B A HLENAR, RS 13.8 MPa, #EFEE 5 pL, BRE
VEMIFET: 0.0~0.5 min, 98% A; 0.5~7.5 min, 98%~90% A; 7.5~8.5 min, 90% ~80% A; 8.5~ 8.6 min,
80% ~ 98% A; 8.6 ~ 10.0 min, 98% A, ¥4 2 mL/min,

1.42 UPC-MSJRIL &4

LSS B R IE B R (ESIH) , BANAEHLESY 3.3 kV, AMERK 0.25 mL/min FIEE, JBEIAH1
J& 400 °C, WMz 600 L/, HEFLi 50 L/h, SRABIACH 22 SO Wil ( MRM) , AHN Y 5
FXF L L S hlf 4 B £ ik Waters IntelliStart 574 B Zh {46132 (O SIS 2 HHE S £ ST) .
1.43 UPLC-MS%1#4

FEIR 40 °C, WA A R 0.1% (V/V) WIRRE L, st B AN o R HESEE VR FR T : 0.0~3.0 min,
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95%~70% A; 3.0~3.2 min, 70%~60% A; 3.2~9.0 min, 60% A; 9.0~9.1 min, 60%~95% A; 9.1~10.0 min,
95% A Jiiis 0.4 mL/min, JFjg R FHHLMESS 215 IE 2 T (ESI+) ; MS1: TOF &k, fig i
[l m/z 100 ~ 1000; MS2. — 2Rl i S % 2 (CID) fX, FrEdAHiye [ m/z 50 ~ 1000,
1.5 SERREFmAIERS T

PSRBT A S B ST AR, FRHZY | mg AR T H 35 20048, A 1 mL H
Fi, % EHF9R% 10 min, 14000 r/min #5.05 5 min, B EIERAE AR, PSS NEE-IECKE (1:4, /)
RAGIRFEE 0.1 ng/mL, EEHEES B S5 007 .

2 GRS

AWFFEFE LR 13 MR RJERYI BT L5 5 20 12 Fhlm) oy Sl dde, Hob, W (7) 1 (8) IR S+
FfA, ByJst (10) A1 (11) 2RI AR B SL AN AL SR 7 B Al A, (12) F1 (13) S5 T Mk
FIUT TS Bl e S AL 4%, 3 6 Ry I 19 — GBI I B K o i B AR, i LA o S i 67 7 X
gy, PRI ERE I3 BT THERR ik S R AT R S AR ] ARl . RS T L A
LR 2 A5 D B AR 20 UPC? 143 B ROCR ™ A 60, HCry, [ AH | BCHERI R IR A B2, D, AR
WFCTEAE 58 T AR ETEAL | 5 FISCHERIAN 3 RIS IF T, 13 SR JE TNy UPC S B4R
2.1 BIEHEIERE

VAR 3 SR I B R (R=1.5 BRI B L ISR<L.S NEEARITES L R<1NRTES) | WX FRdE (4
R TAE0.8~1.4 [X[a], JyRfFrig) | I5E (ikidm 1/2 ALy sgie ) Modrita) (Bn— 9B
VEMEISTE]) SR FEDR, FEAEIR N 40 °C Bt o 7 20 mmol/L HI R SR (Y HY B R 7 0.2% /K i HIBEAY
MR, ZET 4R UPC @3S HE M/ B ACR , SR R IR,

7 7

~ 8 ~ 3/ 6

= 3 10 3 10

< 11 6 5 A G 138 4 B
S ;‘ 1213\ - |/2 =) i 9

S A ANAN ‘ = [ i

21 2 ML 1

é) 0 1 L /\ ] g 0 L L L ]
g8 2 3 4 5 8 4 5 6 7 8 9
= #/min = #/min

- 7 —~ 1 7"’10

] 1146 3

g o c 3 I D
= 4 3 = 5 | 2

=3 f12 13 432 S 2 8 1 52

21 2 1 A

é) 0 /\ J g 0 L 1 /\ ]
8 "1 2 3 g 2 3 4 5 6
= #/min = #/min

P ARIR GRS S5 R B B i €18 (A) FPHEE; (B) Cgff; (C)2-PICH:; (D) BEHA: . 73#55%
(RIESVIRN

L N-HEZERIE, 2. ZBIS R, 3. N RS RJE, 4. 75K, 5. 2-H3LZmIF ke, 6. R THEISRE, 7. al-3HIIRR
B, 8. MA-3HAIF KR, 9. a-FHIERIE, 10.2-503FKfE, 1L 455K, 12,4505 TEIZF AR, 1345 T BEZF A
Fig.1 Chromatograms of fentanyls on various chromatographic columns: (A) FPH column; (B) C g column;
(C) 2-PIC column; (D) BEH column. The conditions of separation are shown in Table 1

1. N-Methylfentanyl, 2. Acetylfentanyl, 3. Benzylfentanyl, 4. Fentanyl, 5. 2-Methylacetylfentanyl, 6. Isobutyrfentanyl,
7. trans-3-Methylfentanyl, 8. cis-3-Methylfentanyl, 9. a-Methylfentanyl, 10. 2-Fluorofentanyl, 11. 4-Fluorofentanyl,
12. 4-Fluoro-isobutyryl fentanyl (FIBF ), 13. 4-Fluorobutyrfentanyl

i FPH AL (B 1A) , (6) R THFRIE, (7) RASHITTREH (8) -3 AT K
X3 SRR > BOR T, O RBUNIERE S . ] C A3 Esns (I 1B) , (6) 57 Tt
S RIER (7) Q-3 EESF RIERAETT B (R<1) , REBOIGIEARMAHERHER . ] 2-PIC 5>
B (B 1C), (4) ZFRIEM (5) 2-HIIL ZBESF RJERBEN B (R<1), (6) 57 THESFAJEM (7) FX-3H1
FIOFRJE AR REHEL 5385 (1<R<1.5) o {fiJf] 2-PIC Gi5HE o3 Bi0t, ST BRI OR B8 %css , He
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JE A A 2- PR E, S et HARY) A B AT HE R AR L. 1 BEH @A I 19 73 B RCR fe
(E1D) , SEHI2MFAAER AL B (R=1.5), 13RI 4R iR B FRIE, e RAE 5.6 min PYR]
WSROI U I (R A A [ RE AT RS AR SN S5 R JE W ot LA S4B O B R ) e
P, R, S 2 s Be i BEH HEEA T 70 A

K1 AREHEHN PRSP ) ik s 4R

Table 1 Chromatographic separation results of fentanyls on various chromatographic columns

NV T WA XIFRIER R CRIETE S ATRE]
=} Sif P
75 Gt & ri“J Temperature ~ Number of  R=1.5 I<R<I.5 R<I  Number of = Half width Analysis time
No. Column Modifier o . . .
(°C) peaks symmetric peaks  (min) (min)
HE4+0.2% Y K
1 FPH  0.2% Ammonium hydroxide 13 9 0 3 0 0.0491 4.63
in methanol
F 40,29 1 2K
2 C18  0.2% Ammonium hydroxide 13 10 0 2 1 0.0628 8.31
in methanol 40
H PiE4-20 mmol/L H iR 44
3 2-PIC 20 mmol/L Ammonium 13 8 2 2 9 0.0395 2.52
formate in methanol
Y J5+0.2% HY K
4  BEH 0.2% Ammonium hydroxide 13 12 0 0 13 0.0476 5.52

in methanol

22 HEFIFAERA N

Il SRR CO, BIBMEARSS , R —LE L ST IRRE 122, T TGRSR AL & i
VAR RE Ty, B ) CO, T (1%~5% ) AP, XA I RR i o el e
EAR G IR P BT G FCBIEAR, (XIS T A BN, BB A 0 DR B I ] L 38 2
FIEEE . AWFFER BEH AL, 7EAENR 40 °CZ61F R, T8 T 5 Akt (7% 20 mmol/L FRER Y FH
T 0.2% ZUKHY L, 75 20 mmol/L FTRRELH L1, 7 0.2% ZUKII LB, & 0.2% ZUKIZNE) H7r AL
R, GRS, MOCEOIBEILIE 2. 3 20T, SR e s B e e, Sz, il

—_ 13 1 —_ 11-
3 3 =
Sy 12\ [10 A S s 13\ 76“0 o B
=3 s\ //452 S 3L 8 o3 | /4\52
X x 3
s 2 9 1 = 1
Z1 21 A
g 0 1 1 1 /\ 1 é) 0 1 1 1
g 3 4 5 6 7 3 3 4 5 6
= t/min = t/min

13
~ 373\7 1 -~ 11
3 12 Yo C 3 13917 D
> 4 8 \ 6 4\ 2 1= 8 3 ? (1]
- 3 10 = 6F /h3|f¢ }4 52
2 LA I 1
‘B (1) 1 1 1 A 1 7] (2) 1 1 AN 1
5 7 4 5 6 7 8 9 8 3 4 s 6 7 8
= t/min = t/min

Intensity/(x107 a.u.)
>~
o ?"‘

t/min

K2 (EHBEHE AL, 40 °CIF, RSP I5 R JE R B0y BASCR2N . (A) HIEE+20 mmol/L H1 R
Bz (B) HIBEH0.2% M EK; (C) ZFE+20 mmol/LH Rt (D) ZFE+0.2%MEK; (E) ZAE+H0.2% MK .
JF5 1~ 13X 1 (0 5 [ 141 1

Fig.2 Influence of different modifiers on separation of fentanyls using BEH column at 40 °C: (A) 20 mmol/L
ammonium formate in methanol; (B) 0.2% ammonium hydroxide in methanol; (C) 20 mmol/L ammonium formate
in ethanol; (D) 0.2% ammonium hydroxide in ethanol; (E) 0.2% ammonium hydroxide in acetonitrile. 1-13

correspond to the substances as in Fig.1
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M IERT R B B ) i s, JF B B B, Mesads K. Uehn 0.2% Z/K 5% 20 mmol/L HI R
BEAHEL, PREGETIRIBH SR JE, DSOS TIRIMEUKIG, PRI LT, SerEs, PR
PR K. B2, BRE 0.2% ZUKM CRES, A4 Felc i3 3kAe TR 255, I AT
RESE A B . FIEREK G, SEGTSHA AL, i EE R, o
FEXF BT B4, PRI, ARBIFSE 8% 15 20 mmol/L HF FR 4 1) FH B S e 791

F2 REBERI RS AR S0 FBEHA 2R A e 24 B 1 (1 43 35 485

Table 2 Chromatographic separation results of fentanyls using BEH column with different modifiers and column temperatures

- Temperature Number of R=1.5 I<R<l.5 R<I Number of  Half w1dth Analysis time
No. Modifier o . . .
(°C) peak symmetric peak  (min) (min)
I BE+0. 2% Y K
1 0.2% Ammonium hydroxide 40 13 12 0 0 13 0.0476 5.52
in methanol
ZBE0.2%IM K
2 0.2% Ammonium hydroxide 40 13 9 3 0 5 0.0566 6.95
in ethanol
Z,FE+20 mmol/LH iR
3 20 mmol/L Ammonium 40 13 12 0 0 13 0.0518 8.53
formate in ethanol
ZIE+0.2% 9 K
4 0.2% Ammonium hydroxide 40 12 10 0 2 0 0.1141 8.48
in acetonitrile
5 F 22420 mmol/L H i 40 13 10 2 0 13 0.0469 6.46
6 20 mmol/L Ammonium 50 13 12 0 0 13 0.0446 6.36
7 formate in methanol 60 13 10 2 0 1 0.0432 6.28

FEIRJE: UPC? HrsZmi (354 7 I 55— AT 3R, TSR] o3 SR A 14 43125 B R ) D B
AE. W, FEEHRRT R, i’ill FUALR CO, R ERRAR, VRMLAE Jmiss, AT BRI ] SE R . {HSE
PR, X AR AT R R0 7 AR . %6 T 3 Al (40, 50 F160 °C) R BT DL, 4551
W2 5~7, BEERERTE, BR (1) N-EESRES, HEYRA R I EEER; (6) 5 THEINK
JEFN (7) F-3WEESFRIE. (6) 5 THEISRJEH (9) o-FHESS R SR ik W 4 S A AR 1) 23 5 2 122 R I
#, HERmMEm s R bR, SRR 50 °CHF, FTA R AR is 8 58 20 g, i, %
Pl AT 50 °C.

Zi b, Ak UPC? 25040 (8] BEH (A4t LA 20 mmol/L HIERERAY BN MR, HEIRL 50 °C,
TEMAAES, 1350 A bR AR S AR O O 200 ng/mL I, SR A (35 73 BRI ULIEL 3

2.5 A 2.5 B 2 R,,=12.65 2.5 C 45

’:? ’:‘ R ’; Rys=178
< 2.0 < 2.0 <
> > >
x 12 | x 12 x !
=10 = 10 }
g 05 £ 0s é
= =] =
o 0.0 1 1 ] Ll 0.0 L L ] e
2 4 6 8 2 4 6 8
t/min #/min t/min
—~ 25 _ —~ 25 _ —~ 25 _
:i D R,5=7.57 3 E 1o Ryp1=3.08 3 F 5 Ryy15=2.59
< Rs7~1.61 < 2.0 < 20
2 Rs56.95 2 2
\></ % 1.5 % 1.5
_} 2 10 = 10
E £ 05 £ o0s
= =] =
o J Ll 0.0 L ] e 0.0 'l L ]
4 8 2 4 6 8 2 4 6 8
t/min #/min t/min

B3 SRAEAIE T I3RS RIS T B G P, 75 L~ 130 9 49 5[] Pl 1
Fig.3 Separation chromatograms of 13 kinds of fentanyls under optimal conditions. 1-13 correspond to the

substances as in Fig.1
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23 WEMHTFEMERBREINXR

UPC? (40 5 JE PR DIE AR G, R Sh A AR M /N T 52 A0, DR o A A kb, 38 % Y P
IR, 13 Fh IS A e W T A Bt S AR A U .- N-FR LS5 e IR E BN - 4 R
e, WPER TURNER N b REEUR ORI R RY I, Bk, 7eirf @ik s T IEss
BRUEMLI K . BT BESF RIS KJE . SISFKJE B SEm SRR 4 ot , M3, (2 B e T) e ARk
s, -3 IR R AN -3 LIS K 525 R AL, WRIERS A H R s 55, PRI —
BTIRBEHGTIFRIE . R FAAAE R 2-3805F K8 | 4-30F RIS 4-30 5 T Bt 75 K e i O B3 1 ]
B INTX R T CEE I 25 R e A TS RS, XAl REE TR ENGE FRE iR TR, S35
AP W R T RO AR 55, ARG B, REIT K SIS ReMEt, Bt —14
WS, — e AR R, (HAESE PRI, RS JE MR B I 2N TR R)E, XAl Re &
TRETF R o F A AR BE B WRIE RS A9 N B, W HAION r e s [, O 5
2.4 UPC-MS5UPLC-MS#H#i4E RrItLE:

K H UPLC BEH C,g (Xt 13 B 25 R JERY b 753 85, IR BRI Iy, (X sed i iy
UG E] 5 T UPC? 2UAY 3~6 min X [H], (G EANE 4A R, (6) S TEENRE . (7) Ral-3H3
JERIE . (8) -3 H BT KIE A (9) a-HILIF R Ak, LUK (10) 2-F 25 KJEF (11) 4-5 5%
KICIKH SR TE RSB, MHAR 3 HRRBACE T35, UTUPLCKH T 13F0 25 K25y i
SEABA 4 B R E R e UPC?, BARAH ST 28 1) UPLC BRI A T REARAS AT 1 i R, (1
FERT TR, P L SRR 04 it 2 i B AR, MR R ik Y S A . R A UPC? Al UPLC Wi
s, TERAESEE A TSR 13 ISR B Of B8 B [ B A T e e L, S5 R Bl il
FIEZA A (R=0.59) , W 4B iR, R BRI ik iiti s 2ok, AR M.

10+11

0.7F A 4 6+7+8+9 5.6r g
| 5 =10 y=-0.39x+6.49
~ 00 3\ saf =13 R=059
5 o5} S
< 2 =]
S o4} N £ 48
< 12 g
'g 03r //13 %‘ 4.4
= =)
g =
e 02f
= 4.0}
0.1F J ul
1
0.0 Ay ) [k 1 1 36 1 1 1 1 1
3 4 5 6 7 3 4 5 6 7
t/min t(UPC?)/min

El4  BefEUPLC-MSZ A T 25 RJE Mo 8 0 (i B (A) LIRS UPC I IEAZHETFAR I (B) , 75 1~13%F

JSE B4y S T 1
Fig.4 (A) Separation chromatogram of fentanyls under optimal conditions of UPLC-MS and (B) orthogonal

evaluation with UPC®. 1-13 correspond to the substances as in Fig.1

2.5 FEFEREN

FIC ] 13 Fh 25K JE 0 0 14 28 90 ok BE ARl VW, FE B A 1 T 84T UPCP-MS I, LAk Y
MRM i3 (S I (E MR LT 3 ubniflE, A4 BAgAL H FRAE 0.01~0.05 ng/mL Z [A] . 200, 5 A10.1 ng/mL
WL KV B A5 WOk B IS 8] - R {E RIS AR (i 22 (RSD, n=6) WL3% 3. Z593RW, [Al—W ) T 13 Ff
FIARYIA O B I 18] RSD < 0.6%, {4 B INFRIBEHR BE AR /N T 1.45% . [RIINF, 5587 9 Fpagdh (HAEA N
i SN | RS TN B2 MRV . T P TRE . EED | RS AN 3,4-01 F AR EEIR N ) KBk
FRTIESTRATEM, A BRI RKIEEY B . LRSS, AL mitsg . R
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R EEMERA, RS RJE R IE MR I A oK
3 IBFIFRIE M BT I AR AR T
Table 3 Methodological index evaluation of 13 kinds of fentanyl analogues
e oy o B AR 54 i) RT (min) RSD (%, n=6)
No. Compound LOD (ng/mL) oy o/ml  Sng/mL  200ng/mL  0.1ng/mL  Sng/mL 200 ng/mL
N-HIEZFR e
1 N-Methylfentanyl 0.02 6.25 6.30 6.30 0.15 0.06 0.05
2 LRt N 0.05 4.28 4.37 4.37 0.13 0.10 0.10
Acetylfentanyl
3 N-RIET R 0.02 3.28 3.35 3.35 0.41 0.28 0.08
Benzylfentanyl
4 ;:njtzgl 0.02 4.05 4.13 4.09 0.30 0.14 0.07
2-HELZ WIS e
5 2-Methylacetylfentanyl 0.05 4.15 4.23 4.23 0.24 0.16 0.10
(=1 il
6 5t Oy RJe 0.02 3.73 3.80 3.80 0.37 0.25 0.11
Isobutyrfentanyl
7 [2A3HIEG R 0.02 3.59 3.67 3.67 0.53 0.15 0.12
trans-3-Methylfentanyl
i7- PAS
8 Jmﬁ SIS 0.02 3.04 3.12 3.12 0.58 0.28 0.22
cis-3-Methylfentanyl
a-HEZF R
9 a-Methylfentanyl 0.02 4.21 4.30 4.30 0.28 0.11 0.09
A
10 292 0.01 3.78 3.85 3.85 0.27 0.15 0.11
2-Fluorofentanyl
4-FoFKIE
11 4-Fluorofentanyl 0.01 3.54 3.63 3.62 0.27 0.20 0.07
BT HESS
12 4 ﬁ‘#TM/}j{E 0.05 3.26 3.34 3.34 0.32 0.34 0.09
4-Fluoro-isobutyryl fentanyl
490 T WESF R e
13 4-Fluorobutyrfentanyl 0.05 3.44 3.52 3.52 0.39 0.30 0.16
2.6 SEBREmMTHT
ST AR 7 i 45 ML 3R 1 T 525 8 2 25p R
FRHEATRS I, FEASGI T 10 MR S5 R, 5 A 2o — 4-Fuorofentany]
FEAASIN ST R JEZE T, o, ARl 1, 2 F1 3 3y El 5 0010
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Fig.5 Chromatograms of fentanyls in real samples
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Abstract As a new class of psychoactive substances, fentanyls have the characteristics of wide variety,
rapid replacement and extremely similar structures. The accurate identification of their isomers is a major
problem faced by drug analysts. Ultra performance convergence chromatography is a powerful tool to
achieve efficient separation of isomers. Therefore, a new method was established for fast separation
and detection of fentanyls by ultra performance convergence chromatography-mass spectrometry in this
work. The separation conditions of the chromatographic column, modifiers and column temperature were
optimized. The separation and detection was conducted on Waters ACQUITY UPC® BEH column with
supercritical fluid CO, as primary mobile phase, methanol containing 20 mmol/L ammonium formate as
the modifier, column temperature at 50 °C and a Xevo TQD triple quadrupole as mass spectrometer. A
total of 13 kinds of fentanyls were completely separated within 6.5 min with an above 1.5-resolution to
all the isomers. The chromatographic peaks were perfectly symmetric. Methodological statistics showed
that, 9 kinds of common drugs did not interfere with the determination of 13 kinds of target substances;
the detection limits were 0.01-0.05 ng/mL and the relative standard deviations of the retention time were
less than 0.6%. Compared with the conventional ultra-high performance liquid chromatography-mass
spectrometry detection method, this method had significant advantages in the separation of isomers,
which fully met the anti-drug public security departments’ needs for the accurate identification of

fentanyls.

Keywords Ultra performance convergence chromatography; Mass spectrometry; Fentanyls; Isomers;

New psychoactive substances
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