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Abstract: In recent years, the misuse of synthetic cannabinoids has garnered significant societal

attention. To evade regulation, synthetic cannabinoids are often illicitly mixed into e-cigarette liquids
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to create "heady e-cigarettes". The complex matrix of e-cigarette liquids poses a substantial challenge
to the detection and regulation of synthetic cannabinoids, necessitating the development of methods
suitable for rapid on-site detection of these substances in such products. A miniature ion trap mass
spectrometer, with its high sensitivity, fast detection, and portability, is an ideal tool for detecting
synthetic cannabinoids in e-cigarette liquids. In this study, a rapid detection method for synthetic
cannabinoids in e-cigarette liquids was established based on acetone-assisted photoionization
miniature ion trap mass spectrometry. The study revealed that the complex matrix present in
e-cigarette liquids can mask the detection signals of synthetic cannabinoids, thereby significantly
reducing detection sensitivity. Furthermore, matrix residues were found to cause severe contamination
of the mass spectrometry instrument, resulting in an extended instrument recovery time of up to
360 min following contamination. To address this issue, a micro-heating desorption pre-separation
module was proposed to achieve pre-separation of synthetic cannabinoids and e-cigarette liquid
matrix components by exploiting the boiling point difference between them. Using SF-EMB-PICA as
a representative compound, the effects of temperature and heating time of the micro-heating
desorption on the detection signal intensity were investigated. The optimal temperature was found to
be 150 °C, and the optimal heating time was 5 min. Under these conditions, the heating pre-separation
strategy successfully minimized the interference from e-cigarette matrix components, achieving
optimal detection sensitivity while reducing instrument contamination. The instrument recovery time
was reduced to only 1 min. To demonstrate the universality of the method, three typical synthetic
cannabinoids (e.g., SF-EMB-PICA, 4F-ABUTINACA, and 4F-MMB-BUTINACA) in different
flavors of e-cigarette liquids were investigated, all of which were accurately and rapidly detected. In
addition, the method exhibits high sensitivity for detecting all three synthetic cannabinoids at
concentrations as low as 5 mg/L. This detection limit is significantly lower than the typical synthetic
cannabinoid concentration range (0.58%-2.71%) found in "heady e-cigarettes", thereby fully covering
the potential content of illicit additives in e-cigarette products. This method not only offers excellent
detection performance, but also features fast response, low cost and short instrument recovery time,
making it suitable for on-site identification of illicitly added synthetic cannabinoids in e-cigarette
liquids. With the continuous expansion of the e-cigarette market and the growing severity of related
drug crimes, this method is expected to provide important support for the on-site detection of
synthetic cannabinoids in e-cigarette liquids.

Key words: synthetic cannabinoids; e-cigarette liquids; miniature ion trap mass spectrometry; rapid

detection; preheating
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Fig.1 Schematic diagram of the ion trap mass spectrometer (a) and detection process of synthetic cannabinoids

in e-cigarette liquids (b)



478

B e 4R Hae

N PR  H B R s LS SR AT A i RE Bl 10.0
1 10.6 eV (1654 PO R L 2508 RPN B 25 5, N
1] 15 55 rf PR TR 43 25 6 T8 B B R AR
JHE T, ST SRS T RAE ST ET
FWAF RIS B R, RERIFE S, &
FIER RN T 3 A F Bt fil .

AHIF ST e T — Tl el MR IR i T4 S U
T, BRI T & oo )R A ik W% 151 43 285 A5
X 4G R i B R AR T SN A B, T
KA 31 3 S AR 43 FI SCs A 9k A5 22 50k S B T 4
B AT LS E R 2 200 °C AR EE, IR
B 22/ T+l Co BN 24 V, D) /NF
120 W B BH I 335 104 65 000 BsF ] > BB 28, T i Ak
PRI R o3 B . Ry TR TR, TE T3 B
BT T Z2AmEELAL, BT LRI SE B 2 AR AR
AR AL

4 . K Bk & SF-EMB-PICA, 4F-MMB-
BUTINACA. 4F-ABUTINACA #5 # /it : 10 mg/L

(F B3 R)), AL AT AR IR L RHE AT BRDTAT 2 /7
fit s FEL A« AR P A 5 o e T A o T
i, BAUH FAS BRI B o Mral, R
P B A AT BRA R fhs IR 0B 4, Do B B
A R T i o

2 FREITR
2.1 EBFURIE T A B K AR R AR A SR A B B2 i
H, ARV B 32 o S . Y B L
Bk, Ay O i BT B Ak AR BT, R A D
ZSARYIES I, 33X e ) 235 A R R R
LB, L ) 5% B TS AR, 3RS R Ay
MRS T3 1. B, AR EE T Bl
(9 I A 5 B KRR 2= b oA ot A 00 45 R 149 52 0
T TR TR 5 B Y L VR R AT R — SRR 1R R
AR B T, miz 117 R RO R ) B T 0
(reactant ion peak, RIP), HAf #J2 F1] F il 55 &5 F
& Y BT SEFRE T, TESE A UK RR R B Y

F1 BFEBPEERSFMEHAREAENLER
Table 1 Properties of main components in e-cigarette liquids and synthetic cannabinoids
e AR, /L = i 5 NANES =R "
. RN PIEES MR FER R FE FRAS
Name Formula® Structural Relative molecular Boiling Viscosity*/ Mass
formula® mass point”°C. Pa's (25 °C)  percentage/%
, HO/Y\OH
H-ih C;H;0, 92 290 1.49 50
OH
OH
[ C;H;0, \/\ 76 184 0.06 40
OH
" N \N
JH; CioH,N / \ 162 244 - 2
FAras - - - - - 8
F
Oﬁj\ ZN\/\/\/
SF-EMB-PICA C,,H,FN,0;4 HN 0 376 562 - -
Rt
~
Oy i E F
4F-MMB-BUTINACA  C3H,,FN;04 ?\I/ON\/\/\ 349 = = -
HN
et
o N \/\/\F
4F-ABUTINACA C,H5FN;0 ] N/N 369 576 - -

%S

1 a /R B SRR FNIST Chemistry Web Book; b7 5421 I T ChemSpider



5% 43

TS B AE  IOR S T B R R e A P S SRR R

479

[, sBE e B I TR ANRE Ik A4, R T 2a.
10 mg/L 5F-EMB-PICA #7 # & 1Y) J5t 135 151 7 T 5]
2b, m/z 377 SRR S F IS B 7 . LI

x10°
12ra

RIP
117

x10?

o O [SEENNCN o
T T T

SF-EMB-PICA
377

Intensity

(=] [\ B (=)}
T T T

x10?

Nicotine
163

e e = - - — o —

0 T TN |
150 250
mlz

350 450
B2 WEREHNREIRFIEF(a), 10 mg/L SF-EMB-
PICA #RAE# M (b) 14 SF-EMB-PICA B F4Eim#

aa () By i B
Fig.2 Mass spectra of acetone as a reagent ion (a),
10 mg/L SF-EMB-PICA standard sample (b), e-
cigarette liquids sample containing SF-EMB-PICA (c)

%103 N
20F . )
@ RIP |Nicotine 163 0 min
117
10 ?
I
0 _—M-A—A "
x1031 |
=120 180 min
5 of
g
0 b
12 x10° | |
: 360 min
6 I
I
0 d
150 250 350 450
mlz

Intensity

T8 A R R FE A I 45 R T 2¢, R A
SF-EMB-PICA &5 ¥ W, 5% FF 5 fy 09 06 Ay 08 B Bk
K57 I & B T miz 163, HL3% 18 e H i
T R B A T I A 0 B 0 . JRAE A
BLA= Y882 Ak & W, BT 2% FH e J) 3wy T B
25 HRZEAL G W, A T R T o e 1 R
Gy F L Pe 5 OB B A S IO AR A
T8 7%, SF-EMB-PICA i J5i 1 3¢ Fll it )1 B Mk
Bk AR, 765 0K 0% 58 4 b &b 8 R H A,
NEEA BB, FEA 2¢ AR W ELF] SF-EMB-
PICA MU4FAF 16 . H I AT B B B i, (1
HT 72 FRE 7 O R A, 7E LA R — SRR e 1
VR BN 85 -, L5 5T 2% Al RE 71 AR B A7 7E
MIEOL T, ANRERCA R . BIL, FEF 2¢ ok
WG B H i AN R B SF hnAU S F0

JHBR S — MR A, 23R B, 2375 AL,
VETT SR PR A A TE W T AR, Wi, ABIFST %5 %¢
T UEREACE S S S [ B TR A S L R T A
3a. MHBH BT m/z 163 Al N B F m/z 117
(15 5 i B2 I ] ) 722 Ak i #50R T 181 3b, B
HRELR)S 60 min PN, m/z 163 B T{E 55 E BT
T, Hom/z 117 815 S ARAMK, M5k B8 ™
;180 min &, HHHHAF 5 H P i T B 360 min J5,
KRRAR 5 B 055, By 3 751 B8 -k A2 81 A i 1)
SREE . X R W AR B AR B, A o e
135 360 min. KL, 75 2 X H 40 b 2#E AT AT
Ab R

x10?

b —a— m/z 163 (Nicotine)
—e— m/z 117 (RIP

20

15+
)
10+ E
&
5t
ol
0 60 120 180 240 300 360
Time/min

B3 SHAEEREHEAREESERRIERE (a), BB F m/iz 163 SRMIXFIEF m/z 117 NiESRE
PRt BRI L B 2k (b)

Fig. 3 Mass spectra at different time points after the sampling slide is removed (a), variation curves of

signal intensity for nicotine ion (m/z 163) and reagent ion (m/z 117) over time (b)



480

B e 4R Hae

2.2 TRANEZKER BT AR X A R K R R AT
A

38 2k 3 BT LU F A R R B R JRR 3R Ak
T, 3 AR R S A AT TR 184~
290 °C, 14 K FEZ SF-EMB-PICA HY il 5 A
562 °C, 50 T3 1. BT Uk, #8077 Ak 31 1%
fiff UL T 58, BRIV R 3 A T A T B RN FR
[, LA S B0 H - R e B 43 1 VAL, A R T B L
VR ER TN a7 AN E Y= I SR A e 7 1 iOF iRl g
o, BUORE, Kllm s T8 b, &5, 1
P FEAE SRR 1 ul BRI AT 1 pl 10 mg/L
SF-EMB-PICAFR#E i T HEAEAR |, A5 H 7~ JH
5 mg/L B KRR IR G WG SR 5, #EREAR
BT 22 38 3 ORI A I TG A b AR Ry
FE ][], ATV TR B 2 o O 5 B, o
AR A TR AR A S T BRI R A A T R
B, A sl B A HE A
221 TOMASARAL T R EE A (A
AN W) P, - A8 90 358 I 1) 2 R A0SR AR 43 B
], 3 T B8 BUE U R A0 2%, 100 B ARG
DR . P, ASBIF9E R TR i B — 728 5 3 6]
ARSI . 4 2 uL & 5 mg/L B LR
JBR 2R 14 F R T A AS [R) IR RE R I S min )
I SF-EMB-PICA {5 558 B, LA A Ak 150 i #4
TLRE s 55 Ah, AEE 2 150 °C TN $GR A1k 7
T[], 25 T 4,

B HN AR BE M 100 °C FF 2 180 C i, 5F-
EMB-PICA ({5 5 5 BE 5 SG 3 KR 0/ i 3,

600

500 ¢

400

300 |

Intensity

200 |

100 \'

0

S

Intensity
(%)
(=]
S

100 120 140 160 180
Pre-heating temperature/°C

JEAE 150 C ik Bl K . Fo5 R AT fig 2 bl 5
FROR B TH e, #0485 2 8 VR AL
B AR, %) SF-EMB-PICA T4 /N, A
M $&7& T SF-EMB-PICA ## 1 8 1 m/z 377 (15
SRR RN, RS A I, AN A H 3
(W) BT 2345, A IR RR 32 A 23 PR GA 380 0 e T 46
K, T BUE T oR B N i, BE % 0
FRET ] 8 35 T, FL e 1 4 R o R, A
W) i 5 SF-EMB-PICA A HiL B 5 4 U /L, A6 1l
GO R (AR — D AR TR A], A P
BMAKRRRE WS K, W FBUE 558 TR
N, 3 150 °C 1IN S5 min 1 2 & A DK
%1k

222 RN[EE A BOR BRZR (R AE AR
TG AE T, K A [] JRUBE 08 7 v 3
WA KRR E . & 2 puL 5 mg/L 5F-EMB-PICA
(18 2 VKA LU L 7 08 7l A T &5 SR 1 18] Sa, A7
TE miz 377 1 W . Ry itk — 2 96 UE %08 e 0
K AT HL TR 2% T, R TS A R
JBR 114 2 VKR JL R T Rl 45 SRR TR Sb,
KL 2] m/z 377 1% W, IEBH K] 5a v m/z 377 K
H F SF-EMB-PICA. >k % iiF % J7 ¥ i) 38 FH 1
AT SR, R T A IR F M 5 mg/L 4F-
MMB-BUTINACA 1 1 5 Bk H 4y ' 5 mg/L
4F-ABUTINACA, %5 % 53 5 7~ F Kl 5S¢, Se. &
TN A A B S, H AR 3 S5 P oeT AR  #) 4F-
MMB-BUTINACA #il 4F-ABUTINACA, H 7= ¥y
BT 00 90 m/z 350 A 370, 349 R BEK 4> TN A

600

500 -

N
=3
(=]

200
100
-
0 T T T T T T
1 2 3 4 5 6

Pre-heating time/min

E 4 5 mg/L SF-EMB-PICA {5538 EREHUMHGRE (a) FIFT A H AT E (b) BT 1L Bl 4%
Fig. 4 Variation curves of 5 mg/L SF-EMB-PICA signal intensity with pre-heating temperature (a) and

pre-heating time (b)



AW TEERAE . BRI RS T BB DS I e R P A R R R 481
%103 x10° %103
2.0 fa 4.0 fc 2.0fe
5F-EMB-PICA
15¢F 377 30F 15+
4F-MMB-
1.0 20¢ BUT;?SA oA 1.0F 4F-ABUTINACA
370
4 \
0.5 1.0 1 0.5F !
2 2 koL 2
gz 0.0 r ‘z 0.0 — % 0.0 T
g 20><103 [ 5 15)(103 : §2SX103 !
= b | = [a | S !
15+ : : 201 I
| 1.0+ | st |
1.0r I I :
I L
: 05 | 1.0 |
0.5r | 0.5¢ |
0.0 T T T IJL 0.0 T T T 0.0 T S
150 250 350 450 150 250 350 450 150 250 350 450
m/z m/z m/z
E 5 LZHmALERE, & S mg/L SF-EMB-PICA £ KkiR)LERE FI1#Hi# (a) . 4F-MMB-BUTINACA HITEEIRE

F B (c) 4F-ABUTINACA K= SRR FIEil (e) SRR A B KM E A E KR ILIREE F4H it (b)  EE R FIH
i (d) T SRR R F R (f) B R
Fig. 5 Mass spectra of e-cigarette liquids after pre-heating treatment containing 5 mg/L SF-EMB-PICA in the
old ice stick flavor (a), 4F-MMB-BUTINACA in the blueberry flavor (c), 4F-ABUTINACA in the mango

flavor (e), and e-cigarette liquids without synthetic cannabinoids in the old ice stick flavor (b),

blueberry flavor (d), and mango flavor (f)

B o WA B A OKRRR 3R Y 1 A5 K (18] 5d)
T (& SE) A ik 0% 5 3 1, T DL HE B 4%
T, A & Sc A&l Se HRom/z 350 il 370
4358 4F-MMB-BUTINACA F14F-ABUTINACA.,
X R, TN HR T 1 X6 AN () XU (1) L - A e 2
o B S e, B A AR e AR P Rl
KRR = ARG R AR

SR T S U b 43 T SN0 R A 3R A TR R
i WA P 5 PN ) B B O, R BE TR 5 BT HR
R ACUS AR R B 205 1 . B SRR AU, ST
RS IR 1 min J5 #5000 09 25 278 T 6, AT I,
S BASI F) 15 P& b RE A% B 0 ULEE 2 m/z 163 AR
T BT, (55 R ZY N 18005 BLRT, SN i
FI BT HSR 298 6 000, 7 1 min J5 K6 I 4 3%
Er, m/z 163 W JL-T-IH 2K, T RIP W45 JiF (g 35 1%
i, MR =KD RT A2 13 000, X — 45 R E I,
T T TIPS SEREAR A A Y
T R B R 43 CAnH il . TN S BE ARG ) 2 78 00 15
Ko 1min 5, RIP 58 2R & 2 K600 Fif 7K 7, AT LA
AT — D FEA R . F50 0 #4403 AT A 2500
W% F, AR ¥t X A T R R T S S e [
i F, AR it B S A S R S s TR Y [ R

"ra RIP
117
5 L
%’ Nicotine
5 3l 163
] i
I
gl k-.AhJL“
[ !
x103 1 I
14 L L
b I
I
10+ !
> I
£ |
ol '
= 1
= 1
’ |
150 250 350 450
mlz
6 FMHANE FEUH # RS, STEDA (a) 70

1 min 5 (b) #9 5% E
Fig. 6 Mass spectra obtained immediately (a) and
after 1 min (b) following removing the sampling slide

after pre-heating pretreatment

W F RS TRIRCR ., SR, AR A K
JRZE W 5 3R 560 °C, 5 H 4R i FR 3R R Ak 0T
Z 5T 250 °C, HETIF R T B 00 e



482

Bt % 2 4

5 46

AR IRE ST TAE . H W36 0k e
[l 8 200~ 600 °C, AS 5]  f5 19 75 fb ARS A4 X6 43
BERUR IR A fE it — 5T .

3 i

BT HL 0 A KRR R 3 P A T
HYIE YR, ABIFSE K TR L = R L A
UM AT A BEE AR, 25 A O B 1 BE T,
SRR R L R RR 3R A PR R R
JEE PER I 7 i o A BURBRR 5 i 74
HE o A 25 S, BRI TR A3 B Y SR e
38 A Ak T A
R AR ER ST A M$%J&%T@%m@mmm
XA BRI R B 5w, RS T
KRR BRI R B o %6 S T AR
/' 5 mg/L 5F-EMB-PICA . 4F-ABUTINACA #1 4F-
MMB-BUTINACA (¥ {5 2 ke 0 . A ) £ 3 i
TR AT At 87 %) T8 73 B ASE e, T B i - 2
MR 46 5 2= 1 min DL . %7 BT SCELE
TR A R 3R S5 B i IR SO0, DR
1 IR RS A Pk d S 4

8% Lk

[1] ALVESV L, GONCALVES J L, AGUIAR J, TEIX-
EIRA H M, CAMARA J S. The synthetic cannabinoids
phenomenon: from structure to toxicological properties.
a review[J]. Critical Reviews in Toxicology, 2020, 50(5):
359-382.

[2] CASTANETO M S, GORELICK D A, DESROSIERS N
A, HARTMAN R L, PIRARD S, HUESTIS M A. Syn-
thetic cannabinoids: epidemiology, pharmacodynamics,
and clinical implications[J]. Drug and Alcohol Depen-
dence, 2014, 144: 12-41.

[3] TAI H, SWARTZ M D, MARSDEN D, PERRY C L.
The future of substance abuse now: relationships among
adolescent use of vaping devices, marijuana, and syn-
thetic cannabinoids[J]. Substance Use & Misuse, 2021,
56(2): 192-204.

[4] RADOMINSKA-PANDYA A, MORAN J, FANTE-
GROSSI W, PRATHER P. Synthetic cannabinoids:
rapidly emerging drugs of abuse[J]. The FASEB Journal,
2018, 31: 811.

[5] EEFENE RSP B R R R TR R S5 18 b
%ﬂ%ﬁﬂ‘(ﬁﬁ%ﬂi?ﬁ A AR AR B R

(6]

(71

(8]

(9]

[10]

[11]

[12]

ERYIEZT]. LiEAET, 2021, 46(4): 70.
National Narcotics Control Commission. Announcement
on the classification and control of synthetic cannabi-
noids, including fluoroethanone and 18 other new psy-
choactive substances: China becomes the first country to
classify entire categories of synthetic cannabinoids[J].
Shanghai Chemical Industry, 2021, 46(4): 70 (in Chi-
nese).

GB 41700-2022 H, F {H[S]
2022.

HEAL D J, GOSDEN J, SMITH S L. A critical assess-

1 Abst: i v AR AL,

ment of the abuse, dependence and associated safety risks
of naturally occurring and synthetic cannabinoids[J].
Frontiers in Psychiatry, 2024, 15: 1 322 434.

FLVKAE, TR, B RO YRR S A S RO A
SERLT]. T EREEEE, 2023(14): 70-72.

DU Bingqian, YU Jianchao. Rules for determining the
purity and quantity of drugs in new drug crimes[J]. The
Chinese Procurators, 2023(14): 70-72(in Chinese).
ZHOU J, ZHENG Y, XU Y, ZONG X, FAN Y, HUANG
Z. Qualitative and quantitative analysis of synthetic
cannabinoids in e-liquids by pyrolysis-gas chromatogra-
phy/mass spectrometry[J]. Microchemical Journal, 2024,
206: 111 364.

Xz, SO, ARAENE, BRARfE, AEBUR, RA AR, W 5EH
TR 5 A 0] e S e A 2 5 SRR ZR Y GC-
MS & HEFE JAHTI]. 1R BE 444K, 2023, 39(5): 457-
464.

LIU Cuimei, JIA Wei, SONG Chunhui, QIAN Zhenhua,
HUA Zhendong, CHEN Yuemeng. Qualitative and quan-
titative analysis of five indoles or indazole amide syn-
thetic cannabinoids in suspected e-cigarette oil by GC-
MS[J]. Journal of Forensic Medicine, 2023, 39(5): 457-
464(in Chinese).

HUANG Y, JIA W, CHEN Y, LIU C, LIU S, SU M,
HUA Z. A comprehensive analytical strategy based on
characteristic fragments to detect synthetic cannabinoid
analogs in seized products and hair samples[J]. Talanta,
2023, 265: 124 830.

W, ¥ 4, I, R—3K, BEEE O G- A I
JBR i v TR S 5 ARl T Y 102 A B KRR R 25
JR[T]. i, 2024, 42(10): 943-953.

YANG Zhe, JIANG Liwei, YANG Siyao, WU Yidi,
LYU lJianxia. Simultaneous determination of 102 syn-
thetic cannabinoids in electronic cigarette oil by liquid
chromatography-tandem mass spectrometry[J]. Chinese

Journal of Chromatography, 2024, 42(10): 943-953(in


https://doi.org/10.1080/10408444.2020.1762539
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1016/j.drugalcdep.2014.08.005
https://doi.org/10.1016/j.microc.2024.111364
https://doi.org/10.3724/SP.J.1123.2024.03017
https://doi.org/10.3724/SP.J.1123.2024.03017
https://doi.org/10.3724/SP.J.1123.2024.03017

5% 43

P E A 25 - ARORY S 5 B B PR AGIM R AR R R RR R

483

[13]

[14]

[15]

[16]

[17]

Chinese).
WU N, DANOUN S, BALAYSSAC S, MALET-MAR-
TINO M, LAMOUREUX C, GILARD V. Synthetic
cannabinoids in e-liquids: a proton and fluorine NMR
analysis from a conventional spectrometer to a compact
one[J]. Forensic Science International, 2021, 324:
110 813.

XA, B, RN, ALHUAR. BOR B IR i
75 P A KIBRZE AY'H QNMR 2 A AF5E[]. 24l
24, 2023, 42(5): 605-613.

LIU Cuimei, JIA Wei, SONG Chunhui, HUA Zhendong.
Quantification of 75 synthetic cannabinoids in seized E-
liquid samples by 'H gqNMR[J]. Journal of Instrumental
Analysis, 2023, 42(5): 605-613(in Chinese).
METTERNICH S, ZORNTLEIN S, SCHONBERGER T,
HUHN C. Ion mobility spectrometry as a fast screening
tool for synthetic cannabinoids to uncover drug traffick-
ing in jail via herbal mixtures, paper, food, and cosmet-
ics[J]. Drug Testing and Analysis, 2019, 11(6): 833-846.
MOSTOWTT T, McCORD B. Surface enhanced Raman
spectroscopy (SERS) as a method for the toxicological
analysis of synthetic cannabinoids[J]. Talanta, 2017, 164:
396-402.

ANDREWS R C, MAY B, HERNANDEZ F J, COZIER
G E, TOWNSEND P A, SUTCLIFFE O B, HAINES T S
F, FREEMAN T P, SCOTT J, HUSBANDS S M,
BLAGBROUGH I S, BOWMAN R W, LEWIS S E,
GRAYSON M N, CRESPO-OTERO R, CARBERY D
R, PUDNEY C R. Photochemical fingerprinting is a sen-
sitive probe for the detection of synthetic cannabinoid
receptor toward  robust

agonists; point-of-care

(18]

[19]

[20]

(21]

[22]

detection[J]. Analytical Chemistry, 2023, 95(2): 703-713.
AN X, JJANG D, CAO Q, WANG W, XU F, SHIIGI H,
CHEN Z. Ultrasensitive electrochemiluminescence sen-
sor for the detection of synthetic cannabinoids based on
perovskite as coreaction accelerator and light-scattering
effects of photonic crystals[J]. Analytica Chimica Acta,
2023, 1 279: 341 852.
SRIU, WM, AR E, IHE, ERIE, TR, iR
JEUAE H B /N R 485 5B B W S 0 SR (0], S A AL,
2019, 47(3): 335-346.
GUO Xiangyu, HUANG Xuemei, ZHAI Junfeng, BAI
Hua, LI Xiaoxu, MA Xiaoxiao, MA Qiang. Research
advances in ambient ionization and miniature mass spec-
trometry[J]. Chinese Journal of Analytical Chemistry,
2019, 47(3): 335-346(in Chinese).
WANG S, WANG W, LI H, XING Y, HOU K, LI H.
Rapid on-site detection of illegal drugs in complex
matrix by thermal desorption acetone-assisted photoion-
ization miniature ion trap mass spectrometer[J]. Analyti-
cal Chemistry, 2019, 91(6): 3 845-3 851.
WANG W, WANG S, XU C, LI H, XING Y, HOU K, LI
H. Rapid screening of trace volatile and nonvolatile ille-
gal drugs by miniature ion trap mass spectrometry: syn-
chronized flash-thermal-desorption purging and ion
injection[J]. Analytical Chemistry, 2019, 91(15): 10 212-
10 220.
MA Q, BAI H, LI W, WANG C, COOKS R G,
OUYANG Z. Rapid analysis of synthetic cannabinoids
using a miniature mass spectrometer with ambient ioniza-
tion capability[J]. Talanta, 2015, 142: 190-196.

(ki H 491 2024-11-01; & 71 H #: 2025-05-20)


https://doi.org/10.1002/dta.2565
https://doi.org/10.1016/j.talanta.2016.11.002
https://doi.org/10.1016/S1872-2040(19)61145-X
https://doi.org/10.1016/S1872-2040(19)61145-X
https://doi.org/10.1016/j.talanta.2015.04.044

	1 实验部分
	2 结果与讨论
	2.1 电子烟油对合成大麻素标准品检测的影响
	2.2 预加热去除电子烟油对合成大麻素检测的影响
	2.2.1 预加热条件优化
	2.2.2 不同烟油中合成大麻素的检测


	3 结论
	参考文献

