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Abstract: Along with the development of science and technology, chemical reactions
exhibit an important role in various fileds including synthesis, chemical engineering,
energy, environment, biology and medicine. The effective intermediates monitoring and
mechanism exploration of chemical reactions can promote their development and contrib-
ute to the design of new chemical reactions. However, in the complex reaction matrix, a
variety of intermediates with different molecular weights, life and dynamic changes will
be generated at different reaction conditions, the effective capture and structure determi-
nations of the short-lived and active reaction intermediates are hard to be achieved. In
recent years, ambient mass spectrometry (AMS) has been widely used in the detection

of chemical intermediates to explore reaction mechanisms, due to its advantages of high
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sensitivity, high selectivity, rapid analysis and in-situ monitoring. Herein, the research
progress and development of AMS for the detection of reaction intermediates were
reviewed, which involved the reactions in the fields of electrochemistry, photochemis-
try, plasma chemistry and microdroplet chemistry. For different types of reactions, the
designs of different AMS detection technologies were introduced in details. Upon the
different ionization strategies, different kinds of techniques have been reported, inclu-
ding desorption electrospray ionization mass spectrometry (DESI-MS), nano-electros-
pray ionization mass spectrometry (nESI-MS), extraction electrospray ionization mass
spectrometry (EESI-MS), Venturi easy ambient sonic spray ionization mass spectrome-
try (VEASI-MS), spray-dependent plasma mass spectrometry (SDP-MS), accelerated
plasma degradation coupled with electrospray ionization mass spectrometry (APD-MS),
field-induced droplet ionization mass spectrometry (FIDI-MS) and so on. Subsequently,
the progress and application of these mass spectrometry techniques in capturing interme-
diates of different kinds of reactions as well as the exploration of mechanisms were
reviewed. Finally, the development of mass spectrometry for the detection of transient
reaction intermediates in different chemical reactions, including electrochemical reac-
tions, photochemical reactions, plasma reactions and microdroplet reactions were sum-
marized and prospected. As reviewed, based on the characteristics of high throughput
virtual screening and online monitoring, as well as the diversification of ion sources,
AMS would be widely used in various fields including industrial production, environ-
mental protection, energy and so on. In the future, the improved AMS techniques will
be encouraged for examining more highly active intermediates with the increasing
requirements for the examination of complicated reactions.

Key words: ambient mass spectrometry (AMS); reaction intermediates; online monito-
ring; mechanism exploration

M OB AE AR 72 VETR CHR BT CREIRSF ST AR S AR AR B

HRAELE EEAEH . 75X f v, 75 2 X
2SN T T A ST K AL R AT 5T A BE A HE 2
KR Forb s B M S i [] A 5 AL I AR IR S
BARE AT B e W S N LB A B IR, It
A1 ST BT A 2 R L T 2 R AL A K
H (] A 235 440 A 37 BT A A DAL

TENLERLBIE 5T o 3 5 R DG EA 1] 0 58
AT (UV-vis) (L0 AR ik (TR) DA B A% i 2 4
JEiE (NMR) 35 45 3 35 g R I ) o % € 1A s
AE P 1 22 £ >Fe S5 e e [ 4 14 8 AE 722 £k . DA T 40
A 0 B R ATLER S SR — S Hp AR ) T
1R AR B [B) s 3K 2 S T AL R A 5 3 AR T —
PRI E . A R )T Iz B RO A
VIR DU o R A T B L D ) v (8] 7= 0 1) 45 4 L A
Ak I AH O Bl 2545 B 55 J7 T A A AE — % 1 R BR
PE . PRI, iR 55 & B e R DL B3 B e R

Ji it (mass spectrometry, MS) ¥ J2& 3k B
S FEAE B F 2 Lz — dl 2 — R I
A LA B A R b 2 Bl ) 5T ) S5 40 4F B 2
A2 B A A v ) AR K BIF 5 8l g 2 i SRR TS
VRN R 2 B TS 1F B 10 DA R v i
it 3 B SBT3 T e 4[] L, A% G5 104 Jo 3 A
T B R B 5 2 A i A
AT TR B, 1 A 0 1 2 v R] 7 e X
JTAF 3K, H R JFi ji% (ambient mass spectrometry,
AMS) EEAR K i i3, 5 1% G2 5T 1% o 22 A% 1Y
FLAS ZR G0 MR 2% 10 FF it TLAL BROAS TA] L 32 4R fiE
i S PR LA L e R BERE b A BT R S R
AR A o 3 DA SR A4 8 o SR R I (1 9 ot R
Bk, AMS TR B2 /AR 2k 27 SO il it 52
rh B R A DG BE A% AR AT 22 B R N
A R RN AT o = SR



5514 B AR T TR B HOR (Y f S B ) A i BT 5 33

B

HHr. AMS B )3z W H T4 ik I b
Sy BT S BEVE B DL RS AR 5 v 2 4 ) 2ot
FR AT AT o E 1 S ek ) S A R R R
R FI = W) 1 m /= AL BT S B R AU
T, AMS BT DUFE 2k W I O 7E 2 15 1 I
LA R 5 3 3 DAV SR R R L v S A A A
(10 v 1B) 7= 4 I R SN E R AR A B ) 2 0
FEo BRI, X — 265 4 (1 O WK R L 4 0 4
A LA A A S R AMS F858 AL
B CUN 22 i P ) T 0 43 88 AN ) 9 o 22 [ &2 2
B4k 36 &R B MR AT L BN I TE AN B F1 2 4
DR — E PR . TR B R M S A
3 SN AR AR DL RS [R) A S (A G 2%
RN pH ED 55 R 2R 11 52 ), 3 4 2 R S R A
S ST 3 R o A I AN [ ol 2 s I ] 4R £
ETPRIR L B AR RN I £, RN ]
700 0 o A A, T T e 2 AL B T X K
PRI o 75 B 0 R S T AR A T s 1 3t
T2 (1 v () A o 30— 25 7 figf SO BILER L A B TR
AT FE A RO A 1 U B R
S S5 4L SR B

AR SORE 255 T A R T TS R BT
) A 11 A Ti) 24 A8 2 g v ) 4 G T B s ) 1 AF
FEIEJE L E A 48 A R PR T 25 HEL S T3 (DEST-
MS) | 44 7 L 15 25 i 1% (nEST-MS) | A% B e, 15§ 55
3% (EESI-MS) | 3C e B 5% 5% it 1% (VEASI-
MS) | W5 55 5 45 B 1K T 3 (SDP-MS) | 45 5
T im A A T (APD-MS) UL % 315 5 T
HL 2 B3 (FIDI-MS) 45 #L R (%) % Hs 12 16 5T 1%
B AR AE BN W R S 9 B B AT AE HLA
5N G A SN A B R SR L AR R
S o R v T R 2 e TR] 7 A 0 A 0 A A
ATE L, (R B R 5 R 7E B R
T 75 T 9 1 I J8 BB 7 K R 1) Ak 2 S0 HR )
PR 5 b A i 5

1 L= & NP E) K & o8] 7= 4 B B
i 77 ik
L1 BUzERE

M 1k 2% 2 W Celectrochemical, EC) & & 4=
T D B A B R A R RE TR L BR B DL K
A B A U A TIZ N . R AR RO
o [i] 42 K e8] 7= 49 a6 A7 4 3R B o3 A AT D 4

b TSR SN MLBE I Ak SR AR . A5 G Y Ak
SOy WO IR B = R S AR S B T )
JBT 1 & AE RE T3 5 1 5T 1k AT D B A o At 1) o (]
IREEM (5 B FLRR S AT 2410y i 5 %6
S HL AR 27 SR R ] 7= 4 G T A R B
AT » oAb 27 5 003 10 76 28 36 FH 3 295 % el
Z5 LB (ESD | 22 43 WA 22 it 1% (DEMS) | i i
FHLIBE %5 FL 5 (DESD %8 55 b s AR, JF |,
Bifi 5 6 AR ) & O &t 2R B T vk
P Ak 2 S50 H ) AR B e ) 7 g A bR L R A
HA I

(Ambient mass

spectrometry)

1 FAEUEREFEHEERERAR
Fig. 1 Ambient mass spectrometry technology

in different chemical reactions

Brown %1% DESI-MS 5“/K %7 = T 4E
H A S A 4 A AN B 2 110 T AR i
H A 25 52 o ) A PR A B B AR b O )
BT W 51 A AT F A 2% 1T TG 7 % I Rt
e F B AT AE A 3R T A R L S T 2 AR A
) ROBE b W 3% 43 B . n T 2a, FIR % &
AR B T IR R HL Ak 2= SR A A Y A i O
rhRIA Sy O b A R SR A T
WEHE . HeAh . Zare P RTET 2 B LK £ AL
B TAE fE A i EC Wl s &, Hod 1 Fib
SR A B TR AR L ) 1 AR
MR SR s TE 2b, R ZEE. &
B DEST-MS i AR 5 A A 1 30 5 v A 5
Pz fil AHAE SR B Ak 3 2 Bh AR E T
I fE w0 Mk e B U Bl Y B SCOR H R By T
IE o 20k T T A 4G 0 3 PR R F Ak 2 AR



34

Custom spra

er electrode

solution

Custom spray probe i
Analyte MS inlet
oplets apill

ets
~<—Thin film of
electrolyte
solution

(Co-0,)TPP  (Co-OH)TPP

-~ Interfacial region

Agar-gel Organic phase

Primary micrc
c]ucllndc\ \

\ Platinum wire
REEETE

microdrop cts\

MS inlet

3
reaction system Samples

VE v, KR MRS TR R 5 DESEMS B &% 5050, b h 29U BR A 4LR 9 - 1 L B 15 DESIMS #5404 1020
o HEF AU ECMS 4 B o d. & BA LI IL: 5 nano ESIMS BLA SR 7 e, M2 7 i 15 EESIMS It il 4 700
B2 BUPRENREERLGSERRND

Fig.2 Devices and applications of ambient mass spectrometry in electrochemical reactions
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Fig. 3 Devices and applications of ambient mass spectrometry in photochemical reactions
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Fig. 4 Devices and applications of ambient mass spectrometry in plasma chemistry reactions
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