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Abstract: The online mass spectrometry for volatile organic compounds (VOCs) analysis has rapidly
advanced and found extensive applications in environmental monitoring, food safety, and life science
research due to its fast analysis speed, high temporal resolution, high sensitivity, and simplified
spectrum interpretation. This kind of online mass spectrometry fills the gap in high-throughput online
detection applications where gas chromatography-mass spectrometry (GC-MS) falls short. The
qualitative capabilities of online mass spectrometry rely on accurate measurement and resolution of

the mass peaks, thus enhancing the mass resolution is a crucial direction for the development of such
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instruments. This study reported the development of a high-resolution proton transfer reaction time-
of-flight mass spectrometer (PTR-TOF MS 6000) and its exploratory applications in accurately
identifying compounds with the same nominal mass but different molecular weights, as well as in
real-time monitoring of the atmospheric VOCs. This instrument utilized a hydrated ion molecule-ion
reactor as an efficient ionization source, achieving soft ionization with the limit of detection below
0.005 nmol/mol for various VOCs, and sensitivity reaching thousands of counts per nmol/mol. The
low vacuum part of the ion transmission system used a radio frequency quadrupole as an ion-guiding
device to ensure ion transmission efficiency. The mass-to-charge ratio measurement of ions was
performed using a high-resolution time-of-flight mass analyzer, achieving a resolution greater than 6 205
full width at half maximum (FWHM) at the molecular ion peak of toluene (m/z 93.070, [M+H]"). The
developed high-resolution PTR-TOF MS 6000 can effectively distinguish VOCs with the same
nominal mass, such as crotonaldehyde ([M+H]', m/z 71.049) and 1-pentene ([M+H]", m/z 71.086),
thereby enhancing the qualitative accuracy of online VOCs analysis without chromatographic
separation and providing more accurate and valuable information for practical applications. In
preliminary exploratory experiments for atmospheric VOCs monitoring, PTR-TOF MS 6000 was
used to monitor real-time concentration changes of VOCs, such as benzene, toluene, and xylene in the
atmospheric environment. This instrument successfully detects and accurately quantifies multiple
substances with the same nominal molecular weight but different mass-to-charge ratios, such as furan
and isoprene, without the need for complex preprocessing, due to enhanced qualitative capabilities.
Our work fulfills the need for real-time tracking of VOCs variations and provides a more accurate
solution for continuous monitoring of atmospheric VOCs, extending application field of the PTR-
TOF MS.
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monitoring

¥ & YE A ¥l ¥ (volatile organic compounds,
VOCs) I BTig st i s tHoR A . DA FHLES
(electron impact, ED) Ji £ 37 /) 70 eV HL ¥ fE & 15
HEAL B 748 808 PR & AN 38 HoR, JE R 1
25 ML 1Y) SAH €831 - 3% (gas chromatography-mass
spectrometry, GC-MS) X 1%, HJ2& VOCs & P&
SO B T TE . SR, RSN TR BT A
PERESE T T i SR BT, GC-MS R A
A, JLHOEAE VOCs % 2L S 438 J5 T, HAE f
UESE 1 431 BE 77 B[R] Bof G 3k A7 v 6 E R
Br, BIEAS B A 3 e 4 . SEdE s, WAL RE SE e
i SL 0 Bk o HERE, R BER AN R . fEL K
VOCs 43 1 J5t 115 A {7 FH %K F, 125 95 L B8 VOCs, 4
TorF B 0 EE Sy B TR S ) e PEAR
i, W5 E AR A o BRI, 38 Ao TC A el Y R
A7 B 1) JoT f 40 B i, EL AT 40 BT B[] 40 B 32 0 | i)
JOE IS ), R BBORE R | TG AT B AR A IR
(i BN T 1548 GC-MS 7 VOCs 4 #7, Tt

JETELATIN 5T N ZS H o R, AHECT
SRS B T IR L RO AL,
T2k VOCs 73 Hr B AP435 1 03 ok i 73 B
RETT | v BEMERR O AR A I, FOEA R,
TE2E 0 VOCs 73 Mt B A 15 2 1) 2 S AN
PRy ki, BLE BN T T EREE I | Tk A=
JCE A | R s 22 4 55 1 22 U
AR B IR A AN A, 124k VOCs 73 H7 B3
A VAT LA EZR 70 32 1) U5 B SO, i
(proton transfer reaction mass spectrometry, PTR-
MS) ST AF R A e B REAS S B4 22 | S ARk Y
SASA LY E P E 53 BT i HORT . PTR-MS
2 ISR AR e N R s % N T BU AL NEAWN
AT ZE T O8IKR B T 0T, H0'S
A YLITE T i S AR R LT e %
B B A L R O T AR Y e T
Fo H T H;O R0 B, PTR-MS £l
BN Z AT b A (AL A



142

B e 4R Hae

SO ASAEEARAR B2, 2) SR e 1 sh i L
& (selected ion flow tube mass spectrometry, SIFT-
MS) H] LLSE B TC bR 5 i 1SS A ML E M
I3MT, T X K ZE R ECE = R TOR, R R
I H;0', 0,7 NO'B) 1o 15 UM AT I8 o i 12k
FEEIE MR E 7, JF S A YTE R T sh
B RAERETFE T, e i IRAT S
S R U B U e L AR
EC L AE SIFT-MS 7E A4 i B2 | PR 5 i I 45 45
A& S p R AR 5 SIFT-MS AU, &
FH B 10k 3 e A8 Y AL 2 HL B T3 (chemical
ionization mass spectrometry, CI-MS) 7£ ¥ 1% Bl 2«
SR RS AT T A T 3) e e R
i (photoionization mass spectrometry, PI-MS ) /& H
IR 5 L AT S AR A L R 3 A B B
R, Jd 0 5 AMOG IR B ARSr R
R 2 B L HEE R ol T, DAS B B R
W T E B . R T 38 BRI B e R
HL B RIOCR, I B IR IR 2 Iy 1 AT R 5R Ah
ST R T RO R W A AT NS R L AR
PI-MS = % 5 ] B R 50 28 i 9K 3l 1) i A7 A
JBCH KT CHn 50T D PR S SR, S U 4
FUE R R e B O AU AR B T PI-MS 1Y
e P L R R s ) A L B R, e b, it
2 24500 il B D6 B o F e 2 R R B IR
Ko RAUE A JCTFBEU, A gt
P AR U B A R R A R e i AN
i B HEAT AR G HRE , 8 X PI-MS A
MRS, ZHOR T AEPREE W 55 07 1A 15 %
mﬁH[ZO-ZZ]O

15 22X VOCs 737 J5t 1% A3 A4 o M 01 by o
fif b (3 7B d ), PRI, 4 m A8 7 HE R R 4
X FUEAUE MERE ) Y T B AW U
i 85 3 BER T T B SO R AT I 18] BT 34X (PTR-
TOF MS 6000), i5 1 fift o J57 -5 % SR AT ik fi]
i AXAE VOCs 73 #r b I 125 1 45 531l W) 44 LIt
it R T B AL A R )L (RS A
VOCs A s, 12 25 Wi 00 i (4 B o oty 1) e ke 7 52

1 UF[EE

B 3= W 0 5T 5 7% S R AT I ] BT A
MZ5 R T I 1, e T 3 ey, AT
i (1) S5 £ 43 AT 2 A S LS RGERI . Horpr, %A

i F) B 5 R B 1 A% i s R AS PR S i ) A
FEP O A A", B R AR AT L AR
S B OK G B, R A E B A 4 R )
arfE DA, PREF B IR AR o ] S A5
DAV Tt o A AN 1 R AR i e, DT PR R —
JEM EINE(ERRHBY, NSRS 5 FEEE).
VOCs 7E & £ I v A A o 5% 7 I I Ji 4 H 5
RIMAH]HED T & F o EHE G T, &I
HNIAEL 200 Pa, HLIEZ) 600 Vo SR 545
VOB ATAE Ry B A% i e, CEAR LS T i 2800% i 5
+, R B 92 S R R AR ) Bl RE
Mo BT RAHHE B REREFEA T
Fiof [) JoE £ 43 BT 4 BN T X AU %) SR A O R AT
et X B X B A B A Xl i 2 01
AR 2, BN =gz ik 1, WA R B
A AT A X B B A R 2% 107 Pa, SR I EE
MR RS0k A ki, A A% s R AR L B
Y5 TR L SR . Tk bR L a7 B R RN 8
1 %% J51 35 ™ (Controller Area Network, CAN) i £k
5 EEEISGE T, P i R AGE S DR 5
BIHLIEATIEAE
PTR EIE
B U o4 X
|
|||
e =
A S
i

A

&L MCP
LisalllFrs

TR

PR @

BT
T kATIX

G
IIIiIIIIII

L
F SR

| PTRE} T ‘ﬂJ’ﬁEm?f?mﬁ?%E’fﬁm%??H?I‘ﬂ@iﬁ%ﬂr% |
f T T T 1

s

1 PTR-TOF MS 6000 &R EE
Fig.1 Schematic of PTR-TOF MS 6000
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aw 3 R FEL R a3 B
Compound Molecular formula Correlation coefficient (R) ~Sensitivity/(Counts/(nmol/mol)) Limit of detection/(nmol/mol)
TR C,H;0 0.995 640 0.011
S CsHg 0.999 887 0.003
Y & K e CH;0 0.999 5273 0.0008
ES CH, 0.999 768 0.003
LA4- 5N C.H,0, 0.999 1970 0.002
LIFS C.Hg 0.998 1255 0.002
FH L P 5 1R FH T CsH;0, 0.999 2857 0.001
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EXIF S CH,, 0.997 2311 0.001
R C,H,Cl 0.996 191 0.012
% CoH; 0.998 2006 0.003
T CoHyy 0.998 2388 0.001
R CeH,Cl, 0.998 870 0.003
=5 CeH;Cly 0.998 678 0.008
ANA-13T T C,Cl, 0.999 246 0.009
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Fig. 5 Mass spectra of methyl ethyl ketone ([M+H]", m/z 57.034) and butene ((M+H]", m/z 57.070 4) (a), furan
(IM+H]", m/z 69.034) and isoprene ([M+H]", m/z 69.070 4) (b), maleic anhydride [M+H]", m/z 99.008), furfuryl
alcohol [M+H]*, m/z 99.044), and hexenal ((M+H]", m/z 99.080) (c) in the atmospheric environment

250 — CHH m/z79.054 15
T, g —— C,HgH* m/z 93.070 Tg
§°§ 201 CH,,H mz 107.086 10 E
2 E sl — GH.H miz 121101 £
= 8 s ¢ 8§
< E 1ot CE
T = 1 =
SE-Il g
0.0 — : : : -5
09:00 AM 09:00 PM 09:00 AM 09:00 PM 09:00 AM
Time

E 6 {EFA PTR-TOF MS 6000

b 2 BB KSIMEFRZE(m/z 79.054) BZK (m/z 93.070) . —EZK(m/z 107.086)

ZHE(m/z 121.101) 3K EFER B A 4L
Fig. 6 Changes of benzene (m/z 79.054), toluene (m/z 93.070), xylene (m/z 107.086), and trimethylbenzene
(m/z 121.101) present in atmospheric environment measured with PTR-TOF MS 6000 over two days
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