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Development of a Membrane Inlet-Single Photon Ionization/Chemical

Ionization-Mass Spectrometer for Online Analysis of VOCs in Water

HUA Lei'?, WU Qing-hao'?, HOU Ke-yong', CUI Hua-peng'*, CHEN Ping'*, ZHAO Wu-duo'’, XIE Yuan-
yuan'? | LI Hai-yang'

(1. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China; 2. Graduate University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: A home-made membrane inlet- single photon ionization/chemical ionization- time-of-flight mass spectrometer has been
described. A vacuum ultraviolet (VUV) lamp with photon energy of 10. 6 eV was used as the light source for single photon ionization
(SPI). Chemical ionization ( CI) was achieved through ion-molecule reactions with O,  reactant ions generated by photoelectron
ionization. The two ionization modes could be rapidly switched by adjusting electric field in the ionization region within 2 s. Membrane
inlet system used for rapid enrichment of volatile organic compounds (VOCs) in water was constructed by using a polydimethylsiloxane
(PDMS) membrane with a thickness of 50 wm. A purge gas was added to accelerate desorption of analytes from the membrane surface.
The purge gas could also help to prevent the pump oil back-streaming into the ionization region from the analyzer chamber and improve
the signal to noise ratio (S/N). Achieved detection limits were 2 wg+L ™' for methyl tert-butyl ether (MTBE) in SPI mode and 1 pg-
L~" for chloroform in SPI-CI mode within 10 s analysis time, respectively. The instrument has been successfully applied to the rapid
analysis of MTBE in simulated underground water nearby petrol station and VOCs in disinfected drinking water. The results indicate
that the instrument has a great application prospect for online analysis of VOCs in water.

Key words: time-of-flight mass spectrometer; membrane inlet; single photon ionization; chemical ionization; volatile organic

compounds; online analysis

A ) PR S B0 W T A T,
S LA A AT THT e 7™ 5 1) 35 G R T i R
A ML) (volatile organic compounds, VOCs) KZ H
TR R AN B X NI B e R
PRI KA TR i ARG, 5 PR S A 7E 2R o3
M5 s, o i R ORE v ARG DN S R P S P R
PE E S ERA , ERREERE A A DU AEZR 3 A AR A
JZ

RGRA N RS TR 70 eV YR T5E i
B (electron ionization, EI) , &G LY F r=4

KWW BT, 7500 B 2R A Wi s 1 i & ™
i, O A O, R OE R M 6 (gas
chromatography, GC) T3 25, A F THE 5t PR |
TELE 4y Frle . H 25 2 4P % (vacuum  ultraviolet,
VUV) Refg (f %%ﬁ%( ionization energy, IE) KT H
YT RE &= A VLY 4> T & A 56 T i B (single
Wr#s B #5:2011-05-25 ; 1817 H#A:2011-07-12

EETH b FE R B A% 2% £ 3 R B (YZ200907 , KZCX2-YW-

JS402) ;3L T A T R 3h B4 35 H (Y034090105)

TEE TN ALF (1984 ~ ), J WL WF9R AE , AR5 1) Ry 7 78

i H S PR S B R, E-mail ; Thua@ dicp. ac. en
# TR R A, E-mail : houky@ dicp. ac. cn;hli@ dicp. ac. cn



12 4 AEFHEE IR - B0 7 /A2 B - B AR Z A I /K H VOCs 3629

photon ionization, SPI) , == % ™= A= 15 Il ¥ 09 4 F 155
T LA R BT, 5 B0EHOR M E GRS &
FEREE VOCs fY PRI AN 7E R 40 Hr 10 H
FIH HI VUV AL T RER N 10.6 eV, X T HLES
RE R TG T RER Y — L8 WL A LAY 7 7 W e Re >
J1, 4 kg (CH,, TE = 12.61 eV) . ZHE (CH,CN,
IE = 12.20 V), =% W & (CHCL,, IE = 11.37
eV) 2 T R T SPT AT R I By B A Ak
SPI %KL 15 5 KL R L 25 A 456 AT KR 5 vl A DU
YR IE El. Muhlberger ISR % T —Fl SPI-
EI 4158198, 7T W] i 345 7 40 19 SPL A ET 3%
L5 7 A 0 G L (2R ge iy X m
T 22T S T IR TAE TR S M B R T,
TCRBR T 1 RFIUAE S A AR R S T R
B EL. I, Gamez! '™ F1 Wul' & F ] VUV OB T
HEURTE 43 a8 F AR SR T 7 A 1 DY L 38 sk H 3 i
YEHLFSZ B T O HL F HL S ( photoelectron ionization ,
PEI)  BF i i} SPI-PEI 415 B 5, B2 48 K1
BIRRBRIE. A D FRERE R 10.6 eV 1Y
SAICR VUV ATAER SPL DGR, [R]BsR DG+
Fe i R AR 7 A KR AR B R s 1
78 W A N T P U R s R A A 1L 7 s el =
AT A5 21 5 I 4 1Y 1k 2% HL 5 ( chemical ionization,
CD) BTy &l 528 1 SPL 45 CLix 2 Pl B A4S &
M2 &8 TR

JEE R 2 S JLAF K J B R IR ot DR e AR
AR HEH TR A, VIR MARE i BLHEHERE | O 4%
AR it Hip AL B AR T ELAE T ) PDMS IS (50
m) , HC 0w N I TE) R BE 65 0 R TE 4 4 A 1Y
SRS s R 3k R A S - R B B,
T SRR A R R T A A OE O AR (R
SErE Ut , PDMS ) J2 5 I R 222 AR 40 A
RIAHZS B, VOCs TR b B %5 i 2 2 KTk VA
SRRy Rl A IR 5 2R R AR S 9N
¥ VOCs MIRAR A U & £ 2 B M S A= R
Gt R RGURBUNTG GRSy Hr s R, 5
TS BRI B ey R R A DU A (AN BT AR ) ) B
e WA B C Tz 0 TR VOGs 1Y
TEL AT 20

9 T il R IR S AR AT AR ST
KB BLAY SPI-CI 45 8 1 PR AN A R W i
HEREREE  AATHIRE T — 5 T B0 AT I R
A (TOF-MS) . A58 Xof 2H 4 5 - U5 A A R 40
MITEREIEAT T RGN % 58, 15128 B s 1

K ZFh VOCs By HR A6 .
1 #Rl5RHE

1.1 K5

S5 H AT R A R OR R RCT Sl | = S e
B A (R R B AL 2R R A | ) | 585
FHAK R 2l K (BT BERS 1e 2R A1) . HI o A o3
BB, 5 pL (I ZE( ~10 mg) | 13.5 pL (19 H 3L
TIERE( ~ 10 mg) A1 6.7 pL =5 F ke ( ~ 10
mg) , S HIINAR] 4 AT 1 LAY, R )5
Ll K R 2 20 B, 43 A5 B B 00 10 mg- L
R R SRR T S A = G P B IR TR X B 10
mg - L™ VAR R BRI, A B 5 W A T TR
I R R IR A R IR R R E R T
HE 12 h 5T AT
1.2 TOF-MS %%

S FAT IR A R A - RO T B k2
B RATH R B 7 A B S R R TR 1. AR
BEALAE 3 AERS IR R S8 SPI-CL 415 & 1A
e LI BT A 40 A 2. VAR S Y VOCs 38 i iR
PIZEIURNE SE 5, ol — I R WAy Bk A 21
BN B o> FAEHL B X N 28 SPL R CL HL g, =
AW FIEE S A BRI Y J7 1 H g 1R
HF il Sampler E 9 /NFLEA K i #E R DX ki
HEF DX PR B 76 X 5 ) b 04 Ik Bk o Hi 3 R
X HEIGER TR E MR, &0 — Bty
AT XA BIR B TR AN S (m/z) B
T T R ATHE R TR B B TE S Al
MR (MCP) i K5 B 8 K % R (Ametec Inc,
9353) ic k. KATIXAE R 550 mm , {53 HER L F]
900(m/z = 78). 3CH A 1 BT B R 2 XA 1E 50
kHz K AR T | SRR 10 s Tt
1.3 SPI-CI {1 & TR

BRSO FRER N 10.6 eV BT
WL ERTVE N VUV SGIR. 728 PRI IR, UF VUV
SRS Tl (Y J7 1)) KU BT Sk HA TR
STEARRTES 51 H B, Qi 1 BTR. VUV DGR
B, & S A 0 A9 @3 mm /NfL, B E Sampler £
T, AR L B OEHE Hy 36 mm. X FI SR E T K E
m A& 250 pm {47 9L B4 HE AT Sk AR AL T
RSP HR (8] DX, 1 280 B w4 S Y VOCs FF i
RN s N SR ol i A= S R I el 4 |
Sampler 22 [H] it X 3l S B 25

T 2 AR KT S H AR A T 2 S E AR 2 TR A



3630 B A < T nH

AREHE VUVAT

SR POMSHE
] [ ] 1 9 i
Em _Z =\ o m NN
= = L% VLY ST — Y e—
BRA = MCPE TR 2%
/

Sampler —== BT 51 AR

—r
HH

-
Bk HLE  ff HH

7
BRI ,I Ol
HFX WA TH

B1 E#eEF-S2rFRE/AFRE-THERENEETE
Fig. 1 Schematic diagram of the membrane inlet-single photon

ionization/chemical ionization-time-of-flight mass spectrometer
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Fig.2  Schematic diagram of the membrane inlet system
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Fig.3  Mass spectra of toluene at different flow

velocities of purge gas with SPI
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Fig.4 Mass spectra of MTBE and chloroform in
SPI and SPI-CI modes
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Fig.5 Linear calibration curves for MTBE and chloroform in SPI and SPI-CI modes
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