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Abstract: In recent years, PM2.5 pollutions have occurred in most parts of China,
attracting more and more attention. According to the literatures, volatile organic com-
pounds (VOCs) are certain important precursors of secondary organic aerosols (SOA).

For the requirement of detecting VOCs at low level, a highly sensitive membrane inlet
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vacuum ultraviolet single photon ionization time-of-flight mass spectrometer (MI-SPI-
TOF MS) was developed, which included a vacuum system, a membrane sampling inlet
interface, a vacuum ultraviolet single photon ionization source, a orthogonal acceleration
reflection time-of-flight mass analyzer, and a data acquisition system, The polydimeth-
ylsiloxane (PDMS) membrane was used as an interface for sample directly-injection at
atmospheric pressure. It could realize enrichment of VOCs quickly from the atmos-
phere. A vacuum ultraviolet lamp was used as the ion source. Single photon ionization
with vacuum ultraviolet light was a particularly soft ionization technique. VOCs with
ionization energy less than photon energy (10.6 eV) could be ionized into molecular
ions. It was nearly fragmentation free compared with electron ionization, and very suit-
able for qualitative analysis. The mass analyzer included repeller, double pulsed acceler-
ation region, field-free drift tube, reflector and ion detecter. The vacuum system
achieved the pressure of 3 X107° Pa measured by a gauge. The size of the instrument
was (64 X64X55) cm® and the weight was 77 kg. The performances of the instrument
were tested by standard gas mixture of benzene, toluene, xylene and chlorobenzene, and
PAMS standard gas sample. The mass resolution was higher than 750 FWHM and the
mass accuracy was 107 °, The limits of detection (LODs) of benzene, toluene, xylene
and chlorobenzene could achieve 107 mol/mol level for several seconds rapid measure-
ment. The linear ranges covered 3 orders of magnitude from 50 X 107! to 500 X 107°
mol/mol. 19 of the 25 kinds of sample with different m/z were detected in the PAMS
standard gas, and R values of detected samples were better than 0. 99 in the concentra-
tions range from 1 X 107° to 200 X 107° mol/mol except N-dodecane. The instrument
was applied for testing the air quality inside the laboratory, and 21 kinds of VOCs with
different m/z were detected, whose concentrations were below 107% mol/mol level after
preliminary quantitative analysis. The average concentrations of toluene and xylene were
111 X 107" mol/mol and 42X 107'* mol/mol respectively, lower than the national stand-
ard of air quality. Overall, MI-SPI-TOF MS was suitable for various applications, such
as on-site monitoring of trace VOCs, industrial process analysis and research of environ-
mental sciences.

Key words: vacuum ultraviolet single photon ionization; soft ionization; time-of-flight

mass spectrometer (TOF MS); volatile organic compounds (VOCs); on-line analysis
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Fig. 1 Apparatus schematic of MI-SPI-TOF MS
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Table 1 Diluted concentrations of gas samples

BE Diluted concentrations

PAMS SR B E

Diluted concentrations
of PAMS gases/
(10™° mol/mol)

No. of benzene homologues/

(107 mol/mol)

1 1000 1000
2 500 500
3 250 200
4 100 100
5 50 50
6 25 20
7 10 10
8 5 5
9 2.5 2
10 1 1
11 0.5 —
12 0.25 —
13 0.1 —
14 0.05 —
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Fig. 4 Mass spectra of benzene, toluene, xylene and chlorobenzene standard gas sample
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Table 2 Linear relationship of the diluted PAMS standard gas sample
Fe B I &Y = 5 7 KUERE
No. m/z Compounds Regression equations Linear coefficients (R)
1 42 Wi y=095. 40242535 0. 9988
2 44 g5 y=2.010x+1157 0.9978
3 56 2-T I y=1231x+1492 0. 9987
4 58 T4 y=17.412x+941. 4 0. 9982
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gE2
=2 T L Y| B9 75 # KERH
No. m/z Compounds Regression equations Linear coefficients (R)
5 68 BRI y=539. 4z+1058 0. 9986
6 70 R y=17262+904. 6 0. 9989
7 72 g y=40. 532+597. 7 0. 9990
8 84 R OO y=1339z—107. 3 0.9993
9 86 IE ke B 2Lk y=249. 2x+400. 6 0. 9987
10 98 IR B y=943. 0x—583. 8 0. 9997
11 100 R 2-F T 5 y=724.92+697. 3 0. 9986
12 104 2K Z M y=9719x+1671 0. 9951
13 114 B B g IE 208 . = 3 R y=1535x+221. 6 0. 9987
14 120 PR CERE ZRER y=8333x+263. 6 0. 9998
15 128 Fhe y=1108x—5387 0. 9989
16 134 TR y=675.9x+345. 8 0. 9997
17 142 EE 5t y=17162—23000 0.9993
18 156 +—% y=1790x—37419 0.9916
19 170 E+ =4 y=1058x—30057 0. 9623
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Fig.7 Mass spectrum of the VOCs in air of laboratory
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Table 3 Preliminary quantitation of the VOCs in air of laboratory
B JEA L &Y e
No. m/z Compounds Average concentrations/(10~1% mol/mol)
1 42 A 1126
2 44 ks 15923

3 56 2-T ¥ 142
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B R HI9E

HR3

FE B ALy SR BE
No. m/z Compounds Average concentrations/(1071% mol/mol)
4 58 T 8811

5 68 BRI 168

6 70 RcNA 131

7 72 5% 2711

8 84 HER I  FChe 1-C 199

9 86 AR NG 958 173

10 92 'S 111

11 98 HERCH 131

12 100 EPide 2-H 3T b 111

13 106 W 42

14 112 —E e 416

15 114 H R B IE b = 3R A 81

16 120 [ZE SN LiF NENGE S 3 61

17 128 o 889

18 134 —ZHEHE 508

19 142 IE 3%k 1103

20 156 +—ix 1506

21 170 E+ ks 1807
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