F 44 B srHr ik (FENXT HUAXUE) {03 B 5 SR d AR 5113
2016 4£ 11 H Chinese Journal of Analytical Chemistry 1786 ~1792

DOI: 10.11895/j. issn. 0253-3820. 160557

AT5& %SG 1EKANSIEE 1T B BT S &l
7

228 KA WA R
"B R AR S KA ST, TN 510632)
WP INRABAL AN A BRA R, 1M 510530) (AR AHH A R F, 63T 102308)

W OE R T S RO R R AT BRI A, AT T R AR ACE IR, B R
Y e R PRI M B T 5 OB R Bk o, g i S5 0 TR AT B R R AT R, S A e T
20 kHz AUHEFIER, v IR B yE Rl 1 ~ 1000 amu, B3 #>1000 (m/z 219 ,ADC REFR) KR T 1 pg,
e ZSTE EH T 4 NBUR YL, R AT 3K 400 35/s AU RAEE | 5840 B4 S M 035 5 “ATH
FUGICH MREIMER . 5 —3k e 2 FE =i & S ERE AN, ST A RS RS2SR
ZRFEGRYIIHT , FAFS N BRI EE R BOR T IR RS 5 4 4 SO (T 556 A9 38 P R e B 2
FE SR 2R A 21 53 44T R (A N S

KR KATHIEIES; SR, BRI & S MaE

1 51 &

2 TS FH TS ( Comprehensive two-dimensional gas chromatography, GCxGC) 42 20 {42 90 &
Wi R SRR A —Fh 2 (BRI FH— AN VR T 54 5 AN T [0 5 P SO B2 ST f 7 AR €0 335 A
I EL oK | DA SRS — ARAT At 118 A 40 R 28 T ) 8 SR AR R K e A 8 5 AR AR A 2 40, DA S R
ORI} s UK RS R A 0 O E 5 4 8 2 L 8 B — 4 (B M) GC A EL, GCxGC BT IR A e K 4 3
i U R ST ES B RN SR K B R S O A L4 3 BT R R A DR 43 T LA
SRIVIEHY, GCxGC X gl B, iy T2 ML A 73 By e 5T Jik o R S0 N S8 A8, S B2 AR bR, DR SR A
I g S e 7 SR A DR AT R DR AT B 335 4 1 3 R O, A R Tl A PR 3 B R TR AT I ) JB
( Time-of-flight mass spectrometer, TOF-MS) Hilis FAFFMEE ™A R F 100 W4 4335 ], 76 i R 42 14 [] B
SEHE AR PR TR B0 | A A P B 5 (i o HE S MERE T, 2 GOxGC S BRI AG T 28 )

W% GCxGC-TOF-MS I FH A M AW & R A 5g 3, R FH Al o A AN Wi e, H RT7E 41 4k A5
Tk PRBE i 2 AR A AR A B SRR A 2 T N TR AL, SR T GCxGC-TOF-MS *f
SR JSORE S R T 204, AT TG 1 T A B b R ER ek OBUERBE AR | R WILE | X I | = FR I Ao
KB FELEE SRR TR IR R IR M = 5 R S A AR e, X 5 R GC-MS T 45 R AT
P, M) GCXGC-TOF-MS 78 JFU A it 58 M 1k 407 v AT BRI R 351, Mulllins 4510 1T RLIE
ZLAMGIEI T IR HTH AR 5 GCxGC-TOF-MS 454, XF I IR B AR SEAT I A7 38 , FH T A Fee e i e
SRR AR T o0 A PR AE SR T A2 B e M A S M)A, P AN AR REATUR , Groger 451 RIS T
WA P 1] I 2 O ORI AR )R ot AR ik R AR 8 1 AN R A AT IR 2 LA A AN [l 46 0 1Y) 48 20 1]
T, T4 G T 2200 A A e dee /> 3R ) o A 25 D 125 EA T ARRAIE B 4%, DR XS B MR 2B AT 48 BRI BT s KR =
2RI D R A A B 1 S A A B 43 4 A B 325, Sk T A 780 65 08 190 A 0 7 R B 4 R AT T 8 T A
TOF-MS 1§ ER R 45 6 2 e e A 9L & 450 15 0 0 4R3I i 7 43 2 A A p i 1 S e, Hh e
T 187 FHE LML, AP B A SRR AL 118 B, 53 4h, SClk iR 4R 38 T AL GCxGC-TOF-MS
FeARST AR P FRG T A BB PCBs ' 2 A RO T AR

HAT, GCxGC-TOF-MS I 187 4 18 A 8 22 | A A 1E 3 4245 2A T, n] DL, GCx GC-

2016-07-21 Y ;2016-09-21 #5232

AR EFK 863 114 (No. 2014 AA06A501 ) ) M T ERYT BB 2 L3 ( No. 201610010149 ) ¥ Bl
* E-mail ; gwxmu@ shu. edu. cn




5113 RSN FIT S 4 T AR SOM @ REIT AY  AT I  BE  a iE] 1787

TOF-MS B A S AE R AR R B 5y B o b R EOR MR ZEMME R . (BAE — B0 H R, GCxGC-
TOF-MS B A s H T8 SIS, s b i iy i b s A b H A R AREE3E 11, A% 153 B
B, T E A LECO(Pegasus 4D)  Zoex( GCxGCxHiResTOF-MS) %5, T4 | [ N IF 4 A A BAIFT 14
AR WK Fi 23\ 2015 4 KA ) GCxGC-TOF-MS Y #% (iTOF-MS-2G ) , {H & S AH (.33 Az ] il 5% 55 4% .00 38
PERE SN =6 . RIS BA B2 N A E 75U GCxGC-TOF-MS {285 [ N RF A 2% 1Y &
Je N i [ A A H

AW 5 E N4 AR R AT R T GCXxGC-TOF-MS B LS, SEBLAAR (3% Ja i 2% A TaT
() B P A% Lo BB A3 AR L P4k, LAY EREIR B [E PRIFIZALER A . A5 R T3 BA = R | S5
AR R R A T FL 5 AR ATRS R BTN, I 5 4 4 SOM S SO A, i H SE R T A%
5 & T YESOR SO 38 M S RS TE AT

Electron impact ion source

P T AF GO Z R R 2R 4100 Wb VR T '

v

| Accelerator
2 (s “/E[‘—K:'.L:?::: Sv:

FET 54 T RSN IR T A R Y S T e Iterace —\_ T || —

2R3 22 9 2R R I R | AR ST T % 1 R > i !
5 T RSB0 L 0 AT B i R A LA B yiit esip
Y ELZS B O A Y R AU D A RO SR A R 1 N P A
TR (S TR PR AR 1, ARSI Y A I i Eéeﬂm..ol..'s
(Y S B SR B O, LT % 4 B F U ( Electron W
impact ion source, EI) S B A& RS0 i s es - -

B2 R m HURE RGO L, A s i A e
. ass anal yzer
B FR AR 0 B 0gs , R5F 2 38 em (L) x
50 em(W)x52 em(H) GEAS P A G2 T4 B0 wE R T S AT R RS R 2

SRS RS  RST JCaEx 2 Fig. 1 Schematic diagram of high acquisition electron
2.1 ETFZR%G impact ion source-time-of-flight mass spectrometer ( EI-

FRIEASR TP R 25 4 s i, iR B s e TOF-MS)
[ —~ 5 mmx7 mm BF/NFLIERE, S5HNE 2 iR, B2 RBOIEREE TR A E
S IAET Y. B FIRES NS RIS H— G 260 L/s 195 T IR 5 IR ( Pleiffer A A,
Hipace 300 ) JRIUESEFERS HL245 FEAR T 5% 107 Pa; B 40 B s T 76 BL25 s O 48 23 | liE ol 67 L/s
(943 T 15 % % ( Pleiffer 23 7, Hipace 80) &4 T

1x 10—41)3 E"J%Egﬁ’ o EI Source
2.2 SiEfE-FRigEn 5x10° Pa

Mass analyzer

SRS R O AR S s TR AL %
v PRRE B AN Rk R A, A B E R
FHETE S BE M VE R 52— 20 P A 5
AR 5505 g e i A i B, BSR4
FEAR S A B S HERE O A3 RE IR B A S ST B R A
TR B AL AR, DLMARAIER YA
KAV EE, H2 TR R T ik E1] 350°C Diaphragm purmp
2.3 BFEFERBTFEORS

IR RCESTF R RO TR iy commt i ot i s £ by
RGN 3 Pis, EEAIEIT 22 MR B Fig. 2 Schematic diagram of vacuum system of TOF-MS
% A SRR SR B Y

JT22 R EHAR 0.2 mm BRES S S A RE, FHECA S5 A X BRI AL v (046, KT 2252 #4551 o 13

1x10™ Pa
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A 3 mm W/NFLIEA L B S 0 R Sk | B JE e W R I, S R I P S A R A T A B
KAk 1.5 mA, HLFRYRESE AT 22 5B BF AR X B 22 P, 13 10 ~ 100 eV AT,

BT RCR SRS = e R0 T B RO B IR AT R LA A 3 T A 4 5 A0,
AT A R S e R R I RN T AR R B, SRR L0 A A B4R 0.5 mm AL, {1 3R AR AR
fAT S AR, B b A L B A R S bR o, A R R B 5 A i 1 L2 AR 2 M s
o, PR B T AL S eR . A, (8 FH Simion 3D BRI AL | i G 25 114 B 235 #4485 W A% (R AL
NGRS E, 51 il R RS TFFL AR08 3, 5 A4 mm, ARIZE S ULIE 3, 4l 4 4
ARG a—HBE SIS 8T LU S WK e R A AT 09 & BN 1 mm 09 S SO 2R R
2 mm [WBR4E , T ELUE A BT M A, v A R0 5 B T IR R RCR S HER

K3 ARl T R SRS R K
Fig.3 Schematic diagram of EI source of TOF-MS

2.4 REDWH

ABHFFE LT AT ] BT 43 A s B BT R B O AT 220 SRR [ 18 ~ 20 | #eif , X BN FRakaR , XY
v R 0 B AT A8 RS A 7 T A 44

F s i an A AN 1 A 3 B SRR BT LA OBGHETF Ik i, 2047 X S AT A 25, A3 RU B AR
BT RIIG RE Bt 43 HOR 25 [A) 73 1, SR I B it A0 pE e, B it e e el 4R X I X Jedg AT IX | SUpt
DX R A ) g 2E 1%, 41K 342 mm AN [A] X3z (] FH 4 e At o B o X)) H 30 0 — RG24 5
IR ES R P ELAR R 50 mm A FEGHE TE AR (67 ) S, %54 MATLAB L8R SE BRI
1R BN IR R ST S RS0 1) o (EAFHE 2 AR B SEPRAr BER AL 5 B 25 i BLE S 50k
A5G, SEPRIF &, BRGNS BE ALAIN 1.5 e Boks B G AR 2 A [ K |

2.5 BERRSEHRE 1 G R T R E B RS

ﬁﬂiiﬁﬁ ﬁ y @1%%:?&@? EI/{J ﬁj\%ﬁ J}f‘ E”E Table 1  Experimental parameters of TOF mass analyzer
Bt EIEIETENT 0.1 s, X R T A Paremetr Dinension Vol
SRR PR AT 100 W/s. SR AATHFH Jik X, Pulse region 11 +450
FIHLTE RS, 3015 20 kHz BRRAER JK M i X Acceleration region 30 1600
K. [ EF KRB REMB: Fi4s 500 MHz B9 ATIX Field free drift region 221 0

e JZ 54X Reflection region 80 480
SPS I ADC. £ R A (Agilent, US309A) , cction reelo ’
PR E AL ®50(2 pes) 850

115 2 55 1 K RE B i bR AT 35 31 400 Wi/s, 3 Microchannel plate (MCP)
JE GCxGC-TOF-MS B¢ FH i) v 3 R A TR

3 ARSI

3.1 RESHER
K FHBIF I 0 AT IR A, SR AE PRS2 3 = T B ( PFTBA) fY 3% I, 4% 43R 10 kHz, R4 i
BER 1 i/, AN 4 iR, ARG TE (FWHM) THE A5 2 m/z 219 437 B 1Y i 53 BE% 8 1000, Bl
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HET AT 375 i et A B 2 0T . R
5351 PRTBA Wit 10 5 7 FE )5 NIST 4ife ool g4
R D R 6 S PR R 1 B s ol 54
3.2 REEHE x 21 |

AT RS R RS E S8 F || 2 Ssaramm
SRS IR R o e = O "
R A S, S BT TR R UYL T e s e
S (1 ng/pL) A, XF TOF-MS {3 2§ i J 5 46 ) 0550 50 300 M0 500 6w 700
S ERL AT 0 5%, A R 1 R, MR R m/z

10 kHz, IrfS i & 5 s, 45 1320, 4%
PRI RS ITE N 1 ~ 1000 amu, 5E451H /& EI
TR ARSI LK

r 1.051
3.0 2 (a) ()

K4 2E=T SR
Fig.4 Mass spectrum of the perfluorotributylamine ( PFTBA)
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Fig.5 Mass spectra of (a) H, and (b) decabromodiphenyl ether (DBDE)

3.3 UBRKRHRS&MEHEEE

K GC 4000A — 45 AR 35 (AT ARV B AR A FRA ] ) SERE Kl TOF-MS i Hi B £k
PESN VSIS S, TS REEE B E R 1 Wi/s, RN 10 kHz, K EN-1700 V, SCER
FHBCE M43 1, 10, 100, 1000 1 10000 pg/ L A /\ G255 3 BE bR EIR VR M AR AR & | iR AR 2)
1 W AR R HERE R, HERRRRC 1 L A3, Kl 255 anEl 6 i, M 6a AT UL, 1 pg /\SRZSHEAE
BT IR (m/z 272) I (EAEME LT 300 15 B 6b AT UL, 7E 1 ~ 10000 pg/ L #e J3E 30 BB P, e J3E - 06 1
FRERPERI A AL R BGAF] 0. 9992, FILAR AR BRIZAC T 1 pg, LML AIE BT 4 N E0R g,
B4 TSR A A SR T TR 2

61 107¢
(a) s/n>30 (b)
5_
g m/z=272 10k R?*=0.9992
x4 5
= 2 s
5 3 - 10%
£ E
2F A
E 10
ey 1k
olalmol slancurs madla o il ) s 10°L TR ”
0 50 100 150 100 250 01 10 100 1000 10000
tr(s) C(pg/pL)

F6 (a)l pg/\FHZE(m/z=272) B TFHE; (b)1 ~10000 pg/pL /\FRZEL M4 2
Fig.6 (a) Ion current curve of octafluoronaphthalene (OFN) (m/z=272); (b) Linear fitting curve of OFN
(1-10000 pg/pl.)
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o ZAE AR R G AT R FH A TS SR R R TR R R K MCP LR A 5K
HE— DRI T B, 16 52 2 T PR e A3 A BT AR K
3.4 EMHERNEZHESHEEIE-ITHRIER
B 9 T SEI8

BTG & 0 AT ] R 1A 5 7= 4
AR ETEA (AL RV S TS A BR A FD)
WH . DABLr & 4% 0 45 R 1], JF g 4 4 S
AH AT B T) BT FH 43 25 e Ak I, 29
FEARSEATHTAL S, FL A 0.1 pL, RAE S
100 Mi/s, FHI I 8 s, K BB 73 3D K
7 FR . TR RS- AT )BT
A LA B Ak 1500 Fra 53 A i 1000 FhéH b R L 4 23
R S0, —wt AU ] S e S
TR B PEAE R IR 2 s MFEM R S5 251 popms
T, — 4 S - DU AR AT BT I e 4 S
24200 FhgH oy W B, SRS R FE M, GCxGC-TOF-MS Bt FAL &8 BA s Kpy s ee f, @ T
B AFE AR R I S T

2 GCxGC-TOF-MS HXH o3 S8 it it 40 41 53 72 151 3
Table 2 Qualitative list of diesel oil by GCxGC-TOF-MS

o T PP P
Jl;‘z;;i On?—d(irﬁnii.lsinal th;ﬁrﬁnﬂejr‘llsinal Cf)ﬁlﬁl?ds Muleﬁlfr i\;eight M)jlijitar
o. time ( min) time (s) formula
1 20. 66 6.16 Pentane, 2,2,3 ,4-tetramethyl- 128 CoHy
2 28.41 1.87 Benzene, (1-methylethyl) - 120 CoH,,
3 28.41 8.02 Decane, 2,5,9-trimethyl- 184 C3Hyg
4 28.57 1.20 Decane 142 CioHy,
5 30.42 1.15 §u,12f(-£émethyl-propyl 2 ,2-dimethyl-propanesulfinyl 254 CoHy 0,5,
33.12 1.22 Heptane, 2-bromo- 178 C,H,5Br
33.45 1.23 1-Hexene, 3,5 ,5-trimethyl- 126 CoHyg
3 33.45 1.92 gf;ff:)l?[ 3.1.0] hex-2-ene, 4-methylene-1-( 1-methyl- 134 CoHys
9 33.62 1.92 Benzene, 1-methyl-3-(1-methylethyl) - 134 CioH,,
10 34.30 1.25 Nonane, 3,7-dimethyl- 156 CiHyy
11 34.46 1.97 Benzeneacetaldehyde, . alpha. -methyl- 134 CoH,, 0
12 35.3 1.95 Benzene, 1-methyl-2-(1-methylethyl) - 134 CioH,,
13 36.48 1.26 Pentane, 2,2,3 4-tetramethyl- 128 CyoHy
14 36.65 1.31 Undecane 156 CiHyy
15 36.82 1.26 Decane, 2,5 ,9-trimethyl- 184 €3 Hog
16 37.32 2.57 Decane, 6-ethyl-2-methyl- 184 Cj3Hyg
17 37.66 2.14 1,3,8-p-Menthatriene 134 CioHyy
18 38.00 1.26 2,2,7,7-Tetramethyloctane 170 CHyg
19 38.84 1.28 Decane, 2,5 ,9-trimethyl- 184 Ci3Hyg
20 38.84 2.11 Benzene, 1-ethyl-3,5-dimethyl- 134 CioHyy
21 39.68 1.50 Vinylcyclohexyl ether 126 CgH, O
22 39.85 1.48 5,10-Dioxatricyclo[ 7.1.0.0(4,6) ] decane 140 CgH,, 0,
23 40.52 1.98 Benzene, 1-methyl<4-(1-methylpropyl) - 148 C, Hj
24 40.69 2.0 Benzene, 1-methyl<4-(1-methylpropyl) - 148 Cy Hyg
25 40.86 1.31 Hexane, 3-ethyl-2,5-dimethyl- 142 CioH,,
26 41.03 1.33 Octane, 3,4,5,6-tetramethyl- 170 C,Hyg
27 41.20 1.97 Hexane, 2-phenyl-3-propyl- 204 CisHy,

28 41.36 1.29 Octane, 3,3-dimethyl- 142 CioHy,
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%3¢ 2 ( Continued to Table 2)

o R P S )
Ej( One—d%iiiiinal Tw;fistniiiinal C{At%% or 1t . M)o}liuiltar
No. time (min) time (s) ompunds Molecular weight formula

30 41.36 2.17 Benzene, 1-ethyl-4-(1-methylethyl) - 148 G Hg
29 41.53 2.01 Benzene, 1,2,3,5-tetramethyl- 134 CioHyy
31 41.70 1.31 Undecane, 2-methyl- 170 CipHyg
32 41.70 1.47 Nitric acid, nonyl ester 189 CoH,;gNO;
33 41.7 1.98 Benzenepropanal , . beta. -methyl- 148 CioH,, 0
34 41.87 2.00 Benzene, 1-methyl4-( 1-methylpropyl) - 148 Gy Hyg
35 42.04 2.08 Benzene, 1,3-diethyl-5-methyl- 148 C, Hy
36 42.21 1.33 Undecane, 3-methyl- 170 C,Hyg
37 42.21 2.03 Benzene, 1-methyl<4-( 1-methylpropyl) - 148 Gy Hg
38 42.37 1.48 Cyclooctane, (1-methylpropyl) - 168 C,Hy,
39 42.37 2.04 Benzene, (1,2-dimethylpropyl) - 148 C Hy
1531 114.91 2.96 11,12-Dihydroxyseychellane 238 C,5Hy 0,
1529 114.91 3.51 1,3-Bis-t-butylperoxy-phthalan 296 Ci6H,, 05
1530 115.07 1.31 1-Iodo-2-methylundecane 296 C,Hysl
1532 115.24 3.02 2-Piperidinone, N-[4-bromo-n-butyl ] - 233 CyH;s BrNO
1533 115.24 3.59 11,12-Dihydroxyseychellane 238 C,5Hy 0,
1534 115.41 3.08 1,7-Dimethyl4-( 1-methylethyl) cyclodecane 210 C5Hs,
1535 115.41 3.67 1,2,3-Propatriol, 1-indol-4-yl( ether) 207 C;H;3NO,
1536 115.58 3.02 Octadecanoic acid, 2-oxo-, methyl ester 312 Ci9Hj605
4 %t

B T —3OH T 5 2 TR @RI A RV SR R R R TR R BT A
ARATI ] REASC, SR AR Frp bR T 3 400 Wot/s , SRV 1 ~ 1000 amu, 73 #E>1000 (m/z 219, ADC
RAER) K BRIET 1 pg, S MESh U FlET 4 MBS, W I FR R AT Ik 400 38/s B9 RS, 58 4
{# /2 GCxGC-TOF-MS B FHAYAZIN BEoR . 5 — 3k 58 42 [ - AL A 4 —4E UM @RS SUSCIEHT, X 2 2R
SRR S AT oA ARAG T BUAR AR I A5 2R . BB IV U 1 , GCx GC-TOF-MS 1 ] 2 G815 1l
N FRHRA NS R R A (Y — B A7 1 TR B )2 B BT RIS
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Development of High Acquisition Speed Time-of-Flight Mass
Spectrometer for Combination with Comprehensive
Two-dimensional Gas Chromatography

WU Man-Man'?, CEN Yan-Xiang*, YANG Li-Hua’ , QIAO Jia®, GAO Wei™'
"(Institute of Mass Spectrometer and Atmospheric Environment
Jinan University, Guangzhou 510632, China)
*( Guangzhou Hexin Instrument CO. , LTD. , Guangzhou 510530, China)
*(East & West Analytical Instruments, Inc, Beijing 102308, China)

Abstract A novel time-of-flight mass spectrometer which adopted high sensitivity electron impact ionization
source and orthogonal-injected two-stage-reflector mass analyzer structure was developed for the combination
with comprehensive two-dimensional gas chromatography. With 20 kHz of extraction frequency, the mass
detection range and mass resolution of this instrument were from 1 to 1000 amu and better than 1000 (m/z=
219, ADC card) , respectively, with a detection limit of less than 1 pg and a linear range more than 4 orders
of magnitude. Meanwhile the instrument has a high acquisition speed of 400 spectra per second, which made
it satisfy for combination with comprehensive two-dimensional gas chromatography. For the moment, this mass
spectrometer combined with the first domestic comprehensive two-dimensional gas chromatography was
successfully used for the detection of many complicated samples in the field of petroleum, environment and
essence, revealing its ability for connecting with the comprehensive two-dimensional gas chromatography and
the application potential for full component analysis of complex system.

Keywords Time-of-flight mass spectrometer; High acquisition speed; Electron impact ionization source;

Comprehensive two-dimensional gas chromatography
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