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44 V,BEHEERN 60 V., HESKMH LTQ-MS &4 B3k,
TDCI IR %/ FE ARG Lol in 0~6.0 kV AT M MEBREE DA RBEEEHEEAE 0~
600 CHIREM M, HRERBMEHIZADNERN lcm FHEXRASHIZAOHNREERN 0.5 cm.
FESHEE 4% 001 g ZX95 T 10 mL HH B, /E M BEVR (10 g/L) , B B9 5 100~0.01 pg/L Z5H) F B
BW.&H. %001 g EEBRET 10 mL K AR (10 g/L) , ZHHEBH T 100~0.01 pg/L EERE
WA, BEFRAAESH R 1.0 mg/L KIBEW, &M .
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3.1 TDCI &

1.1 SEEHRE SEEHASCEESEEEER GEERR. BFEARELHAEREMA. &
B IR E R R 12 VIR A B RS b m R S . PRE S B R RY h k& & % 8 (2.8 cm X
45 cm 1 4.5 cm X 4.5 om) , PRI B ERIE L% & 8 i
o E AR E (B 1, HV1 #1 HV2) b5 B dAAR b ] / ;
3 BRI 0~6 kV B3, 7™ A 19 1 He B 3 R B %o , Samplesets
B B X B AR R B TR B B 2 A9 4
PUEAR 5 B F A BRIE A5 DI . @ R R R g b
AL ESEH LED BF B RS, W SE B & R
ML EY AN BRO~10KV, BVRKE 1 V). I
S VAT R R TR R N R G B SR B AR T RAER &
et BELEZEMEEATHEE ETS5HEH
B ERREK , AT #RAE MR . B 1 TDCI LfE R &K

3.1.2 AIMAESFEERESE MR ESEARER Fig. 1  Schematic of the rmal dissociation atmosphere
BFER I AB . R EAEEG . MM e chemical ionizaiton (TDCD setup
B.HEMARBRENABRERWEEDT &

(4 cmX 2.8 cmX 1.8 cm) . IR AR G5 by B 5B K £y 5 3 PR Bk 20 B, % LR A 8] 58 78 P 28 SR B A it
ARG MBRGB A ML 24 V ER B, IR E A 1% 600 °C. AT AL G AR & R EE
B EG G EENRERRKRHEV2 B, BRAREGAEEBE HV2 Z 85 KA R %%
MR, LSRN, EHEETFHLeYENSHERMESYE T MR K RRBEE Emk. fEm
P, B TE YRS RE A XER RN T, ARG 2R FRBEEA S FHR.
FERE R B 6 5 B 7 BBV 3 B, k= A B B v N B T SRR R R I A R A R
By s rETh. FUYETERGAENGHENT MEHABNE TLrREMRE
MRS AT SE BB AT . AR B AR B R R SR R AR R, TR R K EHRIE
RTHAMEMMRZXGE., REEZGHRRAE IR AR ET 5 KBk B/, T R/EER.
3.1.3 BEEHRE HBEAHASIZAEBEEGREE BHAZ AHAESSBBNEFERR
GReR . IREARECK E R R BB (B S 4 AHIERE X 1300 O B AR RFHR SRR L, %
WA PR 0 bR P OB 4 T R B — R A B Th SRS R A N, AR R i P
BRhas BERRBR G R EM R IT. HAHBE Sk E 2 (SSR,4~20 mA), & FF RAE A, S A% 8] % R
B AWM EERZIAESAE - EBRE . AR SHERES. BEARSBERRFES
&R B2 R G, PR AR Gt T 558 A A B S AR A AR B IR, SE I R AR B A IR . EHR RS
£ 5 1 A2 B AL 7E 50 AL o, B0l vl RS T B R B I BB BE L THE A ] S 24, AR R A £5 C
3.1.4 SHPFHRE ZERYREIZHZNEX, YHZ MW HAVTRH=Z4AVRGATEREN
B mm, BWHEERX | mm)MZESGHR. 7 TDCI&EFES, &SRR G 7l =487 2R E5H A
WA EFRGEREN A IDCIEFRS MM EFEREAONER . GE%S. FERHK=
e AR TE S AR A s, T a3 AR,
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3.2 TDCI EHIRAE

KAZHBE TS B1TH 6 TDCI E M RE ST T H &, P TDCI R EBETESRURE
HEFMBE T, B2 B FHAAR T 2-3-FF Rk AR B EMEE T RESREELE
Ol LERRY,FEBTRMET ,BE MW E B EHEKO~4kV), 1-T H-3- bk ™= 4 (5558
EEEABEYHEHAFA4KVE.FEEREBTVRE 20, B 20 FREENESRENZWM, I
PIRETE 110 CLUTF B, T BAE T4 YPRE A 110 CH.ESREBEME YREEASH
150 CHY 5B BEUMARSE ., G LR . E—EHEXN, IDCIETREEEMBENARENTE
WIS 4 e R B AR,
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Fig. 2 Signal intensity curve against bias voltage, T= 150 “C (a); Signal intensity against tempera-
ture V=3.5 kV(b)
B 3B FRAR - T 3-3-F Ak 7E B B E N 3.5 kv MBI 150 °C F KB H TDCI-MS/
MS BB, B mz 139AER -TE3FEKRMNOESEFE, hTH - LHBRBEHEELREER,
B PR PR mz 139 BT T R RS L (B 3/ED . IRE £ K CHLCH B A B HI# mz 110
B TFEMESL CH,CH,CH,CH, A B8 mz 3BT, HEBTHREANEEREEBHARNTE 1.
3.3 TDCI-MS K #1% Kz B
WL P4k TDCT U7 940 & e A IR B SR SE 10 2R, DL 1-T -3 HE R R o o3 B340, R A TD-
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MS R, Kb mz 240 H P TRBEM BB FRRIEE, M mz 249 WTHREER B AR HEH S,
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Fig. 3 TDCI-MS and MS/MS mass spectra of ionic liquid Fig. 4 TDCI-MS and MS/MS mass spectra of salbutamol

1-butyl-3-methylimidazolium in ionic liquid of 1-butyl-3-methylimidazolium



%2 B ORAE B TE R B A i B R A BT A R AE 291

TERAE LK AR T R A TDCE-MS/MS 5 R B M ENR O EERUC SRR THER L
R 1. BEBRBOR, AE BiaF Y5 F xR TDCI BM & LR FAF R LM, MEH K
EEREEN 120 C, AR THENBARKER; MOAMNRELBRE RN 150 C,TEERNE
MELAE R BT, AR ERH,7E TDCI I L BRI & A B4 xR R Y B AT L R AF 1L

#F 1 TDCIMSMS FEBRIMESE FREMNBIRLEUHFIESFRN
Table 1 Characteristic fragment ions of compounds detected by TDCI-MS/MS

oy H#R ¥ F Observed ions FERH S

Sanf;?le BT ;(g ,;?Zni)c species Main fl('af’l};e;]ts ions Tem(p%rz)mxre
2* Br~ Mt 111 83 150
3*Cl™ M 153 110/97 180
4t cl- M+ 123 95/82 180
5t CIm M+ 125 97 150
6" SOH™ Mt 205 190 150
2% Naphthalene M* . 128 146/110 120
5B 2 &K Isoleucine M~+H]T 132 87 150
€, % ® Tryptophan [M+H]" 205 188/160 150

T (Note) : 27 Br ; 1-Z 3£-3-H £ Bk ik 3% £5 (1-Ethyl-3-methylimidazolium bromide salt); 3© C17 : 1-%5 P9 3:-3- 51 3 bk ok 40 3 (1-Allyt-3-
methylimidazolium chloride); 41 C1™ ; 1-Z, #£-2,3- — B 2t sk M 4 £k (1-Butyl-2,3-2- methylimidazolium chloride); St C1™: 1-T #-23- " 35k
o 4 £ (1-Butyl-2,3-2-methylimidazolium chloride); 67 SOH™ : 1-(3-BABR 3% ) P 2t-3- HY H bk M 571 B8 480 £ (1-(3-Sulfo) propyl-3- methylimid-
azolium chloride sulfate) .,

3.4 SHERE AHBRNBEE

KA TDCI-MS 5 85 B W R & 06 75 3 R 75 187 30 o B 8 E 47 TOAR 38, AT SC B RE S A PR R
W, X AR S AW B B AT 30s, B, AFEGREER, BER,ESTRHERGAREN
E. RH TDCI-MS &I ZERT, 76 1X10 4 ~1X 10 g/L HWHEN, B FRERT R () SEENTRGOR
BERIFHEHE LT, y=0512x+ 6.187(R*=0.950), ZEKK MR A 293X 1077 g/lL(SIN=7.7,n=10); #
XHARHEIR 2 (RSD) A 11.1% . LHIRA SR HRYKTF 1077 g/L; RSD 7E 5.9% ~11.1% Z[H .
BRRSDE K, HEFHEERME B HR. 5 TFMML  FERIBFNEERSIT TR,

A THERFH T % ERR B E B IR (TDCD , X HAE REHEAT T H B . KBRERRY, ATHHK
TDCI A LB E TR MA RGN, 8% TDCIEAmEREMBEET# - S REE FHA%
BN EERE. ERAMITEREGHT, UBEFBRENE FAESA,, EHFXXARMETHREL T
AEEFH T RAH TDCIMS/MS FEER T MY TRE EERMESFYENSINE. 446 TDCI
BHEEST P EEARR . FE RE. BREFA IR ETERERIERAN R RELTHE
B AR AN R EERE BRSNS S
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Development of Thermal Dissociation Atmospheric Chemical
Ionization Source for Rapid Mass Spectrometric
Analysis of Ambient Samples

HAN Jing, LI Jian-Qiang, ZHANG Xie, HU Bin, LUO Ming-Biao, CHEN Huan-Wen"*
(Department of Applied Chemistry, East China Institute of Technology, Fuzhou 344000)

Abstract A novel thermal dissociation atmospheric chemical ionization source (TDCI) was developed
for rapid chemical ionization of ambient analytes in complex matrices. By coupling the TDCI source to
a commercial LTQ XL mass spectrometer, the dissociation of chemical reagents such as ionic liquids
was systematically investigated using multiple-stage mass spectrometric experiments. The primary
ions generated through the thermal dissociation process of the ionic liquids were accelerated by the
high voltage applied on the repelling electrode of the TDCI source, and then reacted with the analytes
present in the matrices of the raw samples to produce ions of analytes, which were then guided to the
LTQ instrument for mass analysis. The construction of the TDCI source was detailed in the text. The
effects of the experimental parameters such as the pyrolysis temperature, the distance, and the angles
formed between the electrodes were experimentally studied using the signals of characteristic frag-
ments of the ionic liquid. Under the optimal experimental parameters, TDCI was able to directly
ionize a wide variety of compounds, including the poplar (e. g. , amino acids, doping compounds) and
non-polar chemicals (e. g, naphthalene) for sensitive detection using LTQ-MS, without any sample
pretreatment. The average time for a single sample analysis was less than 30 s, and the relative
standard deviation of the method was in the range of 5. 9% —11. 1% ; the LOD for naphthalene was
estimated to be 2, 93X1077 g/L.
Keywords Thermal dissociation atmospheric chemical ionization; Mass spectrometry; Ionic liquid;
Sample pretreatment '
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