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Abstract; In order to overcome the disadvantages of the thermal dissociation atmospheric chemical ionization source
(TDCI), such as unstable thermal control, large background interferences and poor replications, an improved
TDCI source has been developed in our lab for rapid chemical ionization of ambient analytes in complex matrices.
Based on previous research, the operating parameters of the new TDCI source, such as the temperature of the
heated capillary, heating time and capillary voltage, can be controlled automatically according to the chemical

properties of the analytes such as thermal stability, polarity, volatility and melting point. In comparison with the
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original TDCI technique, the stability of the heat source, accuracy and continuity of the voltage and temperature
control of the TDCI developed in this study were improved greatly, in which the minimum scale values of the voltage
and temperature control have been reduced to 0. 1 V and = 1°C, from 1 V and =+ 5°C, respectively. The
performance of the new developed TDCI was evaluated by coupling the TDCI source to a commercial LTQ-XL mass
spectrometer. Under ambient conditions without any sample pretreatment, trace amounts of a wide variety of
compounds in different complex matrices, including Cocaine in cola and Melamine in milk, have been successfully
detected with the improved TDCI-MS by choosing ionic liquids. The results show that the new TDCI ionization
technique has a lower detection limit and better duplication than those from the original TDCI analysis. The average
time for each single sample analysis was less than 30 s, the relative standard deviations of the method were in the
range of 4.61% 10 9.80% and the detection limits for Cocaine and Melamine were estimated to be 1.12 x 10"
g/mL and 2.62 x 10" g/mL, respectively. Compared to desorption atmospheric pressure chemical ionization, the
new TDCI is more suitable for non volatile compound analysis, due to its stable high voltage heating device.

Key words: new thermal dissociation atmospheric chemical ionization source; device development; complex

matrix ; nonvolatile compounds
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Fig. 1 Schematic diagram of the TDCI setup

1.3 brifeiait B 2400

A] R A (Fluka Co Buchs, #ij 1) 5 BV (4% 4l
] 245 £ A fh 2 BR A W) o (o SR T = A1 i
JE 1 x 10 7 g/ mLE A5

AR (TR o

AA45REAL 2008 49 A 5 H kA = RS
e Y IS A7 A 24, SRR B WA e AR ] kb
B PAE T 3 EARMESR BIZEMIAESD) .

=R AU (A ral, Kt e TARA ) .
{o PR A = SR U C o AR 1 x 10 7 g/ mL I T 45 o
B TFWAAS ISR [20 | BAT A . 5558 KN
ZIRE K
1.4 afRPF =R mUkE il ey

B0, 1 g af R E%F 100 mL KAEREHE (107
g/mL) , B HFRAFE 107" ~ 10" g/mLA] F A7k
VA T B0, 1 g =BG T 100 mL KAE N EE

W(10 7 g/mL) , ZEHREAFE] 107 ~ 1077 g/ml
SR U I TP B A K AR L R
107" g/ mLyEF i o

2 giRkS5ihe
2.1 HRLE e R DR LB L I R

M TDCI & -5 9 45 #4 ¥ 3171 41, TDCL & 7
P e TR R G T PR R R S
IR RGN Z 4R RGN . A
R 5 R IR SRS ) 4 A RS R e, IR e T
VE R G PIRPE R ATEE e 5 2 328 5 ¢ ¥
ST MBI S0 T BUVE AT X 4 22 A SRl L, A
BFFEAERTIIBF T B b, 43 5628 4 A7 1
SRR AT OO AL RN R HE , 350 3 4 A EROE AT R
GERHEAT TR B 0% MR 15 000 490 9 O ) A (A
PR ENE WRE FE R ) XS R
TGS ) 3 P T 2 RS R 8 R 0 T8 )
T TR P R B R SR I (IR 1)

TDCI i 5 v T AT 3 5 125 J 1 8l 42 ) 2R 4 5
B R S PR o O T T A 3
PEREERE , AT S04 25 T 1 e BORS S0
B /NZEE R 1V /NS 0.1 VPR B AR
AR (P RFE0 ~ 10 KV, R EE0.1 V) . [AIEE, Ny
TR RE 2 30 249 S P PR B R S e TR
H RSB TAEE B 1k JFOR B9 £ 5°CIB/NE £ 1°C, 3
JE L P ol R e v v 5 LED 30 o 8 (B
ARG RE AT 3K 0. 5% ) BEAT WA . RE R A
F9 02 T3 3o = R 2 AR A ) v B A
BT WA B AL 2 R R [ 3 10
TDCT & 155 BRI A B T s A 1 G 5 s
SRR R RT o T U5 BRSO 1 A 25 3
PR BRI B i, BEAS O 4l 4 B TR
BASHFAE M, 10 J5U S0 000 B il b3y 1
BB R ENE, AR T BRAEXERE , BT 4T TR
SR T RIFIIH ARG EILIERE b, ARFF N
TDCI & T-YRE 4 NIRRT 0, R G4
) TDCT Y50 1 P A VA 45 88 T-URH435 LTQ - XL
BB 5 IS0 250, 1 I 0 B 15 Sk B A
Y RELL T, B A 31 LTQ - XL BREAY b, it 1
L T S 5 HL 8 R B % R (TDCI - MS) BIF 3¢
F-A (A 1 FR) .

2.2 PP ERVR LS IR PERERY O T e FAIE

RTIME 7 2 W, £ — & Y5 B 9, TDCT 5 s 5
WL PR RIS 8 1) T A ) T s e B a5 8 1 2 g



14

DR BH A, 25 < TR T A 8 Al vl 20 8 A O ) B 1o P

#5314

ARPE B T ARCR . X T TDCL W B IR, 78 1E B
FAREMEE T, — Bl B T R E O 3.5 ~4 kV il
JE5 120 ~ 170°C I, 50 B 1~ (1 - T2 -3 - Hi &
WK ) M55 f o it 9 A 2 2 TR
8 s B R R, RGN T A AT R = R UM AR i 1925
FEFERIAE 170°CAEA R 5 it o

B2 AR 1A 1 - T3k -3 - FJEDRmE e e
Fe 4.0 kV At B2 150°C R )£ 56 5 B
DAL B AT AR A D0 . SEBR 4 R R, 12 1E B
TR, B TR I B TS A H Ak — A LA
PRASI XI5 A R AR, A 2 Al LA
TESEER 26 F N, B 1 DR TR A R A e
0.2 em, #iE§ N 0.5 ~ 1.0 cm Ab{5 530 B A W2 1
BT, W R

7000
6000
5000
4000
3000
2000
1000

BT

P2 TDCT §¥-JAHAT % 11 23 [l 37 R0 5 0t B g i)
Fig.2  Effect of operated parameters of TDCI on the signal

intensity

2.3 WPE AR T BT R H]

e FIR SR A LA B RE Rl B, AT DU £
AL 1 - T3k -3 - HISEBRIAE =R 1 - T2 -
3 — PP R R s - A Dm0, AP Rt
TDCI - LTQ — MS 7 H He G A i AL B 1) 2% 1
2 Al AR AR A AR CRTR D) 2R g
=R oM

FET U5 A (ESD) Sy e s I8, G EEST
DEST 25 HBEXHR AL & W7 i B, 25 T I
KA SR (APCL) [ 2 75, 41 DAPCI DART
SFIE S S WAE AR AED) B 70 A SCHFE Y
B TDCL B 1 P08 15 T AR | 585 A Pk R A AR 1 )
SRR PR A o RIS TE A, TDCL BE PR 5 B
Wt (V0T e ) ANARAR A B (5 5%) B, A

WL RE T R A = RERAE AR SR, &R T
HE— 2B, BT R TDCT 4 R AL REH B A &
Yy, 0 HLE BT o B A P A s R B A LA

&l 3 (a) N7EIE BRI K AT R (o
J 410 ¢/mL) f) TDCI - MS Fl & 465 7 8+
W[ M +H] " MS/MS Frifi ik &, Hidh, m/z 304
R R FIEIM + H ] B g g
m/z 139324 J iR & 71 e PR 1 - T3 -3 -
PR LRI (G RE B 0 . g T JRE SR S PR A1 B,
B 7B 1% m/z 304 EAT RIS MRS, B R
C,H, O, A3 A] R K A9 = EEARE B8+ m/z 182, b4k
RE AR ESL-MS/MS — " JE— e T
TDCI WL B J5 9 Al SE 2 5 TDCI - MS J5 20 F
SRR S Al SR R AT R R (M N 107 g/mL)
F R A T, Y 2533 1 5 T DR A A o P — 3
([ 3b)

i 139 S
100 @ H £
~ PN~
199 NY 0
100 ? 230 0
S 4 MW=229
50
% 50 182 230
2 | |
= 0186260 330 240
m/z 230
0 ""|'1"'||""|'I"'\"“l‘l"‘l""""l"""'l‘l""lyi‘l'l
120 140 160 180 200 220 240
m/z
139
100
| (b) 100 182 I304
O
S 50
% - 3’04
L 4 +
= 1981080 20 260 | 300
= m/z
304

0130 140 160 180 200 230 240 260 280 300 330
m/z
Bl 3 (a) beifERER TR B TDCI - MS 1 MS/MS Jigi% s
(b) nfSRa] R TDCT - MS/MS 2Rl ZiklE]
Fig.3 (a) TDCI-MS and MS/MS spectra of Cocaine;
(b) TDCI - MS/MS spectra of Cocaine in Coca

K 4(a) WTEIE B TR R AR AL & = B Uk
(WeHEJg 10~ g/mL) ) TDCI - MS Fl R 74643 1 55
TUE[M + H] B "R RE , Hob, m/z 127
= B R AL TR TR M + H] *, T sk
G S TR B B P, B BE B T m/z 127 S B



%1 o

http: // www. ykes. ac. cn

a0 K

2012 4

FUE AT PR T A AT, 3R AR B RRAE B m/z
85, WEFES ¥ m/z 127 & NH,CN B &, ks i 25
RIS ML R G . B 4(b) Ry SeBrtt it 24k
Wy = B UK 1) — GORN it Ak oy - B 10 m/z
127 ik [, ob 45 2R 5 4 o = 5 U i I — 2
1M H., 2k H TDCI — MS/MS J5 2k A6r il = 5 55 e Bisf e
AT I B 3R T, U B A S 3 v i Jo 0T S5 50 7Y
TR RN, 2 ARUE T 525 A 1
100- “ 127 139

150 127

NH,

50 N)\N
P85 )\ J\

HN N NH,
MW=126

HARF /%

| 70 80 90 100 110120 130 140
m/z

50 70 90 110 130 150 170 190
m/z
100 L2 127
1 (b) 100
E ®[27
| !
3 o
B 01 g5
# 50
Fo g
frons 04
4 70 90 110 130 150
i 127 m/z
100 120 140 160 180 200
m/z

Pl 4 (a) batfibtnh 35U TDCT - MS HI MS/MS Jiiklel;
(b) "y b —3R55UkaY TDCT - MS/MS —ZJfi i
Fig.4 (a) TDCI-MS and MS/MS spectra of Melamine;
(b) TDCI-MS/MS spectra of Melamine in milk

2.4 JiEZerEIGH AR DR

B1.0x10™" ¢/mL 1.0 x 107" g/mL 1.0 x
107" g¢/mL. 1.0 x10 ™ g¢/mL.1.0 x 10 ™® ¢/mL 2§ 5 />
YR B AT R BRI, TEAR AL 0 200 T BEAT A
PEREAT RN LB T m/z 304 19 i Y
FRUERYE BT m/z 182 g I 5 1, S 3]
PRI RIS SR SIS A m/z 182 AL i
NEAF SR BE R, B E bR HE I A2 6 I, T
-] o7 155 50 11 XA L R IO P A X s o i 22
(FEE B KK R 6.31(5.6% ) 11.14(7.2%) |
19.89(8.7% ) 34.67(4.5% ) F160.36(7.5% ) ., ¥ia
i SRR R EE 2 BON B, 2 Rl AR £k

P05 Ses 25 R, ol R Ak BEAE 1077 ~
1077 g/mL YRl Y, B F5l B X5 (y) Sy
X () BB LR RCR, BIH TR y =
0.2443x +3.7366 ,}H 2 E R* =0. 9796, *fa[-RH
W PN 107" o/mL FIRRMEVE RIS T I A2 , FRAT 0]
NAFSHREES 6.38 (n = 6), MG HFER1 3 £
P22 0. 715 ( S/N>3,n =18 ), 315455 "]
R B R 112 x 107" o/mL, iZ K H FRAESS
T A R R AT (R R 107 g/mL) fR G
G3HT, R 5 SR TE R H R A2 R B YR AT A R A
HBR (1.5 x 107" g/mL) HIELA 2

FH LR AR [R]85 27T DA 31, = SR U i ok 2
FE1077 ~ 10" g/ mL, B B A XTER () S 1Y
M (x) BB ALK, BIHTTE R y =
0.512x +6. 187, RN & =MW 4= Y1 Ky 5
A, IR BE VD T R WEAREVA MR, LA MR 1L (S/N)
5T 3 I = R R BE Ay B TR S BR, AGH $RA —=
REUn A B (LOD) 2y 2.62 x 10" g/mL, fE
T =R R T

21 y=0.2443x+3.7366
| R=0.979
% 1: 0,,0(
I 1/ N0, —\
ol : §
A3 <120 -1 <1009 8 7 -6
lgp

PlS  nl RIS S5 S 9B 5 &
Fig.5 Relationship between concentration of Cocaine and the

signal of selected ion

3 SEBRRESMIAS I

KHIATTEERT 3 FAS[R] i A ] SR A T A I 3
I TR S HEBR AR PR, B R S S E 10
w1 = =2 B NS TR I P g3 s e g =
30 s RIS REIMZE R . 503, Hrp 1 Fpm] SRAE
A AT R B 3 AP AT SR B )R R
1.7x107"° g/mL F13.0 x 10 ™" g/mL, #HXJ 45 i 2=
I3 8. 1% F19. 6% o % [FIAE R J7 3, %5 3 i i
JERLA T Wy (2008 4F9 J1 5 H &k AE = SRS
WA A0 25 AR S ) SEA T , AR il 2 0
10 ¥, 43545 31 = 55U e N A5 5 R EE . RS
FEATE 0.5 min Y RIRAS T AG IS R lat — 95



14

DR BH A, 25 < TR T A 8 Al vl 20 8 A O ) B 1o P

#5314

T S E HEBR AR B , BRI A= A it v 1 AR R A
B = IRARUE, HoAy 2 AR i = R & =
0.87 x107" g/mL H12.0 x 10" g/mL, 3 Ffii st
IR BT 5 R B O AR X B o e 25y 4. 61% ~
9.80%

4 &5k

SRk TDCT — MS 2 F 0SB dh o Bl A
FIMESS A 55 AR ) o = SR SUR ARSI 45 SR .
SRARR I 28 BOR  (ERAEHEA TR & B B E
N5 R RBE , ELASGER 2 J0R T 1 1 S A
JE AR ARG E PE FIVRE dh 32 B 2 S PE ARG 21 RK
it 5Ja TDCT AR LE, A (X A 25 B B A 73 B i 2
PRRLIN FRARG | EE B 4 ) L, RE RS0 2 52 PR
ARG o ph T B L AR A IR S R
AL R R P, B R AT B 52 g0k IR A X A
RMEAC S DI P AT o

5 ZER

[1] Takats Z, Wiseman ] M, Gologan B, Cooks R G. Mass
spectrometry sampling under ambient conditions with
desorption electrospray ionization [ J ]. Science, 2004,
306(15) :471 -473.

[2] Cody R B, Laramee J A, Durst H D. Versatile new ion
source for the analysis of materials in open air under
ambient conditions [ J |. Analytical Chemistry, 2005,
77(8) ;2297 -2302.

[3] NaN, XiaY, Zhu Z L., Zhang X R, Cooks R G. Birch
reduction of benzene in a low-temperature plasmal ] ].
Angewandte  Chemie Edition, 2009,
48(11) ;2017 -2019.

[4] Wang X H, Liu K, Tang F, Ming J H, Wei X Y, Abliz

International

Z. Direct determination of trace amounts of acetic acid
using a novel ambient glow discharge ion source [ J].
Chinese Chemical Letters, 2010, 21(10) ;1219 —1222.

[S] BRMeSC BN IE, R o5, AR AE s , 2t , 5k, £k
W, 27 W, 2 A R e s e = FE B 9% 0T A B 1z
[J]. s34 4k2#,2007,35(8) 11233 - 1240.

[6] Chen H W, Venter A, Cooks R G. Extractive electro-
spray ionization for direct analysis of undiluted urine,
milk and other complex mixtures without sample
preparation [ J ]. Chemistry Communications, 2006, 19
2042 -2044.

[7] Chen HW, Zheng J, Zhang X, Luo M B, Wang Z C,
Qiao X L. Surface desorption

atmospheric  pressure

chemical ionization mass spectrometry for direct ambient

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

sample analysis without toxic chemical contamination
[J]. Journal of Mass Spectrometry ,2007 , 42(8) ;1045 —
1056.

WK WA, i St TR, RIS, X, X
By, A 3 T A W T A 2 R RS T LRI
Yk = SRR M [T 1. 2 B fk 2, 2009, 37 (5 )
691 —694.

Cotte-Rodriguez 1, Hermandez-Soto H, Chen H W,

Cooks R G. In situ trace detection of peroxide explosives
by desorption electrospray ionization and desorption
atmo-spheric pressure chemical ionization[ J]. Analytical
Chemustry ,2008, 80(5) ;1512 —1519.
Jia B, Ouyang Y Z, Sodhi R N S, Hu B, Zhang T T,
LiJ Q, Chen H W. Differentiation of human kidney
stones induced by melamine and uric acid using surface
desorption atmospheric pressure chemical ionization mass
spectrometry[ J ]. Journal of Mass Spectrometry, 2011,
46(3).311 -319.

Hu B, Peng X J, Yang S P, Gu H W, Chen H W,
Huan Y F, Zhang T T, Qiao X L. Fast quantitative
detection of cocaine in beverages using nanoextractive
electrospray ionization tandem mass spectrometry [ J ].
Journal of the American Society for Mass Spectrometry,
2010, 21(2) :290 —293.
Chen H W, Yang S P, Li M, Hu B, LiJ Q, Wang J.
Sensitive detection of native proteins using extractive
ionization
Angewandte  Chemie
49(17) :3053 -3056.

Chen H W, Wortmann A, Zhang W H, Zenobi R.

mass

spectrometry [ J ].
Edition, 2010,

electrospray

International

Rapid in vivo fingerprinting of nonvolatile compounds in
breath by extractive electrospray ionization quadrupole
time-of-flight mass spectrometry [ J ]. Angewandte Chemie
International Edition, 2007, 46(4) :580 —583.

Law W S, Chen H W, Ding J H, Yang S P, Zhu L,
Gamez G, Chingin K, Ren Y L, Zenobi R. Rapid
characterization of complex viscous liquids at the
molecular level [ J ]. Angewandte Chemie International
Edition, 2009, 48(44) :8277 —8280.

Chen H W, Hu B, Hu Y, Huan Y F, Zhou Z, Qiao X
L. Neutral desorption using a sealed enclosure to sample
explosives on human skin for rapid detection by EESI-MS
[J]. Jowrnal of the Mass
Spectromeiry ,2009, 20(4) :719 - 722.

Chen H W, Yang S P, Wortmann A, Zenobi R. Neutral

American  Society  for

desorption sampling of living objects for rapid analysis by
extractive electrospray ionization mass spectrometry[ J].

Angewandte Chemie International Edition, 2007, 46



514

HOF

http: // www. ykes. ac. cn

K

2012 4

[17]

[18]

[19]

(20]

(21]

(40) :7591 - 7594.

Chen H W, Sun Y P, Wortmann A, Gu H W, Zenobi
R. Differentiation of maturity and quality of fruit using
noninvasive extractive electrospray ionization quadrupole
time-of-flight
Chemistry ,2007 ,79(4) . 1447 - 1455.

Ding J H, Gu HW, Li M, Li ] Q, Chen H W.

Selective detection of diethylene glycol in toothpaste

mass spectrometry [ J |. Analytical

products using neutral desorption reactive extractive
electrospray ionization tandem mass spectrometry [ J ].
Analytical Chemistry,2009,81(20) :8632 —8638.

T, AR, TR WK, B AR, MR SO s B
AL B IR A BT B RAE LT ] 2 M fksy:,2011,39
(2).288 —292.

Holbrey J D, Turner M B, Reichert W M, Rogers R D.
New ionic liquids containing an appended hydroxyl
functionality from the atom-efficient, one-pot reaction of
1-met hylimidazole and acid with propylene oxide [ ]J].
Green Chemistry 2003, 5(6) :731 —736.

RPRE, T2, W, BRI ST, B B0 2 T A R s

[22]

[23]

[24]

[25]

A2 B T 1 R DN S R R TR AR A TR
[J]. EEE A4k, 2010, 31(10) :1961 - 1964.
BRARTE, KT, AIRE gk B SC, 3, X
B, RIS 35 T e R A 2 R 0 B R A ) i 3 v
IR Ok W R MR [J ). N Ak 77, 2009, 26 (10)
1222 - 1226.

Zhang X L, Jia B, Huang K K, Hu B, Chen R, Chen
H W. Tracing

preparations

origins of complex pharmaceutical

using surface desorption atmospheric

pressure chemical ionization mass spectro-metry [ J ].
Analytical Chemistry,2010,82(19) :8060 —8070.

Huang D J, Luo L P, Jiang C C, Jing H, Wang J,
Zhang T T, Jiang J, Zhou Z Q, Chen H W. Sinapine
detection in radish taproot using surface desorption
atmospheric pressure chemical ionization mass spectro-
metry[ J]. Journal of Agricultural and Food Chemistry,
2011,59(6) :2148 -2156.
sl AHe, DR e, S, PRI SO, 5K A 3K T i IR R TR
P2y v B B VR BRI e W A b =R [T,
BB ,2011(5) 86 - 90.



