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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
heaied capillary, heating time and capillary vollage, can be controlled automatically according to the chemical

properties of the analytes such as thermal siability, 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 =+ 5C, 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% to 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

AR S AT R A AR B TIEX—T
2 AR AT B AR B TH R . SEER
T T R AR RE, R St FELR AR
EE R ET BB AREER 09 B T
EZBABRSTRIER R EE Bbr. B
Gt PR B A AT AR BBRSE Y O R A S IS B
B ARG, R E RS TR 5
B ARE 2 —, &7 EMEE, BRIEE
B T AL 55 % M H B ( DESD) Y STt R A AT
(DART) "™ {RIB% 8 TR#4 (LTP) ) % L
HCRLARES (APGDD) ) R R A I RS AL
P (DAPCI)P 7"y m@E F A B W
(EESD) M ~'STae 5 R | BE % 76 % 15 3 15 A0 C % RF
ToAL £ T S B Z2 BL A b R W B I B A B
Fio N T ISR AL &4 B TR EAG I
B, BRSO AT B 8 T % IR P B A2 v B U
JRIBHAY R EMTERE ST &ET,
JREH LSBT F € SR S e R AR AR M SR
EMERIMT HR, T8 E PR 81k 2 v B R
EBRFERERHARE FRTREKR SREHR
PEARXT B 22 G 1A R, S BRI 45 SR AR 22 30K,
o R AR AR B

A CHERTHABIET " B FER b a8 AR 45 41
BRERA: R e B AR B AL B, BT RE S AR
FER IR BFAE M R ERS, MR
FE BB [E] N R AR SRR 1T R S K TR
AR B IR G B R B D
ERHAREER RENER/DZE, kRS
JFE 5 0L ) 0 T s RO 9 B, 3845 AR A
FEME MR Z MBS FIARF 8 3 ik

TDCI 7P 5 FE AR M E A DR R 3B
4, ATLL A SR A TRl 9 8 7 AL i AR RS2
B RN R T HE SR AUt A
TDCI I & 5 LTQ - XL &k & T B B b,
SR TR R ) R T A B R S R B R (TDCI -
MS)BHR P&, B - T4 -3 - H R & 7
Ve TR, 7o AR B i BUL B &4 F
LB T YO R B 6 R AT R B A4 Sk )
= R AU Y DA I, BT 6 U o B4t R A0 AR
XthndtE (2239 LR TDCT R B4 R

1 SEBGHEsy
1.1 UK T1E5M

FALE IR B R IR E (XRE BT
Wil ) s LTQ - XL BRI M5 7 B R iE X (R H
Finnigan A7) , Bt H Xcalibur 1340 R 58,

PR A 1E B T A IR BB B e
m/z 50 ~m/z 600; BAE IR 200 °C; BAE R E
44 VBB E 60 V HAth 4 LTQ - MS R4 H
k. B E R E A =R E kA TDCT R4
By FERARRE LR R E R ES R 4.0 KV B &
BRI S FREEA DR BB A v+ A = R EU
B 1 oem; KE 5L B RE S BIEA DM B K
0.5 em( WL 1), HVI F1 HV2 435 % Bl £ TE
25 5 AR RS THT 0 B 55 T B AR AR , BT 43 1 it i
0~6 kV Bl E, 7 4 1Y & H i 5 BE 5 X 4% 5 i
B X AR L 2 7 R B0 RE b 2 AR T, LA R
it B TR A RIS AE DA
1.2 AR B v B BOAC e g S

HE AR B B B 4 R ( Thermal Dissociation

— 65 —



FZ T I -
1 7
1M http: // www. ykes. ac. en

2012 4

Atmospheric Chemical Tonization, TDCI)!"!' B —Fh
WAL IR T RME A YT RS E vk RN B -,
Z AR SR AR TR B P R O T TR R B
MEARCRLE 1) . EmPad s, 5 eadialH
PO T = A KB IR B . B, R 1L
1 - T3 -3 - HEKMERN ISP S ERER
V- T8 -3 -~ PR BRI PSS, Rl 4 i 32 440 1
WA shig . AEREREREE 5H B
P/INas (] HL A ™ A ) e R BE R B M AR
HISH B TR ENR PRk EEE T 1,07 4
BSR4 T R LR, IR 4 AT e
T 5 R BB LA K R B B4, T A i 0 g
myrvEFh. FUYEFESERSWEN
TLE ARSI B O RG] AR5
Mraeth , WTI#A I 4347 o

PR RE
HV1

HV2 &

Bl 1 TDCI TfERay & E
Fig.1 Schematic diagram of the TDCI setup

1.3 brdEiEie e FEAH

A £ A (Fluka Co Buchs, #i+) ; BB failhal,
25 R A R 7o PR B4 T R (R T
JB 1 x 10 7 g/ mLES A o

AAR(TE) .

SR 2008 29 A 5 HRE —REAKES
B TR Y SE AR 2 4, SEIREHRAE St AR Ak
B (BETT S EARMERFIRER) o

ZREE (b, R TARAF)
{8 FHB M = R EE B A 1 x 10 7 g/mLIB W & H
BTHRAS G20 B1T & 8. LRAKSA
TIREFIK
1.4 wREM=5 SR b

0. 1 g 87 EET 100 mL /KR KR (10
g/mL) , ZERFFHREEF] 107 ~ 10 "g/mLA £ H K
VAR A 0. 1 g ZREREEE T 100 mL K4E R

W (10 g/mL)  ZRHHREAB 107 ~107" g/ml
ST O T RE RS P M S VL A
107" ¢/mLIEWA M.

2 RSN
2.1 GHrTUE He R v B DR B

M TDCT 25 IR B 45 ¥ L i 7] A1, TDCL &1
TR T2 SRR RS TP SRR RS
BERH RGNS REMI 4L . H
S o0 R AR RGO ) M T M AR E A, SR R TR
ERRRRIRE R A TRE S B R B E R K
ST BEK LR TN 2 S LR, 4
P FEATIIBE ST B R A b, 20 3 XA 4 AT ST Y
H R AEAT AL T i, X5 4 IR AT 2R
SRR, B B A5 AR I8 Fr U 40 A9 O TR 455 (n
PR Rt R R A, WS R E
S R e A R S A AR S RO S R T PR B0
B AR B IR SR B (JAT 1) o

TDCI B i B o s AT d ol 8 e B sh4% ] R 45k
Bt = RO RS . O T B O R R SR
PERHER L , AT TSR T SR RORE R , 1R IR Y
B/NZIBEMEREY 1V /NE 0.1 VT EREA
B(EFTERO~10 KV, HTHEEO0.1V), FHE, N
TR A SR 2 S E R BB AR E M RS
TR GRS d ORI = ST/ E 2 1°C,H
JEANIE A5 i R # b 5 LED M Bk B (1
AEEERTIR 0. 5% ) HEAT M A, BERREE
AL BP0 3k = 4R 55 4R, ARAE A () B Al g A A
BT e AL E R, R 8 Sh I
TDCL B TR 5 B (XA T A DS &
SFELBERET , & TR S B U O B s A
PERAEIRAE NI E . dik, BEB I R IF T IR
BN SEHIRENE, LR B B RS T
BE AR, MR T BRAEXERE , BT I o B ke
iR T RFREARF G, EHEER b, AP
TDCI & TIRE) 4 NEBIR AT B R GEE
#9 TDCI Y38 i3 0 L V817 88 IR 5 LTQ - XL &8
B EENLRSH, FRNYE TR RE
RIFEDL T, M a 2 LTQ - XL B b, Wit T
B ELH e X B e B IR BTSSR (TDCI - MS) 75T
F& (A 1 FR) o
2.2 HORUE RSV B PERERY IR AL B RAE

RIABIE R ], 75— EVE B N, TDCT I i B
PR PRI B2 1) ool A ) T e o B O S A L



10

BRPRAC R, 45 < B B T FAR A 2 F B e B o) B

%31 4%

B E TRE, StF TDCI B BR, 7E 15 5
FRMERT, — B RERERERN3.5~4 kV, iR
JEA 120 ~ 170°C B}, XA F(1 - TH -3 - &
MERB) 5 S hc . BEN SR T ERET /RN
1A SRR, R A] R A = R e A K B R
EREHIE 170C A TGS Bk,

B2 HE Tl - TH -3 - FEEpRBRYE
JE 4.0 kV FAN#IR B 150C T H{E S mEHMEF
B BT ERNEL, LREREH FES
TR T, B 7 U5 BE B B A O b — A bR
BAENXBESHE RGN AE 2 /JLUEH,
HEERFG T, BTFRERIEADKRAERE N
0.2 em,EEH0.5~1.0 ecm MFFIREHHE W
BT, R B o

HIRE

Pl 2 TDCI B5-F-IRHE I 0 25 A B HE 558 B s
Fig. 2  Effect of operated parameters of TDCI on the signal

intensity

2.3 BiRUE AR RS BOAR R

e bR SC B A A DAL SRR b, ARBF T A A
WAL 1 - T8 -3 - RV A R = 1 - T2 -
3 — B BRI B S Y AR 1 A e B R, R P Rtk Ay
TDCI - LTQ — MS 7 % He R JC 75 R T AL 28 i &% 14
T4 pixt el R R BN R (AT R ) f4 g g
=REFEHHATHT

FET R % & (ESD A R B IR, 4 EEST,
DESI 8% HBE MR ML A k7 R B, B T8 IR L
KEEHRBEEA (APCL) F B 7R, 10 DAPCI DART
S B SRR Y B AT . A SCRFR Y
A TDCL & FFE A Tkt Bl mIER Ey
PR HREAI . RIHARFFT A, TDCT GBI Hy SE B
Wt (W T REEE) FIAEM MY B (3 Z8) AR, A

TFREFE REM = REEE I TNR, BN T
BE—IE B, B & TDCT $5 AR N L BE s B e Pk &
), T BB FA B B R M SR B

Bl 3(a) AFEIE B FHRER T KB TR B (i
J¥4 10" g/mL) ) TDCI - MS FI & F1b 4 75 F
WE[ M + H] "y MS/MS #pifE g, Hb,m/z 304
AR REME P FEFEM+H] B3 7
m/z 139 BAE AR B FHE Tk 1 - TH-3 -
PR SEDRmR B BT 0, O TR G0 SE G Y (R PH A i
BT BT IE m/z 304 AT R BIEHR, ER
C,H 0, , BEIF R H M) EEFRE R F m/z 182, Ir 4k
B SR RE ESI - MS/MS —5'" gt —4BFR T
TDCI R AT §E . 4% TDCI - MS F R H T
SEBRRE S AT R PR R AR (W EN 1077 g/ml)
PR BRI G I, BT A5 1% & 5 0T R PRI b S — B
(K 3b),

- AP
199 ANY 50
100 r23o 0
R o MW=229
50
%50 182 230
= K |
3 IR0 300330 540
mz 230
""""" I'!'"'I""'l"*'!’jl"l""l”"Y'"'\TV"'!'T"'I="T1
120 140 160 180 200 220 240
m/'z
139
IOOJ (b) 100 182 t304
Q
50
304

FAXEBE/%

19807730 220"7 260 300
: 304

0 - ; y + r : : r ﬁ‘..,*,},.f-e

120 140 160 180 200 220 240 260 280 300 320

m/z

B3 (a) bedEAES Al B TDCI - MS I MS/MS JiTi% I ;
(b) ATSRAAS-REIG TDCI - MS/MS — £ SiikPe
Fig.3 (a) TDCI-MS and MS/MS spectra of Cocaine;
(b) TDCI - MS/MS spectra of Cocaine in Coca

Kl 4(a) HEERFHERAT WM = RE%
(W N 10 ~°g/mL) g TDCI - MS FE T4 T &
FUe[ M+ H] "B ~ R BB A, Hd, m/z 127
AERFH R T TETEIM+H] TR

FSER P A, B B R T U m/z 127 3 TR



[aN)

H OB
1
B http; // www. ykes. ac. cn

W

2012 &

FUEHAT REC RIS 5, BB FRAE R T m/z
85, AEF B F m/z 127 £ &k NH,CN ERE(, Mokl 45
RECER(8 WL R G, B 4(b) HERHE L
PR = REM O —RAE TS T8 FIE m/z
127 RIS, WL R S5 = BE MK RIS E — 3
T H , & F TDCI - MS/MS J5 ¥4 il = 58 UMk i
FAFHE BB N T 15, VLA TR SL 56 P B R 5256 1)
T IMBN, Hh— R T LR

100- 127 139
@)
100 127
NH,

5 50 N)\
S 85 I
3 50 N
=4 EN® N 3
= 0555 9 100 T10 130 130 140 MW=126

] m/z

0

50 70 9 110 130 150 170 190

m/z
100 - 139 .
1 (o) 100
j 1127
§ o}
= 301 g5
# 50
= ol
E 70 90 {10 130 150
127 mz
0 T T T l( B ma—— T ' T 7
100 120 140 160 180 200

m'z

B4 (a) bReERER = 2R FUIAG TDCI - MS # MS/MS [iRi%HE];
(b) 24y h=3r 50 TDCI - MS/MS — BRI ik
Fig.4 (a) TDCI-MS and MS/MS spectra of Melamine;
(b) TDCI-MS/MS spectra of Melamine in milk

2.4 JRiESRMENGE G HIR R

BM1L0x10™" g/mL. 1.0 x 107" ¢/mL.1.0 x
107" g¢/mL.1.0x10™° g/mL 1.0 x10™°* g¢/mL % 5
VBB AT R R AR VRV, TER AL B 254 T HEAT RO
BB RE MR TFOEF m/z 304 i " FURIE
FHERER BT m/z 182 s B B 7, I SE e
BRI SR G 1 m/z 182 Kby i5
RFSIRERR , B R O HEIR I 28 6 W, BT
5V B 155 58 B B - 28BS AR L A AF X6 o VEE g 22
(FEBSAEIE) KK K 6.31(5.6% ) 11.14(7.2%) |
19.89(8.7% ) \34. 67(4.5% ) F160.36(7.5% ) , ¥E
SR SRR o BB, e hibRHERN R

Bl S Lo 25 R, v REMWKEE 107 ~
107" g/mL {EH A, B TRENTE(y) 5HRER
MR (x) BEBRITFWAREXR, ARy =
0.2443x +3. 7366 , fH X E ¥ R> =0. 9796, XA FH
VRHEE R 107" g/mL BIBRHEVE AT 2 , 3K AR
NAFSIRE N 6.38 (n= 6), B HFESA 3 5
PERZE R 0.715 ( S/N>3,n =18 ) i1 HEBFRT]
R AR PR 1,12 x 107" g/mL, % i FRAE 65
W R AR B O R (WRE N 10" g/mL) A4
S0, AT S RE R E E AL B B IR X AT R B 8
HER (1.5 x1077 g/mL) A ECHL?

A ERMEE ML SR, R EEN R E
FE 1077 ~107" g/mL, B TR E () S E R
M (x) BEARITMEREXLR, BB FTEY y =
0.512x +6. 187, K AN & =K EW 4 P31 A 5
T IR R BE (VD T R B HE IS W, LAE MR LK (S/N)
T 3 N = REAR R o B ARAS B PR, R 3K G =
REMEAKE R (LOD) H 2.62 x 10" g/mL, fE
TFEREEEERIT

2r  p=0.2443x+3.7366
R*=0.9796

BlS Al RERMRIESESBENRR
Fig.5 Relationship between concentration of Cocaine and the

signal of selected ion

3 SEhRFER RS T

FRATT BT 3 FORE SR AT SRS R,
i TR A HEBR MR B, A AR SR SE 10
W, BB A] - BB A o {5 5 5, BT RE SR 7E
30 s WARIRIGIUAE R . S5RFRWT, Hb 1 Fa] RAE
Rk A RE, S ANF Al R R R E A &R
1.7x107"° g/mL #13.0 x 107" g/mL, X HrE R 2=
S50 8. 1% F1 9. 6% . K FHRIFE R8s, X 3 F il
MMTHE Y (2008 429 A 5 H R4 = REMSE 4T
TS FRAE R A BIRESE ) A TINRE , BN 5 1 S
10 3R, 735145 3 = WA M NS SR E. B4
FERAE 0.5 min Py BIZRAE TR R, i %R



#1H

BRFHAK FF , 4 B B % T BAR 12 i 2 2 B A O ok S B R

31 %

A EHER PR, el A= ke i b 1 MR R
HEREE, HR 2 MR =RERN S #5518
0.87x10™" g/mL f12.0 x 107" g/mL, 3 F§ifp
ZREMAE TR E A AR R R 4.61% ~
9.80% ,

4 &g

RS TDCT ~ MS 3% B 0 SEBRFE b s ao vl R R
e R VRS R Y I = R EERM AR E. &
AR M ZBOK  (BRAEHTT A B YR E R, K
N7 R REE, AL S ORI SE M R
JE PR RS PR IR & 32 B B S PR AR B R
fitk. S TDCI A b, AN AR 3 B B A AT &
PR GHIU FRAE B BLE LT 10 5, BE 65 35 22 SE B
MR, mTHAARTREMNNRKE, SRE
SRR T PR B R AR LS ST e B T A
KA R I PE AT

5 BEU

[1] Takats Z, Wiseman J 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[J].

Chemie Edition, 2009,
48(11) ;2017 -2019.

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

Z. Direct determination of trace amounts of acetic acid

Angewandte International

using a novel ambient glow discharge ion source [ J].
Chinese Chemical Letters, 2010, 21(10) ;1219 - 1222.

(5]  BRESC BN, FMS, R R, 2, ke, E8
¥, B I I AR T AL v R 0 A S
[1). 43#4k2E 2007 ,35(8) ;1233 - 1240.

[6] Chen H W, Venter A, Cooks R G. Extractive electro-
spray lonization for direct analysis of undilute'd 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

chemical ionization mass spectrometry for direct ambient

desorption  atmospheric  pressure

[8]

[9]

[10]

[11]

[12]

[13]

[14]

(15]

[16]

sample analysis without toxic chemical contamination
[I]. Journal of Mass Spectrometry ,2007 , 42(8) :1045 ~
1056.

Bk, B, B, WA, TR B 3, X, X
BR KRR R AR R R AL R A R E
gk = RA B [T]. 20 #7 4k 2, 2009, 37 (5)
691 - 694.

Cotte-Rodriguez I, 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
Chemistry 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 1. 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 HW, Yang SP, Li M, Hu B, Li J Q, Wang J.
Sensitive detection of native proteins using exiractive
spectrometry [ J J.
Edition, 2010,

ionization

Chemie

49(17) ;3053 - 3056.
Chen H W, Wortmann A, Zhang W H, Zenobi R.

Rapid in vive fingerprinting of nonvolatile compounds in

electrospray mass

Angewandte International

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 HW, 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]. Journal of the American Society for Mass
Spectrometry 2009, 20(4) ;719 -722.

Chen HW, Yang S P, Wortmann A, Zenobi R. Neutral
desorption sampling of living objects for rapid analysis by
extractive electrospray ionization mass spectrometry| J].

Angewandie Chemie International Edition, 2007, 46
— 69 —



%14

=IO

LI

http: // www. ykes. ac. cn

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 spectrometry [ J ]. Analytical
Chemisiry 2007 79(4) ;1447 — 1455,

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

Selective detection of diethylene glycol in toothpaste

mass

products using neutral desorption reactive extractive
electrospray ionization tandem mass spectrometry [ J].

Analytical Chemistry,2009,81(20) .8632 —8638.

BRI, ZEEEOR KR, R, B IR, BRI B RV
B b B VR BB ORI [T ] A B2, 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-methylimidazole and acid with propylene oxide [ J].

Green Chemistry 2003, 5(6) .731 - 736.

KPR, £, W0, B, R RERRE R

— 70 —

[22]

[23]

[24]

[25]

P P RS B v E I G KRR R R B AT R B
[1]. B ¥R ¥, 2010, 31(10) 1961 - 1964.
RAEIE, BKF, TR, KE, BRI, X, 318
TR ARG, 2R AR IR AL 2 o B R A R A T B 3
JRE BAEPRE[J]. B H A%, 2009,26 (10):
1222 - 1226.

Zhang X L, Jia B, Huang K K, Hu B, Chen R, Chen
H W. Tracing origins of complex pharmaceutical

preparations 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 ],
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.

FHE, VL, BE R, BRI OC, KON A R R E R
¥R B EEEENE YR B P ZREMKT].
BABH2AL 48,2011 (5) :86 - 90.



