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Abstract

This work develops an innovative symmetric coaxial dual ion source combining a
balanced atmospheric helium plasma ion source and an electrospray ion source to
simultaneously detect both polar and nonpolar chemical compounds. The traditional linear-
type coaxial dual ion source suffers the drawback of floating voltage at the plasma outlet
of the glass tube. When the dual ion source is working at dual ion source mode, the high
floating voltage at the plasma outlet of the glass tube will interfere the ESI source which
leads to unstable signals. In order to solve this problem, the balanced electrode design of
the symmetric coaxial dual ion source was introduced to eliminate the floating voltage by
changing the drive phase of the plasma generator. The results show that after 100 minutes
of continuous testing in the dual source mode, the ESI source can constantly produce ions
with the existence of plasma source due to the elimination of floating voltage and the dual
source can provide more than 10° ion-cm™ ion intensity that can apply for most of the
ambient mass spectrometry applications. In order to optimize the symmetric coaxial dual
source’s stability and increase the total ion intensity, four important parameters including
the geometric design of the plasma source and the ESI source, ESI spray voltage, the
injection rate of ESI solutions, and the flow rate of helium as the carrier gas for producing
plasma have been studied through the results of MS results and the pictures were taking by
the digital microscope. Standards of volatile organic compounds, pesticide, cold syrup,
Chinese herbal medicine, vitamins, tetradecane and hexadecane were used for testing in
three different modes including plasma-only, ESI-only, and dual ion source modes. Results
show that the developed dual source successfully detect the analytes and can both detect
polar and nonpolar compounds which substantially improve the abilities of MS system.

The developed system can apply in food safety testing, air pollution monitoring, and



pharmaceutical composition analysis.
Keywords: Ambient Mass Spectrometry, Electrospray lonization, Atmospheric Plasma

Ionization, Atmospheric Pressure Chemical Ionization, Dual lon Source
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APCI: Atmospheric Pressure Chemical lonization, = § /& 4 it 5 5312

CI: Chemical Ionization, - 5 5+

CRM: Charge Residue Model, & 2% § #i-7]

DART : Direct Analysis In Real Time, =P e £ 4 7%

DBDI: Dielectric Barrier Discharge Ionization, 4 & %ﬁ LT R J]%ﬁ;:ém‘.,é

DEP: Direct Electrospray Probe, E 43 T ¥f B4 &+

DESI: Desorption Electrospray Ionization, %% ¥ 5 4fi2

DI: Desorption lonization, 3% ¥ &

EI: Electron Ionization, & =+ 53t

ESI: Electrospray lonization, T v Jf #54ti2

FAB: Fast-Atom Bombardment Ionization, i i + 38 # 5+

IEM: Ion Evaporation Model, &+ 4% 7234

ICR: Ton Cyclotron Resonance, #t3 it *f = J&

IMR: Ion-molecule Reaction, 3=+ -4 3+ & &

LDI: Laser Desorption lonization, 7 &%t ' 532

LTP: Low Temperature Plasma, ;g 7 in

MALDI: Matrix-assisted Laser Desorption lonization, z B #f B4 3§ 54 %t 542
MS": Tandem Mass Spectrometry % =< B 5 F 3§ ;%

PID: Proportional-Integral-Derivative, ‘* &|-ff & -Hz 4

SIMS: Secondary Ion Mass Spectrometry, = =t 3+ 2538 ¥ 2
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FIRgE % R0 T I A F R SRR IR . R W E T A K

ﬁf?—i%'&rrﬁq 1-2 #7157 ”f] ,,’E J:4 ]ﬁf%}%\i 5k 4 R 0 /Hf/’rl?\f ’Jl ﬁ_i%\

|

&

\

o~
=]

<

TRMEFTHRE AFFRLZIREREIRFEEER I DL BRIV R
Fo BB ESI FERGEARASAZFR S FEEFRF ORI TR
RN G RN R RSt b K SR EENENCTE SRS SR VRCE I
AT - gy FF S BT ol 12557 o 0 B 12 (d) oL
TEZAFRAL RN I T RETTREAFE B RETEFEAH LR
R2H K o m {sxhA R € Flii R # 4 ( Electrohydrodynamic Force )& @ 4% 4

oA REPFFDOTHEERYE



(a) e > (c)

(b) »— (d)

B 12 267 b8 s BRFES TR LH (¥ kB (b) RS B (o)
LS TR B (d)BGE TF 2 £ (TR S T Y S TR B1[26]

LA¥BRT R fh
THE R FRTFER SRR ITORT GELTINL A R R
TR 3 W R TIRE B AR F R R T £ LR L
PFLTHRLEELTERSFEREY > 5P 5 J1* nsfP A Ford 2 B SR AP
WAFPEARRV D] LI T A ITRIIE LA FRELSIRIFR
( Ion-molecule Reaction, IMR ) » i & 474 & R {6874 47 » 2 d 303t ~ 2 &
Lehp b 2 (A AR H S otk Seeh d - AP E R FRE T LY
2z % (Corona Discharge ) 1= ;% kFdp | o 3 &3 o

d B35 ART o FRS SRR F0 0 0l FREAEMEEN S

s

~

BENFEF FAT BRI Y- BRSO BRI A D

{A
o
‘\*‘\

w2 B
TR

g

B4 (5-6KV 2 B i B B) 4 2 o] A 3 43 (MeOHy™ ~ H3O" )i {7

{\,

%

4

E=H

FHA A T TR R R L



Corona Discharge
Electrode

Skimmer
High Vacuum

Atmospheric Pressure

wlp {0 Analyzer

Heater Vacuum Pump

\

Nebulizer Gas Drying Gas

B 1-3 % 7 B4 L8 a540m7 3, BI[29]

141 FpFE L1732

TR him A S AF e @ W R sl Ap #4752 > 2005 & BF R, B.
Cody % %[30]% & 7 T p¥ 2 3 4 +7; (Direct Analysis In Real Time , DART) » H %
ERACR 1-4 977 c EIFRELEY - £ Hwst b5 1-5kV 2 FRE T (FL
T AL DTRET Y R DT HT 0B £ BTG S 2 53
7 & (Perforated-plate Electrode)fs » i%iE 7 {& il B hi®* 2. T ¥ 10 F B pdp+ o
ko REESENZ BTG AREDP T T REF - BB ARL DT
i f I H O DART L & p* TRV ERR X VR AL EP TaR

CEREE AR LY LR S T IF S T

needle electrode electrode 1 insulator cap

gas in ""‘__‘/ glow open air
— discharge : \"

sample gap

grounded electrode  gas heater electrode 2 spectrometer inlet

B 1-4 TpEE 4 450582 1 L RI[30]
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142 WER 5}%7‘*’?%7}

R R fﬁz&'}{?%’ﬁ—/ 3% 2008 #d J. D.Harper ¥ A [31]02 4 % B3R 5 A#HL
SE R N - BATI R B R ERR o L2 5 MR TR & (Low-
Temperature Plasma Ionization, LTP) » 4c ] 1-5 #777 » 32753LR KR &4 4 & F it
- Bkt PR T RS 2 H A2 %ﬁﬁk’#wﬁffﬁ? Uiy

s

R R P42 (Dielectric Barrier Discharge Ionization, DBDI) » 2 2 it €

IS

212
l

=h
EASFE -

Y

BoRE A2 LI T RDER NG 30°C L SRR R

HREEA B3 04SIM 2§ F AR RTHT E’L’ré.iza‘:fjfg P
B2 F o kfenFERRAHFFITANERFRLI LA F PR T RS 3
kV’ZSHh’ﬂﬁ'u;1W°$ B A F et 2 NEREHLEE BB

B 18 (7 9 P

Grounded
Electrode
\l Discharge Gas
~0.4 L/min

HVElectrode Atmospheric Inlet of
Mass Spectrometer

Dielectric
Barrier > l
3KVpp Desorbed lons 4
z'ﬁ:sz Surface s ot ¥
LTP> s /.'./:
- -,
Sample

143 AT F%T sy

B AR E R 542 (Dielectric Discharge Barrier lonization, DBDI) £_# 2007 +#
d ¢ BN Na 5 A[B2]9F 8 402 F5F A% 42 Fngirs #}E?jﬁﬁ?ﬁ
o Ao 1-6 90 0 B RIZE AT - %k FRlE S W T (T 5 4T A

WA B TRE 20mm e P RS 02mm 2 ¢ 2 B SRS S TR 2 BE AT

v

el o Aedg 5 203 kHz » # 5 5 30

F_k

B Bp o §F A FH

Sk



W35 45KV g BLinR o BRni Tt DR LA THES B2 S

KR {elFd T 4 b A anfEFpla 4T o R ke R o

Vacuum interface &

Gas inlet
50 mi/min mass spectrometer

Needle Electrode

Alternating a3 5
voltage A R ' )

anr ‘
- ,a’ Ser

Copper Sheet Electrode Glass Slide

Moving Stage

B 1-6 4R FRR R AR KR T A R[32]
144 K % F% @ s
%2009 £ > H.Hayen % % [33]4% - B R75% enpfdtilm i 50 Lz 3 AT Fix
Ca 5?%’?%?-7%( Dielectric Discharge Barrier Ionization, DBDI) » £ } & 91 4 %2 2.
DBDI i st & 48 8 - P2 Tﬁ_@’j’:ﬁ%% Fe o 4ol 1-7 #7771 > P35
B2 A SBEPAREIERES BRRDOEPI R T AP FL A E 150

mL/min 7§ § {6 > %+ 35kHz ~5kV 2 % B w2 & 4 ?:J”“]; °

B 17 4 %R sdeE [33]
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15> %4

e Rs R I BREEFNE AT

A5 = =

- F W

AR ESFR i THEAF BB o) BRI ZHREELA L2 FIR
PRI T 2 AL OTIE 6 25 2 A RPERIRA TR

7|

A X “?@" j]% éﬂi/zis};“ B IR A kS l:T}Lﬁ 4 ,@Iﬁ}ij-@"’f”_" %f&ﬁ%’-%ﬁ—,f
MRILEF R RFAELE A
$-o% Bp hz: I

ii%ﬁv&#ﬁfﬁ“iéﬁ’f*ﬁﬁgﬁﬁ*ﬁﬁiﬁﬁ%‘rpﬁ'/f zZ(;‘*Vﬁlb/z/Tr&P‘-/z Bl

RRFHE )2 RO A PRRLEARE TR 0 02 A PRAR2 LR ©d hH el

P
4%

B EREET ] 0 @ B L A EARIRT - KAL) 248 & Al

7

P TEEN-E SIS NNTETE Y PSP ST E SR B O
ﬁ 23 }‘-:;7 \‘é IT:_F,FL,FIQ o

éi?}ﬁ@;\/ %ﬁ-/)fﬂ: ruz

AR EY Rt h pu;fjx?ﬁ?_ bV BEPSEIR 6 SLPE > BB T T eh

“F EE RS REEE G IORM o B AT 2 SR 2 EPRAR 2 R
BRI A G R AR e BER M ARN 25 B DL
FU(TFREA C EAYE 0 B ey T ET R R R iE 5)2 T

'

%{fi FH(F F F AR BEFHRUTIFAZAE  &a Bk SRdrL o

PR ELE AT TR 2 AR L BT R e R
Fz RARALFAE (T OES ¥z £l > 2 B #A 57 b KRR PR T 2 04

e R o BLAE TR R T R 0 RS R Y T 2 AL bt AR
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BRpPEFTHERLESE A2 BRGVE TS E RIS

PRELIRIES)T S SIE PR £ 4R X A S A R TR > BT

BEBEGEEHE AT BN AT TR F LR AT 2 B

NG RehEF Rl TR

M“‘:“@"‘L"’ﬁi‘lfﬁié{”‘_’hu , «J—j\E‘-’ ”ngéﬁj{—iéf%ﬂ- JP?'% %

LE AT A B EASER A AR R > DA B R

R R SR A R R GRS A KB LI MR A R

LR DR ARSI AR N 2 F ST L A R xS A

el s

7!

[N

R o F > BT EPFRIRZ BB o
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$o% #BPhz R

LJ,_;}L’_%_ g RIS BHERE AR Y B R Y apFapE ‘3}’1:/&/ ZR e
—7»};37 :—éf’/\%wo V?/aﬁ%”%ﬁ/?tﬁﬁ"‘mg 4 ﬁﬁi?d @21 ﬁr»?\/ ’ﬁ?_‘pglﬁ—éi
W B AL PR B R A B PR SRR T I E LB

SR SUINE Ry e

Spray needle tip Analyte Cone
T ——— molecule

Solvent Coulombic
s evaporatuon explosnon
——

The Raylelgh
limit is reached

m Multiply Analyte

charged droplet Multiply charged  1ONns
droplet

+
Power Supply

Bl 2-1 T iEsa2 (ESD2 # 2 3+ ) = B 421 X B[23]

TR PFMLE 0% - B E 5% 1 (Nebulization) » £ %5 d syringe pump # #

R

Mg Y A F PR E - £ o F (100-300 pm, id) > 3 AL G
€ 7

a2 .

25KV g R R B AR AT REDIPF YD T TS

=

= TR

a

TH R T AL g Do HBEoF fRFAREIAEATERS »HF &
AL REAB F 2 %4 R PR E o [ EARF o RARGE AF ¢ Fli 6 ok 4

hf Flm A L3k, e LT HPTET hipd L e RFF R M



Rehdog R4 TRAE L eE ﬂ!?@ﬁﬂ%ﬁ*&&ﬁﬁi’ Wil € A2 R FRARE > T
w bR I A R R R F o 8@ ) o) a0 R R R 2 (ESIplume) 0 2t - iE AR
s B

2.1.2 & %%

% = Bre B2 3R (Desolvation) » = % d £ g e I 2 v TIRIF &
HITEARY FIF F S 0k G fiot 0 IR R B T R F ORI L B
o e F S HRFY TE T T R AR R RARLES A IR
VARRBRFL AR ES B W fe- KA BRARE A AL L § L] ik
RF A R RAEF LR TR AR T P AR T
2.1.3 3

Bt6 - B FEE G P54 (Tonization) AR F 175> F P E B & 5T A4S oh
WARE A4 WA P w AEMh T AF S AT ] - 83 1968 & Dole ¥
A 23] B en R m A& F 3] (Charge Residue Model, CRM) » ¥ — 7% R] 3% 1976

# Iribarne ¥2 Thompson[34]#r#& ! endgp 3 424 12 25 (Ion Evaporation Model, IEM) ©
TR YA

7 e F o] (Charge Residue Model, CRM ) #_d Dole e%= 5 B [5[23]#7
&> £ d Rollgen 2t # 2§ > W HA|PHER LB L aRhEF R AF2ZF D a E

Biog sed bo bR FEAEE ¢ o Rt i L RRH S MOl R Ao SR

EQARSS R = il A };Y‘J ] /?‘; » A d‘/b/%ﬁkﬁﬁ 3—5?‘-"" mui’/ﬁf » Bt & B HL
FRETEE - AT RN MTE LG MR Y LR G

Fartrtrdt o R EF P RIFE RS TR FHN I AoB] 2-2() 77T

PR Y S 2 e
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B EFES

3+ 474 12 % (Ton Evaporation Model, IEM):a 2 # 3 % % T /7 éhg 4ad+ 7
- EF B REBAE G 508 LF G R R a R T aEAy Y o

SRR AN F P A RFLATSF A

F_&

PO AR Y MRS A
WA AN T RELS YT - LR P AR TGRS 03 U AT
AL K R EFT A F TG AP ATE T o doB] 2-2(b) 7 0 8 - TR

ii’** KR AR S AN

+
+

globular protein ion

+

+ 0+

small analyte ion

Bl 2-2 T EFARF THF 22 A4 - QR FA T HEE] > ()3 38 H031[35]

2.2 % AL

59 DART[30]ehs fo 3 S b R 5 o T RMFHAND 45 o f 485 507) 3 )
A& G A AW FF o A B A0 % 74 (Penning Ionization) & f 1T £ & 7§ % PR
(Surface Penning Ionization) = 1 > 14 % £ % i3 (Penning Process) > H mi2 i & & 1|
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R P R(A) KL R A T 0 B0 A SRS X A 2 Rk 3 e

¥d TANF AT (BCAAF arTyB‘frCﬁ%é@ﬁ’*’ﬁi#ﬁﬁ%é_iﬁ?S@%)

A* +C — A+ C" + ¢ (Penning Ionization)

A* + BC — A + B + C (Penning Dissociation)

A B DART ¥ gk @ AT30 R 0P g 4140 = 957

He(2°S) + H,0 — H,0" + He(1'S) + Electron’

H,O" + H,O — H;0" + OH"

H30+ + nH,0 — [(H20:H)]"

[(H20),H]" + M — MH" + nHO

DART ZAI™ F BRI S HOEFWE § £ 4 fHieFnla 422
o TR I OLRES F AT F Y ks SRR A2 kdp
B HF(HO0)  p 3+ g fry - ka3 e @ 24 ke84 (H07) 0 ok &
g SRk F R EASRERS [(H0)nH] - § §F 484 414 35 tihp
o R €&k EHFEFHRT-SF F & (Ion-Molecular Reaction ) 12 & 2 4~ {54 &

B3 o 7 23 DART R 428 % A 2539 T

TR RO TR VR

#2-1 Z R EFRE T ;”fjifi*??%ﬁ AR E > A FE KT ESIenw (i §
B Bl 408 T 0542 c01B 1500 Da o & & iRl iR engta » BSLF * %
BRIB BRI 1 EF 0 R Y MR AR E P e E T RRILE Y R
fezbipi ot fd o @ 2 2EF PR SR BE LR L SRS

£ #ﬁ FFIERB AT o STA L Gl )30 5 473 e o EST A 4 s en

#4155 IMR “72 2 o MH ™ 2 i CRM/IEM #72 2 % % i T j7 < MH, "2 5% o
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—v‘

F’ 2apS R AR IMR o LS BT A L MRS < ke
I,T’

ﬁ.

F R AR R EST * R R AP s 2 F s R
[

PRAE %wdfi_]\ﬁ;:—gﬂt#;,g; Wiﬁﬁ‘?@-ﬁ“ s iR F L Eddog AT fafy o
?% 3 * A3 4RE/ P BRG] A G o e R HRF D P RE S ZReR G

g phed AT R AR

02-1 Tof EASALY R fesAs 4B 2

ESI Plasma
»r3 g vi#kL 3 Da <1500 Da
EREELR e yea AL/ 2 E L
EER S MH', MH," M, MH'
¥ LA A
v f;ﬂ" LEF LT LES
ERIEL

24 23 LSRN G

T O N LT AHDFRRBORE B GARS B Bk B e R R
PR GRS S A N U & SRR B ORR AN S S LR R
B R EF AR BTSSR @ 3§ B - PR A LT R BB e Bl
T AR T AT RIS F 2 A S B2 P BR] K F TRAFRLIR T
AT R ezt iR A F BRI R T SR IS PR S 5 0T g
T 2AFEERREFE AR o
24.1% & = 3 2 4 £ AERR

Tom b ERET RERIRZAEE SRR K B B[36-39] 0 4@l 2-3
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“77+ » Agilent Multimode Source sHEEZF3 R F 3 & > & 7 ESI 2 APCI » =
AET R - R > 2 et LG HPLC 817 & 49 4 418 15 48 syringe pump &
B fs > BEL g 2T ESTsfvg 410 £ o U sBehw ¥ 05 00 3 id f R 4 ESI ¥
AR F IR R o 24T R R Y T g DRl I g4 BSIEER TR
T FH T B R - APCL 2 &4t a > %11 26 kV ehg BRERT > A 454
B fTE f S R SREA T A Sd APCI R T B sa A 4 PR
A ESI 2 APCI & §8 7 e 5 &) P53 R 8 7 2530 £ Tl e P51 RR 2 & 24 40 BT

g foo

o ‘
HPLC inlet i Nebulizer

[ -y
' Thermal
. container
|
Ir_———} Capillary
=

Corona
needle

0
Drying
gas

Bl 2-3 % & ESI 2 APCI #3h2 7 & 3% &k (Agilent Multimode Source)[40]

-

2.4.2F b3’ AR

o] 24 T 0 03 A RPHE SRR 3R A SIE 2 R RS KT 2
FEG R FRAFRIR o BET LTP MR E TR ESRIR T BT e T
W E DR P RRI I SR 2 AT o R - 2 A SR TR E ¢ L
TR TR PRBR TR NE AR E R 43KV -83kV LA ATH

L TR o carriergas A F F 0 THETEL 45KV e
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stainless glass laser
steel tube tube

ESI+APCI plume

analyte ion

MS inlet
ESI _-
solution "
N, flow - -

&
» «— ncutral analyte

ing ceorode e MRS

Bl 2-4 I st EAFELIR[41]
25 $4E 5 R T TR
PERA G AR R ITIORE £ 2012 41 B 2 $HET A 4T R
TRAFRA[A2) - F TEAE T IBE FE R 0 25 LD iR
RETRALF D TR F > S 7 BRIAAAMTFRTTREAES
N EAT BT RO T AR BRSNS RS A PR T HA
T Frrdg W25 SHFETAMT L TRAPRLE T LR -

B
DA

=y
>/
73

He* (5 # L8 1)

B 2-5 AET 24 LR TRFRREE 7T L FI[42]
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26 BB P 0
261 =5 18

W m F a0 582 SEEHR R AF T F Fa BE D - plRTeE
Bl ks dgd FE TR IETALE 2 VRS F T RFRE Sl RV R R
B gty i Tl T RBATS OB E BN TR A A7 R
(72 J‘ﬁ;“ CH RS R BRI )Z REF i R Y o X F ARk
B RAUDFFIN A TROFF > LEFRAES T REIFES T
§ it o AT R RPN AL ¢

-\

262 % B

SRS TEEE SR Lk EE SENNER AL I S E N
1 B K

PR L B LR RN AR AT R E L2 B2 T 38

=

FRRAFRRE BETFTEE 5w LRTORY R vk =

AT REETRE BRI RO - DRBTE TR E R % S

2R

A AE B LRk S PR 0 45 - R e s Rl B F

5= s =

AEMSREAES TR EMR SR RS BN REMFRR G R B S S

B 1% ,f\ U

52,

TR R R R TS c B REES R RS 2 RP R
FRAtrr D AHRE LT R TIRRNTIENG AENTRES P ET

¥ e PR R R R 2 2 e T
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ARERALATT PR YT AFEERECRBLEE  NE B I h

HALA e phsS PR AR PR R A > 2 BAE MR S SR £
Bito 3 A5 R BHE FSREHRZ 22 Bl M EEMRRR K L2 kil S ie

Fipitatm ERIT e BEG AR RFVREFE L IVRRRAR Sl
G ‘J}é&f&i?']i’ﬁ&%é—%éi’&fi%ﬁﬁtﬁiﬁﬁf B T35 o R AR
o st BEPFHLIR kSRRt o
BIR%HESE R &

ettt 2 3 Ficy FoMp L FH o BAR S ANS o ¥ fR(HPCL &) ~
AORFHF(99.5%) ~ & R(95%) s Bt w st s aE &Bi B Do)
Ao F30php Ao bR G LD P o SIS F(F £ 5 250uL) ~ g e £

F (/2 100um / #h T 365Sum)Ep ik £ £ 1P .
329 AL

321 § Fing

—_—

d R ET LI F o AT BRI R E A TR F e
ZECFF G AFEFE oYY L2FRNAB TS r R FE2F) 6
FA AL A2 o k@ 3 Bp New-Flow 94 § & * i € $74] B(TLFC-07-A-

1-W-2-B-1-1, Taiwan ) » **in & 24 F e R RF > 73 2 8B IV pF > #5500

B2 i dle 7 0 R BAcR 3-1 #rF o
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Mass Fow Veler
TIC SIS

Metet IUCI LN
ot ta: P20

P
fonge £-20 ¥

B 3-1 New-Flow #

4y
ks
=R
|l
=
|l
{}}'
=
IR

322 WS LETHY

SN TR SR 329 B AR RRNF NP Ey
*ERE U0V, 5 A5 20mm £ A& 5 40mm > ¥ 28 3 210C » fie & PID 441
BIL SR AIE R R MO RARE A B AFE T o BRSPS IELF R F AR

BRI o

Bl 3-2 = A RET R
3.2.3 kit

*F B¢ ATE* enk 3 R 5 Ocean optics HR4000 % %47 & % 3% % (Ocean optics,
HR4000, USA) > -] 3-3 #r77 » HfiZ4r R 2 0.1nm> & * USB2.0 /& » ¥ ioék2
M & o 7808 190~1100 nm > oz sk pF g 30k ghom s 4o K- Bk B B % (Collimator)

B ES TR AR AT R R PR B o
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B 3-3 Ocean optics HR4000 3 f%47 & & 3% %
324 HIMHEEFHR

NG R B AT g LR R (Ton Trap Mass Spectrometer)4e B 3-4 7
7+ » % Thermo(Agilent, United states)*t#]:$ 4 # » 4|55 LCQ Deca XP o # :4 ¥
e ESI & APCI % R GFagil > P 4T s i 5 5 Bl 2 » v A6 o g
fer Ay orhp W MRS QEFRFFAL 20T c REAY ey
syringe pump > ¥ o F ¥ RITHI T OB E T R RS R A 52 <] o Thermo
LCQ Deca XP m’}‘rﬁﬁ?ﬁv% Bl = fafst @ MAF 255 15-200amu > — 5 HC
74 % 50 —-2000 amu & & * 3 A F & H5E ) 200 - 3000 amu > T EF 5 FE
ArFH R MSY) VHE - A ST ENEET S o T = S R Y

GEfs 2 A3 AEL s B EER 2 AT B

o i
29
: L4

B 3-4 Thermo LCQ Deca XP &+ 1 i 3 ik
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325 HJWHKA
1. USB #ici=Aicdt  * “WHBTFERAL mf B2 R LR R
PR > & USB S B ekt > 4o 3-8 #17 0 B A HET S 0 %
* 2 fck * iE 500 B o fE fE247 2 1600x12000 p F ¥ 3 5V kR % snapshot
Bl 79 EAR - P USBRETHGRY 2 55 o
2. U HPEpE Y ELE AR 2R Y o d Nikon 27574 24

&0 A% 5 DS1000 % 7 494 1620 § % 4 4n * fo&- 8L 1080 P 2 B ffe -

B 3-5 USB #ci~ & st

326 RAFBUAEEE THLL AT R

REL R BRENTAL D - S AE R T REEFRET-I2V HE T
LRERHRETE URF L PR 4 BT oh e B FL L0 T5E L%
B ELis > B S Ed - B REBBREIERE ﬁi%]“' 1.52kV 2 2 i g BRI %R |}
R iSRS AL ¥ ERDBD § § R

ETRERBLAARNELAERNG AP 74 AW 0 A48 5 DP-
3630S » 4- @ 3-6(a)#7F > Flg A 136V E R o R R RE TS AL TR

FoREkEp WL %ﬁi%]”"”‘\f A 4 EAeF 3-6(b) 1w o
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ouamane

»O

B 3-6 ()7 LT REBE - (b)5 R IREEL E
RS RN TR w2 B R A THREN I RA LR
BHERBRTFESYRR Y BB E KV L BN T R A TR THK

KT e 2 R E B e
33k PSR IREER chk 3t

Discharge

'F

B 3-7 F’%%/f%ﬁ-/&l%g‘r.&@ (a)v'gé’-‘@%@ JFE'%}\‘% %ﬁ/&%ﬁ (b) £

A phs SRR L B

Bl 3-7 % BAE R e dh  FAFRRER oA T A D OEAER B b

PRMRAE LR REB AR AL FERABEENRLEA R T RS wp Bk

g ﬁiiﬁ»i%'gﬁﬁ%ﬁ/&l% 2_ 3}9‘»2@'? T BEL O IRFL m'g ,vv%";};‘\;@—g LR

TR TR EH R 3-T(RFE L 23 B ET RFIES 6mm> 5 43§ 3-7(b)

BIHF L2 ARBHEHTETIES 12 mm > A BEE L THAL TP IR
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HrkgSh 10 mme B F 2 W A LMD 8 S I F AL
@j—i%—’?(;%?aﬁ \"')7 F\ ucl’ 2mm, ;I./{m:’ 3mm I—L%ﬁ’{ ﬁljﬁ}%rgﬁgeﬁggé

B i MR R 2 g TR 2 S o R LY R EEH -
FABASLE S BTN AL RFE P LS Tmmo HE G 2mm e iR
SRR AL AR R A AR RN T R R 4

PR ROHRT A e BT R LR LB R U

=
g

AP ELAGE CEREE e LEREFEYE &

AL F2 0 AT T i b1 BRATEEN r ASATLTE

7

WARREBHEFIHRART RO FF F el oS SR T o
SRR A SRR RS St AT LS SR

?‘E’F%F'E&%%Af'% J\ ,gp‘_l—}”"c}#,bﬁ» rH oo

SRR v ERHTFELR

R GRS G 2 )R 5 100 um s IS G 370 pm e #S e

3.4

-$

E-’a

TEATHINL mE A B S FW AT R SR T BRI
kTS o R R BRET G RMAIIR X R S w2 D
95 18 pm > 4K 5 55 pm o B 3-8 (a),(b) 3 SEM T srdpdkchk S A AIL 2
fRA L m g BUTG ARRIZ SRR > B 3-8 (0)(d) 5 S BT R w182 pa £
o BTG RALE S T ALE

EhBPRBLIGRY L mE FLRFIERER Y P T N T ik
R ¥ RUREDS FORFR S R TR B AT S H e e P TR

[P

- .
AR N

(=
£
=k
o
T
W
il

5 @@ Kol Mg F T3 £ BER ] 0 7

W TR AR R IR S F AR TS P e
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B 3-8(a)(b) 5 A SAIL2 4 @A * mF 2. SEM 4p 4] 0 (0),(d) 5 5 e # ki
X2 p R L g 2. SEM 4p # R

3.5 I B EEAFHLIR 4 SLIE

AT R TR A 2 AR b BEPEAR 5 S A dh B & F BRHHALT DBD 4

=,

FLRE T IRAFRRET CIRB A AT D R RRIR R i
BT E HpJEIFREFTT - RET UEES FRE S  - SREFRSB S TH
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