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RGBT R R GG, TS E 1 s RENAEHR 0.5 mm(4ME 1.6 mm) (1)
ANEWTBMEXT MPT & -FURSEATHORE | 38 3 060 B 40 A TR o IR AR . s A I S 34 E
G EAT — SR, IR RO N 32 M A L 3 PO T 28 o i B A | kG T RS SR 0 T, A
i 15 AR D % FEAR PO VE R 02832 sl oy Tl e A A A B 0 <) o 35Ukl 11 R fLAR AN 11 mm 3
WACE] S mm BB R AU, AT B RS R WA SE PR AT AL A A B B AL, T Ak i = B
2 PENAE 1 Pa F1 107 Pa, /\ARFFJE & 3 R IEFLB A A1) Einzel 3558 , 0 51 2R A5 FIE L2 T 311
YEF . DURAT T A i 2 B 25 BE 2 107 Pa, B T A5 38 25 36 72 UM AT J5 , T4 2 9F iR B 15 5.
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— r e B yi desolvation device Peristaltic pump quadl’up0|e
PR o X T e K 4x

HARHUR, TR Tk g iR 1 NPTOMS S

FE AN 2 B AR R 5 5 Fig.1 Schematic diagram of microwave plasma torchmass spectrome-
T MAXKE

ter (MPT-QMS)

GRS

2 PRI ES T URIESE O R R A 1
Fig.2 Schematic diagram of MPT'® and mass spectrometer interface
1. #M& Outer tube ;2. #34 K2k Coupling plate;3. 145 Intermediate tube; 4. N4F Inner tube 5. TAE’X Plasma
gas 6. /X, Carrier gas,
T 5 B IR TAE SR SO R 1) 2% 100 W, TAESUR 2. 54 GHz, TAES & 650 mL/min,
AR 1400 mL/min SREEZREE 10 mm , JIEAEEE 150°C  H,S0, 265 98% , G TLEREN 99.99% .
2.3 BFREIRE
BFISFE MPT-QMS 212 RGP RO a4 3 T8 851 M 100 Pa FL25 XL % 2] 1 Pa F
SXWEZMEH, BFId 10 AP0 H 11 mm ZEHE/NE 5 mm RS E 48, &7
RREERN0.9 mm, [HIEE R 2.1 mm, &4&JEF LB 60 VZEHFEINE 30 VB ERHEE, HEE4E
B T o (A [ AL 57 AF 2 198 SR8 F, . ( S A3U331 %k 900k Hz ) , AT LATEAR [] B Jl— i 35437 ( Pseudo-
potential ) "2 fé S UK B F AR ALAE B T U o
£ 100 Pa SRS F B PR A AR 1 pm P8 e AT B b 5 s b 193 5K
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RAFEERE 2 Bl AR i R R, MPT )™ A= (14 22 J5 1 B8 116 15 75 50O 8 e b B 125
BT RS  A RCRMEE TR A B T AR A B RE ) 22 A BT X T TR TR AR N HA R S

3 RS

3.1 BFRIMNLELERMZM

S5 &I [R] B - S F S X B A — g s, B 3 2 BaCl, A 7E DU AT BT A (QMS)
MEINZE R, MU A E R 70 VoI, BE B B[ Ba(NO,) H,0]", [Ba(NO,)]",
[BaO,]", [Ba(OH) "% ZF Ba LR M Z IR T T W55, 1M Ba 75 S5, 28 715
WHLHE A 150 VB, BR Ba™F1[ Ba( OH) ]* Ak, 78 H T A B AR M EZREAT B .5 Ba A X% B 04, [5] B
Ba* {5 545 8 T R MR

\Vf=70V
Ba*
1607 A 160+
A [Ba(NOy)| / B V=150 V
1201 20F
= =
X X
z 80p (B BaOY T 80f [Ba(OH) )
/
i—:i . i—l: 40,
"
& oL e . .
140 160 180 200 220 140 160 180 200 220
10 3 mlz [BaNO3 H20] m/z

E 3 B TIRFE5E RN 70 VAL 150 VI BaCl RE 5L AY MPT-QMS % &l
Fig.3 Mass spectrum of BaCl,obtained with MPT-QMS when Vif of ion funnel setted at 70 V and 150 V
3 vy A AN [ B P T R T AN [ T 1 S 0 L X AT T R 7 e S A A AN (] i
SPEL, A AR R 4 A A P ARG, A 24

W 2 7 1 £ T 2R T B T, 10 [ Ba(NO,) H, /_’\———\/\
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LR P P EAIR /X
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[BaO, ] *F[ Ba(OH) J* AYfR 98B I 24 HAYME  po 4 Effect of the RF voltage of the ion funnel on the

HEWIF IR TR, 7 Ba® A58 B IR 245 242 &1, AUAE  signal intensity

SRR R 38 B (B IR, BRIV R B, SEBR R 1L [Ba(NOy) ] - H,05 2. [Ba(NO3) ] * 5 3. [Ba(0,)] " ;

BH , E — Y B P 4 o S 00 P R BB 1 5 B U S 4. [Ba(OH) T ;5. Ba™; 6. &4E T (Sum of all ions)

DA Pl 255 ol 75 R o 1Y) 22 it 1 1 LR i
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BERER K/ I, A4 I8 T R AE TR A 25 R HL = A m] ARG ) 22 5T 15 - B B I I A R A
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Cs™ 5 H,0 MBS HERE LG , 47 T4 1 GHITFL I Vil % 20 V I, [ Cs (H,0) 1" (0 I 8 2 52 404
S AFLE TULI B IR S P MR RS TR, 4 Vi 4 60 V I Cs™ B F 15 B IR A S B, B Bi
TEHS, SR ATRICE T OG5 A TU U B TR AT RO B AR , PR 26 8 o S UL 1) o — 1 4
J LS TR, Ba A Pb AR AR B S — 0 T A TR S5 T 8 TR e b,
I b R RS TR S S 0 (R Gl 17 1982 B 05 0 R 75 6 A T8, 8098 4 8 7
USRI, SR L] Ba A1 Ph 91 SRR ESC T AT,

I L E 2 B 2 S5 T 8 TR S 2B | S 5 T 0 T B R R 2 AT B 26 R T 0, [
SR IT 2 A 5T T [ L 5 4 B T A BB TR 06 & (I BaCl, 1 Ba
(NO,) B #6275 5 Ba® AI[ Ba( OH) 1 AVHFHE R 4 IR TR BRI SC B 2
F1 K4 ITE RS I E s

Table 1  Detection data of metallic elements

SRIE 518 P BN T RO Vit=cov)
Metallic elements RF voltage range( V) Characteristic ion peaks (Co;nparéd Wi[%l Vr‘f:60gV)
Cs 60 ~ 150 Cs* 1
Ba 130 ~ 150 Ba*[ Ba(OH) ]* 38.6
Pb 130 ~150 Pb*[Pb(OH) ]* 55.9
Y 100 ~ 130 [YO]* 7.1
La 100 ~ 130 [La0]* 14.4
Ce 120 ~ 150 [Ce0]* 9.7
Pr 120 ~ 150 [PrO]* 17.5
Cd 80 ~ 150 Cd* 1.3
In 80 ~ 150 In* 2.0
Sn 120 ~ 150 Sn* 22.7
Sh 80 ~ 100 [Shol* 3.1
Bi 120 ~ 150 Bi* 4.1
%2 ZHETETHRM AR | o) © |
Table 2 Bond dissociation energies in polyatomic cations 1001 .
s SRENES WL 10
Chemical hond Valence state ) Bond d'ISbjO(tlalIOI’l _ 801
of metallic elements energies(eV) =
Cs*—H,0 +1 57.3 T 60r 03
In*—NH, +1 11 E
Ph*—Cl 2 285 £ 40r 0
Ba*—OH 2 530.7 = Ll 12 1%
Y*—O0 +3 718
Lat—O +3 875 0 | |||| [ I|||| L |
Ce*—0 +3 352 220 230 3:—/2 250 260
Pr*—O0 +3 796 B
Bi*—0 +3 174 100; 330 100> oo P 253
50 by 50 236 50 15ls ii
3.2 MPT-QMS 5 MPT-LTQ LIRS 230 240 250 260 0160 1‘802602‘2(|)‘ 1030 136 142148 138
BT B AR T U S HOFEI  MPT 52k " "

PEBSFBE R REAL (LTQ) 86 JH, I 5A J& MPT-LTQ X} KI5 (A)MPT-LTQ X BaCl,F fif A AN 5 1 T, 47 4]
BaCl, VW47 46 A5 3 1 45 5 . 76 MPT-LTQ [1)— /& Ba IRAREALZ ML (B) BTSN

o R IR Fp A W 4L T — B A , R ELARE G K Fig.5 (A)Mass spectra of BaCl, obtained with MPT-lin-
m/z 236 Fl1253 , FEANE S o TP IR B L) 5 Ba oG o ion trap mass spectrometer ( LTQ) , illustration is the
ZRIR R 240 A T AT A , R ER 2 T 1 (1 25 natural isotopic distribution of Ba; (B) Result of tandem
S SB)  EfTTRESN SR T Ba(NO,)* - 2H,0 " peeoneny

F1Ba(NO,)* + 2H,0 - NH, BT, HASR 5K 3A WE2REM, & Im TR UL T8 T g, %
Bl 2220 R T B R IAE SR
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3.3 MPT-QMS #illZ TEREHH

VERUE A 20 FiAS [F] 0 2R A TR G VA VOB LR 7 J 1 SEE PR 3 MPT-QMS [] B ASHI 22 b T 25 A
D1, 8558 03% 3, AR B2 F S R R (A 120 vV, Bl ZE R anE 6 Fis, i+t E La
MIFRHENE[ LaO ] " 5[ Ba(OH) 1 7F m/z 155 Ab KA B, W LIARYE Ba JC 2R M9 KSR [ 57 26 40 A 44 LL 3 4
PREZIR [ Ba(OH) ] &, P [ LaO] ", XA RSB A[ LaO ] K BEME LARIIE , P EAR AR (1)
fiff PRI E S T BE S U S RSSOV, 8 [ Ba(OH) 1" 14 B 58 M 5, BRULLISL, BT R i 4
JE - B - DA TR BT P70 TR 5 A ot P SO0 P Ay B TG 3R T R 1% T BR8N, A o it A Y R R 9
JR U B A 5 A 42 U R (I R 1 P

DIXIRE S AT 22 3 UCRFE BB AE Az i (o] 55 A AT R8s , 8 CAE 20 min (N 2 min i#F47—
UK, R ARAT 10 A3 258 1 AR X BR o D 220 RGERT % B (RSD) 5 I AE 1% HNO, % 10 1K, #4FF
i B m/z BT B B 25 R BRI 25VE R R G (SD) 5 X5 3 fE RGEMETS (30 ) MY MR EE R
FYe ki BR (LOD) ,MPT-QMS Kaill 2 Fhoc 2 ry A th FRIAE] 0. 02 ~ 1.4 pg/L, FHESI T3,

120

1001 [Ba(OH)J* o .
- [LaOF [Ph(OH)]
s | sof Ba / Pb*
X Bi*
= 60’ /
= o / [PrO]*

% Ga* \ [A\S()I]{*h [Yor J{) /
D FAY . |
100 120

W4 L L |
60 80 140 160 180 200 220 240
Cu+ m/z
BI6  IRAAREREN I MPT-QMS ik &
Fig.6 Mass spectrum of mixed standard sample obtained with MPT-QMS
®3 RGrEREIX S

Table 3 Data of system performance test

S e T '~
Eliil %nls Sampl?sé uciflig({%lration RSD(% ) Sljriﬁzi) i ity Nof\e%fu%fiem Limififﬁdgtﬁeclion
(pe/L) g (peg/L)

Cu 10 1.4 3039 70 0.69
Ga 10 3.0 1488 67 1.4
Sr 10 2.9 19505 75 0.11
As 10 2.0 2738 76 0.83
Rh 500 2.4 3419 65 30
Y 10 2.6 2502 68 0.84
Cd 10 2.5 6094 63 0.31
In 10 1.4 10255 56 0.16
Sn 10 2.6 2446 72 0.88
Sh 10 1.6 1957 73 1.1
Cs 10 3.3 45249 67 0.04
Ba 10 1.4 62851 64 0.03
La 10 - - - -
Ce 10 1.5 14991 71 0.14
Pr 10 2.7 15356 82 0.16
Au 500 2.1 7181 73 15.15
Tl 10 2.1 56646 66 0.03
Pb 10 1.6 43191 64 0.02

Bi 10 1.2 104061 78 0.02
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3.4 BatEMEENH
TEARAL ST, VL BaCL VST RE S, % MPT-QMS (978 &/ e T #EAT3EAG . LL 1% HNO, &R N
SR TE ) 2R B R R R A v T VL, B P R R T T 55T

M5E 6 Y. AL Ba® e FE A2 58 BE o bk AR A rol .
PABTT, LA Ba™ 19 TARINZE (1 7) ki [ o
I 0.1 ~50 pe/L, & #BHh y=5777. 9+ | x| =
3918. 6x, HIZE R L R*=0.9596., R
4 i 10 5 =M
o

TR T — o 39 780 25 A % A MPT-QMS, i 010 20 30 40 30

TR B 4B T Z A I A HT . 7 A28 i A C(Ba™{(ng/mL.) |

TE TS, A RO 48 B T MPT 4#-1F
(e S  FEA I T B  BO RS S
SN X 4 SR T R AN A AR, AE A IS A S T
SREH R T AT DL A — GBS R P AR B R B 1 TR S S, W M T 2 TR T, (H
MPT-QMS X 20 Ff 70 2 TR AR VA TR A AG I 45 5 2 B, LSR8 A5 20 A9 o5 0 AR G 87 5, 28 59 7 B, s K 20
S IBICER HBRE T 1.4 wg/L, 353155 0. 02 we/L &40, AHXT ICP-MS, MPT & 7 B A U/ #E
B IRE R TR AR AT I 3T

7 Ba™ bRkl ug/L

Fig.7 Calibration curves of Ba®*
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Development of Microwave Plasma Torch Mass Quadrupole Spectrometer

XU Hua-Lei', LING Xing®, ZHANG Xiao-Hua®, JIANG Tao’ , ZHU Zhi-Qiang’, QIU Chun-Ling', TIAN Di*'
g g g
"( College of Instrument Science & Electrical Engineering, Jilin University, Changchun 130000, China)
8 g 8 ¥ g
?( Beijing Perkinje General Instrument Co. Ltd. , Beijing 100085, China)
*( Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation ,

East China Institute of Technology, Nanchang 330013, China)

Abstract A novel quadrupole mass spectrometer using microwave plasma torch as the ionization source was
developed ( MPT-QMS) for the analysis of trace metal elements in water samples. The influence of ion funnel
on instrument performance and analytical outputs was studied and illustrated. The results showed that it could
lead to effective collision induced dissociation ( CID) by modulating the RF voltage of the ion funnel, which
quantitatively broke polyatomic ions produced by MPT into mono-atomic ions. Such effect significantly reduced
the complexity of the mass spectrum caused by multi-atom ions. In contrast to a linear ion trap mass
spectrometer (LTQ) without ion funnel, the result of MPT-QMS was easier to be identified. A mixed sample
containing 20 metal elements was detected by this instrument, the detection limits of most elements were
between 0. 02 and 1. 4 ng/mL. Compared to ICP-MS, MPT-QMS was only 10% of power and gas
consumption, and was suitable for the analysis of water samples when carried by a vehicle.
Keywords Microwave plasma torch; Quadrupole mass spectrometer; Metal detection; Ton funnel; Collision
induced dissociation
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