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/NBY AR #F B 8 43 A 28 B iR T S RE IR

mER A4 L E dExE. AMEE
enx' B E OHE #HEL Fomac!
YO PR BETIE R BT R L RIS TR AP, dEET 100029)
WEMRAUR 2 SR TR, K& 130021) (P ETR R e bR, UM 310018)

W OE BT —FER 6 mm K 115 mm B BTSN DO B A A A, 55 T R T /N PO AR R T
A, I S5 OSSR, XTI AR A TR S R RS B P O A AT RE 1 AR BRI
W AR SR T A B S A T /NS DO ARAF T 62 43 BT 248 e K BT S B08E 58 500 Th, 1 /NS DU AR FF o 1%
O N (1 ng) & B H R AT AR AER 25 (RSD) BT 3% , WAL RN IR & 7E 0. 1 ~0. 001 g 35 N5 5
WE S Z B RN y=3.19662x10"x" > (R* =0.998) , 44 5Tt J4 () 16 Bl iy WEE AL I REHERf 1k,
Vi T S AR Y DU AR FT BT Bt A B 4% 5 B A R, A R SN DUAR T BT R AE B N 2 BE AL T VR
R REFNL 2 WL R S g FH

KEIR  SAHOIE-FUEEHE; DURAT; ANELL, J2 &R
1 5| 5

B H AR LI RO R o3 B s bR BT R R T [ I P A E e A AT SR R 2
T AT B REIR BE2 BE R Rb BERERRAE SR EREOR | R R A I A 4
B, IR A AR AL 38 DR B BT ORI ThAE R M AT RE PR A5 Jy T S B S e 1k i i

AR RS AT AR N AR S Y IR B TR R &R A IR AT Y M T
BECS SME TR SRR Paul BER CRATE ] L R w3 S BT
T Al e 37 o i 94) A LG5 o 8 A e RS 2 TRIAAAE LA A OC 2, (A B A e 32 i A1) 3/ N AL
TRATIN ) B3 A 5 3 B 5 RO W B DR G, AN H T H/NEUE 2 BRI DO B AT 5 o 70 BT 48 75 F B
B AR S 5 SN, PRI 757 b A 485 X B 0 52 oy, T 22 2R JH 88 1 B R DU A A
HHAZ R B AT WL T DU AT Y Hapsite ER(3E [ Inficon A R]) JETHI B TBFAY Griffin 400
(3EHE FLIR A#)) FETIHIEE TP Guardion 7 . Tridion 9 ( 3 [# PE A &) 1% T Paul BFAY Mars 400
(P EZROCRHE AR 4

HI T 257 BF F SRR/ IN X 28 BRI, B0 5 S /N AL ST 1) 8 1 B, HL B £ 4
PR FE T T A AR Z A5, 2008 4F, Gao 4500 S o A ARG S R IR R /0N TR S 1 BT
A BT A EBRIAE) 1500 Th, o] JH T 22 IRAER 1155 AR 0037 ORI E B 1 BIFAVE by s 7l 28 Jo
SyBras, BT (B LR RUN O3 -1 RO, AN 58 56 F 3 T 5 | S 1Y 8 T iz sh P 3l 3 80 e
JRRE ] b AR, S SRR < Al BB O DT o5 75 8 B — R 1] 5 s v S P =2 ] DG
SHIXTEAL, AN, BT BT ZE 5 | AR oh S B AT R A ), b m] A X A 1 AR R TR
PRI 3 LA A8 201 A B AR A . (HU IR AR I T A BT R A S i 2 55 T i iz 3
PR A A SR AT 3 TR IR A0 CIEAERS Sl B b A . DOBRAT B R 1 ml s T 4 40 1
L WASRAE A, B, ZEDOR My T, DO s AR X 25 B i B — e
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VOB AT BT 43 o i /D BB Y PSR T . H R 4E . A T SEIAE 5 SUE ( ~ mTorr) T AYERS 43
BT, PURRAT B/ INRLAE B G S B BB 1 FERT SRR T, 43 Fiz ah i F 3 A R R R, B F 0 28
b A B A O AR AT 0 [ [ TR 2% R A K2 1) — A5 IF R /N, SR TGO T H R
BRI T DB FE G /NELAR S0 HRAF 4% 0.5 mm, K BF 20 ~30 em, R JH 6 MHz 458K 3h,40 Th 4t
fIIESE 2.7 Th(10% W), THEH /7 EFR 107 ~ 10  mbar (7. 5x107° ~7.5x10™ Torr) ., 1998 4F,
Holkeboer 25" I HL K AE T 2T T —132K4£ 0. 013 in(0.33 mm), £ 0.5 in(1.27 cm) &8 i oy
WekF, HF 3RS M. S50 R TAES R 13 MHz, B 1 6 R H 1 2% 5 B8 %5 U7 ( Electron impact
ionization, EI) FIXUKT 222544, Hoh— AT 22 F R I, o5 — AT 22 FH T B3 4 A, 38 4o s o i
{8 [T R0 6 | ISR FH S 2 AE LE 19 Jr =0 3 1) Ze P i R4 31 T 10 mTorr,

ST I45/Nas5 | E PURRFE BT L S0 A o R U R, B2/ n A5 W DUAR A R RR G /N n* 4%, %o
NS PR FRAEE AR /N 0 %5, SRANES AR B A — ROy 5 2R DU AT 451, 1996 4T, Ferran %™
F 16 R EAE 1.0 mm K 10 mm A JEFT, LA 4x4 FUSSAHES], SCBL T 3x3 A PURRATRES , SR S Stdnbras
A FARAHK I R R AT LA S 1 ppm, 1997 4F, Orient 2510 5% 6] #E 09 BE 5 JE X ( A% 2.0 mm, £
25 mm) X H* (H," He® N* Nj Ar" Kr* I Xe" AN R HE £ (0.2 ~2.7) x10"” count/Torr,

BT F T ERA SR, /N DU R AT 55 2 o0 A e th Bl AT SRR 2 R T 22 ko8 ) K R e
VOCs G DA B Ak~ SR 1) 2

(E R B T Bk B i oA, B2 T 4GE A/ INEL AR DU AR A 5 2t 43 BT 0 19 I 50 AT Ak A1
IKF-, 2010 4F, Wright 251> B0 R PUAR AT B4 5 8 v FET A 21 1200 Th, {H 5 5 48384 150 Th(10% i
) o EETE R 1) ELAT B B B S A /N DU AR R B Y LT #0300 Th, /N 25 7 BiF £ 5K
P 1500 Th AR, B S AL A B T BE 3% (40 Tridion-9 )t EL 35 E) 500 Th, i 5070 FE A4 BRI,
5 /N DR AT 5 1 1) 1 AN PR 1 A0 40t B 9 0 4 A, T X1 40 F- 4 ~ 400 Th (94 5t , 4n g % 8
(435 369 Th) JEKEY) PETN( Z& S PUBEPURSRR IR , /35 316 Th) 5, BUA BY/INEL DU AR AT B3 £ Jo ik
R, R T R AN DU T f A A /N A S A T R RO R T R R, ARSI T — N ELAR6 mm
115 mm HUBAEEEOL T3 wm (/NS DUAR AT BT it 3B 4% . ZE R UE SR BT 2 B ATHR N a2 b
FR4E =5 500 Th AL, il SR, R T RS e s R M RME R S8 4n, IR 7
s bR AR X AR 1 S AT T30,

2 SLIEES

2.1 EBE5KH

AT B G /NI DO AR AT o A4S A B 25 A4 DL ] 1 S RS 435 7890 A A (A 1A ( SE[E Agilent 2y
Al 5 TRk R A W S ST T 9 B L TS R AU R 2 A DL 1 G

H 5727 %¢ (HPLC, Thermo Fischer 22 H]) 5 /\JHIA (96% , Alfa Aesar 23 F]) 5 29 = T e (JBitk 47
Mréki, Sigma-Aldrich 23] ) 5 16 FhEg A ARAE BRI (0. 1 mg/mL) (H -RPGHEI (0. 1 mg/mL) | SR
(0.1 mg/mL) , VP (0. 1 mg/mL) , ZHKH (0. 1 mg/mL) . Al KK (0. 1 mg/mL) . KK —
(0.1 mg/mL) . Al % A (0. 01 mg/mL) . H#752 (0. 1 mg/mL) . PUE K FEH (0. 1 mg/mL) 5 & H
(0.1 mg/mL) . KK (0. 01 mg/mL) ¥ K (0. 1 mg/mL) VPP (0. 1 mg/mL) , 3 A M
(0.1 mg/mL) =M (0.1 mg/mL) $J 1A 2258 WIAIE S 1 e 4R it

J\FEAE L TE ] 0. 01 g /NG, FH 5 E Le i WA il 0T € 25 2 25mL, 15 1. 0 mg/mL B
W, R E 1. 0x10” mg/mL,

PR LR e i A T T 7 VA 2 1 R A R e T YRR LA Y e R Rl 15

16 Fhilg i IRAR UL 1 16 FhEE PR EESEL 200 WL T IRA 4, 15 24 25 S 20 01 A
R NE (6.25 wg/mL) FH-RPUER(6.25 pg/mL) MG (6.25 wg/mL) SEVHHET(6.25 pg/mL) (‘%
HGHR (6. 25 pwg/mL) (AR (6.25 pg/mL)  KER W3 (6.25 pg/mL) (AIFFH (0. 625 pg/mL) | Hi7G
(6.25 pg/mL) PO KM (6.25 pg/mL) A (6.25 pg/mL)  KFKE (0. 625 wg/mL) 1% K
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Lens 3 is inserted into the interior of quadrupole mass analyzer
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Gas chromatograph for drugs Miniature quadrupole mass spectrometer

BT SR I B /N DU AR AT i A S B A ]
Fig.1 Schematic diagram of the miniature quadrupole mass spectrometer coupled with gas chromatograph

EI, electron impact ionization; CEM, channel electron multipliers
(6.25 wg/mL) JRPGPE(6.25 wg/mL) ERIMEA (6.25 pg/mL) =M (6.25 pg/mL)
2.2 XBHE
2.2.1 BELZHE K DB-SMS GHEF: (30 mx0.25 mmx0.25 pm, 3EE Agilent A1), 8 &4
o PERBINIAIT 7890 A SAH AL (SEE Agilent 24 W] ) SR AN 70 it A AR, HEAE RLEE 200°C , 28
SOMTE B, i 0. 5 mL/min, BF FHE A APIE 70°C , f74%F 2 min, LA 10°C/min J+ 2 180°C , {4
5 min, B dn AR SAHEIEA (BRI BT B ) SRR DA AR R 87 kPa, 23 FUE
7720 kPa, #EAE EEE 300°C , 3 1 mL/min, B2 /7 FHE A A 01HE 60°C |, -4F 1 min, L 15°C/min J}
£ 300°C ,f#%F 10 min,
2.2.2 JRIBEM  FEAGEREEE, R FHHYEF 60 ~ 520 Th, 453 B 2000 Th/s,
PEREMIRT R FH A AL Tl 200 ~ 300 Th, F965 3 2000 Th/s, B T IR IEE 180°C | (A i
TEAEHIZE 180°C , 3 AhFE SN, SR H A=, Y5 Bl 40 ~400 Th, F4#53# B 2000 Th/s, & ¥
TR 300°C , (A3 Bk & ik 300°C

3 #£R5ite

3.1 REHFHEEMIK
VU A R BT M, 55 50 e U ) e KR B (p-p) V, PR IR f, DL R 352 A% vy Z IR
WMRERSERD .
7 x 10°V,,
n = A (1)
X} F BAETE DU AT , HAT242 - 53526428 v, BOHCIEH B L. 125 ~ 1. 130 RBFoE 8 HE R 1. 125, 352F
18 ry=2.667 mm, LYK 2 PR,
T SEEL 500 Th DA LAY 5 50 L, AR 4 X
(1) A5, V, AFHET 2032 V5000 e SR (e i
RRE 2.2 kV ).
Sk T N /N RS DU R AT S PR BB A2 K 3] A ST 4L
W Hl, ok M 4 3 = T & ( Perfluorotributylamine
PFTBA) YA ARFE AT 58, B 2 A AR, Hoify
NZE S S AR IR S LSS R A S5 RN 18] 3 BT
PR FRER G RN 1, AT UL 69 ~264 Th fyf ik
FE374 0. 85 Th, {HE % o7 i K4k 2 2 5, 2F 04 58 %
i, 0 414 Th 205584 0. 75,502 Th 21455 40. 65,

B2 /NRSPORAT N TSe )
Fig.2  Photograph of manufactured miniature quadrupole

mass analyzer
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R AT HER IR T 5 DU AT B 20 M % F B PR 2270 O, 5 3 FRE i 00 TR A AL R e 2 80
X, HRIE 69 ~264 Th HIETEAYHFE I, FEA T LAHERR B T BE & DL S S0 e YR 2 00 1) it | i A 5% o
{14 I I 58 T T 2 6 S R AR A 04 40 5400 ~ 500 Thili [l N S SR BE A )G, FE 1 W J01,414

Th #HXF 69 Th 4 =F B L AR HE 3% & BEAIL T 22% , 1
502 Th A%} 69 Th A4 =FJF HeAr S EIFRAR T 37%

F1 B E RN R TR R
Table 1

mass spectrogram

Characteristic ion information extracted from scanning

- N Xof U4
o RHERT  cpaggy X .
)JN¥ 7 Characteristic ion FWHM IF){ elé:]tlve NIST 6 ﬁ‘lﬂ?
0. (m/z) (amu) abundance Top 6 peaks
(%)
1 69 0.85 100 999
2 131 0.85 48.3 383
3 219 0.85 63.6 664
4 264 0.85 14.7 111
5 414 0.75 2.9 37
6 502 0.65 3.2 51

FWHM: full width at half maximum

3.2 {NEETERE

X T GCMS, #4E (JIF1164-2006 5 2050 AH (0,33 -
TSR AR VR ) R, LA\ U i ket
IER I R E ATV . S35 0007 K /AL g

69

1001
A ~ 5 B
<4
_ 80 ¢3
S 219 £ 2
o 60f Z1
_‘%’ 131 412 414 416 500502 504
"’é 401 m/z m/z
=
=
20+ 264
100
502
0 I Jll L | l 1 L4 I 1
0 100 200 300 400 500 600
m/z

B3 (A) FH/NERS DU RAT J5i ASUR D 21 9 PRTBA 42
TR 5 (B) 414 Th JRERHEORE; (C) 502 Th )5
il ONE

Fig.3 (A) Scan mass spectra of perfluorotributylamine
(PFTBA ) detected by the miniature quadrupole mass
spectrometer; (B) Partial view of 414 Th; (C) Partial
view of 502 Th

AP S Agilent 7890 A 1, X R AFRE HEA TN, (R Aeh %) 2 o A s A2 b AT T 5 4%,

¥ 1.0x10 7 mg/mL /\FIR -5 F e LA A SRR PATHERE 11 K, BHR 1 pl, DORBERTF 4
R TGS E SR R AARHE B T 272 Th FRILES T @5, 45 R 4 frs, Wi AU s e &
O3 M A R R 22 (RSD ) = 2. 8% {5 M L M (1375+58): 1, LAIMEMELE N 3: 1 315, /G506 H BR

2.2 pgo

/NS DU AT B A S 7890 A €8 i A LI FH JUT
KBRS 5 M & 28 GC-MS Z [ A B R 2,
XEEAWMTERN ., T, REEFEEZRTE
i, DU AT 3742 4 /)N T 35 DU AR S T AR sk /) T
A5 AT o 59 5 s D BIVES  fRR AR, 1 Rl R A
JETR RS HOR DURRAT A 1A A4 30 % 3 5k g A1 %
BRI R B 2 R R
ARG AR U AT i ke B o —
3755 (Lens 3) 1Y H F s 1] IN UL , -1l Co 4 A 2]
VU7 S, LA B A DU AR AT 30 & 3 AE . BT
PO AT RS ] B, 4 AR BEAY 1 mm 247, BEIR
JERTREAS & LA 58 200 I & R i 15 R UE

3.01

201

Abundance ( x10%)

0.0 ; ! ; ‘ 2
820 825 830 835 840 845 850

t (min)

K4 SPATHERE 11 U, F2 G 1 (272 Th) B @5 ]
Fig. 4  Chromatogram of ion (272 Th) extracted by

parallel injection for 11 times

BCERCRA R AN, RGUR 20 P R MR 41 ol Pt R i R BB Y — DR, A TP
e (R ESRIBETT REAS kG — AR o rp RN R EL Hy TR HL G AR R A T S8 AR SR, DI, o 1 SRR I
LTI ICERE e, 53 Hh A il s AT R DRSO FL B, MG i) e P AT b — 2R T 25 1]

3.3 SmESNK

PAZA AR YIRS E O B TR A AR AR S HEA T 1204, i — 20 0 /N R DU AR AT i 6 o A 45 5 BE L

P RE S S PR EAT PR

PLHI RN R B, 25 G A AR I i P E 4% 0. 1 mg/mL HYBEOR T e R AR AR YRR BE 22 0. 05
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0.01.0.005.0.002 F10.001 mg/mL, 880 & HAAHAIBAERE, BB FIT R 3 IR, Bk
1 pLo MRESAFI SR BTG R b $EICT BRI I 9 RFIE B 7 58 Th 15 31 B8 7o i &, % i 2 a3k
DA R A5 8 UG TR, B0 L3R 2 R 0 TR RIRE 5 B a6 1 G R AT IR, 76 0.001 ~0. 1 pg i
SN, R i T LS R 2 AR AR SR y=3.19662 x10"x" > (R*=0.998) ,

Ph 16 B ULEE SR G S 25 AN 0 8 TR A3 AT e o BRIR A v B mT AR R0 KRR 80 ¥k 2 A
0.625 pg/mL #h, R 6.25 pg/mL, ke 1 pL, T OREAM, (8>, #E s TR, I/
RS E MR AT R . 28 NIST SRR R vE, i . s BB T & 5 Fis, @ o 4

W3, S A UL, B T R RE 5, HAR 5 1007 ]
BT SEMA R X SRR e G, Sk, | 4
TR AL 5 492, 9°C IR P P 41 490. 7°C , =M s | 10
N . D L 2 0 9
13499, 51°C M SE Al M (16 45 448. 04°C) W &4 T g 60 ,
=
Uiy [ ”% 40t 1
! 13
%2 RTINS =
Table 2 Data for linearity measurement of methamphetamine 7 liof14 ﬁ 15
=) T Peak area . \ , L
Jigcis * 0
Quality SEH iR 22 RSD 6 8 10 12 14 -16 18 20 22 24
(pg) Average (Sud) (%, n=3) ¢ (min)
0.001 6046.33 360.13 6.0 o o
0.002 14204. 00 419.67 3.0 5 16 Fidg inFER G A0 IS B TR E (59
0.005 43232.33 1507.71 3.5 FimE5E 3 PFE5—%)
0.01 105631. 67 5280.37 5.0 Fig.5 Total ion chromatogram (TIC) of mixtures of 16
0-05 748620.67 7241.07 1.0 kinds of drug standard samples ( The number codes are
0.10 1929933. 67 33090. 80 1.7

consistent with those in Table 3)

#3 16 FiEm o pras R

Table 3 Qualitative analysis results of 16 kinds of drug samples

57 1 VAN e
%(:% Reﬁrf?igr]: ltEijme ?l]ijj‘ifi?cmzass QE l%:ﬁijffiﬁts
('min) spectrometry peaks

1 6.81 58,91, 65 F LN Methamphetamine
2 10.32 58, 77, 105 H 4 P4 Methacetin

3 13.13 180, 209, 182 SAMEEH Ketamine

4 15.13 72, 294, 86 FEVPHER Methadone

5 15.37 235, 91, 250 L AR Methaqualone

6 15.62 82, 182, 94 B[R A Cocaine

7 16.75 231, 174, 246 KJFE "l Cannabidiol

8 16.91 299, 162, 215 A5 Codeine

9 17.20 256, 283, 221 HuPGPE Diazepam

10 17.38 299, 314, 231 VY K BRER Tetrahydrocannabinol
11 17.76 282, 283, 284 SAME Chlorazolole

12 17.80 295, 238, 310 KKK Cannabinol

13 18.53 327, 43, 369 1§ A Heroin

14 18.64 317, 315, 236 TR Bromazepam

15 21.45 205, 259, 77 S FEIMEL Estazolum

16 23.31 313, 238, 342 =4 Triazolam

4 Fi

YEH T @ 6 mm x 115 mm B9/ NEPGHFE R A75S 95T A58 T — G TR, KR A
S RO I P S BRI T IR IR T AR 45 ] R A (T S R
PR AR /N DT 0437 25 A i BB 500 Th 5 (575 K S PRI B0 IR e . 2%
SRTE 400 ~ 500 Th 3 FHI A 5 24 HEAT FFRAEAE  (EL A2 LA A2 2 A 98 BE B e AR . DB RT3 22 0
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/IS B T i AR, BRI M S0 2 MR ST TR AT BB AT T ARG (ELX T P o
(4 BRI 00 2 AGEI /N S (S LB, AR T8 1 BF , DUAR AT 38 A mT o T 8 5 R A s o, BT
FEVEREST M, NI, B G i K3 L) DA AT it i T -5 8 1 ) 20 45 DR R0 /N R DU ARG A i %
(ARG 2 T A 3T A3 SR s LR A AT 1
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Design and Performance Analysis of A Miniature
Quadrupole Mass Analyzer

HUANG Ze-Jian', LIU Guang-Cai'?*, JIANG You', LIU Mei-YING', PIAO Yi-Qing'”®, GONG Xiao-Yun',
ZHAI Rui', XIE Jie', DAI Xin-Hua', FANG Xiang "'
'( Mass Spectrometry Engineering Technology Research Center, Center for Advanced Measurement Science
National Institute of Metrology, Beijing 100029, China)
*( College of Instrumentation & Electrical Engineering, Jilin University, Changchun 130061, China)
*( College of Life Sciences, China JiLiang University, Hangzhou 310018 , China)

Abstract For the past two decades, gas chromatography-mass spectrometry ( GC-MS) , the " gold standard"
method , was developed rapidly in terms of the analysis and detection. Among them, the miniaturization of the
ion trap mass analyzer developed rapidly, while the quadrupole mass analyzer was relatively slow due to its
maximum mass range with the low level. In this work, a small quadrupole mass analyzer with a diameter of
6 mm and a length of 115 mm was designed. Based on this, a small quadrupole mass spectrometer was built
and combined with gas chromatography. The test results of mass range, sensitivity, quantitative repeatability
and qualitative ability of the instrument proved that the maximum mass range of the miniature quadrupole mass
analyzer was more than 500 Th under the unit mass resolution. Based on this miniature quadrupole mass
analyzer, the RSD of quantitative reproducibility of perfluoronaphthalene (1 ng) was better than 3% . In the
range of 0.1 pg to 0.001 pg, the methamphetamine indicated that the quality and the signal intensity were in
the relationship of y=3.19662x107x" > (R*=0.988). The 16 common drugs at ng level could be accurately
identified. The combination of quadrupole mass analyzer and ion pump with wider mass range was expected to
enhance the application of small quadrupole mass spectrometer in the field of emergency, drug attack, military
counter-terrorism, aerospace and others.
Keywords  Gas chromatography-mass spectrometry; Quadrupole mass analyzer; Miniaturization; Drug
detection
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