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Fig.1 FAIMS’ operating principle, mode and spectrogram
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Fig.2 Typical spectrogram of FAIMS
FAIMS {4 T AR 2 AT 7 IE A 30 G A5 2
P Fop A8 A 32 8 DX 7 T B A DXCORT K 2 B RO
AR AR I A b 7= A 05 5 108 1. FR bl 2 1 (M)
23 55 R S A A s L T A
Bl I8 B B2 I B g (RIP) R 4y 1 i
(PIP). BB AR
M+H"(H,0), =—=MH" (H,0), , +x(H,0),
(1)
M +07*(H,0), ==MO, (H,0),_ +x(H,0).
(2)
1.2 FAIMS IHE R4S
AR T AL 50 IMS, 25 14 fif B2, B T i 84k
QB THE I PIE R I, B S AR E K, PR
W s @QFAIMS whiz gy 9 2 38 22 19 8 1 3, 1A

S R BT TR A ok b =R ol R U T
@FAIMS 38 FH i) 40385 K W %k 2 s Jn 3z, IR
FHENZER, NNFFP (i TNT Kb bk IF 7S
85 BIR4r T B (A 1 ) H T

2 FAIMS BRI EZRE MM

FAIMS £ R 5% G 8 % & 7 12 & 3 IMS A
FU , AN S A 3 FAS 0 R 7 T8 AT 1T A f) 0 8.
PERESR THT5 0 (Y BF 7 2 A TR AR BT I, — 2
PR it 28R T ARG TR AL, R AR S T
oy R fE.

YEo8 FAIMS B 75 32 2047 it & 71k
R S R A B R RO DY R 1 A A
SEPECINT NG %) B U 8 RRE O, T L 4R
HERT S (9 10 2 B AL RRAE B2, L B R B T
PR B A, 3 S 7 2 A v R i HL ey
THEA R, AR 2B Tk 2B HC .
SO B AR A TR AN X B L 3 T B8 A
(A i 20 5 FL R A O o, X S 1 IR A A T 3
FORFEN - ARG LM R A 1 B T SR
ALIA NG (10 5, S — Bl & B T A 1%, 42
BOTOBCF R A A 0 BT JE T MOl R %
MEMS T2 % T — Bl 2 T 5B i HL 2 ik
LA S T PR RE RS E SR B T 2 A b A e Y R
ORI R DI i v B TR — R B B
5, 5 PR R T AR L, SRR L™ A B 22 ) B
EREGE S A & S NTIE L3R o2 DE - a90)
PR R B AL S A T B B A

TE S 1) 73 B 5 K D O T, 8 2 A8 X R O
BT IR 1 M I B R AR LR RO B T 2 B
AR I S R R R R A I R U S o) B R
Yy SR P i FAIMS 23 3 R fe A7 30 F B, vl L
i I 5 g R M A /0N T A% 9 A TA] B R S B



94 BN K 27 2 4R (T 22 JR)

2019 4

2001 4F Eiceman WFF5/NH 1 SE 3 H T 36 F MEMS
ft) FAIMS' 2008 43 [§] Owlstone 23 ) 5 YK 4 i}
T — PR FAIMS “Chip” ' 143 55 Ji hy 35 ~
100 wm. 2012 4F Owlstone 2 & H & i F £ X
FAIMS , AU ES B R/ A 12 em x 12 ¢m x 15 ¢m,
AN 1.2 kg[”]. 2015 4F, Owlstone #fE 3 F
LIGA T2/ FAIMS St A 5 J 2k H i 5 L 2 s
AL LA R R e b H, i 22 AR RN, BT B 3 T
100 pm, £ 700 wm'"’. Miller 2" Fi| F AL 1 2
4L (MEMS) £ RWF & 1T —Fp o 2L Y FAIMS, f —
DRI RE M —E AT i, HiT %
Rt RH3 emx1 em x0.2 em, FF/ 00 2] 7 FEAK
£ 100 mg/m’ Y FF IR ZE ST A K 2 ORI T
P R LA S I RS T
AT FAIMS S8 0 Fr 4548, WAk 45 T &
FR) R ABCHE 73 AR

FAIMS FF Ak 27 5 500 A6 D00 A 4z T8 B 4% AH XS
B AR FE 45 A ¥ 3 B0 B 0 R AR R
B EET LR S A RA S S BAT G
— LT FATIMS $AR 9 46 I 3 28 X 90 ARG <
A% U BR 43 3005 8 mg/m’ Fil 4 mg/m’ >
Owlstone 2 5] F- % %) Nexsense C XfA4k 27 ik 5 A k5
U5 B A B R fi

3 FAIMSEESI

3.1 XLWHK

FAIMS (/)46 0 3o 72 15 245 5 52 31 o B 5 A 2
BE IR BE BRI S R R RO B AR 2
. R R E RN AR EZ —, LR
R 5% e A, 18R 85 3 A ik F 9 2 b i A L AR S
538 o 1] SR B B K/N S FAIMS {5 5 58 i 55 1 i
MESESH R HEZRN KR, BIEEEH
(1) FATMS A6 0 8 32 2% A8, I by 6 D0 B 45 008 8 42 {1t
BHE
3.2 ZWEKRESRME

AAT RT3 A e B w3 frs. % & F|
S0 T AR A A A K, Sk D PR R R 6 A O ke
LU S, AR SR A R R AR E T
2SR I R AR AR A ) 4 i O R R
K5y 0 W B ok i e AR PR, L2 5 IO o 4
FEAE (LA 3 8 W B L B 2 3 B 3 A A ROk AR
BEPUEAT) |, DAk G AR E A I M S B0 A%,
S HE B 23 SO S A FAIMS SR 4702, i 7= 24
(75 S5 IS 300 T, 1 2 S 30 BEOR . iE A S IR AR
EN RN NN N T i IR B T = 1w B U2 w1 4

WEVE s DR, LA BRSO 2 A9 7K 2 AR
ANURE ). H 20 B 3R DU IR 2 0 A B T IR IR K A
A B K AR RORT i o A RE R A B Sl X
JK B i IR AR B g B R AN [ B8 K i
JE AT A B B K A8 R B AT AR AN T
PR . AN A Bl SRS B 07 i U
K ZE AR S SR B R I B A CRR AR
J3, ALV R 2 AR R R I A A o P 5
IR H Ut — L KR MU/INBURL Y )R 2E A FAIMS Y
AR PEATIAE T HE R E = AT R KA R
BE, 5 ol AR 1 TR O AR B B E A (—
10 ~ 15 min, Jid B8 B sh Al £ 0.1 CIrik
NRRAE ) , T A5 15 5 U OB R (— s 14545
i 10 min, # £ 08 % BN 3 3h SR A R
0.3 CIFINMELE) , FHfl FAIMS {3 8% & i 2 >
30 min, BRI JS AY9 10 W FAIMS (&35 0647 70 4.

B A 2
BRARERKE

A5 IR K

B3 IRXETEE
Fig.3 Schematic diagram of experimental apparatus
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Fig.4 Spectrogram obtained under dry and 35 °C

water bath condition, respectively
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Tab.1 Relationship between humidity and signal intensity

TR MIXRREE/ CV {i/ 317
#/C % v (A.U.)
-45.2 0. 309 0. 458 309 0. 759 968
-43.1 0. 387 0. 458 309 0.765 773
-38.2 0. 644 0. 481 794 0.945 754
-34.4 0. 940 0. 481 794 1.001 697
-30.0 1.434 0. 481 794 1. 196 028
-24.5 2.376 0. 481 794 1.525 369
-19.3 3.745 0. 528 764 2.087 565

HRAE 2 1 AT A5 A5 55 58 5 AR B G 2 T
I S s,

S B R B, [ — = A R b, 3
DF {E 43 PIP (7 B (FM B2 F ) 328 T 18 K, &
B S50 S5 A R K 28 S0 A LY 7 S T IR A RS R

5 ESEESHEMEBEOAXR
Fig.5 Result of regression analysis of humidity

and signal intensity

K B 5 5 Wi 37 ik 1) 78 Ak T 7 Ak PIP {5 5 ik B2 B
A FL R A BG OTIT R/)N 15 B I A S A 3 o Y
5, A B IR A ST Y S R e D R 4y BT
1B 3 IR XA AR, #rh AS REAS TT ES  E #S
X = 4B PIP 44 Ry i 2, RIS I 55T
R BB Ak (R H B DX AR iR B FAE T #% X
HE— 20 e e BN A B Al A 2K B B H Pk
T) . SCEVR R N L PIP 9% R 1A, S0
T B2 3 PRI DA A A T o R At ol 2 1) 7 0 B . AR
4 hifR W] 1 & F), DF =50% B ) PIP i 8 M e
AN R AR N 1] ST A N 2 1 o s L=
(1) (2), 0 5 5 PR 7 11 2 38 K S 30T A=
= s G K F R D (n - x) B9(E
R B s 1 Rl e R AR AR AL (B i T PTP
7 78 A BEAR /N DU AT DA S A S5 96 W B 1 LI
e ] LA 2 AN . AL S HRT DUE L TR S g
ZME T DF =50% i 5 5 A0 X V0 B 52 0 4R M

R SRR TR 3 i FAIMS 1E %% X 1]
Bt T 8 () A 3 R T Bk o 2, HL FAIMS A6 T 1415
ST, S RS I 25 T4 4 4 FH 5 A, S B ok
R FH

4 #Hit

AR AT RO IF S BT E, HU
W52 AR FNE BE R, FAIMS 5 238 3 5 0 04 7 8 45
AHOE SR, SR F SR I8 B R/ 5 FAIMS i I 44 g
ZI R R, LR R ETLR ST, K
SR Y B I B R K Rl A A3
By AR A4k 7E DF = 50% B, W {E 5 AH X i B2
EIMAMERR. B TR R 1577 W) B 1 Fh 2
RAARAL R, PIP o7 B R F T {F B 3 B 17 34
R WS A 38 K. S T R B Y, = 4 L PIP



96

S BN o (S G

2 ) 2019 4

YIRSk A WIRAG I A P 287 ) 8 1. R ER

acta, 2016, 937 96 - 105.

WF5E ke FAIMS K5 I (14 f 45 3R 55 00 B 42 40t 7 [9] MILLER R A, NAZAROV E G, EICEMAN G A, et
BOE 5 4 al. A MEMS radm-frequf'tncy ion mobility spectrometer
for chemical vapor detection[ J]. Sensors and actuators

%%Iﬁj}( A: physical, 2001, 91(3) . 301 -312.

[10] BOYLE B, KOEHL A, RUIZ-ALONSO D, et al. A

[1] PUTON J, NAMIESNIK J. Ton mobility spectrometry MEMS fabricated device for field asymmetric ion
current status and application for chemical warfare mobility spectrometry [ C ] // Proceedings of the 59th
agents detection[ J]. TrAC trends in analytical chem- pittcon conference, New Orleans, LA, 2008.
istry, 2016(85) . 10 -20. [11] SCHNEIDER B B, COVEY T R, COY S L, et al.

[2] RWEE. SRR & 7T 835 L s 5 R BF 5% Planar differential mobility spectrometer as a pre-filter
[D]. W #B: B PR KR KRB R for atmospheric pressure ionization mass spectrometry
B, 2012. [J]. International journal of mass spectrometry,

[3] MR & A X R B8 & 7 & 8 3% 8 R 0F 5% 2010, 298(1) : 45 - 54.

[D]. &N hEEB = ARKF T B, 2010. [12] TOUTOUNGI D, HART M, SOMERVILLE J, et al.

[4] ZHANG J, LI L, GUO D, et al. Determination of haz- Field asymmetric ion mobility spectrometry filter[ M ].
ardous chemicals by microchip-based field asymmetric ion Google patents, 2016.
mobility spectrometric technique [ J]. Chinese journal of [13] MILLER R A, EICEMAN G A, NAZAROV E G,
analytical chemistry, 2013, 41(7); 986 —992. et al. A novel micromachined high-field asymmetric

[5] EICEMAN G A, KARPAS Z, HILL JR H H. Ton waveform-ion mobility spectrometer[ J]. Sensors and
mobility spectrometry[ M]. CRC press, 2013 128. actuators B: chemical, 2000, 67(3) : 300 —306.

[6] i, #4CHEH, @, & -7 KRS [14] Z=fe, Ebeik, FEE, 5 — R FAIMS (28805
BIRCABE R [T ] A R 224 (T3 J) , 2016, BB T ] A2, 2010, 26(5) 1355 - 1363.
37(3): 88 =91 +96. [15] P, Britik, LSS0, . AW B &5 A

(7] X, JETR, EBRWE, & —F T m 353X Frik XRRPIE B F LRk sz [J]. 43 #rfk 2%, 2010,
TE B LRk & g n B B OF b TR T ] 38(7): 1027 -1030.

PIFAL 224, 2009, 25(8) ; 1662 - 1670, [16] bk, B, T4, % 5T MEMS {5 8

[8] PORTOLES T, SALES C, ABALOS M, et al. Evaluation GIARXNRIE 8 F B L] M FHR,
of the capabilities of atmospheric pressure chemical ioni- 2011,48(2): 112 -117.
zation source coupled to tandem mass spectrometry for [17] B fbri eSS (M) . dbat: ke Tl

the determination of dioxin-like polychlorobiphenyls in

complex-matrix food samples [ J]. Analytica chimica

H R AL, 2014 : 305 -312.

The Effect of Humidity on FAIMS Detection Performance

DU Zheng1 , WANG Xuefengz* , ZUO Guomin®, ZHU Yingnan3, GAO Shi’, ZHANG Ligongz, ZHANG
Yonggian®, LIU Haipeng’

(1. Unit No.92609 of PLA, Beijing 100077, China; 2. Institute of NBC Defence, Beijing 102205, China; 3. School of Chemical
Engineering and Technology, Tianjin University, Tianjin 300350, China)

Abstract; The technology of high field asymmetric ion mobility spectrometry ( FAIMS) with both huge re-
search value and broad application,had great advantages in the field of chemical detection. The principles of
FAIMS technology were briefly introduced in this paper, as well as the current research update and applica-
tions. In this study, a set of self-designed apparatus was built and used for the determination of a series of
FAIMS parameters in different humidity conditions. Within the experimental range of humidity, the peak val-
ues were linear to the humidity when DF =50% ; the signals of PIP were continuous in 3D spectrogram; the
values of compensation voltage in the position of PIP increased with the increase of humidity. The results pro-
vided data support for optimizing the environmental humidity during the determination using FAIMS.

Key words: FAIMS; principles; chemical detection; application; humidity



