mERME: KF

SCIENTIA SINICA Chimica

A & s & T

2014 544 % 5 5H): 807 ~810 @
www.scichina.com chem.scichina.com SCIENCE CHINA PRESS

JRVEASIN 52 AAE K 2SI - 1 .

ks ZC RPEY, AEARS, KLY, Mg

O WWARRFR MFEGY I RE ARE RIS HHA WP TS =, i 264209
@ R LR EY) SRR BE, YL SR 5 E S50, M A 330013

*MWIRYE , E-mail: chw8868 @gmail.com; z.c.wu@sdu.edu.cn

Wk H 30 2013-12-26; 4352 H 3W1: 2014-02-21; FIZ% i & 2% H 35): 2014-03-31

doi: 10.1360/N032013-00088

WE  KERWAARIHHSES RETETEMRUNAAAEENHFEL K
BEARCEEXERNTERE T LR, RENREEERTEALNKEHERN
W, RXGR T E WM IE B K RINE S 09 b IR, 4 A = B E 2 3 09 52 it

J . A5 7E ] B B x5 K-

1 5%

KEPALL CO, b B s IR K2 (R
JE&Z) 600 Pa), HhFRAE 34 H-55CH H A B
VUZA AR R, KR KBH &R 8 KAT 2 fd
B ER B — . U WIE SR B, KR Hb 3R A K
WP MR R AEAE KR I KUK, Ol B,
T8 SR AT A TGRS I 2 T KB A A AR R R B )
BBl XTI KR TR AR A R T LA
5 KR A # /R fE T BT (Gale Crater) /b &R IL T — 4
A A o0 I AR K s O B Ol K R AR A
AL G P TR . e BRI B A ),
UESE KR B SEAE A BfE e i AR dr IR, A
AN E AR R AT T ) F A K BH R T A
SR E SR R B AL E R R L

R, B4 NIE NGB R KA kS Ay
FHOG I AR UES . 2SR N 1 AP TR
VAR S oL 1) 5 5 43 A v R B R URE A0 38 i
LT N | B S e A B o R N 4 i o L3
WA FAEDE R, B0 EARRE KE ARG
RIRE. gk, FEE L BEEO 2 B BOR (1)
R R, IR TS R B S S T KRR

XA
KEHN
JEEAR
A AL

AR SR AT A 73 (¥ A7 AR T AN [ 32 0 B, 3R A
50 2958 T N0 KR I BEAR A,

2 HWIMFFREBR

PRI Hb A1 A4 2 0 ok e & S iE B R R
Ffid%. H 1960 4F 10 J T IR S KA 1A 3] 2013 4F
11 A 18 H3EE RS KA RNAS ¥R AN 25
(MAVEN)LLR, Jrl6. 6. Wk sy, HASS BRI
R RILEET T 42 KRBT SY, BT IRk
S BN BE 2 B 22 %5 (Mangalyaan) <K 2 R I 2% (2013
11 H 05 H&RSHHA MAVEN BZh 55 R 40148, 1L
BRI T 14 WA R 1R, £E 13 ). £ AT
5 Th A A T AN AR 0 KRR AR A A AT A
A5 WAL 1), ISR CL48 B KAL)
AT

W PR, kB 1153 Bk % 28 KRR
A B AT TR BRI ZR TR YR
Z KB AL G i1 & (BDYE; JUE i ds — ik
Sy /NRAR . GERR R L P RE T RE BR RUR A
TR DY B A JB 0 M 2% 160 o PR RS 00 it 3 TRl
(F K 535 Da), F3AT R BRI o HE e i iy, X 46



SRIEZ S5 O AT AAE SR LRI 0 3

R1 AT XEHRUEFHESICEE R

114 RGBT T % H3aE B A A B b FiEares  TAER ZE 0GR
WS 1 1975-08-20 E2E RS JO S ] 1~49 mlz pIE-ZE EI+MS [8,9]
1976-07-20
W52 1975-09-09 T 54 Jo i 3 [l 12~200 m/z KR L GC+EI+MS  [10, 11]
1976-09-03 *ﬁ R ppbv~ppmv(. Iigg) [12, 13]
NG T 27.5cm X33 cmX25 cm
[NE- e 25 kg
shawm. 7 EEY
i e 25~140 W
T AR —5~+40°C
KRS 2007-08-04 = ) Jo i 3 [l 0.7-144 m/z(4 1BE) 5 T H 39 EI+MS [14, 15]
2008-05-25 Vix: =% 140(m/Am, 5 JFi )
6t PR 10 ppbv
e 2011-11-26 LKA L3 FEIEH: 2~535 m/z VY AR A GC+MS [16, 17]
2012-08-06 S CH; 2 ppbv
H,O 2ppm
[l fr 2R < 10%0
KRR 2013-11-18 Nat J ARV [ 2~150 mlz VYA AT TR © [18]
SRy 2014-09V A 8 M HE ) PR O
eI TR - s
S 107(eF Bu/s)/ (R 7 H/em ™)

a) T SCIRAGE G B, BRGS0 TARSRAR AT LA A b) Tk H; o) TR RS 8 7 By R T K2

KAPR LS 7 8T

R A BB NS A A K AL R R oy AT D S AR
R LA A o b, A RE A B TR SRR T
AFRRA T, BN 2 B, RURS . A S
fLes THEMREE R G ) 5 58S A 9 BT {U(TEGA)
RS A A3 (GC) 2 B R 40, ik o [ ARE (i A EURE: |
TG . GC 43 125 B 58 B0 el o 1oy MEAT 18 ¢
PEE G A BRI R () R A . HE, 7R HT
WAEH, FERIEIUARRME . AR AR ST G F # iR
X I 2E AT AL RS DL LA K BT & A
73 155 A RGBT P KT R 20 BT 400 1) 55 W) 45 )
AR ST, R, 26 8 B 25 i K 5 (NASA)
PTG H AR O KRN b AT 7m0, 3R
IR ARk 2 B0t R KA T T NN K B2 4 o 401 1l 3
T RE IR AR,

2 IR 25 R 1 ol 49 IR e 3 R0 o 5 13 T R A
FARRRE, hIE KRB e TR Jbnt# T
FEEX T AR AR R 1 R R AR B B T
R T3 0] Z 48 bR A W) 3 T AR TR S N T,
KT —FA] T AR UR « SRS BRI R A A i B
A A R AT ST B AT RO A S A 5E
(1R /N TR J5i e A3 S B e AR ) A HE LA I I H B e

808

TS TR A A O BRI S S A, S AT A
ZEAFTG L) T RN TG 98 G A5 I AP0 7
B B T R B I H BT, s KR Tl
K22 T AR TR B ZH 5 RNV 7 AR AR BE TR 24 B
AR FE S5 H B IRER I /N L5 35 3 1t
FBF L T 3@ A 3R 23 BT B Ak Ak o it {3 12
e T A R 3] TR T e v o M 2 Ay g v 2,
TR EEAE T R R = S s A TS, P
b2 ot 2 ) o0 TR R T B 2R A 5B A T S TR IE Y B
PIRFR T AR MG R R K WK
5 BT LRI 5T 0« KT A2 ) BRI 5 BT R 43 15
RS DUATE 5 AL T R T 3k 28 A o A8 38 W 58 T A
IR T R B R B ) AR R A R A o 4 4 B
8 T IR B R MR — . M = S RS K
DhIFRE, FERRAR Hilase &, Ha T3k 2T
A 1. 2011 4E 11 H 8 H, B S5 W HNTUR &
1E, EMCS WA A - 3 PRI 2% A B P T
F A KBRS —E K — 5. 2K — 5 W
A — BB T REEA(YPP), AT 5% 2 4R kR K
A AR R ) A2 A A - S R A% T
Ja AR BEFL T RIAR B, U KSR R A



RERFE: (L 2014 4F H44 % FHS5H

AR, FRETHUHAE 2015 4 %2 2020 47 ()4 4k 28
TF Ji K R BRMAT 551221,

3 5 EBRKP Y2 B

A5 AT A PR 0] 5 Tl B R T 0B B ik
TRCEE ) 2 AF T RS ORI i 2 S R 8 7 A i
A AR KRR T AL 2 T I, BT R AR 2 5
ST SRS BT BRI AR AN R TP AR T A
A e 7 R S i S A R TR
Fis v (30 A28 11 e A i 1T, b A Bk 2 s i B
K BH e Lt AR T AR, 2t i 52 25 A7 4, T 2%
[ b Bk 1045 5 it 2 UL g - 3 IR o Rk I
A By I At 7 0 — AR RN, DA It AR B iy 8¢
S8 T LA TN 25 B, S IR R S 0 1) e R AR
o SR T B, K R i B AR BB 5 fE
52 [ifi s T ] Dy ARUR 4 1 RO (K R, G %
B s R RE AR R BT TR R e A T LA (] 3
IR, KPS TR A 323847 1A 2 R0 B e AN L
il R

K] A0 AH 5GBS A HIF 39T 000 KA R AR 2 I

HRTIRER, A TITERNNET 4%, Hk
PR F KR R RN 3 A T 0 B B, 5 T SRR (K 22
PRAOR, o 2 3R (0 BHIT T A 2 30 AN I ) 8158 A
WX S ) T AR DR AN X 28 2 BRI ) 4 SR

4 RJE Kk BRIk e B SR

JORPRMIE IR RG TR, F5 SR T il KR
FREERS iy VTR MR G B AL 4 s hR
R AN FE A AR AR b 3 it (7] I St s A
KM FEE DRI KR B T 2SO A BRI RE
P RN RAE LNy M b, I G EAR A KR
SEMO BT R IHE AL, B RSB RE R ACRYE, Bk
Bt B 75 BB AL o TR AE ML KRR
FRTRLY) . SR IR S B e JOR RN T, & A
HEATAZ I 93 W (0 TS A 2 K8 32 21 5.

A U AT A A RS O R R A L
ARBEATHG, BINS L 1 Br KRR AR I 34T
S R S 5, DLARIOBE TAES 4. Kl
JE g B TR ARRIT R 0. [ I SR K A
0 b 5 i PR ECECH £ 0 B xe L s 5

i ATEGRAERE R FE8(21245005) % By, 4k B0A.

S 3R

http://www.marsnews.com/focus/mars/

Paige DA. Global Change on Mars? Science, 2001, 294: 2017-2018

1
2
3 Malin MC., Edgett KS. Evidence for persistent flow and aqueous sedimentation on early Mars. Science, 2003, 302: 1931-1934
4

Boynton WV, Feldman WC, Squyres SW. Distribution of hydrogen in the near surface of mars: evidence for subsurface ice deposits.

Science, 2002, 297: 81-85

5 Formisano V, Atreya S, Encrenaz T, Ignatiev N, Giuranna M. Detection of methane in the atmosphere of mars. Science, 2004, 306:

1758-1761

6 Grotzinger JP, Sumner DY, Kah LC, Stack K, Gupta S, Edgar L, Rubin D, Lewis K, et al. A habitable fluvio-lacustrine environment at
Yellowknife Bay, Gale Crater, Mars. Science, doi: 10.1126/science.1242777

7  http://history.nasa.gov/marschro.htm

8 Biemann K, Oro J, Toulmin P, Orgel LE, Nier AO, Anderson DM, Simmonds PG, Flory D, DiazD AV, RushneckJ R, BillerA E, Lafleur L.
The search for organic substances and inorganic volatile compounds in the surface of Mars. JGeophys Res, 1977, 82: 4641-4658

9 Anderson DM, Biemann K, Orgel LE, Oro J, Owen T, Shulman GP, Toulmin P III, Urey HC. Mass spectrometric analysis of organic

compounds, water and volatile constituents in the atmosphere and surface of Mars: the viking mars lander. Icarus,1972,16:111-138

10 http://www.space.com/18234-viking-1.html

11  Palmer PT, Limero TF, Limero. Mass spectrometry in the U.S. space program: past, present, and future. J Am Soc Mass Spectrom, 2001, 12:

656-675

12 Biemann K. Test results on the viking gas chromatograph-mass spectrometer experiment. Origins Life Evol B, 1974, 5: 417-430
13 Rushneck DR, Diaz AV, Howarth DW. Viking gas chromatograph—mass spectrometer. Rev Sci Instrum, 1978, 49: 817-834

809



SRIEZ S5 O AT AAE SR LRI 0 3

14 http://phoenix.lpl.arizona.edu/mission.php

15 Hoffman JH, Chaney RC, Hammack H. Phoenix Mars mission—the thermal evolved gas analyzer. J Am Soc Mass Spectrom, 2008, 19:
1377-1383

16 Mahaffy PR, Webster CR, Atreya SK, Franz H, Wong M, Conrad PG, Harpold D, Jones JJ, Leshin LA, Manning H, Owen T, Pepin RO,
Squyres S, Trainer M. Abundance and isotopic composition of gases in the martian atmosphere from the curiosity rover. Science, 2013, 341:
263-266

17  http://msl-scicorner.jpl.nasa.gov/Instruments/SAM/

18  http://lasp.colorado.edu/home/maven/science/instrument-package/ngims/

19  http://kjc.bit.edu.cn/xwgg/18075.htm

20  http://www.nim.ac.cn/list/ryxx/59

21 R HERBEHIN N BT SO BRI L. 22 60830, i WA KR Tk K2, 2010

22 http://baike.baidu.com/view/89133.htm

23 http://www.nssc.cas.cn/xwzx/cmsm/CE3/201312/P020131203336773230557.pdf

24 RF, BROLR, BAE, Tk, B, VR, S, BORAL K S ORI RIBRL Y B AR, A ERRE AR, 2009, 29: 449-455

25  http://www.twwtn.com/Bignews/?ID=178054

Application status of mass spectrometry in Mars exploration

ZHANG PengYan', WU ZhongChen'", LING ZongCheng', ZHANG Jiang', CHEN HuanWen*"

1 School of Space Science and Physics, Shandong University ; Shandong Provincial Key Laboratory of Optical Astronomy &
Solar-Terrestrial Environment, Weihai 264209, China

2 Biological Chemistry and Materials Science Institute, East China University of Science and Technology; Institute of Technology
Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation, Nanchang 330013, China

*Corresponding authors (email: chw8868 @ gmail.com; z.c.wu@sdu.edu.cn)

Abstract: Mars exploration is of very important science meaning for searching extraterrestrial life and building new
theories of planetary formation and models of planet evolution. Now, mass spectrometer has been used as one of the
most important planetary in-situ analysis tools to analysis the atmosphere and soil/minerals samples of Mars. A lot of
important data collected by mass spectrometer will help us to well understand the red planet. This paper reviewed the
advances and the applications of the miniaturized mass spectrometer in Mars exploration, especially the research works
made by Chinese scientists and engineers.
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