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WA B8 Bl RS TSR, B SR I BT R TR
AT EENE . HAT, BRI TR 2 R 2 BORBUS BRI, FA
FE I OG g7 (Atomic absorption spectroscopy, AAS). HEEGHE & 45 5 T4
Jii%y% C(Inductively coupled plasma atomic emission spectrometry, ICP-MS) . H
R A5 B TR JE T R 561 3E (Inductively coupled plasma atomic emission
spectrometry, ICP-AES) Fl— R F1 7 2 SE I AARFE S o R s o Rl T8, X
SE ST T T AT R AL AR, BRI AR AN OGRERS L Bk, T HAE FT RE
SINFTG Y OGS KATI (R B 3EYL (Laser ionization time-of-flight mass
spectrometry, LI-TOFMS) {FJy— TiLE [l A4 i B 70 b s AR 31 2L HoR,
PAFCZ ML 1 WK

SRS BT T EAR LG, WO6 R B KAT IR SRR B 2L . ke ST
ACFRTET R BE S THRERE D TR DD H BRI A IR TS G, dak R
JEE Gl TR VA LR e A S RIS I T R A5 R A ) R O R R AT
IS UEE O 2 FH T H0T. 1Ra4e . FREESE SIS, 5 FZR B 2 ik Ar L,
WO RS AT I ] B VA AT LU 6 8 e R AR R TR AR ARl 2 oK
[FIF A AR B B 4. b4k, BB R R Gc R )
PR EG, BB0 L B AT IR B SR AT TR SIRE L R T 2 0 3R U 7
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WHFH 5 M e 3
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Abstract

Abstract

Elemental directly analysis of solids plays an important role in mineral,
metallurgy, geochemistry, archaeology, semiconductor industry and many other fields.
Currently, the elemental determination of solids has been conducted by solution-based
analytical techniques, which are associated with the risk of sample contamination and
require complicated time-consuming sample-preparation procedures. And then
qualitative or quantitative analysis of each component is conducted using atomic
spectrometry or mass spectrometry such as atomic absorption spectroscopy (AAS),
inductively coupled plasma atomic emission spectrometry (ICP-AES) and inductively
coupled plasma mass spectrometry (ICP-MS). As one of the most advanced and
powerful methods for the direct detection of the elemental composition, laser
ionization time-of-flight mass spectrometry (LI-TOFMS) possesses many advantages.

Compared with other solids elemental direct analytical methods, LI-TOFMS has
the advantages of low detection limits, low interferences, and isotope analyzing ability.
Unlike traditional laser ionization mass spectrometry, LI-TOFMS system is capable
of direct solid analysis as well as standard less semi-quantitation of all elements
sensitively and simultaneously, including metals and non-metals. Solids elemental
direct analysis can also be applied in elemental imaging of solid sample surface.

This paper is divided into four chapters:

Chapter 1 summarizes the background of methods for elemental detection and
elemental imaging analysis of solids at present in detail, and presents the background
and profound significance of this project.

Chapter 2 describes the principle and structure of LI-TOFMS, and then firstly
introduces an elemental imaging system, which is developed based on the
LI-TOFMS.

Chapter 3 shows the application of LI-TOFMS and its imaging system in the

elemental analysis of solid samples. An elemental imaging method using LI-TOFMS



Abstract

system was developed for the simultaneous detection of all metal and nonmetal
elements. The instrument control and data processing were realized by self-developed
programs. In this study, a piece of Longquan celadon shard made in Song Dynasty
and a piece of an imitation of ancient celadon shard were collected. An application of
LI-TOFMS in elements detection of the body and glaze of both porcelain shards was
presented. The elemental analysis results of both shards were found to be different.
Also, a piece of blue and white porcelain shard of Ming Dynasty was analyzed and
the elemental images of Na, Mg, Al, Si, P, Ca, K, Co, Mn, Fe, Ni, Ba, Cu, Zn and Rb
were subsequently acquired by a surface elemental imaging system. And megaspores
of selaginella sinensis (Desv.) spring were analyzed by LI-TOFMS while a CCD
camera (TS07550C, Cewei Optics, China) was introduced to monitor the whole
analytical process to ensure the laser-megaspore interaction.

Chapter 4 is subjected in the conclusion and problems existed in the elemental
analysis and elemental imaging of solid samples by LI-TOFMS. Also, the researches

need to be done in the future are advised.

Key Words: Solid direct analysis; Laser ionization; Time-of-flight mass spectrometry;

Elemental imaging; Semi-guantitation; Porcelain shard; Spore
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1.1 BEEHREETRSTNGENENX

FEFR BT R S E T R, AR S 2] TR KR — A b, ik
A IRAR 73 BT AN 5 T0 3R 35 B O IR B /KT 2 2 R B 7K ) [ A A i AT B
SR — TR R EEN TAENS, SAEG MR I T IEAR G, B ARRE 5L R B RS
PTrEARE HEFZ NS FEBDERTCTFRE AT CRel 2 HMER IR X A
HIERREGD . PR BTHAEE D . T RR R LR AN T KRE  fTAL BRI A
RATG R RTG R R A [ AR B B GR  haE BA

RS e B SV B TAE RIS, W05t A FR s A A AR BE R KT, TR T R
R AT B85 TR AR IR 5 S0 O 7 A )9 K B L B8 AT U 3 20T PR T V20 g ol i
GrRTiE e T WGIE A HTEREARE . X B&Z O/ ik (X-ray fluorescence
spectrometry, XRF) . Jit 1755 X i 4k 2¢ . 40 #riZ: (Proton induced X-ray emission,
PIXE). #0615 S %6t 0 #ri: (Laser induced breakdown spectroscopy, LIBS)
paI01 ) o, WOREE i GO AN R R BT R T i,
i {FE 2% TT B I EO A il O BBEIA /D AL T IR 858 IR 36 A RO B B & R UK
AR S, T O B o s R T T X BRSO ik R
THSF X WERTI G il WA RO, B 5 DU
1 F) R A g,

SR EFAE AR R T e A N 2z o FER TR, RO A
(KA IO IR S FEL IR & 25 28 A B 1% (Laser ablation inductively coupled plasma
mass spectrometry, LA-ICP-MS) ., X &+ it i (Secondary ion mass spectrometry,
SIMS). ¥R i (Glow discharge mass spectrometry, GDMS) Flt H &5
R (LIMS) D391 Hirfr, LA-ICP-MS 2 Mrigfe AL i 4141 10 2% 76 5 id% 4>
B B 4RE SR T T R BUR T KR 1 2 101 437 354 STk e o2
LA-ICP-MS J& — 37 B ) [ A4 St o i HoR, B AT BN A2 80 4R H 5 4.
FE LA-ICP-MS 1, Ol ' g 45 1) 58 A R [ AR R A 3 T, A5 FE AL R
ERIVIB R T (R R AR ), A GEERZRESD AR R T

-1-
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Bk 2 ICP T OAEEN, MEHEMZE ICP KMEE, B T EE T
M, KIS B TR BB LU S NG, JE I S SR AT, AT SRS A9 2R
A LR AR A S & . LA-ICP-MS #iff T 20 R MFER 47, JFHEAHK
I RBIE . HZ LA-ICP-MS fER MR EHcRI X RT &N T 80)
SRR T, B AEGE TR RIS 5 AME i 12 o 75 250
FEREAPEHEAAZ, SIMS B B I R, BEBS I H 8 H
N He 7E N A0 3 DAL IRIAZ 28, RS SEOUARE S 3R TR X ARAK 2% R 4349 #r LA
BBt SR EHIHTE . SIMS 7R3 P2 U 40 B AR AT A RAEF R 8
FR 5 B G 3 A AR T ) R RGBT, {E SIMS B RIREAT E 3 — L8 PR
P, ARG R e, A AE ™ R BRI DA S R = A 3 (R A HE A T 0 O
S HT FR TR o 1 D RS o [ 4 1 5 FEUMD B} B3 AT IR B AR B e R A el
BT —, GDMS 1t ETRFFHER &M T, FAMEEAA Gl A
S, 29 10~150 Pa ¥ H 5D HLBS ™ AR ¥ B T el R R T, 3049 R AR RS I AR
WA 7 A BORE i 4 BB A5 B A, 3203t — B I B Ak, BT R 43
s AR I o R H R TR R TR, O AR K R AR AR S R S
PRI SR 725 50 ot (0 DT R A ATl o, (5 75 o AR A b B R e g 18 207271,
GDMS F1 LA-ICP-MS —#¥, UE A SRRk 48 v Bl 4 b s i T s, 3
17 5 % BV AR R 2 SR 1 TP,

R 2 B [ A B4 2 A R I 7 B e ] A R 5 SR A HE A o 1t 456 T S A
SRR T8 B2 HT 3K A [ AR 0 200 [ AR 2 3K 8 2% A+ 5 A [ 4 R it A AR T
FCR)FEAAR, B8 TA FHERM TR, JF B BRI LT I & B A A 11
2 o BRITE A 1 B AP R AE SR A . FCHIART. AN IR R, X SRR T
[ 7 43 S W B AR AR S P30 DR E A0 M Ak S 408, TR A i 143 4
ARG RS2 1K

7E 1R By I e i i B R A, WO BB i V4 (Laser ionization mass
spectrometry, LIMS) A& JytAT JTobstt A B0 1, B 5 e MR
FIECA Y 2 3432 JLAR 38 G5« o TATART B [ A48 Sk 2 Sk daetik
PR ARE A, HEBOLRE R, XA AN 5 SIMS Ao
LA-ICP-MS #H EL 4L, LIMS A% ¥ 2% AH 0 50 a7 B8 H B AR RS /N 53 A6 AN
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