[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO000000000000DO0DOO0DOO0oDODOoooooooooog
ooo
Title(English) Development of High-sensitive Inorganic/Organic Analytical System for
Small Amount of Sample using Atmospheric Microplasma
oo@a) oood
Author(English) Takahiro Iwai
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:0095210,
O0000:20140 30 260,
ooooo:0o0o0a,
oo0:0o0ooo,00o0o0o0, 00000, 0o00o00,0000,00
ooo
Citation(English) Degree:Doctor (Engineering),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 952107,
Conferred date:2014/3/26,
Degree Type:Course doctor,
Examiner:,,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(7

Doctoral Program
A =
iG] jt E? =

THESIS SUMMARY

I o WAL R s
Department of EUJEIZ\/I/&V %Iﬁ Academic Degree Requested Doctor of (I%)
R4 g AL fBH#HE () N S

Student’s Name Academic Advisor(main)

feEHE (3D -

Academic Advisor(sub)

g (F13C 2000 FFRE)
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WA, [, BREE, B, BRESEORWSET, RuMEDSOE M - 2 RLT 722 & oMb EEE 2 S
FEVZ T T 2 HAN OB A RD TV B, BE, bEEERMEBETRESIIEOOESL LT, FEMEGT T
A~ (ICP; Inductively Coupled Plasma) ZFREIDEIE F 72131 A4 AR E LTHWD 1CP ATk A < i &
nNTnad, LML, 1ERORFPBEATHERHENTWEIR T IR —F =7 T b —1 3 T, REMEDO
BRI 7 Bl BB O BURE ST IR Ch o 7o, £ 2 TAISK T, KRKRUEIHEFH 7 T X~ %2 FAV Tl
DR DR, BhiEl, A A Ak EERAT O B AR HTIE ORI AT o7, RawsUE TRREM/NT Z X
~ & AT BaR o @R SRS, AR AT E OB L, 6 WA & /2o T D, LU ISR SC O
wELEDB,

H1E (FHR T, BOERBOIALE L SN TWAERICHOWTIRS, FHEAE T T A~ ohriEEe L,
BER DSy HTHE B O FURHE AR I L O « A A AR BB AT Ic#l LT nZ L &R L7z, £ LT,
KT E Y ORI R BUECREHE A iL7e &, D BB T Iic B & S5 HAIC SV Tk~ 7z,

Fom [RRUEIETH T T X< Do bE~OIEH) TiX, ITFEFEDEE > TV D RKEEFEE T 7 A<D
T FIZDWT, PERDOFFIER RN Lz, & LT, BBt 2 F A Uiz Rt EYhisE~olsH, 2
MR, BRI TMEAE 2RI L7 B3R ORI 38 L OV A BB DWW TER LT,

FB3®E [RRETIA~Y T "7 7 b—va A5O3 T, RIEOT I XA~y x vy M RMEITHE LM
DERBIOMOSHT S, RKREFTIXA Y 7 77— a VIERRRL, BELXHBLE, ZOEELH
WEA TS A BEESTEAHAEDLES 2T, I ARMEIZ 20 pn DEISTCNESEEZ Y —2R BT 0E
V7T v, HTAHBEES 222 872< 6.2 ppm ORH FRETHIT5Z LICkE L, &b, 77X
~ Yy MOTZ I L DL RIGEFIH U TZ3UBHRBE DRRGEZ TV, TV T 7T X1 1% DKFEZ BN
THIETHT Ly NRABHILHEDEFMEL 2~20 (FICHETE L2 L2 bMic L,

%4 ' TRQUEIFRM T 7 XA~ 2 AW BEEAEEEI S HTE OS] T, —D2ORZEIEME 7 7 X< JR T
RETERD BRI OB XY 7 b A A AL ZRFRICIT ) FEE2BRE L, ERGZ 7Ly Mo SHTIC
WHALERR, 78 b7 /072y, v 2Py, 7EF YU FEELRE % sub-pmol DB FIRTHMT 25 Z
LRI LT, BLEick Yy, KR 7 T X~ 0OWENT X o TEREMNEDOBEEE A F oAb 24TV, AW O &k
SN ARE CH HHE /R LT, KRIZ, 77 X~ EREEEIC X 20307 5ELEER L O 4 LD EBLO
729, MmNV AEBRE~A 7 adra—h Y — REBEMBAEGDET-GH I VA~ /0T T ATy b
BAR U7, B RHCEE K 100 kW, 2L R 1E 20 uys D2V ARER AU, FIfIRE 6, 700K, & FEE 2.8X 10"
em® OBIBBBE T T X~ /ERTLZ LIRS LEZ, L, T7X—7a—n00 2REIL 30~60CTH
L0, WEIIBBEEYE2HZ L3R, H7=AY, ZFUHFIRN, AV TREATVFEY COEKEE &
S AT o -5, M TR #1215, 3.8, 1.4 fmol & 72 o 7=, TTFITE F 45 REEDIEEE L 100~200
umol/L Td D78, K300 pL OIF CREEOHRHENIEETH D Z ENRBENT, T2, HEICAHSE0.5ng
DAY TaENLT VFEY COSGHIZERII LIz, ZNOORENS, REREEDOSHIC X 285072557
TWITERAA~OAREEEZ R LTz, S50, AFEEFEBOSIIISH LIER, BRTATHS (N TR, CS
HA, ObARITHDERYAZ— R 1, 2, 3, RRAICHLY~, X7, WX HRIZHOWT, 7Fm hvbl
7T OREICKII L, K pmol OMH FIRMEEZ &7, &5, Bt L 723 O KK P ~OIERE RS 5720, &
JECTHERAZ 5 AT HERE R CRE OB L A A b 2170 T A~V 2R Lz, ZOMEBEEVIH A
DOFHITHEHA L, BEPOREBEI T RS Z O TE 2, FEHANREERBEOREEZ R LI,

Fom WA RREMI~A 7 v 7T ARG N EE O TIE, M & o REES T2 BN E LT,
Fa7 Ly MREBEAEE B VA~ 70T T XA Gbelz, "AVRARRI~A 7 07T X<
FotriEE R Lz, Fa 2Ly FRBHEAEITEERE 2 14 pL OBUNEEIC L CTv A 7 a7 T X<l
ATHZENRTELREYD, FuZly MM T M 2RNE &85 2 L TR BREBOMEB ST A TR TH
5, Fe7 Ly FORCRICEAN L CEIBRBERT I AR AR T DT, SRERTEMNBHFHTE D,




BIERKAY ANCIORMAEHRTILTCUpLORa Ly FRE LEFTOF RY TN, IAV T LA, <

IV LNEDRENEART MVOBPIEIZEIIL, FHREFH 870, 600, 760 fg O FIREZHE7Z, ZORELY,

ARIEE % A T2 B SO T oW D ATREME Z R LT,

Fom HRIE T, AR THLONREEZRET L &b, R LZEEOFEAICmIT-EBRIZ oW
RV BT IS E DA G DRI L DA LRENEY S EESS, 7L A [FH

TR LTz, BUNT T R VIR
A 7 BT TR RISV LB RBOMABDEICL S, ArTF v T HNPERIERO T

WTEERLT,
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In recent years, target of inorganic/organic analysis has shifted to smaller amount samples, such as
single cell or materials on the surface. Conventional analytical systems using inductively coupled plasma
(ICP) as excitation/ionization source serves excellent sensitivity but plasma volume is too large to
analyze small sample. Moreover, organic analysis cannot be achieved because sample compounds are atomized
in ICP. In this study, inorganic/organic analytical systems for smaller amount samples were developed
by using atmospheric microplasmas

To desorb materials on the surface without damaging the substrate, a new desorption method, termed APSA
(for “Atmospheric Plasma Soft Ablation” ) was developed. In APSA, low-temperature plasma bullet was used
for sample desorption. By applying APSA to ICP mass spectrometer, molybdenum in thin grease layer was
analyzed successfully without damaging the glass substrate and the limit of detection (LOD) was 6.2 ppm.

To achieve rapid organic analysis of materials on the surface, a high—power pulsed microplasma jet was
developed and applied to sample desorption/ionization source. The excitation temperature and electron
density of this plasma were higher than ICP (6, 700 K and 2. 8X10'® ecm®) but the gas temperature of afterglow
was kept low (30 ~— 60°C) so it can be applied to living tissue. This plasma was irradiated to sample
compounds and ionized samples were analyzed by mass spectrometer. LODs of caffeine, propyohenazone and
ethenzamide were 15, 1.4 and 3.8 fmol, respectively. This result shows the possibilities of disease
diagnosis by analyzing materials on the skin. This analytical method was also applied to detection of
chemical weapons such as VX gas and a few pmol of LODs were obtained

To realize individual analysis of small samples, droplet direct injection technique was applied to
high—power pulsed microplasma. By synchronizing pulsed plasma generation and droplet sample introduction
into the plasma, emission of elements in 14 pL droplet were successfully observed. LODs of sodium, calcium
and manganese were 870, 600, 760 fg, respectively. From this result, the possibility of individual cell

analysis was indicated.
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