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Development of ion attachment mass spectrometry and its applications
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Ion Attachment Mass Spectrometry (IAMS) that can measure labile organic compounds with-
out any fragmentation is reviewed. The ionization without fragmentation can be performed
because a neutral molecule becomes an adduct ion by the attachment of Li* with a small
amount of energy of less than 2 eV by the Coulomb force. A third-body gas, such as 100 Pa N,
removes any excess energy of the adduct ion and makes it stable. Almost all organic com-
pounds, except for simple structure ones, have a minimum detection amount of about 1v/v
ppb, 107" mol/s and linear response ranges of 6 figures. Because of “direct” (without GC)
introduce contributed by fragmentfree, IAMS can find heat-sensitive impurities, grasp thermal
decomposition/desorption components, monitor exhaust gas from vehicles or process gases in
industrial plants, and detéct free-radical in plasma. It is difficult for conventional EI (electron
ionization) to distinguish homologues due to the same fragment patterns. By contrast, we
detected each molecular ion and some impurities in several kinds of phthalates with IAMS.
Although acetal has not only similar fragment patterns of the compounds by EI, but also no mol-
ecular ion by CI, we could clearly measure it by IAMS. Molécular ion of a organometallic com-
plex Cu(hfac) (tmvs), which has low binding energy of less than 1 eV, appeared in IAMS. A
newly developed apparatus of IAMS for low-pressure sampling, small flow rate and high-speed
response was suitable for measuring the vacuum process and thermal analysis, and for connect-
ing to GC. Improving the present weak points, such as the detection limit, machine size and
decreasing of sensitivities by moisture might lead to a evolution: realizing GCIAMS for correct
identification, “direct & real-time GC/MS” without GC and pretreatment, field measurements by
a hand-carrier, and the measurement of unstable compounds in a flame/ explosion/atmospheric
environment.
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Fig. 1 The exterior and schematic structure of the
apparatus of ion attachment mass spectrometry
(IAMS)

QMS is quadrupole mass spectrometer.
molecular pump.

TMP is turbo
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Fig. 2 Mass spectra of acetone by electron ionization
(EI) and TAMS
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Fig. 3 Mass spectra of some VOCs by EI and IAMS
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Fig. 4 Dependence of sensitivity on Li" affinity
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Fig. 6 Calibration curve of ethyl acetate
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Fig. 7 Changes of signal intensities of compounds in
alkane mixtures

Each 4 mixture has 5 compounds of C5(Pentane) to
C9(nonane). Although the concentration of C6
(hexane) is changed from 0.01 to 10 ppm, that of the
others are fixed in 1 ppm.
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Fig. 8 Changes of signal intensities during 2 days in
fixed conditions

Table 1 Comparison of ionization techniques
Mass plrecr Ql{aml_ Trace  Structural
Method intor- tative . .
number . . analysis analysis
duction  analysis
1AMS O © O A X
EL-GC A A O O O
CI-GC AN X AN O A
PTR AN O O A X
APCI O O O @ A
ESI-LC O A O O A
MALDI O A A A A
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Fig. 9 Mass spectra of gasoline and light oil by IAMS
and EI ’
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Fig. 10 Mass spectra of some perfumes

The numbers indicate several kinds of terpene
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Fig. 11 Mass spectra of standard sample of phthalate
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Fig. 12 Calibration curve of formaldehyde and acetaldehyde
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Fig. 13 Dependence of signal intensity of styrene on
temperature of heating cell

The vertical axis is log arithm.
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Fig. 14 Mass spectra of perfluoro compounds exhaust gases from semicon-
ductor manufacturing system using cyclo-C4Fs at plasma OFF/ON by IAMS

and EI
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Fig. 15 Mass spectra and changes of signal intensities
of exhaust gas during cleaning process from semicon-
ductor manufacturing system using SiHs and NF;

H,C CH
- Cu(hfac)(tmvs) sl H
H,C >c—-c<
0 tmvs) Li ay §
i + X
_ (tmvs) Li 3,' “m_l?
e 87 ” Co G
3 N,Li FC Y& CF,
Kol I
o 6 Cu(hfac)(tmvs) Li* H
2
‘B 4
c
)]
0 Prifetrre l'%llllnnllllu'uu|||||w
0 100 200 300 400 377 379
mlz

Fig. 16 Mass spectrum of metallic-organic complex:
(trimethylvinylsilane) (1,1,1,5,5,5-hexafluoroacetylacet-
onato) Cu(I)
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Fig. 17 Mass spectra of n-octylaldehyde dimethyl
acetal by CI and IAMS
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Fig. 19 The exterior and schematic structure of the
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Fig. 20 Decpendence of signal intensities of by-prod-
ucts from SiH, plasma on RF power

The vertical axis is log arithm.
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Fig. 21 Dependences of signal intensities of by-products from ¢-C4Fs plasma on RF power

The vertical axis is log arithm.

BRhkhoTwnad. 72, ARICBEAMKEZLELTS
COF, A IS L 3L RARBENE LTS,

6-2 RBEEME

SHBOP T REOOILELRREE ZOMNKRE - R
BLIZDOWTHRRS.

6:2-1 HHEBROMEME FROBHBATE, &WE
WL LIC BT A IRIEERS B LEE RS, L
L, HiREECTOL I v ¥ —0EE, &R 75
7 M A F Y OBEHE, 4+ MR S EORM
Bdszn, BEIOBRBIMLINIDOLHFIN
3.

o 6e2:2 K- HEORE  AHISROMO EET

B, BAREO—E%E 25T ICHALT0.1% LTI
K 2 HEDNERE 2o TV A, BIEITIIER S & DK
LEEOZEAFHLTRETLI LY TES. I, B
RS DELESS 1 Pa AFEELHERT 2 HIED
H5.

6:2:3 FEERAOERF  ERALHERROBS
LT, S—EEINMEITEN LT DT I T A
A v RS TERESHENCENIT 5 MS/MS BRI %
EEbRL. T, ELWLEBT7I5 720 M4 VEH
ZRIBICHY, ZOWHF—y 2y a—FUHTLIL
WKLo TRWTHILEDTHETHS ).

6:2-4 BEHBEHOMLE  HESWEE L TURMT
B (TOF) - Wt r ¥y — - A+ ¥4 raburdtn
(ICR) & E#MEHTIE, 797 AV b7 ) —DEH
BH - BB ERTLILATESL. IVETHRHE
¥ TR EE R E B ENCHIUSHIHO R B RIS
L7 5. %P, ESIHED XD ICEMA 4 ¥ FRET T
B BT OWENMEY 2 54, BAEE TIZIAMS T
flif4 A+ B s Z ik,

6:2:5 BAICEBMEE MO ARG TIHE
EAKEICTLTEY, HICARREWE & SEEGED
AFCTERVESTRERNEIATIEE 52, 2OX)
R LTIt Gaussian % E OB T-HEICE O WO
YPa—%v3al—3YavilioTL 7742714 —
REHELY, Fig 412 X HHBBRY S RIELRFH LT
ERIORREEIT) T LA TES.

6:2:6 EBOFIHYATY 100 Pa HEEII/N
RIS HEREL 2o TWAHA, KA F VLR ZHRAL
721 Pa I BECIIREBRIEL ZoTWnE DD
SUTOH AL AL hoTwd, KEMA + {EE%E 100
Pall b MR &) Ik RTENE, MINEEZEL
XFIMULTE B LRI NG.

6:2:7 Hifk - BREBAOEA  BRTIIEMHER
ORZERE o TWAEDY, ik - BRAETH-oTHM
VTG T A EATENTEATRE 25, BIZ
13, EEREOBRARRE TIIA T L —RBE K, EREE
TR —F MR ER A+ =24 (FIB) % EOFH
BEZOLNS.

6-3 JERE

PATIZ IAMS OIFR & 2 D720 RIS X & HRBE 2R
L7-.

6-3-1 EIEHIE (HA-BRM) HAKRTLGCRL
OEEE A L 2 RAWHEIRITR 54, MR WE
CENEBIZEGEEDAVIMMELZL -GCRLD
[EIENE] 2EBT2I 3 TES, HEMNETE, 3
GC/MS T% L OFMH - B2 B L, WE - FEELHE
BoTWAHRIMEAEE X, LrdbREREEERIIGLIILD
Tx%. ZhiE, HATEZE “FALIb&IVTNS
£ 5 GC/MS” &% 5.

6:3-2 BIGAE B#EFONY FF Y ) —TIFA

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

488 BUNSEKI

EEABDLEVHIERPERTENE, k&R - HEOBE
WEME L TIoANAERE RSB, ZHICE 3 EHIROM
W2 TR, BREOBEN - e, Wowks, B
HRROMR S LREI NS 247D S 2T E 3.

6-3-3 PEEMERE ABE - REERREACE G % &
WCBWTHEEEME - 5V VIZEELR B2 R LTY
A, TOEFIILALMONTV R, Ty vy
bEDIREIER TENIT, IAMS 1Z 2 ORBHO A% 7%
FRERVHED,

634 GCIAMS  RIEWIHTOEENEEL % 5
Twad GC/MS DEHREED B TE 5., HREEEMD
BHRLZERBIZLIDVEI 797X MY -0 D54 T 5
—ECOPLRCHMER CITY I I Ay F—Y gy
TEEBIREL RoTVEY, TASIZHLTGC LS
L7: GCIAMS 3HFEEICER E % 5.

6:-3-5 EZFATE (HE-BE-T7OVN) Hi AL
HEL - LCHLD “FA4L2 F&)TILE A LLC/MS
PEBTENZ, ThiT GC/MS LU B 2 R % 2 A
W ThsrI. BEHRARHIT HRTMELZ LIk “< b
Vw7271 —=MALDI" £EIREJ{DLELY, AL
BEVHFCTE L. $7285—F 1007y vy
VELREAERTENE, ARROZT O VLEIEICD
BHNPTEEL 2 5.

7 R Ei

IAMS I&, RAB O FICLIT 2B SETAF L LEE
AMETIHETHY, BHREEL (797271 —)
THFAFT =2 2T ENTES. LiT O
ERFZANF—DWIND 72124 + »{LZ1Z 100 Pa O
Ne FHRE Lo TBY, ERENEAFY (752 M~
F ) BEBPSR YR TEEEERICH 5 ERSEHC
WX ShEhll s, £ 42103, Li'ERESTFO [
&, TH¥I MALYOIFINVF - [4elt], %Ell
LZTF7 A4 20 Li" DT 5 (MRS, E2e
BRE~NOTEI7 MMA Lo [HE] OFBRYRS. &
B, BEOFBES T 2] WAkl cky, 3%
NIHGGAHHE L EEOR ST RS 12X hikd b h
. T2, BFBOPHVGT TR [RE] OpEsr
FEGENHD. N OREZ 132 L BEOEREKS
DEEIZ 10 ELRY, ROBOKES T 1 3-URE A
2TV S, MHEFIX Lv/v ppb BETH Y, EEMEIZ6
FCRE. = MY v 7 28R BRI T X 228,
IRV CRIBERSC L ) RO BRIRESE T 2
DB, BRRBREED L, BEBICIVEBENOR
WEBRGHAITR 5.

IAIMS TR 797X b7 =122 GC % LOEEE
ABTHRLE RoTWVD. ZD70, FEEKIZBIT 28K
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REWEE SO, S5 FHEOBMHE/ BEF 20
BRI, BEVEHES 2 OB REIZ LA &% EREEICHE
THIENTES., 28K - L% 75 b bEL 7D
YATODEZSY Y VFRBEZETULATOT VH LVAIES
TTHITENTED, Yo I TR KER DR - B
WEIZO RN D 5. EBROWEM L LCId, fERFHE
TRWNETH oAV ) Ve, 79V ZF VO
Bk EOZEBRHBBERIATZT. 72, 1eVUTO
HAELANVF - LR 2 wEB#EAL LA LT
FEDHWEL 7 €5 —VORMEDITH Z L HTE.

AT VACEIET DS | Pa DFREABE SN TBY, &
BT UL 720G TR PR N - BERAICEY 6o
BRI D B VIERRERS D in-situ J5E 7 &1 5F
WERoTWh, 4%, RHBERPLERY A L1200 Tid
HEORAAND L., AEEFTORICOWTIE
MS/MS, F/-HEHHM - HFEICOVTIE TOF 2 &0
RHIZE D BRTE B, Uk - BRRABA~O@EHIZOWT
L= — BB SR D H 5. SIS OFEEASER
T&NE, “F4L 7 b&VTLIALLGC/MS” EHE
INEHMAELL - GC R LOBEHMNE, Ny FEyy —
WX BHIGNE, BBE - B% - REILFRIE 2 EI2 B3 %
FHEEEREORE, L VBERERSFIITL S G-
IAMS 7% & LVCERBAASREE 22 5. T, WRREHC
WD “FALZ P&VUTIVIALLC/MS REMKE
W45 “< )y 27271 — MALDI” O et § B4F
Eha.

B, K THALEHRO—BIZF T AL E—  ELHie
HHREEE (NEDO) DEBENMARESEEL LCiibhr-.
T2, 7Y VBT R T OVEORBHEMLIC I ) BRI R AT e
Bt, CVD 7)) — =¥ 7 05— & BRI I3 Ho BREHS 2 S B AT 2
Bt (RITE), 7% 4 =l oF— 5y IEIIE S22 G 0 i
NEB/BELL, CBEOEHLT T

X N

1) F. H. Field, J. L. Franklin: “Electron Impact Phenomena
and the Properties of Gaseous Ions”, (1957), (Academic
Press, New York).

2) J. R. Chapman: “Practical Organic Mass Spectrometry”,
2nd edition, (1993), (Wiley and Sons, London).

3) F. Field, M. Munson : J- Amer. Chem. Soc., 87, 3289
(1965).

4) H. D. Beckey: “Principles of Field Ionization and Field
Desorption Mass Spectrometry”, (1977), (Pergamon,
London).

5) J. B. Fenn: Science, 246, 64 (1989).

6) R. B. Cole: “Electrospray Tonization Mass Spectrometry :
Fundamentals, Instrumentation and Applications”,
(1997), (Wiley-Inter science, New York).

7) M. Karas, F. Hillenkamp: Anal. Chem., 60, 2299
(1988).

8) J. L. Beauchamp: Ann. Rev. Phys. Chem., 22, 527
(1971).

9) P.Kebarle: Ann. Rev. Phys. Chem., 28, 445 (1977).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

('

10) T. D. Mark, A. W. Castleman, Jr.: Advan. At. Mol.
Phys., 20, 65 (1984).

11) B —m, SR R, BIHEIE. EZE, 44, 655
(2001).

12) M. Sablier, T. Fujii: Chem. Rev., 102, 2855 (2002).

13) T. Fujii, M. Ogura, H. Jimba: Anal. Chem., 61, 1026
(1989).

14) T. Fujii: Anal. Chem., 64, 775 (1992).

15) T. Fujii, K. Syouji: Phys. Rev. A, 46, 3555 (1992).

16) T. Fujii, K. Syouji: J. App. Phys., 74, 3009 (1993).

17) T. Fujii: Chem. Phys. Lett., 191, 162 (1992).

18) T. Fujii: Phys. Rev. E, 58, 6495 (1998).

19) T. Fujii, K. Syouji: J. Phys. Chem., 97, 11380 (1993).

20) T. Fujii, M. Kareev: J. Appl. Phys., 89, 2543 (2001).

21)" T. Fujii, K. Syouji: Phys. Rev. E, 49, 657 (1994).

22) T. Fujii: J. Appl. Phys., 82, 2056 (1997).

93) T. Fujii, H. S. Kim: Chem. Phys. Lett., 268, 229 (1997).

24) T. Fujii: Chem. Phys. Lett., 313, 733 (1999).

25) T. Fujii, J. Muraki, S. Arulmozhiraja, M. Kareev: J.
Appl. Phys., 88, 5592 (2000).

26) M. Kareev, M. Sablier, T. Fujii: J. Phys. Chem., 104,
7218 (2000).

27) T. Fujii, N. Arai: Astrophys. J., 519, 858 (1999).

28) M. Nakamura, K. Hino, T. Sasaki, Y. Shiokawa, T.
Fujii: J. Vac. Sci. Technol., A19, 1105 (2001).

29) P. C. Selvin, T. Fujii: Rev. Sci. Instrum., 72, 2248

B, R, ALl PR, MM, dEE, B A CREEESTEROMZELIEH 489

(2001).

30) T. Fujii, S. Arulmozhiraja, M. Nakamura, Y. Shio-
kawa: Anal. Chem., 73, 2937 (2001).

31) T. Fujii, M. Nakamura: J. App. Phys., 90, 2180 (2001).

32) T. Fujii: Mass Spectrom. Rev., 19, 111 (2000).

33) R. H. Staley, J. L. Beauchamp: J. Am. Chem. Soc., 97,
5920 (1975).

34) T. Koizumi, N. Kobayashi, Y. Kaneko: J. Phys. Soc.
Japan, 43, 1465 (1977).

35) N. Takata: Physical Review A, 10, 2337 (1974).

36) G. H. Wannier: Bull. Syst. Tech. J., 32,170 (1953).

87) M. McFarland: J. Chem. Phys., 59, 6620 (1973).

38) W. Lindinger: J. Chem. Phys., 62, 3517 (1975).

39) R.P. Creaser: J. Phys., B7, 529 (1974).

40) P. Langevin: Ann. Chem. Phys., 5, 276 (1905).

41) G. G. Gioumousis, D. P. Stevenson: J. Chem. Phys.,
29, 294 (1958).

42) T. Su, M. T. Bowers: Int. J. Mass Spectrom. Ion Phys.,
12, 347 (1973).

43) L. Bass, T. Su, W. J. Chensnavich, M. T. Bowers:
Chem. Phys. Lett., 34, 119 (1975).

44) ERE = EEIH, 28,185 (1980).

45) E. W. Rothe, R. B. Bernstein: J. Chem. Phys., 31, 1619
(1959).

46) B. J. Smith, L. Radon: Chem. Phys. Lett., 245, 123
(1995).

£

=
=]

ERRSETTZAY N7 —TeHITE 54 4 Y HBEREAME OV TRARICHE L. 7, *
BOREE LITHEICE A4 F b A NS A8 EE Lok, FHISEICOVTHAL, RHER 1v/v
ppb'l()_wmol/s DT, V=7Y54 637UEREWRINTVS, RIZ, BEE o TWAEBEEAIL
L ARAREWE - BSWRA A - PEA A - PUERE S 2 I XFIRE - SRR E ENOIRARIE AL
t.it,ﬁE-mﬁ%-%ﬁm%uihﬁgfutz%ﬁzﬁuvbﬁﬁ7(mﬂﬁ%mﬁﬁ&%%ﬁ
OEE L IERABATEISN TV, BB, SHROFMEME LT, BMBRACKEY A A% COBMBREL X
OHER, RUINDOERBIHHESNRD “F4L 7 b &) TV A AGC/MS & HF ) NSALHEE
L - GC & LOEHNE - BHNER EOFRERIZOWTHENL.
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