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Construction of Ion Cyclotron Resonance Spectrometer
and its Application to Mass Spectroscopy

Katsuyuki AOYAGI Koichiro Hayvasni Junkichi Souma
(Received April 30, 1971)

Abstract

An ion cyclotron resonance (ICR) spectrometer was designed and constructed to study
ionization phenomena in the gas phase.

The spectrometer system consists of three major units: an electronic console, a vacuum
assembly and an electromagnet.

One of the uses for this apparatus is its utilization as a high sensitive mass spectrometer.

A charged particle moving in a uniform magnetic field describes a circular orbit in a
plane perpendicular to a magnetic field with a cyclotron frequency. When an RF electric
field is applied in normal conditions to a magnetic field, and the RF frequency is equal to
the cyclotron frequency, the ions absorb energy from the RF field. And a mass spectrum
is obtained by sweeping the magnetic fiield.

An important advantage of this spectrometer will be found in its application as a process
monitor of ion-molecule reaction using ion cyclotron double resonance (ICDR) techniques.

This paper describes the constrution of the instrument. Performance data are presented

and discussions were made on its chemical applications.

. & € & &

TR T DSBS N AT T 2R 2R O—21C A 7 v b r VIUERH D, ZDOBGIT
FEIFONFCHMEIN, LEZFEI bR A 7 r e R LD, BEDETY =
VITHEOBMCHCONAEFvA 2 r b e VMG L h, ERBEEOSECHENE R S i
NBFAHF L r VICESEL BB, DA AHF v VL, WDETOREE— 4 v PRAEEL
DPIE I Sl inie sy, BEEBRSIMC LM IR D X5 8t ote T LT, 44 vy
4 7mbtevitlE (ICR) 11, v127e e vHIEBC LD 4 VOEMEESHHO=F 0 F —
WA B A L DT, ZTOPGELLED AL Mo fod, & & MRk Stanford Ko
Baldeschwieler, Beauchamp®%® 48 X » T, 4 A4 VA 7 v b v VIS A 4 V-0 T BN
DB A TR T DM A E LA L Ui, Fixd, F4 ICR LI?‘-]/L»%%‘%X'\& =
A B =B WHE LT DT, TR DOCTHRET S, T2 CEF@ocii—ItE  (Jon Cyclotron

El 8 TP PN

TRy AL A R
R 3




™o

66 TN - M ST - ARIB R

Single Resonance: ICSR) 1o Tih R X 5, —#IC X <biTuv b L S BREEN 2l

) THENT AR T OZIT B INL, v — Ly Epih, ko TIN5,
fz EE—{— ?ITX ?{ (D)

ZZC, KTFOEBR (@), HE (m), RUOYE () Thb, WEEE (E) BB aEr
L&, B (H) P 2 ERFOER) L, B IRE 7o VAT PN - oo Mg ) & @355
W~ DGR & OGN E) &7 D, T VELDER G TG B, FONMEER () 1k, m—

VY PEROLTEH L WE RS I LIC L > THRD LS HINZh 5,

N

M oH @)
mc
r=_gv (3)
oT, F7 Q) MFKkDLH>CLELEND,
v _eH
=T T me “

TIT, @ LA s e b or VWS ER B AR O MBI TCHE D, F T, b4
W bEHEES: EQ) #MYCERL AN DL, TOREEY o L35, o=0 ®
MR BRI 20 b e VERIBAEL, SREESS D=5 & — 2 WAL L CHEA L
PLELERAIRZ®A0E, Tihbb T A¥ A F A0S Db a i GER+ %, o=
FAF-—FINEBELNCERTIUE, A4 v A 27 b VviBOy 7 BB RE, F1:,
4) MBS X 51T wo=const DEHITIL, 1 4 VOERE m) GAMES (H) e+
b, R AT A « A7 AR LR D, —iC, A4 vy o1 27 a b e vl
s a A= 2RO RABBADOHESL, 0~15,000Gauss i1 THBEM D, BHRLE RS
7 AOEBERL, mle=1~250 {1 ThDH, T LT, ZOEEDHA 2w b e v EWRL,
50 kHz~20 MHz O®IC H 5, To & 2%, mle=84 & Kyt o¥if, w.=154kHz .9 2% &,
JLME RS, H=8,400 Gauss TH », IEHAEH o Krt oL 7=0025cm Th s, *
LT, —eA 4 vOMBoE S, % 10em~100m (7 v ORIA 8~ 7O MmN, Kk
msec O order THab, F7z, 1A VA 7 e e bk, ICSR Offic/fiiss U CE
Rl E UCAERIEN S DA, o CHFED S Lo Tddtmmy: (Ion Cyclotron Double
Resonance : ICDR) =2 Cak<X%, Tk, \WFA 4 v (AY) AihidsnT (B) &L T,
A4+ B—>C*+D DX 5 lo1F v (CY) Ly (D) w454 4 =03 T US4
B8ar, ICDR A7 pAdME biviuE, A HEEMCRECE L HETH B,

Z 0 ICDR %, @O A 4 v=4r TR T, CY 28 o, O E S (Observed
electric field: E\) THEMI Lich b, TORBEM: o =eHm c HHEEL Tk\WT, Mo/
W 0wy OEREEY (Irradiating electric field: E,) # Rz AY wmith 3 &, oy=w4F 1
T ofcliic, Cr Oy r A0SO dLY) NEME B0, 0 ICDR 227 b i
BoRiuE, a4+ v Cr g, A4 v-0TRIExM UCEIET 4 v At & coupling (C+—
[AT]D) ENTWBIENPBMTEND, Tiobh, omd=0ms OFEFHID, 14 v Ct
T BT NCORIGA A+ v AY (A, AY, ) HmaZ Eniiks, $o—in, At %
WEGE Uy, CF D 77 ABRIEDEEINT 256 LBV 42861 H 500, Shiif 4 v-
BFRIEOBNEIE EBECHRE L > T B 2 MBIt 5, 2D ICDR o
D=L LT, FMIERERCTER LIS TE2E-C, BAFCEDRTOEBMD &Lk s,



3 AFVIA 7w b wVIEARY bw A k= DRIE LB HA DI 67

fol 2y, DX 72 b= Y ADA F V-4 BRI T,

CH,CN*+ CHy,CN —> C,H,N*+HCN )
43 CNGCN o0 H ks>« HCN ~, N FEJd1 + v CHNY ~NER LT
<2 EM AFEER & ICDR w27 L DIUE LA BIS & &k D,

2. EBIC2WLT
ICR @B MY, [ CMc SNl d A 7 e b e VIE-CH D, FOREM /AR
Pousir Beauchamp 455012 L » Tl XN T BDTI 2 TSN lc e 2 DEBICHV 721 #
varA 7a be VI ARy be - 2 =g, DA HRRAES PR il Lo, %
DT w7 BT VT A% Fig LILRTe A7 P es—2—3R&EpTT, otit, &
W, BOPEROZMS X oS S v B, Tk, SRR, ICR it & A

SAMPLE INLET
Y S TE

FILAMENT &
D-C POWER SUPPLY

S £
BAKE 0oUT
POWER SUPPLY
IONIZA TION
VACUUM GAUGE

EXCITATION 1P+ S
&
I F -8 UNIT

MAGNET

CHAMBER

‘ %131;%\'1 VACUUM SYSTEM | SYNCHROSCOPE

;

RF AMP,P-S-D AP AMP, PS8+ D

Y BRIDGE &
R-F 0-S-C ™1 PRE AMP

VARIABLE
FREQUNCY 0-S-C

PULSE N A
MODULATOR PORILATION

FREQUNCY
COUNTER

RECORDER l
!

L

T SRR, AT REE, 5
JEIE IR, (KR D I A, LT
W, RUtva—a2—-Xhibh, Fi
TARIRNSHE & U TR SR RO R A, \E“
L A, RO v v 2
~Mdh, O AR,
WEE, MOy vz e Aaa— 7L
DRERE T B, ICR DTy
Ak, 7V o vl v v
Aoy v v 2 =JER RO w
FRENDH DA, T OWETIE T Y
v D RA . TR0 ICR
Biilige & E DRIV B, TFig. 2 Cutway view of ICR detector




68 HORET - M IR - HIERT 4

v +V
06) /o 05 0.6
0.6
by v v v
0.5
0.4
0.4
/0._2\ m
0 0

Fig. 3 Typical electric fields in the detector
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