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CO, Laser Photolysis of Clustered Ioms (1)
. + + f o+ g +
Yasumasa IKEZOE, Takeshi SOGA , Kazuya SUZUKI and Shin-ichi OHNO

Department of Research
Takasakil Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

(Received August 2, 1990)

Vibrational excitation and the following decomposition of cluster
ions by CO, laser photons are studied. Characteristics of the cluster
ion and the CO; laser photon are summarized in their relation to the
photolysis of cluster ions. An apparatus was installed, which is com-
posed of (:) corona discharge-jet expansion section (formation of cluster
ionsg), () CO, laser section (photolysis of cluster ions), and (:) mass
spectrometer section. Experimental results of ammonia cluster ions were
described. Effects of repeller voltage, shape of repellers, and adiabat-
ic cooling are examined on the formation of ammonia cluster ions by
corcona discharge-jet expansion method. Collisional dissociation of
cluster ions was observed at high repeller voltages. Size distribution
of the ammonia cluster ion is discussed in connection with the tempera-
ture of cluster ions. Intensity of CO, laser was related to decomposi-

tion yield of cluster ions.

Keywords: Laser, Photolysis, Cluster Tons, Vibrational Excitation,
Isotope Effect, Laser Chemistry, Isotope Separation, Ammonia

Cluster Ion, Size Distribution of Cluster Ions, Temperature
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n 0 1 2z 3 4 5
—4Hy, 011 T 17 165 145 75 “
215 262 135 117 70 6.5°
—48%, .41 32 268 34 36 25 o

20 237 252 279 215  219Y

2.3.2 K., CH:OH:' « nCH: OH+CH;0H— CH; OH: "+ (n+1) CHiOH®
—4H%,, o1 (keal/mol) & — 48°, o 41 (cal /K mob) *’

n .0 1 2 3 4 5 §
—4H", .+ 331 26.3 16.1 135 12.5 11.9 12.0
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Ty o - (7rE~7; 234cal,” K mol, A%/ —i; 249 cal, K mol) &, BHH
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FREHEN) . v — P BIRCLEIBESEATER 55, i, FARLEH TR
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BEEAFRAL —F— LT, bolbhlFIBENTVEORKETA L —F —THDL, KR
HZCO [, BETIELATFTHY, BXRIRE T HHRE GG v ), WIFER (BEE
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Exrd,

Bl —F—-E L TR, BNSHTRKWEOS OEE, B3 Ty b, HEReR, €7
Py S AEOMITE S, iy — ¥ —OE, B (FoxiF-E4 (010) OHFORK
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HTd B, LinLAAD, STEMEEILS v oL, F4 vEQHEETHAS, 8080
EUDSTEROEDSRELS B, LM T, CORMOBBRERNTHEL, b oRBE
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OREF AL —F—BREN T B, s, FARAGA R LF vz — b —F— OB
X, mEGLTEEEFEBNL, BT 2HESE ST 5,
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T h, CORBIE, BAANTAFodrv—L—¥—sLTbERTE2®, 37,
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5,
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WHYRELT, 7725 —4 4 VvIRR0AENEE, CORAHA Y7 FIPED R IS,
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Table 3.1 Deactivation Rate of C0,(0l0) by
Collision with Various Molecule,

M.19)
M rate{s~)lTorr 1) M rate(s“l-Torrfl)
Ar 130 co 25000
co, 130 NO 25000
N . 180 HC1 50000
He 4000 H, 0 130000
H, 13000

Table 3.2 Rate of Vibrational Energy Transfer
of the Following Reactionzs);
AB(v=n) + GO, (00°0)
+ AB{v=n-1) + C0,(00°1) + AE

AB | m (Siﬁflfiﬂiill) T(K) | AE(em™1)
DF | v=1 = 1.8 x 105 | 350 558
DF | v=1 1.1 x 10° | 300 558
DF | v=2 1.9 x 10° 300 467
DF | v=3 4,6 x 10° 300 376
Ny | v=1 1.8 x 1o" 300 -18

Rate of reaction v=k[AB][CO;]

k; Rate const,

Table 3.3 Distribution Fractions of Vibration(fy),
Rotation {(fgp) and Tramslation (f;) Energy
After Some Elementary Reactions. 6)

|
,Reaction AHO (kcal) | Eigp(kecal) | fy fr g fr
F+H, -+ HF+H -31.5 34.7 0.66 | 0.08 | 0.26
F+H, -+ DF+D ~31.2 | 34.4 0.66 | 0.08 | 0.26
H+F, + HF+F j -98 102 | 0.53 | 0.03 | 0.44

Etot = 2B+ Ea+ %RT ; total available energy

Ea ; activation energy
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FRACTIONAL POWER TRANSFER
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Fig. 3.3 Fractional Power Transferred from

the Electrons to the Vibrational
and Electronic Levels of N; and CO;
as a function of E/N and u.
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Fig. 3.4 Photograph of CO, laser (pulse). Laser is focussed on
the black-boad (right}. The out-put is 5J/pulse. The
discharge energy is (1/2)°CV2=(1/2)><0.O5Xl0'5(60><103)2

=90J

Fig. 3.5 Pulse shape of CO, laser in Fig. 3.4. Horizonal unit
ig 0,2 usec/div. The delay time from discharge to
oscillation is 0.8 usec. The working gas composition
is CO,:N;:He=10:5:85, 1 atm.
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Fig. 3.8 Schematic Diagram of Transverse-flow
DF-CO, Laser (top view).27)
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4.1 BowersZ (University of California, Santa Barbara){Z KEHHR

Bowers 2504, 1B 308 — 660 nmO AR EANIC L B LERYNE 107 5 Ry — A & v ORI
B, VIR O A Pig. o LIt id ™, 2528 A a7 vEes 5 - 2 THED
L, BRLiL-F—WERET S, ENA 4 vOEE, T AT -2 BEOESRIED
electrostatic analyser CHllEd . WO OFERE, Table 4 1ICRT . T OFAONET
i, LA A VEBEVE T FAY 4 FOBPRESBESN, 2O xAFT BT T RT
_%mﬁﬁixw$—,ﬁﬁlzw#—,@%IZW$—,L@IZw#—@&EﬁEéﬂ6D
e SEOREITHICHOT, KBREONERFEC VT, £z irF-GRICD0THE, EK
HLBELDOE SRTO S, FRROERERT 5B HRESERE (repulsive) D85 &%
(bound) Pt & ~T, S/ A4 O > TV AEE T 70 ¥ —IKEPE LS T LBBREN
fwé(téi&,Nf*NhSOf-M»@ﬁ%vf%_%<z:5Mnm)cx%ﬁ%)oiﬁ,
WAL T BN, 7525 —RETHBLD, DO A vORACRRENR, ThPED
%, P4 A Y OHTEFRE, REPRECHRSH, TORICT 7 X5 - —IRGEE LT AL
OB HER TS (CO +H20, COs = CO2, SOz TeKror—-¥—3% (1= 514

nm) 1 LB .
4 2 CastlemanZ (Pennsylvania State Uriv.) (C £ BFHE

Castleman’®iZ, Reflectron& O3 H LOEEAHOT, HEORE M ITX Y —4F VDH
M ORHE A BTV B, BE T 5% Bowers & U (RIREANLTH L, Rgflectron@iﬂ
%%%,Hg4zmﬁﬁoit,7§xy—4ﬁy@%%%ﬂ%mmb%ﬂt&é@W%@@@
%, Fig. 4.3 CRT . WESHi L ndmLicdEs 725 —& L —F -k A AT B,
$ﬁ7ﬁxﬁ—%4ﬁ7ﬁtf¢&tt7§x&f4ﬁyi T ABRHOBHOPP T

MITE AT Z O - HHSTAH, 5 VEHERELEC T MELLV T 7 XY
— A4 4 v (parent ion) &AL THEM LA £~ (daughter ion) OEH T ALE—-HEN
STV BL &%, FIALCRTEBEELRO 2 TR L, SR04 7 =X L &[0T Do

421 TYEZTODIIAF—AFVONIE

v EsTRREEAAL — ¥ - RONE—E T 5950 cm ! (1= 105 pm) IKHBIRER -
TWBEOT, bhbhicRBcEEkDH 29+ THH, Castleman i, TyvE=7ohtEs 5
2 & — (NHy)g %, 2=266nm OV —F—HiE-T, 14l TOA A4 vLITL>TE
WL TYESTO 5 RS —A4 &Y NHy »nNHy @ EATRITEFRTPic 2895 (Fig.
A4ABB) . 752y —FOESNEHES (n10), 7F7AF— A A& v OREEE I n OfF
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EEBICRELNB T &N, Fig 4.4 5305, parent iond daughter ion OMEITERO
EhG, DERICESTTYyE=T 15 T4 parent jon LR Lic T L0305,
KL TR, RIEQOLIICEHTOT v =7 EHT 5T &b 557,

NH, "+ 8 NH; — Ni, + 2 NH; + 6 NH; ®)

4.2.2 AF S —NDU FRE—AF DN

AL S I RBEAA L —F ORI OEZRINT 5, DAY / — T 5257 — %
266 nm DL — = TA AL, ZOEEENT B H »nCH:OH DO 50T h,
Castleman o3, reflectron #=/HWTHRH /. Fig. 4.5 T Z DR O 843 . parent ion
H' « nCH;OH £ H T « H, O« nCHs OH #3453 L T4k % daughter ion i 453 (d ;
parent ion/ 5 32amusfESE LA 4 v, e ; H' » 2CH:OH M Bk FHESE L 724 & >,
g, mixeci cluster ion H' « HoO» nCH:OHMB S 2 & 7 — A3 FH5 1 gLz 4 ~, h;
parent ionA S 18amusfifgt LicA4Y) DA 4 VBFAT LA EERLTS,

4.3 LeeZ (University of California, Berkeley) i & BHE

Lee BI3RE 7 9 X =44 v, HiQ' *nH0+He {n=1, 2, 3) 2BETEOHFHNL -+
—ETHEIL, 207 7R A F YOHFARN A ~7 v ZflEEL TS, COLE, AR
WOBHEERDRTAROTIT > T0d, THOLRBNTIE, H: O FRESSHEVOT
PR ANC L D, B84 3,

hv N
HiO0F »nH. 0+ H; — H;0' = nH:0+ H; (4)

FTHbh, BEMITTERI A Y Hi0 «nH0 ZMETALELEDED I 3RF—A 4
DFFABIL A =7 VAT E 5, TOEERTEEFig 4.6 1KRT, Bz DESEL TR
TTHE0BERAFTEMOTESRA 4 20 MT 550, BRE, HFEEE SICENIRAR
A<y boupiig sintc, Fig. 4.6 ®HyO » nH0 » Hy (HoOQu™ + Hy) DR biT,
DD ICRBN DL TEC L - CTROIFABIR 2 =7 b A G TR U, Lee FDIHIHFAR
WA~ PV, SBREDPENLELOARI PV TH LT EVN DA, WO, 7725 —A
A Y OWEAHMAT L HNT, FRABRNA RS FaARE LR, USEE0EE 7 725 —
A & DORAFETH 5,
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Table 4.1 Photodissociation of Cluster Tons at 5l4nm (2.4leV)28)

Ciuster Products Excited State Comments
Nez* N, N:% + N. Repulsive
NGt -ND NO+ + NO Repulsive
SO0O:*-80. S0, + $0. Uncertain
C0.*-C0 . Co.* + €O, Boundl1 0%
Repulsived0X
CO.*-2C0. CO,% + 2C0.(95%)Comple
C0."-C0: + CO,(5%)
CO.""Ar Art 4+ CO0.(90%) Repulsive Photon driven
charge exchange
COo+* + Ar(l10%) Bound
COo0."* Kr Kt + C0.(55%) Repulsive
CO." + Kr(45%) Bound
N0 - N20D N.0" + N.0 Repulsive
S0:" 80, S0, + S50. Repulsive
Bound

— 23_
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Table 4.1 (Continued)

uster Products Excited State Comments
*e Xy Kr* + 0. Repuisive Photon driven
charge exchange
*C0, CO:* + .0, Repulsive Photoen driven
charge exchange
*-2C0, CO.* + 03 + CO0,(75%)Complex
C0.*+C0; + 0,{16%) Repulsive
0.t 4 2C0.(9%)
-850, SO.* + 0,(65%) Complex
0. + S0.(35%) Bound




JAERI-M 90141

i—_—_- MIRRORS

ARGOH ION ' OYE
LASER LASER

SHUTTER

POLARIZATION ROTATOR

M

Al:gri:l‘%-srl-lf% ELECTROSTATIC
ANALYSER
ELECTRON
"HMULTIPLIER

COMPUTER PULSE COUNTING
EQUIPMENT

Fig. 4.l Bowers' Experimental Apparatus for Decomposition

of Clustered Ions by Polarized Photons.28)
[ -
PULSED NOZZLE /7
IMGYEABLE} GATE L
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[
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Fig. 4.2 Schematic Diagram of Relectron
Pulsed neutral clusters are ionized by multi-
photonionization. Resulting cluster ions are
analyzed by time-of-flight MS equipped with a
reflecting electric field.2®
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Fig. 4.3 Different Trajectories of Parent and Daughter Ions
in the Reflectron.2?)
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Fig. 4.4 A TOF Mass Spectrum Reflected Cluster Ions
Generated by Multiphoton Ionization of
Ammonia Clusters.??
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Generated by Multiphoton Ionization
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SIGNAL/arb. units

3500 3600 3700 3800

vave number{ca-1)

Fig, 4.6 Infrared Spectra of H30"+H,0+Hy, Hi0"+2H,0-H, and
H3O+'3H20°H2. The arrows at the top indicate the
band origins of transitions to the symmetric
(3657em~%) and the antisymmetric (3756cm™1)
vibrations for the H;0 monomer. The dashed stick
spectra are ab initio predictions of the vibrational
frequencies and intensities of the respective
H3O+'nH20 clusters made by Remington and Schaefer,3!)
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5. 7IAZ—AF L RREE L TRFER

BB A AL —HF R LB T T RF A F v ONRARET S EEOBRKE Fig.5.1, 5.2
. TERR O AFERICIE FIESAEREEE, Fig. 5.2 £8MET 5, T 3EEICFig.5 1 D& 3%
BACZRXELAMTH L, EEIE, 7525 -4 4 VHEEE, - RIRER RN,
BARNETHR SN TV S 75 28 —4 4 VARG THR Ly 52544 %, B1E
EOERAFATHRNE T2, BREAH L 72544 vEL - LTREL, oY
Bo MR LI 4 v A5 2 BRAOERAE THth, dHHlT 5.

2SRy —4 A VOEBAEE, JoFREEEFNITRCTO Jet Expansion HTIT 2. T
O E, WEBROLTHE, Jet Expansioniz XAMWSHRHBE, 7725 -4 A Do L
R AR L 5 B A, KA R L —F SR E - TITH . CORITE, LD
JEEASEREE 7 T ALY — A A Y ONRESEEE 5, NI, L - ROREkR ERE,
LR ECERE SR A X Y ORITEE, 73R A A OREIRERE, 12EBH
G5, COEBOHICE, BEARETIOROERRERO L —F—RBEL TV S, L
L, 2HTHERROLOES, SLVARROL —F-4E2HA0ELENS L, £ORICHE, &
@nEL (100 kHz FRELLE) A RBIROL - F—HEE L.

NMELF s 5 R Y —4 & vOilEl, 4ERERMRITERVTIIY. o, B
S ORBGROGBEEHDEE, S ra L — % —ICER LIRSS nRE LT 5,

51 475 XY —AF R8I

51,1 2 oFHE

o NEEAASEEEOSRE S 4 AT AR LELER Y 51, #5E (B4 VA
8 CHRKVOSEEADMT 54, HEosERCI0KEL, PEicER™ (corona) R
WA D, [UADRRESIRGRET, KIEREORMRTH S,

S o FHE L TR LA £ AR L THEEMCRO T, B4 v E2RET 57
S2y A Ay ARRONTECE, HRKEORBEAMNL, BO7 725 -4 42RO
R, SR ADSEEANNT S, Bk (S00M A4 —£) EEEL, KEEREEE
v &7 & EORGCET 3 ERA~BL RS Fig. 5.3 TR L7,

5.1.2 Jet Expansion

H A DT A S - T, BTGNS, E (jet expand) #5 &, FYFAUBT I F
B A ICH] - B8 T L E - EERE N, BEBERNEC ARG T o REA AL
ETHICER, BE LS 5%y — A4 & v 3E, BEORET, s TLEHREROEL,
BE (550 L, 20l MEOEHCHE., —EDY 728 — A4 VDRI SOH
ﬁ%%foC@ﬁﬁx&—4ﬁy@ﬁ%é®%ﬁ@,ﬁﬁ&&ﬁmiﬁf&i5$%ﬁm&ﬁﬁ
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(HDVESHE) RISOREICE > THlRE 2806 I E > THREI STV 585, iet expan
—sion DEDICRESRE, EHOENENHBIETOD7 525 -4 F Y ORESOSHICIZO
LTE, BEOFSHREVOEMENTH H, PTHIER LIHEA 4+ v{LEAR (ER, KT
T, TORIGERESEZOT, #LTCRT 728 —4 +# YONHETH D EUNETEES G
S ThE, BVBMAERDLEKEPNI IR S -1+ viE, BBITL-TMESHEDT,
WEA A MENTODI 725 A4V DOnHil, ERASETOPREIHEEZELEL-TH
H5EEONG, 2OLHIEEHSHRATESRELEI LT, BR, BE N TOSHENEELLTHES
WD, jet expansion DETALNE IV S XY A F DR EZIODETDH S,

Jet expansioniC L -»>THAMTARH 7 7 24 —~DOAKEZSOLEE(N) &, #FALER (% ;D
E&; L), £AEN (P, BE (To) Ko0TH, BEXMH ch T 5%,

N=a (PyTe" (D tan #)°19)° (AT 0 52%—)

ZZ7C, a,b,c,d, e BERSKKICRG 2T, b 0AADEE LS, 6 ZMTLOLL DA
D1/ TERSNG, NI TAS— EA 4 VDI FRF — ETHZ7AI—DREZILDOT
BRET TN, EMRICERICEMSH 5, 50bb, KEWBI7X 5 A+ &L
i3, Po, D, LERE(, To 2EITNEEBY. EBEOKETH, B2 F V7 OHf%E, A
LHEBANTICL T, IROLORSITRFNEE S,

Fig.5 2T/ L TRl BRERE Tid, Po= 100~1000 Torr, D=10~30 pm, L= 25 ym®{#
FLEENTE L, HACHIE, EHHREELNE Fuls o, T o DML VEHD

A LB EHTED,

5.1.3 oo iE, Jet ExpansicniC K - THBONETYEZT I FZRY —A4 & 2 O5NTH;
FHE

Fig.5.2 @2 v+ 1%, M (D= 26 pym, L =25pm) %@L TD Jet Expansion iZ & -

TERONKETYy2=2TD I3 A5 —4F rofaiE~to, filoAdl (EZEf], Repeller & FE.50)
DRIR, £ Zithid B5FEE (Repeller Voltage, 4 4 YA FZ B OE BT EEICHE LA{720HIT
PER) BILE -T2 728944 vDafnE{l Lz, B Repeller 25 ( Type A, Type
B) OERA Fig. 5.4 173 Type A, Bt 5BRAE(L T, EESHaT (MSQ- 300,
ULVAC) THIELAT Vv E=7D 7524 —4 4, NHs' »nNHs% Fig.5.50), QR T,
BUG A xid Ny —NHz(5%), WEBHEIFI KV, MEEFIT 4 A, EAHAEHRBIRE, BER
IR (295K) THd. 7725 —DKES, n, B0 repeller B IE K/ % Fig. 5.6 IR L 720

O DERNG, DT &Bnhs

1} Repeller@fRICE »T, RMENB T 7 A5 — 4 4 v DRINESEL S, Type BOD

" Type AL OFEHGEhE X W,

2) Repeller Voltageit kD, 7728 —A4 Y DR, SHHELT 5. RIDDHTICH

L Tid, RepellerBRic X 2R EZER, BESHFC Z 2w F—7 4 0% — O &BEEM

HO, HETH B,
) T 5AIF—A A DREEnEIC, Repeller Voltage lCidGBENH 5, Repeller
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Voliagess 30 VELETRASIES 7 28 —4 & Y13k -T, NH. 555 5o
Repeller Voltage A& CBICHE T, KEL Y FAF—A A vBLIELALY, D077
2y -4 v SHEEEICE {15 5DiE, Repeller Voltagelt & -~ TV &y 2 AF —FF -7
55 24— 4 F v DEEES (Collisional Dissociation) Rk

NH" + nNH; + M = NHi "« mNH; + M + (n—m) NH;

BRETL, KEWIFTRI-AFVPENEVWT 725 - A4 Y ~ELLTOBEDTHS I,
STEUE SRS (, DO BERBOYRODEOETHEVIEN S, Repeller Voltage,
Re= 20V D&ETZ AN, COEBTELNETVYE=TDI7 3 A5 44+ YDREEDREN
AEERLTVAETS (Fig. 5.5@0Re =20V D) o COXRY MABEDIE I T4
5 — A FVOREAETRLTOADTIRIE L, £#0AEB50iid, Bild sEBEITE OBRER
EETBLENHD. |

514 WEAH TIPSR G D EGE LIBEDS 525 -4 A v OREZDSM
%i(iﬁﬁ)—7y%;7ﬁ%ﬁx%%z%oﬂnfmgminiﬁ%®%%ﬁ4ﬁvm,
@ﬁéﬂ,KwTTV%;7&®%%K;@TV%:7ﬁ4fv&éh.7§z&—4ﬁymm
Do

No T (NeT) NpT) FNTla— NH; T+ Np (2Ng, Note ™)
NHs '+ NH; — NH¢ T+ NHz
NH, "+ (n—1) NHs + NHg+M—NH;" « nNHs + M

c T, RIEHESFAICHD, ChLoORIBEOE, SREOEICEESERSNIERET S0
THbbL

Ne TONGt, N ™)+ NHs=NH; T+ Nz (2Nz, N2 ve ™)
NH; " + NHy=NH, "+ NH:
NH. « (n—1) NHs+ NH; =NH, "+ nNH;

C®ﬁ,H§E®TV%;7ﬁ?ﬁﬁ§X§—4ﬁVNHﬁ'Orﬂ)wa%é?%&%®$
BEHAEKaton & T 5E, NH T« nNH: DA, Pold;

P“:Kﬂ‘"lsn'PNHﬁ'P(nw[), (n:1, 2, ...... )’

LA B, dHbE, HEBETOVEER, Ko, & 7V ESTOEN, Py, EWHHB5E,
CORAMNTY 5245 — A4 vOREMEBE, Po(n=0, 1, 2:) RO LIL,
5 BEBETD Kotsn RUFO &SI L TRDT o BIEREE, To. Po, 05 5 Kam1n (To)
B TEHEENS,

—RTolnKn—t,n (To) = 4G n—1sn

— 31 —
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RETCSY 5 VHEM, Ko, oD W
In (Kn—lpn(T)/anlyn (TD)) =

T
o 4 o (RT 4T

THRHOEND, CORTHELBFEME, 4G a—1,n, 4H no, 2 K20TE, HREEEST
St AR O - ERIME, Thomson DR 7 ic L AEHME Y 2 -, TORE KBTS, 7
vE=TOFES, Pan, i, Ne—NHs(5%) QREESHALBHESH L& LT, HEWMHOA

Po,/P= (Tp/ T)/ 711,
Pry, = 0.05 = P

PoRWIz, LTy, TEABREEHERBOL, ERChVLTr=14%H5, 0L
LT, Bo507 Koo, (T), Pru, 2, &EE (300 -155K) TOZ 5445 —4 & ¥ O/
e, P,(n=0, 1, 2 ) % Fig, 5.7 (1) ~ @R Lic, BRI TRESELS S HER-T
H5AE—AFVOREHEREDT I XA AV DFICHEITT S,

515 EESHEEDLE

5 13 ETIRONE T YEST I 5 A5 —4 Y ORH (EMD &, 5 L4ECHETELN
B EANE T B I, FTEICE > TE SRS A ICER T OBREREET - 10
®A4, Fig.5.81KFET, bL, COEBETO S 325 —HEESEHICELCHEHU S, Hllsh
A=A A VDR Fig 5.8 DI —HT 53T THEL. FERORRELT, Fig
5.5(2), Re=20V % &0, Fig. 5.8 *HRLTASE, BoMCENEFRLZ-HRLTVE
A

TDEEMS, BFEDT &S E, 805, #ifle S5 @ Jet Expansion @& Hic, EE
FEADaMicEh2BRICBVTH, HCEEEIGETLILEDTES, /5248 44 VD0
TSR, BENIGORE &N (BA) BRI ECE-TRE TV bH, FIZ, n<<3D/]p
KIS RY A A VRRNBEORERIGC L > TERL TV A b0 EEbhD,

Lirl, n=5~70REHH4RECEESHITEVAHEL TV ELEET DR, Th
FERELSIRCAELELENOERDNE, $HbLE, LOYI XDy 72 —A4vidED
KRENY T ALY —DMRICLZEREBHDERORBICLLEL (LN oIS Repeller
mmmemiéﬁ%ﬁﬁw£ﬁfﬁﬁ)ﬁ,ﬁﬁi%ﬂ%?%506®%ﬁmwﬁfiwtﬂ%
L 2T B e, RRIOATE 230K OTMATIGE D, $5bb, TORED S LTI,
B FRH—A4FVODBRERI0K 15, $HbE, HAKHIE - TEELLTOKEENET
LTV B,

55 R G-y ORER, BHMEOHREICE s TEBUNTA -7 —THEH, TO20K
Lo EOREFEAE SO0 TR, SHERETLILENRSS,
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5.2 S5 RY —AFRDRE

5.2.1 L —W—tlEE s 7R — A 4 v DOoRERORR

b BB L7 SR Y A & SRR E DERERNTA S, Fig b 9lRd LI, —
Ad (em) OVTET, 7725 —4 4 VH, Mo (em 2s™1), &L —#—RKFH, To (em™
Sﬂ}ﬁﬁﬁﬁﬁﬁié&ﬁ%oi®%,@ﬂﬁ&@v—ff%¥ﬁ@1&@©,751&44
A VRRMER B, Lod 1 ORICE, BERLOAK (57 ~a 0kl kb, loge (To/T)
=k DRI F B 1L, ¢ (mole, D) Ry TRE—4 & v OEE, £(1cmemole) 5
FMNEHTH B, LI -T, BNEh/EO®mER,

logw (10/1) = 1n (10/I)/2.303=
In (1+ (To—1)71} /2303 = ((lo-1)./1},/2.303 (= £ cd)

L0, (lp—1)=2303 £cdl=2.303 £ cdly &7 5, W tICAIRE d° 2 8@ 3§ 238 T

Tod?t , %O d® TR S AT lod? 1+ 2303 £ cd ;. TOBRN SN TE
CELWEODI 57— A7 v IRBTEETEENHRLICT 7 X —Ad VD, Mo —M =
AMmh¥w2%3x@=2aBEmﬁﬂ&uéoC@ﬁﬁmjﬁW&%ﬁﬁﬁﬁﬁﬁx&—4
VO, Mok cdivt E10 B, BBTEISAY — 4+ VOREMRET B2 5 28 — 4 4 VDI
DOHETRL &, ' '

AM/ M= 2.303 & dlo./'v

L1 D,

HEBOWL —F —H 20T hid, 6mme¢DHEFBBHENL LTS L, 9.2 x 10! photon
Ve s £ BOT, EDMICHEEELT 0L cm s mole, 75 AY — A & Y ORITEE v =
W0 m s ERATSHE, AM M=6X10"°0 £70 5B, CATR, L —F—KOWESZIE ¥
&LHVQC@@%K%<¢5tbK,@)ﬁ®@%ﬁ%<¢%o(ﬁéﬁﬁix§—417%%
B4 5), @ L-F-HAERELT S, (To), @ EeACTEERN S, KAEEZEILY T
AN A F Y EREEEDL, WEDHRERTHLLENEL DN D,

5.2.2 L—F—%ETVE=THOTFORREDEEDO—H

TvESTHTENRTEEHR LTSS HHREAE D, BREEN,D, 2A+2E LD 6X
DHFATERES LSS EHERRA DS, Ay OO0 MR MRS, RossEALTO
Z St PR $8) (umbrella type) Tddo TYE=THTIZ DDPATEBEL T S DI,
COEBIZE T2 DlES NG, 93158 & 968.08 cm 2L LT B - L5, Fig. 510
(aiC 7 v &= THFOLEEHERRIORNA <7 bvERT, ZHOBEER DR~ bLE
B L Twha,

R AR L — o — (AR T v =7 U v, NAL—50D, HEEREMNE) ORikX <7
b oL Fig.5.10 (bYiCRd e 930 em™ R TRIN SR OEBAP—H LT 2, 7 VEZTHY
S 4 A A VEHNAENEE LS, BWREESEL Y7 P T 60, LA(BLYTETS
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AT D TTRIERICE DD I,
5.3 U3SRE—4FOFA

UEREEMFEOBERBEKE, HENEHIK LI - TRELE DD, 351, 14 yORtidR
(5 touy) $ERBKEERSZLOON TV E, 7757 — o 7TEBHEETE 25 —
RMERSE (74 =Av=y b, CHTMS) i, ZOXIUEERFESLLOT, @& EL
A &k, AuiHEREESFE (ULVAC, MSQ-300) OMIEFRRERD . ¢
hbt, 14 VIELBEA—ETOVT, EESRE, Tris (Perfluoroheptyl) S—Triazine & 1 #
VAL L, 7 oALREA & v, CxF, O v —7 @amA OERS I TR, HEAEEST
HOBBRECHT 2MEEEERD T, ERE Tableb. 1 iTRd, HEMENL M ¢ >1007T
SHICHEBEEN G OBRESE T LTS EB0h 5,

Table 5.1 Relative Sensitivities of a Quadrupole Mass
Spectrometer (ULVAC MSZ-300)

¢

4 F v (CxFy) il ey l
m/ e £y 72— M & & MERERY
31 1 : 75 180 1.0
5 0 R 2 2 3 70 1.0
6 9 xg 3 1000 1000 1.0
9 3 3 ! 3 7 50 1.5
100 2 | 4 186 9 0 2.1
119 2§ 5 468 8 0 6
131 3 5 735 8 0 9
169 3 7 212 15 14
181 4? 7 278 15 18
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Fig. 5.1 Schematic Diagram of an Apparatus Inducing
‘Decomposition of Clustered Tons by Infrared

Laser Photons.
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Fig. 5.2 Schematic Diagram of a Preliminary Apparatus Inducing
Decomposition of Clustered lons by Infrared Laser Photons.
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Fig. 5.3 Voltage v.s. Discharge Current in Corona Discharge
in the Atmosphere.
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Type A Type B

Fig., 5.4 Two Types of Repellers Employed.
< : Indicates the direction of the cluster stream.
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Re = 10V Re = 20V
lJIll ||l l
123 45 01 23 45 6

Re = 35V Re = 50V

]I[n, ||
012 345 61789 10 01 2 3465 6

Fig. 5.5(l) Effects of Repeller (Type A) Voltage, Re, on the
Distributions of the Clustered lLons, NH4+-nNH3.
Generated in Corona Discharge-Jet Expansion.

Re = 10V Re = 35V Re = 50V
[ O
2 3 4 5 8B
Re = 20V
l 1 _ L. L.
345 67 8 01 2 3456 67 89 ¢ 12 345 678

Fig. 5.5(2) Effects of Repeller (Type B) Voltage, Re, on the
Distributions of the Clustereéed Lons, NH4+'nNH3.
Generated in Corona Discharge-Jet Expansion.



Cluster Ion Intensity (in A)

125

"Fig. 5.6 Repeller Voltage Dependence of Each Clustered lons,

2.3

3.1%

JAERI-M 90-141

Repeller Type Aj---

Type B —

NH,T-nNHj.
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Two types of Repellers were examined.
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Ttme, = 300, (K) , NHY @ 0.0500000 (ATmW} ~ TEMP., = 290, (K3 . KNS B.0L440%0 CATH}

RELATIVE INTENSITY (h,U.3 [ RELATIVE INTENSITY (a,u.}

mETeEEasESEAFRREEEEEELRETTIA YIRS AR PR EAIREARERRE TN 4 e e T T R e ey o s

Tean

10

TENP, = 28D, (X} , NHI = 6.0392734 (ATH) TEMP, = 270, (X)) + KNH} = 0.03L579% {arm}

RELATIVE INVENSLTY (a.u,}) N RILATIVE INTENSITY A 0.}
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Fig. 5.7(1) Calculated Distributions of the Clustered Ions,
NH,t-nNH; between 300 and 270 K.
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TEMP,. = 240. {E) . NH} « 0,0303007 LATH)

RELATIVE INTEXSITY (A, U.2

sedamtrriTELEm

TEMP, » 240, [K) - HNHI = G.Q228973 {ATH)

RELATIVE JNTERSITY [A,V.)

FrmE sy NE T NCU BRI U NI N EREI AN N NN TN N AP E R FERFEONNS RN D
REYETsYIEEEESEANAREUEIBIINRIIMNUNERITLR
ATTrAFFEYRESRBPEEEEIFCLERTNRN

Fig. 5.7(2)
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TEAP, = 250, (K} » NH} = V.024L10) (ATH)

RELATIVE INTENSITT (A U}

CE s I NS ErElLETETr IR R s E RSSO UNS PRI R R R ARF IR

Y PR RN T

[XEER RSN Y]

Tewer, = 230, (K} » HHS » Q.01972E5 (ATH)

RELATIVE INTEWHSITY ({a.U.)

sEsevemrTARRseRFERNERR bR RN

FawaiETeRETUNREUE BB ERCF R AR NI RETRRT ST

ANEL IS e BB IR U R E R E U P A AL R P E IR ATT AR SIEUNEETREN S

BaTtawbr R RAFEFRIETRNRIRT RO ON

irtaveEae

Calculated Distributions of the Clustered Ions,

NH4+'nNH3 between 260 and 230 K.
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TEWP, » 720, {K) , WM} = 0.016885% (ATH)

RELATIVE INTEWNSLITY (A,L.]

vrerreTaw
rrTesdmsebnaREVREVE

L L L e T T T T N R R
e L L I R R R R TN R T
TensEsrav RveRARIRIAEIRE

R T

YEMP, =  F00. IK} , XK} = 0.0120942 fATH)

RELATIVE INTENSLITY ({A,u.)

Cantwwrze
sEEEvasrsTEscTRELEAREEE AN ISR
FrsEsseeResaTNFARERCTIETNCTL AR R ARV b AT T R ARk n
s EREERIEREIRIVIARIYEYREITIANTLISS

Fig. 5.7(3)

10

TimP, » 210, (K) » NH} « Q.Q1LILE? (ATA)

RELATIVE INTENSITY th_U.}

srigesiesaBTERTLEEEFLERAINDN

e N Ny e N A R ]

N KA EEFFUNA RN AR RN GOSN NNEFETLRTRABTE NN

TERP, = 190, (K} , HH} = 0.010108L CATH)

RELATIVE INTENSITY (A U.)

FrTYETENFFTAYSTCITLEE ST SIRCAUTOEN AT UNERNTE

R E TN E R SRt R AFA RPNV RPN TR IA NI AR R PR A SRR AN

f4sENNEEEITIN NN RSN IE R Y

Calculated Distributions of the Clustered Ions,

NHq *nNH3 between 220 and 190 X,

— 42 J—



JAERI-M 90-141

TEHP, = 1ED. (KD » WH3 = C.0RBMe%s (ATM)

ALLATIVE IRTENSITY  {a.uvl)

advvrEvRmCcsTIICETR LS
AR EIESETETISEPYRAARACEEERFOESMETVISARCAEETSANCLE

T T s T YRR EF T E N R ER N AR R R R NN R ]

TEMP. = 1468, {K} . WUl = Q.PRIS3IFL (ATM)

NELATIVE JWYENSITY © (A.U.2

Tevesesasy

senmsvANLrEN N TR ARV R TR PR T NN LTASE I NN RE NI AN

Fig. 5.7(4)

10

TEMP. o 170, (K} , MWK3 = G.0068228 (ATH)

RELATLIVE INTENSITY {A,. U0

FETIVRFERFEAEFERLAEOIREAR

rimaE kAR B EAARE VRN ET O S E R RN EE N AR ARV AN TNTEN

TEuP. = 155, (K} , MWH3 = 0.0049500 (ATFR}

RELATIVE IWTEWSITY LA u.}

WEsENsesesTeNEsPAEEATYdEETRERB B AR ETTRIN A AP AN NS

Calculated Distributions of the Clustered Iomns,

NH,¥+-nNH; between 180 and 115 K.

i 43 —



10

JAERI-M 90 -141

TEHP, = 250, (k) » WHY = 0.0284141 (ATH)

RELATIVE INTENSITY (A,U.)

BN R AR T Y AR AT RN PR AR T EATIU VYN IR AN NN TR NN AN AN URNE

TEAR, = 230, (K) » NH} = Q.,0197285 (ATH3

RELATIVE IMTENSITY (A ,U.}

A AP IR BN R R TR NN AP RN ATTON S E A A AT A CUNERIINNNRAIT

EEEELNIAYEIRCNTIORARSERATTE

10

TEMP. = 2L9. (K) » NHJ « G.OZEBOTI (ATHM}

RELATIVE INTEMELITY (A,U.)

P r RN R T A AN PR TA SR TR TN NIV EA N RSARINCEASITEAASRTISINSLS

Barraresranansy

TEMP, = 220, (X2 » NHY = O.0146B83F {ATNY

RELATIVE INTENEITY (A.U.)

F A F I NN e A NMMAF rEE AN ETTA NN R ERFTARRTEAATIOFRADSY

AF A NI AN NS EYINERE TR INNRANNEINRCANDNET NSNS

NEsTeRlATINEERuNE

Fig. 5.8 Calculated Distributions of the Clustered Tons, NH4+-nNH3.
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Fig. 5.9 Crossing of Clustered Ion Beam,
Mo(cm_zs'l) and Laser Photon Beam,
To{em™ %5~ 1), Absorption of one
photon is assumed to result in
decomposition of one clustered ion.
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Table A.1 Fundamental Frequency {cm~!) of '*NH; and
Matrix L™ (Q = L7!R). Force constants
are; K = 6.300, H = 0.511, F =_0.,060,
F'"= -0.006, h = -0.080 (mdyn/A).

FUNDAMENTAL FREQUENCY 949. 02

0. 0366 0.0366 ~  0.0366 0. 4941 0. 4941 0. 4941
FUNDAMENTAL FREQUENCY 1625, 82

~0.0693 0. 0346 C. 0346 -0, 2593 0.5186 -0, 2593
FUNDAMENTAL FREQUENCY 1625. 82 '

0. 0000 -0. 0600 0. 0600 ~0. 4491 0.0008 0. 4491
FUNDAMENTAL FREQUENCY 31345, 4]

0. 5711 0.5711 0. 5711 0.0021 6.0021 0. 0021
FUNDAMENTAL FREQUENCY 3414, 20

0. 7833 -0. 3917 -0.3917 ~0. 0036 0.0072 -0. 0036
FUNDAMENTAL FREQUENCY 3414, 20

0.0000 0. 6784 -0. 6784 -0, 0062 0.0000 3. 0062

Table A,2 Fundamental Frequency (em™!) of 15NH3 and
Matrix L™! (@ = L™!R), Calculated by Using
the Same Force Constants of lL*NH3 (Table 1).

FUNDAMENTAL FREQUENCY 944 32

0.0340 0. 0340 0.0340 0. 4966 0. 4966 ¢. 49566
FUNDAMENTAL FREQUENCY l622. 93

-0.0648 0.0324 0.0324 -0.25¢8 0.5196 -0. 2598
FUNDAMENTAL FREQUENCY 1622. 93

0.000C0 | -0. 0561 0.0561 -0. 4500 0. 0Q00 0. 4499
FUNDAMENTAL FREQUENCY 334217

0.5717 0. 5717 0.6717 0.0023 0.0023 0.0023
FUNDAMENTAL FREQUENCY 3404, 36

0.78B57 -0. 3928 -0.3928 -0, G032 0. 0065 -0. 0032
FUNDAMENTAL FREQUENCY 3404, 36

¢. 0000 -0. 6804 0.6804 0.0056 0.0000 -0. 0056
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¢

Fig. A.1 Ammonia (NH3) Molecule and Internal
Coordinates. In equilibrium, r;=r;=r3=rg
(L.OL16A), ¢1gp=bp0a=9zg1=¢o (106.7°),
912=923=431=90 (1.62324).



