REFZES 9 (0508)

Y57/ B DV IR R 0D 77~ &A% D fif B

TIVHINTAR (AH) 75 AB—~D K5y W, 3 K s
V%, AH 5 S O - IR IR ET L &E 2 HT LN
T&ED, T CANIE CIXE &= B ARBE D kB &
OV BEPLBI R ORI B S<HERFHRE A W, vk h
VLT TGAE—AF Na,l, T BKRAY ) — V5
DRSS T DWW G BUSED 7T A —H A XA 1T
EDINUKTTET 2O ER T (1],

HEANXIILVH O Nal & F+WEAAF
Na,L, ,"(CH;0H),, IR E b b, n =6, 13, 15, 19 THFIZ
W A5 ROSPE DS @V ME R 2N b Tz, E- B =L
X— 4.8 - 6 eV [ZBIFD Na,l, A 4> O IeAREETIE,
12 Nal OfiEEfE

Na,I,,* — Na,L.," + Nal (D)

PRSI, ZORISTIE 15p—Na 3s OE- b
(N L 7= BB IR E~OBERB O P ks
Na & I JFF OB A A4 LD Tr—ur 5| hExk
STREEL CWDEEXLND, — . I FWEAA
Na,l,.;* (methanol) Tl ¥k o ¢k kL fhife S i 3Bl <
77

Na,l,.;* (methanol) + hv

— Na,,1I,,* (methanol) + Nal 2)
(3)

L— Na,I,," + methanol.

Fpmit ol (ROER PR ZPEEHEFATZER)

Vo by b 3 G LR HBRBE )
G CRAER PR FBe R 2 SER)

R GRAER RGO e R

REF A— GRAERZERZFBEELAAIITER)

ZZTiX Na,L, "OSCfREEE [FEE O FE TE T Nal 23
MHBEL . SHICBURFETAY ) — L0 T-MEBEL TV 5 e
Ezbbd,

NHDRBEA A DIEE A KV AR n TR
L AR ) — )L DWBELT=AF > Na, L, % BT 25
lTn=4,6I1CH_XTn=5 TRIIKRENZERNDN-T2,
ZHUE n = 5 TAX ) — )VDFEBR =RV —D/hSNZE
ZRUTERY, WG RSEDN n =4, 6 [ZHAATERNEND
TENTED, ZOMmL, Bt E AL T
BYTAE— AT DM E RS L TWDEZ 2B
5, 7B n=4,6 TNal "X T ORI A28 A
TEARSERIE IR ELR TR ETHEEDK
Bafr i C AR ) — )V DRERIFF AL L T E(LL T
%, — 77 Nasl," 1% 3x3x1 O —ME&E T TIicL ekl
TEY, ZOITAZ—OIMUNIAS ) — L BFEG LTS
TOICEBITHBEL YD e PRI ND, WaE KSR
DFRERBRBEOEVRKMIN TODELO LR TE, =
DFERITE BARZ ML TO RSPEO - &b 515
ZENRHBIEIR ST,

[1] FE. Misaizu et al., J. Chem. Phys. 123, 161101 (2005)






Bhp&E R 0508

a0 b OVE R« TRIE TR OO 75RO i

B SO GRAEAE R e R L )
Uy hyd b IR GREBRFSIRYARISREE )

s
R
REF

1. AREHW

TIVAIVINT AR FE G 10~ D K5y W35 SOSIE R
R S O IRCHIR B R O b I OBIEEE 2 B,
BEFZTELO RN RSN T2, ZHUIZ DO EH
ROFEMBEREENELEHIC, KR OTT oy /LA REL
LB WBE RN A F\ o K ML 4y B v o0 BR
% B st HmbhiE A 280 TEZD THD,
FRICUE AR IR B OF L WS E N Z T vl
INT AR R OWAE G DFFES A, FRISHE BN DK
ba e D BIEE AR S CE T P 20 X572 R Mt i
DREESRJEAVDBRERNIT VAR T a7 -0
FRIEITARAT L . DT IZWRE SUSEIT T v 1 NT A
ROFIEIAKTF T 52 LB IS5, EET WA
& DOWAIRR B D £, TADINTARDO~ A/
0F AL — (T IVIIVNT AR OLEAE DS E A FLFE D =
=y ’be 2/ NMERD) OG5 L9 DEE 2 Hid,

TINHINTAR Y Z AL —ZBAL T, W SO 2 B
T HFEBRIBIZE D IOEER I ZE P oE)s, %
LIS DT 2 OPEEIZBEIL T 30 4ELL BRI FE 4 D
Oy IEEE T LE LT ZE S B S CE 2 U3 Z ok
B ZDOITAZ =X T NVHVRFEAA L Enar VR
TAAT IS OIS i i A Lo
TEEALTDHIENHAGINERSTND, T2z iXTv 1k
FRUT L Nal DIFTAX—"TIL Na'L I ZAIZESIL T
B Rt EE LD T AL — VA X (R RORL1-88) DL TE
LD, ZOEE EHEROEDH |, m, n HOJ-) 57
DAL m,n OWT B MEEZRLIE AL T Na'E
I I LL I AZ— L L CE BT 5, iz,
I, m, N3 _RCTEHEEARSIENA ET O— DA RN—>
RO EIRD, —MHDOEAA L FFAAA L ELTLEIS
TFET DL/ D, RFFETIEZOH>H Nagl,,," DT
REINDAMEAF L Zt G LT 208, B R EE L
STEEMTHRENZ2YAXIZiE n = 14 [(Ixmxn) =
(3x3x3)], 23 (3x3x5), 32 (3x3x7) NP5 (Fig. 1), ZD L
NI FAZ—DIPTRO/INSIp A XGRSV T, 37T

i (AR KRB AL PR
P (RAERZFERZFBEE A TE R )
o CRAERZFRZEFCBL 2O TERM L 2 R0

VA4 TR xSt -t P AB it | S e Ny o
WD ZDTEMD, TTAF— B DN BRSO N
SN0 B RIZ SNV S I M SN D Z E R HIRE T
x5,

Nagala1*
(3x3x7)

Nazslzo*
(3x3%5)

Naqql4a*
(3%x3%3)

Fig. 1 Schematic cubic geometries of sodium iodide
nanocrystal ions.

AWFFETiE n = 10 FBEFTOIVLT NI LTTA
H—AF Nagly WX LT, KGFRORAF ) — 728D
IKER A T DM 7 2 RS SE T, DWW UG
PRI FAL — DA XHEIEIZE D IR AFT DD
DEAONCTHIEZ HIE LT, BRMIIE, B2
TTIVHINTGARAF B — LR AESE BRI
VI QY L R e R TR/ IS N N R = 5 g% g
PEBESILTHRHL, SOIZREDAA 28R IRL
TR AL —F— KA RHL, SEHEIC L > THES
NSRBI RS A B 580> T S EE D2 E
PEAFR T, SHIT, BN BEUE I S<EFL R
BEUFHTHZLI0Eo T ERFERED AT o7,
AL, FRCEBREMOREDE G IR AR ) — VW]
BFTELTRE, N = 6 LD/ TAS—HF AR
TOWFESIGHENR A RIZLE > TEDIHINTEILTDHD
DA, BEL P

2. BEAHE
NS LA BL CHEE SN =D RT L AR E %2
MoZFNZNEROBEZER 7 THERGEEBPER) L. ©

-83 -



DIHERIC Fig. 2 \RT L7208 s 2 e i@ L7z B

‘ Reflectron TOF Mass Spectrometer |

(a) ‘j@

reflection g ndS/’ ""“--._k "~-.~.L_Nh_~l MCP detector

photolysis laser

(210-260 nm) ionoptics "™
.. _acceleration grids
He e
(1.5 atm) > ‘ skimmer
= colllsmn cell
sample

Na rod
CH3OH,CD30D /‘\“

vaporization laser

532
(R nm) CHal “‘
He
Cluster Source (9 atm)

(b)

Na rod

cluster ion beam

sample ce"\metal block

PR L) “"Q art S
! CH3l/He gas
E pulse valve
skimmer :

vaporization laser

sample gas
CD30D, CH30H /He

Fig.2 Schematic drawing of the apparatus.
(a) Overall apparatus composed of a cluster source and a

reflectron time-of-flight (TOF) mass spectrometer. (b) Part of

the cluster ion source.
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Fig. 3 Typical Time-of-Flight (TOF) mass spectra of (a)
sodium-iodide and (b) methanol-adsorbed sodium-iodide cluster
ions.

The cubic structures of (3x3x3) [Nal;3], (3x3%5) [Nayly '],
and (3x3x7) [Nas,I3, "] are shown schematically.
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The (3x3x3) cubic structure of Na,I;;" is shown schematically.
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Fig. 5 Photodissociation spectra of Na,l,_;" and Na,I,_,'(CD;0D) for n=4-6 in the excitation energy of 4.8-6.0 eV.

Calculated spectra by CIS//B3LYP/6-311G(d) are also shown by stick bars in the range up to 9 eV.

Insets are the optimized

structures of the ions by the DFT calculations with the same functional/basis sets.
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Fig. 6 Photodissociation mass spectra of (a) Nasl,"
and (b) Nasl, (CD;0D), obtained by the difference
between the phtolysis laser on and off.

The wavelengths of the photolysis laser were 243 nm
(5.10 eV) for NasI," and 233 nm (533 eV) for
Nasl, (CD;0D).
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Fig. 8 Typical mass spectra of fragment ions from
Na,l,_; (CD;0D) for n=4-6 at several photon energies from
5.1t05.8eV.

Intensities of the mass spectra are normalized by the total
fragment ion intensity.
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(2K a3 dp 2 Z R 1 N~ D W 3 O FTRENE AR
ENTWD B LU b o R & 2 o452
EHTERNWEEZLNDTD, SBITHRFTORHNHD,
BAZIZ N =19 [ZOWTIIRER ETITEmO W RO ED
WAEGNT7RL, BB LEDIHICBEET 20O E
TRV, 7272 LA BIOBLHING, 2O
JSPEIZFNCAZ )=V 2 53R AE DEIE LN TH
HZENDHSTWD, LEER-T, 2OV AR TIET /il
paDFe D 2 EFTIC R MR oA IE N EE /RO TIE2
WINEHERIL CD M b o S E LML DD,
B DOBFFED DR Sy 1 DO W, 35 SIS L ST o
B, BLOZEDITAY —H A RTINS, FEFED S
IV iR TCRZ S TWD IR 372 b K ol A& &
IO REEZAVICEAL T, I L~ ULTom iEE
HL QWK IEEBFRL TV,
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Summary

Adsorption reaction of water or methanol on alkali halide (AH) clusters gives a model of initial
stage of dissolution or deliquescence of bulk AH solid. We have examined structures and stability of
AH clusters adsorbed with methanol by a photodissociation technique of mass-selected cluster ions and
by theoretical calculations based on density functional theory. In a mass spectrum of Nayl,;" with
methanol, the cluster ions Na,I, " (CH30H), with n =6, 13, 15, 19 were more efficiently observed than
other n. In the photodissociation measurements, we first examined the photolysis of bare Na,I,.;" in the
excitation energy of 4.8-6.0 eV. A neutral Nal molecule is found to be dissociated from the Na,l,.;"
ions for n=3-8§;

NagI,.;" — Nap I, + Nal. €))

From the theoretical calculation, we found excited states predominantly due to the electron
excitation of I 5p— Na 3s. This electron transfer weakens the interatomic Coulomb attraction, and thus
the neutralized Nal is ejected from the cluster ions. In the photodissociation of Na,l,.; (methanol),
following two reactions were mainly observed;

Napl,.; (methanol) — Nay_ I, (methanol) + Nal, 2)
Nayl,.;(methanol) — Na,_I,.," + Nal + methanol. 3)

However, elimination of only methanol was scarcely observed in this experiment. Therefore
we concluded that Nal is firstly ejected from the cluster ions via the excited states as in NagI,.;", and the
methanol molecule is subsequently dissociated by consuming the residual excess energy.

From the size dependence of the obtained photofragment ion intensities, we found that the
methanol loss (3) is more efficient from n=5 cluster ion than from neighboring sizes. These results
imply that the adsorption reactivity is higher for n=4 and 6 than for n=5. This observation can be
qualitatively explained by the calculated stable structures of Nayl,.;"(CH;0H) for n=4-6; the bare n=5
ion has a compact crystal structure (3x3x1 sheet), and thus CH;OH may ligate to the ion weakly. By
contrast, the methanol adsorbed on the n=4 and 6 probably have higher binding energies, in which the O

atoms of the molecule are located at defect sites of the AH cluster ions.
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