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Fig. 1. Reaction scheme of DEAHF and Abs and Fluorescence spectra
of DEAHF in [BMIm][PFg].
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Reactivity of cationic niobium carbide clusters with N,O
(The University of Tokyo) Mushtag Sobhan, Ken Miyajima, Fumitaka Mafune

Introduction

In the last two decades metal carbide clusters are extensively studied due to the fact that they can
catalyse reactions in a manner similar to platinum group metals (Pt, Ru, Rh, Pd, Os and Ir), which is
explained as being due to modification of the surface electronic properties by the addition of carbon.
Niobium carbide clusters has been investigated by several groups using methane gas as a carbon
source. It can also be prepared in the gas phase by the double laser vaporization. Using this
procedure the reactivity of niobium carbide (NbC) clusters has been previously investigated with H,
gas by Miyajima et al. [1]. In that study the authors found that Nb,C,, clusters with composition ratio
n:m=1:5 were relatively inert to H, gas. To further investigate the composition dependent reactivity

of Nb,Cy," clusters we measured the reactivity of Nb,Cp," clusters with N,O gas.

Experiment

Niobium carbide clusters were formed in a supersonic double laser ablation source coupled to a
reflectron-equipped time-of-flight mass spectrometer. The niobium and graphite rods were irradiated
with the focused laser pulses (~10 mJ/pulse) at a wavelength of 532 nm from Quanta Ray GCR-170
and Continuum Surelite 1l Nd**:YAG lasers for generating the plasma. The evaporated niobium
atoms and carbon atoms were cooled in the gas phase by the He gas (>99.99995%), forming Nb,C,,,"
clusters. The clusters then entered into the collision cell filled with N,O gas. The stagnation pressure

of He carrier gas used was 5 atm or 9 atm which affects strongly towards the cluster distribution.

Results and discussion
Mass Spectra of Nb,Cp,": In this study we produced two different mass distributions to observe the
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Figure 1: Mass distribution of Nb,C,,* clusters (a) Nb,C, as the highest intensity condition (b) Nb,C;
product rich condition.



reactivity with N,O gas. Figure 1 shows the two types of mass distribution produced in two different
conditions. In one distribution (Figure 1a; He 5 atm) ions Nb,C3", NbsCs", NbsCs", NbsCs*, NbgC1 ",
NbsCs" show high abundance and in another type of distribution (Figure 1b, He 9 atm) Nb,Cs"
(n=2-8) show high abundance.

Reactivity with N,O: The reactivity of Nb,C,," clusters were examined for both mass distributions.
We observed that the same cluster for both the mass distributions behaved differently to N,O gas at
the same pressure. Figure 2 shows the color maps of intensity ratios of two types of mass distribution.
Generally Nb,C, clusters decreased with N,O gas addition. However, some clusters, such as Nb,Cs
and Nb3C, are inert compared to the adjacent compositions. Additionally, in the Nb,C;3 product rich
condition Nb,Cs, Nb3C4, NbsC; and NbgC+, NbgC; were found relatively inert. Furthermore, Nb,Cs
clusters have reacted more compared to the other clusters. This trend is very different to the result of
Nb,C, as the highest intensity condition. This observation implies that geometrically different
isomers are formed due to the different cluster formation environment. In Nb,C; product rich
condition, Nb clusters react to the neutral C; cluster in a growth region while in another condition
Nb and C are well mixed during the cluster formation. In order to verify the production of different
isomers photoionization experiment can be utilized to obtain their ionization potentials (IP) [2].
Previous IP measurement in our group was conducted under the Nb,Cs rich condition, and the values
of IPs were close to the calculated ones for 2x2x2 cubic structure in the case of NbsCs. We are
further investigating the IP measurement of Nb,C, as the highest intensity condition which will be

presented in the conference.
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Figure 2: Color maps for two different production conditions of Nb,C," clusters (a) Nb,C,4 as the
highest intensity condition (b) Nb,C; product rich condition. Values are calculated from the ratio of
cluster intensity: ratio = I it n20 /1 without N20-

References:

[1] Ken Miyajima, Naoya Fukushima, Fumitaka Mafuné, J. Phys. Chem. A 2009, 112, 5774.
[2] Naoya Fukushima, Ken Miyajima, Fumitaka Mafuné, J. Phys. Chem. A 2009, 113, 23009.



2D15
Ni BLU CoBRIEMIY S XA —D CO &£D R EREKRFHE
(RKARR-#E) £AM T =5 3 B XE
CO reactivity and temperature dependence of Ni and Co oxide clusters
( The University of Tokyo ) Kazuko Sakuma , Ken Miyajima , Fumitaka Mafune

[FLERGRLZOBRMIT, mLIha=s X il BPEMELEL TH BTHY, Frlza 3Lk Co &=
o0 Ni L, < TR - EBRIISH SN TE TN, ABFZE T, Frll s o5 — s s LT,
= NVBE NIO EHET AR DO HEH AT L b RFE CO DRIRNZAE HL, 53 1L~V TORIG
ET NVEL TR TAS —DFEEZ RN TED KGO A B LT, Ni,O" 77 A% —& CO DI
[N DWW TIE, ZHIVETIZ A W. Castleman, Jr. HOEZEFEELARBEO AL 3 i A S Tish, CO DR
[N O NIO 72 E M LHET D2 LD > TNVD, ARIFFETIX, 7 TAX—ZMEAT HZ T, §5<iEE
L7z O, Z MBS W Tl b 7 T AL — DR ISR Z BT THZ L I CO KN HOMEMZ LD
WA NDHZEERMELT, £720 Ni ERICERIED TR THY, 7L TR AL E 2 A5
Co IZ2WTC, COy0\' 7T AKX —D AL CO EDFUGTHEIZ DUV T B LT,

[ EBRIND*  YAG L —H— D& — & 3R (532 nm, 10 Hz, 10 md/pulse)& ELZEF ¥ 73— N D Ni(Co)4:
BRICIE T AL TRAELIZERARIZ, O 2R AL 8 [UED He v U7 T AZREAHTH
AL NiO/'®H2DW T Co,0 7T AF—%AERK LT-, ZNSDITFAL —% AL NLNT CO ERIGSH,
TR A RAE B LT 1%, @B SN~ LRI TR VS & Tl o CE &3 #rL7=, CO
AR OEBAI MV E T HZ02ED CO £ 0, seeded

@ He Carrier Gas
FISIZ & D7 AL — DD Bl KOS ER ORI £ R
AR A, T ORISR RBb T, @ £

QL xo
[ 5 22] (INi,0} 25 R3—DERE CO RIE 'R

o 2

tube

Ni 12307 THMiZED720 T4 7R F IR E Tk
Ni, O FIF2% 1:1 OFK TR TR D7 T AL — )8
FAART S, K 2 12 NiyO 7/ 7 AX —(4<n<9) D' & A
ARYMVETRT, NigO 7724 — L CO T AZ F IR TG
SHHE, CO BB LI TAZ =3 GhIT,
3(E)iE. 6 EARLSS T D SG R4 DB AT MVEAL
RKLIZHLDTHD, — 5. TNOHDERME NS DL,
£2CO CODMFREL THITDZEMRbinoTe, ZOZEND
CO 1T TAX—IZERRAEL TNDEEZDIND, SHIT,
BIRED CO HWAZRALIEOL, EEE% 523 K& T
IENG D & MR 2D TR EE S D3E WA RS T &Iz,
Rz n =6, 81CBWWT, x = 1 MR IR SOGH%I8D
FTHDIZHKL, x = 0 MO TREE T IN D&M DD 300 200 500 500 700 800
72, 6 BIKMSEAALALY CO BARTHOE FA~IL Mase Number ()

2 NinOnix 75REZ—DEERRIMIL
NV 3(FWIRT, (6, T)DIANZHKIL ., (6, 6)DHIMH (02 RE 1%)

Potential
Switch Deflctors Reflectron

TOF-MS

Acceleration
Electrodes

Cluster Beam

McP

1 REHRER

(6,6)4

6,7)

= NiO" (. ]

(5.5)
(5,6)
(7.6)
8.8)
8,9)
9.9)
(9, 10)

Intensity (arb.unit)

(4.4




R CTED, ZHUZL, (6, 7)25 CO 12XV O JR T2 15| & i,
(6, 6)E/RDI LTI THERAIZ(6, 6)DIRENIEM T HI-DT- &
EBZHND, IHIT, (6, 5)DFREDH MR CERD 72720
ZENBIRDANRT EH7 CO FR{LSUGAN6, 6), (6, 7)H THEEE T
WHEHERITED,
NigO;"(CO) —NigOg"+ CO, 1

ZOBED NinO\' 7T AK — D R4 DBREE b5 B HE B4
ELT, HIRICIHITD CO A& S (Kag) s MEVEZIBL CTHIZE T
72 CO BRALIUE (Kol S DWW TR DD ZENTED, (6, 7). (8, 9)77
ZB—ZONWTESLNTAEZ F LR T, Kag DIEDS Ko DI 10 i
ThHDHIENG, WG UG EBALS D 2 DO RIS 3IAT LT

CO, 523 K

Cco
’—\_/ CO 1.0%
v

Intensity (arb.unit)

St ZOFEBAE . —H CO WRE LTI T RS — T 5T _ Mass number (m/)

3 NigOe.7 75 A 42— CO RIGHTE
LIZEoT, B AE LT CO o+ BEL . IR CIIBINIT A ITBTREEARIMNLOELFE : Rt

A8 RIS R BT i)
LD O T DBBECO BALRSIE Ay o T RS R BRI
- , > *1 (6,7), 8 90RERGEEIYS
BN LR AENG. Bl R 151 B R R 4

3 -1 -1
(I)Co,0;75R8—MEHE CO R (cm® molecule™ s™)
k k,
v Vol =RoNY L ad oxi
412 Co.O\" 7T AL —(4<n<14) D AT ML % 6.7 22:10% 22x107%
/j—“jao %??ﬁﬂf i\ CO & O @Jﬁ%éﬁﬁll . 10)77 (81 9) 1.8)(10-12 1.2x1o.13
Ry —BENE R HEORE2 DD, 4],

[ 1127~ L7z NigO 7 7 AL — WV ERR LTS A3 HI L - +
BESRILIE F(1%)C COOp /T AN —AAES YD T s €00 (n))
L5 BALIRO1 1 VbBERTASRI-7  § LERES

MR AR LT, L0 Co - INfi0R 2| e | Tegs

SR FE oS, R as—e & e e
BUTH Ni ORI LB CHE R LR E : [ i MH L,IHMM 05
FBLEZLND, TNBDITAE—EMEAT B, yr TR —TT
%< OMMRTIEX = 1, 28LRAED 45T 4, 9 Rk B4 oo o
TiEx=0, LKA EDLZ LD bhoT-, — 7, CO & (02 iR 1%)

DIETIX, EOITAZ—IZH 153 %'&%@—55\)‘? 15 MO +CO — MO (co)"

noontx ' no n+x

AWERL . 2 OSSO RIS % R DL,
NI, O LI 1072 B A BT, 4 12 N0 2 5
BILTIRRIC, B T CORREED, CO 4 O S 1012_

E
HORBE BT D, = F

o -
(2%t 107

[1] A. W. Castleman, Jr. Int. J. Mass. Spectrom. 20009, =
280, 93.

[2] Michael A.Duncan, J. Phys. Chem. A 2012, 10, B5 M\Onx ¥5R2—(M=Ni,Co)& CO &
1021. DRIGIZE T BRI REEL Kag




2D16
PIWZZOLT TR —DRINE &L EM:
TyFVIRISICE S AL DER
(FMREE) FelllFE, NRE, FEER 557
Reactivity and stability of aluminum clusters: Production of Al;* by etching reaction

(Kyushu University) Masashi Arakawa, Kei Kohara, Tomonori Ito, Akira Terasaki

[F] baBREHOEE DA FH -7 R X —RE LT, KENERINLTWD, KE
MOILEIE T RAX =G O[], ERLICHT R EAIZITDR TS, L
DURN D, R IRKFBAEBIEDOMESLMEKIRE L TR E 72> T D, T8, T/
ZTLART NI =T MEEME K E DS LD KEBARNDIROBENSER SN
23], T ZULFEARTIVI =LY T AE—LKEDRISIZET D508 THhi
TWb, BIZIET NI =L TR —EALF 2 (Aly) 1IN =16, 17, 18 IZAWVTK 2
AT ERISLUTAIMOH), & & BIZH 24T 52 &N RS, Aly EOETFEE DK
WY A MK F R ORBEIRFDMNT D2 N5 & Lo TRIGHIEZ D Z &Nl
HEENTWBA], AFETIE, TAI=ZT LAY FAEZ—TEA T2 (Aly) EKEDKIE
IZHEH L, Al IZHERTEFEEOERN AVIZEBWT, om0 InTEE TRl L CER
BT o7,

[EBR] ~7 % bor 2y ZiEEfVTEZERFIZ Al (W=3-19) 24k L, UE
EESHEFCH A BRI LT-%. KIS EN -, KsEAcid HO 25 3r He H
A (FENENDIE Pmo, Pre) ZHEFANIZEA L, @S 100K O TERE (Ten) %=
AT L7z, Al I35 100 us TRIGEAZ@IBT 5, K1 & DORIGTERSNIZA 4
Fli 25 2 OV EME &N CRIE L, A REICSERY &2 o Ez2H E LT,

1 1 L 1 L

[FER L EBLR] FHTREULE LT, KFBARE L N=3
LAY DTy F U T UESEBI ST, ZREROK — e
RN OWTHET 5, . N=6(x4)
® Al O'DERICHES KRERRS :;i:i::iﬁf
PSR DG B A7 b L (Pye=2 x 107" Pa, Puso P 5

1 — N =
1
L]
' : N=10
L] L]
1 L]
. . N=11
L] L]
N e
L] ]
1 1
_,y/?\;t&\
1
T N N=14
— N=15
L] L]

=5x 107 Pa, T.en = 300 K: Aly" & H,O 2349 1 [BIf#722) %
X 1R T, BRENISISY Al D5 OB & O BN &
(Am) ZRLTW5D, ERERME LT, Am=+18 O
Aly(H,0)" & +16 D ALO D S 372, AlVO DA IE,
KOS ET LT Hy WAEKRLTZZ L 2RI LT
WD Aly EHERTEL DY A AT H AR S,
BV Z R LTz,
Aly" + HO — AlLWO" + H, (1)

YA ZKFVEICHERT DL, 6 < N <13 TiX v/
Aly(H0)' b L < 1E ALO BB ER S, N=7,9, a

13 Ti% AlWH,0)' 23, N=6, 8, 10, 11, 12 TI% ALO 23 P
MEnE., CORREREBAOMBHFRGIL oL | N
el A Al DR EHHHLE (HOMO) & K72 e N T
1 (LUMO) @ 3 /)L ¥ —3% (HOMO-LUMO gap: AEy;) 4 16 18 20 22 o4
RO E OFICHEIN R &7, D F£ V. AEyL Y Mass shift from the reactant Aly*, Am/amu

R & 7R M Ik F O BRRAE S = 0 | & i BT Al e KEORIBIEESERNON

Intensity (arbitrary unit)




i%m&mﬂL ?5@ﬁ@ﬁﬁéhto
DN UVNE ES ﬁ#ﬂﬁ%<&ét . %@%Amzw% ﬂﬁ%<@0\f (RN
[AlMH20) T*DNER T L F — 23 +43 _%<&01@mﬁmﬁ@ﬁﬁéo:®%zéiﬁ
T2, N=11I122OWT, Py ZHIN, Puo ZI SV 7 S TSR 28I L 7=
(K2), ¥25& ALO DOE—7 BB L, Alp(H0) 2B L7z, He A & OEZEAEFE
DI LV EEAERONE = RAF—ME T L, BILISHAIf Sz EZ 605,
WZ . AEq, PR E WRRTIZEE S IR ONE = 1L F—0ME < RS EITLITS W, N=
3ITHAWT Prgo ZHIM L TEBRZITH & Alis(H,0) 1212 T AlO" AR NEH S
7= (X 3), 2F 0, Aly'A He HATHDITWEASNDHIC HO CHETHZ LT,
LR EI T LI EEZOND, LL —
FoORERENB . RIS FE AR
[AlWH0) T* D NHEE = R L ¥ — D K
SITHRFEL, Brlconbod A4 X
X, SEERONET =X L F—N0
Aly'® HOMO-LUMO gap D K&
WCHIEKGT D ENHL NIRRT,
R O MEE AR D 3<N<S
TIL., ALO KON AIMH0)' D EH 5
AR LIRS To, TDO—FT, N> o I l P !
14 Tl ALO L AlWH,0) D /5 73 L I

Mass shift from the reactant Al+*, Am/amu Mass shift from the reactant Alia*, Am/amu
BRI, BAAERMICEAEE 2. Aln*t7j<t0>}§ﬁr3$ﬁi¢%0)'§1 3. Alig" EKEDRISEBYDOE
. c . = . BEANRIBII. (@) Pie=2 x 107 BARY M. (@) Pre =2 x 107
@}iﬁf\"j‘fl} N A Ji Pa, Preo =5 x 10° Pa, (b) Pee =4 Pa, Puzo=5 x 107 Pa, (b) Pue = 2

FETAHAZIENEZOND, x 107" Pa, Piao = 2 x 107° Pa. x 107 Pa, Puzo = 2 x 102 Pa.

® Al OITYFUIRIG opb—t—t 11
Pioo DMEWGM: (Prao = 10°-107° Pa,
=10 Pa, T.en =300 K) Ti%. N>8 o84 Al i

D AWWNTyF o7 In, Al RME—D  ~

R E LBl SN, ZORMETIE. 5 osd i

AW@é%@UWﬁH@&@%?éAI?

=12 TlE, ZOMSHMEIR CHEIC/R Y |

Piso = 10" Pa, Teen = 110 K TI% 80%LL I

D Al ALICEL L (K 4), &)F 0.2

Intensity (a. u.)

Intensity (a. u.)

IntenS|
l

Aljy*
25 % 2 — I RTEAL L T AT 8 Als*
EE; HX%H—:I‘%“@A%)&%Z_%)/I)?A 0.0 T T T T T T T T T
:E‘T}I/L J:z)& A17 izo ,ﬂiﬁl@,ﬁﬁ 160 180 200 220 240 260 280 300 320 340
M /
Heh | AR O PR S A %@ B4, Al K E ORISEFRNOEERNY bl (P = 4 x 107
k@\Abi#%’%*fhé Pa. Pizo =6 x 1077 Pa, Tou = 110 )

LLED X 502, Al OB FEIENE OSUGHE & ZEMZ IRl T 5 2 & 2R T R R %
KEDRIMIRWTRE LT,

References:

[1] M. Ball and M. Wietschel, Int. J. Hydrogen Energy 34, 615 (2009).

[2] L. Soler, A. M. Candela, J. Macanas, M. Mufioz, and J. Casado, Int. J. Hydrogen Energy 34, 8511 (2009).
[3]H. Z. Wang, D. Y. C. Leung, M. K. H. Leung, and M. Ni, Renew Sustain Energy Rev. 13, 845 (2009).

[4] P.J. Roach, W. H. Woodward, A. W. Castleman, Jr., A. C. Reber, S. N. Khanna, Science 323, 491 (2009).
[5] B. K. Rao and P. Jena, J. Chem. Phys. 111, 1890 (1999).



2D17
PRGN - DRI 2B LR 73 1A T K D para-Hofd ds o
CHgsF—(ortho-H,),7 7 A% —E 7 )L D FRGE
(BILARR- B4, BIKR-BI) =4 Hil B0 G 28 ZA

IR-IR double resonance experiment of CHsF-(ortho-Hz), clusters in solid para-Hs
(Okayama Univ.}, Tokyo Inst. Tech.?) Y. Miyamoto!, A. Mizoguchi®, H. Kanamori®

(FF] AR ST 7K 36 (3=0; p-Ho)fi di P B R L L COMEZFRF o, FEF BN~ NI 7 AL L
THEIBNTUND, FDFE D T B PR T-E— AT 2.3 Debye D CH3F 43 FAR—74 %L | BRI
WU THAET DAY K FE (I=1; 0-Ho)lE p-Hap LRV 1-FE] )1 &R D7 D I SE N CHGF 43 1- LA OY
D&, KR T L7253 F 7T AZ —CH3F-(0-Hp)  ZTE T DS TS, ZOZEIT FTIR 4356128~ T
BT CHF 531 DAt FR C-Ffﬂaﬂa}d&%m T—RDARZILD HURT =075 12 FTOITAK

(Y5 13 ADOE =7 N RUEFRIFRI S SV FFEAIIR AR ML 22— (KBS FR) ITE DN

TWa,

B VIR E A A —R (QC) L—H — 43 ez W= @ fFRE ST FEIZ Lo T SO FFEI 72 AR
MVOFREBLII LI Z A, ZO 0TI T7AZ =TS T HARIMVE — I N T A M aI X baRmd L%
L, BT 27 —HEEOBIHIZ R ED A RIS R CX 52 s ERELT- 2, &biT, =
DI TAE—TET D3/ RO 2= — I 72 R 25 357212 p-Ho A s DR Ch L B EfREL
TOMWEERB LTI TAZ—FT NERR L TODN, v IS DIRE) SR TIXZ D K2R RHEH) 7 A
IIAEEDNBIIISIN TRV (MIBE S R) 282, ZOET VO M ZRERLEDEL TV o, AT
ZETITIRI- RO “EIIEDO FIEEZE AL, v T—RIZBIT D7+ M aIX LR EZ N LIS OIREE
—RCRFFE=F—BLT 2281285 T, ZORDOFERMEDOE D B2 ROMAEZ BIE LT,

[F25R] EBRELEX % X 2 12779, CHaFlp-Hy il fh O VRS IR D CO 4y T O EER YTV Z b
DERUTH D, BaFy M 1T & i+ T[CHsF] = 0.4 ppm.  [0-H,] = ~100 ppm % & te/ 7 K5
OWERR (K 3mm E) OfEfEER L, BREMICTK ETREZ FRSE57 =—1 v J0EiC
£ o T hep HIE IR 721210, BEZ L8 KIZHERF L COIEETT 72, RNV IR &
L Ci, 3um# @ cw-OPO L —+#— (EMS : Spectostar) 35 LT, 9um#d QC L —H—

sample/p-H2 ﬂ
BPF
3 pm: pump L probe
OPO/3pm $ ﬁ : 8 H Insh
Att . N2 —_ |
Reference
lg. He —{|
9 pm: probe / pump Kot
QCL/9pm 9um
\V o
; | 20mw || All__lPF
. Sweep ! 0 MCT
1 hep #iE D pHe #bdh Av cng |w Grid. —
S g - ' Polarizer Polarizer
O CHsF & filiffiy o hic Sample crystal/p-H, (T=1.8K)
= oH: (RE), =D [CH,F]=4ppm
A7z o Ha GRE) X [ ortho-H,]=1000ppm
X CH3F-(C1-H2)n [ebS1ANEN 3E(t)a|\l/(|)|22 e |
=2 DY T AL —THRIET (RECOb1L| ) Osc.
Em Trigger
Do

2 ARA 2 EILBEBRELER : 3um & 9um L ——® pump & probe O ENIAIA AT



(Hamamatsu:L10195) Z M=, W 4L s JE AR 51 A3 FIEE Td ¥ . Pump Jt & Probe Yt #%EI & 22X
SHLHZEMTED, REEEATIHIZ 200N L —F——2% 27U v NME+ % IV Clald
WCHER, M AEimg,. BORLTFCoBEL T, 2N ENoMmbgE TR L7z, B — 2 0OBERITH
it BT Bmm & L7,

[FE3R] X 312, REBRTH 3 >OEEET— KO=x
JLR—IEfE & FTIR 27 b V%57,
OvsT—FhiL, v, 2vs B—F TE=F—F 5 FEER
AL VA% 1pW ETRES 7 opm L —3— Tl E
L7evy N ROGHHRIED AT ML T R TRENDLIIC -
n=0& 1 DI T AL —"—7)NEIX R CH#E D Lorentzian LT 1000 wu‘m"‘? probing
BRSNS, KIZ 9um L—F—DH & 1mW 12 B,
=1 —7OWRICEE LI EFE 10 DHEFRH T 5, ZDE% oL y=o
R —F—DH % IpWIC FIF CTE=2 —L7= A ;%fﬁé;iiﬁfﬁﬁgﬁiﬂﬁfjﬁ;ﬁ:t
27 R LTHEL n=1 OE—20 95%75% 3% bleaching %7
ERBIENS T, n=0 O —ZITMHHICHERL> TS . n=1 n=0
B VBSOS, I n=1 /935 — =025 35— ot baehing
ICBATLIEZ L2 BT 5D, 0% k% 3um O 2vs E—R TR §°
RFE=Z—LI=bONR FTRITH D, Jit TOARTMLOZEAL

[em?] 2vs(a)band Vi ()bar

3000

2000
V3 (a)band

9pm ]pumping

bleaching

L Vg B R TO N=1 05 n=0 ~OBATERKMS DO THY, | e 7 e
HCORTEAINUCEN - — Lorentzian E°—21% n=1 |

DE— AU BRI TED, = ORERANE 2vs T—FO v 12Y5 g
PIASRT ML H2 DDA IR — R MNBRY | vz B—R DA b after before
RIMLERIUERD n=1 & n=0 DAL OERADEE

2o TWDIENFER TET, 12121, BB —Z DAL 'M/os\f\m_l
R Tve T —REHHRL T 5 5 K<, £ n=1 DRV a7k TR ey

- R - _ 4 v3&—F n=1t"—2® bleaching 35k
DI TDD, FRORERITV T —FOFRRFE=Y—B [ 1] pleaching i) & (RO, DA~

OvE—NRE, vz E—RTE=F—F 53R

3um Bl DOv,, B 2vs E—RIZBWT, —D2D 7 7 AX —E— 7 TS T 5504 L—F —i L7-
BETix, % Lorentzian iEO ML EO20mW & L7254 1238\ T . bleaching 2h SR #LHI < i
o lo, —JH, QumAICRIFEE =& — L 72vg AT MU, ffa B A FR L2 EE T Y 77589
7RAE LSBTz,

[B42] T AKRFEREET O CHF Dvy BE—R DL TBUISIVCW R RN R AT MR F — 3%
O DOIRENT— FIZEB W THFEE L, CHaF-(0-Hy)n 7 7 A X —3@DOME CTH D = & B iR LT=,
LR S, ZDOART MUIBRR Y Y g v 7 MERWVIEEE — NMEFERSH U | T KkFE
TR DSAF 7 T AL —REEDH A F 7 A HT 520D EERFEREZIZRL TWD,

1) K. Yoshioka and D.T. Anderson, J. Chem. Phys. 119, 4731 (2003)

2) A. McKellar, A. Mizoguchi, H. Kanamori, Phys. Chem. Chem. Phys., 13, 11587 (2011), J. Chem. Phys., 135, 124511 (2011)
3) N. Toda, A. Mizoguchi, H. Kanamori, J. Chem. Phys. 132, 234504 (2010)

4) EAMM, FEEE, &FEA, o1 RS (2012) 2D18



2D18
FTIR WUAR YT B IVBRIEMTIC X % para-H, fisifiH O
CH3F-(ortho-Hy), 7 5 A Z—TE 7 )LV DG
(FILKBEESRYL TVTF o wyaaay 7 kMe#2, s AT )
EA KGR, HlE ZE S Bk A
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IKBE T TARZ—=ZIG L. vs /N B (C-F i) SRR ERMBRICIEATEARY B V2RY
TEMHNENTVS, ZOMERIEZY Y FIVHhOA IV BEICKEFEL, ZRENDE—THB nd
WIx% 7T ARZ—ITHIET B —/THONY RIETO XS SEEIEIIENTE53. Th
5D T AR —DFHNC DN TIEARIZR BTN TOEV, ABIZE T, 3000cm™ OfFEEICH
PEND v 2 BXU v/ Y RICEH U, ZORNEEIEERYTT 5 T & T, TOROER
ZRDB E2HNE LT,

(525%] A STIKEYT > TINE T S AF A2y FHIT 36K X TIHEIE Nz Bak ikic, B&
Z 10ppm D CH3F ZZL/NTIKEH A MR E DI TER LTz ALYV IKRIBEDR L2 =fOY
> )V FE L (250, 3900, 5500 ppm) . ZNZNDFRNFIULARY F)VEF T 1 R38R (Bruker
IFS-120HR) I X W llE L7z (53fiBE 0.1cm™ & 7z1d 0.015em™)

GisS - £22] LIFORICERIE NIz AR M VZEIRT , vi/ N RORED ALV B K b &
LU, @i g EREOMEREIINC S 7 R LTV, 2N S DHE— Gildid s &7 0.02em™)
PNENZTN—DD nlHELTHED. nhKEL 52 E EBBEBEBDVNE x> T0b, —J7



T 3000cm ™ FEIKIC B S Nz 3 DDA RiZ, ThE COMEFBICHH LSRR, JE
SRR THRRIBD LN Z /R UTze UL LAV IR OBIINCHEN, Z OFLA EIREBINC TN T
W T eI oTe, ZT T FEEOHBICE T2 ve N RTEHIEN VT A Z—E—TD
BRIEAMUD/NY RTEHETH S LIRE L. MIEELJERES 7 F@ET Vv AT 4 VT IRT A—
ZELUTR/N_FETT v T4 2T LIcET A, 3DONYROMIEZ S L HETESC L
WNboholz (KOFED . ThUITNS 3DDINY RE vi/ 3 R EJARRIC CHsF-(ortho-Hy,), DZ 1
ZNOWINMN S35 T & 72R L TV 5, 1FDNTRRIEIE va /N FICHART ML EREL, %
TR T MEIAEDNW T/ NEDN 5T, EHIT v & 2vs /N RO S, TNHDNV R
MOT7 )V IHBICKBEGOREEZRAM-72L A, BEREXHICBI2MEEFRETH >,

DLEOSERIE, 74 b 702 XLFR N K> TEMRENTHE Y, AWIEIC K> TIRREN
T3 7 TAR—ETINVOELNEZRL TV D, AZETHE L NIARIER S 7 fOE—F
HFEE I NE DY T AR —DETERP TORD VIOV TOREREHRTH S L EZ %,

i l -»-L- Q-Ahm .-b&w-

I(l"s() 1038 1040 10422856 2858 2860 2862 2%0 2062 2964 2966 1008 3010 3012 3014

ortho

1036 l()38 I(M-O IO42 2856 2858 2860 2862 2')60 2062 2964 2966 3008 3010 3012 3014

ortho
M N M.N

TI0%6 1058 1080 1042285 2858 2860 2862 2960 2963 2964 2966 1003 3010 3012 3014
Wavenumber (cm )

&7 Z IKZEH CH3F-(ortho-Hy), DFARAMIIL AR+ )by BERDERNIE iz AT ML, FRffiE i/ N ki
X2T49 74020 HREIT AT 4 VIR ZEZNEND I T ARZ—K7 T EITRLIZE D,
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Crystal Structure and Electronic State of a Novel 4-legged MX-tube Typed
Platinum Complex with Bulky Chelate Ligands
(*Kyoto Univ.; 2JST-CREST; *JASRI/SPring-8)
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[F =]

—Woeu 7y e B EER(MX-chain SR IXERLIRICER & a7 U Rl A TSR
ZFiD, MX-chain $5IRIL, HRER@RE, FfE xnr, B, Iy 2—7=
F OB X HEFIREDORMAVRHIF A ATRE L WO R AL, —kotE R
2B T ORI EKE 2R E L CEBR EBRmOmm CRFEMFIEINTE T, i
L, RIL7 v A A — N—fEIIC 1T 2 TEBRR OBLE 5. MX-chain Z§L5k S W72 2
A$H MX-ladder X°> 4 A8 MX-tube S5 A BTHUZ AR L SIS ITIKAF L72HT LWETF
WRHeEAZ RH L TW5D Y2 AElFhx i, st CRHET S tube [0 RERE 2 #I4H19
5 Z &I &% MX-tube FERORNE & B HIRIEOHIEZ By L LT mmnF L— M
MFTHLYT I 7 uand o 2FEICAT 5 4REMX-tube D/~ 1 7 4845
H 455K [Pt(dach)(bpy)Br]4(S04)4+28H,0(dach = 1R,2R-diaminocyclohexane, bpy = 4,4’-bi
pyridine) Z BBl &R L. £ D& & E KRR, WEREICOWTRE L7z THE
T 5,

[A5k]
FH 4 A EH MX-tube $ER DA RITLA FOIGSIZ E V1T o7,
(1) Pt"(dach)(NO3), + bpy — [Pt"(dach)(bpy)]4(NO3)s
(2) [Pt"(dach)(bpy)14(NO3)s + Br, — [Pt"(dach)(bpy)Br2]4Brs

(3) [Pt"(dach)(bpy)]a(NOs)s +
[Pt"(dach)(bpy)Br2]4Br + (NH,),S04—
[Pt(dach)(bpy)Br]4(SO4)4228H,0

[ & & 53]

B X ORI I L 0 S H
7= 100 K 23313 % [Pt(dach)(bpy)Br]a(SOu)s
28H,0 Df1E% Fig. 11277, 4 KD MX
SEONEHESY F bpy 12 &V 2848 S 7= 4 AREH
® tube FEEZTZL L TWD Z & NS M
\Z 7% o 7= (Orthorhombic Immm, a =
5.41730(14) A, b = 30.0767(7) A, ¢ =
32.792(8) A,V =5343(2) A%), £7-. —%T
AMALGI X59 AYZHLTNDILNb.  Fig 1 HHHO 4 A8 MX-tube $5(KD
WA 2 RS 2 & R S B, e CERHEE (100 K)




7% OV B \*ﬁ(TGA)IEIJE@ﬁd:% (a)

1>5?D tube == F&H7Y 28 4731 8 8
DKNGFELTND I ENRES Lﬂf“%n>oéf\%n\

FU7z, tube PN OF tube R C oD fe A #2 TS g

E R RIBRHEE 2 N E T, 11167 A, AN oo ﬁ?ﬂ
11.424 A T& Y (Fig. 2). ZHETIC o 77 “ e
HHIN TN D 4 AR MX-tube S Fe A PRAL16T

[Pt(en)(bpy)l]4(N03)8~ 16H,O0 (en = O xcf % - (
ethylenediamine)l2 3317 % tube 1T ot o Yo al,
O B Bz B 4 W (8726 A) L 1t b &
g§?ﬁ§ﬁ§§ﬁ$é;géié Fig. 2 0 4 A8 MX-tube 85100 ik St
£ o T tube MOFEINFTE > T ((@) be i & T (b) ab )
HZENHIREEND,

*7z. Fig. 3 uT'?‘JZ I, AEERIE IS
BWT MX N RFE EI/\ Hafizsn
T2%4hﬁ?4xﬁ—ﬁ—bfwé:&ﬁ
BN Te, JEBRS AT M ARIEIC
BOTIZPINT A F0 5 P(IV) YA F~DFE
FIBBIZHET D IVCT ([ & 5 EhiE
BRI SR = AU(Fig. 4()). £ 7=, HkEm
Bla W= =IRIC2EB1T 5 Raman A% kL
(Fig. 4(b))IZFB W TILFRV W(Pt-Br)E— K234k
%mewﬁﬁmibﬁﬁ@%%%&ofﬁA
WERTE, SALOZ LMD whe #HRT S Lo, R .
1 KO MX S0 R Fig. 3 ZRIBRSR DT A A =5 —
(CDW: ---Pt** - B PW—& NThDH I LIRS, Y HIE, i & EREE,
K ONF A hﬁ\%&%ﬁ'fﬁaézob\fﬁfﬂi \ZiEm T D TETH D,

~
L

(b)
rt E;=632.8 nm (He-Ne) rt
IVCT (M2 —M*") _| I chain v(Pt-Br)

2v

3v

Kubelka-Munk / a.u.
Intensity / a.u
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Photon Energy / eV Raman Shift / cm
Fig. 4 JEE S A7 R L(a) &L T Raman A7 | JL(b)
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