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Electronic Structures of Sulfur-Bridged
Cubane-Type Mixed-Metal Clusters with Mo3MS4
(M=Fe, Co, Ni, Cu, Ga, In, Sn, Sb) Cores

Department of Chemistry, Okayama University of Science
Takashi SHIBAHARA

The incomplete cubane-type sulfur-bridged molybdenum aqua cluster [M03S4(H20)9]4+ reacts with
iron metal to give the molybdenum-iron mixed-metal cluster [M03FeS4(H20)10]4+(Scheme 1), which
caused much research on metal incorporation reaction of this type, where the missing corner of the
incomplete cubane-type core is filled with another metal atom to give mixed-metal clusters with
Mo3MS4 cores (M= Fe, Co, Ni, Cu, Ga, In, Sn, Sb, Hg, ...). There exist three kinds of cubane-type cores
as shown in Figure 1.

Electronic structures of Mo3MSy4 cores (M= Fe, Co, Ni, Cu, Ga, In, Sn, Sb) have been calculated by
the discrete-variational (DV)-Xo method.
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Scheme 1. Formation of molybdenum-iron cluster [Mo3FFeS4(1 120)10]‘”. Coordinated H»O's are
omitted for clarity.

_-Mo
MO\/S\M//S\/\__,_S

_— Mo
LA L]

Mo S Mo \
g M/ (b) / /
I s
_s— Mo \/ / \\/ /
Mo S/ O~S S\ Mo

(a) (c)
Figure 1. Three kinds of sulfur-bridged cubane-type mixed-metal cores: (a) Single cubane-type;
(b) Double cubane-type; (c) Sandwich cubane-type.
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T-matrix Poles of AN — ¥ N Interactions
H. Yamamura, S. Imai, K. Miyagawa

Department of Applied Physics, Okayama University of Science,
Ridai-cho Okayama 700, Japan

Analyses of few-baryon systems including strangeness have been recently developed.!
Those analyses with the AN — YN coupling incorporated have an advantage in evaluating
hyperon-nucleon (YN) interaction models strictly. One of the differences between YN and
NN interaction is that the former has the AN — XN coupling, and it shows a almost cusp
just at the ¥ N threshold in the AN elastic total cross section. This is important because
it implies the existence of poles near the ¥ N threshold. This pole should correlate to the
strength of the AY conversion. We thus searched for poles of t-matrices on the complex
energy plane for meson-theoretical YN interactions such as the Nijmegen softcore and the
hard core models D and F. We obtained off-shell t-matrices by solving the Lippmann-
Schwinger equation with the AN — XN coupling in momentum space, and those are
analytically continued to the complex energy plane.

The results are given in Table 1 and 2. We find poles not only around the ¥ N but
also around the AN threshold. The antibound-state poles below the AN threshold are
responsible for the attraction of the YN interactions in the low-energy region ( Those are
correlated to the scattering lengths ). On the other hand, we find that the positions of
the poles close to the ¥ N threshold are determined by the shape of the AN elastic cross
section. The pole located in the third quadrant of ksy ( relative momentum between ¥
and N ) form cusps just at the threshold, while the poles in the second quadrant cause a
round resonance peak below the threshold. The NSC and the model D correspond to the
former, while the model F the latter.

model partial wave kaw [fm~'] ksy [fm™'] E [MeV] | a [fm]
NSC 15 (0,-0.28) (0,1.47)  (2051.5,0) | -2.48
881 —3D;  (0,-0.45) (0,1.561)  (2046.8,0) | -1.38

D 150 (0,-0.35) (0,1.49)  (2050.0,0) | -1.83
361—3D,  (0,-0.35) (0,1.49)  (2050.0,0) | -1.89

F 150 (0,-0.31) (0,1.48)  (2050.8,0) | -2.19
38,—-3D,  (0,-0.36) (0,1.49)  (2049.7,0) | -1.83

Table 1: The poles near the AN threshold. kan, ks are relative momenta of AN
and N channels, respectively. E indicates the center of mass energy, and a does

scattering length.

model kAN [fm”l] k‘gN [fm‘l] E [MGV]

NSC  (1.37,001) (-0.04-0.39) (2126.3,1.07)
D (1.43,001) (-0.18-0.08) (2132.8,1.13)
F o (1.44,002) (-0.28,0.12) (2134.2,-2.49)

Table 2: The poles near the XN threshold for the force components 3S; —
3D;. See the captain to Table 1 for details.

Reference
[1] K.Miyagawa, H.Kamada, W.Gléckle and V.Stokes, Phys.Rev.C51, 2905(1995)
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D—FETHEMIESWNTIESEADESNIBVWEETH, H5 - EOEKEITRE
TR MEMRCEET S 20IE IERBRERE VA D, EZL. CGHL. #
HUTHINEMERFRTI O EE UNEATERY, Ko TEEMHRTRWG L, sz
MA TIEERFRCER T 2 BEZN D 5,

EZAT. CGHEER, REETHZDOT, RETADNEMTINTGENE EESPORT %
LEAB, TIT. CCHORMUEELTIAVAF—M] (&) 22T A%
OV AF—REEM L TREITSZ AT TEWRICERT 2k Lo Tz,
CNDARTEE T L AF—H I K DRI E 3R RhE (ICCGE) TH S,

22 ALAX—4fR
OV AF—RE. REATH A DNEERFMTIITH D EED LU BETH 5. A INIEHE
AFTHNITH D END

a; =a; (1)
E720. BAONEABERL AZLUAMRTHEL=U'(; =u,) &V

UUx=5b (2)
EB, FFAZLUNRULIELEEDLBLXOUDOREFRE A DEFROBERIX
min(i,j)
Jlilcuki =a, (Isi,j=<n) 3)

=1

OS5 RpEOENAERELTERINS, RE)IE. X (1) KORAE nm+1)2 ITHL
FRERDN nm+)2 AR SNDDT U DRERIX

Uy =+/4p

w, =29 2sjsn)

1j
Uy

i1
Uy =,/8; = Zukiz 2=i=n) )
1

i-1
u; =(aij—zlukiu,q.)%i (2s=si<j=n)

u; =0 (Isj<isn)
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Yi=—

! u
i
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xn =yn
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k;l i
2.3 1CCG &

iR < NEHFHER Ax=b DRBEITH A FIEERNFMTIITH S EL T, 4 2RDXDICFE
WAV AF—0HT 5,

A= LDLT )
L 3ET=A1T5. DIIRATIITH S, (D D DRSS D% IR E D175

1
2D E#EE R (D

1 1

LDL" = LD?(LD?)" ®

1
EELIZENTES, ANEETHNL. LD IR TIIRWN, 2T
1 1 1 1

[(LD?)" A(LD?)")"|(LD?*)"x = (LD?)™'b (9)
EVWSENABREEZ D, THEHEOHER Ar=b EFETHD. Lo T Ax=b
ERX (9) OFIFEL W, IRICK 8) M A DIELWIOL ZAF—niasiE, X 9 OE
PIZHNB175

1 1

B = (LD?)"A((LD?)")" (10)
IR BEAMTINCIREN, R (7)) DRERRZDICTEDEFEETN, LMhL., REe
BNSIFIFILAF—HMRIGEVRIEZ T o TWBOEMNS, X (10) 1ZEATINTEN
THNCIz>oTW3, Lo T, AER (9) [ CGEREMATIIL. Mo dbin)—
TREBCTIGR U T MRICENET 3 e n s,
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a1 Ay 0 Gy, b, X
4= aj Ay " Gy, b= b, e X, (11)
anl an2 ann ) bn xn
vk, AERIT.
Ax =b (12)
ERTENTED, £/, [ CCGHETH, A DETF=ZATTSI L. ®ATTHI D %
L, 0 - 0 d,
L= by Iy 0 D= d, ‘ 0 (13)
lnl ln2 lnn 0 dn
ET B, KT, B kR, . HEkBIOEBESRFNT M p, . %k BOKERY N, %
xl(k) pl(k) rl(k)
xék) ng) rz(k) (14)
X =1. Pr=|. e=1.
X,Sk) P,(,k) L)
ELTEZS,
1)A4 = LDI" (15)
2)x0 %i@% L:%/S:
3)r0 =b-Ax, (16)
4) p, = (LDL"Y'r, 17)
5kk=0
6)a, = (n,(LDL")'n) (18)
(pi,Apy)
X, =X, +a,p, 19)
8),s = I — , Ap, (20)
T\-1
9) - (’;(-rl’(LDL ) ';‘+]) 21
b= o @D r,) @b
10) p,,, = (LDLT)_I';c+1 + B, (22)
11) r, DPHHIE 2T B

PORPHDTIRBNWEE, k=k+1ELTOEIIRES
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1ICI CEOT7INTY XLERT,

k=12 ""n
i=12-"k1

i-1
L =ay - zlkjlijdj

Jj=1

continue i

k-1
dy = (ay = D 1,d,)"

=1

continue k
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WEET 505 L 2R#ELZHDICLTVWS, FIT. N1 DO7IITYXLER 2 DX
DITEHT B,

j=L2, " n

i=n,n-1, " - ,j+1

ly=a;- Zlkjlijdj

continue i

d;=(a; EZkfzdk)_l

k=j+1

continue j
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3DEDIRXHA Uy IIT—FEnET 5,

1fTHZ/—ROKBWTEHHET 3,

1TTHORERRZR / — RITIXET 5,
#/)—RiZ2~nfTHOEIEZ 1 fTHOMREZ HWTHRERB O EIE T 5,

BWT 2T H D EREE /— R 1054/ — RITEE L TRERICATRERBR D FHE T
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6. UTF3~nfTHIZDODWTHEKKITERE., StEZEVIET,

A
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C GHOMFMLICBEIL T, X1 OREHFOTINTU XLNEHAT S, 4 1TEKD
2 KRITECH. xpr VRO 1L RTEFITHO, £z, o, BIEIEROERTHS., £k,
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3 X =X top, Ol x
4) r,=n-odp, O o110
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* (.@DL')'r)
6) pk+I = (LDLT)-I';HI + ﬁkpk O X

7 on,, PIRHEZT S, PORM
FHTIREBENWEE, k=k+1
ELT2ITES
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BB SN TN E, DHRTHAIL TS, JOMMT3EER 51CEEDTHE,
5 & 0 ERETFIOT A ZAKE LB EERS D) — REHMITHASD T EDHD 5,
F R MIAREATHI O A ZAVNE TS ) — KR EZ< Eo THEBRTH D EVA B
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K 5 REATHIOMINC & DHE M _EROMFNR
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PLEDORRLD ICCG DT O—RF v X Mk BUMFILIE, HEBREORRERT T
ENGyol, LLEARS, fEMERALNLORBLADRNI EZENWAD, I
DSl T Dk, BERENERERTH S, @ERMHIEL TOiCT5EET
ERRWN, DR TEHEEDLZND LNV, THRTIE, ROKDIBAHENREZL LGNS,

o 7IIIIYXLZBEFKRIISUTHRHNTS.

WHFUEARFIREE R 5NZ T 0TI LTS, 7IVITUXLZEELED, BRXOEFTIVE
EERHLEZVTEZETHIHLTELZ DD TH S, £ITho ERORNWTOT I L%
METLEICRVERFEOLEZE ST,

o HEEFBROERE

SEOERTIE, FI—TEEZAA H>TWD, Thz 1N 1EE GFRIC3ER
HE) WEELTHS., 1M 1EFEOHNERL TWAEOAESLFEZ &> TR T
B DU 2N <FRETE B,



o T — I DHEIFIEDERE

T DRENL, &) — RITT—4 2HFIT0T 5T — & Ot 2725 R < #
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RIKEE— TO2PEa—FITK8EFHE] HAHHEEIE 1985,4,15
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B =
ARFZEE, KEE—V A~ RRE (TSP) W3 251 7V v RBEHT7 VY XL (5
NA T Yy RGA) OFERMOEMREIC L 2 IEER L ORI OV TR 5. BAr97ezh=R
HEEE O T2 DI ZFBEDEN =R XIEEFTRY LS, £A7 Y v FGADOHBEERETTD. Zhb
DERMIBE RO T ot v X 5WFUEBET DHEIT, EOBREDHRILATIEED, F72
AEIEOBENT X 0 WFHEOBRIEC & D L 5 REEE 525 73 EICOWTHRITT 5.

1 [FC&HIC

A BB LRIED % IINP-5E2R2 7 7 AR L, KB RBIZ KT U T IR fH]
TR ED - EIIARFRETH D & ENTWS. L L s, BRI BolElif s 21E
R TR D BAFENTAE L2 < Th, BB BIFRFZ RO DT LT Y AL
BEBREENTWS., TO—2 L LT, AYWoitE(ERIizt > M EE8mr 7T v Y
A1 (genetic algorithm, GA) [1, 2, 3] UTFEER 2D TN D, GA IHERAPRIFEIZ
LV, &% SERMAEE LIS RN 4 \C#EA &h, ZoRE LiTooh ok
BT NTY RLD—2THhD. —IRHNCGCGA L, BEARE B8R, TX, ZZRER) %
B, fRZEfIoRr U TR RERDSIER BN, BIORMERIHTE ETHD.

BRI SR MMEREED GA VY, RO BEICR L TR LG 2 I 9 <, 7=
U X BDEEREANITZY, WANWARTRE Y Z & THICEMRER GA ZHFETD
ZENHRETHD. TOLIRCATTa—FD—2L LT, "7 Uy FGA (Hybrid
CA, HGA) OWFFEREZE L THh T\ 5 [5, 6, 8). HCATXERSFEOM L&Y, @ik
R EASEIT, BERERICEND Local Search (FFTHERIE) ZAHAAATZ, GA
DR TH .

WA TFE RN DB EFIEZ 5EIT 5 2 L IZ Lo TR L BTV, RIRALER
TELNLMELLESED Z LR FEBHMOEHEEZH LI bOTHD. — RN GAITHE
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RT DRE
(1CPU 32 {8)

o7 %@ [Py
(1cpu 118)

Wizl KE
(1CPU 32 @)

1: 32CPU DAL FE

BEOBARE HICREF LT D OT, BURAEIZRNTIINR Y O AR EZLEE L, &
IZ Local Search A 7V v K925 Z LI X VIERARFEMMEZLE L THHERD2L
2N X0 TANFEORMEELE LT, HGA TREESNDEMEOERZIIULT 5 Z &
2LV, EOREOFHFERMOEMNEFFCE 50, WHFFEEEZMERL T, ToImESR
A0S

Z DONFEMFAO Bk & LT, ¥KEltE— X< 8 (traveling salesman problem,
TSP) (Zxf L CHIEFL & &b Miihlenbein H2MEZ L7 Maximal Preservative Crossover
(MPX)[5], Starkweather HDHHTIZ K> TENZRZXEE &b, R Shiz Edge Recom-
bination Crossover(Improved ERX, IERX) [7] &, FIIODEE LI=#H LWAZAXYE, Com-
plete Subtour Exchange Crossover(CSEX) [9] Z HGA \Zh L7=358 259 5. FILbig,
AESMEREZE T 5 HGA OFSHAZEE LT3 [10]. fE> TRBFZETIEF O A EF]
JAL, HGA THREFE NS IR % Y 7 HEENZ 5 L= FI ki L 5, BRIEDT
70 —F DENNZ K o THE L DFEEOMEERFT 5.

2 diFNA Ty KEER7ILT) X L

WHNIANA 7V RBER)T VT Y X5 (Parallel Hybrid GA, PHGA) (2 2WTCitik 5.
WHULIZER LTI, GA THWO T TORME EK) OERIZ N 200 % 7 HEFH T
R D HERESEIEEZLND[2, 3,5, 6]. AWFEDPHCGA TUHHLDORIER L TED
I, FE&LTRXENATY v RE&I7= Local Search DAEEER G TH Y, HEI SV
EFNZX L THIR T L fThhd. 2%V, xR ERDMEIERIZ LT, EE{#ED CPU
TSI 284, % CPUE, BEER Mok THRANIHR Sh 5.
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Number of CPU

2: CPU L NMEFEDORIR (kroA100)

LT, WFHEIZRE9 5 HROFEZ W CEER 95 . R TIXWFIEHE#E#FER L, CPU
K 32 £ TOBREERETTT 2 (P, WERPITRFFEIND GA D2EFEHIE32). PHGA
TAFEDOXRI R E B DI, X A 7V w KER7= Local Search DALERERSy T D D
T, 1CPUIZEIY ¥ THNLEESE, CPUSL, 2, 4, 8, 16, 32 iZxtL T, FNhZEh
32(16), 16(8), 8(4), 4(2), 2(1), 1(1) fEDfEAEAS Local Search IZEMA &b, () NOHIE
RN BT ABIZ ICPU ICEIV Y ToHND T —#HERT. 0%V, XXZEHI D
BROIIHART S ZoDEEASE L 72 2 DT, CA TREFS D @I LT, B
BADOT —THiR &b, LoT, CPU$k 16, 32 T, TDOXT7—HIT 11225 Z L ITHER
Ehr-v. 2B, K1, 320 CPU 2BV THINLE T 72 BA DR FIEEY RS, &
PHGA TiZ, X DSy, Local Search D53 ZWHHE L TEY, ENEN TREZIZALE
LT L= CPU AL E TR ZT-> T 5.

3 LIUY

Aams0hs, KEe—ZX< [ (TSP) 12Xt 2 A 7V v REmRI7T AT XA
(PHGA) (Z2WTHET L7=. TSPLIB 2>5 kroA100 (100 #Bif9&E) % AV /= PHGA ©3E
BRCIY, BB CH I S RO A ST 5 2 L < WL L= 2 & 2R L, it
FHEIZ & 2 FHRBER OFEMEISERMMBMZ -, 328D CPU 28 L7-Fk x4 O FI{L 3%k
JERIZIRW T, ETHH 1/10 D CRIBFTRETH D Z L &R Lz, B, HAML
Pk Az AV T, TSP Zkt U C EFEBED A X EE RV 72 85I 381 B 2hRIE D& & L
L7z, £ T, K2, 3E)IXERIEDOT Ve —FOMEIZ L > T, WIHkickt LT
IEERCFH R R X 2BV RERND Z LR 8RR LTz
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AILEEE  EMOKITT MEEREAY O RRAEZ™
B LIRS K KB TR Ae R 3R o 2 7 AR
[ LR R B T R 7eRHE LRI R T H
o i) LIFRAR R TR R T2
(1998403 H 27T H =)

] =
AW, KE—L 2= CRE (TSP) 1okt LBEH T VT Y XA (GA) DOWIUEEEE TS
T LI KV EHER R oEHRE, InEER X UShERMEIZ OV C Island BREFRERAG T L2 X4 (IGA)
ERHWTRET 2. £/, BRLEEEROT oty NI LWL EEZR T HHEIL, EORED
SHERALASETREDS, 1L D DIRR U728 LVWVAXIE, Complete Subtour Exchange Crossover(CSEX)
% FIWZIGA KW TRET 5. |

1 [FLCHIC

AT RECRIEDZ IINP-58872 7 7 AR L, KBRS LT EEAR;
M ChRIEfFZGD Z EIIARAREE SN TWD. 20 X ) RlEE M HEOfREL LT,
o< ECTHEGEM L BT DREEMRE , SRR ER EFFR S D T PiF % F
TOMHEIZ RN END. FRIHEICET D H0IE, 3F I RME il bRIE Iz A
AR 2 < DENTMREMRR SN TV D, Z0O—I, AMOELERE L MIBR
SNIZB(EHI T T Y X (genetic algorithm, GA) [1] BSEFERZHED TS, —f%IZ
GA I, BHRE GBIR, 22X, ZZER) 28D, MRZEmiox U TR BRERICER,
B2 iR BHHTE DIELIRETHD. FHZIGA DRELRFEO—D>THHEXIL, HE
Wi LIEZ R F T DK EE— LA~ U RE (traveling salesman problem, TSP) Zx)
U CHix OFEPMRE SN, TOAMECONTEL ORERHD (2,3, 4,5, 7, 8.
HxDBLUAHRRE LIzt 7Y 7 — KR X (complete subtour exchange crossover,
CSEX) [5]1E, Zoo#icdblm L TEENDI 2R UFmME2A Li-mXME (F72ik
Y TYT—EMES) BHIFEL, OV TV T —EFH LT HREAERTIRZNETHD.
Bz i, TSP L THE L Sho)aZXike LT, EERIZAS 72 Mihlenbein 5
DFEZE L7z Maximal Preservative Crossover (MPX) [4], Starkweather &M% L7z Edge
Recombination Crossover [7] DRI (IERX) [8], ¥ XUk~ D CSEX & O builghhitZ,



Individual ‘Sub-Population

Migration

& 1. Vo 7RO EEEE FFolsland GA

9-Opt IEED RFTHERIEEZH LTz 7'V v K GA OFHARD $ & TITVY, CSEX D3 EHIRHY
BEN-RXETHD Z EelE L6

CA OHFFIZEWTIYE, 2 HEGAHRIEORXIEE DR DL BT, WHSLER~DE
DAL MBI CA DT HIERIITONTRY, SEIJERWIIETANRRESNT
W5, FOREMETNE LT, AR Hi2551F £ 43k (niche and speciation)
DOHESEF TEICER SN Island GA X, ZEREIMEOBESZ Y A7z Cellular GA %53 &
v, THLOKBRREEESETHD [, 10]. AT, BEbEAMLREEESEEH
4% Island GA (IGA) Y EF, TSPIZxf$ 5 CSEX ZHAAATZIGA DBEMER &
UhEME%, A65EHHEE Paragon Z AV TIRGETT 5.

2 Island B FLEEH7ZILT Y XL

Island GA [9, 10] (IGA) 1L, MBI DHELGT ERLDOT A TT7NbERESH
77, oF VY, Island (&) 1%, HWFEAGIZIST U7-EBREEN 5 2 S /- I e—flTH Y, GA
IZRBWTIE, FD XD RO THEMEHERT D Z & Ol 2 OEFI OISR At b A 2
Hol-EFNLTHD. —RIZENOLOYTHEAT, b2HHNE (topology) TEFHIN,
Fl— ORISR E R LTW5., £V 7HEMATER L RBOMEKEE EHRIZ oY
THMA~BE (migration) 21TV, CABRIZET 2EFDOSIRLLHERF T DHIEA & &
nb.

—A¥IZ Island B F L OUHERGEIZIT I T E DD, AW T, 52 ohizE/ZK
1D X DB BENEA T AR RETT 5. ZiuL, EEEOMEE TR Sh -y 7
WY > RO RHRGER A L, &Y 7HEM CRGHOEREZ VIR, HDED D= REH
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T AShEME ENBEICHN D X, TOEFARRY BT, BT, TOFIEEZRT.

Stepl -2 bz PS%E SubfElZEHEIL, SubfEoy7HEEZE Y ¥ 7R T 5.
Step2 %4 7HEMIT MigInterval fHROMENEIELSE 5.

Step3 MigIntervallZiE L1z 5, &Y 7HEMOKREGFZHEOY TEE~BEIED.
Stepd {LEDOHRIZEIE Lz GABER T, BEL TRUWEAIIStep2 2 b &V IR T

723, PSITE 2 b= _XTOfEE, SubiIIFERY 5 7HEROKziEYT. 1Eo
T, B THEMOMEEEL SubPSIE PS/SubfETHERR &N D. Fiz MigIntervallXEE 25
&85 A ORMRZ iR

3 LIV

A, WE— L 2~ R (TSP) (239 2SRRI T /L = U X LDRZ Island
ETFNE AN T2 DL & DIRE L2557y 72X (CSEX) % Island &
FOUZHTZIEE, oo X 9 I INERIFEEEE EF D SRS TENZZIRIEB LU
BN FERARECH A - L AR Lz, FICK3LY, HMCA (Simple GA, SGA) DHH
BRIV HICA TRHENZMOBEOFPENTND Z 2R LTS, ZhuY, CSEX
M OOHICIH L TEENL VTV T —2HATHZ LT, OV TYT —HITHISL
7=, fx B FRROHIHNRT & T HEEPRNICEB T A EEOELIE L OBMEN L KRIZHET LS
DEEZLND.
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