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L BU»ic— BFHFEMN 3AKRE L BEHE
2. 3{KkFaddeev FEE\
3. BB L Z DFHME
3.1 BRLADOWHE
3.2 #EY—HAXOME
4. HREBE

BUHIC—EBFHEHIGCMELHEHE

RFe “BNF ogEez@R~2cd, 8% NTRAL2EHERIEZOHECKIGOLG %2
Hbo BT, HEHRBIBRTNERIRL VO ZOEES -T2 EULTHEL TE 12, ZHTH,
B GOBERIIN FREEERSEEROBEAOR T IFENHEER L L TEELARR2/HOK
ELoTkbh, BRETEN Ko™ OfE~0BOOEE DL EBIL, POEVIAVE—TO
NEBaURIENSBACERINTVL 5,

ETAY, b DHBUEEDOKN FIHEB»SRLAICHTL 2ERF —2TWIGL &h T
BLREVEN, ZOBEHO—2F 3EONTF~OSHBETY 2RATZERSVL D00
BEORE ™ 20F 3, REKICEESERINTOEVDSTH B, 3 AMEMSZRTHE
BerlldrEBTHILER2EADE, COLI KEANLHEORRIIKI LI N Fa D
R, BERESERCEDI—DODEBELRBEELEALDTHAS I,

ST, ICHBIROLNTVELEL TS, ERHERE LT Faddeev 5SBR 255 %,
COFRBRIEINFNOHUBRZIELLEXRERTS Fredholm % 1 TORIBEBRATHH, B
FICAT S BRTHEHEBNCEBRLLTVWERRKZ s T, Tidr»bsd, 3EKROBILA
SLBEEZOTH DY, mBTNEPEFELOMEZD DL 6TEATEY, 351IKIE3MA
O TOHRIESGK F1d - 1255, ZOEAMEZ S F WK HESECEAOT L 0LH
> 120

L L, BEHLcizch s s 3 13Md %, Faddeev FBRN 2 EBiT U 72 flexible 5
FiGEF VRS EBRIUI ™Y, BEOBE LA ST 2~52BBL CLzE T e
LT, COLE— b TREERITNTH3EBT &2 CRATROBA AN E > T, ECHIE

X 1) EFPANFEFOENFL L IEZEOPHE T
X2 “3MEOKTFHNT NS TLD” RRE
X 3) B, 3IBFRORG, /%4 HEF+BF+ETFROMIG

._1_



HEFOBEIC OV TR, SFEEEBOLNIER2PIRT CEITT %,

2. 3{kFaddeev F:ER

CCTIRRETLIGOFEDRR & LT, EBF L CHFRE OE I % Faddeev 5RO
BHHELLY, ERTREEN 20EFHICE»L DT 47 2 V IBERSEN TR,
CNEBEAETBECIEE N, fEoT, COMERBPHETF+BF+COMBK L IKRMEEE
Abhbd, TCNHDRFIT], 2 3 EFEBZ2O, 3KREMEAEKZEDIHIIKIDES3
S>OEEE— particle channel &M x— %2AZL TH< ™, 2MFHOEEER B D
4 @ (separable interaction) &% & Faddeev FERIZIRD L 5 e —E B OE S HRERIC
RET2,

yvJ
Xan.,8n,(9,98) = Z3n, s, (4ar 9p)

+ 2 /0 qsdfh Zo{Na,qN,(Qa,fh) TqN,-(‘h) X:y{N,,,ﬂNg(q’v:Qﬂ)
TEQ

(a)ﬂ)" =1,2, 3)
(1)

E%%ﬁ%@t@m,c@ﬁm%m?%ﬁ4775AE2%ﬁTmtﬁgtmoXin,pm
i particle channel B TONg TIHEIN 2B TIREH» 5 AH LT, particle channel &« O
BFREN, R 2HEIRECTH 5, JRIEFRTHI2EAEHERZHETCL, EBRJ,, g
ZO0EHFIIN 1itdh b, ZO{N“’ AN i Born B T 2 0FWE—HD L 5 i< particle
channel B ?> 5 particle channel a-~, 1[EOKNTOHEE A %1T- TEITT %, i£d, particle
channel 1 TI3HIT2¢& 3 L O OAFEEABEFELNT | IBCHASRBCHZ L 51T
HEINTWL S, (particle ‘channel 2, 3T LU Tidc it cyclic &9 %,) Tyn, (& particle
channel 7 W CTHEER T2 2T OMEBRCHIETS EBATHIRIZE IV, K2TIE
FHRILIC & o TRIN TV %,

BansBems toEBNcERZT5E, BRORNQO X5 HTBERD) 2 BRXE
(iteration) L7z @5, VbW 3L EHMERMTH D, ZORMOBFEAR L > T INTFICE
ZHEBBEDO T RTH 2L INB T LT Do

*4) LUTFTOZBERITRCGEHFHEERERNTIS
> )  —[EIELELIC T A IE
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Particle channel 1 Particle channel 2 Partcle channel 3

K1 3-dParticle channel, MADEBE 1,213k, zh 7' °CETH, HEET,
BFeET,

EOIR OV SN @]

M2 BYHFBROCHETS44 7754, BEHAAZERE KEHFACEBGEZ & ->T»
%o EBIIR FR2EL, BERE»LE~NELELTWS,

3. HEREEZOEHE
HBEOHFBERUETKD VEEHAELOBEIIE S5, FERRXNONODANR Z8L 0 rTXiT

)]

SWTHELOBEETH ™) QHMTHOREEAMSA AN, 2, TidERLIZE S0
THEVLEAETES, 2CTETHES [i dg, 2% KL B4, Gauss -Legendre

N'
BT };1 CEAD, R, COFBRZENXRKE (iteration) &35 &

X=2+4+2172+Z1Z7Z2+............ (2)

DD Neumann $RE & 7% 5235, COMBBPREROATICH 5, FdNCdh-TE 2N
BREABATO RO XV EUL SE N CXOEEREA L EBTE D, bL, BEQ DR

X 6) HEMRBXSKINE, TNTOBHUEIFEHTES
Xx 7 #lAE, Pade ik



BB BERX, Z%%ORATF, BIOEIEBICONTOIIE AL (B I3BECHERL
feahTwd), HBER()%FKEE (matrix inversion) %2 5T X=01-27)7'Z2 LEF®
LTX%2KRD %,

3T, COXHSCECLBHHICMI DL THEDMEIRR= 2D D, — 23N DOEFSYBIEL
ZaN. ), 4N, (Gargy) BEE TN, (47) CERRDEETZCLTHY, EO—2EK
BEEETRIC ORI BESEETL4TY) -0V 1 ZOMETD %,

3.1 BHEADLE

BB ATIRENCZOERED U LB C T 2o 2MTRNIE >0 Za, r 55
particle channel 7 2> 5 a~® —E O FOMBAICHIGT 5 C &2 THITBL TR TN
E RN

ZN.,N,(qa,qv) = Z szr,,N,(‘Ia, ) Afr,..N., ) ®)
r: ‘
1 D ( z)
1‘\£ = 4 / d P No,N,\4as 4y, (4)
N, (e 4y) = timy . £(2) E+ic— g2 —q?—gaqy=

Ai,mruﬁﬁﬁ%®ﬁ§%K%T%%ﬁT,CﬂKOVT@&ﬁT%OFi,Nvﬁm%)
DSIVEM I B T dh Do (4)FRD Pp(a)id Legendre M TE X 3ARRDELANF —TdH D, 4
PR TFO—EOHSEABRCHET 28 & 2E A5 EWROBEES BRI 3R T 5 free
HIREED Green B (M2 T Fo o b~ EDIHRELET2ADKE THRIND,) D,
WHWBI AL —SRICHIET S EMBBDLHVIIZTBEE D,

3TRIBEE, qu, ¢, BE — @2 — @2 £ gagy = 0 2HRLT EE Ty, (dar9y) DI
BREEAZ DO ECH D, HEAOMESEIEM ¢, XY EETNE, HEOLDIZRBD
STV BDTEYE S FETRETES Y, N, (¢,) OPBARICACHIHHBERSEY, &
cawcwri,m (dargy) PHE, g, CHEFEL T 210 BSHRAZ B ISP 5
AL, SODTR->H VKBTS S, ¢ hidHetherington & Sick L > TREIN, Z
DBEZLDARITE > THEI®LSNT-Contour rotation method itk » TR S NIz, T
nbb, 267 bEBEOKEITERORTH S q,, g, ZERPALEL, BHHERDE
COEEVE BT ESET %, 2L T, Caucy DEEZAVTHEAZET 2L 5CHEIEZ
EHEL, BEMCEIZETTHIOTH %, STHEIMTENLL ST, 3EONTFHDH - 128
&, 2OEAEEZOLICIROB I PO EELEELOTH D, BrR 2NTHCERKT v v
w0V U < idmany-channel fHEMEAZHE> C E2BELT2Y 7", 2LT, ZOHAETH

z ®Contour rotation SAJEETH % L & 2BEICTH 6 i LT,

K8 CHIRWRICHVT » =T | THESBEHOIEH 0 L5 2RMCHI D, FUIRB2E
Legendre B oY EREZE2BINIZV, K(4)D Ff, N 2 hicBEoT 55,
k 9) Hxif, subtraction ik B

RYARRYA



AN

o

E & ) o A o v

G

B#ic, COBREADOMEL X Contour rotationid, EEELLDIHAS TVBHDTHE
DIRSWEEFTH D, UL, LROBEEASENSZRMIZ SEROT AV F—ES IR F~
DHBREOL X MERELL L 2RHETH D, 8L IRREETORETH2 ™', #-7T,
HRUCTHABNLSHEALZIEDEI 0 DTREL, FRAROEBEIR2YE-TVE80DT
HBHLERBBALTE E I,

32 *XEY—YAXDME

XITHH—o2OERELEELRIER, 3HOKED TRNIfIFIOREE (matrix inversion)
BUE - THS SRR E BB, ZORIE Iy, . (arqy) 7N, (2,) OEEAZY -
LT BRI 2RARNC DD, ELAD, ZDOATY —% 4 ABKRIVDTHS,
F7, Ny BION, B 2MTO~RIY, BFRE SHTLECAEBHRRBR2EETS 0T,
ORDAy, 5 EBUT Zy, y, CEELTO S, LEELTV3HET BT+ CROP

Pay
(=)

T EBTF Y L oM OBEAESED 0 & 2,

AT (FRBT) & CCRFETV L oMoBESERREY 005 6
DEZEZELTAHT S SRNFREKOR FIRBN,, N, OBEBORAME K100 (Fx A1)
h R, ChIZBEHEO (2(40) HEMEOEZE» S TAEEDYOTREL, TDCER, B
Hmicid, —OIR3EMELE - T Z0EMII 2HMEDOZNICHNTRENITILN > TS
CERRLUTHY, COBOBEHENENT, RTFREOSBHOHRTS & HbHDIFABOBEICE
THEDOEBLEL > T D,

soi, BB Zy, N, (9a18y) 77N, (9y) ©BT B q,, ¢, ROWVTHI, IMEHTEN
12N, OB DA v v 2 FA v P UTERBINTOLZINIEL S5, fEo THR T OK
SO, EFTHELTORRIE (100XN ) 2Lk %, RICWEN, =20 L LTH, ZOfT8%
T 20 x £ ) —i320002= 4 X 10 complex words, THDE R AHNNA MEigh,
CHIBREFACOM-M3B0DELZ DY 2 TCEEERINT S X4 v X T —DRAMEICE
Live N, =201 C ORA ORI & > TUFU b +AEMETIER L, CRETE ORFEHES
B ELVRITHD o 72, 1990E3HIONL Ay b7 =2 2BLT, X hXBEDFEMK
HEEBPOEET7 VR ATEB X528 E, ZORRBOTHREOHE/LE K ICHED
TANBDEHARFL T %,

* 10) I UEBERRTHEOBSTRBEARREA SV, 20ROV ENEHEB TOE AR AR
BEE I B,

*11) KFEEOX L VFh b 1/2

% 12) EEREBO2E 30



4.

BREER

Sk, EBTF L CHETHKE OBEHALOTBE CORITRE 2RZ 5, B2MT b~
o, EBOOAXVEBFRASFEBTFEOEAR LA ILTAEE LKL, ZORK
BT, COWMEIL K TH B, UL, EHFTH2 CRFEOEERBRBTL S
TETIREL, COPREEIMIBI> VB AL LORETH S, A, COIIBLNE
B COSAMECHETE 5L v TV RRIGEFVO—DE LT, HEETF (212@BF) &°C
rOMCHEROREA 2 BAT 5 & 2 BEL, BICZO—20RAKNLERERLTNS
C OB AR QR FOMETHEOAT 2 LHEX 7 v v x V7 i3> T, FARAD
LI A NVF—EEBTEZINT VS, EX A VF —Ti3Z2OBETSIERMER IR L couple
UhBELZERT 20, —HRATAVE —TREREZ VREREEOL %, 72, TOMESF
% Faddeev SBEXADANE LTHbNIZ & X, ZOTAVF —KEBIC L - TREEEEL,
BARGE L0 SR TFADHURG2H—MIERTHLENTE D, FLIIXBS 2RI
N1,

AT 3B L4, CDXS i 2RFHEEEAZAVIZE xDFaddeev FERIC X 23R
SEE (EBB I OAR) 2RLTVS, EHTFOAST 2V F —5356 MeV DM #E N 32
$ETH 5D, Faddeev HERZEMICLuwds 5 COFBMENZIR 2 ZMU ICBIT & LTI}
DHTObDTH B, 2 >OEHE — MAWEE (K3) Lo~y b rame 4, (K
4) — IOV TEBRBER L B LT3, E#i3 Coulomb 7% Rutherford MELRE LW
PRELTHEMNCEATE D, RBRREFA TV,

39 M3OKEEICHT PEBRBEREOEMEMN L —BDREZRS L, adjustable parameter
PEIRVERHEL UTRBIEATRBIRDIZEFT > TV, KA HFAE TSV TER
Fe 2B ILBRELTVACER, BADII BT T —FBHECHEETHHLZRLTY
%o AT—HAy TOEBRED—BUT L0, BAald, TOR—BU B~ eAhlET (e
BBT) E2CEOREEABRIIEIDTHIEEATO D, EiE, COL>LHAEITD
TORATHIHS, ZOWMEEAZIESL X, HEHEB COMEIIWatson 5L % standard’s
g Lo eV DENR similate T3 L 5 KHEL I, &5, DK %iZWatson
BOEF v v VOBHED LB EOHBYEANCATRTUBEL L LT EZRNHL TN S,
Pt - THBICHEEFENC L}, FRUNEREODLRA—BERHATICLiTLD, 2NTFHER
VEFIOEBRED A DE 0D, Wi SR FHELCHET I, VS L Lie20T, RENL AR
BELNBTEEESH T X7, ZC CHRECOMEMFAOREBAB TOREEZEAT, 3MAHEL
DOBHUE~NDHEEZFHODOH D,

* 13) VWDHDOWBRHERT U x ‘
k 14) SREEE BABHKNTOAE U 2REI L EXOKEEOR b CHIGL, BHEBEEL D

s ERERRT B,



[SBE Co T

BRI, COXIBRIGEFVIZINFHAERG (breakup reaction) Ka‘db"c%@éﬁﬂi%
RETHEELOND, b UZNBTREE LIS L0 F e v SORFRICH L iR
Uhoslcticisd, CORREIBUEREDOHEL CWMD 5NN, KRKZOLAZHILD
OFEBIVOLATVAL ERRXTEH X,

o't . . . . " ]
0 20 40 60 80 100 120 140 160 180
0 (degree)

K3 EBFOCRTFHKICKZBEHMIOMINER, HEMIEORCOMEAT, EBFO
AT 2V F —1356MeV, E#fit I OSAFIIERBBEZERL, FEBA ¢ i3K.Hatana et
al., Nucl. Phys. A 419 (1984), 530iC & %,

1.0

eeet3%%5%°

-1.0

0 0 40 60 50 1(01201401&)1&)
0 (degree)

M4 BEBFOCEFHICEIBMEHELONY M VAR, fiZX 3 OHBIICE .
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ML AFERLE L » 2 —HRAREERE 1S (PI~P15)

3EFHELe 7 itk 5180° RH A4 A ~ #EL

B & W (O %

B L2

1.

OEFHEEF NV AEEL T3 ETHELE S Vi E SO NES Eic X b, Pt(111) RED
EﬁZJ BEic 2 keV Ne+ 4 F R ARITIESD 180° Ne AR FEHE (NICISS)
M RRD T, EBREREEHBLT, ’

&

HREEBERAD1 2L LT, keVEHBOEKI A VF—4F VHEL (low energy ion
scattering ; LEIS) (1) 2FBULTIT > HEM»D 5. #EMA OL % 180° KfRELIZLELS
ORI TH DEEEA + L EELS K (impact collision ion scattering spectroscopy
;ICISS) (2, 3) AWV % E ANACHEAAVBRD LN, ZOME, vv» F—a—-—rOKE
IR ERMTHETE, BRNCHERERTBERNT 20T d %,

UL Lgdsh, RIRD ICISS TidiELfA 0 5180° Tivy (Bl A3 O = 157° ~166° T &
%) RBiC, R IELEUTORFOMBREASL |BERFOT o v U 7PRiTE - T
ERCHRESNEVEV S TEESH 2. WA, 0L =180° TOA A HEOHESERR
£ %o BT, HEE (4) ®Niehus (5) k5T OL=180° Tk 2ERMBITONL TV D,

Niehus (5) &, Pt (111) EE® (112) HHAIC 2keV Ne' 44> 2 At s #1054, XA
5 DASAICET B 180° Ne it EFEHE (NICISS) mEZ2EALL: (N1838). M1
TD6 2D - RZNZFIN 2 THBRAHCRIN TS Ne iEDOY v F—a -2 D7 3 —H
CUHBRICE S THEBING, HL, K28 2HEOEFIIN1 TOE — 7 O¥KFiextis
T %o Niehus i€ % 180° Ne IR FHEL (NICISS) B OEBRER %, 51E, 2RETH
AEFVERAVCTHIT LI (6], M3W2RFHELE 7 VOFEEREZR T, HL, CAR
Moliere #7 > ¥ x W TOD Firsov BRI BREINTERr =) 5 - 77,04 -Th53, &1,
ux & u, REEICHLTENENT, BESAO rms BEBHEMTH 2. K1 ORRER &
M3 2RFHEEFVOHBERREZHK TS E, Y- 3 L8 —2 4 LDRNERIPHEL
TW3, %77, CA=08DHBE, -2 30— f[Ba 3R] TRINTVLIITEHEMRLEE
B R ETARECEL TV, COMERE, REF2ELUTOREF LD 180° HEUFNT, »»
25 FU b 2 BT T SRTERNE AR FUASM T 2 OBECHE LTVBCEic ks EE
AbNd. 2w, 4H, 2FEFHEETFVvERIKELZ IEFHEEF v 2 VT, 180° Ne
FRE R 505 AR D EBRRER 2 BT U 72,

uf



2.

3SEFHAEAETIL

BAREICHT 2 180° B WEME L, N4 TEINTW B IR FHEESTVERAVTEHE
T&%, 3EFHEET TNV TR, AHRAA G IBORT EHEERT 2, Wb, EFARALH
A4 v RNSRAETHEL, RTFCERAMERZEL S, 20%, IHICHHBBETHRTAL
Bid A4 v /NS K CHELT %0 WE Ly04 4> - ©— L2 08EED 5 Hl- 1 AGH o TEM
RECARTEET R, £, VEOMER, AfHA4F L - €—2 L 3AORTFE2ESLFEAIIC
BIB2RTCMEELTMOYBONE L EBTE S ERET %o

BEEMEETFOAESHI0) &

I (6) doy | !
‘ (1)

To dp1

CkoTEABND, AL, OL3E&8EA, p, BAHAF V EHFAR LOBERBIETH %o
A A F 2 EBAEEBR T & O deflection angle A6 ik

A0 =m cosp— 01, | (2)
THEabohB, HL,
01, =0, (p1)+ 02(ps) cosP — 03 (p3) +0,(ps) (3)

Thbo 272, HHAGHE, VD 2KTMEITHOTOPRVET TH b,

c T, WEEELENETOMEDENE0ZEAT L, Pt (11l RE® (112) HH
e 2keV Ne' 4 %> 2 S €HA, Ne ¥R 4D k5 iKHFA>CoA-BHE 2EHBT 25
10 sec A —F—DERMB»» B, —N, BERICHE T Z2HERTOREEHEIIL 10 sec +—4—
Thd, 70056, AFKFOAHBERLHMBREOH T, KTALBRUNELZEALVERET
BCERESTH B, foT,

p, =p,cos 0, + (ay —cx) sin (a—0,)

+ (a; —cy) cos (a—0)) (4)
ps =—pycos 0, + (ayx —cy) sin (a—0, —0,)
+ (az —c,) cos (a—0,—0,) (5)
p, =pscos by + (by —ay) sin (a—0, =0, +0,)
+ (b, —az) cos (a—0, —0,+6;) (6)

%8%, HU. ax, bx, cx BZNZFNETFA, B, COMEBOLENMN 2 & A IZEKEICKUT
AT R Y % T o —H, az. bs, c,BENFRETA, B, COMRBOEMEZAN
EHICH U CEELEERS 2E T, £ AT, RBEECHEMAOTES B 2EFHELE 7V
OB LRAKRTHS (6,



(R T

nN &

o,

'

P EBER

SIHFHELE FNITE SO TRD 512 180° BT MERE S5 TRIN TV %0 3 R FHIEL
EFVICIBABEBRZN3 TRINTV S 2HFHELEFVIT X 23 EMER (6] tHEKT S
L, =2 3L 40KRNEBREIAKSERZRLU TS, LoLEDMS, IRFHEEFvick
LETHEMER TR, E—7DIWTOES 2 b EBHER (5) (R158) Ct@l@a%RdT. L0
R, M40HHBRICHOTHEA+ U SHEFBOHELANE T itk by, OL=180° D%
FMICEHELI NI A28 Thb, 351, 2HRFHEEFVE IRFHEETV EDOHEHER
RHET SR, 3EFHAEF VviCk bR ohice—sHmE (N5B3R) BT 5 A
(E—2H[B) dm DEBER2ICEAONTV S, M, R2ICBWVWT, ¥—2 1L6Day IRM@
BUHOLRTICL D7 (IR THEBIC, 2EFHAEF VO an #RALTOZ, CA=
08DHE, 2HEFHEEFNVEABCIEFHEEFNCLIZE - B anid—2 3 2RO TE
BRAESR E HBAIAWE TH %, H-T, BIBRFETE2ERUTRKD 2 180° WELHEL ZIBUWNT, 7
=AY THPRICIBE—IBEORITIIIRFHELET VvEH VLTS, &b 8L 2 FHFHEL
EFNVTHIHBTE S,

UL Ldss, HEMREEREREZHELT, ©—2 3 & 40ANBEES—BLIZNCE
PE—s 3DamHREB W, Pt (111) BOFELBELU TORERFHSEE LTV TJEEHES S
2LExAbND (R25B). 2hOA, 58, FABUTORTZIZMUIHE .-
=ik, 180° HELAME % & b FHMICH~, ZOMR, SEFRVI4RFEOSHETHE
FUEBEMAULT, ERERZISTERBNCHEN TIEBBRETDH %,

4. ¥ A

QIRFHEE F VBB LI 3 HFHE T Fvic&E S0, Pt (111) REiCH1T 5 180° Ne
YR FEELRE 25T E U CHEBRER & U, Z0RER, 3EFHELE 7 V2V EIERRIE ERER
WIEWEAZRTY, AHAF D7 2= Lo PRI A2 — BB 2R THEEFVE
SIRTHUELE &V L DFTEMERM T3, B EAEHBIILED 572, 180° BELERE OEBRER Y X
DITEHMICIRT T 521, Pt (111) REACOFELBUTORT R I2HE 2 b ZE LU TCIEF
HORBARFHEESVCESOTHELZTNELE SV THS 5,

% XM

(1) D.R. Mullins and S. H. Overbury, Surface Sci. 193 (1988) 455.

(2J) M. Aono, C. Oshima, S. Zaima, S. Otani and Y. Ishiéawa,
Japan. J. Appl. Phys. 20 (1981) L829.

(3) M. Aono, Nucl. Instr. and Meth. B2 (1984) 374.

C4) M. Katayama, E. Nomura, E. Kanekawa, H. Soejima and M. Aono,



Nucl. Instr. and Meth. B33 (1988) 857.
(5) H. Niehus, Nucl. Instr. and Meth. B33 (1988) 876.
(6) WA % FEUERKEERLEL. 2 -HREREE, $£10%5 (1989) 1.

T ] l | 1 ] T 1
2 keV Net —— [112] in PH(111)
9. = 180°
. o EXPERIMENT
= 1.0} ¥6) 4
n ) :
=z o -
[V}
| aad - .
= o)
o = ® -~
w)
N 05k i
-
<€ - .
bt
o - -
o
=z - -
0.0 1 1 1 1 [ 'IA o
0° 60° 120° 180

ol, ANGLE OF INCIDENCE

K1 Pt(111) Eiicisid s 180° N e AEF#E (NICISS ) #E O
EEREER (5), HL, aidPt (111) £@E® (112) Hid 5§
BTk, O0L3LEEAZRT.
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F1 2BHEFHEEFNVICIDZEC—IEECHGTIANAOE —2 A
Ban(6), HL, =27 OHFIRIN1 TO Y —27 OHF T

T %,
peaks
CA Uz /UX
1 2 3 4 5 6
0.7 1.0 16.3° 31.0° 80.2° 93.7° 126.0° 163.7°
0.7 1.6 16.9° 31.2° 80.5° 93.6° 125.6° 163.1°
0.7 1.9 17.2° 31.9° - 80.5° 93.5° 125.4° 162.8°
0.8 1.0 17.5° 32.3° 82.8° 92.1° 124.1° 162.5°
0.8 1.6 18.5° 32.8° 82.8° 92.1° 123.7° 161.5°
0.8 1.9 18.8° 33.0° 83.1° 92.0° 123.5° 161.2°
0.9 1.0 19.0° 33.3° 85.1° 90.6° 122.4° 161.0°
0.9 1.6 19.8° 33.8° 85.2° 90.6° 122.1° 160.2°
0.9 1.9 20.3° 34.1° 85.4° 90.5° 121.7° 159.7°
1.0 1.0 20.4° 34.4° 87.4° 89.4° 120.6° 159.6°
1.0 1.6 21.2° 34.7° 87.6° 89.2° 120.6° 158.8°
1.0 1.9 21.7° 35.1° 87.8° 89.2° 120.1° 158.3°
Experiment 19.5° 31.2° 79.8° 90.3° 123.7° 160.9°
%2 3RFHEEFTNVICIBEY—IAEAn, HL, ¥—7 OHF
M1 TOr—2 OBFIHIET %,
peaks
CA Ug /UX -
1 2 3 4 5 6

0.7 1.0 16.3° 31.2° 80.1° 93.0° 125.3° 163.7°
0.7 1.6 16.9° 31.2° 80.3° 93.0° 125.1° 163.1°
0.7 1.9 17.2° 31.4° 80.3° . 93.0° 124.9° 162.8°
0.8 1.0 17.5° 32.3° 82.7° 91.8° 123.5° 162.5°
0.8 1.6 - 185° 32.4° 82.8° 91.8° 123.2° 161.5°
0.8 1.9 18.8° 32.5° 82.8° 91.8° 123.1° 161.2°
0.9 1.0 19.0° 33.4° 85.2° 90.6° 121.8° 161.0°
0.9 1.6 19.8° 33.4° 85.2° 90.5° 121.8° 160.2°
0.9 1.9 20.3° 33.6° 85.2° 90.5° 121.5° 159.7°
1.0 1.0 20.4° 33.6° 87.5° 88.5° 120.7° 159.6°
1.0 1.6 21.2° 33.9° 87.6° 88.5° 120.3° 158.8°
1.0 1.9 21.7° 34.1° 87.6° 88.5° 119.8° 158.3°
E xperiment 19.5° 31.2° 79.8° 90.3° 123.7° 160.9°
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#2 RFHER/A®LOAE/deg

M03 S4 MOzW S4 MOW2 S4 Ws S4
M—-M 2.735 (83 2.728 (6] 2.723 (72 2.723 (152
M—us—-S 2.337 (53] 2.335 (8) 2.338 (4D 2.351 (2]
M—u-S 2.283 (4) 2.281 C7) 2.283 C11) 2.283 (5]
M-—0(H:0) 2.18 (1) 2.17 (12 2.18 (3J 2.18 (22
M—pu3;-5-M 71.6 (32 7.5 €33 71.2 €2 70.8 C42
M—u-S-M 73.6 (32 73.5 (33 73.3 (1) 73.2 (3D

1) T Shibara, A. Takeuchji, A, Ohtsuji, K. Kohda, H. Kuroya, Inonorg. Chim,
Acta, 127, L 45 (1987)
2) H.Akashi, T Shibahra, and H, Kuroya, Polyhedron (EIRIMH).
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fig. 1 Procedure of data analysis



3.

REEE

557y 4 VERICKRELUIA 4 7 — VB FEERBIICuKa it L T260 =122, 225,
232 B E N385 ICAKDEBEEIE —2 245U, 3, 707 74N07 4974 v TITX
W& —2 DIERRME L HREZRD 12, HRATORMLE2EM U IR, CORF/ s —
13 2 WGE oblique #F TR SN T LR 60V C EDHB LT, b EAEO L —2
MBI IIL OFEMBICHEHMS L, 227 —VvDE5/NI s FFIHL T BFTREVDT,
co¥—2i3 (10) Reticis T2 EZA N2, COREDOFTIAVE . —2 I HIEHMNT
G o123, B OBEOBAKTIB NI, ZEREP2 ORIy, FBRAKFIT
UCERARGE L ERE L OMO—B RN ECS, 121X 1 DOBNKEFOAPREL—H %
ﬁbtocw&%@7u774w74y%4y7m;b@6ntﬁﬁﬁ§%@w;%m%?m®
2y ¥ RICRY) o R BAET 28 L2 6 —HOKT 2 Rz, Bk, TOELEEZE
CUTEES 4 — o 2R OSTIID RS, BEOHBLETS - 2o EHll/N s — > RN
4 —2 tOO—BOET 2N 2CRT. 20 =21°[HEOHELIZ 7T 7 74 PEAKDERY (002)
REORELLEELB XD LELNL D THE, RIYUTEID» LB OoNIHEE YT X —2 %,
ZUTHSRBEBEE SV ERT MBOD/Sx—2 LRTF/T 2 —4 L2ARCERET S
EMTEDONRELGERCEL R DDT, BELORBDOBRE TR T/ 44—42EE LI
COBOKRTERIEa="150, b=469K 2L TBR=903°Th b, st HIKIIC LOFRTDAH%EE
U, FmETRRUCH—OBIER /S5 £ — 2 2{0E Ui, TOBARFI3HERBANI
BEOKEEETEY, 2hoDIREALRMBLEEETRT

S S N C— ORAIRER 150+ 0034 Th b, Siicty 5l (LK) Xhd
LEWV. COERBEMCEBOTC—OREABMITVEEWV XY L5, BELINIZKR
FREEIRVL b ORMBEBFLE TS EE2EDLTWVWEERLING, WFNICLTS, 4T
3HREICC— OS2 LTI LTHEIZD - T3, B EKROFAE, KWEEINIZO---0
BERENS QTR D B EV I EThHhD, @OHIRLABE002L, —HREROHIE 29T 002K TH%,
BEOERIERORHKEZECP UREIBHBZINES, 757 74 PREWCREBELILX 2 /7 —
NVOBSFBRESIC 7T IROKEBEMEBETLICLRHLLTHY, ZLTHLZHL 2E
BOKERE, TEDLEOVKERES EHEBCHOKERS LB ZOBENTERINTN ST
b5, SEEEATEAE, KERBT Lo TRRINIA &7 =5 FOZREDHOKEK
FEEBOVKEGS EVXERCAEAL S V¥ ROPEEAZ XS CERLEESNINTN S L
8EZAL 6N 5o



Intensity (103 counts/5min)

CH30H / graphite

1 1 1 1 1 L L

10 15 20 25 30 35 40
206 (degq.)

fig. 2 X-—ray diffraction pattern of the monolayer

crystalline film of CH3OH adsorbed on graphite at a
coverage of 0.0717 molecule A% and 32K. The solid
line is fit to the data as described in the text. To
improve clarity not every data point is shown in
the diffraction pattern

a

fig. 3 Structure of the crystalline monolayer of

CH; OH adsorbed on graphite.



Fractional coordinates and thermal
parameters of a methanol molecule
in the unit cell.

X y B (&%)
C 0.203 (2) 0.298 (3) 4.8 (4)
O 0.402 (1) 0.268 (1) 4.8 (4)

& & X &
1) H. P. Schildberg and H. J. Lauter, Surf. Sci. 208, 507 (1989) .

2) T.Nakagawa and Y. Oyanagi, in Recent Development‘ in Statistical
Inference and Data Analysis, edited by K. Matsusita (Nbrth Holland,
New York, 1980), P. 221.

3) R.M. Lees and J.G. Baker, J. Chem. Phys. 48, 5299 (1968) .
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MONTE CARLO CALCULATION OF THERMODYNAMIC
PROPERTIES OF LENNARD-JONES FLUIDS

Yoshimori Miyano

Department of Applied Chemistry

Monte Carlo calculations of compressibility factor and configurati?-
onal internal energy of a Lennard—Jones fluid are reported for 40 state
conditions in the density range 0.2 = p* =< 11 and temperature range 045 =<
T* < 0.7 (where 0*=p0%, T*=#T/e), At these low temperatures, the Lennard—
Jones solid 1is the stable phase at high density;some of the state
points give the properties of the subcooled liquid,

These Monte Carlo data may be useful to make an equation of state

applicable to low temperatureso,

1. INTRODUCT ION

Recently, the Lennard—Jones (LJ) 12—6 potential fluid has been widely
studied by many investigators'™®, Although the L] potential is not accurate
model to express the actual intermolecular interactions even for simple inert
gas molecules, it is sufficiently close to reality that the LJ fluid provides
a convenient model for testing solution theory, mixing rules and for inves —
tigating such phenomena as vapor —liquid equilibria, Pressure —Volume —Tem—
perature relationships, etc, Also the LJ fluid is useful as a reference
substance in perturbation theories for molecular fluids!’2’7° % and in cor—
responding states theories,

In using such perturbation or corresponding states theories, the refe—
rence fluid properties may be needed at unusually wide temperature and
density regions. The LJ data, however, are inadequate at low temperatu—
reso

In this paper the Monte Carlo simulation was performed at low tem—
peratures (0.45<T*=<07) and wide range of densities (02 <0*=<11) (where
o*=p0%, T*<rT/e),



2. SIMULATION METHOD AND RESULTS

Calculations were performed by the standard Monte Carlo (M C) method3®—®
the half of
1.5 X 10¢

for a system of 256 L] atoms with the potential truncated at

a box—length, In each run the averaging was carried out over

equilibrium steps, following an initial equilibration (5 X 10° steps) o

Most MC data were obtained in duplicate or triplicate, vyielding repro—

ducible values., The maximum % deviations of the reduced configurational
internal energies (U/N#T) and compressibility factors were about 25% and
5%, respectivelyo

S ome

the LJ solid

of the state points lie at densities and temperatures at which

is the stable phase® ; these points give the properties of

subcooled liquid. Such subcooled states were studied by the following method“\’)o

When a simulation is started at high temperature, the initial stru—

cture meltso, At the end of a high temperature simulation (5x 10° steps in

this work), the temperature is scaled down to the system temperature of
a subcooled liquido The simulation can be continued, with no evidence of
solidification, long enough to obtain estimates of the properties of the

subcooled liquid® 7,

Figures 1—4 show the MC results obtained in this work. For com—

parative purposes the calculated results by using the equation of state

for the LJ fluid proposed by Nicolas et al” are also shown by dashed

lineso The equation of state gives poor results, especially at the lowest
temperatureo
T'=10.70 _T*=10.60
0G T T v T 3 16 0 ? T T T T T 20
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Fig.2 Numerical solutions for circular boundary
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Crystal data
[ Mos FeSs(H20)10 ] (CH3-
CeH4SO3)4 - TH20
fw = 1462.9

crystal system triclinic

space group P1

2=17.935(8)&

b=19.539(8)A

c = 9.070(4)& ‘

=103 15(4)° Ol2 022

B=103.92(4)° Mol-Mo2 2.762(2) Mol- Mo3 2.772(2)
= 62.45(3)° Mo2-Mo3 2.768(2) Mol- Fe 2.674(2)

V=2710.2(22) A® Mo2- Fe 2.683(2) Mo3- Fe 2.660(2)

Z=2 ‘ Mo- S(av.)2.349(43 Fe-S(av.) 2.243(6)

R=4.37% (K1) (MosFeSs(H20)10) ¢ * OX kg1
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